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Plain English Executive Summary 
Objectives 

The NSW MPfN irrigated cotton research project investigated both nitrogen (N) and phosphorus 

(P) nutrition and their management in high-yielding cotton systems of northeast Australia. We 

began by reviewing previous research to identify the research gaps to be addressed.  

For N, we aimed to investigate: (a) the significance of ammonia volatilisation as an N loss 

pathway in furrow irrigated cotton, (b) the interactions of irrigation scheduling and N fertiliser 

application timing on crop production and N losses, (c) the impact of irrigation strategies on the 

mineralisation of N from soil organic matter (SOM) for crop nutrition, and (d) various methods 

and products for in-crop N fertiliser application.  

For P, we first gauged the long-term effects of cotton soil and crop management on soil P levels. 

We used “before” and “after” soil samples from five long-term tillage and rotation field 

experiments to show whether soil P levels had declined and whether the remaining P had been 

“stratified” in particular depths within the soil. We also researched improved methods of P 

fertiliser application to better suit the acquisition of P by cotton roots in soils with declining soil 

P levels. The project also studied the movement of reactive forms of N and P in irrigation runoff 

water as affected by the various irrigation and fertiliser management strategies trialled in the 

field experiments. Our aim was to optimise crop management practices that supply the required 

nutrients to the plant and minimise the amount of unused fertiliser N and P leaving the paddock. 

Methods 

We conducted four years of annual field experiments at the Australian Cotton Research Institute 

(ACRI), as well as seven on-farm trials. All field experiments were conducted with either 

commercial farm machinery or scaled-down versions of the same. We measured soil mineral N 

both pre- and post-crop. To assess SOM mineralisation, we measured mineral N in selected plots 

every 1–2 weeks throughout the growing season. Treatment effects on plant production were 

assessed through biomass cuts, “mapping” the cotton bolls on the plant, and machine harvesting 

of cotton lint and seed. During the season, sampling and analysis of irrigation water entering and 

leaving field plots gave the net export of N and P from the paddock. Irrigation frequency 

treatments were based on two different levels of soil “dryness” used to trigger watering. N 

management options investigated included: nil, sub-optimal and high N rates; various pre-crop 

vs in-crop splits; methods of in-crop application; choice of fertiliser product for pre-crop and in-

crop applications (including enhanced efficiency products). N and P fertiliser treatments were 

followed in field using 15N-labelled urea and in-field root scanning, respectively. Additional 

glasshouse experiments focussed in greater detail on fertiliser delivery and irrigation effects. 

Outcomes 

High-yielding irrigated cotton crops require a large amount of N for optimum growth and lint 

production, but the soil can and does provide much of this. Residual soil mineral N from 

previous seasons and in-season SOM mineralisation are significant sources of N that should be 

included in calculations to determine actual N fertiliser requirement. Applying N fertiliser in 

excess of the needs of the crop results in significant N losses from the paddock via N runoff and 

denitrification, and can also cause excessive vegetative growth at the expense of lint production. 

When applying N fertiliser, split applications help avoid excessive vegetative growth early in the 
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season, but applying all N fertiliser in-crop may mean some of the added N remains unused in 

the soil. In-crop N applied by side-dressed urea supplied more N to the crop, lost less N in runoff 

and left less N behind in the soil post-crop than broadcast or water-run urea, but lint yields were 

not affected. Adding a urease inhibitor to broadcast urea had no effect. Water-running UAN or 

ammonia instead of urea reduced N runoff slightly, but ammonia injection caused significant 

additional N losses via volatilisation. Polymer-coated urea and nitrification inhibitor addition to 

N fertiliser effectively delayed N release and reduced N losses early in the season while the crop 

was establishing. However, to be economically viable these products need to be applied at 

reduced N rates, or else justified by the benefits of reduced farm operations.  

Cotton systems without P fertiliser led to soil P decline. Soils in the Macquarie Valley that were 

inherently low in P were increased by regular P fertiliser addition, but only in the soil surface. 

Long-term minimum tillage practices improved plant available P in the soil. Phosphorus 

fertiliser had a greater effect on cotton growth and lint production when mixed through the 

plant bed (instead of banding) and when applied before a preceding cover crop (instead of 

directly before the cotton crop). Phosphorus fertiliser applied in combination with pre-plant N 

boosted lint yields and reduced runoff of reactive P. However, P runoff was commonly less than 

that entering the field in irrigation water. 

Benefits of the research for industry and Key recommendations 

The research supports continued high-yield cotton production but with greater attention to N 

fertiliser application to prevent excess N impacts on crop and environment. With P, the research 

highlights the need to gauge current soil P, then maintain or rebuild soil P reserves. Our results 

suggest improved methods of P fertiliser application better tailored to cotton growth patterns. 

Soil test for N and P when planning to grow irrigated cotton. Reduce the N fertiliser rate to 

include the mineral N already present in the soil. Avoid pre-season N loss by not applying pre-

plant N fertiliser too far ahead of planting. Aim for sufficient pre-plant soil N to establish healthy 

plants, then add more N in-crop, starting at flowering. This avoids excessive early vegetative 

growth and N losses. Apply in-crop N as side-dressed or broadcast urea directly ahead of 

irrigation events or rain. If water-running, minimise N runoff losses by stopping N injection once 

runoff starts. Avoid water-running ammonia gas. Use low deficit irrigation triggers. Lower water 

volumes applied more often reduce plant stress, better regulate plant growth and optimise SOM 

mineralisation. Apply P fertiliser by mixing through the soil, preferably before a preceding cover 

or rotation crop. In a minimal tillage system, consider applying P fertiliser every 3–5 years. 

Conclusions and future research 

The irrigated cotton industry needs to reduce N rates before better N management (splits, EEFs, 

products) will be able to make noticeable improvements in fNUE. Excessive N can reduce lint 

yields and increase N losses, including N runoff. Future research should aim to better 

understand the dynamic nature of N loss processes of runoff and denitrification by “live” 

monitoring as they occur, in addition to cumulative losses over a whole season. The soil can 

supply much of the crop’s N requirement and should be included in N budgeting.  

Unlike N, P runoff losses are negligible but P export in the seed needs to be replaced to maintain 

soil fertility. Short-term changes in soil P during and between cropping seasons also needs more 

detailed mechanistic understanding under field conditions, particularly with regards to the 

access of available P by plant roots. 
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1 Project rationale 

1.1 Why the project was undertaken  
Nitrogen fertiliser is one of the largest input costs for irrigated cotton production in Australia. 

Current industry survey data indicates that many cotton growers are outside of the optimum 

nitrogen use efficiency (NUE) range of 12.5–16 kg lint/kg N either through under- or over-application 

of N fertiliser, or through inefficient N use caused by either N losses or other growth limiting factors. 

For example, changes to irrigation practices may also affect NUE. Inefficiency of N use is linked to N 

losses from the soil-plant system and with a range of N application practices and products now in 

use, there is a need for greater knowledge over how N application and irrigation scheduling 

interactively affect NUE. Seasonal N losses from cotton systems can be as high as 50% of the N 

fertiliser applied. Nitrate denitrification in anaerobic soils is known to be a major N loss pathway, 

although ammonia volatilisation and nitrate runoff and leaching may also be significant loss 

pathways in specific situations. Farmers need to know what these high-risk situations are and what 

the potential for loss is, so that their N inputs may be more efficiently managed. 

Phosphorus reserves in many irrigated cotton soils are mostly high and until recently, there has been 

a lack of response to phosphorus fertiliser application. However, it is commonly recommended to 

apply 20 to 40 kg P/ha to maintain the soil P reserve of cotton fields. Previous research in the 

Australian grains industry has highlighted subsoil P depletion and P stratification in topsoils over the 

long-term. There is a lack of information on the rate of decline of deep soil P reserve under different 

soil management strategies over the long-term in irrigated cotton farming systems. This decline in P 

reserves could be quantified using an acid extractant such as BSES P. In view of this, we set out to 

investigate the long-term decline in subsoil P reserves and topsoil P enrichment under different soil 

management practices in cotton farming systems. Earlier research conducted in Queensland on 

furrow irrigated cotton highlighted that the cotton plants may be utilising deep soil P rather than 

sourcing applied P from the hill and the cotton plants did not respond to banded application of P. The 

dynamics of P uptake from topsoils and subsoils and the patterns of crop P accumulation need 

accurate quantification using isotope tracer or lysimeter studies and we proposed to investigate this. 

Furthermore, most Australian cotton is irrigated. The frequent wetting and drying cycles of heavy 

cracking clay soils, along with in-crop rainfall may affect the crop root growth dynamics. To better 

understand and improve the response of applied fertiliser P, the crop and root response to applied N 

and irrigation inputs and how they interact with fertiliser P needs to be explored. 

 

1.2 How the project addressed the industry needs. 
1.2.1 Enhancing nitrogen use efficiency in cotton 

1. Literature review of previous research into N fertiliser use efficiency 

2. A single summer campaign measured ammonia volatilisation from in-crop applied N fertiliser 

using open path laser concentration sensors. 

3. Core experiments conducted at ACRI evaluated a range of N application product, application 

timing, N rate, EEF, and irrigation scheduling treatments on cotton N uptake, cotton lint 

yield, N content in irrigation runoff, and residual soil N. N products examined included 
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granular urea and dissolved solutions of UAN, urea and ammonia. EEFs trialled include 

polymer coated urea, urease inhibitor-coated urea and nitrification inhibitor-coated urea. N 

rates included zero N, (sub)optimal N, high N (300+ kg N/ha). N application timings included 

all applied in-crop vs varying proportions of pre-plant:in-crop. Irrigation scheduling 

treatments initially focused on 50 vs 70 mm deficits (first two years), then 60 mm vs 90 mm 

deficits in the last two years of core-site field experiments. 

4. Six satellite-site experiments aimed to incorporate selected treatments from the core site or 

similar as decided by local growers/advisors near each site in each year. 

5. In-crop N mineralisation was assessed in the core-site experiments through mineral N 

analysis of soils collected by sequential coring in contrasting irrigation deficit treatments 

without additional N applied. Samples taken from an N-rate x Irrigation scheduling 

experiment were assessed for mineralisation activity using aerobic, anaerobic and 15N pool 

dilution incubation techniques. 

6. N losses in selected irrigation and in-crop N management treatments were studied in greater 

detail using 15N-labelled fertiliser in the field (UM PhD study). 

7. The influence of N fertiliser timing on crop N uptake and internal N distribution was studied 

in greater detail using 15N-labelled fertiliser in the field and also in the glasshouse (UM PhD 

study). 

1.2.2 Improving phosphorus nutrition in cotton 
1. Historical samples from several long-term cotton trials were analysed for CaCl2-P (solution P), 

Colwell-P, BSES-P and PBI to investigate the development of soil P stratification and/or P 

decline over time. 

2. A literature review of P nutrition research in cotton farming systems was conducted. 

3. P utilisation from various depths in the soil at different growth stages was investigated using 

glasshouse rhizo-boxes (UQ PhD study). 

4. Irrigation and N management interactions and their implications for improving P use 

efficiency were investigated in N x P x I experiments and also in conjunction with the main N 

fertiliser field experiments of the core field experiments (+/- P fertiliser split plots). The 

effects of water supply at different depths in the soil profile was studied in a glasshouse 

experiment (UQ PhD study). 

5. Irrigation water samples were monitored for dissolved total and reactive P to quantify cotton 

farming system practices that minimise the risk of P loss. A subset of samples were also 

analysed for P loss via sediment transport from the experimental fields. 

 

1.3 Outline the project research questions. 
1.3.1 Nitrogen 

• What is the current status of N fertiliser knowledge from previous research in irrigated Australian 

cotton systems? 

• What is the significance of ammonia volatilisation as an N loss pathway in furrow irrigated cotton 

systems? 

• How does the interaction of irrigation management and N fertiliser timing affect N use efficiency 

in cotton? 
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• How does irrigation management affect mineralisation of N from soil organic matter in furrow 

irrigated cotton systems? 

• How does the method of in-crop N fertiliser application affect N use efficiency in cotton? 

 

1.3.2 Phosphorus 
• Is there long-term P stratification or decline in cotton farming systems? 

• How much P is being taken up by cotton plants from surface and subsoil layers?  

• Is the response of P affected by varied irrigation and N management? 

• Does P movement in runoff pose a risk to on-farm dams in cotton farms? 
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2 Method and project locations 
* Details have been removed from the on-line version of this technical report for reasons of 

copyright. For access to details from individual sections listed below please contact the 

project leader. 

2.1 Locations* 
2.2 Field plots*  
2.3 Agronomy* 
 

2.4 Briefly describe the industry locations and/or regions 
where the research findings are applicable. 

Most of the research in this project was conducted on Vertosols (grey/black cracking clay soils) which 

are the dominant soil type used for much of the northern irrigated cotton-growing region (from 

Central Qld in the north to parts of Central West NSW and even some areas of Southern NSW). The 

on-farm sites near Narromine were purposely both located on Chromosols (red hard-setting duplex 

soils with loam topsoil and clay subsoil) which are typical of much of the irrigated cotton-growing in 

Central West NSW and Southern NSW regions. Therefore, the research findings are applicable to a 

large proportion of the Australian irrigated cotton growing industry. 

On-farm trials were conducted solely using farmer equipment. In the first on-farm trials, we enlisted 

the assistance of Incitec-Pivot’s Big-N team who had an injector capable of delivering a liquid 

nitrification inhibitor into a stream of anhydrous ammonia gas as it was being applied into the soil 

with the farmer’s gas injection equipment. While all on-farm plots were harvested with the farmer’s 

picker, we also conducted point sampling using hand-cutting/hand-picking for plant biomass and lint 

yield estimations.  

2.5 Soil sampling* 
2.6 Plant sampling* 
2.7 Water sampling* 
2.8 Cotton harvest* 
2.9 Laboratory analyses* 
2.10 Treatments* 
2.11 Statistical comparisons* 



Rural R&D for Profit Program Final Report 

More Profit from Nitrogen Program  

10 

 

3 Project Outcomes 
Details have been removed from the on-line version of this technical report for reasons of 

copyright. For access to details from individual sections listed below please contact the 

project leader.  

This project began with nine research questions—five focussed on nitrogen (N) and four 

focussed on phosphorus (P), although there was some overlap between some of these in terms 

of the work carried out. The following is a summary of the key findings and outcomes from the 

research activities conducted to address each of these original nine research questions. 

3.1 Nitrogen Research Questions 
 

3.1.1 What is the current status of N fertiliser knowledge from 
previous research in irrigated Australian cotton systems? 

 

3.1.2 What is the significance of ammonia volatilisation as a N loss 
pathway in furrow irrigated cotton systems? 

 

3.1.3 How does the interaction of irrigation management and N 
fertiliser timing affect N use efficiency in cotton? 

 

3.1.3.1 Pre-plant Timing 

3.1.3.2 Pre-plant and In-crop N fertiliser application 

3.1.3.3 Nitrogen runoff losses 

 

3.1.4 How does the method of in-crop N fertiliser application affect N 
use efficiency in cotton? 

 

3.1.5 How does irrigation management affect mineralisation of N from 
soil organic matter in furrow irrigated cotton systems? 

 

3.2 Phosphorus Research Questions 
 

3.2.1 Is there long-term P stratification or decline in cotton farming 
systems? 
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3.2.2 How much P is being taken up by cotton plants from surface and 
subsoil layers? 

3.2.3 Is the response of P affected by varied irrigation and N 
management? 

3.2.4 Does P movement in runoff pose a risk to on-farm dams in cotton 
farms? 
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3.3 Project level achievements 
Table 1. A description of project achievements against the final KPIs and outputs of the research project. 

KPI no. and description KPI (FRP) Due 
Date 

Relevant 
CRDC FRP 
Milestone 
Number/s 

Summary of final outcome of the research concluded by this KPI 

(* denotes milestones associated with PhD student research which varied from the original) 

10.5 - Provide a complete 
and final account of the 
investigations into the 
potential impact of long-
term P decline and/or 
stratification on the 
nitrogen cycle in cotton 
farming systems (output 
6b) 

 

30/9/2021  

1. Is there long-term P stratification or decline in cotton farming systems?* 

(30/11/2017) 1.1 Five historical long-term experimental sites in the NSW Namoi and Macquarie irrigation regions were selected for the 
study of soil P stratification/decline study over time. Two of these experiments, located on the ACRI research station, 
are still active—the other experiments were all on-farm and concluded years ago. Soil samples collected at the 
beginning of these experiments had been archived at ACRI and were retrieved for this study, along with soils collected 
at the end of the completed studies. In addition, we also collected new soil samples from these old experimental 
paddocks as well as samples from adjacent native vegetated areas. All samples for the study were to a depth of 60 cm 
[See section Error! Reference source not found. for more detail] 

(30/11/2017) 1.2 All soil samples collected for the long-term P study (FRP 1.1) were analysed at the TAI laboratory for several available 
P indices including: solution P, Colwell P, BSES P and PBI. Soil P was observed to decline during most of the long-term 
experiments (and continuing since their conclusion) at most depths analysed. Cotton farming (rotation/tillage) 
systems that minimised P decline were identified. The cotton farming systems that adopted minimum tillage resulted 
in higher Colwell P (plant available P) in spite of having similar BSES P (reserve P levels) compared with maximum 
tillage systems. The Macquarie valley site was initially low in soil P due to the inherent soil properties of that soil type. 
Soil P had increased in the surface of this site due to the application of P fertiliser during the historical experiment and 
since then stratification is evident. A scientific journal article documenting the results of this study is in preparation 
[See section Error! Reference source not found. for more detail] 

(31/05/2019) 1.3 A detailed literature review of P nutrition in Australian cotton farming systems was prepared and has been submitted 
to a scientific journal. A summarized overview of this review has been submitted for publication in the 2021 Spring 
Edition of the CRDC Spotlight Magazine by Dr Mike Bell (UQ). [See section Error! Reference source not found. for 
more detail] 

2. How much phosphorus is being taken up by cotton plants from surface and subsoil layers?* 

(30/06/21) 2.1 An investigation of P utilisation from different soil depths by two modern cotton varieties at different growth stages 
was conducted in a highly instrumented glasshouse study at UQ. The results and conclusions of this study were not 
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KPI no. and description KPI (FRP) Due 
Date 

Relevant 
CRDC FRP 
Milestone 
Number/s 

Summary of final outcome of the research concluded by this KPI 

(* denotes milestones associated with PhD student research which varied from the original) 

yet available at the time of this report [See section Error! Reference source not found. for more detail]. However, the 
investigation on long-term changes in P pools was used indirectly to assess the contribution of each depth to seed P 
export [See section Error! Reference source not found. for more detail] 

(30/06/21) 2.2 The root responses of two contrasting cotton varieties to different P-placement techniques and timings was 
investigated in a glasshouse-based rhizotron study at UQ by Mr Callum Bischof. The results suggest varietal 
differences and root proliferation effects due to method and location of P fertiliser. [See section Error! Reference 
source not found. for more detail] 

(30/06/21) 2.3 Management options to improve the efficiency of utilization of applied P fertilizers was developed. Application of P 
fertilizer before a cover crop or a rotation crop was effective in fields with sodic subsoil. Mixing P fertiliser through 
the soil in the plant bed is preferred to banding. This contradicts the use of minimum tillage for improved soil health, 
so needs to be investigated as a once in 3–5 year application strategy [See section Error! Reference source not found. 
for more detail] 

3. Is the response of P affected by varied irrigation and N management? 

(30/06/21) 3.1 Irrigation strategy for improving P use efficiency identified. [See section Error! Reference source not found. for more 
detail] 

(30/06/21) 3.2 N management options for improving P use efficiency identified. Improved P fertilizer use efficiency could be 
achieved by applying a higher proportion of seasonal N requirement pre-planting. [See section Error! Reference 
source not found. for more detail] 

(30/06/21) 3.3 Irrigation and N management interactions and their implications for improving P use efficiency understood. During 
low in-crop season rainfall, frequent irrigation could interact with N and improve the fertilizer P use efficiency [See 
section Error! Reference source not found. for more detail] 

4. Does P movement in runoff pose a risk to on-farm dams in cotton farms? 

(30/05/20) 4.1 Cotton farming (rotations/tillage) system that minimise the risk of P loss in irrigation network identified. Most of the 
cotton systems minimized the P movement in runoff. There was net addition of P to cotton fields [See section Error! 
Reference source not found. for more detail] 

30/09/2021  
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KPI no. and description KPI (FRP) Due 
Date 

Relevant 
CRDC FRP 
Milestone 
Number/s 

Summary of final outcome of the research concluded by this KPI 

(* denotes milestones associated with PhD student research which varied from the original) 

10.4 – Provide a complete 
and final account on 
cotton experiments at the 
satellite and core research 
sites (output 5a and 5b) 

5. A scientific review of N fertiliser research in irrigated Australian cotton systems 

(31/05/18) 5.1 A paper outlining historical N fertiliser in research conducted in Australia was published within the Journal of Cotton 
Research 1(1), 15. (Published on-line: 20/12/2018). DOI: 10.1186/s42397-018-0015-9. A summary of this paper was  
published in the CRDC Spotlight magazine.  

A literature review on plant growth response to N fertiliser application was completed by Jon Baird for his PhD. A 
summary of the review was published in “The CottonGrower” magazine. [See section 8.5.1 for more detail] 

6. What is the significance of ammonia volatilisation as an N loss pathway in furrow irrigated cotton systems? 

(31/05/2019) 6.1 A review of the current state of knowledge of ammonia volatilisation from irrigated cotton systems was conducted 
and presented in the Spring 2019 edition of CRDC Spotlight magazine. It was also incorporated into the introduction 
of the research paper that was published from this work [See section Error! Reference source not found. for more 
detail] 

(31/05/2020) 6.2 Accurate micrometeorological measurements of N loss via ammonia volatilisation were conducted in response to 
three different in-crop N application strategies in an on-farm case study. These scenarios were: (a) urea broadcast 
over a dry soil surface (by airplane) then followed within 2 days by an irrigation event; (b) anhydrous ammonia 
injected into the irrigation water just before it enters the field; (c) urea broadcast over a wet soil surface (recently 
irrigated) but not followed by an irrigation. Measurements for each scenario began either just before or at the time of 
the N fertiliser application, then continued for 1–2 weeks after or until the next irrigation event. [See section Error! 
Reference source not found. for more detail] 

(30/6/2021) 6.3  The results of the case study measurements were published in a Journal article. Ammonia loss following the first 
broadcast urea scenario (onto dry soil followed by irrigation—recommended practice) were negligible. Net loss of N 
applied via anhydrous ammonia injection was 24% of the N applied but could have been greater had the crop canopy 
been smaller. Ammonia loss from the third scenario could not be determined because the crop canopy height 
exceeded that of the detection equipment. [See section Error! Reference source not found. for more detail] 

7. How does the interaction of irrigation management and N fertiliser timing affect N use efficiency in cotton? 

(30/6/2021) 7.1 Experiments conducted over four seasons of field trials showed that Australian cotton growers can produce lint yields 
with a moderate irrigation frequency (70 mmm deficit) that were comparable to those producted with a more 
intensive irrigation strategy (50 mm deficit). The moderate irrigation deficit produced equal lint yield with greater 
water use efficiency. The interaction of irrigation management and N timing strategy was negligible, but the timing of 
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KPI no. and description KPI (FRP) Due 
Date 

Relevant 
CRDC FRP 
Milestone 
Number/s 

Summary of final outcome of the research concluded by this KPI 

(* denotes milestones associated with PhD student research which varied from the original) 

N fertiliser can improve NUE through reduction of N losses from the cotton field. For example, where N fertiliser was 
applied 100% pre-plant there were greater N losses from the field compared to fertiliser applied in a split ratio or 
applied 100% in-crop. Applications of N at “industry average” rates did not increase lint yield but did increase N 
uptake and plant growth in some years and N runoff in all years. Greater plant growth was curtailed by multiple pix 
applications and lint yield increased as a result [See section 8.7.1 for more detail] 

(30/6/2021) 7.2 On-farm studies occurred every cotton season during the project, with two studies in the Gwydir valley, two in the 
lower Namoi and two in the Macquarie valleys. Treatments varied for each experiment, but included the use of EFF, N 
fertiliser timing ratio, late N application and the interaction between N and P application in a commercial cropping 
system. [See section 8.7.3 for more detail] 

(30/6/2021) 7.3 There was frequent communication between the research team and the CottonInfo REO’s during the project life, 
which was vital in delivering key outcomes quickly and efficiently to the cotton industry. Forms of communication 
included: attending CottonInfo teleconferences, presentations on the CottonInfo N tour, preparing field day 
materials, organizing with localized Northern NSW REO’s information forums on an annual basis which delivered 
results from both the core site experiments and localized on-farm experiment data. 

[See section 8.7.3 for more detail] 

8. How does irrigation management affect mineralisation of N from soil organic matter in furrow irrigated cotton systems? 

(30/6/2021) 8.1 The effects of irrigation deficit on soil N mineralisation were studied in detail in three seasons of the ACRI core-site 
experiments. Overall, the lower deficit (more frequent) irrigation treatments tended to accumulate more mineral N 
than the higher deficit treatments, likely due to the larger irrigation volumes applied in the less frequent irrigation 
events, which would have increased waterlogging duration and thus denitrification losses and N runoff. Transect 
sampling showed that SOM mineralisation was strongly concentrated in the plant line at the center of the plant bed, 
with limited activity in the irrigation furrows and intermediate in the plant-bed hill-sides [See section 8.8.1 for more 
detail] 

(30/6/2021) 8.2 Quantification of the effects of irrigation deficit on soil N mineralisation was impractical in on-farm situations since 
we could not vary irrigation deficits on-farm, and also could not impose nil-N plots/strips due to the widespread use 
of whole-paddock broadcast or water-run N applications. [See section 8.8.2 for more detail] 

(30/6/2021) 8.3 We produced a journal article and an industry magazine article on soil N mineralisation as affected by irrigation 
strategy (Journal article currently in revision for Soil Research). A simulation exercise was conducted using APSIM to 
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KPI no. and description KPI (FRP) Due 
Date 

Relevant 
CRDC FRP 
Milestone 
Number/s 

Summary of final outcome of the research concluded by this KPI 

(* denotes milestones associated with PhD student research which varied from the original) 

model the expected inorganic N soil content at sowing as influenced by early (up to 9 months pre-plant) applications 
of urea fertiliser. Early pre-season applications of N have a high degree of risk and support the findings of Humphreys 
et al. (1990) that significant amounts of N would be lost via denitrification and leaching losses before planting of 
cotton. Modelling of SOM mineralisation using the CottonInfo calculator provided a reasonable estimate of 
mineralized N measured in this project (MinNAP) of between 2–5% of the total soil N from the surface soil (0–30cm) 
or whole profile estimates. [See section 8.8.3 for more details] 

9. How does the method of in-crop N fertiliser application affect N use efficiency in cotton? 

(30/6/2021) 9.1 In-crop N application methods, products and strategy were compared in 4 years of field experiments at ACRI. The best 
in-crop method for N supply to the plant and least N loss was side-dressing urea. Broadcast urea and water-run urea 
treatments gave similar cotton lint yields but left more N unused in the soil post-crop (broadcast) or led to greater N 
loss via runoff (water-run). Of the three water-run products compared, runoff losses from urea were slightly more 
than UAN and ammonia, but ammonia lost as much again via ammonia volatilisation. All of these products produced 
similar cotton lint yields. A simple strategy to reduce N runoff losses during water-run N applications nearly halved N 
runoff, increased cotton N supply and increased cotton lint yield in one of the two years [See section 8.9.1 for more 
detail] 

(30/6/2021) 9.2 It proved to be impractical to compare in-crop N application strategies in on-farm trials, but we did conduct a case 
study looking at the potential value of late-N application on a commercial farm and in the ACRI core site experiments 
in 2019–20 [See section 8.9.2 for more detail] 

(30/6/2021) 9.3 The application of in-crop fertiliser resulted in greater fertiliser N recovery by the plant compared to fertiliser N 
applied 100% pre-plant. Within flood irrigated cotton fields, 20% of applied N fertiliser was lost from the application 
point between planting and first square. The continual application of irrigation water diluted the fertiliser N through 
the planting hill but there were biases of N fertiliser movement from the application point to the non-irrigated 
furrow. As a result of the N fertiliser movement, the irrigated furrow had a lower concentration of fertiliser N 
throughout the growing season. Applying N in-crop on the side- hill compared to pre-plant increased N concentration 
in the irrigated furrow and provided more consistent available N throughout the planting bed. [See section 8.9.3 for 
more detail] 

9.1 – Provide an account 
of completed 

30/9/2021  

10. Science communication and adoption 
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KPI no. and description KPI (FRP) Due 
Date 

Relevant 
CRDC FRP 
Milestone 
Number/s 

Summary of final outcome of the research concluded by this KPI 

(* denotes milestones associated with PhD student research which varied from the original) 

communication and 
extension activities 

(30/6/2021) 10.1 We made use of many different extension methods for the pathway to adoption of our project outcomes. The MPfN 
M&E database lists and details 35 extension activities (workshops, forums, field days, industry and scientific 
conferences etc), 18 media & communication outputs, and 6 items of project material outputs (industry and 
scientific), as well as 11 instances of project collaboration. Most of the entries in the database also contain copies of 
the printed material produced, e.g. handout notes for field days, presentations given at conferences, links to YouTube 
videos, etc. [See MPfN M&E database and Sections 5.1 and 8.10.1 for more detail] 

(30/6/2021) 10.2 We held annual field days and workshops to disseminate our previous season’s results, as well as discuss options for 
treatments to investigate in the coming seasons. These workshops were held in Moree, Gunnedah and Narromine in 
2019 and 2020 in conjunction with local CottonInfo extension officers, and were also good opportunities for the 
researchers to “ground truth” the relevance of the results and proposed treatments with the growers and advisors 
who would ultimately be the target for adoption, should the treatments investigated prove to be beneficial to 
productivity, profit and environment. [See MPfN M&E database and sections 5.1 and 8.10.2 for more detail] 

(30/6/2021) 10.3 Throughout the project we participated in the annual MPfN program forums where our current progress was 
presented to the group by the project leader Graeme Schwenke, usually in conjunction with one or more of the 
research scientist team, including Guna Nachimuthu, Jon Baird and Ben Macdonald. Attendance and presentations 
given at these forums are all recorded in the MPfN M&E database. These forums were well-organised and were (pre-
covid) a great opportunity for interaction and experience sharing between the various research groups. In addition, 
the presentation of our research results at scientific conferences, both industry and discipline-focused, gave useful 
opportunities for peer review of the work in progress [See MPfN M&E database and sections 5.1 and 8.10.3 for more 
detail] 

* Milestones linked to student projects were varied to accommodate student inputs.
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3.4 Contribution to MPfN program objectives 

Describe how the project has contributed to the achievement of MPfN Program Objective/s.  

The objective of the MPfN Program is to enhance NUE, improving profitability and sustainable use, 

through better understanding the influence of contributing factors. It will: 

1. Generate a greater knowledge and understanding of the interplay of factors to optimise nitrogen 

(N) formulation, rate and timing across industries, farming regions and irrigated/ non-irrigated 

situations (Activity 5); 

Our core-site experiments incorporated a range of the N fertiliser management treatments 

mentioned in this program objective. We compared N products for use in in-crop N application via 

fertigation (water-run), not just in terms of their suitability to optimise cotton lint yield, but also in 

terms of their propensity for N loss from the target paddock. We also compared several methods for 

in-crop application of urea, including side-dressing, water-running and broadcasting, with an 

assessment of the potential for a urease-inhibitor coated urea product to reduce possible N losses via 

ammonia volatilisation. Our results showed this not to be an issue and therefore we do not find a 

niche for this product in irrigated cotton production. The rate and timing of N fertiliser applications 

was also a major component of the core-site field experiments for all four experimental seasons. 

While N rates were not a primary focus of our work, each experiment included nil N and high N plots, 

alongside the standard N rate applied to all other treatments. As the standard rate was planned to be 

slightly sub-optimal, the high N rate was a surrogate for the scale of N applied in the commercial 

industry. Again, these treatments were assessed not just in terms of their potential to support high 

yielding lint production but also for their potential for offsite impacts and loss of unused N fertiliser. 

The industry had traditionally applied all N required for the season between one and nine months 

before the crop is planted, but a split between pre-plant and in-crop application is becoming more 

common. We examined several N fertiliser split ratios as well using two slow-release coated urea 

products that offer in-crop release of N without the need for additional in-paddock operations. We 

also explored the potential for controlling crop growth using irrigation frequency and growth 

regulator application. Our project focussed solely on irrigated cotton, not dryland production. 

We shared our increased knowledge and understanding with the cotton grower community through 

a wide range of extension pathways, including results workshops, forum presentations, magazine 

articles, videos and industry manuals and newsletters. 

 

2. Generate a greater knowledge and understanding of the contribution (quantifying rate and 

timing) of mineralisation to a crop or pasture’s nitrogen budget (Activity 6); and 

 

We conducted three years of intensive soil core sampling within nil-N applied research plots of the 

core-site experiments to gauge the impact of varying irrigation deficits (frequency and intensity of 

watering) on the resulting mineralisation of SOM. We found that the more frequent irrigation 

strategy led to greater net N mineralisation with the main hotspot for activity within the plant line in 

the centre of the plant bed. Measuring SOM mineralisation in furrow irrigated cotton systems proved 
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to be challenging due to the episodic movement of water through the plant beds during irrigation 

events which mobilised some of the mineralised N in the nitrate form. Future research in this area 

needs to consider non-destructive means of monitoring mineral N forms in situ so that the ingress 

and egress of mineral N into/out of the plant beds can be better understood at the timescale in 

which it is occurring, i.e. sampling intervals of minutes rather than days or weeks. 

We also applied N balance formulae to N rate treatments over the four seasons of field experiments 

to calculate the apparent soil mineralised N for each year. The estimates gained via this method were 

of the same order as those predicted from a simple calculator already available to growers, but 

generally more than that measured in the field using the sequential core sampling. When similar 

calculations were conducted for the standard and high N rate treatments, the latter gave spurious 

results due to (a) the highly localised nature of banded nutrients in the soil and the difficulty in 

sampling this in the field in a manner that represents the coverage of the whole plot area and not 

just the fertilised zone, (b) large loss of N via denitrification not measured and therefore not included 

in the calculation, (c) temporary immobilisation of excess available N in the microbial biomass. More 

unambiguous measures of SOM mineralisation (and nitrification) showed little effect of the different 

N rates (applied 4 months earlier) on gross N mineralisation rates. 

 

3. Develop greater knowledge and understanding of how enhanced efficiency fertiliser (EEF) 

formulations can better match a crop or pasture’s specific N requirements (Activity 4). 

We included several EEFs in our experimental field work, including two on-farm trials. As mentioned 

above, we found that coating urea with a urease-inhibitor before broadcasting had no effects on 

crop growth or lint productivity. This was because the urea broadcasting was followed within 1–2 

days by an irrigation event, which dissolved the urea and moved it into the soil and thus rendered it 

safe from ammonia volatilisation. Since N losses from broadcast urea were likely to be (and shown to 

be in a separate case study experiment) negligible, there is no need for this EEF to be used. 

A nitrification inhibitor (NI) can keep urea or gaseous ammonia applied as pre-crop N in the 

ammonium form in the soil for periods of up to several months. We used urea coated with an NI in 

our core-site experiments for two seasons. As it was applied at the same N rate as the untreated 

urea product, there were no effects on cotton lint yield, but its use did reduce N runoff loss early in 

the season. We also used an NI with anhydrous ammonia applied in two on-farm N rate response 

experiments to see whether its use could lead to reduced N rates for the same cotton yields. 

However, while the product was demonstrated to work well in the soil, we found no clear difference 

in N rate response.  

The third EEF product type investigated was polymer coated urea (PCU). Its use in the core-site 

experiments yielded similar outcomes to that of the NI-coated urea although it had a greater 

reduction in N runoff and left more residual N in the soil post-harvest. We also investigated the N 

release from three different PCU products buried in the trial paddock and found that two of the 

three released N in a similar pattern to that observed in laboratory incubations. This pattern does not 

match the N uptake pattern of developing cotton plants, but could still release N in-crop in a timely 

manner that precludes the need for in-crop fertiliser application operations.  
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3.5 Demonstrable more profit from nitrogen 
3.5.1 Case study #1 
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3.5.2 Case study #2 
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3.5.3 Australian Cotton Industry Survey Results 
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Every year the Australian cotton growing industry is surveyed to gauge farmer practices, inputs, 

expenses, yields and profits. In Figure 1 the long-term changes in N fertiliser rates and cotton lint 

yields are shown, with a both increasing steadily until recent years. Average lint yields peaked in 

2015, then widespread drought caused them to drop by nearly 30% to a low in 2019 before 

recovering in the last two years. Rates of N fertiliser applied have also steadily increased over the 

past two decades to peak in 2018—perhaps in response to our many forum presentations to growers 

where we highlighted and discussed the apparent excess in N fertiliser rates and lack of recognition 

of the residual soil mineral N in determining N fertiliser to apply. The drop in average N fertiliser rate 

in the last few years would be a result of growers using paddocks that had been fallowed for longer-

than-usual periods due to drought (or failed crops) which had allowed the accumulation of significant 

quantities of mineralised N from SOM. All members of the research team used various extension 

pathways to remind growers to take these residual soil N reserves into account.  

  

Figure 1. Average Australian Cotton industry survey results for reported N fertiliser rate and lint yield 
over time (blue = N fertiliser, orange = lint yield). 

In 2011, Ian Rochester summed his own 4-year survey (2005–09) of commercial cotton crops with 

the conclusion that an average of 49 kg N/ha too much N was being applied (Rochester, 2011). 

During the period of his survey (2005–09), the industry average N fertiliser rate was ~ 200 kg N/ha 

and the industry average cotton lint yield was 1917 kg/ha. Since then, the fertiliser N rate has 

continued to climb, even in the recent years of drought and declining lint yields. It is likely that a 

similar survey of commercial cotton crops to that of Rochester’s 2011 work would find an excess of N 

fertiliser much greater than the 49 kg N/ha found then.  

The 2013 survey found that 40% of Australian cotton growers were found to use water-run urea 

(fertigation) as a means of adding supplementary fertiliser N to that applied to the soil prior to 

cropping (Roth Rural, 2014). Subsequent surveys have not focused on detailed collection of N 

fertiliser application strategies, but split-N applications are certainly more common as the 2019 

and 2020 data shows that 36–44% of fertiliser N was being applied in-crop. 
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4 Collaboration 
Describe the MAJOR collaborations established over the life of the project, how these collaborations 

have or will aid future innovation, and the likelihood that collaborations will continue beyond the 

duration of the project. 

4.1 CottonInfo (cotton industry extension network) 

Throughout our project, CottonInfo have been key collaborators with regards to dissemination of 

project results to the cotton industry. They invited MPfN team members Graeme Schwenke, Jon 

Baird, Guna Nachimuthu and Ben Macdonald to present project findings and outcomes at many field 

days (including two nitrogen ‘tours’ of Qld and NSW irrigated cotton-growing centres), soil health 

field days and other industry events. Some of these field days were also done in collaboration with 

the Gwydir Valley Irrigators Association. Several of the CottonInfo advisors were also involved in 

organising local grower/advisor workshops where the team presented project results and sought 

farmer input in planning upcoming on-farm and core-site experimental treatments. Project results 

have also been incorporated into grower advice on nutrition within the annual Cotton Growers 

Production Manual. During the project, team member Jon Baird was appointed as crop nutrition 

specialist for CottonInfo. We expect that the connections between researchers and CottonInfo will 

continue beyond this project into other projects and future industry extension events and published 

fact sheets etc that use project results. 

4.2 Incitec-Pivot Fertilisers Ltd. 

We collaborated with Incitec-Pivot’s Big-N field research team who provided the nitrification 

inhibitor (DMPS), specialised equipment (liquid injector into anhydrous ammonia gas application), 

and expertise to install and operate this injector on two farmer-supplied anhydrous ammonia 

application rigs at Moree and Gunnedah. This collaboration began in a previous research project 

aimed at reducing nitrous oxide emissions. In the current project, the experiments aimed to increase 

NUE by supporting lower N rates required to achieve the same yield production. We investigated the 

direct injection of DMPS (or none, control) into anhydrous ammonia being applied at a range of N 

rates in either paddock-length or shorter plots on-farm. The farmers at both sites were also very 

helpful in troubleshooting problems with the injector. These experiments have been continued by 

Incitec-Pivot outside of our project and have contributed to the inhibitor product nearing commercial 

release for cotton growers. Incitec-Pivot also supplied ENTEC fertiliser (nitrification inhibitor-coated 

urea) for use in our core-site experiments. 

4.3 Kingenta Ltd. 

Kingenta kindly supplied polymer coated urea (PCU) for use in our core-site experiments, both as 

bulk plot fertiliser, and also for a buried-bag incubation experiment comparing several different PCU 

products that was carried out in the final experimental year. 
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4.4 James Latimer (PhD student, ANU) 

James conducted detailed in-field measurements of dissolved organic N in selected plots of our 

2017–18 core-site experiment at ACRI as part of his PhD experimental program. He wrote up the 

results from these measurements and also selected data from our previous core-site experiment into 

a journal paper that is currently under revision. 

4.5 FluroSat 

We provided field experimental plot information to Anastasia Volkova of Flurosat to use in 

conjunction with drone-sourced spectral imagery to assist in developing software for N management 

in cotton crops. Outputs from this work were presented in two papers at a spatial information 

conference. Authored by FluroSat’s remote sensing team including Anastasia Volkova, Irah 

Wajchman and Julian Guinane with Jon Baird of NSW Department of Primary Industry (DPI), the 

paper is based on analysis of the nitrification inhibitor x N rate experiment near Moree in 2016–17. 

The research compared Vegetation Index (VI) maps and graphs generated from data acquired using 

both hyperspectral and multispectral sensors mounted on drones, as well as satellite multispectral 

data. The results demonstrated the potential of hyperspectral data to identify greater variability in 

crops, especially later in the season. 

4.6 Phil Moody (QDES) and Dio Antille (USQ and CSIRO) 

We provided our experimental field data on cotton N use efficiency for a cross industry study and 

subsequent journal paper written by Phil Moody and Dio Antille (Nitrogen use efficiency indicators 

for the Australian cotton, grains, sugar, dairy and horticulture industries). We also supplied Phil 

Moody with soil samples from our core site experimental field for cross-industry analysis of a 

potentially mineralizable nitrogen index. 

4.7 Kirsten Verburg (CSIRO) 

We are providing Dr Kirsten Verburg with the results of our in-field PCU N-release study to 

incorporate with other such studies across various agricultural industries in Australia. Her study is 

modelling the release of N from these PCU compounds in various environments and will benefit from 

comparisons with real-world data such as ours. 

4.8 George Revell and Jon Welsh (AgEcon) 

We provided AgEcon with our experimental field data on cotton yields and runoff losses from 

treatments comparing standard fertilisers with enhanced efficiency fertilisers (EEFs), as well as 

cotton yield data comparing N fertiliser timing treatments. AgEcon used this data to prepare two 

short economic analysis factsheets for dissemination to the cotton growing community. 
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5 Extension and adoption activities 
All extension activities and events have been entered into the MPfN M&E database. 

 

5.1 Extension of the research to the end-user 

Throughout this project we have endeavoured to communicate our research results and the key 

outcomes of the research to the target audience—cotton growers and advisers. For the irrigated 

cotton industry in northern NSW where most of the research was conducted, growers and advisors 

had an opportunity to see the research first-hand during an open-day at ACRI and a field day at the 

Moree on-farm trial site. Generally, however, these types of field experiments do not produce a lot 

of visually exciting treatment effects, so such field days were not pursued throughout the project. 

Instead, we conducted grower/advisor workshops in the areas where the on-farm work was 

conducted; Moree, Gunnedah, Narromine. At these workshops, we gave detailed accounts of 

previous season’s results and workshopped ideas with the group for on-farm trial treatments to 

include in the next season. One example of this was the development of an optimised water-run urea 

strategy at one workshop discussion, which was then included into the core-site experiments for the 

latter two years of the project. These workshops were coordinated with and publicised by the local 

CottonInfo extension officers and tapped into their grower/advisor networks which were also used 

to distribute highlights from the workshops to those who couldn’t make it on the day. 

We also promoted the outcomes from the research more widely through other field-days/workshops 

that were not specifically organised by our project, where one or more of our team members 

presented data and outcomes to attendees in areas both including our main research region and 

outside of it too. An excellent example of this are the “Optimising irrigation and nitrogen research” 

tours organised by CottonInfo, where a team of speakers presented at 6 large field-days from central 

Qld (Emerald) down to southern NSW (Griffith). Ben Macdonald, Graeme Schwenke and Jon Baird 

were all invited speakers at these events, held in 2018, which were strongly attended and featured 

good audience participation in the post-presentation discussions. Other similar examples included 

presentations at the Southern Cotton Grower Updates, Irrigation Research Extension Committee 

Open days, CSD and Lower Namoi Cotton Growers field day, and a CottonInfo Soil Health Workshop. 

Having two-way discussions of the results and our recommendations for best/better management 

practice at these events was probably the most effective pathway to impact for this project as it 

allowed growers to hear the information and question it/discuss it with the presenter on the spot 

and therefore dispel any misunderstandings or misconceptions in people’s mind. These events were 

also enlightening for the researchers who learnt more about the current information and practices 

growers/advisors are using to manage N nutrition in cotton. 

As well as the face-to-face presentations, we also used social and print media to communicate our 

results and recommendations to the target audience, including YouTube videos, tweets, and articles 

in CottonInfo nutrition newsletters and bulk emails, Spotlight magazine, and Australian Cotton 

Grower magazine. Our results were also used to update the “Nutrition” chapter in the Australian 

Cotton Production Guide book, which is the reference base for cotton growers. 
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Since N and P nutrition and fertiliser use efficiency is intimately linked with the fertiliser industry, it 

was very useful to have our project results and outcomes presented to members of the Australian 

Fertiliser Industry Association. An invited presentation was given at their 2018 national conference. 

Their members were subsequently invited to the annual MPfN forums in 2019 and 2021. 

Adoption of project outcomes by the industry also relies on the scientific credibility of the research 

undertaken. Much of our research is aimed to be published in scientific journals which require 

rigorous peer review before acceptance. Two papers have already been published and several more 

are either in review, revision or preparation for submission to scientific journals. We also faced peer 

review when presenting our results and conclusions to audiences at several industry (Australian 

Cotton Industry Conferences; Australian Cotton Research Conferences), and scientific disciplinary 

conferences (Australian Soil Science Society; International Nitrogen Initiative Global Conference). 

 

5.2 Recommendations to industry on adoption of the 
research outcomes. 

 

5.2.1 Nitrogen 
• Pre-season soil tests provide a clear benefit when estimating seasonal N fertiliser 

requirement. Application rates of N fertiliser can be reduced substantially or optimised when 

knowledge of existing soil fertility is accounted for and used to budget fertiliser application 

rates. Seasonal research at Narrabri found that when pre-season soil tests were conducted 

and mineral N was included as a base for crop N fertiliser budgets, the fNUE improved from 

13 kg lint/kg N (2016/17) to 34 kg lint/kg N (2017/18).  

• Pre-season soil N was high at all the commercial on-farm research studies, with available 

mineral N found to be up to and exceeding 500 kg N/ha. While this made it difficult for 

conducting on-farm research it does provide an opportunity for growers to utilise the native 

soil N from their cropping soil rather than applying high amounts of synthetic N fertilisers. 

• The timing of N fertiliser is important, and growers should plan their N management with 

two goals in mind. Firstly, growers should apply N fertiliser to meet the demands of the 

growing crop, with the bulk of fertiliser N being available for the crop during the key 

flowering stage. Secondly, growers should avoid applying fertiliser N at times that promote 

large N losses from the field. Our research found when all or the majority of N fertiliser was 

applied up-front, losses of N from the field were higher compared to when N was applied in-

crop, meaning there is greater fertiliser N recovery potential when the bulk of the N fertiliser 

was applied in-crop.  

• Split and all in-crop applications of N fertiliser resulted in increased post-season soil N, and 

the later the application the greater the amount of post season N. If growers use split 

fertiliser applications then they should modify the farming system to utilise this carry over N 

in the following winter crop.  

• While in-crop N applications can reduce fertiliser losses compared to pre-plant applications, 

growers should not over apply fertiliser N late in the developing crop. Two research field 

experiments and a commercial farm case study all showed that when fertiliser N was applied 
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after cut-out there was a lint yield penalty and N uptake by the cotton was very low. There 

was no improvement in boll retention higher in the plant and no increase in boll weight 

compared to treatments where N fertiliser was applied earlier in-crop (by early bolls) or pre-

plant. 

• The choice of N fertiliser product and form has importance when evaluating methods for 

improving NUE on-farm. For instance, anhydrous ammonia has low N losses when applied 

directly into the soil, either pre-plant or side-dressed in-crop, but application of ammonia via 

fertigation (water-run) is not recommended due to high N losses. The on-farm case study at 

Moree found ammonia when used as a water run product lost over 24% of the applied N 

compared to broadcasting urea N on the surface and irrigating immediately after. The study 

was conducted when plant height was 1m tall and complete canopy coverage—volatilisation 

losses from water-run ammonia would be greater if plant height was lower and more of the 

soil surface was exposed. 

• The in-crop N application method has an influence on N losses from the field and the 

fertiliser availability to the plant. Side-dressing N (urea) gave the best N supply to the plant 

and lowest field losses of all methods and treatments studied within the project. The water- 

run products (urea, UAN, and ammonia) had higher runoff N losses from the field. Stopping 

the addition of N once runoff begins can reduce this loss dramatically and supply more N to 

the plant instead. 

• Enhanced efficiency fertilisers including nitrification inhibitors and polymer coated urea were 

able to reduce N losses early in the growing season (first and second irrigation events), but 

did not improve plant N uptake or lint yield. However, these EEFs allow producers greater 

flexibility when applying N fertiliser, especially when the application of fertiliser N occurs 

early in the bed forming stage long before planting.  

• While difficult to account for prior to the seasons, N fertiliser application should be aligned 

with yield potential and seasonal conditions. Application of N fertiliser late in-crop delayed 

plant maturity, increased trash load of picked samples and reduced lint fibre quality. In some 

cases, application of late fertiliser N resulted in similar plant immaturity as the application of 

excessive N fertiliser rates (>300 kg N/ha).  

• N fertiliser applications will not solve constraints to production caused by other nutrient 

deficiencies, compaction, poor drainage, agronomic factors, etc. Both industry survey and 

field experiment data has shown that N fertiliser rates in excess of 200–240 kg N/ha are not 

further increasing cotton lint yield. Other constraints can often be limiting production and 

should be investigated before increasing N rates. 

• Pre-season N should be applied towards the irrigated furrow side of the hill to increase 

retention of fertiliser N within the plant hill. The 15N study conducted in 2018/19 showed 

that fertiliser N applied at a depth of 30 cm under the plant line had moved up towards the 

soil surface and across towards the non-irrigated furrow, with little distribution of applied N 

into the irrigated side of the plant hill. To counter this biased movement, growers can offset 

the application to the irrigated side hill which would increase fertiliser N dispersion within 

the plant hill. 

• Cotton systems incorporating intensive irrigation (50–60 mm deficit) and high N application 

rates (>250 kg N/ha) are at risk of increased disease pressure. An observed implication of 

these treatments in the 2019/20 growing season was that the greater plant growth led to a 

yield disadvantage, partly due to high disease pressure (in this instance Alternaria leaf spot – 
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A. macrospora and A. alterata). The experiment found greater yield for treatments applied 

with growth hormones (mepiqaut chloride) and/or treatments with a higher soil water deficit 

(90 mm). 

• Future research into cotton N nutrition should focus on determining the actual target 

amount of N required in the topsoil pre-sowing (i.e. residual N + added N fertiliser) to avoid 

N deficiency (at the low end) and promote optimum vegetative growth (at the high end)—

without having excess N in/added to the soil that is then subject to loss. Then, the in-crop N 

application program can supply the remainder of the crop’s N calculated requirement to 

maximise lint yield production without excessive vegetative growth. For example, a three-

target system could be investigated that (1) decides total N target required for optimum lint 

yield at the site, (2) soil test to determine whether the pre-plant target amount is met by 

residual topsoil N (0–30 cm) or needs “topping” up with pre-plant N fertiliser, (3) in-crop 

target N = total target – pre-plant target. If residual soil N after deducting pre-plant is still > 

total N, then no in-crop N required, but if not, add in-crop N fertiliser ahead of rapid N 

uptake phase. 

• Future research should also focus on better understanding of soil N processes at the actual 

timescale that they are occurring. To date, most research has reported “before” and “after“ 

results, at a seasonal or irrigation-event scale. In flood-furrow irrigated systems, N processes 

such as mineralisation, immobilisation, denitrification and N mobilisation (leading to runoff) 

occur at a minute/hour timescale, so future work needs to be recording these processes as 

they occur, rather than trying to decipher what happened from cumulative results after the 

process has finished. 

5.2.2 Phosphorus 
• Minimum tillage practices over the long term resulted in more available P (Colwell P) levels in 

soil. Considering other associated soil health benefits of minimising traffic, it is 

recommended to minimise the tillage required and consider applying P fertiliser every 3–5 

years. 

• Factors other than critical soil Colwell P levels are determining the P response. Sporadic P 

responses were observed in Northern NSW soils with Colwell P levels ranging from 20–40 mg 

P/kg and this supports the previous suggestion by Brendon Griffith that critical Colwell P 

levels for cotton is likely around 25 mg P/kg. 

• P application before a cover crop improved the lint yield in a soil with subsoil sodicity (ESP = 

8%, below 30 cm). Therefore, it is recommended to apply P before a rotation crop to improve 

the P response in subsequent cotton. 

• Replace P from seed P export every few seasons to prevent decline (match the crop 

removal). Mixing rather than banding provides more root interception opportunities for the 

cotton plant to acquire P. However, the suggestion to mix the P conflicts with sustainable soil 

management of minimising the tillage, so the P replacement timing with mixing operation 

needs to be maximised to minimise the tillage 

• There is clear interaction of N application timing with P response. More ratio of N at pre-

planting resulted in cotton plants responding to applied P with improved yield. N fertiliser 

has the potential for priming effect on soil microbes and immobilises P as evidenced by low 

reactive P runoff. Therefore, excessive N rate should be avoided. 

• Late N application was counterproductive for P response and should be avoided. 
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• Improvement in P use efficiency can be achieved by maximising the opportunity for cotton 

plant roots to explore more soil volume. This could be achieved by enriching more volume of 

soil by mixing P, N application timing, improving irrigation frequency in years with low in-

crop rainfall, improved soil management such as minimum tillage, using crop rotation to 

mitigate soil constraints such as compaction and sodicity etc. 

• Future research into cotton P nutrition should focus on improving the mechanistic 

understanding of the sporadic P responses and its interaction with cropping systems and other 

nutrients such as N and K. Given the conflict of P response to the dispersion of P throughout 

the beds with proper tillage and sustainable soil management practices such as minimum 

tillage, future research should focus on investigating what is the optimum time interval (e.g. 

every 3 years, 6 years etc.) for P fertiliser addition to maintain/increase soil P. The uniform 

mixing of P in the clay soil is a challenge and new research on uniformity of P distribution to 

maximum depth possible and its effect on P response should be a future focus. Such research 

should also identify the best rotation crops before which P can be applied to maximise the 

fertiliser P use efficiency by cotton. 

• Future research into cotton P nutrition should also focus on deriving regionally specific 

critical Colwell P values for cotton as the cotton-growing regions are expanding beyond 

Vertosols, as emphasised by our observations of sporadic P responses from soils with Colwell 

P above the previously suggested critical Colwell P values. However, such an effort to derive 

critical Colwell P should be preceded by improving the mechanistic understanding of cotton 

root responses to applied P and other nutrient inputs. Cotton growers often apply P several 

months before planting and leave their fields fallow for several months after the cotton crop. 

Future research on short-term changes in inter-season and intra-season P pools will further 

improve the understanding of P nutrition and assist with management decisions. 

• Given the observation of N application reducing P in the runoff water, future research on the 

impact of high N rates on immobilisation of applied or the plant-available P to cotton crops in 

early critical crop growth stages should be another area for future focus. 
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6 Lessons learnt 

6.1 Research level 
 

• Comparing water-run (fertigation) treatments at ACRI worked well. We used individual 

1000 L shuttles (one per plot) containing up to 800 L of diluted N fertiliser product to be 

applied to a single 8-row plot in a single irrigation event. The diluted product was 

metered out into the rotor-buck area at the head of the plot using a calibrated battery-

powered pump. The nature of furrow irrigation means that plots must be full paddock 

length, which limited the number of treatments possible. There was also some 

limitations on where the shuttles could be located at the head of the paddock if no road 

existed (e.g. Paddock 4 was unsuitable). Such a system could potentially also work in on-

farm trials as long as the grower did not want to water-run N in the rest of the paddock. 

However, on-farm plots such as these would be more complex as paddocks are longer 

and irrigations often go for up to and exceeding 12 hours. 

• Comparing irrigation deficit strategies worked well at ACRI core-site trials. We set the 

deficit treatments up as main blocks in a split-plot design so that large areas (groups of 

plots) could be watered together. This was necessary as there is lateral movement of 

applied water out from the sides of the watered plots towards those still dry at the time 

the irrigation. For this reason, we had buffer plots installed between each different block 

of deficit treatments. Blocking the deficit treatments kept the number of buffer plots 

required to the minimum as they consumed valuable trial paddock space at ACRI and 

thus prevented additional N management treatments from fitting in. 

• The 15N study of N movement in soil and plant during the season was novel and 

successful. Previous 15N fertiliser recovery experiments in irrigated cotton have 

consisted of a single recovery event (at the end of the season), and some have used 

enclosed micro-plots to prevent the runoff loss of 15N. We purposely used unconstrained 

plots to simulate the real-world situation where N fertiliser applied in deep bands below 

the plant bed before planting is rapidly mobilised, first upwards towards the soil surface 

as the beds are wet up by irrigation, then sideways in the plant bed towards the non-

irrigated furrow. Some of the applied N is removed from the plant bed altogether via this 

“lateral leaching” and subsequently lost from the paddock in runoff water. Sequential soil 

coring in a transect across the plant bed (from furrow to hill to furrow) at a range of 

depths gave a detailed picture of N movement during the season. In addition, the uptake 

and internal plant distribution of labelled N during the season was shown in greater 

detail than has been done before. 

• We made best use of limited paddock space (due to the need for full paddock-length 

plots x 8 rows) by incorporating a range of separate experiments in the same field. To do 

this, we used split-plot designs for the major treatments, i.e. the irrigation deficit 

treatments, within which were various N and P management treatments. Wherever 

possible, we used common treatment plots for more than one treatment comparison. For 

example, a nil-N plot would be used in an N-rate comparison and an N x P x I comparison 

analysis. While this made for a complex experimental program, it also allowed us to 
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investigate more research questions than if non-overlapping experiments were used for 

each. 

• It proved very difficult to measure OM mineralisation in an unconfined irrigated system 

with growing plants. We used a sequential soil coring technique where cores were taken 

ahead of each irrigation event to measure the difference in mineral N produced since the 

previous sampling. Plant uptake of the mineralised N was prevented by removing live 

plants from each sampling area at the first coring in each new area and roots from 

surrounding plants were cut by spade. However, the irrigation event in between the each 

two sampling times moves some of the produced mineral N. To prevent this movement 

would require keeping the soil enclosed in tubes (we tried this in 2016–17) but this 

tends to keep a higher soil moisture content inside the tube than tin the soil surrounding 

it, which then becomes atypical. In 2019–20, we tried applying a solution of potassium 

bromide at the time of the first sampling to estimate the amount of nitrate movement 

that occurred between the two sampling times. This appeared to show that up to half of 

the mineralised N was being leached (down or laterally) between samplings. Future 

research in this area could consider the use of in-field nitrate sensors that regularly log 

the concentrations before, during and after irrigation events. More accurate SOM 

mineralisation work should incorporated the use of the 15N pool-dilution technique 

which uses short-term incubations (either in-field or using retrieved soil back in the 

laboratory) to show the actual SOM mineralisation rate at various key times during the 

season, and at a finer scale, in relation to irrigation events.  

• To improve NUE requires either an increase in lint yield or a decrease in the amount of N 

applied. If yield is being restricted by a deficiency of N then improvements may be made 

by reducing the losses of applied N, thus making more available for plant uptake. If the 

reduction in N losses does not lead to an improvement in lint yield, then the N rate used 

was likely too high. This was the situation in our first season (2016–17), where the pre-

trial soil testing results were not available before it was time to apply the pre-plant N 

fertiliser, so a district mean N rate was used as the standard N rate (260 kg N/ha). In the 

following years we were able to get the pre-season residual mineral N results in time to 

inform our N fertiliser rate for optimal growth. We then decided to have the residual + 

applied fertiliser N = 200 kg N/ha, which aimed to give us a sub-optimal amount of 

available N for the crop that would be more likely to show up treatment differences in N 

supply to the crop. 

• The pre-crop residual mineral N (and P) in on-farm sites was even more difficult to work 

with, especially in the drought years of this project where farmers were only using their 

best paddocks due to limited water for irrigation. Some of these paddocks had had 

failed/poor rotation crops or been fallowed for several seasons and therefore had 

accumulated significant amount of available N in the soil profile—some to the extent that 

no additional N fertiliser was required for an optimum cotton crop. Due to the scarcity of 

available paddocks in the drought, we were forced to use some of those that might 

normally be avoided due to their high residual mineral N (and P). 

• On-farm trials are desired from the farming community as they like to see research done 

more “in the regions” than concentrated on the ACRI research station. However, the 

costs for research personnel to do intensive research on-farm can be considerable, 

especially if the sites are remote from the researcher’s base, and may conflict with the 

farmer’s busy operational schedule. While our co-operators were always very 

accommodating, it is usual for research plots to take much longer to set-up owing to the 
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care that must be taken to ensure rigorous science is practiced. This can tie up farm 

machinery and labour for much longer than the operation itself may otherwise take. 

Sometimes, as in the Gunnedah 2017–18 on-farm trial, the trial can be momentarily 

forgotten by the farmer and is overflown with fertiliser that compromises its potential to 

measure an N response. Harvesting strip-plots using farmer equipment is also a process 

that can slow down farm operations due to the need to exclude edge rows and either 

create partial bales or measure the length used to make whole bales. Then, the bales 

need to be weighed before transport and the individual bale results need to be obtained 

from the gin, which was not always possible.  

• Some treatments are very difficult to implement as comparisons on-farm, e.g. irrigation 

strategies, water-run product comparisons, in-crop N comparisons. Nil-N fertiliser strips 

or plots are not popular with growers as a paddock-length nil-N strip could potentially 

cost the grower a significant amount in lost revenue. It is also rarely possible to have a 

true nil-N strip or plot area as most growers use some form of in-crop N fertiliser 

addition either via aerial or broadcast urea addition or via fertigation. This is because the 

farm operations are geared to treating paddocks as a whole and it is not possible to treat 

various strips separately. One area where there is some potential for greater future on-

farm research is where pre-plant N and P fertiliser treatments are required as the NSW 

DPI agronomy research unit now has a variable-rate fertiliser applicator and a single-

row picker that can be used for on-farm trials. However, there are also biosecurity issues 

with using this equipment off-station that create extra work to address when re-entering 

ACRI. Current biosecurity protocols at ACRI also restrict the retrieval of soil and plant 

samples from on-farm trials for processing back at ACRI. During our project we had to 

process soil, plant and lint samples from on-farm trials at facilities other than ACRI 

because of this. 

• Cotton lint yield is often weakly correlated (or not at all) with vegetative biomass, and 

crops with excess N available can consist of very large, tall and healthy plants but may 

not necessarily yield accordingly. Understanding cotton lint yields requires a more in-

depth understanding of the physiological development of the plant and its bolls, along 

with the stressor situations where these bolls may be shed. In addition to measuring lint 

yields from our treatment plots, we also “plant mapped” representative plants from most 

of the key treatment plots to learn how the different N timing and I frequencies affected 

boll development in different positions on the plant. This also became an area for more 

in-depth study in the PhD study by Jon Baird. 

 

6.2 Industry level 
 

• Throughout the project, the project team came across many on-farm situations where 

there appeared to be excess N in the soil-plant system of commercial cotton crops. While 

we did not conduct any formal paddock or grower surveys, we came to this conclusion 

through discussions with growers and advisors at field days and project workshops, as 

well as through our interactions with our on-farm trial co-operators. In trying to plan for 

on-farm trials for an upcoming cotton season, we found that grower’s N fertiliser 

planning started very early in the calendar year, which made it difficult for us to plan 
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trials based on the previous season’s results. This also made it difficult to set up on-farm 

trials as N (and sometimes P) fertiliser was applied many months before the cotton crop 

was to be sown. On-farms therefore need to be planned two years ahead, although farm 

paddock crop-choices can also change during this time due to weather, markets etc. 

• We observed that many growers were practicing soil testing for N and other nutrients, 

although some of the sampling schemes used could be improved as often the number of 

cores taken from a paddock was inadequate to properly assess the variability inherent in 

the paddock. This large variability is likely one of the root causes of a general lack of 

trust in soil testing that we observed over the course of the project. This was related to 

us during some of the larger grower workshops in 2018, and was also apparent from the 

disregard paid to the inherent soil mineral N levels when growers planned their N 

fertiliser program for the season—often a standard “recipe” rate of N fertiliser was 

applied, which was not discounted by that measured in the soil already. Often, these 

recipe N rates were well in excess of that needed by the crop yields being achieved, and 

it was often likely that the farm yields were not being constrained by a deficiency of N 

but rather other soil, plant, disease or weather-related factors. 

• Having lots of mineral N in the soil system residual from previous seasons can confound 

the results of on-farm trials aiming to compare N products or application management. It 

is also likely that commercial crops are actually suffering from too much N in the system, 

either through reduced yield components (lower boll retention), greater disease 

incidence, or through extended vegetative growth periods that require additional growth 

regulator applications to halt and multiple defoliant applications to enable a clean 

harvest. Delays in harvest caused by multiple defoliations can also lead to a decrease in 

lint quality. 

6.3 Service Provider/ Primary Producer Level 
 

• There seemed to be little use in commercial systems of the decision support tool 

“NutriLogic” to derive N fertiliser recommendations. When we questioned this, anecdotal 

responses indicated that growers/advisors thought this tool to be out-of-date and not 

relevant to crops with the current high yield potential. 

• Growers were also reluctant to reduce the amount of N fertiliser being applied in case it 

led to a reduction in lint yield. Excess N fertiliser is considered a relatively cheap 

“insurance” measure against poor yields, even though the systems were likely to be far 

above the N deficiency (and N sufficiency) levels where yield could be affected, 

particularly where the pre-crop soil mineral N reserves were already high. 

• We noticed that many irrigated cotton growers are very innovative and are willing to 

modify or change their nutrition and irrigation management strategies and programs to 

improve yield and profit outcomes. As an example, we noticed that the N fertiliser 

application system was often slightly or sometimes very different between 

farmers/operators. Nitrogen fertiliser applications varied in product application depth, 

band location in relation to the plant row, timing (pre-plant N applied from 1–6 months 

pre sowing), amount applied pre-plant (from 100% to 50% of season total), N product 

used pre-plant (urea or anhydrous ammonia), in-crop application method (side-dress, 

broadcast by plant, broadcast by spreader or water-run), water-run product used 

(anhydrous ammonia, UAN, urea), the number of in-crop applications and the time-of-
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season they began and ceased. Irrigation strategies varied according to deficit trigger 

used, siphon sizes used, number of siphons used, skip furrow or every furrow, etc. These 

produced different irrigation durations, which can have a significant effect on runoff 

losses and potential denitrification losses. 
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(GST exclusive) 

Additional sample processing module for flow injection 
analyser at TAI soil chemistry laboratory 

9/6/2017 $14,992 



 

40 

 

 

7.3 Media and communications material 
Please see MPfN M&E Database for comprehensive list of all extension activities and linked 

material produced during this project. 

 

7.4 Resource outputs for industry 
 

Include a summary of all fact sheets, guidelines or decision support tools developed for the industry 

during the period covered by the project. You need to restate these here even if they have been 

entered into the MPfN M&E Database 

Title Author Date finalised Host platform for 
ongoing use 

Australian Cotton Production Manual (updated 

nutrition chapter) 

Jon Baird, 

Graeme 

Schwenke, Ben 

Macdonald 

2017, 2018, 

2019, 2020, 

2021  

 

Book, CRDC 

CottonInfo website 

Video – “The science of nitrogen losses”, 

https://www.youtube.com/watch? 

v=7HQGKUGOFeY&list=PLQy8KAPn-

DyriETUnJxtJdij6HNWpp0hW&index=6 

Ben Macdonald 07/02/2017 YouTube 

Video – “Don’t’ apply all your N upfront”, 

https://www.youtube.com/watch? 

v=nC5E4zAvz3c&list=PLQy8KAPn-

DyriETUnJxtJdij6HNWpp0hW 

Jon Baird 26/11/2020 YouTube 

Cotton Australia open day (Ben) 

https://cottonaustralia.com.au/news/australian-

cotton-industry-opens-its-doors-for-community-

engagement-day 
https://cottonaustralia.com.au/assets/general/Med

ia/Media-Releases/2020/Cotton-Australia-media-

release-Cotton-Open-House.pdf 

Ben Macdonald 11 March 2020 Forum 

N tour notes (Jon, Ben, Graeme) Jon Baird, 

Graeme 

Schwenke, Ben 

Macdonald 

6-14/02/2018 CottonInfo Website 

Video – “Irrigation and nitrogen influence on cotton 

physiology”, https://www.youtube.com/watch? 

v=iUd6eSiFeJw&t=3s 

Jon Baird 02/07/2021 AACS & YouTube 

Gwydir Valley Irrigators Association Field day Jon Baird, Guna 

Nachimuthu, 

27/02/2018  

https://www.youtube.com/watch
https://www.youtube.com/watch
https://www.youtube.com/watch
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Graeme 

Schwenke 

Soils Network of Knowledge online Video  Guna 

Nachimuthu 

July 2021 https://www.youtu

be.com/watch?v=PJ

1TKpezUQk&t=6s 

Soils Network of Knowledge online Video  Graeme 

Schwenke 

July 2021 https://www.youtu

be.com/watch?v=u

NwgdZWRtYY 

 

7.5 Budget 

Refer to Schedule 1 of the project’s Full Research Proposal with CRDC for the due date of the 

Final Financial Report- A statement of funds and contributions received and spent over the life 

of the project. 

The final financial report (section E.4 of the grant agreement), must contain: 

• financial statements for the receipt, holding, expenditure and commitment of the grant, 

including a full reconciliation against the budget in the grant agreement and statements 

clearly showing expenditure against the grant 

• a report of the receipt of other contributions (including the grantee’s contributions), or if 

other contributions were not received as projected, an explanation of action taken in 

response to this shortfall 

• the interest that the grantee has earned on the grant. 

 

The final financial statement will be provided by NSW Department of Primary Industries 

financial services in a separate life-of-project financial report.  
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8 Appendix – Project technical report 
The technical report is arranged in order of CRDC FRP Milestone Number. All FRP project 

milestones are reported against, including those already completed earlier in the project. Each FRP 

milestone also has the corresponding MPfN KPI milestone numbers following the description in 

brackets for reference 

Details have been removed from the on-line version of this technical report for reasons of 

copyright. For access to details from individual sections listed below please contact the 

project leader.  

 
8.1 Is there long-term P stratification or decline in cotton 

farming systems?* 
8.1.1 Sites selected for P stratification study. Historical samples 

identified and selected for analysis of Colwell and BSES P (KPI 3.3) 
 

8.1.2 Historical samples analysed for Colwell P and BSES P. Cotton 
farming (rotation/tillage) systems that minimise or are at risk of 
P stratification or decline are identified. (KPI 3.3) 

 

8.1.2.1. Long term changes of different P pools overtime. 

8.1.2.2. P decline at different depths at core site 1 

8.1.2.3. Effect of tillage and crop rotation soil P levels (site 1)  

8.1.2.4. Effect of crop sequencing on decline in soil P pools (site 2) 

8.1.2.5. Effect of cereal legume rotations soil P levels (site 1) 

8.1.2.6. Relationship between Colwell P, BSES P and Solution P during the decline 

8.1.2.7. Is there a phosphorus fertility gradient from head ditch to tail drain? 

8.1.2.8. Conclusions 

 

8.1.3  Overview of current status of knowledge of P nutrition in cotton. 
A short review of literature on P nutrition in cotton farming 
systems of Australia. A magazine article and/or journal article 
published. (KPIs 5.3,7.2) 
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8.1.3.1. A short review of phosphorus nutrition in irrigated cotton farming systems of 
Australia 

8.1.3.1 Cotton root systems and P acquisition (an article published int the CRDC Spotlight 
Magazine, Spring 2021 Edition) 

 

8.2 How much of phosphorus is being taken up by cotton 
plants from surface and subsoil layers? 

8.2.1  Quantify the uptake of P from different depths of the soil profile 
at different crop growth stages. (KPIs 3.3, 5.3, 7.2, 8.12, 10.5) 

 

8.2.1.1. Indirect measurement of different depth contribution to seed P export 

8.2.1.2. Effect of simulated flood irrigation scheduling on root growth and fertiliser P 
acquisition- A lysimeter study (Callum Bishof, UQ) 

8.2.2  Quantify the variation in P fertilizer uptake efficiency between 
cotton genotypes and P application methods. A glasshouse study 
of P incorporation and banding. Response of roots of contrasting 
genotypes to different P-placement techniques and timings 
identified. (KPIs 3.3, 5.3, 7.2, 8.12, 10.5) 

 

8.2.2.1 Varietal differences in cotton root growth and P uptake in response to P rates and 
application methods- UQ Glasshouse Experiment 1 - (Mr Callum Bischof, UQ) 

8.2.3  Quantify the interactions between P uptake dynamics and crop 
rotation/soil management in cotton farming systems under flood 
irrigation. Field experiments conducted in ACRI (LTE) based on P 
stratification findings in year 1. Management options to improve 
the efficiency of utilization of applied P fertilizers developed. 
(KPIs 5.3, 7.2, 8.12,10.5) 

 

8.2.3.1. Assessing the P fertiliser response in cotton in cropping system with a history of 
cotton-wheat- vetch rotation system 

8.2.3.2. Effect of P application timing and method on cover crop and cotton 

 

8.3 Is the response of P affected by varied irrigation and N 
management? 
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8.3.1  Quantify fertilizer P recovery in relation to different irrigation 
(wet/dry cycles). Field experiments conducted and yield and P 
uptake response quantified. Irrigation strategy for improving P 
use efficiency identified. (KPIs 3.3, 5.3, 7.2, 8.12, 10.5) 

 

8.3.2  Quantify the P response in relation to different N management 
options. Field experiments conducted and yield and P uptake 
response quantified. N management options for improving P use 
efficiency identified. (KPIs 3.3, 5.3, 7.2, 8.12,10.5) 

 

8.3.2.1 Cotton lint yield response to fertiliser phosphorus differ with N timing 

8.3.3  Study the effect of interaction of irrigation and nitrogen 
management options on P response. Field experiments 
conducted and yield and P uptake response quantified. Irrigation 
and N management interactions and their implications for 
improving P use efficiency understood. (KPIs 3.3, 5.3, 7.2, 
8.12,10.5) 

 

8.3.3.1. Effect of Nitrogen and Irrigation management options on cotton P response 

 

8.4 Does P movement in runoff pose a risk to on-farm dams 
in cotton farms? 

 

8.4.1  Water samples analysed for total and reactive P. P flux in 
irrigation network completed. Cotton farming (rotations/tillage) 
system that minimise the risk of P loss in irrigation network 
identified. (KPI 8.12) 

 

8.4.1.1. Closed irrigation network of cotton farms in Australia minimises the off-farm and 
off-field movement of Phosphorus  

 

8.5 A scientific review of N fertiliser research in irrigated 
Australian cotton systems 

 



 

45 

 

8.5.1  Overview of current status of knowledge of N fertiliser use 
efficiency in cotton. A detailed review of research on N fertiliser 
use efficiency and application management in Australian cotton 
farming systems, including information from other CRDC-funded 
N projects. A magazine article and/or journal article published. 
(KPI 4.9) 

 

8.5.1.1 A literature review of the current status of N fertiliser use efficiency (magazine 
article) 

8.5.1.2 A summary of Jon Baird’s literature review was published in the Australian 
Cottongrower – December 2020 magazine (below). 

8.5.1.3 Macdonald BCT, Latimer JO, Schwenke GD, Nachimuthu G, Baird JC (2018) The 
current status of nitrogen fertiliser use efficiency and future research directions for the 
Australian cotton industry. Journal of Cotton Research 1(1), 15. 

 

8.6 What is the significance of ammonia volatilisation as an 
N loss pathway in furrow irrigated cotton systems? 

 

8.6.1  Overview of current status of knowledge of ammonia 
volatilisation from fertiliser applications in summer cropping 
irrigation systems. Literature review conducted. (KPI 6.8) 

 

8.6.1.1 A literature review of the current status of knowledge of ammonia volatilisation 
from fertiliser applications in summer cropping irrigation systems (Dr Mei Bai, UM) 

8.6.1.2 Spotlight Magazine Article (Spring 2019 edition, pp. 18–19.) 

8.6.2  Quantify the amount of N fertiliser lost through the process of 
ammonia volatilisation. Ammonia field measurement campaign 
conducted during in-crop N application. (KPIs 6.8, 8.8) 

 

8.6.3  Quantify the amount of N fertiliser lost through the process of 
ammonia volatilisation. Calculation of N loss from field 
volatilisation data (KPIs 6.8, 8.8, 10.4)  

 

8.6.3.1 Bai M, Suter H, Macdonald B, Schwenke G (2021) Ammonia, methane and nitrous 
oxide emissions from furrow irrigated cotton crops from two nitrogen fertilisers and 
application methods. Agricultural and Forest Meteorology 303, 108375. 
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8.7 How does the interaction of irrigation management and 
N fertiliser timing affect N use efficiency in cotton? 

 

8.7.1  Quantify the NUE in relation to different irrigation and N 
fertiliser application options. Core experiments conducted and 
NUE quantified. Best combination of irrigation strategy and N 
application identified (KPIs 4.9, 6.8, 8.8, 10.4) 

 

8.7.1.1 Furrow-irrigated transgenic cotton response to nitrogen fertiliser application 
timing. 

8.7.1.2 The interaction of irrigation management and fertiliser split applications on crop 
yield and carry-over nitrogen. 

8.7.1.3 Understanding the influence of nitrogen and irrigation management strategies on 
the growth of high-yielding Australian cotton cultivars 

8.7.1.4 What are the impacts of excess N fertiliser on plant growth, lint yield, NUE, runoff 
N and SOM mineralisation? 

8.7.2  Quantify the NUE in relation to different irrigation and N 
fertiliser application options. On-farm experiments conducted 
and NUE quantified. Best combinations of irrigation strategy and 
N application trialled on commercial farms (KPIs 4.9, 6.8, 8.8, 
10.4) 

 

8.7.2.1 Optimising pre-season ammonia application for irrigated cotton by using a 
nitrification inhibitor – Moree and Gunnedah (2017/18) 

8.7.2.2 Does additional N and P fertiliser improve yield in a variable irrigated cotton 
paddock? – Narromine (2019/20) 

8.7.2.3 On-farm experiments focussed on cotton root response to N and P fertiliser: 
Boggabri – N split application x P addition under overhead irrigation; Moree – N rate x P 
addition 

8.7.3  Study the effect of interaction of selected irrigation and nitrogen 
management options on N losses using 15N. Field experiments 
conducted. Irrigation and N management options that improve N 
use efficiency identified. (KPIs 4.9, 6.8, 8.8, 10.4) 
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8.8 How does irrigation management affect mineralisation 
of N from soil organic matter in furrow irrigated cotton 
systems? 

8.8.1  Quantify the mineralisation of soil organic matter in field in 
response to irrigation scheduling treatments. Core experiments 
conducted and N mineralisation quantified in the field. (KPIs 4.9, 
6.8, 8.8, 10.4) 

 

8.8.1.1 Soil water deficit effects on soil inorganic nitrogen in alternate-furrow flood 
irrigated Australian cotton production systems 

8.8.2  Quantify the mineralisation of soil organic matter in field in 
response to irrigation scheduling treatments. On-farm 
experiments conducted and N mineralisation quantified. (KPIs 
4.9, 6.8, 8.8, 10.4) 

 

8.8.3  Quantify the mineralisation of soil organic matter in field in 
response to irrigation scheduling treatments. Field experiment 
data collated and parameters modelled to validate model 
predictions of mineralised N. (KPIs 4.9, 6.8, 8.8, 10.4) 

 

8.8.3.1 What is the risk of applying preplant urea fertiliser? Modelled nitrogen dynamics of 
different pre-plant fertiliser application timing. 

8.8.3.2 Examination of N mineralisation response to irrigation strategy and comparison to 
modelled mineralisation 

 

8.9 How does the method of in-crop N fertiliser application 
affect N use efficiency in cotton? 

 

8.9.1  Quantify the NUE in relation to different in-crop N fertiliser 
options. Core experiments conducted and NUE quantified. Best 
in-crop N application strategy identified (KPIs 4.9, 6.8, 8.8, 10.4) 
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8.9.1.1 A comparison of in-crop N fertiliser application methods, products and strategies – 
ACRI Fields C4, 4 and 3 (2016–20) 

8.9.1.2 Alternate Furrow Flood Irrigation Removes Significant Nitrogen from the Field 
through Lateral Leaching 

8.9.1.3 Does polymer-coated urea release N in an irrigated cotton paddock in the manner 
advertised by the manufacturer? – ACRI Field 3 (2019/20) 

8.9.2  Quantify the NUE in relation to different in-crop N fertiliser 
options. On-farm experiments conducted and NUE quantified. 
Best in-crop N application strategy trialled on commercial farms 
(KPIs 4.9, 6.8, 8.8, 10.4) 

 

8.9.2.1 Does “late season” N application benefit boll retention in irrigated cotton? – 
Narromine and ACRI (2019/20) 

8.9.3  Study the effect of selected in-crop N application options on N 
losses using 15N. Field experiments conducted. Irrigation and N 
management options that improve N use efficiency identified. 
(KPIs 4.9, 6.8, 8.8, 10.4) 

 

8.9.3.1 Study 1. Optimising Nitrogen fertiliser timing in high yielding Australian cotton 
systems to improve N fertiliser recovery 

8.9.3.2 Study 2. Cotton uptake of N fertiliser and distribution in a modern cotton cultivar 
influenced by N fertiliser application timing. Understanding the source – sink relationship 
in translocated N.  

8.9.3.3 Study 3. Investigating the lateral and vertical leaching movement of fertiliser N in a 
flood/furrow irrigation cotton system with isotope labelled (15N) fertiliser 
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8.10 Science communication and adoption 
 

8.10.1 Adoption pathways. Annual discussion with manager of 
CottonINFO Team. Adoption pathway(s) for the project outcomes 
agreed and reported to CRDC. Clear roles and responsibilities for 
project and CottonINFO team personnel identified and agreed 
regarding the adoption pathways for the project. (KPIs 2.4, 3.1, 
4.2, 5.1, 6.1, 7.1, 8.2) 

 

Throughout this project we have made use of a range of extension methods for the pathway to 

adoption of the project outcomes. This is already described in some detail in Section 5.1 on page 

27. As mentioned in the milestone description, we did also communicate with the head of 

CottonInfo on a semi-annual basis along with various regional CottonInfo extension agronomists 

at both our own workshops as well as the CottonInfo-organised field days and discussions.  

Mid-project, Jon Baird, NSW DPI research agronomist contracted to this project as both a 

researcher and a PhD student (in conjunction with University of Melbourne), was appointed as 

the CottonInfo cotton nutrition technical specialist. This appointment gave our project even 

greater exposure within CottonInfo meetings and it also enabled our results to reach more 

producers more often through additions to regular nutrition email newsletters sent to growers.  

All the research scientists involved in this project have given several presentations at various 

other industry forums, field days, on-line webinars, cotton industry conferences, fertiliser 

industry conferences, cotton science conferences, soil science conferences and even a global 

nitrogen conference. Without the global pandemic, there would have been even more such 

presentations to such diverse audiences. 

The MPfN M&E database lists all of the activities and material that we conducted and produced 

during the MPfN project. It lists and details 35 extension activities, 18 media & communication 

outputs, and 6 items of project material outputs, as well as 11 instances of project collaboration. 

Most of these entries in the database also contain copies of the printed material produced, e.g. 

handout notes for field days, presentations given at conferences, links to YouTube videos, etc. 

 

8.10.2 Annual Research & Development Workshop with growers and 
relevant industry stakeholders to discuss the research trial results 
from previous years and to define the research questions for 
future years. Research trial questions agreed upon and reported 
to CRDC. Identification of management strategies for optimal 
cotton nutrition. (KPIs 2.4, 3.1, 4.2, 5.1, 6.1, 7.1, 8.2) 

 

As highlighted in Section 5.1 and tabled in detailed within the MPfN Monitoring and Extension 

database, we held annual field days and workshops to disseminate our previous season’s results, 
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as well as discuss options for treatments to investigate in the coming seasons. These workshops 

were held in Moree, Gunnedah and Narromine in 2019 and 2020 in conjunction with local 

CottonInfo extension officers, and were also good opportunities for the researchers to “ground 

truth” the relevance of the results and proposed treatments with the growers and advisors who 

would ultimately be the target for adoption, should the treatments investigated prove to be 

beneficial to productivity, profit and environment. One example of the refinement to research 

questions through farmer/advisor interaction was the development of the optimised water-run 

N application strategy which came out of discussions held at the 2019 Gunnedah workshop. We 

also used the workshops to find potential co-operators for on-farm trials in the following 

seasons. 

 

8.10.3 Science knowledge exchange at R&D forums with RRaD4P project 
group. Project team representatives present findings and discuss 
plans at annual meeting with other RRaD4P projects, including 
USQ cotton project. (KPIs 2.4, 3.1, 4.2, 5.1, 6.1, 7.1, 8.2) 

 

Throughout the project we have participated in the annual MPfN program forums where our 

current progress was presented to the group by the project leader Graeme Schwenke, usually in 

conjunction with one or more of the research scientist team, including Guna Nachimuthu, Jon 

Baird and Ben Macdonald. Attendance and presentations given at these forums are all recorded 

in the MPfN M&E database. These forums were well-organised and were (pre-covid) a great 

opportunity for interaction and experience sharing between the various research groups. There 

were also attempts to find commonalities in NUE considerations and soil organic matter 

mineralisation to produce N, between the diverse industries which we participated in through 

supply of data and soils from key experimental treatments. Our team also contributed written 

articles to each of the “Nitrogen Natters” MPfN newsletters that were distributed amongst the 

MPfN project teams, funding bodies and other interested parties. 

Our information exchange included the USQ cotton project although the focus of their study was 

on cotton irrigated using overhead sprinklers whereas our research focussed almost exclusively 

on flood-furrow irrigation—a very different system in terms of the opportunities for applying N 

into the system. Overhead systems typically apply less water more often and thus do not have 

the same issues with lateral leaching of N and runoff N loss that featured strongly in our 

research. 

 


