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Introduction


For seasonally calved dairy herds, the non-milking winter months are a time for rest and rejuvenation for the cow (and the farmer). For most South Island herds the ‘dry’ period commences from mid May through to early June. Following dry off, cows are wintered on forage crops and/or pasture plus silage, hay and/or straw. Forage brassicas, particularly kale and swedes, are the more common crops used for wintering dry cows. The popularity of forage brassicas reflects the crops’ ability to produce large tonnages of high quality dry matter (DM) per unit area. Kale and swedes are typically established during early summer and may yield in excess of 12 t DM/ha. Actual yields will depend on environmental conditions, crop husbandry and management. Winter turnips and forage rape are sown later, either as a crop or sown together with short-term ryegrasses, and produce lower DM yields than kale and swedes. Another important feature of forage brassica is the ability to ‘carry’ the crop forward into the winter without loss of feed quantity and quality. Although other crops such as short-term ryegrasses and greenfeed cereals can be used in a similar manner to brassicas, they don’t typically offer the same DM yields and have only a limited ability to carry through the winter without senescence and lodging. 

Forage brassicas offer an excellent dry cow feeding opportunity for South Island dairy producers. To capture the full benefit of a high quality brassica crop (11.5-13.5 MJ ME/kg/DM) it is essential that correct crop and cow management be followed.

The aim of this paper is to identify characteristics of forages brassicas that may limit cow productivity through the winter, and to discuss management practices that will enhance the performance of cows grazing winter brassica crops.  

Nutritional requirements of the dry cow

The dry cow feeding period can be split into two periods.  

· Period 1 is from dry off to three weeks before calving 

· Period 2 is the three weeks before calving and is most often referred to the as the transition, or springer period. 

 
At drying off, South Island dairy cows are often not at the target body condition of 5.0 on the NZ 1-10 condition score scale. The aim in the dry period is to maintain or ideally lift body condition through to calving, targeting an average body condition of 5.5 for two and three year old cows and 5 for older cows by calving.  

Energy requirements of dry cows on brassica crops 


Period 1 dry cows typically don’t need the same level of intensive feeding and management as cows during the close-up (springer) period. Dexcel’s Feed4Profit ‘Feed Demand Information’ provides guidelines for calculating the energy and dry matter (DM) requirements for your dry cows and should be referred to for more information.  


An example of the energy requirements for dry cows is provided below: 


 Energy requirements on 1st June for an ‘average’ Friesian dairy cow of 500 kg liveweight, due to calve on the 15th August, gaining 0.5 of a condition score (or around 20 kg cow liveweight excluding calf or uterine fluids) over the first 6 weeks.

Maintenance




64 MJ ME 

Walking / grazing at 2km per day 

10 MJ ME

Pregnancy (8 weeks from calving)

14 MJ ME 

Condition gain 0.5 of a score in 6 weeks

24 MJ ME
 

Total 





112 MJ ME/day

If you’re uncomfortable with interpreting MJ ME calculations, energy requirements can be roughly converted to DM/head/day by dividing MJ ME requirements by 11. In this case, the 500 kg cow will need around 10-11 kg DM per day eaten (not offered) to meet her energy requirements.  


Cows can’t eat all of the feed on offer. If the utilisation of crop plus supplement is only 70%, a cow needing to eat 11 kg DM/day must be offered 14.7 kg DM/day (11 divided by 0.7).  

 To meet the energy requirements of the dry cow and to maintain a nutritionally balanced diet, it is recommended that a combination of forage brassica, silage and hay/straw be used (see next section for reasons why). The amount of forage and supplement offered will be determined by age and body condition of the herd, environmental conditions and feeding practice. In most cases 10.0–12.5 kg DM eaten (not offered) per day will suffice, of which 50-60% should be forage brassica, 30-35% silage or baleage and the remainder as hay or straw (see example, Table 1). To increase body condition during the dry cow period, increasing the proportion of brassica in the diet can increase energy intake, provided that the health of the cow’s rumen is maintained. Due to the inherent high-energy characteristics of forage brassica, silage quality only needs to be of ‘average’ quality. Feeding very high quality silage and/or hay may lead to dietary substitution of the brassica crop and will offer fewer advantages for helping to maintain rumen function (see next section).

Protein requirements of dry cows on brassica crops 


The protein requirements of dry cows are much lower than for a lactating cow. For most cows, a total dietary protein of 12% crude protein (CP) will provide enough protein for the demands of maintenance and pregnancy (NRC, 2001). For rising two-year old heifers, demands for protein may be slightly higher in late pregnancy, closer to 15% CP (NRC, 2001). Extra protein is needed by heifers to support ongoing growth by the cow and for relatively more udder development in younger cows. 


In most situations, a combination of forage brassicas, pasture silage or baleage and hay or straw will meet the CP requirements of dry cows, particularly if there is a high proportion of leaf material present in the forage brassica crop.  

It is relatively simple to calculate how much CP cows are receiving from their winter diet.  

An example:   

· Cows are grazing kale (5.0 kg DM eaten per day) plus barley silage (3.5 kg DM eaten per day) and barley straw (2.0 kg DM eaten).    

· If we know (from feed testing) that the kale contains 15% CP and that the barley silage contains 8.5% CP and the barley straw contains 4% CP, we can calculate protein levels in this diet as a ‘back of the envelope’ calculation.  
· Kale; 5 kg x 150 g CP/kg DM (15%) = 750 g CP

· Barley silage; 3.5 kg x 85 g CP/kg DM (8.5%) = 298 g CP

· Straw; 2.0 kg x 40 g CP/kg DM (4.0%) = 80 g CP

· Total CP for the diet = 1.13 kg CP/10.5 kg DM = 10.8 % CP for the whole diet.  


The diet is short on total CP versus the 12% recommendation. This may disadvantage younger cows (heifers and rising 3s) and cows closest to due calving dates. The easiest way to ‘fix’ this potential protein deficiency is to lift the proportion of crop on offer to increase total protein intake, or to seek some high quality silages (e.g. made from pasture, lucerne or forage peas) to feed in place of barley silage. At least aim to feed higher protein silages to younger cows, and cows closer to calving.

Table 1: Daily dietary intake of a dry cow consuming a diet of kale (7 kg DM), cereal straw (2 kg DM) and silage (3 kg DM) relative to nutritional requirements.

	 
	Feed Analysis
	Dietary Intake 
	Total
	Actual 
	Nutritional 

	Nutritional Factors
	
	
	Grass
	Kale
	Straw
	Silage 
	Intake 
	Intake 
	Requirement

	 
	Kale
	Straw
	Silage
	7 

kg DM
	2 

kg DM
	3 

kg DM
	12 

kg DM
	
	

	Nutritional Factors
	 (per kg DM)
	(per cow per day)
	(per kg DM)
	 (per kg DM)

	Dry Matter (% per kg wet weight)
	16
	86
	37.1
	 
	
	
	 
	
	

	Metabolisable energy (MJ ME)
	12
	6.5
	10
	84
	13
	30
	127
	10.6
	8.5

	Crude protein (g)
	160
	38
	139
	1,120
	76
	417
	1,613
	134
	120

	Acid detergent fibre (g) (ADF)
	190
	509
	303
	1,330
	1,018
	909
	3,257
	271
	> 210

	Neutral detergent fibre (g)* (NDF)
	250
	811
	487
	1,750
	1,622
	1,461
	4,833
	403
	> 330

	Major minerals
	 
	
	 
	 
	
	
	 
	
	

	Calcium (g)
	25
	3
	7
	175
	6
	21
	202
	17
	4.4

	Phosphate (g)
	3
	1
	4
	21
	2
	12
	35
	3
	2.2

	Sulphur (g) 
	7
	1.7
	3.2
	49
	3
	10
	62
	5
	2

	Magnesium (g)
	2
	2
	2
	14
	4
	6
	24
	2
	1.1

	Potassium (g)
	25
	23
	25
	175
	46
	75
	296
	25
	5.1

	Chlorine (g)
	4.5
	6.7
	6.2
	32
	13
	19
	64
	5
	2

	Sodium (g)
	1
	1.4
	1.5
	7
	3
	5
	15
	1
	1

	DCAD (meq/kgDM) equation one**
	120
	355
	331
	840
	710
	993
	2,543
	212
	> 100

	DCAD (meq/kgDM) equation two**
	419
	415
	370
	2,933
	830
	1,110
	4,873
	406
	> 200

	
	
	
	
	
	
	
	
	
	

	Assumptions:
	
	
	
	
	
	
	
	
	

	Nutritional  requirement = 500 kg liveweight cow at day 240 of pregnancy using NRC (2001) recommendations. 

	                                             Requirements will differ for cows less than 3 weeks from calving 
	

	Total Intake 12 kgDM eaten /cow/day = 7 kg of kale + 2 kg of cereal straw + 3 kg grass silage
	

	Key:
	
	
	
	
	
	
	
	
	

	* Additional NDF (particularly as high eNDF forages such as long stem hay or straw will benefit cattle on colder Canterbury days)

	**DCAD calculations from CPM Dairy; Dairy Cattle Ration Analyzer version 2.0.25a
	
	
	

	Reference:  
	
	
	
	
	
	
	
	
	

	Straw feed values sourced from McDonald et al, 1995 and grass silage values average of Lincoln University Feed Analyses 2001.

	Grass silage and straw mineral values sourced from Hill Laboratories Ltd.
	
	
	
	

	NRC 2001 and NRC Feed Formulation Program 2001 


	
	
	
	
	
	



These protein calculations are averages. Not all cows eat exactly the same proportions of crop and supplements in front of them and don’t always eat exactly the amounts we want them to eat, e.g. heifers cutting teeth may eat no crop but lots of silage. Therefore the actual protein intake by individual cows can be quite variable. 


If you do not have feed test values for the supplements or crops, there are plenty of ‘book values’ available. Management practices, especially use of N fertilisers and proportion of leaf to stem for pastures and crops will change the CP values for your feeds relative to the ‘book values’ and feed sampling remains the method of choice for determining the protein status of cows on crop. 

Carbohydrate (Fibre and Sugar) requirements for dry cows on brassica crops 

 
The fibre (NDF and ADF) concentration of forage brassicas is typically below that considered optimal for rumen function (Table 1 and 2; Barry et al., 1984; NRC, 2001).  Forage brassicas also contain relatively high concentrations of non-structural carbohydrates (NSC, or sugars).  The combination of low NDF and high NSC concentrations puts cows at greater risk of ‘rumen acidosis’, a condition where the pH of the cow’s rumen falls below the normal range of 6.2 to 6.5 (that is, too much acid accumulates in the rumen).  

High levels of non-structural carbohydrates (NSC) 


When highly fermentable NSC is eaten, rumen microbes break down the NSC quickly and extensively to make volatile fatty acids (VFA) which decrease the rumen pH.  

Low levels of fibre (NDF)


Inadequate NDF will also contribute to rumen acidosis. Low NDF feeds need less chewing during harvest (so less saliva is produced). Saliva contains buffers which when swallowed, help maintain a normal rumen pH. Low NDF feeds also discourage cud chewing.  Less cud chewing means less saliva is added to the feed and will cause more problems with rumen acidosis. 

Signs of rumen acidosis in cows eating forage brassica crops 


Sub-clinical rumen acidosis 


Often we see no specific clinical signs of rumen acidosis.  Many cases of cows that “don’t do well” on brassicas (empty gutted, condition loss), especially during the first 2-3 weeks of feeding are actually sub-clinical cases of rumen acidosis.  


Clinical acidosis 


Cows with clinical acidosis may scour, bloat or die suddenly. Scouring (diarrhoea) caused by the high acid levels in the gut changes the osmotic potential across the rumen wall. Moisture will be drawn across the rumen wall from the tissues surrounding the rumen, into the rumen itself, causing a scour. The cow will usually end up dehydrated (dull looking with sunken eyes).  


In extreme cases sudden deaths on forage brassica crops can occur caused by many factors, including rumen acidosis and other problems such as nitrate toxicity. It is best to involve a veterinarian to help find the cause of deaths of cows on a brassica crop.  

Bloat:  Most cases of bloat on a brassica crop are different to the type of bloat that is seen on lush grass and clover pastures. Clover bloat is a frothy bloat, caused by the formation of stable foam in the rumen that stops a cow from belching gas from its rumen. Brassica bloat is typically a gaseous bloat (called ‘feedlot bloat’ overseas). This bloat is caused by low rumen pH reducing contractions by the rumen, so that gas cannot be belched out.  


If a number of cows are bloating on brassica crop, suspect rumen acidosis. To avoid bloat on brassicas, follow the feeding guidelines in this paper to avoid risk of rumen acidosis (gradual adaptation to crop, feeding a source of effective fibre—hay, dry baleage or straw). 

Bloat and frosted brassica crops 


Most farmers know about the risks of grazing frosted brassica crops. We do not entirely understand why cows are more likely to bloat on a frosted crop. Frosted plant cells of the brassica plant may become more fragile and break down more quickly in the rumen. A more rapid breakdown of the plant cells means a more rapid fermentation in the rumen, more gas and acid production and a greater risk of bloat. Waiting for the frost to lift from the crop and feeding more fibre will reduce risk of frost bloat (see feeding guidelines section).  

Water requirements for dry cows on brassica crops


For dry cows eating 11.0 kg DM per day of a diet made up of e.g. 7 kg DM of brassica and 4 kg DM of grass silage, the daily requirement of water is around 19-20 litres per head per day (NRC, 2001). This requirement is in addition to the amount of water in the bulb, leaf or stem of the brassica crop itself. Dry cows on brassica crop must always have fresh water available. If water access is limited, cows respond by eating less feed and cow performance will suffer. An ideal management strategy is the use of portable troughs that follow the crop face as the crop is eaten.  


With a greater awareness of the importance of macro and trace mineral nutrition for cows grazing brassica crops, there has been an increased interest in the addition of minerals through drinking water.  Care must be taken when adding minerals to water supplies, to ensure that the palatability of water supply is not compromised by the addition of bitter tasting additives. 

Table 2: The nutritional and mineral characteristics of winter forage brassica options.

	  
	Swede
	Winter Turnip
	Kale
	Forage Rape

	Feed 
	Leaf 
	Bulb
	Leaf 
	Bulb
	
	
	 
	 

	Analysis
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range

	Nutritional Factors
	
	 
	 
	
	
	 
	
	
	 
	 

	DM %
	13
	12-15
	10.9
	1.53
	14
	13-16
	10
	9-11
	16
	15-18
	13
	12-17

	OM %
	88
	85-92
	96
	90-95
	83
	80-85
	90
	88-92
	91
	85-95
	90
	88-92

	OMD %
	92
	88-94
	97
	95-99
	89
	85-90
	95
	93-97
	88
	75-85
	89
	80-90

	CP %
	20
	18-21
	9
	7-12
	20
	15-29
	9
	7-12
	16
	12-20
	22
	15-24

	WSC %
	28
	25-30
	58
	50-63
	*
	*
	41
	50-61
	25
	20-30
	28
	25-30

	NDF %
	*
	*
	14
	*
	*
	*
	7
	*
	25
	23-26
	25
	15-26

	ADF %
	13
	*
	11
	10-14
	*
	*
	*
	*
	19
	17-24
	13
	12-15

	MJ ME 
	13.2
	*
	14.9
	*
	12.5
	11-13
	13.6
	13.6-13.8
	12.0
	11-13
	12.5
	12-13.5

	Minerals (per / kg DM)
	
	 
	 
	
	
	 
	 
	 
	 
	 

	N (g)
	26
	25-55
	27
	25-28
	26
	25-55
	25
	25-27
	30
	25-55
	30
	25-55

	Ca (g)
	25
	10-40
	3
	1-4
	25
	18-40
	5
	4-6
	25
	5-40
	9
	9-20

	P (g)
	3
	2-5
	3
	2-4
	4
	3-7
	4
	2-4
	3
	2-7
	5
	4-6

	S (g)
	7
	6-8
	4
	3-5
	6
	3.5-8
	6
	4-8
	7
	3-8
	6
	5-7

	Mg (g)
	2
	1-5
	1
	0.5-2.0
	4
	3-6
	1.8
	1.5-2.5
	2
	1.0-7.0
	2
	0.05-3.0

	K (g)
	15
	10-35
	15
	10-25
	*
	25-50
	35
	28-45
	25
	17-50
	36
	10-35

	Na (g)
	3
	0-6
	1.5
	0-3.0
	2.5
	0-4
	1.5
	0-4.0
	1
	0-3
	0.58
	0-6

	Cl (g)
	*
	*
	*
	*
	19
	*
	6.5
	*
	*
	*
	4.5
	*

	Cu (mg)
	4
	2-8
	3
	1-8
	5
	2-8
	3
	2-8
	4
	2-8
	4
	3-8

	Zn (mg)
	*
	10-35
	*
	10-35
	*
	20-100
	*
	10-60
	*
	10-200
	24
	10-35

	Mn (mg)
	*
	40-150
	*
	5-15
	*
	30-300
	*
	14-45
	*
	10-300
	*
	15-50

	Fe (mg)
	*
	200-700
	*
	50-350
	*
	80-400
	*
	60-400
	*
	40-400
	*
	40-400

	Co (mg)
	0.8
	0.01-0.3
	0.03
	0.01-0.3
	0.07
	0.06-0.08
	0.04
	0.04-0.07
	0.1
	0-0.4
	*
	*

	Se (mg)
	0.05
	0-0.1
	0.03
	0-0.03
	0.06
	*
	0.03
	*
	0.05
	0.03-0.12
	*
	*

	I (mg)
	0.3
	0.2-0.6
	0.03
	<0.05
	*
	*
	
	*
	0.1
	0.05-0.15
	*
	*

	Bo (mg)
	30
	20-50
	15
	10-25
	30
	20-150
	20
	*
	25
	20-150
	25
	20-150

	Mo (mg)
	0.3
	0.1-0.6
	0.1
	0.03-0.5
	0.18
	*
	0.11
	*
	0.3
	0.1-0.7
	*
	0.1-0.6

	Key: 
	
	
	
	
	
	
	
	
	
	
	
	

	DM %
	Dry matter
	
	
	
	N (g)
	Nitrogen
	Cu (mg)
	Copper

	OM %
	Organic matter 
	
	
	Ca (g)
	Calcium 
	Zn (mg)
	Zinc
	

	OMD %
	Organic matter digestibility
	
	P (g)
	Phosphate 
	Mn (mg)
	Manganese 

	CP %
	Crude Protein
	
	
	
	S (g)
	Sulphur 
	Fe (mg)
	Iron
	

	WSC %
	Water soluble carbohydrate 
	
	Mg (g)
	Magnesium 
	Co (mg)
	Cobalt 

	NDF %
	Neutral detergent fibre
	
	K (g)
	Potassium
	Se (mg)
	Selenium

	ADF %
	Acid detergent fibre 
	
	
	Na (g)
	Sodium
	I (mg)
	Iodine 

	MJ ME 
	Metabolisable energy (per / kgDM)
	Cl (g)
	Chlorine
	Bo (mg)
	Boron

	* = no values available
	
	
	
	
	
	
	
	Mo (mg)
	Molybdenum

	
	
	
	
	
	
	
	
	
	
	
	
	

	Source of results:
	
	
	
	
	
	
	
	
	
	

	Analytical Services Unit, Lincoln University
	Grace et al., 2000
	
	
	MAFF, 2000
	

	Barry et al., 1983
	
	
	Guillard, K. and Allinson, D.W. 1989
	R. J. Hill Laboratories Ltd

	Cornforth et al., 1978
	
	
	Kimihia Research Centre
	
	
	
	


Copper requirements for dry cows on brassica crops


Copper deficiency may be seen in cattle that are fed brassicas for prolonged periods of time (Barry et al., 1981). Cows are at greater risk of copper deficiency on brassica crops than sheep, due to the relatively higher requirement for copper by cattle. Pregnant cows in late gestation are at particular risk of copper deficiency because the calf preferentially accumulates liver copper reserves during the last few weeks of pregnancy.  


Brassicas are more likely to induce copper deficiency in cows than non-brassica feeds.  Brassicas contain low concentrations of copper, typically ranging from 3-8 mg/kg DM (Table 2). High sulphur levels in brassicas (Table 2) further challenge uptake of copper from the gut.  The formation of insoluble complexes between dietary copper and sulphur reduces the absorption of dietary copper by the cow.  


The ingestion of soil during winter grazing further depletes the copper reserves of pregnant cows.  Soil contains high concentrations of iron, and iron interferes with copper uptake from the gut of the cow.  


To avoid potential problems of copper deficiency through the winter, the copper status of cows should be assessed, preferably by liver biopsy, before dry off (typically during May).  Copper status may be ‘topped up’ at dry off with the use of copper injections or oral copper ‘bullets’ following the advice or your veterinarian or nutritionist. Copper can be supplemented through the dry period through in-line dispensers, Peta-dispensers or using dry cow licks.  

Selenium requirements for dry cows on brassica crops


Selenium is essential for an enzyme, glutathione peroxidase (GSH-px).  This enzyme plays an important role in reducing or preventing the effects of ‘red water’ in cows feeding on brassica crops. Red water (haemoglobinuria) is caused by the SMCO toxin, described later. A sub-optimal selenium and GSH-Px status may increase the susceptibility of the cow to the effects of SMCO. Brassica crops do not typically contain high levels of selenium (Table 2), however levels depend on soil selenium status. The use of selenium fertilisers can increase the selenium concentration of the brassica plant. Low selenium status may also compromise the iodine status of cattle.  


As for copper, selenium status of cows going onto brassica crops should be checked before drying off using liver selenium or serum selenium levels. Selenium can be ‘topped up’ using short acting selenium injections such as Se Hypo, pour-ons including Selpor and/or selenium added to drinking water through the dry period. Follow the recommendations of your veterinarian or nutritionist. 

Iodine requirements for dry cows on brassica crops

Dry cows eating winter brassica crops may suffer from either a primary iodine deficiency (not enough iodine in the feed) and/or secondary iodine deficiencies (caused by compounds called goitrogens blocking the uptake of iodine by the cows’ thyroid gland).  


Forage brassicas contain low levels of iodine (Table 2) and can contain high levels of goitrogens. In the absence of goitrogens, 0.5 mg iodine/kg DM is considered sufficient to meet the iodine requirements of all classes of ruminants, but in the presence of goitrogens iodine requirements may increase to 2 mg iodine/kg DM (Grace, 1994). 


Iodine deficiency may extend the duration of pregnancy and increase risk of stillbirths and poor viability of newborn stock. The effect of goitrogen induced iodine deficiency has been well described for pregnant ewes, however the implications of low iodine status for pregnant cows are less clear. Pregnant cows grazing kale that were injected with an iodised oil product (Orr and Dolby, 1998) did not show any production benefits compared with cows that were not treated with iodine in a small New Zealand study. The only injectable iodine product currently available (Flexidine) is not registered for use in cattle, therefore iodine treatment of drinking water is the only practical supplementation option. Typical rates are 15-25 mg iodine/cow/day, however check with your veterinarian or nutritionist for rates suitable for your situation.  

Specific animal health considerations on winter brassicas

Bloat 


Bloat has already been discussed under the fibre requirements section 

Nitrate poisoning


Nitrate poisoning is one of the major health risks when feeding any winter forage crop to dry cows. Clinical signs include cows that go down with apparent milk fever, or if standing, will appear uncoordinated with an increased respiratory rate. Cows may simply be found dead.  Surviving animals may abort their calves. 


Nitrates are reduced by rumen microflora to potentially harmful nitrites, hydroxylamine and finally ammonia, which is incorporated to microbial protein. At low nitrate levels, conversion to ammonia renders nitrates harmless. At high nitrate levels, the rate of conversion of nitrite to ammonia is insufficient, nitrites accumulate within the rumen and are absorbed into the blood. Nitrites convert haemoglobin, the oxygen-carrying component of red blood cells, to methaemoglobin. Methaemoglobin cannot carry oxygen in the blood, therefore clinical signs of nitrate poisoning typically reflect anoxia (lack of oxygen to the tissues). 


Key factors that increase the concentration of nitrate in brassica plants are periods of rapid growth subsequent to periods of drought or frosting, and the use of nitrogenous fertilisers. 

To assess risk of nitrate poisoning, send a forage sample to a laboratory for a quantitative assessment (actual levels of nitrate per kg DM). Alternatively, the less accurate ‘colour change’ test kits (diphenylamine test) will indicate high nitrates by a change in colour to dark blue or black. The preferred option is to send a sample for laboratory testing, as the interpretation of the diphenylamine test is highly subjective. Nitrate levels exceeding 2% of DM (as KNO3) are regarded as potentially toxic and extreme care is required if feeding is to proceed. Levels between 1-2% may cause problems and less than 1% is generally considered safe. 


The risk of nitrate toxicity is reduced by the gradual adaptation of cows onto the crop at the beginning of the dry period, with cows initially on the crop for no more than 1 hour per day. Feeding hay to cows and making sure hungry cows are filled up first with other feeds before accessing the crop will reduce risk of toxicity. 

Red water / kale anaemia / haemoglobinuria 

 
Occasionally dry cows grazing brassica crops may develop ‘red water’ otherwise know as haemolytic anaemia/haemoglobinuria or kale anaemia. Red-water is caused by the presence of S-methyl cysteine sulphoxide (SMCO), a non-protein amino acid found in all brassicas species (particularly kale). 


Red water can cause a change in the colour of the cows’ urine from a normal yellow colour to pink or dark red. Other clinical signs include weakness, diarrhoea, increased heart rate, decreased appetite and poor animal productivity (loss of body condition and liveweight). Often all that is observed is poor performance through the winter period. If red water is suspected in animals grazing brassica crops it is best to contact your veterinarian for advice. 


Some management factors can reduce the risks of red water. Nitrogen and sulphate fertilisers should be used carefully, because excess application of these nutrients can increase the concentration of SMCO within the plant. Avoid feeding flowering brassica crops (flower heads have highest concentration of SMCO) and ensure animals have an adequate copper and selenium status (low copper and/or selenium status may exacerbate the haemolytic anaemia).  

Choke

 
As the name suggests, ‘choke’ is caused by the entrapment of the bulb of a brassica plant at the back of the cows throat (pharynx) or further down the oesophagus. Affected cattle will literally choke (blockage of the airway), or may die from bloat as a result of being unable to belch gas from the rumen.  


Choke is more commonly seen in milking cows grazing summer turnips, however very small immature bulbs of winter turnip or swedes may also cause choke. Risk of choke is reduced by allowing the brassica crop to mature fully and by ensuring that that cows are fed hay, straw and/or silage before shifting cows onto a new break, to discourage hungry cows from gorging on the crop.

Feeding practice for forage brassica crops: 

General recommendations  


The key objectives for feeding winter forage crop are: 

· Maximum dry matter intakes for top animal performance 

· Maximum utilisation of dry matter grown 

· Optimal per cow performance and productivity 

· Minimal cow health risks 

Feeding strategies must focus on maximising the likelihood of achieving all four outcomes.  

Strategies for maximising utilisation of dry matter grown and optimising feed intakes by cows 

Break feeding of forage brassicas 

Forage brassica crops are usually fed off in ‘breaks’ to achieve good per cow levels of feed intakes and to optimise crop utilisation. 


The most important decision to make when break feeding is the amount of fresh matter offered to the herd each day (i.e. size of the ‘break’).  Getting the break size wrong leads to a) underfeeding (loss of body condition) or b) overfeeding and poor utilisation of crop.  


Determining the appropriate break size:

1. Calculate the daily DM requirements of the group of cattle. E.g. 300 cows needing to eat 7 kg DM/day as brassica = 2100 kg DM per day requirement for the 300 cows. 

2.  Find out the dry matter percentage of the crop. This is usually dependent on crop species and environmental conditions. Typically root crops (turnips 9%, swedes 12%) are lower than standing crops (kale and forage rape 15-18%).  

3. Estimate utilisation of the brassica crop. Not all of the brassica crop is eaten, the remainder is lost to trampling and soiling, or is left standing in the paddock (thick stemmed kale, especially). Too often this utilisation factor is overestimated, especially for kale, which can vary from 50 to 70% utilisation. Generally the utilisation of root crops is higher than kale crops (80-90%) but this is dependent on grazing pressure. If the utilisation of your kale crop is estimated at 70%, you’ll need to offer 3000 kg DM per day to the 300 cows (2100 kg DM / 0.7).  

4. Take quadrant cuts of the crop (e.g. 0.5 m2 or a quadrant 707 mm x 707 mm sides) to determine wet weight of crop/0.5 m2.  Multiply the wet weight by 20,000 to calculate the wet tonne yield of the crop per ha. 

· E.g. a 0.5 m2 cut of kale might weigh 4.0 kg wet weight. Multiply x 20,000 = 80,000 kg wet weight (80 tonne wet weight) per ha. Multiply this by the DM% = 80,000 x e.g. 15% = 12,000 kg DM / ha (12 tonne per ha).  

5. Work out the break area. If we need 2100 kg DM/day for 300 cows, and utilising only 70% (= 3000 kg DM/day) we need an area of 0.25 ha/day.   

Maximising crop utilisation: Practical tips 

· Make the crop ‘breaks’ long and narrow rather than short and wide, so that all cows can have access to the fresh break, and crop damage by trampling is minimised. 

· Sowing rate of standing crops can influence crop utilisation. A light-sowing rate promotes thicker stems and potentially poor utilisation. A high sowing rate may decrease the proportion of leaf relative to stems (i.e. greater than 5 kg/ha).  Recommended rates for kale and forage rape crops are 3.5 to 4 kg/ha. For swede crops, sowing rates vary according to method of sowing (ranging from 0.5 to 1 kg/ha). 

· Cultivar choice can have a major impact on utilisation for kale (Gowers and Nicol, 1989). Medium to tall cultivars, such as Proteor and Gruner should be used. These cultivars have high dry matter yield potential and a leaf to stem ratio between 35 to 50%. ‘Giant’ type kales such as Rawara have a very low leaf to stem ratio and are best avoided. 

· When sowing tall crops such as kale farmers often sow one to two rows of swede as well, practically this makes putting ‘breaks’ in a lot easier, and avoids having to lose dry matter yield by ‘cutting’ in breaks.    

Adaptation by cows to the winter brassica crops

Getting cows onto the crop: 

Cows may take more than two weeks to adjust to maximum voluntary feed intake following a diet change from predominantly pasture to a diet that contains 50% or more of forage brassica. Factors involved in a prolonged period of adaptation may reflect a combination of the following: rumen adaptation to a large intake of a low moisture crop; shift in ratio of NSC to CP; low fibre intake; mineral imbalances and other sub-clinical effects (Nicol and Barry, 1980). The aim of an effective adaptation period is to develop a rumen microbe population that can cope with higher levels of NSC, lower levels of fibre, and the possible presence of anti-nutritional factors. 

Practical recommendations for getting cows onto brassica crops: 


The length of adaptation varies according to the crop, cow and environment, but typically requires 10 to 14 days of gradual adaptation. 


1. Allow access to low quantities of brassicas only for short periods of time for the first few days
Run cows onto the brassica crop for a maximum of 1 to 2 hours a day when first introducing cows to the crop. Build up to the final allocated per head per day brassica allowance by no more than 1.0 kg DM per head per day over the next 10 days. The balance of the diet is offered as pasture, silages and/or hay or straw. 

During initial adaptation, observe the cows carefully during the first 1-2 hours of grazing for signs of bloat and nitrate toxicity (see previous section).  


2. Only allow ‘full’ cows onto crop during the adaptation period 

Individual hungry cows, particularly dominant cows, are likely to gorge themselves on brassicas. Best practice is to ‘fill’ cows up first on an area of pasture and/or silage, baleage, straw and/or hay for a couple of hours then let cows onto the crop. This will minimise the risk of gorging and will reduce the risk of health problems, such as rumen acidosis, nitrate toxicity and choke. 


3. Feed forage brassicas as only part of the daily diet of dry cows

Forage brassicas should never be fed as 100% of the winter ration for dry cows. An ideal mix of feeds once cows are adapted to brassicas is: 

· 50-75% of the total daily diet as brassicas 

· The balance as conserved feeds and/or runoff pasture area 

For example, a diet of 11.0 kg DM eaten per cow per day fed as: 7 kg DM brassica; 3 kg DM grass silage and 2 kg DM barley straw (Table 1).  These amounts are eaten, not offered. Extra feed must be offered to allow for wastage.  

Why does feeding brassicas as only part of the diet improve per cow performance? 


A combination of factors will improve cow productivity:  

Better balancing of the diet 


Cows fed 100% brassicas would not have enough fibre (NDF) in the diet, putting cows at greater risk of rumen acidosis. Adding some coarser, poor quality silages and hay will balance the low fibre (NDF), high NSC characteristics of brassicas by increasing the amount of dietary ‘effective fibre’ (eNDF). Effective NDF is defined as NDF present in a physical form that stimulates chewing and cudding.  


Good sources of effective fibre include drier forages, such as hay, and cereal or grass straw of a minimum chop length of 4–10 cm. For example, barley straw contains 80% NDF, of which a high proportion is eNDF.  Cereal and grass seed straws provide better sources of eNDF than hay, which in turn provides better eNDF than silage. Whole-crop cereal or maize silage can be fed with brassicas, however the eNDF of these silages may not be as useful as straws or pasture hay.  These types of silages also contain low concentrations of CP and may reduce total daily dietary protein intake (refer to protein section).

More fibre to improve body heat maintenance  


Forage brassicas typically contain less than 18% dry matter, that is, more than 82% of the total fresh weight of the crop is water. Under South Island conditions, this water is often cold or even frozen, increasing the energetic requirement to maintain the cows’ normal body temperature. To minimise additional energy costs, offer fresh breaks of crop early to mid afternoon, allowing time for thawing of the frozen material. This strategy will also reduce risk of bloat. 


Feeding a source of fibre may improve the energy balance of cows eating cold brassicas.  The heat of fermentation produced by rumen microbes degrading fibre will help keep the cows’ body temperature above minimum critical temperatures. 
Dilution of anti-nutritional factors


Brassicas contain compounds including nitrates, glucosinolates (goitrogens) and SMCO.  These compounds may reduce cow performance and increase risk of health problems. Feeding silage and hay in addition to brassicas will dilute the total dietary concentration of anti-nutritional factors and reduce potential challenges to cow productivity and health. 

Catering for the requirements of some cows that do not like brassica crops 


Within a group of cows, a proportion of cattle will never fully adapt to the crop. These may include submissive cows that are not competing well in a large mob and younger cows that may be cutting teeth. These cows should be quickly identified, drafted into a small ‘non-conformer’ mob and grazed on an area of non-brassica crop or pasture.  

Brassicas for the transition period before calving 


The period of three weeks before calving (springers) and 4-5 days after calving (colostrums) has been termed the transition period. The transition feeding of cows has received much attention and discussion in recent years, yet the implication of grazing springers on brassicas has not been investigated. Standard recommendations are that “springer dairy cows should not be fed brassicas”. Justifications for this recommendation are as follows: 

Springing dairy cows require a diet similar to that of the milking herd

A cow’s appetite is often poor around calving due to hormonal changes and a reduced rumen fill capacity caused by the presence of the calf in the abdominal cavity. Sudden changes in diet at calving will further compromise feed intake and increase the risk of metabolic disease.  The transition of cows from a brassica diet to winter saved pasture appears less abrupt and less ‘risky’ to rumen function than transitioning from pasture to brassica. However, this dietary change still requires a shift in the rumen microbe population that may temporarily suppress the appetite of the cow.


To avoid problems of poor appetite caused by dietary change around calving, springer cows should receive similar feeds as those fed to milking cows. Very few farmers graze spring calved milking cows on brassicas, therefore it is typically inappropriate for springers to graze brassicas. Cows should be taken off the brassica crop when transferred to the springer mob to minimise risk of rumen fermentation change at the point of calving. 

Brassica contain an unusual calcium and phosphorus mineral profile 

Calcium 


Leaf material of forage brassicas can contain high concentrations of calcium (up to 40 g/kg DM; Table 2). These levels are high relative to a cow’s calcium requirement in the last 2-3 weeks before calving. Calcium intake by springer cows should be less than 60 g per cow per day (or approximately 5 g per kg DM if a springer cow is eating 12 kg DM per day). High concentrations of dietary calcium can ‘shut down’ the springer cows’ ability to mobilise calcium at calving. This occurs as a result of the hormones needed to mobilise calcium from bones becoming ‘lazy’ in the presence of high concentrations of calcium before calving. A cow eating 7 kg DM of brassica leaf containing 25 g calcium / kg DM is taking in extremely high concentrations of calcium that will increase risk of metabolic disease at calving.  


If brassicas must be fed to springer cows, feeding low calcium feeds with the brassica can reduce calcium intake. Low calcium feeds include cereal grains and straws and/or legume free hay, however the best option is to avoid the feeding of brassicas to springers.

Phosphorus   


In contrast to calcium levels, brassica concentrations of phosphorus (P) are considered marginal (2-4 g/kg DM) for dry cows, particularly if the diet includes other low P feeds (e.g. cereal straws, poor quality hay). For example, based on the example in Table 2 a diet of 50% brassicas, 25% silage and 25% straw with an average intake of 12 kg DM/day/cow would be consuming 210 g Ca/day and only 28 g/day P. NRC (2001) recommendations are for dietary P concentrations of 2.3–2.6 g per kg DM per day or up to 31.2 g phosphate per cow per day. Low dietary P before calving increases problems of low feed intake and may cause a condition that clinically is very similar to red water (peri-parturient haemoglobinuria; PPH). Best practice is to avoid the feeding of brassicas to springer cows. If brassicas must be fed to springer cows, feeds should be analysed for P levels and the diet supplemented with P, if necessary. Consult with your veterinarian or nutritionist for further advice. 

Brassicas contain low levels of magnesium                                                                                                                                                                                                                 


Low magnesium during the transition diet can cause hypomagnesemia (low blood magnesium) and hypocalcaemia (low blood calcium). Both conditions will increase the risk of metabolic disease and poor milksolids production in early lactation. Low concentrations of magnesium and high concentrations of potassium in brassicas (Table 2) will increase risk of metabolic disease, particularly during the last 4 weeks of pregnancy. Standard recommendations for the supplementation of magnesium for dry cows on brassica crops include magnesium oxide or alternatively, magnesium chloride or sulphate. 


Magnesium oxide: Dusting the brassica crop or silage (or both) with magnesium oxide is a practical way to supplement dry cows with magnesium. The dusting of silage is often more practical than dusting a high yielding kale crop. Rates should be recommended specifically for your herd by your veterinarian or nutritionist, but may typically be around 50-60 g per cow per day.  


Magnesium chloride or sulphate: An alternative to dusting is the use of magnesium chloride or magnesium sulphate in the drinking water. Care is needed with higher rates (greater than 60 g per head per day) as these will reduce water consumption by cattle and potentially depress feed intakes. If additional magnesium is required (more than 60 g magnesium chloride or magnesium sulphate/cow/day), extra magnesium oxide can be dusted in addition to chloride or sulphate. In-line dispensers or Peta dispensers are the preferred option for the medication of drinking water. Be particularly careful with the suspension of punctured whole bags of magnesium in troughs (a common method in mid Canterbury). Magnesium release from the bags is inconsistent, resulting in possible over-dosing of the first cows to drink and under-dosing of submissive cows that are the last to drink.   


Magnesium supplementation should be started by early July for early August calving cows. Under some circumstances it will be necessary to supplement with some magnesium right through the dry period.  

Dietary Cationic Anionic Difference (DCAD) of brassicas 


Most nutritionists agree that that the DCAD of the springing dairy cows diet should be less than +100 milliequivalents/kg DM (equation 1). While there has been limited analysis of brassica crops specifically for DCAD levels, limited data suggest that the DCAD of brassica crops will be approximately +120 meq/kg DM (Table 2; equation 1). These DCAD values are lower than DCAD values for most Canterbury winter dairy pastures.  


The low DCAD makes forage brassicas a potentially good springer feed if DCAD were the only factor under consideration. However, the previously discussed challenges of brassicas for springer cows (change in diet from springer to milker diet; high calcium, low phosphorus and low magnesium) are likely to reduce any perceived benefits of the relatively low dietary DCAD levels. 

Summary: Best practice for grazing brassicas   


Forage brassicas provide high yields of excellent quality feed for the wintering of dry cows. Cows will perform well on winter brassicas, however some key recommendations should be followed:  

Feed the right amount of brassicas to cows: 

· Poor performance by cows on brassicas is often as a result of underestimating total quantities of feed on offer and/or overestimating crop utilisation. Calculate how much energy each cow requires and take crop cuts to calculate amounts of brassica available per hectare.  Allocate appropriate quantities of brassica per cow per day. Always allow for wastage, cows will never eat all of the brassica crop (or supplements) on offer.  

· Set up a break that maximises simultaneous access to the crop by the cows and which minimises crop wastage.  

Adapt cows gradually brassica crops over at least 10-14 days 

· This allows adaptation by rumen microbes to the new diet and reduces risk of other problems, including nitrate toxicity. Monitor cows closely during the adaptation period and remove poor performing cows from the mob. 

Don’t feed brassicas as 100% of the diet 

· Feed brassicas together with at least straw or hay and preferably also with pasture silage or baleage. This will help balance the high NSC, low fibre characteristics of brassicas to reduce the risk of rumen acidosis and will dilute levels of anti-nutritional compounds.

Always offer cows on brassicas plenty of palatable water
· Brassicas are a wet feed (contain lots of water) but do not contain enough water to meet the daily requirements of dry cows. Additional palatable water must be offered at all times. 

Minerals 

· Check the copper and selenium status of cows before they graze the brassica crop.  Consider ways to supplement with copper, selenium and iodine while grazing the crop.  

· Supplement cows within four weeks of calving with magnesium.

Minimise risk of health problems on crop
· Rumen acidosis, nitrate toxicity and red water (SMCO toxicity) will limit cow productivity and may put cattle at risk of disease or death if not adequately controlled. Follow the specific guidelines in this paper to minimise risk of health problems on brassicas. 

Do not graze springer dairy cows on brassicas 
· Brassicas have an unusual calcium and phosphorus profile which is not suitable for springers. A sudden change in diet from springer to milking mob (brassica changing to pasture) will increase risk of metabolic problems. Draft springing cows off brassica crops to allow time to adapt back to a pasture based diet well before calving. 
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Workshop summary

· How do you adapt the cows to brassicas? Gradually introduce the Brassica diet. Start with half a kg per cow per day, taking them back to pasture for the rest of their requirements.

· Can Biostart™ help the adaptation process? Use it if you are getting a response, there is no scientific evidence that it works.

· Is autumn pasture really that bad? In some cases no. If it is fresh lush stuff it won’t be such a dramatic changeover, but still do it gradually.

· How late can you apply nitrogen to the crop? Not within six weeks ideally, four weeks minimum. Six weeks allows you to get the whole response.

· Remove animals that aren’t competing; some disagree saying that over time you breed a cow that can’t compete.

· Move the break two or three times a day to improve utilisation. Don’t grow stemmy crops of low nutritive value.

· Should you be giving cows iodine when feeding brassicas? Brassicas are low in iodine and the other compounds restrict the uptake of what is there. Ideally have 20–30 mg going into a Dosatron™ with copper, selenium.

· Can you make silage out of left over brassicas? You can do it with purpose planted Brassica crops (high sowing rate, no ground contact etc.), but not with left over feed crops. It is not that economic as it has to be baled at an immature state. Get rid of the left over trash to prevent the spread of diseases in the crops.

· Why is the boron requirement going up? It is only for the plant’s requirements not the animal. A lot of it is lost through leaching, maybe we need to split applications, or test for it in January and see if more is needed. Plants can’t store it.

· Diamond-backed moth was a big problem this year. An intermittent problem, last time was 10 years ago. Caught people out not knowing how to treat for it. With the right chemicals it can be controlled.

· Is there any research done on utilisation response feedlot kale? Not in New Zealand.

· Kale is the worst for utilisation.

· How do you obtain a high kale yield in Canterbury?  Need to sow early to catch moisture but problem with early maturity. Can use staged sowing but have to have moisture.
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