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Production levels for livestock 

Adapted from: Van de Ven et al. (2003) 

Presenter
Presentation Notes
Production ecology studies the integration of information on physical and biological processes to quantify input and output of agricultural systems. Factors affecting growth of crops or livestock are disentangled in three groups. Growth defining factors for livestock production are the genotype and climate around the animal. If only growth defining factors play a role, potential production is achieved. Growth limiting factors are water, feed quality, and feed quantity. Growth defining and limiting factors together determine the limited production level. Growth reducing factors are diseases and stress. All growth factors together determine the actual production. A similar framework is available for crops, and is widely used in crop science. This framework is hardly used in livestock production, and therefore the aim of my PhD project is to apply the framework to livestock production. Like in crop production, we are developing models that simulate potential and limited production. Actual production, the production level farmers achieve on their farm, is not simulated, but obtained from literature. 
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Presenter
Presentation Notes
This presentation is divided in three parts. First I will roughly discuss the development a model for livestock production that is based on production ecology. The model aims to simulate growth of beef cattle at animal level and herd level. Second, the model is evaluated. The last part deals with a case study at farm level, and beef production per hectare is quantified for farms in France.   
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Presenter
Presentation Notes
A mechanistic model has been developed for beef cattle. This is a schematic overview. The aim is that this model can be used in beef production systems with different breeds, climates, and feeding strategies. The model is composed of three sub-models, on thermoregulation, feed digestion, and feed utilization. Information on the genotype is mainly used in the feed-utilization sub-model, but also the in thermoregulation sub-model. The climate around the animal can be affected by the weather and, eventually, the housing type. The genotype and climate are the growth defining factors. Feed quantity and quality are the limiting factors, and both are input for the feed digestion model. The model can thus simulate potential and limited livestock production.  
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Thermoregulation 
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McGovern and Bruce (2000); Turnpenny et al. (2000) 

Feed utilization 
sub-model 

Feed digestion 
sub-model 

Presenter
Presentation Notes
In the thermoregulation model, the animal is represented by three layers: the body core, skin, and coat. Heat is produced due to various metabolic processes, which is calculated in the feed utilization model. As the body temperature of the animal is quite stable, heat produced has to be equal to heat released. Another heat input is solar radiation, from which a fraction is reflected. Heat in the body core can be released via the respiratory system, or is transported to the skin layer.  Heat from the skin layer can be released by sweating (evaporative heat release) or can be passed on to the coat layer. Heat in the coat layer is released via long wave radiation exchange, and convection. All in all, heat inputs, indicated in green, should equal heat outputs, indicated in orange. In heat inputs are lower than heat outputs, more heat has to be produced, and more energy is partitioned to heat production. This can lead to an increase in feed intake and digestion.  If heat input is larger than heat output, the heat production has to be reduced. Under hot conditions, animals can reduce feed intake.    
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Feed digestion 
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Partly adapted from Chilibroste et al. (1997) 

Presenter
Presentation Notes
The feed digestion sub-model can handle different feed types and feed quantities, and is based on an existing rumen model. Feed is divided in seven components, that enter the rumen. Soluble carbohydrates and crude proteins are fully digested in the rumen. Three other components, non structural carbohydrates, degradable neutral detergent fiber, and degradable crude protein are partly digested in the rumen. They are passed on to the intestines, where further digestion occurs. The remainder of these components ends up in the faeces. Undegradable NDF and crude protein are not digested in the rumen and intestines, and end up in the faeces. This sub-model enables to assess how much of the feed is digested, and how much digestible and metabolisable energy are obtained per kg DM feed.  
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Presenter
Presentation Notes
The feed digestion towards digestible energy is discussed in the previous slide. 82% of DE is assumed to be metabolisable energy. A part of this metabolisable energy is heat increment of feeding. This includes heat production during intake, digestion, and absorption of the feed. ME minus heat increment of feeding equals net energy. Net energy is allocated to various metabolic processes. These processes are maintenance, physical activity, gestation, lactation, and growth. NE requirement for physical activity is higher in free grazing systems than for stables. All metabolic processes generate heat, and energy is also stored in milk and body tissues. The total heat increment, or heat production, is an input for the thermoregulation model. The demand for NE drives the feed intake and subsequent feed digestion. A similar scheme is adopted for protein.
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carcass 

Presenter
Presentation Notes
Net energy for growth is allocated over the tissues of the animal. This graph shows an example of the weight of tissues over time. The total body weight of the animal consists of rumen contents, noncarcass tissue, bone tissue, muscle tissue, and fat tissues. The bone, muscle and fat tissues together are the carcass. The deboned carcass is the edible beef. The curves are breed and sex specific, and are dependent on climate, feed quality, and feed quantity.
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Upscaling to herd level: a herd unit 
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Presenter
Presentation Notes
The previous slides were all on animal level. Beef cattle, however, live in herds. A reproductive cow gets a specific number of calves, from which one calf is a replacement calf for the reproductive cow. The reproductive cow and all calves excluding the replacement calf are contributing to beef production. The animals contributing to beef production are a herd unit. Cattle herd consist of multiple herd units. The model simulates each animal in a herd unit to assess production at herd level.  
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Model outputs 
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High quality diet Medium quality diet after 100 
days 
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Evaluation of sub-models 
 
Evaluation at animal level 

 
Evaluation at herd level 
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Presenter
Presentation Notes
After model development, an important question is whether the model is useful to simulate potential and limited beef production, and whether model simulations correspond to reality. Evaluation can be done at the level of submodels, at animal level, and herd level. 
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Evaluation of sub-models 
 
Evaluation at animal level 

 
Evaluation at herd level 
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Presenter
Presentation Notes
Today I will only discuss the first two levels.
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Thermoregulation 
 Steers, 336 kg 
 Temperature =  

0 °C 
 Long vs short 

coat  
Wind speed 0.2 

and 0.7 ms-1 

Blaxter and Wainman (1965) 

Presenter
Presentation Notes
This is an example of evaluation of the thermoregulation model. Steers of more than 300 kilos were kept at 0 degrees Celsius. Some of the cattle had long coats, others had short coats. In addition, there was a treatment with a wind speed of 0.2 and 0.7 meters per second. The figure shows the four treatments, and the measured skin temperature, at the trunk and tail. Simulating with the thermoregulation model gave points that were quite close to the measured temperatures, except for the treatment with long coats and high wind speed.   
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Feed digestion 
 13 feeds 
 Simulated: ME  

(metabolisable 
energy) 
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Cereal straw 

Soya 
bean 
meal 

Maize 
(grain) 

Chilibroste et al. (1997); MAFF (1986); Kolver (2000)  

Presenter
Presentation Notes
This is an example of a validation of the feed digestion model. Inputs were the seven feed components, and their digestion rates. From this, the metabolisable energy content of the feed was simulated for 13 feeds. The graph shows the simulated ME content versus the measured ME content. ME content differs from six for cereal straw to about 13 for soy bean meal and maize grain. All in all, it seems that the intercept is not significantly different from zero, and the slope is not significantly different from one, which means that the sub-model resembles the measured results. 



Model evaluation 

Animal level 
 
¾ Brahman × ¼ Shorthorn cattle 
Western Australia, Australia 
 Irrigated pasture with tropical 

grass and Leucaena (legume), ad 
libitum 
 Supplementation with maize 

 
 Calibration and comparison with 

independent datasets  
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Petty et al. (1998) 

Presenter
Presentation Notes
The previous two evaluations were at sub-model level. This evaluation is done at animal level. With used literature describing the growth of beef cattle. The genotype is a cross between Brahman cattle and Shorthorn cattle. The climate is the prevailing climate of the province Western Australia in Australia. Feed quality is determined by a pasture, which consists of a tropical grass, Digitaria, and the legume Leucaena. Cattle could graze ad libitum, so feed quantity limitation was not present in the experiments. Some groups of cattle were supplemented with maize. There were three papers describing this production system. One of them was used for calibration of the model, and the other two were used as independent datasets to validate the model.   



Model evaluation 

Calibration 
 
 
 

17 

Petty et al. (1998) 

 1992/1993 

 Control + 4 
levels of maize 
supplementation 

 
 

Presenter
Presentation Notes
The model was calibrated for the experiment held in 1992 and 93, which had a control where cattle only grazed pasture, and four treatments where cattle were fed maize and grazed pasture. The graph shows an example of calibration for total body weight in the adaptation phase, dry season, and wet season. The most sensitive parameters of the model were adapted slightly so that the measured body weight, indicated by the green dots, matched with the simulated body weights. The same was done for feed intake over time. This graph shows feed intake per 100 kg live weight for the control. 
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Comparison with independent data sets / validation 
 
 1995 
 Dry season 
 Control 
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Petty and Poppi (2008) 

Presenter
Presentation Notes
Next the calibrated model simulated growth of beef cattle in 1995, in the dry season, without supplementation of maize. Measured weight gain was 0.57 kg per day, while the simulated weight gain was 0.73 kg per day. In this case, the model overestimated weight gain significantly. 
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Petty and Poppi (2012) 

 1994 

 Dry season  

 Control 

 2 levels of maize 
supplementation 

 

 
 

Presenter
Presentation Notes
This graph shows the weight gain obtained from an experiment in 1994, in the dry season. There was a control treatment, and two levels of maize supplementation. The graph shows the simulated and measured weight gain. Although the model is underestimating the weight gain a bit, the results are not significantly different, and the response to maize supplementation is also simulated. 
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Presenter
Presentation Notes
Using production ecology for both crop and livestock enables to combine crop production and livestock systems. In this last part of the presentation, we focus on such combined systems that produce beef with Charolais cattle in the Charolais basin of France.  



Crop-livestock systems 

 Potential beef production  
● highest feed efficiency (kg beef t-1 DM intake) at 

herd level 
● Genetic potential for growth  Gompertz curves 
● Climate neglected  
● Feed quality: 65% wheat, 35% hay 
● Feed quantity: ad libitum 

● Feed intake calculated from net energy 
requirements 
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Presenter
Presentation Notes
The aim of this analysis is to calculate the yield gap for Charolais production. The model was not used. The yield gap is the difference between potential and actual production. Potential beef production was expressed as feed efficiency in kg beef per ton DM feed intake. The body weight was described by an s-shaped Gompertz curve. This implies that the effect of climate on cattle is not taken into account. The diet sustaining potential production consisted of 65% wheat, and 35% hay. There was ad libitum feed available. Feed intake was calculated from NE requirements. I will skip the NE calculations now. 
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Farm characteristic System A System B 

LWb production (t year-1) 85.5 61.1
Grassland area (ha) 280 130
Area arable crops  (ha) 0 150
Concentrates fed (t FM year-1) 87 190
Slaugther LW males (kg animal-1) 460 430
Slaugther LW females (kg animal-1) 435 413
Reproductive cows 215 92
Grazing period (days year-1) 260 240

 Actual beef production 

Réseaux d’Elevage Charolais, 2012 

Presenter
Presentation Notes
Actual beef production was obtained from literature, for two farming systems: A and B. System A had a LW production of 86 tons, system B a LW production of 61 tons. The grassland area was 280 and 130 ha of grassland, which provided fresh grass and hay. Some land was required for production of concentrates. Concentrate consumption was 87 tons FM in system A and 190 ton in system B. We assumed that concentrates were similar to wheat. These data are used to calculate actual feed efficiency. 



Crop-livestock systems 

 Combine feed livestock and crop production! 
 kg beef   t DM       kg beef  
   t DM   ha year ha year 
 Potential and actual feed production 

● Potential: 65% wheat; 35% hay 
● Actual system A: 4.8% wheat 
● Actual system B: 18.3% wheat 

 
 Potential and actual feed production  literature 
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Presenter
Presentation Notes
Subsequently, livestock production and crop production were combined. FE in kg beef per ton DM feed was multiplied by crop production in ton DM per hectare per year. The diets under potential and actual production are different. Under potential production, 65% of the feed was wheat. Under actual production, only 5% of the diet consists of wheat, the rest is fresh grass and hay. Potential and actual yield levels were obtained from literature.  
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Yield gap crop-
livestock system 

 
(631-133)/631 x 100% 

= 
 

79% 

Exploitable yield gap 
crop-livestock system 

 
79% - 100% + 64% = 

 
43% 

 
404 – 133 = 271 kg 

System A 

Presenter
Presentation Notes
This figure shows the crop production on the x-axis, and beef production at herd level on the y-axis. The solid lines indicate potential production, and multiplication shows that the potential production for the crop-livestock systems is about 630 kg beef per hectare per year. Actual crop-livestock system production was 133 kg beef, so the yield gap between potential and actual production is 79% of potential production. In crop production, it is assumed that yields can be increased up to 80% of potential production. Assuming the same for livestock production, the exploitable yield gap is 43% of potential production. This corresponds to 271 kg of beef. So from a bio-physical perspective, there is considerable scope to increase beef production.  
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Yield gap crop-
livestock system 

 
(634-180)/634 x 100% 

= 
 

72% 

Exploitable yield gap 
crop-livestock system 

 
72% - 100% + 64% = 

 
36% 

 
406 – 180 = 226 kg 

System B 

Presenter
Presentation Notes
This figure shows the results for system B. Comparing with system A shows that feed production is not very much different. Livestock feed efficiency in system B is higher than in system A, about 30 versus 25 kg per ton feed. As a result, the yield gap and the exploitable yield gap are lower in system B than in system A. This is mainly due to the higher feed quality.   



Conclusions / key messages 

 Production ecological concepts can be applied to 
livestock 
 
 Livestock growth models simulating potential and limited 

production are being developed 
 
 Evaluation of models gives mixed results  
  
 Scope to quantify yield gaps in crop-livestock systems 
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Thank you for 
your attention! 
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Model evaluation 

Thermoregulation 
 Friesian calves, 

38 kg 
 Temperature    

3 – 20 °C 
 Coat length    

15 mm 
 
 Coat length? Or 

more compact 
posture in the 
cold? 
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Holmes and McLean (1975); Turnpenny (2000) 
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Calibration 
 
 
Petty et al. (1998) 

Forage intake 
(excl. maize) 
 
 

Presenter
Presentation Notes
This graph shows the result of the calibration for average daily gain, for all treatments, in the dry and wet season. The model predicts that more maize supplementation results in a higher weight gain, but this is hardly measured in the wet season. Also at high maize supplementation the model simulations and measurements do not agree. The next graph shows the simulated and measured forage intake, which are hardly significantly different from each other. 
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