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“No more powerful force exists for good or evil than the control of stocking rate in grassland farming” (C.P. McMeekan.)



Whats wrong with cows per hectare?

Low milk production costs in New Zealand are based on growing and utilising large amounts of grazed pasture. Over the last 50 years the use of drainage, fertiliser, irrigation and productive pasture species has resulted in large increases in pasture production. More than any other factor, stocking rate determines how much of the available pasture is eaten by the herd. 

	When addressing the 1950 Ruakura Dairy Farmers conference on the topic of Recommended Techniques in Dairying, McMeekan made the vague statement that “as many cows as possible were to be farmed, while still feeding them reasonably well”. It was not until 10 years later, after a key trial combining higher stocking rates with improved grazing management, that the importance of stocking rate for achieving high levels of production per hectare was fully realised (Table 1). . While this was not the first stocking rate trial published (Table 2), it was the first to demonstrate large benefits when increased stocking rates and sound grazing management were implemented together. The work of McMeekan & Walshe (1963) started an extension effort in New Zealand encouraging farmers to milk more cows on their farms which continues today. 

	Unfortunately, much of the vagary surrounding the concept of stocking rate remains and often results in poor decisions surrounding the number of cows farmed. Our definition and understanding of stocking rate has changed little over the last 50 years. Stocking rates are still expressed as the number of animals per unit of land area (cows/ha). The many weaknesses of this simple ratio are widely recognised. Nevertheless, it is universally accepted among farmers as a key factor determining the efficiency of pastoral dairying. It has persisted for its simplicity rather than accuracy.







Table 1: The relative importance of stocking rate and grazing management to dairy production (McMeekan & Walsh 1963; Campbell 1966).



Farmlet�1�2�3�4��Stocking rate (cows/ha)�2.9�2.4�2.9�2.4��Grazing management�Rotational�Rotational�Set Stocked�Set Stocked��Pasture yield (t DM/ha/year)�12.2�13.1�10.9�11.3��Hay & Silage offered (t DM/ha)�0.9�0.9�0.6�0.7��Total Feed (t DM/ha)�13.1�14.0�11.5�12.0��Milkfat (kg/cow)�181�193�155�185��Milkfat (kg/ha)�522�459�441�416��Days-in-milk�283�288�280�286��Liveweight (kg/cow)�381�388�348�379��Liveweight (kg/ha)�1100�925�990�850��

Every farmer knows how many cows are in their herd, and the land area of the farm Few have measured the liveweight of each cow, or how much pasture the farm grows each year, and the seasonal pattern of pasture growth during the year.

	This simplistic approach to stocking rate has served us well, but is no longer enough. Further improvements in efficiency and profitability require us to reconsider the impact stocking rate has on our whole farm businesses. 

	Including interest and wages of management, the variable costs directly proportional the number of cows being farmed is usually $400 – $500/cow (LIC 1998). The impact of stocking rate on farm profitability is more important than the effect stocking rate may have on pasture utilisation, the efficiency of production per cow, and even milksolids production per hectare. This paper will review experiments conducted in New Zealand and Victoria Australia over the last 50 years where stocking rate was included as a treatment. My aim is to provide farmers with a sound research basis to use when making stocking rate policy decisions. It is my hope that better decisions will enable improved profitability, greater efficiency of labour use, and higher standards of animal welfare on New Zealand dairy farms.



	To achieve high levels of pasture utilisation there must be enough cows to eat all the feed available within the farm system each year. 



	Stocking rate (cows/ha) is a simplification of the relationship between feed demand and feed supply. The number of cows provides a measure of the annual feed demand and a hectare provides a measure of how much feed is available. 

	The number of cows farmed certainly has a large effect on feed demand. However, cow size and annual milk production determine the feed requirements of the cow. Further, the amount each cow eats and subsequently produces over a season is highly dependent on the amount of feed available, and when it is available relative to the demand for feed by the herd. The increasing use of off farm grazing for part or all the herd, also alters the feed demand, both annually and more specifically, during the period of grazing-off. At best these deficiencies are accounted for by estimating the impact breed or grazing-off may have on the optimum cows/ha ratio. 

	Because grazed pasture is the predominant source of feed for dairy cows in New Zealand, the hectare has traditionally provided a measure of the amount of pasture available over a season. Allowances in suggested optimum stocking rate are also made for assumed differences in pasture production between farms. Increasingly feeds other than pasture are being used on dairy farms. ProfitWatch data suggests the average farmer is buying in about 350 kg DM/ha as supplement and 1300 kg DM/ha as off farm grazing for young stock and dry cows (Leslie & Miller 1999). The stocking rate relationship must account for all the feed available, not just the pasture. 



The efficiency of milksolids production is a function of the efficiency of feed utilisation and the efficiency of conversion of feed eaten to milksolids.



   Feed Utilisation Efficiency x  Feed Conversion Efficiency 



		 Feed Eaten 			Milksolids Produced

		Available Feed 	X	  Feed Eaten



(Holmes & McMillan 1982)

	Cows require feed energy for maintenance, growth, pregnancy and milk production. The amounts of energy required by the cow for maintenance, growth and pregnancy are almost independent of milk yield, and are met before the requirements of milk production. Therefore, as the lifetime milksolids yield of a cow increases, the proportion of feed eaten that is used for milk production also increases, making the cow more efficient. Lifetime productivity is partially based on genetic merit, but is predominantly determined by the level of feeding. Herds that are generously fed convert eaten fed to milk more efficiently than poorly fed herds.

	Maximising the efficiency of feed utilisation requires a high proportion of the available pasture to be harvested at each grazing. The herd will graze harder as cows become increasingly underfed relative to their feed requirements. Therefore achieving high levels of feed utilisation efficiency requires feed demand of the herd to be in excess of feed supply. Efficiency of feed utilisation increases with increasing levels of under feeding.

	Stocking rate should balance the dual objectives of generous feeding to achieve high levels of efficiency of milk production per cow and underfeeding to achieve high levels of pasture utilisation to meet the overall objective of optimising farm profitability. 

	Research has traditionally focused on maximising productivity per hectare. Based on early stocking rate trials, it has been assumed the efficiency of feed utilisation is more important than the efficiency of milk production per cow. At low stocking rates this is probably true. Indeed, at very low stocking rates extra cows can be farmed without reducing the feed available to the remaining cows, and all can be generously fed. A higher stocking rate may even increase pasture quality potentially resulting in improved performance per cow. Nevertheless, these notions are probably limited to dairying in New Zealand 30 years ago and a few hopeless cases today.

	A summary of trials conducted over the last 50 years in New Zealand and Victoria that included stocking rate as a treatment is presented in Table 2. When stocking rate was increased production per cow decreased in all but one of the 35 comparisons. This is to be expected as the feeding level of each individual cow decreased with an increase in stocking rate. 

	In early stocking rate trials the reduction in milksolids production per cow was always less than the effect of farming more cows such that milksolids production per hectare increased. It is interesting to note that increasing stocking rate always resulted in increased productivity per hectare until 1980. However, in experiments published since 1980 only 3 of 16 comparisons have resulted in an increased productivity per hectare, and in recent years high stocking rates have sometimes resulted in large reductions in overall farm efficiency (Figure 1).



A change in trend from stocking rate trials

	After the initial stocking rate trials, researchers suspected higher stocking rates chosen for the experiments were still not high enough. This resulted in an upward trend in the stocking rates of both the treatment and control farmlets. By 1971, Bryant & Parker were experimenting with 4.9 Jersey cows/ha on farmlets growing 16t DM/ha/year and were continuing to see improvements in productivity per hectare. King & Stockdale (1980) were the first to push past the limit when 8.6 crossbred cows/ha (3270 kg Lwt/ha) produced less per hectare than 6.6 cows/ha (2600 kg Lwt/ha). 

	At the same time researchers were increasing the number of cows per hectare, the feed demand of the cows was also increasing. Improvements in genetic merit, and increased liveweight and milk yield resulting from the introduction of Friesian blood to many Jersey herds, increased the feed demand and potential production of the cow. When expressed as liveweight per hectare, stocking rates chosen for the lower stocked treatments in recent experiments are typically 30 to 50% higher than the higher stocked treatments published in early work with low genetic merit cows (Figure 2). These changes are demonstrated as an increasing responsiveness in production per cow to changes in stocking rate. Experiments conducted in the last 10 years have typically demonstrated a decrease in per cow performance of 60 to 100 kg MS/cow for an increase in stocking rate of 1 cow/ha (Figure 3).



Effect of pasture production.

	Part of the increase in stocking rate and milk yield per hectare may have resulted from increased annual pasture production as the research farms developed. Pasture production on No 2 dairy during the work of McMeekan & Walsh (1963) was measured as 10.9 to 13.1 t DM/ha/year (Table 1). Based on the milkfat produced, Bryant & Parker (1971) must have grown 14 t DM/ha/year, and Hutton and Bryant (1976) must have grown 16 – 17 t DM/ha/year. In the Friesian/Jersey trial work of Bryant (unpublished, 1993) pasture yields remained around 16-17 t DM/ha/year. This suggests that no increase in pasture production was achieved at Ruakura from the mid 1970’s until the mid 1990’s when the use of high rates of nitrogen fertiliser was introduced (Penno 1998).

	Part of the increase in pasture production can be accounted for because of the increased pasture utilisation resulting from higher stocking rates. Pasture utilisation has a large effect on net herbage accumulation (pasture growth). Pasture growth is calculated from the increase in pasture mass on areas that are not grazed between measurements. Between measurements the net increase in pasture mass is the accumulation of new growth less any death and decay of old material. In the extreme, if a paddock was never grazed, the pasture would reach ceiling herbage mass and the loss of old material would equal the appearance of new leaf material. In effect growth would be estimated as nil. 

	However, based on the trial work after 1980, the lower stocking rates chosen for experiments were already high enough to achieve adequate levels of pasture utilisation. If increasing stocking rate did increase pasture utilisation and net production of pasture, the gains were less than the decrease in energetic efficiency resulting from reduced per cow performance, such that total milk production per hectare declined. This suggests that researchers have overestimated the stocking rates necessary to maximise milksolids production per hectare. In part this amounts to an under estimation of the importance of increasing efficiency per cow as production per cow increases. This may be explained by a fear of industry statistics that suggest that the average commercial farm achieves milksolids production of only 290 kg MS/cow despite a low stocking rate of 2.6 cows/ha (LIC 1998).



An improved approach.

	To improve the usefulness of the stocking rate ratio we must improve the accuracy of the information used in our calculations. The dual objectives of achieving both high levels of pasture utilisation and high efficiency of milksolids production per cow remain. In addition, we must balance the increased milksolids production and income per hectare, resulting from increasing stocking rate, with increased production costs that occur as more cows are farmed. To both calculate the likely optimum, and to apply the result on commercial dairy farms, the data required must be measurable on-farm.

	Liveweight is highly correlated to the maintenance requirements of the cow and potential milk yield. Therefore, herd liveweight would provide a much-improved measure of the potential feed demand of the cow. It is reasonable to assume that a measure of genetic merit would lead to further refinement. Actual milksolids yield cannot be included, as this is highly dependant on feeding level which in turn is dependent on stocking rate.

	To provide a measure of feed supply it is logical to simply quantifying the amount of feed provided rather than the area farmed. A further refinement could be quantifying the amount of feed energy provided, although this is probably unnecessary until measurement of annual pasture yield becomes more accurate. Because of the difficulty in accurately quantifying pasture production, including the genetic merit of the cow is also an unwarranted complication. 

	This suggests that a ratio of total herd liveweight to total feed supply is a more useful measure of the stocking rate relationship, and one that remains reasonably easy to calculate. This could be expressed as:kg Lwt/t DM

Where:

kg Lwt is the total liveweight of the herd (including first calvers) 2 months before calving. It is assumed that young-stock are excluded from the farm area.



 t DM is the total amount of feed supplied to the herd over 12 months including pasture production, and any bought-in supplement or cow grazing. 



Optimising stocking rate on the basis of kg Lwt/t DM 

	Table 3 contains a summary of five New Zealand experiments that compared stocking rate, and measured both liveweight and annual pasture production. As expected, Figure 4 demonstrates a strong inverse relationship between stocking rate (kg Lwt/t DM) and annual milksolids production per cow (kg MS/kg Lwt). When this relationship is applied to stocking rates ranging from 50 to 150 kg Lwt/t DM it is apparent that milksolids production per t DM is optimised at a stocking rate of approximately 105 kg Lwt/t DM (Figure 5). Near the optimal stocking rate the efficiency of production varies little for large changes in stocking rate. Efficiency of production varies by less than 3% from the optimum between 90- 120 kg Lwt/t DM. 

	The data of King & Stockdale (1980) from an experiment carried out at very high stocking rates (4.4, 6.6 and 8.6 cows/ha) on irrigated paspalum/rye-grass pasture in Victoria are also shown on Figure 5. While the efficiency of production is lower than that achieved in New Zealand trials, the general shape of the response curve and optima are similar. 

	The most relevant set of New Zealand data currently available are from a stocking rate trial conducted at the Dairying Research Corporation (DRC) No 2 Dairy by Bryant (unpublished) comparing high genetic merit Jerseys and Friesians at 2 stocking rates each (Table 4). This data allowed the calculation of optimum stocking rates for milksolids production per hectare of Jerseys and Friesians as 4.4 and 3.2 cows/ha. Assuming pasture production of 16 t DM/ha/year this is stocking rates of 102 and 94 kg lwt/t DM. Again, milksolids production from the farmlets varied little across a large range in stocking rates. Increasing the stocking rate of the Jerseys by 20 kg Lwt/t DM increased milksolids production by only 3%, and increasing the stocking rate of the Friesians by 22 kg Lwt/t DM actually decreased total milksolids yield by 5%.

	It is also interesting to note that in the Friesian trial, an optimally stocked herd would eat 1.1 t DM/ha/year less than the higher stocked herd. However, despite this large decrease in pasture utilisation, the gains in efficiency per cow would ensure total efficiency of milksolids production would be improved. 

	The relationship between liveweight and the amount of feed available also holds when the feed supply, rather than the feed demand, is changed. Macdonald (1999) increased the amount of pasture grown on farmlets stocked with high genetic merit Friesian cows by using high rates of nitrogen fertiliser. The optimum stocking rate for milksolids production were calculated as 3.8 and 4.0 cows/ha or 101 and 97 kg Lwt/t DM at 200 and 400 kg N/ha (18.3 and 20.3 t DM/ha/year), respectively (Table 5). Once again, a large range in stocking rate at a given feed supply resulted in little change to the overall efficiency of the system.



Optimising stocking rate for EFS

	Recent stocking rates trials have demonstrated the high genetic cow has a large capacity to respond to additional feeding resulting from reduced stocking rates. These increases in production and efficiency per cow have usually been large enough to offset the reduced efficiency of pasture utilisation, such that there was little variation in total milksolids production. Because each extra cow farmed carries additional costs into the system, the optimal stocking rate for profitability will generally be lower than that for production. The less sensitive total milksolids production is to stocking rate, the lower the economically optimum stocking rate will be. Bryant (1990) suggested that reductions in stocking rate would be possible at some time in the future as the genetic merit of cows improved. Trials conducted over the last 20 years suggest the progressive improvement in genetic merit could already have been accompanied by a progressive decrease in stocking rate on optimally stocked farms.

	Tables 6 & 7 contain the economically optimum stocking rates calculated for the trials referred to in tables 4 & 5. Across the 4 stocking rate comparisons involving different breeds and different feed supply the economically optimum stocking rate covers a narrow range from 81 to 85 kg Lwt/t DM. Again the sensitivity of EFS to changes in stocking rate near the optimum was low. This suggests that stocking rates for optimum EFS are likely top be about 85 kg Lwt/t DM given current costs and prices



Importance of high milksolids production per cow

	The optimum stocking rates calculated from this review are lower than those that have often been recommended (Table 8). High levels of income and profitability are achieved per hectare only because of high milksolids yields per cow. At the economically optimum stocking rate of 85 kg Lwt/t DM, 375 kg Jersey cows are required to produce 335 kg MS and 500 kg Friesians are required to produce 405 kg MS/cow. This is 20 to 30% higher then is presently being achieved by the Industry at these stocking rates.

	The need for good grazing management to realise the potential of optimum stocking rates is often overlooked. It is interesting that in the original trial work of McMeekan & Walshe (1963), increasing stocking rate under set stocking only increased milkfat (MF) production by 25 kg MF/ha (Table 1). As stocking rate was increased under poor grazing management production per cow fell from 185 kg MF to 155 kg MF. When rotational gazing was used to properly manage pasture supply and demand per cow production decreased by only 12 kg MF allowing an increase of 63 kg MF/ha as stocking rate was increased. It is also of interest that the higher stocking rates in this trial were 85 – 90 kg Lwt/t DM. The combination of an optimum stocking rate and improved grazing management increased production by 109 kg MF/ha. Again, a key to success of these relatively low stocking rates was the high levels of per cow performance achieved. The high levels of performance per cow were largely due to the long lactation length. Most the cows were milked for 280 - 290 days.

	Long lactation has re-emerged as an important feature of the high per cow yields achieved in recent experiments. The importance of early, compact calving, and an efficient method of moving feed from periods of surplus into periods of deficit has been discussed by Penno (1998). If stocking rates are to be reduced, per cow production must increase to compensate. The changes to farm management that will be necessary to bring this about must be carefully planned and in place before the stocking rate is changed. It is not enough to simply milk fewer cows and hope.



Optimising stocking rate for your specific situation.

	The economic analysis contained in this review has assumed Industry average costs, prices, and farm size. However, it is naive to assume that this is sufficient for all situations. All farms have different labour, farm dairy and infrastructure resources. The resources available on the individual farm will effect the economically optimum stocking rate and each individual case must be separately considered. 

	Nevertheless, a lower stocking rate and higher yields per cow will generally result in higher levels of profitability than higher stocking rates and lower production per cow. Improved feeding levels necessary to achieve high per cow yields is also likely to have animal welfare and mating performance benefits.  



Current research

	These association of lower stocking rates and higher levels of performance per cow are largely untested. The optimal stocking rates based on this analysis often fall at or below the lower stocking rate of the trials from which they are calculated. For this reason two major farmlet trials have been initiated. The first is with Friesian cows at the DRC No 2 Dairy, representing the climate typical of the Waikato, with mild winters and some degree of dryness in summer. The second is with Jersey cows at the Stratford Demonstration Farm in Taranaki, representing a cold winter, wet summer climate (best representation of South Island dairying). Both trials have recently completed their first season of three. 

	Data from the first year of the Stratford Demonstration Farm is contained in Table 9. Once again, the responsiveness of high genetic merit cows to reductions in stocking rate is apparent. The efficiency of milksolids production (kg MS/t DM) has actually exceeded the relationship generated from previous trials at the lower stocking rates (Figure 5). Based only on the first year’s results, the stocking rate for optimum milksolids production is as low as 85 kg Lwt/t DM. The stocking rate for optimum EFS is expected to be even lower. 

	These early results confirm that there is opportunity for potential gains in efficiency from lower stocking rates and high per cow performance.  Over the next few years it is hoped these trials will help clarify optimal stocking rates for different climates.



Summary

	High profits depend on growing and utilising large amounts of pasture. Stocking rate provides a measure of the balance between feed demand and feed supply.

	Efficiency of pasture utilisation increases as the stocking rate of high genetic merit cows is increased, but efficiency of production per cow declines.

	The trade-off between efficiency per cow and the efficiency of pasture utilisation results in milksolids production per hectare being insensitive to changes in stocking rate near the optimum.

	Profits are maximised when the stocking rate allows the minimum number of cows possible to achieve close to maximum milksolids production per hectare.

	Liveweight per tonne of dry-matter (kg Lwt/t DM) provides an improved measure of the stocking rate relationship.

	A review of stocking rate trials suggests the optimum stocking rate for milksolids production is 105 kg Lwt/t DM.

	The optimum stocking rate for EFS has been calculated at approximately 85 kg Lwt/t DM.
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�Figure 1: A summary of the effect of increasing stocking rate by 1 cow/ha on milksolids production per hectare in trials comparing deferent stocking rates between 1955 and 2000.



Figure 2: Trend in stocking rates chosen for experiments between 1955 and 1999.



Figure 3: A summary of the effect of increasing stocking rate by 1 cow/ha on milksolids production per cow in trials comparing different stocking rates between 1955 and 1999.



Figure 4: The effect of stocking rate of selected trials (Table 3) on annual milksolids production adjusted for liveweight.



Figure 5: The effect of stocking rate of selected trials (Table 3) on annual milksolids production per unit of feed.

�

Table 1: The relative importance of stocking rate and grazing management to dairy production (McMeekan & Walsh 1963; Campbell 1966).



Farmlet�1�2�3�4��Stocking rate (cows/ha)�2.9�2.4�2.9�2.4��Grazing management�Rotational�Rotational�Set Stocked�Set Stocked��Pasture yield (t DM/ha/year)�12.2�13.1�10.9�11.3��Hay & Silage offered (t DM/ha)�0.9�0.9�0.6�0.7��Total Feed (t DM/ha)�13.1�14.0�11.5�12.0��Milkfat (kg/cow)�181�193�155�185��Milkfat (kg/ha)�522�459�441�416��Days-in-milk�283�288�280�286��Liveweight (kg/cow)�381�388�348�379��Liveweight (kg/ha)�1100�925�990�850��



�Table 4: Effect of breed, liveweight and level of production on optimum stocking rate for milksolids production (Bryant, unpublished data)





Breed�__________�Jersey�__________�__________�Friesian�__________��Stocking rate�Low�Optimum�High�Low�Optimum�High��Cows/ha�3.6�4.4�4.5�3.0�3.2�4.0��Liveweight (kg/ha)�1346�1640�1667�1456�1500�1815��Stocking rate (kg Lwt/t DM)�84�103�104�91�94�113��Milkfat (kg/cow)�198�169�163�211�201�153��Milk fat (kg/ha)�707�744�738�637�644�609��Milk protein(kg/cow)�136�113�108�161�152�115��Milk protein(kg/ha)�486�496�489�486�486�458��Milksolids (kg/ha)�1193�1240�1227�1123�1130�1067��Feed eaten (t DM/ha)�14.4�16.2�16.3�14.5�14.8�15.9��

�

Table 6: Stocking rates for optimum economic farm surplus for No 2 Dairy growing 16 t DM/ha/year.



Breed�_______�Jersey�________�_______�Friesian�_________��Stocking rate�Low�Optimum�High�Low�Optimum�High��Cows/ha�3.57�3.61�4.53�3.02�2.73�3.98��Liveweight (kg/ha)�1346�1360�1667�1456�1340�1815��Stocking rate (kg Lwt/t DM)�84�85�104�91�84�113��Milksolids (kg/cow)�334�333�271�372�404�268��Milksolids (kg/ha)�1193�1200�1227�1123�1103�1067��Feed eaten (t DM/ha)�14.4�14.7�16.3�14.5�13.8�15.9��Income ($/ha)�4350�4370�4490�4110�4010�3890��Expenses ($/ha)�2780�2790�3060�2510�2390�2840��EFS ($/ha)�1570�1580�1430�1600�1620�1060��Note: Assumes $3.50/kg MS & average expenses published in the Dairy Board Economic Survey of Factory Supply Dairy Farmers 1997/98 (LIC 1998).



�

Table 5: Effect of annual pasture production on optimum stocking rate for milksolids production.





Nitrogen fertiliser��200 kg N/ha/year���400 kg N/ha/year���Stocking rate�Low�Optimum�High�Low�Optimum�High��Cows/ha�3.3�3.8�4.4�3.3�4.0�4.4��Liveweight (kg/ha)� 1650�1850 �2105 �1645 �1964�2160��Stocking rate (kg Lwt/t DM)�90�101�115�81�97�105��Milkfat (kg/cow)�205�190�153�224�198�171��Milk fat (kg/ha)�684� 722�677�746�753�759��Milk protein(kg/cow)�157�132�116�171�138�128��Milk protein(kg/ha)�524� 503�513�571�522�567��Milksolids (kg/ha)�1208�1225�1190�1317�1345�1325��Liveweight (kg/cow)� 494� 487�477�493�491�490 ��Feed eaten (t DM/ha)� 15.9�17.1�17.9�16.7�18.5�19.1��

�

Table 7: Stocking rates for optimum economic farm surplus for No 2 Dairy using 200 or 400 kg N/ha/year.



Nitrogen fertiliser��200 kg N/ha/year���400 kg N/ha/year���Stocking rate�Low�Optimum�High�Low�Optimum�High��Cows/ha�3.34�3.09�4.42�3.34�3.32�4.42��Liveweight (kg/ha)� 1650�1540�2105 �1645 �1639�2160��Stocking rate (kg Lwt/t DM)�90�84�115�81�81�105��Milksolids (kg/cow�362�393�269�395�396�299��Milksolids (kg/ha)�1208�1184�1190�1317�1315�1325��Feed eaten (t DM/ha)� 15.9�15.3�17.9�16.7�16.6�19.1��Income ($/ha)�4390�4285�4350�4760�4760�4810��Expenses ($/ha)�2800�1590�3260�3060�3050�3460��EFS ($/ha)�1590�1600�1090�1700�1710�1350��Note: Assumes $3.50/kg MS & average expenses published in the Dairy Board Economic Survey of Factory Supply Dairy Farmers 1997/98 (LIC 1998).







�Table 8: Stocking rate (cows/ha) optimised for milksolids production and EFS at different sized cows and total feed supply.



Mean Liveweight�Total Feed Supply

10 t DM/ha�

15 t DM/ha�

20 t DM/ha��Optimised for milksolids production (100 kg Lwt/t DM)�����350 kg/cow�2.9�4.3�5.7��400 kg/cow�2.5�3.8�5.0��450 kg/cow�2.2�3.3�4.4��500 kg/cow�2.0�3.0�4.0��550 kg/cow�1.8�2.7�3.6��Optimised for EFS (85 kg Lwt/t DM)�����350 kg/cow�2.4�3.6�4.9��400 kg/cow�2.1�3.2�4.3��450 kg/cow�1.9�2.8�3.8��500 kg/cow�1.7�2.6�3.4��550 kg/cow�1.6�2.3�3.1��

�Table 9: First years results from a trial to optimise stocking rate (t lwt/t DM) for EFS.



Farmlet�A�B�C�D��Cows/ha�2.5�3.2�3.7�4.2��kg Lwt/ha�925�1150�1370�1550��Stocking rate (kg Lwt/t DM)�73�86�101�118��Pasture grown (t DM/ha)�13�13.3�13�12.1��Supplement bought-in (t DM/ha)�-0.4�0.1�0.6�1��Total available feed (t DM/ha)�12.6�13.4�13.6�13.1��Milksolids Production ������kg/cow�366�321�256�225��kg/ha�922�1019�946�923��kg/t DM�73�76�70�70��kg/kg Lwt�1.00�0.89�0.69�0.60��(Pers. comm. Graeme Pitman, Agriculture New Zealand, Stratford).�Table 2: Summary of experiments conducted in New Zealand and Victoria involving two of more stocking rates at a constant feed supply



Reference�Breed�Lower SR

�

�Higher SR

�

�Production at lower SR�Effect of an extra cow/ha�����(Cows/ha)�(kg Lwt/ha)�(Cows/ha)�(kg Lwt/ha)�(kg MS/cow)�kg MS/cow�kg MS/ha��Hancock (1958)*�Jersey�2.5�893�4.1�1367�229�-21�144��Wallace (1958)*�Jersey�2.3�805�3.6�1260�191�-32�79��Freer (1960) *�Red Poll�2.7��4.6��168�-7�130��McMeekan & Walsh (1963) *�Jersey�2.3�923�2.9�1100�338�-46�214���Jersey�2.3�852�2.9�992�341�-77�89��Carter (1964) *�Jersey�2.3�805�2.9�1015�329�-14�250���Jersey�2.3�805�2.9�1015�296�-58�100��Waimate West (1965) *�Jersey�2.5�875�3.7�1295�287�-40�138���Jersey�2.5�875�3.7�1295�291�-18�229��Waimate West (1970) *�Jersey�3.3�1155�4.9�1715�247�-16�158���Jersey�3.3�1155�4.9�1715�245�-25�124��Bryant & Parker (1971) *�Jersey�4.1�1435�4.9�1715�217�-40�25���Jersey�4.1�1435�4.9�1715�205�-23�98��Rogers (1973) *��2.2��3.2��291�-46�142��Holmes & Wheeler (1974) *��3.9��4.4��257�4�252����3.5��4.2��256�-40�61��Hutton (1974) *�Jersey�4.1�1435�4.9�1715�205�-11�165���Jersey�4.9�1715�5.6�1960�224�-25�72��Stratford (1976) *�Jersey�3.3�1155�4.0�1400�261�-25�133���Jersey�3.3�1155�4.0�1400�256�-58�0��Bryant unpublished (1980) *�Crossbred�3.9�1365�4.3�1505�296�-28�-9��King & Stockdale (1980) *�Crossbred�4.4�1800�6.6�2600�247�-67�46���Crossbred�6.6�2600�8.6�3270�180�-30�-82��Thomson et al. (1988) *�Crossbred�3.7�1480�4.3�1720�324�-85�-40���Crossbred�3.7�1480�4.3�1720�327�-75�-53��Thomson et al. (1989) *�Crossbred�3.7�1388�4.3�1613�270�-85�-29���Crossbred�3.7�1388�4.3�1613�273�-102�-166��Bryant unpublished (1993) �Jersey�3.6�1346�4.5�1667�334�-63�38���Friesian�3.0�1456�4.0�1815�372�-104�-56��Thomson unpublished (1995) �Crossbred�3.6�1440�4.2�1680�292�-93�-100���Crossbred�3.6�1440�4.2�1680�294�-90�-83���Crossbred�3.6�1440�4.2�1680�328�-101�-67��Thomson et al. (1997)�Jersey�3.6�1260�4.2�1470�340�-63�-138��Macdonald (1999)�Friesian�3.3�1650�4.4�2105�362�-86�-17���Friesian�3.3�1645�4.4�2160�395�-89�7��Expanded from Holmes & MacMillan (1982) 

Liveweight in Italics are assumed as 350, 400, and 450 kg/cow for Jersey, Crossbred and Friesian cows, respectively.

*Milksolids calculated as 1.75 milkfat.



�Table 3: A summary of five New Zealand experiments where data allows stocking rate to be expressed as liveweight (Lwt) per hectare and per tonne (t) of available dry-matter (DM).



Reference�Liveweight

(kg Lwt/cow)�Pasture

(t DM/ha)�

(cows/ha)�Stocking rate

(kg Lwt/ha)�

kg Lwt/t DM�Production

(kg MS/cow)�

(kg MS/ha)�

(kg MS/t DM)�

(kg MS/kg Lwt)��McMeekan & Walshe (1963)*;�388�14.0�2.4�935�67�333�803�57�0.86��Campbell (1966)�348�11.5�2.9�1016�88�264�772�67�0.76���379�12.0�2.3�860�72�321�728�61�0.85���381�13.2�3.0�1128�85�309�914�69�0.81��Thomson et al. (1988) *�400�19.3�3.7�1480�77�319�1181�61�0.80���400�18.4�4.3�1720�93�271�1164�63�0.68���400�16.5�3.7�1480�90�324�1197�73�0.81���400�15.8�4.3�1720�109�273�1173�74�0.68��Thomson et al. (1989) *�375�13.9�3.7�1387�100�270�998�72�0.72���375�13.6�4.3�1612�119�225�966�71�0.60���375�15.3�3.7�1387�91�273�1012�66�0.73���375�13.7�4.3�1612�118�212�912�67�0.57��Bryant unpublished (1993)�377�16.0�3.6�1357�85�331�1193�75�0.88���368�16.0�4.5�1656�104�273�1227�77�0.74���482�16.0�3.0�1446�90�374�1123�70�0.78���456�16.0�4.0�1824�114�267�1067�67�0.58��Macdonald (1999)�494�18.2�3.3�1650�91�362�1208�66�0.73���476�19.8�4.4�2105�106�269�1190�60�0.57���492�18.7�3.3�1645�88�394�1317�70�0.80���489�20.6�4.4�2160�105�300�1325�64�0.61��*Milksolids calculated as 1.75 milkfat.



�


