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Presenter
Presentation Notes
What is a feed-crop livestock system? A feed-crop livestock system includes livestock and all feed crops required to feed the livestock. Feed and livestock production do not necessarily take place at the same geographical location, so it can be different from a mixed crop-livestock system. Also, food crops are not considered. This figure illustrates a feed-crop livestock system that produces beef. In the upper part, there is land for wheat, maize, and hay production, as well as grazing area. Wheat, maize and hay are harvested, which are inputs for the livestock system. Grass intake on pasture is another input for the livestock system. The amount of beef produced, and the total land area required for feed crops allow to calculated the production of beef per hectare per year. The demand for livestock products is increasing, and there is consensus about the need for sustainable intensification of agriculture. So what is the scope to increase the production of animal-source food from feed-crop livestock systems per unit area?   
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The bio-physical scope to increase crop and livestock production can be assessed by using concepts of production ecology, which are widely used in crop production. The production ecological concepts distinguish three production levels: potential, limited and actual production. For now I will point out that potential production in livestock is determined by the animal breed and the climate. The limited production level is determined by limitations, of drinking water feed quality limitations and feed quantity limitations. The actual production is the production realized by farmers in practice, and this level accounts for diseases and stress. The scope to increase livestock production is the difference between potential or feed-limited production, and actual production, which is indicated by the red arrows.
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The scope to increase production in feed-crop livestock systems is indicated in this figure. The x-axis indicates the production of feed crops, in t DM per hectare per year. The y-axis indicates the livestock production, which is expressed as feed efficiency, in kg animal-source food per t DM feed. Multiplying the production of the feed crop sub-system and the livestock sub-system results in the production of animal-source food – in this case beef – in kg beef per hectare per year. The actual production in both sub-systems can be measured on farms, and is indicated by the dashed lines and the green area. The solid lines can represent the potential or limited production of feed crops and livestock. So the scope to increase production in a feed-crop livestock system is the difference between the potential or limited production per hectare and the actual production per hectare, which is also referred to as the yield gap. In this figure, the yield gap is indicated by the red area. 
In the crop sciences, the yield gap is widely assessed by crop growth models based on concepts of production ecology, so the yield gap on the x-axis of this figure can be quantified. About a year ago, I presented a model for beef cattle that is based on concepts of production ecology too. This figure provides a framework to quantify the yield gaps of feed-crop livestock systems.  


ODbjectives

" Quantify yield gaps in feed-crop livestock systems
" Analyse yield gaps in feed-crop livestock systems
" ldentify improvement options to mitigate yield gaps

for beef production systems in the Charolais area of France
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The objectives hold for beef production systems in the Charolais area of France.
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Materials and methods

Beef production systems in the Charolais area of France

Calving

Stables Grazing

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Two main types

" Cow-calf systems (calves sold at 300-420 kg)
" Cow-calf-fattener systems (calves sold at 690-720 kg)
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Cattle in beef production systems in the Charolais area of France are kept in stables during winter, and are grazing at pastures from spring to autumn. Calving occurs during the winter season. The beef production systems can be divided in two main types: the first type is the cow-calf system, where calves are sold at weights between 300 and 420 kg live weight. The calves are subsequently fattened in feedlots, mostly in Italy. The second type is the cow-calf-fattener system, where calves are fattened on farm, to weights of about 700 kg live weight.    


Materials and methods

12 farm types with Charolais cattle

Diets

" Fresh grass: 44-66%
" Hay: 28-37%

" Cereals: 4-19%

Area feed production: 76-295 ha
Stocking density: 1.21-1.81 livestock units per ha

Economic data
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We collected data for 12 beef production systems in the Charolais area. These systems are grass-based. 44 to 66% of the dry matter intake is fresh grass, and 28-37 % is hay. Hay is mainly fed during the winter season. The percentage of cereals is between 4 and 19%. All cereals were assumed to be produced in the Charolais area. The area for feed production from a feed-crop livestock system ranges between 76 up to about 300 hectares. The stocking density ranges between 1.2 up to 1.8 livestock units per hectare, where one livestock unit is equal to one cow. Economic data were collected also to explain yield gaps.  


B
Materials and methods

Potential and resource-
limited live weight

production _ _
7y Feed crop-livestock production system
Livestock production system

| — T T

Daily weather data I Charolais cattle |
Feeding strategy -f------ +--> < :
Herd management | (LIGAPS-Beef) I
I 1 I
LAt J

/
hay | grass g4’ :“ trampling
grass silage | intake | N\ /|

Wheat Maize

(LINGRA) (LINTUL-2) (literature)

Feed crop production system

A A

Daily weather data
Irrigation
Crop management

WAGENINGEN

UNIVERSITY & RESEARCH



Presenter
Presentation Notes
This schematic overview shows the method used to quantify the yield gaps of feed-crop livestock systems, with the feed crop component and cattle component. Potential and water-limited yields of feed crops were modelled. Grass growth was simulated with the model LINGRA, and wheat growth was simulated with the model LINTUL-2. These models require daily weather data as input, as well as irrigation, if applicable, and crop management. The original versions of both models are available on the PPS model portal. Potential and water-limited production of maize in the Charolais area was obtained from literature. 
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The production of cattle was simulated with the model LiGAPS-Beef: Livestock simulator for Generic analysis of Animal Production Systems. The model requires, in line with the concepts of production ecology, daily weather data, and data about the feeding strategy and herd management. Under potential and feed-limited production, herd management is assumed to be ideal to maximize the beef production per hectare. The output of the feed-crop livestock system is beef, expressed in kg beef per hectare per year. 
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The cattle and the grass sward have intense interactions during the grazing season. That’s why we connected LiGAPS-Beef and LINGRA to simulate cattle grazing on pasture. Cattle affect the sward by defoliation, which reduces the leaf area, light interception, and subsequently grass growth. Cattle also trample part of the grass biomass. Grass quantity and quality affect the growth and production of beef cattle. Grass quality was not included in the original version of LINGRA, but it is included in the version used in this research. The stocking density is a very important parameter determining the effect of cattle on grass and vice versa.  


Materials and methods

Simulated production levels (kg live weight ha-1 year1)

" Potential production > maximum production per hectare,
100% grass silage, potential grass yields

® Resource-limited production - water-limited crop production
and feed-limited cattle production

Measured: actual production realized on farms

Additional production levels simulated
" Feed-limited cattle production and potential crop production

® Resource-limited production with sub-optimal cattle
management

® Resource-limited production with sub-optimal cattle
management, calf mortality, and prolonged calving intervals
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Based on the crop growth models, and the model LiGAPS-Beef, we simulated several production levels of feed-crop livestock systems. The first one is potential production. We found out that feeding a diet consisting of grass silage results in the highest live weight production per hectare. The yield of grass is potential also. Second, resource-limited production combines water-limited production of feed crops with feed-limited production of cattle. The third production level is the actual production realized by farmers. 
To get more insight in the yield gaps, additional production levels were simulated. Feed-limited cattle production was combined with potential crop production. Resource-limited cattle production was simulated with the current sub-optimal cattle management, which does not maximize the live weight production per hectare. The cattle management includes decisions on selling or slaughter weights, calving dates, the age at first calving, culling rates, and stocking densities. Finally, we simulated the resource-limited production with sub-optimal cattle management, calf mortality, and prolonged calving intervals.   


Results & discussion

Yield gaps in feed crops

Grass Maize
Production level or relative yield gap  Unit Grass Hay silage silage Wheat
Potential production (Yp) kg DM ha™ year™ 14.4 16.6 18.7 25.2 8.3
Water-limited production (Yy) kg DM ha™ year™ 7.2 7.5 - 19.6 7.2
Actual production (Ya) kg DM ha™ year™ 48 3.2-57 - 10.0-10.5 5.0-5.6
Relative yield gap, (Yp — Ya) / Ye 66-81% 58-60%  33-40%
Relative yield gap, (YL —Ya)/ YL 24-57% 46-49% 23-32%
Grazing

(average farm types)
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Now we move on to the results. This table shows the potential, water-limited and actual production per hectare in the Charolais area for grass intake under grazing, and the production of hay, grass silage, maize silage and wheat. Grass silage production was only simulated under potential production. The relative yield gaps of grass and hay and maize silage were more than half, or even two-third of the potential production. The relative yield gaps was 33% of the water-limited production for grass, 24-57% of the water-limited production for hay, 46-49% for maize silage, and 23-32% for wheat. Yield gaps were smallest in wheat production.  
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In the introduction, I presented a framework to quantify the yield gap in feed-crop livestock systems. This is the same graph, with feed production on the x-axis, and cattle production, expressed as feed efficiency, on the y-axis. The measured, actual live weight production is indicated by the orange diamonds. The simulated resource-limited production with sub-optimal cattle management, and calf mortality and prolonged calving intervals is indicated by the red dots, so these two levels are quite close to each other. If calf mortality and prolonged calving intervals are eliminated, the feed efficiency of cattle increases. Elimination of the sub-optimal management increases the feed efficiency further, and optimum stocking densities allow to increase the dry matter intake from pasture. Water-limitation was quite a limiting factors for crop growth in the Charolais area. Eliminating the water-limitation of feed crops results, therefore, in a much higher feed production.  Finally, the dot indicates potential production with the ad libitum diet consisting of grass silage, which is considered potential production. There is just one dot under potential production, because the genotype, climate, and feeding strategy are fixed, and the same for all farm types. Multiplying the x and y axis results in the beef production per hectare. 
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This three-quadrant figure shows the feed production, feed efficiency, and live weight production per hectare. The production levels with sub-optimal cattle management have not been indicated. In the previous figure, we have been looking at the lower right quadrant, with feed production and feed efficiency on the axis. The total production per hectare is indicated on the upper y-axis of this three-quadrant figure. The potential live weight production is about 2400 kg per hectare per year. The live weight under resource-limited production is 600 and 750 kg live weight per hectare per year. The actual live weight production ranges from 300 kg up to 450 kg live weight. Having these numbers available, the yield gaps of feed-crop livestock systems can be quantified easily.    
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This figure shows the relative yield gaps and actual production as a percentage of the potential and resource-limited production. The relative yield gap, benchmarked against the potential production, is on average 85%, and the relative yield gap benchmarked against resource-limited production is 47%. The different factors contributing to the yield gap are also represented. The difference between the diet fed in practice and the ad libitum diet consisting of grass silage, reduces potential production by 41%, and water-limitation in feed crops by 31%. Sub-optimal cattle management reduces potential production by 9%. Calf mortality and prolonged calving intervals account for 2% of the potential production, and the other factors for 3%. All in all, these yield gaps indicate considerable scope to increase production, from a bio-physical perspective.     
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This figure shows the yield gaps and actual production for all farm types, benchmarked against the potential production. The green arrows indicate the cow-calf-fattener systems, which feed higher amounts of concentrates, and produce heavier calves than the cow-calf systems.
A major question you may have in mind now is why are the yield gaps that large?  


Results & discussion

Explanations for yield gaps

B Socio-economic and environmental constraints -
exploitable yield gaps
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The first reason why yield gaps are considerable is that achieving potential are feed-limited production is not feasible from a socio-economic and environmental perspective. In crop science, we often assume that yield gaps can be mitigated up to 80% of the potential or water-limited production, which is also referred to as the exploitable yield gap. We can assume the same 80% for livestock production. This implies that at most 64% of the potential or resource-limited livestock production per hectare is realised in practice. The yield gap is thus at least 100 minus 64 = 36 percent. The relative yield gap under resource-limited production was 47% on average, so the exploitable yield gap would be 47 minus 36 is 11 % of the resource-limited production. 


Results & discussion

Explanations for yield gaps

® Socio-economic and environmental constraints -
exploitable yield gaps

®" Farmers are eligible for grassland premiums if:
® stocking densities < 1.4 livestock units per ha
® more than 75% of the farmland is grassland
® low N fertilization rates (max. 125 kg N hat)

® Cattle premiums are paid per cow

" Prices of farmland are € 2,800-4,000 per ha
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There are other explanations for the yield gaps as well. Farmers are eligible for grassland premiums if they keep the stocking densities below a level of 1.4 livestock units per hectare, if 75% of the farmland is grassland, and if low nitrogen fertilizer application rates are being applied. In addition, cattle premiums are paid per cow, irrespective of the production. Furthermore, the price of farmland is relatively low, between 3 and 4 thousand euros per hectare. The premiums and low prices of farmland do not encourage farmers to intensify production.   
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Yield gap mitigation - not attractive from an economic
perspective
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So was yield gap mitigation not attractive from an economic perspective? This figure indicates the revenues of beef and the operational profit per kg live weight on the y-axis.  The relative difference between resource-limited production with sub-optimal cattle management, and the actual production on the x-axis. Although officially not a yield gap, we can imagine the x-axis to be representing a relative yield gap. This relative difference or relative yield gap is caused by diseases, stress, mortality and prolonged calving intervals in cattle, and nutrient limitations, pests, diseases and weeds in feed crops. The figure shows (red dots), that all farm types obtain the same price per kg live weight. The operational profit (orange squares) increase with an increasing yield gap. This effect becomes even stronger when we account for bovine premiums and the grassland premium, which is abbreviated as PHAE here. So a larger gap per hectare results in a higher operational profit and premiums per kg live weight. So if land is available, better expand the farm area instead of intensifying production, from an economic perspective.     
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How to mitigate yield gaps after the change in common
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The results in the previous slides were based on the premiums and policies before 2015. After 2015, the common agricultural policy of the EU changed. Currently farmers do not face any limitations in stocking densities to be eligible for grassland premiums. In addition, they are paid cattle premiums for the first 150 cattle, and if they have more cattle, they do not get additional cattle premiums. These changes in the economic situation may provided scope for intensification. 
So how could yield gaps be mitigated? Looking at the sub-optimal diet, one improvement option is to replace the hay that is fed during winter by grass silage. The feeding costs may increase, but also the revenues from additional live weight production may increase. Water-limitation in feed crops can be mitigated by irrigation. The Charolais region has limited capacity to store water for irrigation, so this improvement option would require massive investments in canals and basins. Irrigation is also not applied in the grass-based systems because it is costly and laborious. So all in all, irrigation does not seem a very feasible option. Our results indicated that cattle are slaughtered often at 700 kg, but slaughter at 750 kg would increase feed efficiency. Increasing the slaughter weight of calves is, however, not desired, because of the beef quality, and the equipment in the slaughterhouses. Our simulations indicated that calving at the beginning of March is optimal, but calving occurs usually one month earlier, so later calving may allow to make best use of the available grass. Increasing culling rates of reproductive cows increases the live weight production per hectare, but also decreases the average quality of the beef, so it is questionable whether farmers will adopt such an option. Other feasible improvement options are an earlier start of the grazing season, and rotational grazing instead of continuous grazing.  


Conclusions

A generic framework and modelling method is now available to
assess yield gaps in feed-crop livestock systems.

Its application to beef production systems in France shows that:

" Yield gaps were 85% of potential live weight production and
47% of resource-limited live weight production

®" The main factors attributing to yield gaps were identified

(feed quality and quantity limitations, water-limitation in feed crops, cattle
management)

®" The approach allows to identify improvement options for yield
gap mitigation (grazing management, feeding silage)
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