
In the past, much of the research on 
topdressing nitrogen (N) in the north-
ern region has focussed on the role of 

in-crop N to respond to seasons in which 
yield potentials have increased significant-
ly due to above average rainfall. 

In these situations, research has shown 
that good responses can be achieved espe-
cially when good rainfall is received after N 
application (Australian Grain July–August 
2007). Recently though there has been 
significant interest in the role of ‘canopy 
management’ principles for crop produc-
tion in the northern grains region.

What is canopy management?
The concept of canopy management 

has been primarily developed in Europe 
and New Zealand – both distinct produc-
tion environments to those typically found 

in most grain producing regions of Aus-
tralia, and especially the northern grains 
region.

Canopy management includes a range 
of crop management tools to manage 
crop growth and development to maintain 
canopy size and duration to optimise pho-
tosynthetic capacity and grain production. 

One of the main tools for growers to 
manage the crop canopy is the rate and 
timing of applied fertiliser N.

The main difference between canopy 
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The research View

Canopy management in the 
northern grains region

By Richard Daniel, Northern Grower Alliance

One of the main canopy management 
tools is the rate and timing of applied 
nitrogen.



management and previous N topdress-
ing research is that all or part of the N 
inputs are tactically delayed until later in 
the growing season. This delay tends to 
reduce early crop canopy size but this can-
opy is maintained for longer, as measured 
by green leaf retention, during the grain 
filling period.

So can it work under Australian con-
ditions – especially the shorter growing 
season of northern NSW? Results from 
southern regions have certainly showed 
some potential especially in areas with 
high yield potential and therefore higher N 
inputs – but further research was required 
to test and validate the principles in north-
ern NSW.

Research
Since 2006 trials have been conducted 

by a collaborative research group includ-
ing NSW DPI, Northern Grower Alliance, 
AgVance Farming, and Nick Poole from 
the Foundation for Arable Research – NZ. 
This work funded by GRDC has focussed 
on the interaction between delayed N ap-
plications in high yielding crops on the Liv-
erpool Plains.

To test if canopy management principles 
did improve crop performance in northern 
wheat crops, trials were established under 
overhead irrigation systems to supplement 
water supply at the critical growth stages 
when urea was applied to the soil surface. 
N was applied at three times through the 
season – combinations of seedbed (SB), 
during early stem elongation (GS31) or 
after flag leaf emergence (GS39). Details 
of the research sites and treatments are in 
Tables 1 and 2.

Further research by NSW DPI and 
Northern Grower Alliance is also assessing 
the role of different N fertilisers and meas-
uring the losses of N due to volatilisation.

WHAT WE FOUND
From 2006 and 2007 the response to 

tactically delaying N until later in the grow-
ing season was relatively consistent for 
main to late sown, short season crops (cv. 
Ventura). In both years delaying or split-
ting fertiliser N did not result in significant 
grain yield increases compared to seedbed 
N. But, grain yield was maintained when 
N was split between SB and GS31. Delay-
ing all N until after GS31 or splitting with 
GS39 applications resulted in lower grain 
yields but higher grain proteins.
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Table 1: Nitrogen timings

Treatment At sowing 
(SB)

Stem elongation 
(GS31)

Flag leaf emergence 
(GS39)

No N — — —

Single applications
100% N — —

— 100% N —
— — 100% N

Split applications
50% N 50% N —

— 50% N 50% N
50% N — 50% N

Table 2: Overview of canopy management trials
 2006 2007 2008
Location Caroona Caroona Spring Ridge
Sowing date 27th June 14th July 29th May, 3rd July

Variety Ventura Ventura EGA Gregory and 
Ventura

Starting Nitrate-N 
(0–90cm) 25 kg N/ha 74 kg N/ha 78 kg N/ha

Previous crop 2005 Sorghum 2006 Sorghum 2007 Sorghum
Total N applied 110 kg N/ha 140 kg N/ha 160 kg N/ha
In-crop rainfall 234 (123 mm irr.) 285 (150 mm irr.) 450 mm (incl. irr.)
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Table 3: Influence of nitrogen timing on grain yield for main 
sown wheat (Ventura) from 2006–08
Nitrogen timing Yield (t/ha) Protein (%) Screenings (%)
2006
Nil 1.6 8.9 7.8
100% SB 3.7 11.8 7.7
100% GS31 3.3 12.5 6.6
100% GS39 2.3 14.2 5.3
50% SB + 50% GS31 3.7 11.7 7.3
50% GS31 + 50% GS39 3.3 13.0 6.6
50% SB + 50% GS39 3.5 12.1 5.7
LSD (5%) 0.2 0.3 0.8
2007
Nil 2.6 11.8 3.8
100% SB 3.5 12.5 4.4
100% GS31 3.4 13.3 4.4
100% GS39 2.9 14.4 3.5
50% SB + 50% GS31 3.7 13.0 4.1
50% GS31 + 50% GS39 3.2 13.7 3.6
50% SB + 50% GS39 3.6 13.4 3.3
LSD (5%) 0.2 0.3 0.7
2008
Nil 2.2 13.5 9.8
100% SB 4.7 13.4 8.5
100% GS31 4.4 14.4 8.9
100% GS39 3.4 15.1 9.9
50% SB + 50% GS31 5.4 13.5 9.0
50% GS31 + 50% GS45 4.3 15.0 8.8
50% SB + 50% GS45 4.8 13.6 9.6
LSD (5%) 0.4 0.5 0.5



In 2008 the responses when all N was 
delayed were much the same as in 2006 
and 2007 with no advantage in delayed 
N (Table 3). But there was a 12 per cent 
increase in grain yield when applied N was 
split between SB and GS31. 

Over the three years with late June or 
July sowings there has been an average 
0.3 tonnes per hectare benefit to splitting 
N between SB and GS31 over the stand-
ard SB treatment (yield neutral in 2006, 
plus 0.2 tonnes in 2007 and plus 0.7 
tonnes per hectare in 2008).

The results from the main sowing time 
in 2008 were encouraging but one of the 
key questions after 2006 and 2007 was 
what the response in early sown long sea-
son crops would be. In 2008 EGA Gre-
gory was sown on May 29 to assess these 
responses.

Surprising result
The magnitude of the response was 

somewhat surprising. As in previous years 
the site was strongly responsive to N. In 
fact, canopy size as measured by crop dry 
matter showed a threefold reduction by 
delaying N until GS31 (Figure 1). After 
flag leaf emergence and at flowering the 
canopy of the delayed treatments were 
still significantly smaller then the SB ap-
plied N. But by crop maturity all delayed N 
treatments, except when all N was applied 
after GS39, had reached higher peak dry 
matter levels compared to the SB applied 
N treatment.

These large differences in canopy size 
translated into very strong grain yield and 
protein responses (Figure 3). 

For the longer season EGA Gregory all 
delayed N treatments resulted in signifi-
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FIGURE 3: Effect of delayed N on grain yield and protein of early sown wheat (EGA Gregory) in 
the 2008 season

Figure 2: Effect of delayed N on crop reflectance (NDVI) of 
early sown wheat (EGA Gregory) in 2008

Figure 1: Effect of delayed N on crop dry matter (kg DM/ha) 
of early sown wheat (EGA Gregory) in 2008



cantly higher grain yields compared to the 
SB applied N.

The highest yield was found when all 
N was delayed until GS31 with over one 
tonne per hectare extra yield, a result that 
appeared to be linked to the crop canopy 
staying greener for longer during grain fill 
(Figure 2). This increase in yield was ac-
companied by increased grain proteins 
for all delayed treatments, the greatest of 
which was when all N was applied after 
flag leaf emergence at booting (GS45).

N Volatilisation
The risk of N volatilisation remains a sig-

nificant concern when applying in-crop N 
– particularly in northern NSW where low-
er rainfall incidence compared to southern 
regions and the presence of soil carbonates 
significantly increase the risk of N loss. 

Despite the risk factors being well un-
derstood there is little quantitative in-
formation available on the effect of soil 
properties, different N fertilisers, and most 
importantly, field conditions on potential 
losses of N. 

NSW DPI with the Northern Grower 
Alliance have been conducting lab based 
comparisons of the effect of differing soil 
properties and N fertilisers on the poten-
tial losses of N due to volatilisation.

The lab based work has verified that the 
presence of calcium carbonates at the soil 
surface significantly increases the potential 
losses of N while some N fertiliser prod-
ucts can reduce the potential losses (such 
as urea ammonium nitrate liquid, liquid 
ammonium nitrate and urea treated with a 
urease inhibitor – GreenUrea) (Figure 4). 

Field based estimates of volatilised N are 
to commence in the coming spring under 
a GRDC funded project.

TO SUM UP
Results from three years of supple-

mentary irrigated research have provided 
important pointers for the use of canopy 
management principles in northern NSW. 

Tactically delaying N is a management 
system that allows flexibility to respond to 
seasonal conditions and manage climate 
variability. Research has shown that N 
fertiliser has been able to be delayed until 
stem elongation (GS31) without yield loss 
and usually with increased grain protein 
when conditions are suitable. 

This means that growers are able to ap-
ply a portion of the expected N requirement 
and then assess yield potential, as influenced 
by soil water and seasonal forecasts, later in 
the season and respond accordingly. 

To date the best results with this ap-

proach have been seen in early sown 
– long season varieties with high yield po-
tential which are very N responsive with 
high N fertiliser inputs.

Further research in 2009 is looking at 
repeating these impressive responses and 
looking at the use of tactically delayed 
N in durum crops to improve yield and 
protein. Along with these primary aims 
the research group is also looking at us-
ing crop reflectance to assist in making N 
fertiliser decisions. 

To date, crop reflectance (measured as 

normalised difference vegetation index 
– NDVI) at key growth stages has shown 
strong relationships to crop structure and 
yield.

A series of ‘Soil 2 Grain’ workshops 
are planned to keep growers and advisors 
up-to-date with the latest results and guide-
lines from the GRDC funded project (SFS 
00017) on Canopy Management and Dis-
ease Management in cereal crops.

For further information contact Guy McMullen  
E: guy.mcmullen@dpi.nsw.gov.au or  
Nick Poole E: poolen@far.org.nz� n
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FIGURE 4: Cumulative volatilisation loss of nitrogen (N) applied 
as fertiliser to the surface of an alkaline soil containing seven 
per cent CaCO3
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We’re heading to 
tropical north Queensland

Conservation Farmers Inc. is planning a farm & industry tour in late August 2009, 
visiting the tropical north of Queensland for approximately 10 days. The tour departs 
Brisbane for the Burdekin region, visiting grain, pulse, sugar, tomato and fish farms 
followed by visits to a sugarcane mill and soybean processing plant in Townsville 

– then fly north to the Cairns region. The tour will then visit the Tully & Herbert River 
area, on to the Atherton Tablelands, visiting banana, beef and small seeds producers 

finishing up with either a dairy or potato farm visit. 

The tour cost is approximately $2800 per person.
For more information please contact:

Michael Burgis Ph: 07 4638 5356, Email: michael.burgis@cfi.org.au
or fax your details to 07 4632 2689

Name:........................................................................................................................................

Address:............................................................................................. Postcode:....................

Phone:........................... Email:.................................................................................................






