
Background
The industry agreed good management practice for nutrient 
management is to match the nutrient supply from the soil and 
fertiliser to the demand from the crop to reach its yield. To do this 
with a degree of confidence, farmers require reliable information 
and methods for working out how much fertiliser to apply to 
their crops.

Nitrogen (N) losses to fresh water are a focus of many regional 
plans as councils develop rules to manage environmental losses. 
Managing the N supply to the crop has become increasingly 
important, yield potential must be maintained and the risk of 
environmental losses reduced.

A nitrogen mass balance budget is an efficient way to determine 
how much nitrogen fertiliser should be applied to the crop to 
achieve its potential yield. However, for the budget to be developed, 
estimates are required for how much N the crop will need and how 
much N will be supplied by the soil. 

Measuring the soil N supply depends on soil testing; mineral N 
tests give an estimate of how much N is immediately available and 
AMN tests estimate the potential for N to become available in the 
future as organic N is mineralised. However, as soil testing can be 
time consuming and results are not immediately available, quick, 
cheap methods for estimating soil N levels throughout the season 
are useful.

Previous work in New Zealand has shown that nitrate quick test strips 
can be used successfully as a cost effective and reliable substitute 
for the mineral N test. Based on previous work comparing nitrate 
quick test and mineral N test results, a three year project has been 
implemented to develop a simple Quick Test Mass Balance (QTMB) 
method to help cropping farmers manage their N applications. 

In Year 1, the work has focused on side-dressing decisions. 

Two maize trial sites were selected where the standard management 
practice was to split the nitrogen applications to the crop. At each 
site a replicated paired-plot experimental design was used to 
compare two N management treatments. These were:
• The grower’s planned amount of N, to be applied at side-

dressing.
• A QTMB treatment, where the side-dressing N application was 

based on a mass balance budget calculation using nitrate quick 
test strips to estimate the soil mineral N supply just prior to 
side-dressing.

Key points

• This three year programme of 
work focuses on nitrogen fertiliser 
decisions for maize, potato and 
leafy green growers. This summary 
is the maize component of 
the project.

• The Quick Test Mass Balance 
approach is an effective method 
for informing in-season nitrogen 
(N) management decisions for 
maize growers.

• Nitrate Quick Test strips can be 
used to estimate mineral N levels 
in the soil at any time during the 
crop’s growth. They may be used 
as a cost effective substitute for 
the mineral N test, particularly for 
top soil samples (0–30 cm depth), 
where nitrate-N is the predominant 
form of mineral N.

• Quick Test estimates of soil mineral 
N levels can be used for fertiliser 
mass balance calculations to 
inform in-season N management 
decisions for the crop. 

• The mass balance calculation for 
a side-dressing decision is: 
N FertSD = [Crop NTotal – Crop NSD] 
– Soil Min NSD – Soil Org Nmineralised. 
Information about the potential 
crop demand and the soil nitrogen 
supply is required. 

• The mass balance calculation can 
either verify the fertiliser plans for 
the crop are correct, or support 
less fertiliser being applied, e.g. 
at site 2 in this trial. It can also 
indicate that more fertiliser should 
be applied to reach the potential 
crop yield.
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Experimental sites
Site 1 was near Cambridge on a Horotiu sandy loam. Maize had been grown at the site for at least five years prior 
to the trial. The 2016/17 crop was sown on 18 October 2016 and harvested for grain on 6 April 2017. The grower’s 
planned seasonal N application rate was 147 kg N/ha; applied as 46 kg N/ha at cultivation, 27 days before sowing, 
18 kg N/ha at sowing and 83 kg N/ha at side-dressing, 55 days after sowing. All fertiliser was incorporated and the 
site was not irrigated.

Site 2 was near Morrinsville on a Morrinsville clay loam. Maize had been grown at the site for at least five years prior 
to the trial. The 2016/17 crop was sown on 4 November 2016 and harvested for silage on 5 April 2017, 152 days after 
sowing. The grower’s planned seasonal N application rate was 274 kg N/ha; applied as 124 kg N/ha at cultivation, 
eight days before sowing, 35 kg N/ha at sowing and 115 kg N/ha at side-dressing (42 days after planting). Fertiliser 
applied at cultivation and at planting was incorporated, fertiliser applied at side-dressing was broadcast. The site 
was not irrigated.

Soil samples for nutrient analyses, including basic fertility (pH, Olsen P, exchangeable cations, cation exchange 
capacity and percentage base saturation), AMN and mineral N were taken prior to crop establishment, at 
side-dressing and at final harvest. In all cases this was before the application of any base, planting and side- 
dressing fertiliser.

Using the Mass Balance Equation to calculate the side-dressing amount.

The mass balance equation to inform the side-dressing decision is:

N FertSD = [Crop NTotal – Crop NSD] – Soil Min NSD – Soil Org Nmineralised 

N FertSD Is the nitrogen fertiliser requirement at side-dressing.
Crop NTotal  Is the seasonal whole crop N uptake. This is estimated to be 210 kg N/ha for both the maize 
 grain at site 1 and the maize silage at site 2. 
Crop NSD Is the whole crop N uptake measured just prior to side-dressing. 
Soil Min NSD Is the soil mineral N at side-dressing (0–90 cm at sites 1 and 2; Mineral N was quantified using 
 the nitrate quick test approach. 
Soil Org Nmineralised Is the amount mineral N predicted to mineralise from the soil organic N pool over the course of 
 the season. This was estimated using the AMN test.

A number of assumptions have had to be made to develop the N mass balance. These include:
• Plant N uptakes are based on the highest yield potential.
• Plant N uptake efficiencies are assumed to be 100%.
• Conversion of applied fertiliser N to plant available N is assumed to be 100%.
• Losses of mineral N in drainage over the growing season were not accounted for.

Results
The mass balance calculations for QTMB treatments based on the results from Quick N test soil measurements just 
prior to side-dressing were:

Site 1: An extra 23 kg of N was applied to the QTMB treatment at side-dressing. For the season, 16% more N was 
applied to the QTMB compared to the grower treatment.

Site 2: Side-dressing N was withheld from the QTMB treatment. For the season, 42% less N was applied to the 
QTMB compared to the grower treatment.

At both sites the experimental harvest was a 2 m x 2 m row area cut at ground level. Plant population, total plant fresh 
weight, cob number and total cob fresh weight were recorded. A subsample of five plants was taken for of dry matter 
percentage (DM%) analysis and N concentration levels in the plant tissue.

Site 1 Maize grain
The QTMB approach recommended that an additional 23 kg N/ha of side-dressing N fertiliser was required to meet 
crop N demand (Table 1). 

At harvest there was no significant difference between the yields from the two treatments, the grower yield was 
21.0 t DM/ha and QTMB yield was 20.3 t DM/ha. There were also no differences in plant N uptakes; these totalled 
134 and 143 kg N/ha for the grower and QTMB treatments respectively. 



N uptake in both treatments was lower than the expected whole crop N uptake value of 210 kg N/ha used in the 
QTMB mass balance budget. 

At this site the amount of additional N applied at side-dressing in the QTMB treatment (23 kg N/ha) was probably 
insufficient to induce a treatment effect. 

Site 2 Maize silage
The QTMB approach correctly predicted that yields equivalent to the grower treatment could be achieved without the 
need for any side-dressing N (Table 1). 

At harvest the yields were comparable between the treatments despite the QTMB treatment receiving 42% less 
fertiliser N, equivalent to 115 kg N/ha. The grower treatment yielded 21.8 t DM/ha and the QTMB treatment yielded 
22.5 t DM/ha. 

There was no significant difference in plant N uptake between the treatments, 213 kg N/ha for the grower treatment 
and 236 kg N/ha for the QTMB treatment. N uptake in both treatments was comparable to the expected seasonal 
whole crop N uptake value of 210 kg N/ha, used in the QTMB mass balance budget. 

Table 1. Nitrogen applied, yields and plant N uptake.
Site Crop Treatment Nitrogen applied (kgN/ha) Yield (DM/ha)

Above ground 
biomass 

And P value

Plant N 
uptake

Base Planting Side 
dressing

Total

1 Maize (grain) Grower 46 18 83 147 21 134
QTMB 46 18 106 170 20.3 143

p = 0.39 p = 0.38
2 Maize (silage) Grower 124 35 115 274 21.8 213

QTMB 124 35 0 159 22.5 236
p = 0.73 p = 0.30

Conclusions
These results have demonstrated that the Quick Test Mass Balance approach is an effective tool for informing 
in-season N management decisions for maize growers and Quick N Strip testing is an appropriate method for 
estimating the soil N supply for the mass balance calculation.

At Site 1, the N side-dressing application recommended by the QTMB approach was only marginally different than 
the grower’s plan and did not improve the yield. In this case, performing a quick test prior to side-dressing confirmed 
the farmer’s planned approach was correct.

At Site 2, the QTMB approach correctly predicted that no side-dressing N fertiliser was required to achieve the 
planned yield, compared to the grower’s side-dressing plan. In this case, 42% less fertiliser was applied to the crop 
with no yield penalty. 

The Nitrate Quick Test was found to be an appropriate means of informing an N mass balance calculation, particularly 
when used for testing top soil samples (0–30 cm) where nitrate-N was the predominant form of mineral N.

It must be recognised that the mass balance budget is drawing on two important variables that are estimated and 
therefore there is a degree of uncertainty in the calculation. Nitrogen demand for the maize grain and silage crops 
has been verified by scientific research and experienced growers can closely estimate the crop’s potential yield by 
drawing on their knowledge of the soil, climate and paddock history. The accuracy of the soil test result, whether it is 
from a conventional lab test or a Quick N Strip test, depends on how well the paddock has been sampled. 

The QTMB approach has also been used successfully for fertiliser management of potato and leafy green crops 
within this project. Despite the uncertainties in estimating crop demand and soil supply, the Quick Test Mass Balance 
approach has proven to be useful. In the first year trials, four out of the six crops used less N with no yield penalty, and 
recommendations for the fifth site agreed with the farmer’s plan. At the sixth site, a potato site, the grower’s yield out-
performed the QTMB treatment yield and the potential yield predicted by the crop decision support tool, the Potato 
Calculator. The crop demand for N in the QTMB mass-balance treatment was under-estimated and insufficient N 
was supplied. 



The key focuses for the Years 2 and 3 of this project will include:

• Developing the QTMB approach to inform N fertiliser applications at pre-planting as well as side-dressing. 
• A literature summary on N uptake dynamics for maize to confirm crop N requirements.
• Further development and validation of quick test conversion factors for quickly converting quick test nitrate values 

from a volumetric to a gravimetric basis.
• A study on partial nitrogen use efficiency, N fertiliser applied/crop yield as an environmental indicator for the maize 

industry.
• Combining these results to develop a look-up table tool to help farmers make timely fertiliser decision for their 

crops. 
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