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Introduction
The Foundation for Arable Research’s Cropping Strategies were introduced in 2011 with the aim of summarising FAR’s 
research results over the last three to five years, and asking what those results meant for crop management. Farmers and 
advisers have consistently asked for concise summaries of “what this research means for me”. Each section of the strategy 
documents begins with a summary and is followed by examples of consolidated trials research which form the basis of the 
management strategies presented.

This Cropping Strategies booklet updates the 2011 Cropping Strategies Issue 2: Nitrogen in Perennial Ryegrass Seed 
Crops.

We hope you find the information presented in this book both interesting and informative.

Richard Chynoweth

FAR Research Manager, Herbage.

 

Other Cropping Strategies available:
Issue 1: Nitrogen Application in Wheat (2011)

Issue 2: Nitrogen in Perennial Ryegrass Seed Crops 
 and 
 Canopy Management Strategy for Autumn Sown Oilseed Rape (2011)

Issue 3: Cereal Disease Management

Issue 4: Nitrogen in Cereals
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Summary

Principle
Nitrogen (N) is applied to perennial ryegrass during spring to increase ear numbers, canopy 
size and/or dry matter for livestock production. In effect, all of the above can be classed as 
promoting growth. In perennial ryegrass seed production, the promotion of shoot growth 
leads to potential problems associated with lodging. 

Application rate
The target total N should be 172 kg N/ha for both irrigated and dryland seed crops. This is 
made up of soil mineral N (0-30 cm) plus applied N - i.e. nitrogen application rate (kg N/ha) = 
172 - soil mineral N. Application rates for dryland crops should be similar to ensure optimum 
head numbers are achieved. Winter applications four to eight weeks prior to closing are not 
included in this spring N rate prediction.

Application timing
In ryegrass seed crops the timing of application is not critical as long as more than ~1800 
heads/m2 are achieved and periods of intense N stress are avoided. Generally a small 
amount of N is applied in August (this may be before the soil mineral N test result is known) 
with the main N applications split between closing (early stem extension, GS30-31), which 
is necessary to ensure high head numbers, and three to five weeks later; i.e. plant growth 
regulator to flag leaf emergence. Spring N applications following those applied at closing, can 
be delayed through until flag leaf emergence as long as head numbers are not reduced and 
there is moisture (rain or irrigation) to incorporate the N. Under this scenario, no detrimental 
effect on seed yield has been seen over the past three seasons from delaying the second N 
split though until flag leaf emergence. 

Lodging considerations
Timing and rates of N can affect lodging. Too much early N and lodging will increase, too little 
early N and head numbers will be reduced. Consider N timing and application rate, grazing 
potential, PGR programme and water availability when considering lodging control.

Early lodging (days to 50% lodging) decreases seed yield at ~22 kg/ha/day. The same 
considerations should be given to all perennial ryegrass seed crops irrespective of flowering 
date, tetraploid or diploid, irrigated or dryland.

Nitrogen in perennial ryegrass 
seed crops
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Application rate
FAR has coordinated 28 nitrogen trials in perennial 
ryegrass since 2003/04. The average optimum spring 
application rate from these trials has been 135 kg N/ha, 
with the range being 60 - 240 kg N/ha (Table 1). It has 
become evident that an understanding of soil mineral N 
(nitrate, NO3 + ammonium, NH4) is important. Therefore 
growers should soil test in late winter or early spring to a 
depth of 30 cm to determine the application rate for the 
following spring.

The average soil mineral N from 10 years of trials is 38 kg 
N/ha. On average a target total N (soil and applied) of 172 
kg N/ha will increase seed yield by 756 kg/ha above the 
untreated control. This equates to an extra 5.9 kg/ha seed 
per kg of applied N (135 kg/ha).

The effects of applying above optimum rates of N can vary. 
In some cases it can result in yield reductions which can 
occur through problems associated with early lodging, e.g. 
the production of less saleable seeds/spikelet. However, 
the response curve is flat and excessive application rates 
do not necessarily mean large yield reductions. However, 
any excess N is regarded as luxury uptake, it is stored 
in the straw at harvest and lost when/if the straw is 
transported off farm (Figure 1). 

Many growers apply late winter N at ~30 - 40 kg N/ha, 
when 10 cm soil temperatures reach >6°C, to boost 
growth to feed livestock. Such applications at four to 
eight weeks prior to closing are not included as part of 
the spring N rate prediction. In the majority of experiments 
reported here, the mineral N test was completed in late 
September so accounts for the N applied during August. 

The inconsistent seed yields of the zero N treatments 
(presented in Table 1) which range from 880 - 2510 kg/ha 
can, to a certain extent, be explained through differences 
in mineralisable N measured in the top 30 cm of the soil 
profile. 

Mineralisable N is different from the mineral N test 
which provides an indication of plant available nitrogen. 
Mineralisable N is a pool of N that may become available 
during the growing season as microbes break down 
organic matter. The test is difficult to interpret for cropping 
and requires further research. For a number of seasons 
FAR have collected data on mineralisable N, which varies 
between sites, often in relation to the previous crop 
history but not always. The amount of mineralisable N has 
varied from approximately 100 kg N/ha up to 238 kg N/ha 
(data not shown). The relationship between mineralisable 
N and seed yield on the zero N treatments is not strong, 
suggesting limitations on the use of this test in ryegrass 
seed crops. However, sites where mineralisable N values 
are above 150 kg N/ha generally require less fertiliser N to 
achieve optimum seed yield.

FAR is currently trying to understand plant responses 
to nitrogen mineralisation in more detail so that growers 
can make better use of N that may become available 
throughout the season. Growers can delay the second 
nitrogen application and use crop colour to determine if 
mineralisation is occurring at a rate high enough to meet 
crop demand and act accordingly. However, this requires 
a degree of knowledge and experience, and may not 
be exact.
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Trial Year Cultivar

Min N N optimum Seed Yield Response

0-30 cm Applied Total N0 N opt Seed/kg

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) applied N

1 2003/04 Banquet 46 154 200 1010 1710 4.5

2 2003/04 Bronsyn 50 150 200 1440 1820 2.5

3 2004/05 Bronsyn 71 129 200 1600 1970 2.9

4 2004/05 Aries 29 171 200 1870 2030 0.9

5 2005/06 Impact 36 214 250 1210 2050 3.9

6 2005/06 Hillary 122 104 226 1170 1790 6.0

7 2006/07 Bealey 36 164 200 2170 2630 2.8

8 2006/07 Bealey1 36 114 150 1420 2230 7.1

9 2006/07 Bronsyn 10 140 150 1610 2510 6.4

10 2006/07 Bronsyn1 10 240 250 1100 1880 3.3

11 2006/07 Hillary 33 167 200 1340 2240 5.4

12 2006/07 Hillary 33 117 150 1520 2240 6.2

13 2006/07 Commando 30 70 100 2510 2790 4.0

14 2007/08 Hillary 36 114 150 1590 2250 5.8

15 2007/08 Commando 54 144 200 1810 2250 3.1

16 2007/08 Arrow 30 120 150 1910 2340 3.6

17 2007/08 Arrow1 30 120 150 1810 2230 3.5

18 2008/09 Alto 25 120 145 1240 2340 9.2

19 2008/09 Samson 50 200 250 1010 1850 4.2

20 2008/09 Samson 35 110 145 1010 1920 8.3

21 2009/10 Samson 40 60 100 2390 3010 10.3

22 2009/10 Arrow 46 104 150 1480 2700 11.7

23 2010/11 Samson 30 150 180 1060 2550 9.9

24 2010/11 Bealey 20 110 130 1910 2560 5.9

25 2010/11 Samson 23 127 150 1150 2390 9.9

26 2011/12 Samson 30 120 150 1240 1800 4.9

27 2011/12 Trojan 30 100 130 880 1710 8.3

28 2012/13 Nui 30 150 180 1070 2960 10.2

AVG  38 135 172 1483 2239 5.9

1 Trials closed by mowing, all others grazed.

Table 1. Summary of ten years of nitrogen (N) rate response trials on perennial ryegrass, including mineral soil N (0-30 cm), 
optimum applied and total available N rates for the optimum seed yield response.
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Why do zero N plots yield well?
In most cases the zero N treatments are very efficient at 
converting set seed into saleable seed, a result of shorter 
stems, less lodging and better light use during seed 
filling. For example, at Greendale in 2008/09 the 0 N plots 
converted approximately 70% of set seed into saleable 
seed compared with approximately 50% for the higher N 
application rates (above 160 kg N/ha). 

Figure 1. Relationship between seed yield of perennial ryegrass and the minimum plant N required 
to achieve maximum yield, also showing luxury uptake.

What is the risk of running short 
on nitrogen?
It is important to remember that the mineral N test is not 
an exact science. Differences in methodology during 
sampling, and/or storage of samples and/or interpretation 
of the laboratory data, can all lead to variation in the 
calculated mineral N value. Therefore a target total N rate 
of 172 kg N/ha is approximate.

In most cases the risk of the crop running short of N is low, 
due to the relatively flat nature of the seed yield response 
curve near the optimum application rate. There was no 
consistent yield reduction until rates fell to below 150 kg 
total N/ha (Figure 2.)

Kg seed/kg applied N response 
over time (average during the 
‘responsive phase’ i.e. 0 up to 
optimum N rate)
In general the seed yield response (defined as kg seed/
kg N) to the optimum rate has increased over the past ten 
years (Figure 3). It is expected that this is a result of other 
agronomic changes outside of the nitrogen response i.e. 
delayed closing, appropriate PGR use rates and overall 
reduced lodging.
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Figure 2. Percentage yield of optimum (100%) expressed for individual treatments compared with total nitrogen (applied 
+ soil mineral), average of nine trials.

Figure 3. Nitrogen response to the optimum N rate of individual trials over 10 years.
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Nitrogen use efficiency (NUE)
As nitrogen is applied, the efficiency of producing seed per 
unit of applied N reduces from ~50 kg seed/kg N in the 
untreated plots down to ~14 kg seed/kg total N (applied 
+ soil mineral N) in the optimum seed yielding plots; i.e. 
low N inputs are used more efficiently. However this does 
not take into account the nitrogen which is mineralised 
and/or used during the growing season. When expressed 
as kg seed/kg nitrogen in the above ground biomass, a 
similar reducing trend occurs. The NUE for the untreated 
plots is, on average, 16 kg seed/kg above ground N. The 
untreated plots on average contained 99 kg N/ha in the 
above ground mass (compared with the long term soil N 
average of 40 kg N/ha). The optimum yielding treatments 
had a NUE of 9 kg seed/kg of above ground N, and 
contained approximately 250 kg N/ha above ground 
(Figure 4). 

Since seed N is approximately 2%, at optimum N rates, 
N in the seed accounts for approximately 45 kg N/ha. 
Therefore approximately 200 kg N/ha is located in the 
straw at harvest. This should be accounted for when the 
straw is removed from the system. 

Figure 4. Relationship between the nitrogen use efficiency (kg of seed produced per unit of above ground nitrogen at 
harvest) and the nitrogen located in above ground biomass (straw and seed combined) at harvest.

Delaying the second nitrogen 
application
Many of the trials reported have used a simple 50:50 
split application where the first application is at closing 
(the date of last defoliation), with the second application 
three weeks later. More recent research has shown there 
is a wide window for the second application, with little 
difference between applications at GS32 (Trinexapac-
ethyl (TE) application) and flag leaf emergence. Delaying 
the second main dose of N until after the application of 
stem shortening plant growth regulator (TE) has given the 
most consistent yield advantages associated with delayed 
lodging. This applies to all cultivars and to irrigated and 
dryland crops, however growers of dryland crops can 
apply N any time inside this window if rainfall is predicted. 
Each day’s delay from anthesis to 50% lodging (leaning 
on a 45° angle) adds, on average, 22 kg of seed/ha/day. 
Growers should aim to reach 50% lodging no earlier than 
20 days post anthesis. To achieve this, stems must be 
able to support the seed head and the associated crop 
bulk for as long as possible. This involves a complex 
interaction around defoliation strategy, N rate and timing, 
plant growth regulator programme and irrigation/available 
soil moisture. 

25

20

15

10

5

0
 0 100 200 300 400

Nitrogen contained in the above ground mass (kg/ha)

N
U

E
 (k

g 
se

ed
/k

g 
ab

ov
e 

gr
ou

nd
 N

)

y = 0.0001x2 - 0.1004x + 25.291

R2 = 0.7425

8    Nitrogen in perennial ryegrass seed crops





ADDING VALUE TO THE BUSINESS OF ARABLE FARMING™

Cropping Strategies
ISSN 2324-1373 (Print)                          

ISSN 2324-1381 (Online)

Foundation for Arable Research
PO Box 23133, Templeton, Christchurch 8445, New Zealand

Phone: +64 3 345 5783 • Fax: +64 3 341 7061 • Email: far@far.org.nz • Web: www.far.org.nz



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20131023102154
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     944
     270
    
     None
     Up
     8.5039
     0.0000
            
                
         Both
         2
         AllDoc
         6
              

       CurrentAVDoc
          

     Uniform
     8.5039
     Left
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     0
     12
     11
     12
      

   1
  

 HistoryList_V1
 qi2base





