INterrelations of the Nitrogen loss levels and production structures
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Abstract:

The main reason of the nitrogen overload is the misbalance of the nitrogen circulation and the agricultural activity. The nitrogen loss takes place in different points of the nitrogen cycle. The nitrogen overload related to the agricultural production cannot be avoid but there are a lot of possibilities to reduce it. In our researches we use a linear based model, in which we parameterise the volume of the animal branch and the amount of the nitrogen loss. Our aim is to uncover how the interaction of the above mentioned two factors affect the dimensions of the optimal resource combination (nitrogen), the optimal structure of the branches (plant for sale branches), and the dimension of the net income.
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1. Introduction

Nowadays the protection of the environment and the problems of the environment’s harmful disposal are analysed and discussed from an economic point of view and become more and more economic-like questions. The sustainable agricultural production depends on the maintenance and regeneration of the environmental resources. The modern agricultural production and European standards increasingly require these concepts.

The precise consideration of the losses, environmental taxes, compensations and supports make the understanding of the interrelations of the environment’s disposal very important for the economy.  The agricultural production highly contribute to the environmental nitrogen overload. The main reason of the nitrogen overload is the misbalance of the nitrogen circulation and the agricultural activity. The nitrogen loss takes place in different points of the nitrogen cycle. In most of the Western-European countries the intake of the nitrogen, like the usage of chemical fertiliser and organic manure, is higher than its taking out by the plant’s production. The difference in the balance is the loss, which goes into the air or into the water, or  accumulates in the soil.

The nitrogen overload related to the agricultural production cannot be avoided but there are a lot of possibilities to reduce it’s level. The main factors of the reduction strategy are the more precise synchronisation and integrationalization of the animal and plant branches. (Illes és Podmaniczky 1999).

In order to realise an effective nutritive material management we need a new concept  in the co-ordination of the different branches. For the planning of new production structure we need to take the nitrogen circulation into account.

The goal is to facilitate the input of fewer artificial nitrogen (artificial manure) into the soil and to realise a more effective flow of nutritive material between different branches. (for example: manure consumption, more papillionaceae into production structure) 

In our researches we elaborated a linear based model, in consideration with the model of Illés and Podmaniczky (alternative farm management 1996).  Our model creates a connection between different branches, their nitrogen losses and  their resource circulation.  The running of our model makes a better consideration not only about the optimal production structure, but about the nitrogen consumption and nitrogen losses as well.

In the developed model we jointly parameterise the size of the animal branch and the amount of the total nitrogen loss. In the model we consider the size of the animal branch  given, so we integrated it into the model in a static way. Our aim was to uncover how the interaction of the above mentioned two factors (nitrogen loss and the size of the animal branch) affects the dimensions of the optimal resource combination (nitrogen), the optimal structure of the branches (plant for sale branches), and the dimension of the net income. The results of the model received via repeated iterations will be demonstrated with the help of three-dimensional combined charts and diagrams. 

2. Nitrogen balance 

We determined the extent of the nitrogen loss in an indirect way, in conformity with the international practice. The logical basis of the indirect calculations is the balance between the input and output points of the nitrogen circulation. In the input side we take the main nitrogen sources of the production into consideration:

· the Nitrogen content of the sowing-seed

· the Nitrogen content of the bought artificial manure

· the Nitrogen content of the organic manure

· the Nitrogen content of the bought animal feed

· the Nitrogen content of the bought animals 

· The fixed Nitrogen in the soil by the papillionaceae

In the output side we take the following nitrogen take outs from the production into consideration:

· the Nitrogen content of the yield

· the Nitrogen content of the by-products

· the Nitrogen content of the animal feed

· the Nitrogen content of the produced animal product
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In general the balance is off-centred in a way that the input side exceeds the output side so the nitrogen loss comes out and the main part of it accumulates in the soil and the water or goes into the air which has harmful environmental effects. The smaller part of it will be unusable and takes the form of weeds, pests or something like that. In other cases the balance can be output sided (there are more N output than N input) which means the emaciating of the soil.

The Internal balance means the different balances of the production phases or branches and the External balance means the balance of the total N-intake into and the total N-take out from the hole farm. The above mentioned model was altered a bit for the reason of suitability for a linear based model. We broke up the production structure (the real branches) with respect to the points of the N-intake and N-take out so we can track the N-loss.

3. The linear based model 

The developed LP model had been elaborated in on the basis of the data collected in 1998 at the demonstration farm Józsefmajor, with the integration of the nitrogen loss of the plant production’s branches into it. (Székely et al., 1998) At the demonstration farm there is a cattle branch with liquid excrement system and individual identification system as well as basic plant growth branches.

The used model makes connection between the classic plant branches (winter-wheat, maize, silage maize,  alfalfa, grassy and “fallow”) and the inputs and outputs of the dairy herd. The model takes the Internal nitrogen balances into consideration as well. The model gives an optimal branch structure and the outcome reaches the highest net income while the nitrogen loss and the animal branch reaches a predetermined level according to the parameterisation.

During the running of the model we changed the size of the dairy branch in discrete steps from 40 head of cattle to 130 head of cattle in steps 10. We also changed the possible total nitrogen loss according to the whole farm in 100 kilogram steps from 1000 kg to 3000 kg. Altogether we re-evaluated the LP-model in 210 times and we put the outcomes into a multidimensional database, and charts.

In the model the produced organic manure is totally used up by the plant production’s branches and its N content goes into the N-input of the plant branches. The used up nitrogen covers a part of the calculated nitrogen demand of the plant branches and the remaining part will be covered by bought artificial nitrogen manure source. In the next part of the model the costs of the used up nitrogen source will appear in the goal coefficients and in the calculated net income of each branch. The needed total amount of the nitrogen can not be changed in this model, so it has no effect on the yield. In a later phase this missing factor can be added to the model and the research can be performed again. There can be a yield calculation and a net income recalculation in every cycle with respect to the used up nitrogen.

The developed model has an acceptance range (operating range) about which we made the following statements:
· The size of the animal branch has an acceptable range within the given conditions, as the size of the whole farm is of 250 hectares and the capacity of the dairy branch is sufficient. In case of a much bigger size the animal keeping collides with feeding problems or collides with the problems of the organic manure deposition, and the much bigger size can exceed the limits of a family farm. 

· During the determination of the different levels of the nitrogen loss we considered the sustainable development strategy. The supposed levels of the total nitrogen loss  between 1000 and 3000 kg don’t have harmful effects on the environment (in this case). (Podmaniczky et al., 1999)

4. Results

Statements with respect to the net income

During the running of the model in every cycle we recorded the net income (FH) so we could make a comparison between the highest outcomes. This method makes it possible to analyse each optimal solution. 

In the fist diagram we represent the N-loss (kg „N-veszteség”) and the planned size of the animal branch (pcs, „Tehén, db”) on the horizontal dimensions. The vertical dimension means the maximal net income („FH”, in HUF). Additional information can be learned from the size of the points (cubes) which means the growth of the proportion of the fallow area in the optimal structure.

From the charts it can be seen that the increasing level of the nitrogen loss (which means the intensification of the production) and the increasing size of the dairy herd (which makes a higher level usage of the organic manure possible), produce the increase of the net income together. 

In the second part of the first figure it can be seen that the continuous growth of the fallow area outside of the marked area creates a net income level that is decreasing with a steep slope. From another side it means that there are more combinations of the production structure and the nitrogen loss level while the net income doesn’t decrease too much. The marked part of the 2nd diagram (when there is a larger number of cattle) shows this area in figure 1.

Figure 1.: Trend of the net income
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Figure 2.: The effect of the N-loss on the structure of the plant production branches

 (winter-wheat „őszibúza”, maize „kukorica”, alfalfa „lucerna”,

 silage maize „silókukorica”,  grassy  „legelő” and fallow  „ugar”)
Statements with respect to the optimal production structure

In the 2nd  figure we summarized the joint effect of the increasing animal number and the increasing level of  the nitrogen loss on the production structure.

In the first part of the figure we collected the results of the model in the case of 80 heads of cattle and different levels of the nitrogen losses. The second part shows the result in the case of 110 heads of cattle. The divided bars shows the distribution of the plant production branches and the highest gray bars mean the proportion of the fallow area. In the two diagrams a tendency can be seen such as that the higher animal number (within the examined range) can compensate the fallow area’s nitrogen loss reducing ability. So the fallow area has been continuously crowding out from the optimal structure.
Other  statements:

In the 3rd figure we examined further relations with respect to the variation in the animal number. According to the diagrams we found out that the changing of the proportion of the animal branch’s sections (for example: the heifer calf or young heifer for sale and further keeping) has a significant effect on the net income and on the nitrogen loss level. 
In the presented diagram we have 5 dimension to describe. In the two horizontal dimensions we represent the N-loss (kg „Tényleges N-veszt.”) and the received size of the animal branch (pcs, for 90 to 130 „Összes számosállat, db”). The third vertical dimension shows the proportion of the area of the plant branches for sale (hectare %, „Árunövény terület, ha”). The forth dimension is the color which means the reached net income. The highest net income is the darkest one. The fifth dimension is the size of the cubes which represents the proportion of the selling of the young heifers. 

Figure 3.: Trend of the proportion of the area of the plant growth branches for sale. 
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On the basis of all this it can be demonstrated that there is a method which is suitable for the examination of the effects of the strategic decisions parallel to the effects of the environmental pollution.
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