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Summary


For purchased supplements to increase economic farm surplus (EFS) pasture feed supply must be the primary limiting factor.


Milk production responses to purchased supplements can be similar to that of extra pasture grown from nitrogen (N).


Greatest responses happen in autumn, mainly by increasing lactation length.


When using supplements, stocking rate has to be sufficiently high to ensure little conservation.


The highest per cow or per hectare milksolids production does not necessarily result in the highest profit.





Introduction


The traditional New Zealand ryegrass/white clover based seasonal dairy farm system has remained unchanged for many years.  Because pasture remains the main source of feed, increased milksolids (MS) production is dependent on growing and utilising more pasture.  If increased pasture growth from N fertiliser is discounted then MS production increases have not occurred on our best dairy farms since the early 1970s.


The seasonal nature of dairying in New Zealand, where 90% of milk goes to manufacturing, and 90% of which is exported, results in a low milk price.  This means the New Zealand dairying system remains a low cost one.  Farmers have learned to cope with a low and decreasing milk price by increasing MS output per unit of land and labour.  Output of MS 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 N fertiliser and purchased feed in an attempt to improve MS production per cow and per hectare.  Unfortunately, this has often occurred on farms which are limited by feed utilisation rather than feed production.  While MS production gives a reasonable indication of profitability under a pasture only farming system, it is a poor measure of profitability when purchased feed options are used for dairy production.


In the South Island there is an extra need for supplementation compared with the North Island because pasture growth is restricted to a shorter period, greatly reducing lactation length.





The role of supplements in a pasture based system


The role of supplementary feeds is to add energy during periods of deficit, thus the purchased feed can increase total MS production.  The use of purchased supplements can improve pasture utilisation because it gives the confidence needed to increase grazing pressure through increased stocking rate.  This ensures that pastures are always leafy and rapidly growing.  High levels of pasture utilisation are an essential part of high MS per hectare production systems, which generate high levels of EFS.  The use of purchased feed has the potential to supply energy at a time of deficit, so that milk flow is more even, particularly in the summer and late autumn.





Responses to supplements


There are six factors that determine the level of response from adding supplements to a system.


Size of feed deficit


Quality of supplement


Quality of pasture


Level of substitution


Stage of lactation


Cow condition





Size of deficit


Thomson et al, (1997) recorded a response of 115 g MS/kg DM from barley grain fed in the spring when cows were being underfed on pasture.  Clark (1993) showed that when large feed deficits are created, such as with high stocking rates, then large responses to supplements can occur.  A trial at the Waimate West Demonstration Farm showed considerable between year variation in the response to supplements can occur (Thomson et al, 1998).  In the first year responses of 76, 32 and 66 g MS/kg DM supplemented (maize silage) were achieved in the spring, summer and autumn respectively, but in the second year much better responses of 157, 82 and 179 g MS/kg DM were achieved.  This trial demonstrates that even in a controlled situation (as in a trial) it is difficult to predict what response will be achieved and that between years variations do occur.





Quality of supplement


It is important to recognise that the major limiting factor on NZ dairy farms to increasing production and profitability is low energy levels in pasture, so it is important that the cheapest form of energy is purchased.


Maize silage is readily available and is relatively easy to trade, store, and feed. It is often suggested that a lack of protein may be limiting production, particularly in the summer when pasture crude protein (CP) levels can drop to less than the required 16-18% for lactating dairy cows.  Macdonald et al, (1998) investigated the ability of urea, soybean meal and fishmeal to overcome protein deficiencies that occurred when cows were supplemented with large amounts (>30% of diet) of maize silage.  Fishmeal and soybean meal increased both MS yield and liveweight gain in the summer and autumn.  This suggests that these protein supplements could have increased the digestibility of the total diet or provided more metabolisable protein for milk synthesis.  Urea did not increase MS yield, and the inclusion of urea carries the additional risk of animal health problems due to toxicity.  This work showed that when feeding maize silage as a large proportion of the diet (>50%), rectifying protein deficiencies can increase MS yield.  The rumen degradability of the protein is important, but at current milk prices the inclusion of fishmeal and soybean meal is uneconomic.


In the South Island barley grain is the supplement most freely available.  It has a high ME (>12.5) value and generally has a CP of 12%, which is higher than most other grains.  In the 1.75t MS/ha trial at the Dairying Research Corporation (DRC), the response to the addition of maize grain was 99g MS/kg DM fed (Table 10).  If the response from barley was similar or greater than that obtained in the DRC trial from maize grain, then the use of barley could be quite profitable considering the lower South Island costs ($210 /tonne).





Quality of pasture


The more suitable the pasture is for high milk production, then the lower will be the response from supplements when pasture intake is not restricted.  Therefore, in times of poor quality feed (as in a dry summer) larger responses can be expected, but this has often not been the case (Clark, 1993).  In summer, pastures (particularly in dry areas) can be low in crude protein (10-12%) and maize silage and maize grain contain insufficient protein (6%) to rectify the deficiency.  Even summer irrigated pastures in the South Island which have high ME and CP, responses to supplements would be small.  In the 1.75 t MS/ha trial at the DRC, the responses achieved (Table 1) from the addition of extra feed from N boosted pasture or supplementary feeds ranged from 78 to 108 g MS/kg DM (7.2 – 9.8 g MS/MJ ME).  In this trial cows fed the balanced ration the cows produced 10% more over the summer period compared with the maize silage and the maize grain farmlets, but this increase only had a small effect on total season production.  In another trial Penno et al, (1998) offered l50 MJ ME/cow/day to cows in early, mid or late lactation as either a diet balanced for protein, carbohydrates, fibre and minerals, according to NRC recommendations, or as rolled maize grain.  The immediate MS responses to feeds were 4.2 g and 4.6 g MS/MJ ME for the nutritionally balanced diet and the rolled maize grain, respectively.


[Table 1 here]


Level of substitution


Extra feed inputs cause various amounts of extra milk production, pasture substitution and changes in body condition.  The level of substitution is directly related to the total feed allowance.  The higher a cow’s intake without supplementary feed, the greater the level of substitution when extra feed is offered (Fig. 1).  The increase in milk production which occurs within a few days of starting to feed supplements is known as the “immediate response”.  Over a longer period, extra milk may be produced as a result of improved cow condition or better pasture cover because of substitution; this is known as the “carry over effect”.  Typically the carry over effect is equal to, or greater than, the immediate effect, however, this is dependent on the subsequent utilisation of any spared pasture and cow condition.


[Fig 1 here]


Spared pasture will only be utilised if the period of feed deficit continues until the herd returns to graze the particular paddock that was grazed at the time of supplementary feeding.  Therefore, cow condition spared by supplementary feeding will be of little benefit if generous feeding would have otherwise allowed any lost cow condition to be replaced shortly after it was mobilised.





Stage of lactation


Clark (1993) reported the responses and carry over effects of feeding pasture silage to dairy cows at different times of the year.  Herds of 3.7 Friesian cows/ha were offered 5 kg DM/cow/day for 30 days (150 kg DM/cow) in spring, summer or autumn, compared with a control herd which received no supplements.  Small immediate responses of 26 and 16 g MS/kg DM occurred in spring and summer, respectively (Fig 2).  Carry over responses of 46 and 45 g MS/kg DM were measured between the conclusion of the spring and summer silage feeding periods and the end of the season.  These large carry over effects were generated because the additional cow condition and pasture cover were able to be utilised.  The high stocking rate created large feed deficits.  Silage feeding finished on 3 September and 10 February respectively, well before the end of the feed deficit period.  This provided the opportunity for extra pasture and cow condition created during silage feeding to be utilised.  The 66 g MS/kg DM immediate response measured in the autumn was twice as large as immediate responses measured in spring and summer.  Feeding pasture silage in the autumn extended lactation by seven days, but unfortunately, the carry over effects from autumn supplementary feeding were not measured.


[Fig 2 here]


A series of trials were conducted by Moran and Stockdale (1992) to determine the production response to feeding maize silage when cows were offered restricted amounts of pasture in spring and autumn, and by Stockdale (1995) to determine the response to maize silage in spring when cows were offered generous amounts of pasture.  When cows were poorly fed on pasture the response in spring of 66 g MS/kg DM was similar to those reported for pasture silage by Clark (1993), however, the autumn response was smaller.  When cows were well fed on pasture, maize silage reduced pasture intake with no significant change in milk production being measured.  This indicated that supplements in spring will only be of advantage when pasture intakes were low. This situation may occur at very high stocking rates or when pasture intakes are less than 10 and 12 kg DM/cow/day for Jerseys and Friesians, respectively.  This should not occur unless high stocking rates are used.


Pinares and Holmes (1996) demonstrated the large increases in production that were possible by feeding silage to extend lactation.  They also clearly identified some of the dangers.  Four herds of Friesian cows were stocked at 2.9 cows/ha on separate farmlets.  Two herds were dried off on 4 April and grazed on a 71-day rotation with no silage.  The other two herds were milked on until 29 May, grazed on a 16-day rotation and fed 5.5 kg DM/cow/day as pasture silage.  The milking farmlets produced an additional 58 kg MS/cow over the 54 days of the trial.  However, the milking farmlets lost 570 kg DM/ha more pasture cover than the farmlets where the herd was dried off.  Further, despite the apparently generous feeding levels the cows being milked also gained less condition than cows in the dry herd.  Allowing for the pasture silage fed, the additional feed required to increase cow condition, and the feed required to recover lost pasture cover, the response was 103 g MS/kg DM.  This is still considerably higher than other responses reported to pasture silage.


Certainly, in the 1.75t MS/ha trial at DRC, the biggest response was achieved in the autumn as extra lactation days.  This production response was attributable to the marginal feed input above that required for maintenance.  For example, consider a herd dried off in mid April based on cow condition and farm cover.  After drying off, the herd will require maintenance feeding of about 6-7 kg DM/cow/day.  If enough silage is available to feed the herd an additional 6 kg DM/cow/day for 30 days the cows could continue to be milked on for this time without losing cow condition or reducing pasture cover.  If the herd is producing 0.80 kg MS/cow/day for an additional 30 days this increases production by 24 kg MS/cow for a supplementary feed input of 6 kg DM/cow/day =180 kg DM (for every kg DM silage fed an extra 133 g MS is produced).  If the silage is costed at 20c/kg DM then the return is $2.80/day for an additional feed cost of $1.60.  It is important that when the feed cost is subtracted from the extra milk income a profit has been generated.


The objective of autumn management is to increase average farm cover while ensuring cows reach condition score (CS) 5 by 1 June.  Adding purchased feed must not compromise these objectives.  In fact pasture and grazing management should be as if purchased feed was not available.  That is to say, grazing rotations should offer the same amount of area and pasture as would have been offered had supplementary feed not been available.  The additional feed can be used to help slow the rotation and ensure that the cows are adequately fed as well as having a longer lactation.  This must not be at the expense of lowered pasture cover or lost cow condition.





Cow condition


Attaining a high level of production early in lactation is essential because this determines the overall lactation yield, but only if the cows are then well fed.  To attain good production in early lactation the cows need to be CS 5 at calving.  If the cows are above CS 6 at calving they will eat less in the first eight weeks and conversely if lower than 5 they will eat more (Grainger & McGowan 1982; Thomson et al, 1997).  Some of the increased intake with low CS cows will be partitioned towards CS gain at the expense of early lactation milk production.





South Island


The South Island generally has a ready supply of barley grain and is often priced at about ($210 /tonne) 24 cents/kg DM, compared with maize silage which costs 20cents/kg DM.  If the data reported on the 1.75t MS/ha trial (Macdonald, 1999) were extrapolated to South Island costs then the economics of the systems were quite different.  Table 2 shows that if barley grain is added in the place of maize grain, and similar responses were achieved, then its use can be economic.  This shows that the EFS of Farmlet 6 (barley grain) is similar to that of Farmlet 2 (Low stocked 200N).  The importance of adapting trial results for your own situation are shown in the original trial analysis, (when maize grain was used) the EFS of Farmlet 6 was only $659/ha.  Adjusting the cost of the inputs for another situation has made a system go from being clearly uneconomic to a viable option.


[Table 2 here]


Nitrogen can be a very cheap source of extra feed.  At present, urea costs $300/tonne applied which can supply extra pasture (at a response of 10:1) for about 6.5cents/kg DM.  This makes it a cost effective feed supply.  Comparing Farmlets 1 & 3 in the 1.75t MS/ha trial shows that the use of nitrogen boosted the EFS by approximately $450/ha (Table 2).





Conclusions


Successful supplementary feeding strategies are reliant on the availability of a low cost, high quality feed.  The greatest responses to supplements will be obtained when supplements are used to increase lactation length.  Supplements should be used early in a feed deficit period to ensure carry over effects are captured.  At moderate stocking rates, supplementary feeding during autumn feed deficits is likely to give larger benefits than in spring.  The stocking rate must be high enough to balance annual feed requirements with total feed supply ensuring high rates of pasture utilisation are maintained.  If annual feed requirements are balanced with feed supplies then there is no need for supplements.
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�
Figure 1:  Effect of pasture substitution as intake of pasture increases (from Kellaway and Porta, 1993).
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Figure2:  Milksolids response to pasture silage (from Clark, 1993)








�
Table 1:  Calculated milksolids responses to N boosted pasture and supplement.


Herd�
Extra feed source�
g MS/kg DM fed�
g MS/MJ ME fed�
�
2�
N boosted pasture�
108�
9.8�
�
3�
N boosted pasture�
79�
7.2�
�
6�
Maize grain�
99�
7.6�
�
7�
Maize silage�
78�
7.4�
�
8�
Balanced ration�
99�
7.9�
�






Table2:  Adjusted analysis of 1.75t MS/ha trial at DRC using South Island costs (from Macdonald, 1999).


�
�
�
�
�
�
�
�
�
�
Herd�
1�
2�
3�
4�
5�
6�
7�
8�
�
�
Control�
LSR�
LSR�
HSR�
HSR�
HSR�
HSR�
HSR�
�
�
�
200N�
400N�
200N�
400N�
200N�
200N�
200N�
�
�
�
�
�
�
�
BG�
M.Sil�
BR�
�
Stocking rate�
3.34�
3.34�
3.34�
4.42�
4.42�
4.42�
4.42�
4.42�
�
Silage made�
0�
259�
530�
0�
90�
0�
0�
63�
�
Nitrogen used�
0�
202�
418�
203�
416�
207�
209�
211�
�
Maintenance fertiliser required


(kg 20% Potassic super/ha)�
728�
846�
922�
833�
927�
1024�
928�
1092�
�
Maize grain used (kg DM/cow)�
0�
0�
0�
0�
0�
1247�
0�
445�
�
Silage used (kg DM/cow)�
0�
186�
298�
68�
90�
148�
1279�
651�
�
Other feeds (kg DM/cow)�
0�
0�
0�
0�
0�
0�
0�
362�
�
Day in milk�
253�
266�
288�
217�
230�
283�
277�
291�
�
Kg MS/cow�
311�
361�
394�
269�
300�
400�
363�
407�
�
Kg MS/ha�
1040�
1208�
1317�
1190�
1325�
1768�
1606�
1800�
�
�
�
�
�
�
�
�
�
�
�
Total Income $/ha�
3880�
4510�
4889�
4517�
4979�
6566�
5942�
6694�
�
�
�
�
�
�
�
�
�
�
�
Total Expenses $/ha�
2192�
2490�
2747�
2842�
3028�
4504�
4143�
5498�
�
�
�
�
�
�
�
�
�
�
�
EFS $/ha�
1688�
2020�
2142�
1675�
1951�
2062�
1799�
1196�
�
�
�
�
�
�
�
�
�
�
�
Feed costs - S/ kg DM fed


Barley grain – 0.24 


Maize silage – 0.20


Other feeds – 0.85 (For Balanced ration farmlet)





Nitrogen – Urea $300/tonne applied





BG – Barley grain


M.Sil – Maize silage


BR – Balanced ration





LSR – Low stocking rate


HSR – High stocking rate


