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Abstract
Twelve experiments were conducted in central New South Wales to assess the response of canola to 
increasing amounts of available nitrogen (N) at sowing. Applied N varied across experiments, ranging from 
nil to 200 kg/ha, available mineral N at sowing ranged from 31 to 423 kg/ha. The response to applied N 
was positive in 10 of the 12 experiments, with a diminishing response in most experiments as the applied 
N rate increased. No experiment resulted in a negative effect of increasing N rate on grain yield. Nine of 
the 12 experiments did however result in a negative effect of increasing the applied N rate on grain oil 
concentration. Increasing the level of available N improved Water Use Efficiency (WUE) outcomes from an 
average of 8.6 kg/ha.mm-1 where no N was applied, to 11.1 kg/ha.mm-1 where the maximum N rate was 
applied. This combined with knowledge of regional soil N reserves and regional N application practices 
suggests that WUE outcomes of canola could be improved by increasing N availability to the crop.
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Introduction
In the early years of canola cultivation in central NSW crops were often planted after a legume pasture 
phase where soil N reserves were high. With more intensive cropping now implemented, there is a greater 
requirement for fertiliser N to optimise grain yield outcomes. There are several reports of the negative effects 
of excess soil N on wheat yield, often referred to as ‘haying-off” (Taylor 1965, Dann 1969, van Herwaarden 
et al. 1998). However, there is little such evidence of ‘haying-off’ occurring in canola. Hocking and Stapper 
(2001) showed in experiments conducted over two seasons in southern NSW that ‘haying-off’ occurred 
in wheat but not in canola. Despite this, there is still a general concern among growers and agronomists 
that excess N application to canola can lead to excessive vegetative growth and water use that then limits 
water availability for pod fill. In central NSW (especially in western parts) cereal crops are often managed 
conservatively to ‘ration’ stored water over the growing season, and many growers attempt to employ these 
same practices for canola production. 

Analysis of soil tests results by Incitec Pivot’s Nutrient Advantage Laboratory Services in 2012 (Laycock 2012, 
unpublished) showed that in eastern-Australia 80% of soils had available mineral N levels less than 60 kg/
ha. Combined with this, the amount of applied N in the experimental region is still on average quite low, from 
approximately 25 kg/ha in lower rainfall environments (e.g. Nyngan) to 50 kg/ha in more favourable environments 
(e.g. Wellington) (D McCaffery, pers. comm.). ‘Rules of thumb’ indicate that canola requires 80 kg/ha of available 
N per tonne of grain produced, so on average the amount of available N (assuming 50 kg/ha mineralisation of N 
within the growing season) would limit canola yield to 1.7 t/ha at Nyngan and 2 t/ha at Wellington.    

The experiments reported in this paper investigate the response of canola to increasing N application 
combined with mineral N available in the soil at sowing. The results are reported as grain yield and grain oil 
concentration, as well as the effect on WUE outcomes in the region.  

Methods
Twelve experiments were conducted from 2012 to 2014 at several sites across central NSW (Table 1). 
Nitrogen rates applied at sowing ranged from nil to 200 kg/ha N and mineral N reserves (at sowing) ranged 
from 31 to 233 kg/ha (to 90 cm depth). Varietal entries varied but are reported either as the main effect of 
N rate in experiments where no TT varieties were grown or as the non-TT hybrid variety where several 
varieties, including TT types, were grown. Reporting this way gave the greatest opportunity to maximise 
WUE outcomes.
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WUE is calculated as:
WUE (kg/ha.mm-1) = Grain yield (kg/ha) / (1/3 * fallow (November-March) rainfall (mm) + in-crop 
(AprilOctober) rainfall (mm) – 100 mm (evaporation))

Table 1: Site details including nearest town; rainfall received in the fallow period (November-March); rainfall 
received in-crop (April-October); available N at sowing, and varietal entries for 12 canola nitrogen experiments 
conducted from 2012 to 2014 in southern and central NSW. 

Season Site Rainfall Nov-March (mm) Rainfall Apr-Oct (mm) Available N (kg/ha) N Applied (kg/ha)
2012 Coonamble 618 132 156 0, 25, 50, 100
2012 Gilgandra 545 211 62 0, 40, 80
2012 Nyngan 465 87 100 0, 30, 60
2012 Trangie 396 135 112 0, 25, 50, 100
2012 Wellington 487 220 54 0, 40, 80
2013 Nyngan 110 (LF*) 189 180 0, 30, 60, 120
2013 Peak Hill 162 245 64 0, 50, 100, 150, 200
2013 Trangie 119 211 86 0, 30, 60, 120
2013 Wellington 255 230 223 0, 50, 100, 150
2014 Ganmain 100 270 60 0, 20, 40, 80, 160
2014 Geurie 295 256 93 0, 50, 100, 150, 200
2014 Tullamore 270 215 95 0, 50, 100, 150, 200

* Nyngan in 2013 was planted after a long-fallow period of 18 months.

Results and discussion
Grain yield and grain oil concentration
Grain yield responded positively to applied N in 10 of 12 experiments (Figure 1), with a diminishing 
response in most experiments as applied N rate increased. The two experiments that had no response to 
applied N, Coonamble in 2012 and Wellington in 2013, had a strong N background with 156 kg/ha and 223 
kg/ha mineral N available at sowing respectively. There was however a positive response to applied N at 
Nyngan in 2013 which had strong N reserves (180 kg/ha). Across all experiments, there were no examples 
where grain yield was significantly reduced due to the application of N. In effect there was no evidence of 
canola ‘haying-off’ as has been reported in wheat crops.

There was however a reduction in grain oil concentration in 9 of the 12 experiments as available N increased 
(Figure 2). In two of the three experiments where there was no effect of increasing N availability on grain 
oil concentration, the grain oil concentration was low (<40%) at all N levels. In comparison to the grain 
yield response to applied N which diminished at higher N rates, the reduction in grain oil concentration was 
significant in most experiments at all levels of applied N. 

Figure 1: Grain yield response to available N (mineral N available at sowing plus N applied at sowing) at 
Trangie (TR, l.s.d.=0.2), Nyngan (NY, l.s.d.=0.13 ), Gilgandra (GI, l.s.d.=0.07), Wellington (WE, l.s.d.=0.12) and 
Coonamble (CO, n.s.) in 2012; Nyngan (NY, l.s.d.=0.21), Wellington (WE, n.s.), Trangie (TR, l.s.d.=0.08) and 
Peak Hill (PH, l.s.d.=0.12) in 2013; Ganmain (GA, l.s.d.=0.12), Geurie (GE, l.s.d.=0.12) and Tullamore (TU, 
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l.s.d.=0.13) in 2014.

Figure 2: Grain oil concentration response to available N (soil mineral N plus N applied at sowing) at Trangie 
(TR, l.s.d.=0.4.), Nyngan (NY, n.s.), Gilgandra (GI, l.s.d.=0.2), Wellington (WE, l.s.d.=0.6) and Coonamble 
(CO, n.s.) in 2012; Nyngan (NY, l.s.d.=0.4), Wellington (WE, n.s.), Trangie (TR, l.s.d.=0.5) and Peak Hill (PH, 
l.s.d.=0.5) in 2013; Ganmain (GA, l.s.d.=0.5), Geurie (GE, l.s.d.=0.7) and Tullamore (TU, l.s.d.=0.5) in 2014.

Water use efficiency
Robertson and Kirkegaard (2005) reported on 42 experiments that were managed to achieve maximum 
yield potential in an equi-seasonal rainfall environment, finding an average WUE of 11 kg/ha.mm-1. In the 
12 experiments reported here, only two experiments (Wellington 2013 and Coonamble 2012) achieved a 
WUE above 11 kg/ha.mm-1 where no N was applied, with these sites both having a high level of mineral N 
at sowing (233 and 156 kg/ha N respectively). Where the N rate applied increased to the highest rate in each 
experiment, 7 of the 12 experiments were able to achieve a WUE greater than 11 kg/ha.mm-1. The average 
WUE was 8.6 kg/ha.mm-1 where no N was applied, increasing to an average 11.1 kg/ha.mm-1 where the 
highest N rate was applied. 

The data, combined with the knowledge of local N inputs and soil N reserves, suggests that WUE outcomes 
for canola could be improved by supplying the crop with more N. This can be done through the application 
of fertiliser N, or more sustainably through the use of legumes to enhance soil N.
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Figure 3: Water use efficiency (WUE) of nil N and highest N treatments in 12 canola nitrogen experiments across 
southern and central NSW from 2012 to 2014. A benchmark WUE of 11kg ha.mm-1 is included. 
 
Conclusion 
Grain yield responded positively to applied N in 10 of 12 experiments conducted in central NSW from 2012 
to 2014. The application of N at any level did not reduce grain yield in any experiment. Although ‘haying-
off’ has been widely reported in wheat experiments, there was no evidence of this occurring in canola in 
these experiments. Grain oil concentration was however negatively affected by increasing the rate of N 
applied in 9 of 12 experiments. 

Figure 3: Water use efficiency (WUE) of nil N and highest N treatments in 12 canola nitrogen experiments across 
southern and central NSW from 2012 to 2014. A benchmark WUE of 11kg ha.mm-1 is included.
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In the nil N treatments in these experiments, a WUE benchmark of 11 kg ha.mm-1 was achieved in only 
two experiments; however the application of N at the highest rate of each individual experiment resulted in 
eight experiments achieving the WUE benchmark of 11 kg/ha.mm-1. With low soil N reserves and generally 
conservative N inputs for canola in these regions, it is likely that increasing the level of available N to 
commercial crops will increase WUE outcomes over a wide region. 
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