
Background
This Maize Update is based on Update 11 of the same name. It has 
been revised to take into account fertiliser costs and maize prices as 
of May 2018.

Fertiliser comprises 10-15% of the total cost of producing a typical 
maize crop. Thus optimising the amount of fertiliser applied to maize 
is important. Potential environmental concerns further underline 
the importance of applying only as much fertiliser as the crop can 
economically use.

To determine the optimum amount of fertiliser to apply to maize there 
are three main considerations:

1. What are your aims - yield maximisation or profit maximisation?
2. How does yield respond to fertiliser application?
3. What is the cost of fertiliser and what is the price of maize?

Without firm answers to these questions, it is not possible to determine 
the optimum application rate.

Establishing the optimum rate of fertiliser application
The answer to question one is important, because yield and profit 
maximisation are not the same thing. In fact they are very different. 

Key points

• The rate of fertiliser that gives 
maximum profitability is usually 
much lower than the rate that 
gives maximum yield. 

• The level of soil nutrients 
can have a significant impact on 
the response of yield to fertiliser.

• Without an accurate yield 
prediction, it is not possible to 
estimate the costs and benefits 
of a given management decision, 
such as fertiliser application. 

• Improved returns on N fertiliser 
($) are possible if N fertiliser 
inputs are matched to maximise 
economic returns and not 
maize yield.
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Maximising profit from nitrogen fertiliser

The rate of fertiliser that gives 
maximum profitability is usually 
much lower than the rate that gives 
maximum yield. 
This occurs because yield shows decreasing 
marginal returns to fertiliser application. This 
means that every extra kilogram of fertiliser 
that you add increases yield less than the one 
added before it.

Figure 1 shows a typical maize grain yield 
response curve.
• You can see that yield increased by 1.12 

t/ha when the rate of fertiliser N was 
increased from 0 to 50 kg N/ha.

• Increasing the rate of fertiliser N by 50 kg 
N/ha increased yield by a further 0.78 t/ha.

• Increasing the rate of N to 150 kg N/ha 
increased yield by a further 0.46 t/ha.

• If another 50 kg N/ha was added (bringing 
the total up to 200 kg N/ha), it would have 
increased yield by only 0.12 t/ha.

Figure 1. Response of maize grain yield to fertiliser N. (Soil test 
of 61 kg available N/ha, Olsen P 14 g/g and K 0.82 me/100 g.)
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Thus each extra amount of fertiliser that is applied returns less than the one applied before it. This is what is meant 
by decreasing marginal return.

The decreasing marginal returns of fertiliser addition are very important in determining the optimum economic rate 
of fertiliser application. If every extra amount of fertiliser increases yield less than the one before it, then every extra 
amount of fertiliser earns less than the one before it. In other words, the more fertiliser you add, the less the additional 
fertiliser contributes to the profitability of your crop.

Obviously, this does not mean that you shouldn’t apply fertiliser; rather that you need to know when extra fertiliser 
will not contribute to your bottom line. This happens when the marginal cost of fertiliser addition equals the marginal 
return from increased maize yield. Put simply, this means that you should stop adding fertiliser when it costs you 
more than it will return in yield.

Maize grain
Let’s do some calculations using the example from the graph. We’ll assume that you buy N fertiliser for $1.10 per kg 
of N and that you sell grain for $350/t.
• The first 50 kg of N would have cost $55, and the increased yield would have returned $392 (1.12 t x $350/t). That 

first 50 kg was obviously a good investment.
• The second 50 kg of N also cost $55, but returned $273 - still good money.
• The third 50 kg of N cost $55, and paid back $161, so it was also worth putting on.
• The fourth 50 kg of N cost $55, but returned only $39.

Clearly, even though that last 50 kg of N increased yield, it was not a good investment decision. It reduced the profit 
from the crop by $16/ha. In other words, the marginal cost of the last 50 kg of N was higher than its marginal return.

It is usually possible to apply fertiliser in increments of less than 50 kg, so calculation of marginal costs and returns 
in increments of 10 kg is common. If we used 10 kg increments, the economic optimum rate of N was 180 kg N/ha. 
This is 30 kg N/ha lower than the rate for maximum yield. The economic optimum rate of N is often much more than 
30 kg/ha lower than the rate for maximum yield.

What happens when the price of fertiliser or grain changes?
Prices paid for fertiliser and received for grain change from year to year. Consequently, the economic optimum 
amount of fertiliser will change from year to year, because the marginal costs (fertiliser) and returns (grain) will change 
relative to each other. The sensitivity of the economic optimum largely depends on the shape of the fertiliser response 
curve.

Again we can do some calculations based on the example shown in Figure 1. If we reduce the price received for 
maize grain in $10 increments, and keep the price of fertiliser constant ($1.10/kg N) the economic optimum rate of N 
will not fall from 180 kg N/ha until the price of maize dropped to $320/t. So for a maize price of $330-$350 per tonne, 
180 kg N/ha will be the optimum rate of N. At $320/t the economic optimum rate of N will drop to 170 kg N/ha. Thus, 
the optimum rate of N is not very sensitive to changes in the price received for maize.

If the price of N is changed but the price of grain remains constant at $350/t, the optimum rate of N is not very 
responsive to changes in the price of N either. The cost of N had to drop by 32% (to $0.75/kg) or increase by 22% (to 
$1.30/kg) before any change in the economic optimum rate of N occurred.

Maize silage
Similar calculations can be done for maize silage, assuming the yield of maize for silage is double the grain yield. The 
value of N fertiliser is $1.10 per kg of N and the value of maize silage is $220/t (22c/kg DM).
• The first 50 kg of N would have cost $55, and the increased yield would have returned $185. That first 50 kg was 

obviously a good investment.
• The second 50 kg of N also cost $55, but returned $114 - still good money.
• The third 50 kg of N cost $55, and paid back $48, so even though that last 50 kg of N increased yield, it was not 

a good investment decision. It reduced the profit from the crop by $9/ha. In other words, the marginal cost of the 
last 50 kg of N was higher than its marginal return.

Using 10 kg increments, the economic optimum rate of N for the maize silage crop was 160 kg N/ha. This is 40 kg 
N/ha lower than the rate for maximum yield. 



What happens when the price of fertiliser or value of maize silage changes?
If we reduced the value of maize silage in increments of $10/tonne, and kept the price of fertiliser constant at $1.10/
kg N the economic optimum rate of N did not fall from 160 kg N/ha until the price of maize dropped to $320/t. So 
for a maize silage value of $180-$220 per tonne, 160 kg N/ha was the optimum rate of N. At $180/t the economic 
optimum rate of N dropped to 150 kg N/ha. Thus, the optimum rate of N was not very sensitive to changes in the 
value of the maize silage.

If the price of N is changed but the value of maize silage remains constant ($220/t), the optimum rate of N is not very 
responsive to changes in the price of N either. The cost of N had to drop by 10% (to $1.00/kg) or increase by 16% 
(to $1.28/kg) before any change in the economic optimum rate of N occurred.

Refloating sunk costs
You may have noticed above that we did not include any costs associated with establishing the crop (e.g. cultivation, 
sowing, fertiliser application costs) in the calculation of marginal return to fertiliser. That is because they are irrelevant. 
Costs incurred in establishing the crop are sunk costs, which you bear because you think they will pay dividends. The 
addition of fertiliser is a separate investment, which will only increase the profit from a crop if it pays for itself. This can 
only occur when the marginal return from fertiliser application is greater than the marginal cost.

Consequently, in many situations, you won’t have to keep resetting your optimum rate of fertiliser to take account of 
price changes.

What about soil tests?
This does not mean that once you’ve hit upon 
your economic optimum that it won’t need to 
be revised from year to year. The level of soil 
nutrients can have a significant impact on the 
response of yield to fertiliser. Consequently, the 
shape of the yield curve changes, and with it 
the marginal returns to fertiliser. Soil tests are an 
essential element of any economically efficient 
fertiliser strategy. 

Figure 2 shows how soil test results affect the 
optimum fertiliser strategy by looking at another 
graph. Figure 1 showed the response of yield to 
N fertiliser for a soil with an available N test result 
of 61 kg N/ha. We’ve included that curve in this 
graph, and we’ve added in another - the yield 
response to N fertiliser for a soil with a test of 80 
kg N/ha (close to the average for the more than 
150 plots we’ve tested on grower’s properties).

Note from these two curves:
1. soil N increases yield, especially at low rates of fertiliser application;
2. at the higher level of soil N, the response of yield to fertiliser N tends to be flatter and
3. at the higher rate of soil N, the maximum yield occurs at a lower level of fertiliser N. This graph shows the typical 

interaction of soil and fertiliser N.

So how has the higher level of soil N altered the marginal returns to N fertiliser, and consequently the economic 
optimum rate of N application? Increasing the level of soil N has reduced the economic optimum rate of N fertiliser. 
In this instance, an increase of 20 kg N/ha in the soil test has reduced the economic optimum rate of fertiliser N from 
160 to 120kg N/ha. You can see that the soil test will quickly have paid for itself, by reducing the costs of fertiliser by 
about $55/ha. And that is just for N fertiliser. The gains could obviously be multiplied over many hectares, and may 
be even greater when phosphorus and potassium are taken into account.

Note that a 20 kg/ha increase in soil N reduced the optimum N application by 40 kg N/ha. This is not sleight of hand, 
but reflects the fact that a kilogram of soil N is generally worth more than a kilogram of fertiliser N. This is probably 
because losses (volatilisation and leaching) of soil N are typically lower than losses of fertiliser N, but also because 
soil N tests from the top 15 cm of soil appear to consistently underestimate the level of N that will be available for 
crop growth. This does not detract from the reliability of soil tests, but you should be aware that soil and fertiliser N 
are not strictly equivalent.

Figure 2. Response of maize grain yield to fertiliser N. Solid 
line is soil test 60 kg N/ha, hatched line is soil test 80 kg N/ha.
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Why are yield predictions important?
It should be clear from the above discussion that the ability to predict yield is an integral part of the economic analysis 
of crop management. Without an accurate yield prediction, it is not possible to estimate the costs and benefits of a 
given management decision, such as fertiliser application. 

Improved returns on N fertiliser ($) are possible if N fertiliser inputs are matched to maximise economic returns and 
not maize yield.

AmaizeN
AmaizeN is a decision support tool which forecasts maize N fertiliser requirements based on soil nutrient status, 
local average climate data and the maize hybrid grown. The model references average climate data for regions and 
specific soil type information at the site to help generate predictions. It requires the input of information such as 
soil mineralisable N (at various depths), soil moisture at sowing, soil type, hybrid used, CRM, population density at 
sowing, fertiliser price and maize silage/grain price. Outputs include crop N fertiliser requirements as well as expected 
yields, silage crude protein, harvest date predictions, leaching and residual N quantities.

AmaizeN Lite is a simple online tool to provide users with a simple and reliable method for forecasting fertiliser 
nitrogen applications that maximize yield and minimize residual soil nitrogen at the end of the season. 

AmaizeN can be freely accessed via the FAR website www.far.org.nz or at www.amaizenlite.org.nz
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