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Introduction

There are differences in the monthly distribution of milk supplied to North and South Island dairy companies (Figure 1.) These differences are due almost entirely to climatic influences on the seasonal distribution of pasture production.

�

Figure 1: Comparison of milk flow graphs between North and South Island dairy factories.

Pasture is the dominant feed for dairying in New Zealand. Therefore variation in the 



growth and quality of pasture will dictate the variation in milk production and the pattern of milk flows to dairy factories. The management system adopted to fully utilise the pasture grown to milksolids is also important but the dominant factor influencing dairy production in New Zealand is pasture production. In recent years there has been much discussion between dairy farmers and pasture agronomists on the reasons for dairy production being more sustainable in the South Island compared to the North. This paper explores the hypothesis that the difference in the pattern of milk production between North Island and South Island farms is due almost entirely to differences in the seasonal pattern of pasture production, and in part to the effects of high temperatures and moisture stress on pasture quality.



Pasture growth patterns

Pasture production can be measured by two methods:

Trim method, measures pasture growth by cutting above an initial trim height at a set interval of 2-4 weeks. This method assesses pasture growth rate and is recommended for comparing the growth of pasture at different locations or the growth of different pasture species or cultivars. This method should not be used to determine the potential productivity of grazed pasture.

Difference method, measures the changes in total herbage mass (total amount of pasture above ground level) between grazings using an indirect method of assessment i.e. pasture probe, rising plate meter or visual assessment. The accumulation between grazings is termed herbage accumulation or if divided by the number of days between grazings, the rate of herbage accumulation.

A study undertaken at the WestpacTrust Agricultural Research Station (WTARS) in South Taranaki over nine years has shown that the productivity and seasonal pattern of pasture growth measured by the two methods differs. Annual pasture production assessed by the difference method was 25-30% greater than recorded by the trim method. The major difference in production occurring during late-spring/early-summer (Figure 2).

�

Figure 2: Comparison of pasture production at WTARS measured by the trim and difference methods.



The trim and difference methods measure different pasture components. The trim method measures the growth of pasture above a residual trim height. All dead leaf and stem material were removed when the pasture was trimmed and so regrowth was mainly green leaf. The difference method measures the rate of accumulation of pasture DM between grazing intervals. This is the difference in total herbage mass present before grazing and that remaining after the last grazing. The growth of green leaf, stems, and the accumulation or losses of dead plant material are all accounted for by the difference method. The general belief is that the difference method is the better method to assess pasture under dairy grazing. Pasture production from all Dairying Research Corporation (DRC) farm systems trials run at #2 Dairy, WTARS and the Waimate West Demonstration Farm was obtained by the difference method.  

A study conducted from 1994-1997 for the Tasman and Westland Dairy Companies co-ordinated by staff at WTARS, assessed pasture production using the difference method at 24 sites. The sites were located from Collingwood in Golden Bay to Harihari on the West Coast. Annual pasture production varied from 9.6 t DM/ha at Motueka to 16.1 t DM/ha in the Grey Valley. The dominant factors influencing the variation in annual pasture production were winter temperature (assessed as the number of frosts) and soil phosphate levels (Davis et al. 1999). Variation in the productivity of winter pasture accounted for 45% of the variation in annual DM production. Simulations of milksolids production optimised on maximum net margins, using UDDER, showed that winter pasture production was a factor influencing stocking rate, planned start of calving (PSC), milksolids production and net revenue. For the UDDER simulations, sites were grouped for similarity of location, climate and pasture production (Table 1).



Table 1: UDDER predictions of farm performance at maximum net margin (Davis et al. 1999).





District�Pasture 

(t DM/ha)�No frosts�

PSC*�SR (cows/ha)�Milksolids

(kg/ha)�Net Margin

($/ha)��Takaka�14.1�30�Aug. 1�3.1�1060�1560��Murchison�13.4�59�Aug. 3�2.9�910�1240��Westport�14.2�16�Aug. 1�3.3�1100�1480��Kokatahi/Kowhitirangi�14.4�41�Aug. 2�3.2�1050�1460��Whataroa/Harihari�11.1�33�Aug. 2�2.5�840�1090��*PSC in 10 day intervals

Aug 1, 1-10 August: Aug. 2, 11-20 August: Aug. 3, 21-31 August



For all districts (Table 1), annual rainfall was greater than 2000 mm and summer dry spells were not considered a factor influencing either pasture production or farm management decisions. However, for the Nelson district, annual rainfall was much lower - 1150-1250 mm. In this district, two sites were monitored, one irrigated and one not irrigated. Annual pasture production at the non-irrigated site was 9.9 t DM/ha and the irrigated site, 13.3 t DM/ha (Figure 3). 

F�

Figure 3: Comparison of pasture production on an irrigated and a non-irrigated site in the Nelson district.



Figure 3 highlights the effect of irrigation in providing extra pasture from December through to May. Predictions of dairy farm performance using UDDER and this information showed that irrigation increased milksolids production by 425 kg/ha and net revenue by $697/ha (Table 2). In the optimisation of net revenue the cost of irrigation was not taken into account.

These results suggest that in winter cold/summer dry regions, major improvements in productivity are achievable with irrigation. The profitability of this will then depend on the cost of irrigation. 

The conclusion drawn is that for locations where summer soil moisture levels are not limiting pasture production, winter temperature will be of greater importance in influencing annual pasture production. Therefore, in regions with cold winters, high levels of pasture production during summer and autumn will be critical to achieving sustainable levels of milksolids production and net farm revenue. A comparison of farm performance from irrigated and non-irrigated pastures (Table 2) highlights this. From the 34% increase in pasture production resulting from irrigation, UDDER predicted increased milksolids production of 76% and increased net revenue of 96%. This predicted response to irrigation using UDDER is much greater than that achieved in a three year grazing trial evaluating the effect of irrigation on milk production in the Waikato (Hutton, 1975). On average, over the three years irrigation increased pasture production by only 8% and milksolids by 18%. Despite this poor pasture response to irrigation in the Waikato, Penno et al. (1995) reported an average pasture deficit for optimal milksolids production of 2-3 t DM/ha occurring from December to May. Roberts and Thomson (1984) drew a similar conclusion from a pasture growth study conducted in South Taranaki. Although restricted pasture production in summer is a major limitation to dairying in the North Island, it does not appear that this can be can be successfully remedied by irrigation. 

Pasture production was monitored on nineteen sites in Golden Bay and on the West Coast providing an estimate of average pasture production in these districts. From these data a monthly distribution of pasture production was established and compared with the monthly distribution of milk flow to the dairy factories in Golden Bay and the West Coast (Figure 4). The graphs established show a close association between the pattern of pasture production with milk production. These data support the original hypotheses that lactation curves reflect pasture production. Which suggests with the movement south, the critical period for dairying shifts from summer to winter. 

�

Figure 5: Comparison of pasture production in North and South Island Dairying regions.



A comparison of pasture production between dairying regions highlights that there are distinct regional patterns (Figure 5). Two factors; moisture and temperature drive the variation between regions. In comparison with the South Island, pasture production in the North Island is greater in spring and less in summer. 



Pasture quality

Not only does pasture productivity decline with the change from spring to summer but feed quality also declines. Part of this decline is associated with increased temperature and part with moisture stress reducing nutrient uptake by pastures. With increasing temperature, changes within pasture plants result in a decreased digestibility (Table 3). There is also an effect of ageing on quality but it is small compared with temperature. This suggests that management can only have a small influence on the physiological changes affecting the pasture digestibility.



Table 3: The rate of decline in digestibility of grazed pasture as affected by increasing age of pasture and increase in air temperature (Deinum & Dirven, 1974)



�Rate of decline in digestibility (digestibility units/day)���Vegetative period�Reproductive period��Age (/day)�0.15�0.4��Temperature (/0C)�0.85�1.30��

The shortening of rotation length, especially during the period of reproductive growth in late spring could maintain pasture quality. However, the dominant effect of increasing temperature on digestibility cannot be managed. The effect of temperature on digestibility suggests pasture quality in late-spring/summer in the cooler southern regions of New Zealand will be higher than in the northern regions. A factor that could influence this decline in digestibility with increasing temperature would be an increase in the proportion of white clover in pasture. Work at DRC (Harris et al. 1997) clearly associated increased milk production during late spring, summer and autumn with increased white clover in pasture. The content of white clover in pasture increased with increased temperature modifying the effect of temperature on pasture quality. 

Research has shown that spring grazing management can influence pasture quality in summer. Intensive grazing during late spring results in less dead matter, more green leaf and more white clover throughout summer than does lax grazing (Thomson et al. 1984). This practice has been generally adopted and there is no reason to suggest that the response to grazing management is any different between the North and South Island.

Various studies have identified that the quality of pasture is influenced directly by moisture stress. Protein and phosphate levels are reduced at low moisture levels (Table 4) 



Table 4: The effect of irrigation and rainfall on the protein and phosphate content of pasture.



�% Crude protein�% Phosphate���Irrigated�Dryland�Irrigated�Dryland��Thomson (1997)�21.7�16.9�0.39�0.28��������Simons et al. (1999)�Summer moist�Summer dry�����21.0�12.4����	

Simons et al. (1999) also observed that pasture quality, assessed as metabolisable energy (ME), declined as moisture stress increased. The average ME of the four summer dry farms in the 1997/98 More Summer Milk project was 9.4 MJME/kg DM (range 8.8-10.1) compared with the summer moist farm at 10.6 MJME/kg DM. With the onset of autumn rain, crude protein and ME on the summer dry farms increased to 25.2% and 11.2 MJME/kg DM, respectively. This effect on pasture quality aggravates the effect of declining pasture growth on milk production in summer-dry areas. 

In the North Island in the middle of a hot dry summer there are many comments that “cows aren’t milking because it is too hot”. Results of a new study at DRC by Eric Kolver shows that environmental temperature was not affecting summer milk production. Cows fully fed on a nutritionally balanced ration with no pasture, maintained milk production through summer at close to peak. Milk production did not fluctuate between cool and hot days and declined at a rate of 3-5%/month from the peak in October to the end March. 



Effects of pasture growth patterns on herd management 

The recommendation made to North Island dairy farmers based on No 2 Dairy results, is to achieve 70% of production by the end of December (McGrath 1999). A comparison of pasture production in the different dairying regions suggests that with the shift from North to South the contribution of winter/spring production to total DM production may lessen, and such a recommendation may not apply to farmers in cooler regions. An examination of milk supply patterns to dairy companies confirms this suggestion (Table 5). The further South dairying is the less the proportion of the milk flow that occurs in spring and the later the 70% production target is reached.



Table 5: Comparison of pasture production and average milk flows (1997/98 and 1998/99 seasons) to North and South Island dairy companies.





�% of production in spring 

(Sept., Oct. & Nov.)�Date when 70% of total production reached��Processing plant/region�Pasture�Milk���NZCDC - Waikato�41�45�17 December��Kiwi – Taranaki�47�42�1 January��Tasman – Golden Bay�38�39�11 January��NZCDC – Clandeboyne�35�38�13 January��Westland – West Coast�-�34�16 January��NZCDC - Edendale�-�34�20 January��This again supports the conclusion drawn from the irrigation comparison that in the cooler environments, summer production becomes more critical. This raises different farm management issues in the South Island compared with the North Island. The basic principles of grazing management for maximum profitability will be the same but recipes for grazing management will differ. For example, optimum stocking rates and calving dates will be different and grazing management of pastures through summer will be of greater importance. The later calving in the South Island does pose a problem. The date when ryegrass seedheads emerge differs little between Waikato and Southland. Therefore, with calving later in the South Island there is less high quality pasture available for milk production before reproductive growth and higher temperatures induce a decline in quality (Table 3). The compensation in the South Island is a cooler summer and with this, pasture quality may be higher (Table 3). If autumn temperatures limit pasture growth in the South Island, then for herds wintered at home, lactation length will be shorter than what occurs in the North Island. As a result there will be greater reliance in securing off-farm wintering or the provision of a low cost supplement for feeding in the autumn to extend lactation. The alternative will be to calve earlier and have a supply of supplement to offset the pasture deficit in late winter/early spring. This approach will allow for all cows to be calved before the spring flush of pasture growth, allowing the maximum opportunity to utilise more high quality spring pasture for milk production. 

One confounding factor in comparing milk production between North and South Island farms is that for the same time of year the later claving South Island herds are at an earlier stage of lactation. Therefore if given adequate amounts of quality pasture, milk production in the South Island on any day during summer and autumn, will be greater. 



Conclusion

The key changes needed in farm management for the South Island can be identified from an idea of the milk flow to the dairy factory. This will not identify the level of productivity that can be achieved but will indicate when calving should commence and how long cows can be milked. Pasture production as measured by the difference method will then enable you to set the right stocking rate to most effectively utilise pasture for milk production. 

A comparison of pasture production and milk flows for a range of dairying districts highlighted that with the shift from North to South, milk production in summer becomes of increasing importance. In summer dry South Island environments there is a greater need for irrigation to sustain pasture growth during the drier months. A simulation modelling exercise using UDDER and pasture production collected from irrigated and non-irrigated pastures in the Nelson district showed an increased net margin to irrigation of about $700/ha. Pasture production information collected from a number of high rainfall sites in Golden Bay and the West Coast showed that pasture production in winter was the dominant factor influencing annual pasture production. The cooler the winter, as defined as number of frosts, the lower the pasture growth and annual pasture production. UDDER simulations using these pasture production data showed a trend in the summer wet districts for later claving, with a shift from north to south or a shift from coastal to inland areas.

The monthly distribution of pasture production was closely associated with the monthly distribution of milk flow to the dairy processing plants. For any particular environment, where pasture is the base feed for dairying the seasonal pattern of pasture production will be the dominant factor influencing the lactation curve. 
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�Table 1: UDDER predictions of farm performance at maximum net margin (Davis et al. 1999).





District�Pasture 

(t DM/ha)�No frosts�

PSC*�SR (cows/ha)�Milksolids

(kg/ha)�Net Margin

($/ha)��Takaka�14.1�30�Aug. 1�3.1�1060�1560��Murchison�13.4�59�Aug. 3�2.9�910�1240��Westport�14.2�16�Aug. 1�3.3�1100�1480��Kokatahi/Kowhitirangi�14.4�41�Aug. 2�3.2�1050�1460��Whataroa/Harihari�11.1�33�Aug. 2�2.5�840�1090��*PSC in 10 day intervals

Aug 1, 1-10 August

Aug. 2, 11-20 August

Aug. 3, 21-31 August

�Table 2: UDDER predictions of farm performance at optimal net margins for irrigated and non-irrigated pasture in the Nelson district.

�Pasture

(t DM/ha)�No 

Frosts�

PSC*�SR (cows/ha)�Milksolids

(kg/ha)�Net Margin

($/ha)��Non-irrigated�9.9�68�Aug. 2�2.0�725�725��Irrigated �13.3�48�Aug. 1�3.4�1150�1422��PSC in 10-day intervals: Aug.1, 1-10 August, Aug. 2, 11-20 August. 





�Table 3: The rate of decline in digestibility of grazed pasture as affected by increasing age of pasture and increase in air temperature (Deinum & Dirven, 1974)



�Rate of decline in digestibility (digestibility units/day)���Vegetative period�Reproductive period��Age (/day)�0.15�0.4��Temperature (/0C)�0.85�1.30��



�Table 4: The effect of irrigation and rainfall on the protein and phosphate content of pasture.



�% Crude protein�% Phosphate���Irrigated�Dryland�Irrigated�Dryland��Thomson (1997)�21.7�16.9�0.39�0.28��������Simons et al. (1999)�Summer moist�Summer dry�����21.0�12.4����	



















�Table 5: Comparison of pasture production and average milk flows (1997/98 and 1998/99 seasons) to North and South Island dairy companies.





�% of production in spring 

(Sept., Oct. & Nov.)�Date when 70% of total production reached��Processing plant/region�Pasture�Milk���NZCDC - Waikato�41�45�17 December��Kiwi – Taranaki�47�42�1 January��Tasman – Golden Bay�38�39�11 January��NZCDC – Clandeboyne�35�38�13 January��Westland – West Coast�-�34�16 January��NZCDC - Edendale�-�34�20 January��



 �Figure 1: Comparison of milk flow graphs between North and South Island dairy factories.
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�Figure 2: Comparison of pasture production at WTARS measured by the trim and difference methods.
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Figure 3: Comparison of pasture production on an irrigated and a non-irrigated site in the Nelson district.

























�Figure 4: Comparison of distribution of annual pasture production with milk flows in Golden Bay and Westland.       
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�Figure 5: Comparison of pasture production in North and South Island Dairying regions.
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