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Nitrogen Use Efficiency Trial 15/16 
Milestone Report 4: 
January 8th to 31st May 2016  

Key Messages for your farm 
 Kikuyu growth is greatly reduced by soil moisture stress limiting response to nitrogen 

 Kikuyu that has not been fertilised for some time can require relatively high levels of nitrogen to 

obtain responses due to immobilisation of applied nitrogen 

 Kikuyu recovery improves where rotations allow taller growth and greater spreading on 

remanent plants 

 Nitrogen application to kikuyu has potential to increase quality by increasing the proportion of 

leaf but in this trial the affect was marginal. 

Pictorial 2016 

 

  
Figure 1: Trial 2 Established 25

th
 January 2016           Figure 2: Applying nitrogen to trial 1 9

th
 March 2016. 
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Figure 3: Aerial view of trial 2 taken June 2016. Improved growth in rep 1 plots correlated with nitrogen applied at 
sowing 

Figure 4: Plots show the comparison of kikuyu regeneration with DiamondT™ to the right of each plot and remanent 
Concord II® to the left. Phototaken 4

th
 February 2016.  
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Background 
 
In the winter of 2015, Ryegrass was over sown into Kikuyu that had three nitrogen regimes, very 
deficient (0 kg N/ha), deficient (150 Kg N/ha) and adequate for high production (300 kg N/ha). The 
Ryegrass phase was then treated with five treatments to measure the effects of residual nitrogen 
from the Kikuyu phase on the ryegrass growth in Autumn Winter (Refer to Reports 1&2).  
 
In the summer of 2015/16, the three nitrogen treatments of O, 150 and 300 kg N were resumed 
during the Kikuyu phase, after the Ryegrass had finished. This report summarises the Kikuyu harvests 
from January 8th 2016 to sowing the Ryegrass again in April 2016. A second site with good Kikuyu 
cover was established on 25th January because the original site had a greatly diminished Kikuyu 
stand. 
 
Dry conditions from February to June reduced Kikuyu growth and dry matter accumulation. This 
increased grazing period, therefore reducing the number of N applications to the plots. Dry 
conditions also delayed establishment of Ryegrass in Trial 1 and reduced establishment in Trial 2. 
This was reflective of the difficulties being experienced in the field by dairy farmers across the 
region.  These interactions are difficult to manage in a trial situation and provide evidence of the 
complexity in managing two species through transitions of seasons. 

Treatments 
 
The Kikuyu nitrogen treatments for 2016 are summarised in the following tables. Due to diminished 
Kikuyu regeneration, the first summer nitrogen treatment on Trial 1 was uniform at 50kg N/ha to 
stimulate Kikuyu growth. With declining moisture conditions in March, growth slowed, resulting in 
only 2 nitrogen responsive harvests. Ryegrass was sown on the 26th April after rainfall the weekend 
prior. 
   

Table 1: Trial 1 Treatments kg N/ha applied 

Treatment 8/1/2016 2/2/2016 1/3/2016 12/4/2016 Year total 

1 50 0 0 0 50 

2 50 0 0 0 50 

3 50 0 0 0 50 

4 50 0 0 0 50 

5 50 0 0 0 50 

6 50 30 30 0 90 

7 50 30 30 0 90 

8 50 30 30 0 90 

9 50 30 30 0 90 

10 50 30 30 0 90 

11 50 60 60 0 170 

12 50 60 60 0 170 

13 50 60 60 0 170 

14 50 60 60 0 170 

15 50 60 60 0 170 
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The second trial was commenced on the 8th January by mowing and spraying to remove clover. 
Nitrogen was applied at 0, 30, 60 kg N/ha at each harvest commencing 25th January. Fortnightly 
harvests were anticipated, but slow growth delayed harvest to once per month resulting in much 
less nitrogen applied than desired.  
 
In Trial 2, Ryegrass was sown after the harvest on the 12th of April and germinated on the 23rd April 
after rain. A final Kikuyu dominant harvest was taken on the 19th May as the Kikuyu was shading 
emerging Ryegrass seedling. Again, this was reflective of the difficulties experienced in the field by 
dairy farmers across the region at the same time. The first ‘at emergence’ nitrogen treatment was 
applied on the 9th June.   

Table 2: Trial 2 Treatments kg N/ha applied. 

Treatment 15/1/2016 4/2/2016 9/3/2016 12/4/2016 Year total 

1 0 0 0 0 0 

2 0 0 0 0 0 

3 0 0 0 0 0 

4 0 0 0 0 0 

5 0 0 0 0 0 

6 30 30 30 0 90 

7 30 30 30 0 90 

8 30 30 30 0 90 

9 30 30 30 0 90 

10 30 30 30 0 90 

11 60 60 60 0 180 

12 60 60 60 0 180 

13 60 60 60 0 180 

14 60 60 60 0 180 

15 60 60 60 0 180 
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Seasonal Conditions and Soil Moisture Status 
 

Late rain in 2015 provided ideal conditions for extended growth of later maturing Ryegrass into early 

January. This then reduced both Kikuyu regeneration (refer to Report 3) and the season length of the 

Kikuyu phase. Rain stopped in February and very dry conditions prevailed through March and April, 

with the exception of two small events in April that allowed germination of ryegrass.  

 

 

Figure 5: Daily and Accumulated Rainfall 2016 (mm/day) source Taree Airport.  

 

 

Figure 6: Daily and Accumulated Rainfall 2016 (mm/day) source Taree Airport.  
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Figure 7: Estimated soil moisture (Eto*.08-Rainfall) assuming 0 to 50 cm has 60 mm PAW. 

Major soil moisture deficits developed through March into April reducing Kikuyu growth rate and 

delaying the opportunity for sowing till April, with one small rainfall event (13 mm) occurring on the 

4th April and then further sowing rain on the 23rd of April 2016. 

Despite almost zero soil moisture in the top 60 cm, Kikuyu growth continued in March, April and 

May, albeit slowly. This appears to be evidenced by deeper Kikuyu roots accessing the soil moisture 

in the water table at 50 to 60cm depth. The fact the 30 to 50 cm probe readings do not decline 

further in the dry period suggests capillary rise from the water table. Refer to Figures 8 & 9.  

This fact favours the Kikuyu growth at the expense of Ryegrass seedlings that are hindered by Kikuyu 

shading. It is not easy management to time mowing the Kikuyu to reduce shading without also 

affecting the emerging seedlings, a management decision dilemma also faced by regional dairy 

farmers at the same time.  
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Figures 8 & 9: Capacitance probe 1&2 direct reading for soil moisture 2016.   
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Results 
 
Results are presented for the two trial plots, Trial 1 (original site) and Trial 2 (new Kikuyu dominant 
site). Due to expense constraints, detailed quality analysis was only undertaken on Trial 2 to 
measure impact of nitrogen on Kikuyu quality. 
 

Kikuyu Dry Matter Harvests  

Kikuyu growth was good through to late February until dry conditions prevailed, reducing growth 

rate, yield and nitrogen response. The Kikuyu season dry matter yield averages of 7029kg DM/ha for 

Trial 1 and all 5404 kg DM/ha for Trial 2 is similar to 2015. Both trials showed significant nitrogen 

responses through February and March, when moisture was available.  

Table 3: Trial 1 Kikuyu Dry matter Response to Nitrogen (kg DM/ha) 

  8/01/2016 4/02/2016 1/03/2016 12/04/2016 Total 

50 1400 2125 1419 1420 6363 

90 1194 1984 1995 1809 6982 

170 1093 2008 2602 2039 7742 

 

Table 4: Trial 2 Kikuyu Dry matter Response to Nitrogen (kg DM/ha) 

 10/02/2016 9/03/2016 12/04/2016 19/05/2016 Total 

0 1751 1535 958 453 4696 

90 1936 1843 1130 585 5493 

180 1844 2141 1217 821 6023 

 

Kikuyu Growth Rates  

Growth rates reached levels of 100 to 120 kg DM/ha in February, with adequate nitrogen and good 

soil moisture. However, growth declined past this point with drying and cooling conditions 

Table 5: Trial 1 Growth Rate (kg DM/ha/day) 

 8/01/2016 4/02/2016 1/03/2016 12/04/2016 

50 27 79 55 34 

90 23 73 77 43 

170 21 74 100 49 

 

Table 6: Trial 2 Growth Rates (kg DM/ha/day) 

 10/02/2016 9/03/2016 12/04/2016 19/05/2016 

0 109 55 28 12 

90 121 66 33 16 

180 115 76 36 22 
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Nitrogen Response 

Nitrogen responses were only measured in two harvests in Trial 1 due to the delay in Kikuyu 

regrowth. Responses of 19 and 20 kg DM/ha/kg N applied are in the moderate range for Kikuyu, but 

only occurred in the moist conditions of February.  

Relatively low responses in Trial 2 of 2 to 10.3 kg DM/ha/kg N applied are similar to the same period 

in 2015. Differences may be due to greater immobilisation of applied nitrogen in the new site as it 

has a reduced history of applied nitrogen. The low response in leaf nitrogen and nitrate (Tables 9 & 

10) confirm this where differences in tissue nitrogen and nitrate are evident in the third harvest. 

Table 7: Trial 1 Nitrogen Response kg DM/ha/kg N applied 

 8/01/2016 4/02/2016 1/03/2016 12/04/2016 

50 - - - - 

90 - - 19 13 

170 - - 20 10 

 

Table 8: Trial 2 Nitrogen Response 

 10/02/2016 9/03/2016 12/04/2016 19/05/2016 

0 N/A N/A N/A N/A 

90 6.2 10.3 5.7 N/A 

180 2 10 4 N/A 

 

Table 9: Trial 2 Leaf Nitrogen Percentage 

Treatments Nitrogen % 

Kg N/ha Total 10/02/2016 9/03/2016 12/04/2016 

0 2.7 2.8 3.0 

90 2.8 2.8 3.2 

180 2.9 2.8 3.4 

Table 10: Trial 2 Leaf Nitrate mg/kg 

Treatments Nitrate mg/kg 

Kg N/ha Total 10/02/2016 9/03/2016 12/04/2016 

0 137 101 49 

90 120 71 80 

180 262 146 219 
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Kikuyu Quality  

Applied nitrogen made only minor differences in feed quality. Greater differences would be 

expected given the increase in leaf size and proportion.  

Table 11: Trial 2 Kikuyu Metabolisable Energy Response to increased nitrogen  

Treatments Metabolisable Energy (MJ ME/kg DM) 

Kg N/ha 
Total 

10/02/2016 9/03/2016 12/04/2016 

0 8.2 8.0 8.2 

90 8.5 8.0 8.7 

180 8.4 8.0 8.9 

 

Kikuyu Regeneration 

In Report 3 it was noted that Kikuyu regeneration was severely reduced by high nitrogen to Kikuyu, 

late maturity ryegrass and longer rotations.   

 

Figure 10. Kikuyu in yields January appears greater in the plots that had lower application of nitrogen to the kikuyu 
phase.   

A measure of Kikuyu regeneration in Trial 1 was taken on 9/6/2016 by estimating percentage ground 

cover in two ½ m2 quadrates/plots. Results shown in Figure 10 and Table 12 don’t appear to 

demonstrate a correlation to high nitrogen, but do confirm Replicate One had the most complete 

Kikuyu recovery. This replicate suffered waterlogging in May/ June 2015 and was less vigorous 

throughout the Ryegrass phase. There does appears to be a response to applied nitrogen at sowing 

time, in the 0 and 150 N range for 2015. 

By June 2016 the differences between varieties appear reduced with an average of 69% groundcover 

DiamondT™ and 59% for Concord II®. However, the differences that initially occurred in January has 

been masked, to an extent, by the effects of Kikuyu encroaching on the plot from the neighbouring  
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DiamondT™ plots, reducing the differences between varieties which were clearly apparent in 

January – February (Figure 4). 

 

Figure 11: Kikuyu Ground Cover Percentage of both varieties of ryegrass 9
th

 June 2016 across ryegrass treatments.   

 

Table 12:  Kikuyu Percentage Ground Cover as affected by variety 9th June 2016  

Replicate Diamond T Concord 2 % Difference 

1 90 83 7 

2 72 53 20 

3 64 54 10 

4 51 45 6 
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Discussion 

Results have not been analysed statistically so the following comments are made on general 
observation of the averages of for four replications. They are made to stimulate discussion and 
comments within the working group and support group: 

Kikuyu Yields: 

 

Kikuyu yields in Trial 1 were similar in magnitude to 2014/15, an average of 7029 kg/ha over four 

harvests. This includes the 8th January harvest taken from the annual Ryegrass plots, as the Kikuyu 

had a growing season from 17th November to 12th April (147 days).   

Total annual yield, including the Ryegrass phase, of 2015, reached 16,500 kg DM/ha. It is conceivable 

another 2 to 4 t DM/ha of Ryegrass and Kikuyu could have been achieved if Ryegrass establishment 

had not been delayed by wet weather in 2015 and if the Annual Ryegrass had been removed as an 

annual in late October 2015, rather than November 17th . This would have achieved a total annual 

yield of 19 to 20 t DM/ha. 

Growth rates in January - February in Trial 2 show the potential of Kikuyu growth under good 

moisture conditions, but this declined rapidly with moisture stress and lowering temperatures. 

Nitrogen Rate Responses: 

Nitrogen rate responses were low due to a number of factors. In Trial 1, the dominance of couch and 
delayed applications of N reduced response early. Response was relatively high when soil moisture 
and temperatures were high in February-March, but declined under moisture stress and lower 
temperatures.  

The delay in nitrogen application does indicate there was little residual effect of nitrogen applied to 
the Ryegrass (varying from 120 to 340 kg N/ha/season) on subsequent Kikuyu growth, or 
regeneration. Although the dry matter yield was complicated by the variable Kikuyu density (Figure 
4) over the plots in the first two harvests, if the residual nitrogen from the higher rates was 
significant, then at least some effect should have been apparent. 

In Trial 2, response was very low and there are indications that immobilisation of applied nitrogen 
was limiting response. Both leaf nitrogen and nitrate levels remained low through the three 
harvests, indicating nitrogen levels were below optimum for growth despite nitrogen applications. 

Early observations indicate a strong nitrogen response in seedling Ryegrass to nitrogen applied at 
sowing and there appears to be a residual nitrogen response in the fourth harvest on the 19th May 
2016.  

Kikuyu Regeneration 

A second look at the data in Figure 10 shows better Kikuyu re-growth in the plots that had lower 
nitrogen in the summer preceding the Ryegrass. Although this may be the effect of higher nitrogen 
status in the Ryegrass phase, it may also be an interaction with nitrogen and herbicide affects to the 
Kikuyu. That is, the herbicide may have had a better kill on leafy, greener Kikuyu prior to sowing the  
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Ryegrass. Spray misses that were apparent across the plots horizontally suggest the herbicide effects 
were significant and highly likely compounded by water logging.    

Kikuyu regeneration on Trial 1 improved throughout the growing season but was delayed by short 

rotation and relatively low cutting height of the mowers used. This favoured the couch rather than 

the Kikuyu. For regeneration purposes, allowing the Kikuyu to grow taller than the couch, to shade it 

out, would have been a better management strategy.  

Summary 

The interaction between Kikuyu and Ryegrass is relatively difficult to manage in a trial situation 
where rainfall is unpredictable and differences in requirements occur between the species. In 
hindsight the addition of long season Ryegrasses complicated the management further and has 
resulted in lower than desired nitrogen rates being applied to the Kikuyu.  

In theory, only five applications at 30 and 60 kg N/ha should have reached the desired total of 150 to 

300 kg N/ha, however, these were delayed for two harvest due to the decline in Kikuyu and the 

persistence of Ryegrass. In hindsight this delay was a mistake that may affect the 2016 Ryegrass 

results. 

However, data thus far suggests it is not the total amount applied, but rather if there is a net surplus 

or deficit over the growing season, that dominates the short term residual response. This is an 

important concept in understanding future nitrogen needs of pastures. The fact the Kikuyu phase 

appeared to have little response to relatively large differences in the total amount of applied 

nitrogen in the Ryegrass phase is an example of this issue.  

The process of conducting such trials reveals a multitude of issues that need refinement and answers 

for farmers. Simple on farm measures of plant nitrogen status would be beneficial. Nitrogen 

management needs to be integrated with cultural practices such as the need to reduce plant height 

and allow Kikuyu regrowth in the spring.      
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Appendix 1: Soil Profile Characteristics 

Soil profiles to 100 cm were taken in April 2016 confirming water table influence to 50 cm, 

demonstrated by changes in pH, EC, ECe, and chloride and soil colour. The water table is not highly 

saline and it is possible that the kikuyu and ryegrass access some moisture from the profile. However 

moisture stress occurred in both species during dry periods suggesting access to this water is limited. 

Furthermore the high water table makes the site prone to high run off and waterlogging. 

Table 3 Soil Profile Characteristics 

Sampling  
Depth 

pH  Electrical 
Conductivity 

ECe Chloride 

 (1:5 
CaCl2) 

dS/m dS/m mg/kg 

10 to 20 6.6 0.1 0.8 <10 

20 to 30 6.6 0.07 0.56 <10 

30 to 40 7.1 0.1 0.8 17 

40 to 50 7.7 0.19 1.52 120 

60 to 80 7.9 0.34 2.72 260 

80 to 100 8 0.65 5.2 580 

 

 

Figure 12: Soil profile to 100 cm depth showing brown colour to 40 cm depth (yellow line) and gley colour below this 
level.   

 

 

 

 

 

 

 


