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Introduction


Forage crops are playing an increasingly important role in the dairy industry as it expands and intensifies, particularly in the South Island. The need for supplementary feeds is driven by the growing gap between the demand for feed to meet milk production targets and the supply from pastoral production. This gap between supply and demand, and therefore the demand for forages and other supplements including grains, varies in size during the season depending on the extent to which pasture growth lags behind the total feed demand. 

In this paper we start by showing how the pattern of demand for supplementary feeds through a year can be calculated. Data from Southland dairying systems are used in the examples. The total feed requirement to meet various production targets and the annual pasture production pattern are defined, and then the occurrence and size of gaps are determined. With the demand thus defined, we then examine supplementary feed options that are available to fill the gaps during the year at various levels of production. Crop & Food Research has a key role to play in this because the Institute is a provider of crops, cultivars and management systems for supplementary feed production. Therefore, in the second part of the paper we describe forage and grain feeds that are available currently to meet the industry’s supplementary feed demand. We also describe current research in forage crop breeding and management, and outline the new collaborative efforts being developed with Lincoln University, Dexcel, Ravensdown and others at the South Island Dairying Development Centre.


Ultimately our aim is to provide the dairy industry with a “menu” of forage and grain feeds that have diverse quality characteristics and are productive at different times during the year to supplement pastoral production. In the final part of the paper, we look to the future and speculate how this aim will be achieved by developing and applying new technologies. Future systems must also be sustainable, both economically and environmentally, and we discuss how both requirements might influence the options for supplementary feeds.

Supplementary feed demand


Total feed demand is determined by target milk production patterns and totals. For example, current average production in the Otago / Southland region is 369 kg milksolids (MS)/cow/year (Livestock Improvement Corporation Ltd, 2001) from a typical intake of 

15 kg DM/cow/day. However, the best herds in the region are producing more than 600 kg MS/cow/year, indicating the potential for improvement. At this production level total feed intake of up to 20 kg DM/cow/day is required.


To illustrate how the demand for supplementary feeds is calculated we will assume three target production scenarios: the current average (369 kg MS/cow/year), and increases to 420 and 600 kg MS/cow/year. A typical, average seasonal pasture production pattern in Southland and a feed demand pattern for the 369 kg MS/cow/year scenario are shown in Figure 1. Similar production patterns are achievable in other South Island locations but with local differences in seasonal pasture growth. The gap between pasture growth and feed demand  indicates two main periods when there is a feed supply deficit: in early spring (July to October) and again in summer and autumn (January to May). Therefore, dairy farmers in Southland are already providing supplementary feeds during these months to achieve the current average level of production. 


In reality, production increases occur through a combination of increased feed intake, number of milking days, and stocking rate. Furthermore, increasing MS production above the average requires consideration of the quality, as well as the quantity, of different feed types. Supplementary feeding produces the greatest benefits in well managed, high producing farm systems. Under these conditions, the response to supplements is primarily a result of increased utilisation of energy to support lactation, with a conversion efficiency of 7.5 g MS/kg ME intake irrespective of the feed type (Kolver, 2000). Despite all these factors, in the calculations below we assume the same average cow size, stocking rate, and over-wintering maintenance requirement per cow in all cases. Therefore, the examples demonstrate the benefits gained solely from filling the feed deficits during the season. 

We used two simulation models to identify possible solutions to fill feed quantity and quality deficits in Southland. Both can provide information to assist with optimising diet formulation and assessing the economic benefits of new production systems. However, it is important to acknowledge that, like all models, their outputs are only as good as the quality of the information that goes into them. In complex systems such as dairy farms, many interactions occur that the models may not account for.

a. feedTECH


This whole farm systems simulation model includes a ration formulation program. We used it to define the monthly deficit of feed supply over the whole lactation for a 310 cow herd on 100 ha for three feed management options. In each case the protein and carbohydrate rations were balanced to prevent any nutritional limitations. The options were:

1. Pasture only system, with monthly pasture growth as shown in Figure 1,

2. Pasture supplemented with barley silage, with or without urea added depending on 

      the need for protein,

3. Pasture with supplement provided at potential intake levels according to the pattern of 

      feed available from pasture determined by the model and calculated at the stage of

      lactation, post calving live-weight, and quality of pasture and supplement used in the 

      ration. Crushed barley was added to rations of whole crop barley silage to stimulate 
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       intake levels closer to the theoretical maximum predicted by the model.

Figure 1: Average seasonal pasture production and intake demand for Southland based on average herd production of 369 kg MS/cow/year (Dexcel, pers comm.).

The simulated total MS production for each of the three options is presented in Table 1. Option 1 produced less than the current Southland average, confirming that farmers are already providing supplementary feeds. Simulated supplementary diets in Options 2 and 3 are presented in Table 2. Option 2 allowed the current average level of production for Southland to be achieved (Table 1), and option 3 produced the increased target of 420 kg MS/cow/year in our second scenario (Table 1). The potential gains with high quality supplements such as grain were limited strongly by the amount of feed that could be ingested. 

Table 1: Production levels predicted using the feedTECH model with three feed options for a typical 310-cow herd in Southland. Supplement A consisted of barley silage which was fortified with urea if protein deficit occurred. Supplement B consisted of A plus crushed barley.
	Option
	Total MS/ha/year
	Total MS/cow/year

	    1. Pasture
	1089
	351

	2. Pasture + Supplement A
	1146
	370

	3. Pasture + Supplement B
	1302
	420



In this example, the difference between Options 1 and 2 (from pasture alone to full feeding with pasture and barley silage) was 19 kg MS/cow/yr. This was achieved by feeding a total supplement of 332 kg DM/cow over the season for a net recovery of 17 g MS/kg of supplement. At a payout of $4.00/kg MS the net income was raised from $425 711 (pasture only) to $437 158 (Option 2) for a 3% increase in productivity. This was increased by another 2.9% to $449 426 in Option 3. At $4.50/kg MS, the net income was $480 137 for a pasture alone system and further increased to $494,440 (3.0% increase) and to $524 527 (6.3% increase) for the respective supplementary feed options (Table 3). Feeding of barley grain (option 3, Table 2) in addition to silage increased production by 24g MS/kg of supplementary feed. This was achieved by feeding a total of 566 kg DM/cow of silage and 311 kg DM/cow of crushed barley over the season. 
Table 2: Simulated mean monthly supplements (kg/cow/day) to pasture based diets for the same two supplementary diets options as in Table 1.
	Month
	Option 2
Barley silage
	Option 3

	
	
	Barley silage
	Barley silage + Urea
	Crushed barley

	Jun
	
	
	
	

	July
	
	
	
	

	Aug
	2
	1.8
	
	3

	Sep
	
	
	
	

	Oct
	
	
	
	

	Nov
	
	
	
	

	Dec
	
	
	3
	

	Jan
	1
	2
	1
	0.8

	Feb
	5.8
	0.5
	1
	3.6

	Mar
	3.5
	3
	
	2

	Apr
	1
	
	5
	1

	May
	
	5
	
	0.5


Table 3: Net gains predicted using feedTECH resulting from feeding supplements compared with to pasture alone, for a 310-cow herd in Southland for two levels of milksolids payout. Allowance made for N fertiliser and feed costs.
	Option
	Predicted increase in

production

(kg/MS/cow/yr)
	Cost of feed
$/yr
	Predicted increase in net income

	
	
	
	$4.00/kgMS
	$4.50/kgMS

	2. Pasture plus supplement A
	19
	$ 11 402
	$11 447
	$14 303

	3. Pasture plus supplement B
	69
	$ 51 689
	$36 777
	$47 471


b. RUMEMP


This simulation model of rumen function was used with similar set-up parameters as for the feedTECH simulations to identify critical protein and energy limitations under full feeding situations, but with restrictions on intake that are relevant to Southland. The model was developed at Lincoln University and based on adaptations of the AFRC equations (AFRC 1993) describing rumen function and milk production. Milk production targets ranging from 420 to 600+ kg MS/cow/year were adjusted by manipulating daily milk volume at three lactation stages. For each stage, diets were evaluated for their capacity to supply the metabolic requirement of the animals by calculating the net energy and protein balance. Pasture quality was varied depending on the lactation stage and reflected the advancing maturity and seasonal compositional change of the herbage.


On an all-grass diet, the main production limitation came from inadequate feed energy, irrespective of the digestibility of the pasture on offer. In early lactation, with cows fed high quality (>80% digestible) grass, energy intake only became limiting when per cow production exceeded 600 kg MS. In mid-lactation, when grass quality is lower, the critical energy-limiting production level was lowered to 400 kg MS/cow/year. In late lactation, pasture quality was assumed to increase and energy limitations became significant at 470 kg MS/cow/year.


Cows fed high quality pasture were never short of protein. However, when cows were fed medium quality grass in mid-lactation, protein supply became limiting when attempting to achieve a target above 600 kg MS/cow/year target. Similarly, a protein shortage only occurred when a low protein supplement (barley silage and crushed barley) was being fed and the target was greater than 600 kg MS/cow/year.


In mid-late lactation the simulations showed that the demand for energy outstripped the energy supply available in pasture in cases where production exceeded 400 kg MS/cow/year. In these simulations, a maximum of 2 kg DM/cow/day of silage and 2 kg DM/cow/day of crushed barley was offered, and this suggested that for cows fed fully with energy-rich supplementary feeds, such as cereal silage or grain, higher production could be supported by supplying more feed. 

c. How can 600+ kg MS/cow/year be achieved?


Assuming optimum pasture management, the strategic use of supplements holds the key to further increases in production. Feeding of concentrates in early lactation (weeks 1 - 4), feeding of conserved pasture in late lactation, feeding of high ME silage (maize or whole crop cereal), and optimum management of body weight and the application of fertiliser to boost pasture responses in spring and autumn are several possibilities. The response of cattle to supplementary feeding may depend on their genetic potential, body condition, the quantity and quality of the main feed supply and the supplement, and the stage of lactation. Milk production responses to the bulk feeding of supplements is not linear. Therefore, optimising the production response is difficult and also complicated by substitution and carryover effects. 

Supplementary feed supply

Having established the demand for supplementary feed, we now consider the main cereal and brassica forage crop options that are available to fill the gaps during the year. 


Four distinct types of cereal forages produce dry matter with different quality at different times of the year.

· Spring silage. Provided mainly by late-cut, whole-plant, grain-based barley, wheat 


    and triticale.

· Winter multi-grazing followed by spring silage. This type is rapidly gaining 


    popularity. Recent trials have shown that triticales have a clear advantage over the 


       traditional ryecorn because their increased grain size provides better silage quality.

· Mid-late winter single grazing forage oats.

· Early to mid-winter single grazing. Mainly barley, although awns can be a problem and new awn-less or hooded types are currently being tested.


Research on cereal forages has focused on developing new cultivars of wheat, oats, barley and triticale, and on developing systems to maximise their yield and quality by studying how management and environmental factors influence their growth and development. Initially cultivar development was based on material from grain breeding programs but recently it has been utilising specialist forage germplasm. Evaluation systems have become more sophisticated, utilising either cutting or animal grazing, then regrowth observations and ME measurements.

Table 4: Forage production in a trial at Dunearn, Southland for cereals sown on 11 October and harvested on 4 February 2002.

	Cultivar
	Type
	Yield

(t/ha)
	DM

(%)
	ME

(MJ/kg)
	NDF

(%)
	Protein

(%)
	Organic matter digestibility

(%)
	Total soluble sugars

(%)

	G1620
	Triticale
	15.2
	39.4
	9.6
	47.2
	9.1
	65.6
	19.8

	Doubletake
	Triticale
	18.5
	39.6
	10.1
	40.4
	8.9
	70.4
	26.8

	Rocket
	Triticale
	19.6
	41.6
	10.2
	42.3
	9.2
	70.2
	22.6

	
	
	
	
	
	
	
	
	

	Sapphire
	Wheat
	17.4
	44.7
	8.9
	51.6
	9.2
	59.7
	16.9

	Morph
	Wheat
	15.5
	40.6
	10.5
	37.8
	9.9
	72.2
	27.9

	
	
	
	
	
	
	
	
	

	Hokonui
	Oat
	16.0
	42.7
	8.5
	53.4
	6
	57.7
	17.7

	
	
	
	
	
	
	
	
	

	CV (%)
	
	8.0
	3.7
	
	
	
	
	

	LSD (5%)
	
	2.0
	2.4
	
	
	
	
	

	
	
	
	
	
	
	
	
	



Cereal forages are being tested in Southland and other South Island regions as part of our research. For example, results from two trials in 2001-02 are shown in Tables 4 and 5. Spring triticale, wheat and oat cultivars grown for silage in a trial at Dunearn produced dry matter with differing quality attributes and yields ranging from about 15 to 20 t DM/ha (Table 4). Results from a mid-April sowing of oats or triticale showed that they produced about 15-16 t DM/ha by early November (Table 5). Based on results from a double cropping trial in Canterbury, we estimate that a double cropping system in Southland could produce 30 t DM/ha over a whole year, with a subsequent sowing of oats or triticale in mid-November producing a further 

15-16 t DM/ha by mid-March. In trials next season, even higher yields will be targeted by applying a growth regulator and fungicides.

Table 5: Cereal forage production in Southland.

	Sowing date
	Forage type
	DM yield (t/ha)

	
	
	16 Aug.

(121 days)
	9 Oct.

(175 days)
	9 Nov.

(206 days)

	Mid April
	Stampede oats

G1620 triticale
	1.5

2.1
	6

5.5
	16.5

14.7

	Mid November

(speculative data)
	Stampede oats

Rocket triticale
	
	
	15 March 

16.0
15.0



As well as trials, evidence to support these production levels comes from recent grower experience. An example is a crop of Doubletake grown near Otautau in 2001-02 by Keith Milne, a first time grower of triticale. It was sown on 30 September, grown with intensive management, and harvested 130 days later on 21 January. It produced 19 t DM/ha at 36.6% DM content. Time of harvest is very important and, in this case, there was pressure from the contractor to harvest about 10 days earlier than 21 January. Mr Milne checked with Crop & Food Research and confirmed that 11 January was too early. By waiting the extra 10 days, yield and quality were both significantly improved; at this stage of development yield is typically accumulating at about 200 kg/ha/day (or 1 t/ha every 5 days) and dry matter content is increasing rapidly. 


This result supports a general observation that cereal silage quality in Southland has improved significantly in recent years as harvesting times are delayed until a more appropriate DM content is reached (Peter Isherwood, pers.comm.). Southland growers are quickly adopting appropriate technologies, either by delaying harvesting or by cutting and wilting. 


Forage brassica crops (swedes, rape, turnips and kale) are grown mainly to produce supplementary feed in winter. Research on these crops includes breeding to produce new cultivars with improved pest and disease resistance, acceptability to animals, and live weight gain. These factors are influenced largely by two types of sulphur-containing chemicals found in brassicas. A simple method for analysing the kale anaemia factor (SMCO) has been developed at Lincoln, and bioassays and chemical analyses of glucosinolates (important for disease resistance and animal acceptability) are carried out with cooperation from Wrightson Research in New Zealand and CSIRO in Australia. Good progress is being made towards developing cultivars with improved yields for all brassica types (Table 6). As well as breeding, trials are in progress to determine the responses of forage brassicas to fertiliser application.

Table 6: Brassica production in Southland.

	Cultivar/line
	Total DM (t/ha)

	Swedes:

 Doon Major

 Tina

 Highlander

 Major Plus

 Winton
	11.1

10.0

13.3

12.4

14.0

	Rape:

 95A3

 AMX2f

 Bonar

 Rangi

 Emerald

 Maxima
	5.5

5.4

4.5

4.3

4.3

3.6

	Kale:

 Gruner

 Proteor

 Kestrel

 R6G2

 G7C1
	9.7

9.8

8.5

13.4

10.4


 From our research we have identified several Best Management Practices that growers can use to help get the best performance from their forage crops:

· Take care to assess yields accurately - Variation in yield and DM content within a 


paddock means that yield estimates can be inaccurate if thorough sampling procedures 


are not used.

· Harvest cereal silage crops at the optimum time - The ideal DM content for harvest is 
 
37-43%. Harvesting outside this range may sacrifice yield, and can create problems with 


stack compaction and quality of ensiled product. The window of opportunity for 


harvesting and processing at suitable DM content can be very short (Figure 2), especially 


if temperatures are high. Better methods are being developed to predict more accurately 


when crops are ready to harvest. Good communication with harvesting contractors is vital 


at harvest time when demand for their services is high.
· Minimise adverse effects on soil quality - Harvesting, grazing or feeding out forages can 


damage soil structure, especially when it is wet. Access by forage wagons can be limited 


and other feeding options, such as feed-pads, solid-base races or feeding through an 


electric fence to minimise wastage and pugging damage, must be considered in wet 


conditions. Pugging can reduce soil structure, aeration, water infiltration and, ultimately, 


productivity. A close relationship has been found between grain yield and soil structure in 


Canterbury (Figure 3). If a paddock with damaged soil structure is cultivated, there will 


also be increased fuel and time costs to create a suitable seed bed for sowing the next 


crop. Repair of such damage, using restorative crops such as pasture, is much slower than 


the time required to do the damage. A research team in Southland is studying the impact 


of grazing on soil structure and subsequent crop yields.
· Maintain the balance of mineral nutrients in dairy forage crop systems - Forage crops 


take up substantial quantities of mineral nutrients (Table 7). These must be replaced by 


appropriate fertiliser applications, especially when they are all removed from the paddock 


in harvested silage. On the other hand, management of nutrient accumulations is 


necessary where cows are fed supplementary feeds. About 60% of the nitrogen (N) 


ingested by cows is excreted as soluble N in urine. In paddocks, this can easily be leached 


from the soil, possibly causing groundwater contamination. 

Table 7. Amounts of nutrients removed by Stampede oat silage.

	
	kg N/ha
	kg P/ha
	kg K/ha

	Spring sown (16.7 t DM/ha)

Autumn sown (6.5 t DM/ha)
	220

129
	8

7
	330

212
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Figure 2: Progress in dry matter content after flowering for whole crop cereal silage. Observations for each cultivar were derived from four trials over two seasons at Lincoln. Lines are quadratic fits to the data and the dotted line indicates an ideal dry matter content for silage harvest. 
The future

a. Decision Support Systems (DSSs)



We foresee that new technologies in information management combined with better quantitative descriptions of the quality attributes of supplementary feeds will lead to DSSs that dairy farmers can use to “dial-a-diet” to achieve their performance targets. The systems will be user-friendly software packages built around current models such as feedTECH and RUMEMP. The systems will contain detailed information about all supplementary forage and grain feed options, including their quality characteristics, time of availability, and effects on cow performance. Farmers will be able to specify mixes of carbohydrate, protein, fibre and other quality attributes that they require at any time of the year to meet their milk production and composition targets. The DSSs will select the best corresponding mixtures from the menu of supplementary feed options. As well as providing the best technical solutions, the DSSs will also perform economic analyses to help farmers optimise the profitability of their supplementary feeding options. 
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Figure 3: Relationship between wheat yields and soil structure in wheat crops at Lincoln.


DSSs are already being developed that growers can use to make technical and economic decisions that influence yield, quality, timing and profitability of forage crop production. The DSSs are user friendly software packages which contain crop models that are driven by weather and management inputs. They deliver expert knowledge about crops into the hands of non-expert users who can use them to produce their own optimum management decisions. An advanced example is the Sirius Wheat Calculator. It allows users to vary inputs such as sowing date, cultivar, and management of fertiliser and irrigation, and forecasts crop timing, yield and financial outcomes resulting from management decisions. Similar systems are being developed for other forage and grain crops.
b. South Island Dairying Development Centre (SIDDC)


Crop & Food Research, Lincoln University, Dexcel and Ravensdown have formed a partnership to develop the SIDDC at Lincoln. One aim is to develop dairy research projects for the South Island industry and to provide a strong linkage between research and extension. The SIDDC includes the new dairy farm and the arable and forage cropping farm. Crop & Food Research has been instrumental in developing a business and research plan that will enable on-farm forage production systems to be tested and developed. Best management practices for forage production will then be demonstrated and communicated to South Island dairy farmers and, ultimately, applied on their properties. 



A vital missing element in Crop & Food Research’s forage projects is the ability to include live-animal testing. This would make it possible to establish links between biochemical predictive tests and measurements of forage quality and quantity, and animal performance. As part of the new business and research plan for the arable and forage cropping farm, an assessment is being undertaken of the research value of an attached feedlot.

c. New technologies


New breeding technologies will enable current species barriers to be overcome, either through genetic engineering or wide-crossing. Traits based upon bacterial, viral, fungal, and/or insect resistance genes are currently available and could be transferred immediately into cereal or pasture forages. Use of such crops would not only reduce pesticide use and the associated expense of applications, but would also ensure that there was no withholding period prior to use of the crop. Herbicide resistant crops could enable less toxic sprays with reduced persistence to be used.


Mid-term goals might involve current research on some aspects of the nutritional status of crops used for animal feed. A major objective of research  is to develop pasture legumes that do not cause bloat in grazing cattle. Researchers have cloned genes from the tannin synthesis pathway from bloat safe species such as sainfoin, then introduced these genes into lucerne and clover. The low content of sulphur amino acids in legume seed proteins is a major limitation to their nutritive value for animals and humans. Researchers  have introduced a gene from sunflower into clover which controls a protein with high levels of these amino acids, and are currently assessing the levels of expression. Stem lignification can account for decreased digestibility, particularly as the forage plant matures. Genes associated with increased levels of non-structural carbohydrate, or with lignin biosynthesis, have been cloned and transferred back into clovers and lucerne. Similar approaches could be taken with other forages species. In forage brassicas, genes involved in the glucosinolate and SMCO biosynthesis pathways have been cloned. Development and introduction of antisense (reverse transcription) versions should enable production of forage brassicas with highly reduced levels of these anti-nutritional compounds.


Longer term goals might involve such traits as extreme “leaf stay-green”; cold tolerance; or further animal health characters such as plant materials with natural anthelminthics, antibiotics or essential micronutrients.

 
Even without GE technology, the application of other, new, highly efficient and effective breeding technologies (such as molecular markers) to cereal forages will make rapid improvements in forage performance and quality possible in contrast to the previous attention on grain attributes, which cereal breeders have focused upon for generations.

Conclusions


Using an example from Southland, we have demonstrated that strategic use of supplementary feeds can significantly increase milk production above the current mean of 

369 kg MS/cow/year. Even at the substantially reduced predicted payout for the 2002 - 2003 season, the use of such supplements is economically viable. Computer-based models were used to predict increased milk production from strategic use of supplements; it must be stressed that many assumptions are used in developing these scenarios. Consequently, the outputs presented in this paper must be critically analysed before implementing any increase in supplementary feeding on individual farms.


The environment is ideal in the South Island for  production of cereal forage and grain, creating the potential for a steady supply of such feeds for  dairy farmers. Forage brassicas also produce well, especially in Southland, and provide high quality feed for over-wintering. Current breeding and agronomic research programs continue to improve the sustainable productivity and quality of these crops.


Future crop improvement research  will include new breeding technologies such as genetic modification. We also anticipate that new user-friendly information technology systems will be developed, making technical and economic information about supplementary feeds, and their effects on cow performance, readily available to farmers and enabling them to make optimum feed management decisions and achieve their production targets.
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Workshop summary

Background summary

Desma is the General Manager of Crop and Food Research at Lincoln. She has a background in Soil Chemistry.

Presentation summary

Many farmers are aiming to increase production targets and they need to have the feed to do it. The session looked at the pattern of demand for supplements, the time and size of the gaps, the supplements that are available now and what the future will bring.

Computer modeling looked at three different scenarios, an all pasture, pasture plus barley silage and pasture, barley silage and crushed barley. The modeling found that both the second and third scenarios resulted in more production and net income than the straight pasture scenario.

When looking at supplementary feeding options in Southland there are four cereal options:

1. Spring cereal silage

2. Winter multigraze followed by spring Triticale silage

3. Mid to late winter single graze forage oats

4. Early to mid-winter single graze

What does the future bring?

· Building on feed options with specialist germplasm in breeding programs

· Nutritional goals for crops for animal feeds

· Developing and applying new technology such as Decision Support Systems

· SIDDC - forum for on farm testing

Discussion summary

· Information is wanted by farmers on growing crops - a booklet is being produced with existing information.
· Quality of Triticale versus Barley. Triticale has a higher yield but barley has a higher ME. Crop and Food are looking at addressing this.
· Harvesting window is small and very important as cereal crops will increase in total dry matter greatly in the last 10 - 14 before harvest. 
· When the moratorium on GE comes off Crop & Food will look further into pest and disease resistance of crops, herbicide resistance and sorting out anti-nutritional factors.
· There are ways to increase the grain yield of cereal silage by cutting higher when harvesting or by using chemicals to reduce the straw content. However these methods will decrease the total yield.
· The moisture content of the crop must be correct to good silage as if this is too low the crop will not compact or ferment correctly.
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