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Introduction

Pasture remains the predominant source of feed on New Zealand seasonal calving dairy herds. New Zealand has a low milk price because 90% of the milk is exported as manufactured milk products. This means the New Zealand dairying system must remain low cost. Farmers have learned to cope with a low and decreasing milk price by increasing milksolids output per unit of land and labour. Output of milksolids per hectare has been increased by improving pasture production and by using high stocking rates to ensure much of the available feed is consumed by high genetic merit lactating cows. While this is an effective and low cost system, it has only been fully adopted by leading dairy farmers. Utilisation of the pasture already grown remains the main constraint on most farms.

The current period of relatively stable milk prices has led to an increasing use of nitrogen (N) fertiliser in an attempt to improve milksolids production per cow and per hectare. Unfortunately, this has often occurred on farms which are limited by feed utilisation rather than feed production.

Fertiliser N use in Southland to grow extra pasture in spring and autumn

The cold winter, wet summer climate of Southland typically produces the pasture growth curve shown in Figure 1. Peak pasture growth rates are generally achieved in late November, followed by a drop in late summer before temporarily increasing again in March in response to autumn rains. Overlaying cow demand on this curve, assuming a district average stocking rate of 2.4 cows/ha, shows the magnitude of the resulting spring pasture deficits followed by considerable late spring/early summer feed surpluses. One obvious challenge for successfully managing available pasture is to shift early summer feed surpluses to late autumn or early spring, usually by feed conservation. Another strategy is to use fertiliser N to reduce the apparent early and late season feed deficits. This was strategy has been employed at the Edendale site, using 50 kg N/ha in early spring and 50 kg N/ha in March and the resulting pasture growth rate curve is shown also Figure 1.

Figure 1: Average pasture growth rate curve for the Edendale experimental site, for pasture receiving nil N fertiliser or 50 units of fertiliser N in spring and again in autumn. Dotted line represents cow demand (Stocking rate (SR) = 2.4 cows/ha).

Spring applications of 50 kg N/ha boosted pasture growth rates by approximately 10 kg DM/ha/day from mid August through until the end of October. Approximately half of the extra pasture production from this spring application occurred from early October onward when pasture growth rates already exceeded cow demand. For the autumn applications, 50 kg N/ha resulted in an extra 300 kg of pasture DM being grown during April and May when pasture growth rates would otherwise have been lower than cow demand. The mean pasture responses to the spring and autumn applications were 15 and 6 kg DM/kg N applied, respectively. The lower autumn response is most probably due to the greater amounts of mineral N measured in the soil profile at this time of the year and the declining soil temperatures. Lower autumn responses have also been reported by many other researchers (e.g. Risk, 1982; O’Connor, 1982). At the Edendale site, there was an additional winter pasture N response of 2 kg DM/kgN from the autumn fertiliser N application, giving a combined autumn‑winter N response of 8 kg DM/kgN applied.

In the case of dairy farms which winter cows away from the milking platform, a small amount of winter pasture growth is accumulated and used to fill the anticipated early spring feed deficit. At the Edendale site, mean winter pasture growth rates of 14 kg DM/ha/day translate to a feed wedge of 1051 kg DM/ha being accumulated between the end of May and mid August (Table 1). This, together with the N‑boosted pasture, eliminated the early spring feed deficit at this site. With the additional autumn pasture grown as a result of the second N application, a total of 1100 kg DM/ha of extra pasture was grown in the N fertilised plots (100 kg N/ha/year). This extra pasture can be used to either increase stocking rate or per cow production. In summary, the pasture growth responses evident in Figure 1 indicate that strategic applications of fertiliser N can widen Southland’s pasture growth rate curve. Greater responses were observed for spring‑applied N compared to autumn‑applied N. However, there is no advantage to applications of fertiliser N earlier than August because of low winter growth rates due to cooler temperatures (i.e. soil temps less than 5(C). 

Table 1: Measured seasonal feed surpluses/deficits (kg DM/ha) at the Edendale site under nil N fertiliser or 100 kg fertiliser N/ha/year, split into an early spring and early autumn application. Under nil winter grazing, the winter feed surplus is grazed in spring.

Season
2.4 cow/ha (0 N)
2.4 cows/ha (100 N)

Winter
671
774

Early spring
-77
237

Spring/summer
538
728

Summer
-519
-462

Autumn
-595
-181

Total
18
1097

The effect of fertiliser N on sward clover contents has been measured at two recently completed dairy grazing studies in Waikato (Ledgard et al. 2000; Harris and Clark, 1996) and Southland (Figure 2). Mean clover contents for pastures not receiving fertiliser N were 15.2 and 13.5% for the Waikato and Southland sites, respectively. At both sites, increasing rates of N fertiliser generally resulted in a decline in sward clover contents, at a rate of 2‑3% clover per 100 kg N/ha applied. Exceptions to this were noted for the Southland plots receiving 400 kg N/ha/year as fertiliser, where sward clover contents remained at approximately 10%. The hard grazing of this treatment most probably minimised any shading effect and thus encouraged clover growth. In the Waikato a higher stocking rate had a similar effect.

Figure 2: The effect of fertiliser N on sward clover contents in Southland and Waikato.

Table 2: Economic analysis of 1.75 t MS/ha trial (data means over 3 years).

Farmlet
1
2
3
4
5

Treatment
Control
LSR
LSR
HSR
HSR



200N
400N
200N
400N

Stocking rate (cows/ha)
3.34
3.34
3.34
4.42
4.42

Silage made (kg DM/cow)
0
259
5301
0
90

Nitrogen used (kg N/ha)
0
202
418
203
416

Maintenance fertiliser required
728
846
922
833
927

(Kg 29% potassium super/ha)

Silage used (kg DM/cow)
0
186
298
67.5
90

Days in milk
253
266
288
217
230

Kg milk fat/cow
180
205
224
153
171

Kg milk protein/cow
131
157
171
116
128

Kg MS/cow
311
362
395
269
299

Non cyclers
28
11
12
35
28

Income ($/ha)

Kg MS/ha
1040
1208
1317
1190
1325

Milksolids @ $3.70/kg MS
3630
4259
4639
4186
4648

Net stock income ($75/cow)
251
251
251
332
332

Total income $/ha
4086
4751
5152
4754
5242

Expenses ($/ha)

Wages ($200/cow)
668
668
668
884
884

Animal health
162
151
152
221
215

Breeding and herd testing ($28/cow)
94
94
94
124
124

Shed expenses ($6.25/cow/100 days

milked)
53
56
60
60
64

Electricity ($7.08/cow/100 days milked)
60
63
68
68
72

Freight ($7/cow)
23
23
23
31
31

Supplements
0
124
199
60
80

Replacements ($90/cow)
301
301
301
398
398

Fertiliser
165
192
209
189
210

Nitrogen fertiliser
0
176
364
177
362

Weed and pest  ($16/ha)
16
16
16
16
16

    -Repairs and maintenance
161
161
161
161
161

    -Vehicles
110
110
110
110
110

    -Depreciation
190
212
225
200
204

    -Administration
65
65
65
65
65

    -Standing charge
124
124
124
124
124

Total expenses ($/ha)
2192
2535
2839
2887
3119

EFS $/ha @ 3.50/kg MS
1689
1975
2051
1630
1860

EFS $/ha @ 3.70/kg MS
1894
2216
2313
1867
2123

EFS $/ha @ 3.90/kg MS
2104
2462
2581
2109
2392

What have we learnt from the 1.75 t MS/ha trial?

Eight farmlets were established at the Dairying Research Corporation No 2 Dairy in June 1995 (Table 2). Each farmlet area was 5.7 ha and stocked with Friesians of high genetic merit. Farmlet 1 served as a control, receiving no nitrogen fertiliser or bought in supplements. 

Farmlets 2‑5 were designed to investigate the effects of using high rates of N fertiliser on milksolids production per cow and per hectare at low and high stocking rates.

Pasture and milk production

N fertiliser resulted in large increases in total pasture production (Table 3). Applying 200 kg N/ha/yr increased pasture production by 1.55 t D11/ha (9 %), 400 kg N increased it by 3.53 t (21 %) for the low stocked farmlets. The average response to N at both the low and high rates was 8 kg DM/kg N. At the low stocking rate, the extra pasture production and the resultant increase in silage conservation, allowed an increase in annual milksolids production of up to 84 kg MS/cow (Table 2). The large amounts of extra pasture grown allowed increases in silage conservation of 259 and 530 kg DM/cow on Farmlets 2 and 3 compared with the control farmlet on which no conservation was made in the three years of the trial.

Table 3: Average pasture growth (kg DM/ha) N responses in (kg DM/kgN applied) and milksolids response to N boosted pasture (g MS/kg DM fed) in the 1.75t milksolids/ha trial at DRC.

Farmlet


1
2
3
4
5

Treatment

Kg N/ha/yr
Control

0
LSR

200
LSR

400
HSR

200
HSR

400

Jun-Aug
2030
2407
2617
2334
2721

Sept-Nov
6761
7464
8396
7055
8448

Dec-Feb
5271
5125
5638
5591
5787

Mar-May
2614
3232
3549
3284
3645

Total
16 676
18 228
20 199
18 264
20 601

Extra pasture

1551
3526
1589
3925

Actual N applied (kg/ha/year)

202
418
203
416

N response

(kg DM/kg N applied

8
8
8
9

MS response 

(g MS/kgDMfed)

108
79
94
73

LSR = Low stocking rate - 3.34 cows/ha

HSR = High stocking rate  - 4.32 cows/ha

At the high stocking rate, extra pasture was eaten as it was grown, with little being conserved. The per hectare milksolids production of Farmlets 2 and 3 was similar to that of 4 and 5, the former by high per cow performance, and the latter at lower production per cow but a higher stocking rate. The milksolids response to the extra pasture grown from the use of N ranged from 73 to 108 g MS/kg DM (Table 3). At both stocking rates the milksolids response declined with the addition of a further 200 kg N (ie. to 400 kg N/ha) probably because of a reduced efficiency of pasture utilisation. In this trial, milksolids responses to extra pasture grown from N fertiliser were similar to those of purchased feeds (Macdonald 1999). Thus the use of N fertiliser can be as efficient as buying in supplements.

Whole farm approach

There is a need to ensure that the herd receives high quality feed for most of the year. Without high levels of conservation to maintain pasture quality this is often difficult. The use of  a high stocking rate (SR) to ensure that all the spring pasture is converted into milksolids, is necessary if this is to be successful. Figure 1 shows the surpluses that occur if the SR is not high enough to consume all the pasture. At a SR of 2.4 cows/ha there are surpluses in the spring that need to be conserved to ensure quality pasture is always available for the herd. These surpluses, if made into pasture silage, are available for feeding back to the herd when required. This will generally be in the summer and autumn/winter periods. If the feed supply is increased by the use of N fertiliser then it is essential that systems be in place to fully utilise the extra feed that is grown. As Table 2 shows, the use of an additional 200 kg N/ha (Farmlet 2 compared with Farmlet 3) did not markedly increase economic farm surplus (EFS) when the SR was not increased to use the additional feed available (at a payout of $3.50/kg MS). It is only when the payout is increased that the use of additional N becomes economic.

Before additional use of N is attempted it is essential to ensure that the feed supply is in fact the limiting factor. If feed supply is already sufficient and management is deficient then any addition of extra feed to the system will be uneconomic. In the 1.75 t MS/ha trial, Farmlet 1 (Control), with no N or purchased feed (Table 2), performed extremely well. Despite fluctuating feed supply due to good or bad seasons, profit remained remarkably constant with an average EFS of $1688/ha. The control farmlet highlights the opportunity commercial farms have for increasing their profit levels as the average New Zealand farm had an average EFS of only $580/ha for the years 1995‑97. Most farmers can increase profit simply by improving pasture utilisation. Increasing feed supply through the use of N or other brought in feeds will often not result in the level of marginal return seen in the 1.75t MS/ha trial because base production levels are not high enough.

Economic farm surplus (EFS)

EFS is a measure of the profitability of a farming enterprise (LIC Farmfacts 46a, 46b and 47). The average EFS of each farmlet, and the assumptions used in their calculation, are contained in Table 2. Farmlets 2 and 3 generated a higher EFS than the control Farmlet. Farmlet 3 was the most profitable but only generated an additional EFS of $76/ha compared with Farmlet 2, which generated $286/ha more than the control. The use of increased SR (Farmlets 4 and 5) did not increase MS/ha sufficiently to offset the additional per cow costs.

Attaining that elusive high EFS

There are four key features to achieving a high EFS on farms.

·    Attaining high per cow and per hectare milksolids production.

·    Ensuring that pasture grown and feed inputs are efficiently converted into milk.

·    Planning farm management decisions.
·    Ensuring that farm working expenses are contained below 50% of the gross farm 

   income.

McGrath (1997) showed that herds in Taranaki with a high EFS achieve it without spending more. This is linked with an efficient conversion of grass to milk. This is achieved by having a sufficiently high stocking rate to eat all available pasture so that pasture quality is high throughout the milking season. Having a compact and early calving with a long first round after calving ensures that pasture quality is maintained and utilised.

Macdonald (1999) showed that the milksolids responses to N boosted pasture can be similar to that of bought in supplements. Given responses of 8 kg DM/kg N applied the cost of this extra feed is 11 cents/kg DM (urea @ $400/tonne). This is far less than the normal cost of 24 cents/kg DM for barley grain, making N boosted pasture economic. The essential part of this scenario is that the extra feed grown is utilised efficiently.

To gain an advantage from the use of N fertiliser, the timing of the N application to cover for a feed deficit is important. Feed deficits have to be forecast and action taken early to fill the deficit. With grain, it is easy to purchase to fill an immediate deficit, whereas with N there is at least three weeks from application to maximum growth before the deficit can be partially filled.

Environmental considerations when using fertiliser N

Increasing attention both locally and internationally is being focussed on the sustainability of agricultural production systems, including New Zealand's dairy industry. To ensure New Zealand retains its present “clean green” image, thus adding value to our exported produce, it is essential that nitrogen use on dairy pastures is proven to have minimal detrimental effects on the wider environment. In Southland, which has seen a steady increase in dairy cow numbers over the past 10‑12 years, concern has been expressed about the impact N fertiliser use is having on ground and surface water quality in the region, particularly elevated levels of nitrate‑N in groundwater.

The recently completed dairy grazing studies in Waikato and Southland have both shown that, at low to modest rates of N fertiliser usage (i.e. less than 150 kg N/ha/year), nitrate leaching losses are within acceptable limits (Figure 3). These limits, defined as the upper limit for the concentration of nitrate‑N in drinking water in New Zealand, which is 11.3 mg N/L (Ministry of Health, 1995). For any given rate of N application, the amount of N lost through leaching was greater at the Waikato site than at the Southland site. This is possibly because the Southland study was carried out on a soil which is in a “transition” phase from one of lower fertility sheep pasture to intensively grazed dairy pasture. (This is probably typical of most dairy farms that have been converted to dairying in the past 5 to 10 years). The Southland soil is also wetter and may be expected to have greater denitrification rates than the Waikato site. The Waikato site also has greater through‑drainage, which would be expected to increase N losses.

Figure 3: Nitrate concentrations in drainage water from cattle-grazed pastures in Southland and Waikato (data from Ledgard et al., 2000 and 1999) under varying rates of fertiliser N input.

Direct losses of fertiliser N in drainage were negligible in both studies, even for early spring applications. This demonstrates how efficiently N fertiliser is utilised when applied in accordance with plant demand. The amount of nitrate leached from grazed dairy pastures is determined largely by the total amount of N cycling in the soil/pasture/animal system. For this reason, on effluent‑treated paddocks, it is important to account for the N returned via dairy shed effluent. Surface run-off measurements at the Southland site showed that direct losses of fertiliser N via this process were minor.

Results from these trials, together with information collated from other nitrogen studies (see reviews by Lynch, 1982: Crush et al. 1996), provide some basic guidelines to be followed when applying fertiliser N to dairy pastures:

·    for maximum pasture response, fertiliser N is best applied to pastures just beginning 

      their most active growth phase

·    individual N applications should be restricted to less than 50 kg/ha, and annual

     applications should remain below 150 kg/ha, either as fertiliser or effluent N.

·    avoid applying N immediately following hard grazing of pastures.

·    ensure N‑boosted pastures are grazed to the same height as for non N‑fertilised    

                pastures. This will minimise shading of clover and enhance clover performance

·    fertiliser N should only be applied when soil temperatures are above 5( in the spring 

                and 7ºC in the autumn. 

·    when fertility is not limiting pasture growth, the responses (kg DM/kg N applied)   

                from urea, ammonium nitrate and ammonium sulphate will be similar. Hence, use the  

                cheapest source of N.

Generally urea is the cheapest source of N and responses to different forms of N fertilisers are similar (Ball and Field, 1982). Cameron (1999) gave recommendations for urea applications to reduce the amount of volatilisation. These include, applying urea immediately before rain or irrigation and ensuring soil temperature is above 4ºC and 7ºC in the spring and autumn respectively.

Conclusions

Trials to date in Waikato and Southland have demonstrated that economically and environmentally, a maximum of 150 kg N/ha/year may be applied. This may well be lower in sandy, free draining soils.

For the use of N fertiliser to be economic, pasture feed supply must be the primary limiting factor. N fertiliser should only be used when the extra pasture that is grown is utilised efficiently. Systems must be in place to capture benefits from the extra feed generated and ensure it is fully utilised. Pasture responses are most reliable and best achieved at times of favourable pasture growth. This resulting extra pasture must be fully utilised to maintain pasture quality. If these are in place then milksolids responses from N boosted pasture can be similar to that of purchased supplements
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Workshop summary


Speaker’s summary

· Use nitrogen fertiliser to increase feed supply.

· Match feed supply and feed demand.

· Responses gained from other feed inputs can be gained from nitrogen fertiliser.

· Plan to use the feed efficiently.

· For environmental reasons, annual applications of nitrogen should not exceed 150

     kgN/ha/yr.

Summary of discussion

· How will you know what nitrogen responses you are getting and if they are economic

     if you don't measure pasture growth?

· Only 10‑15% of the farmers present knew how much pasture they were growing?

· The farmers who measured pasture growth described it as being not too difficult.

· Good farm management practices can avoid some of the clover losses experienced

     with higher nitrogen applications (up to 200 kgN/ha). This includes cutting

     supplements early, and not allowing pre‑grazing covers to get too high to decrease the  

     shading effect.

· Be wary, nitrate levels peak at around 11‑14 days following application,‑ avoid 
grazing

     intervals around this length.

· Clover fixes approximately 120 ‑ 140 kgN/ha/yr at Edendale.

· The pasture growth rates results of the Edendale trial may have been different if lower

     application rates of nitrogen had been applied more often. However, the nitrogen 
leaching

     results would not have changed.

· Best responses occur at times when pasture growth rates are the highest; this is when

     extra feed is least required. The extra nitrogen grown feed needs to be harvested, and

     will only deliver an economic response if fed in periods of a feed deficit.

· There has been some work done by SouthFert on nitrogen response rates in Southland, 


         needs to be found and used.

Further research opportunities

· Nitrogen fertiliser and its ability to maintain pasture quality during frosts. Farmer

     observed this ‑ What is happening in the plant/how does it work?

· Nitrogen leaching ‑ Is the nitrogen leached at higher application rates arising from the

     higher application or from the increased stocking rates that are run to try and more

     effectively utilise the feed grown?

· Would the results of the Edendale trial be repeatable on different soil types with

     different environmental conditions? More trial work is needed in different areas?

· Is there any truth in the animal health issues associated with increasing nitrogen use?

     (e.g. foot problems).

· Summer nitrogen use ‑ how and when does it fit down South?

53
42

