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1. Introduction   

The increase in human population and the demand for life quality have induced the 
growing production of food and alternative vegetal energy sources in replacement to petrol. 
Soybean responds to more than 80% of biodiesel production, and will reach 5% inclusion in 
the fossil diesel in the next years in Brazil. This trend will increase pressure to new areas for 
soybean production on actually human food production areas, as well on pasture and 
untouched forests areas.  
The progress of agriculture has been based on increase in animals and plants productivity 
per unit of area, which only has application when land availability is the sole limiting factor. 
However, the efficiency of use of limiting resources (including water, fertilizers and petrol) 
has to be considered. This mistaken vision is leading to excessive use of non renewable 
natural resources and environmental pollution. The reserves of phosphate in the world that 
can be explored at low cost are enough for 40 to 100 years and the world reserves of 
potassium are enough for 50 to 200 years. The situation is worse for micronutrients, in 
which the reserves of copper and zinc are enough for 60 years, manganese for 35 years and 
selenium for 55 years (Herring & Fantel, 1993; Roberts & Stewart, 2002; Aaron, 2005).  
In addition to the depletion of natural reserves, the excessive use of fertilizers can contribute 
to soil and water courses contamination with nitrate (Angus, 1995; Bumb, 1995), soil 
acidification (Helyar & Poter, 1989), and emissions of carbon dioxide (CO2), nitrous oxide 
(N2O) and ammonia to the atmosphere. The pollution with nitrate has being an actual 
preoccupation in Europe and North America. The fertilization with phosphorus and 
nitrogen cause decrease in water oxygenation by excessive increase in the population of 
toxic algae in the oceans (Kebreab et al., 2002). 
The agriculture participates in 20% of annual increase in the anthropogenic emission of 
greenhouse gases, mainly CH4 and N2O. Approximately 70% of all anthropogenic emission 
of N2O is attributed to agriculture. The current methodology used in Canada to estimate the 
flow of N2O is based in the direct relation between the emission of N2O and the application 
of nitrogen fertilizers (Lemke et al., 1998). 
The possible deleterious effects of emissions of N2O are global warming and catalytic 
destruction of the ozone chain in the stratosphere, in which the N2O retains 13 times more 
heat than methane (CH4) and 270 times more than CO2 (Granli & Bockman, 1994). The 
atmospheric level of N2O has increased in growing fashion since 1960, associated with 
increase in utilization of nitrogen fertilizers (Bumb, 1995; Strong, 1995).    
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Fig. 1. Hubbert curve of exploration of petrol (non renewable natural resource), and altered 
curve by artificial maintenance of peak of production. 

An worried phenomena about the use of non renewable natural resources can be visualized 
in the Hubbert curve (by Dr. Marion King Hubbert), which was a Shell Geologist, who 
predicted in 1956 that the global production of petrol would present a peak in the beginning 
of the XXI century (Hubbert Peak theory, accessed in March 02, 2009), and the curve of 
exploration follows the bell shape (Figure 1).  
The phenomena observed by Hubbert related to petrol exploration is applicable to any other 
limiting natural resource, such as fertilizers, soil, and water and, consequently, food 
production. As more persistent is the maintenance of the maximum exploration of a 
resource, more drastic is the fall in the exploration of the final reserves in a short space of 
time, occurring the called blackout or sharply decay in the rate of production (Figure 1). 
Therefore, after the peak of exploration, if there is no new reserves to be discovered, no 
alternatives to produce more food without dependence on the available resources, or control 
of excessive exploration based on efficiency of use of these resources, catastrophic 
consequences can occur with mankind in some time of this century, as predicted by the Club 
of Rome in 1972, in the known publication “The limits of growth” (Meadows et al., 1972). 
The alert of the Club of Rome was based in the model associating accelerated 
industrialization, rapid population growth, depletion of non renewable natural resources, 
widespread malnutrition, and environmental pollution.  
The objective of this work is to demonstrate the application of saturation kinetic models to 
improve efficiency of use of non renewable natural resources in agriculture, avoid the 
complete depletion as predicted by the Hubbert curve, and minimize the problems related 
to environmental pollution. 

2. Population growth curve 

The growth curve of populations of life beings in the absence of factors that affects the 
physical integrity, such as sickness and predation, has sigmoid curve (Gompertz or 
hyperbolic curve), including latency, exponential growth, plateau and senescence or death. 
The plateau occurs due to the saturation phenomena associated with depletion of nutrients 
or in some cases by environmental pollution, which acts in feedback against the 
uncontrolled growth (Figure 2). 
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Fig. 2. Theoretical growth curve of life beings as a function of saturation by limitation of 
nutrients (under nutrition) or by products of metabolism (environmental pollution). 

As an example, a bacterium with volume of 1 m3 and duplication time of 20 minutes has 

potential to reach a biomass much greater than the earth in only 48 hours or 144 generations 

(Russell, 2002; p.57-58). Therefore, the archaea and bacteria are the first life beings of the 

planet, are hungry most of time, and can be the survivors of a biological collapse, such as 

those that occurred 65,000,000 years ago with the dinosaurs and 250,000,000 years ago, when 

more than 90% of life beings were extinct, leading to the formation of petrol reservoirs that 

are being explored actually. 

Another example of cessation of growth and death of population by environmental 
pollution is in the silage production, where the bacteria die and the nutrients are conserved 
to be used by ruminants, as a consequence of the acidity caused by accumulation of 
fermentation end products – the volatile fatty acids.  
Speaking of food production crisis lead we back to the Malthus theory, which although 

there are some conceptual errors, it will threaten the humanity and all life beings forever. 

According to Malthus, the population growth curve follow geometric progression and the 

food production arithmetic progression, leading to the crisis of food supply in some 

situations or in some periods of our existence (Thomas Malthus, accessed in March 02, 

2009).  

However, both population growth and food production follow a sigmoid curve up to the 
plateau or in form of a bell or double sigmoid over time (the second goes down hill, similar 
to the first in a mirror). The population growth curve is cumulative, as a consequence of the 
sum of the annual growth rates (Figure 3), which depend on the annual rate of food 
production (productivity), that by its time is consequence of the annual rate of soil 
utilization and exploration of non renewable natural resources (fertilizers and petrol), that 
follow the Hubbert curve. Changes in these curves can be caused by men or naturally, with 
discoveries of new food production technologies, population death (caused by diseases, 
wars, predations, among others), proliferation of plagues and diseases in plants, climatic 
changes, among others.   
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Fig. 3. Theoretical population growth (cumulative and growth rate) as function of time. 

Studies of these phenomena lead us to understand the need for rational use of non 
renewable natural resources. The kinetic saturation models are important tools generated by 
science in order to evaluate the efficiency and allow the rational use of non renewable 
natural resources (Lana, 2005; Lana et al., 2005; Lana, 2007a,b; Lana et al., 2007a,b; Lana, 
2008). As a result, they can avoid the complete depletion of the resources and the collapse in 
food and energy supply, with dramatic consequences for our civilization, as predicted by 
Malthus, Hubbert and Club of Roma.    

3. Models of biological responses to nutrients  

The first studies on the limiting factors in the plants growth were developed by Carl 
Sprengel in 1826 and 1828, and by Liebig in 1840, leading to the rejection of humus theory 
and formulation of Law of minimum (van der Ploeg et al., 1999). The Law of minimum or 
Law of response is associated with the absence of nutrient replacement, linear response in 
production by increase in the quantity of the limiting factor and a maximum plateau of 
response, in which the plants do not respond satisfactorily anymore to the limiting nutrient.  
A posterior mark was the Law of diminishing return of Mitscherlich (1909). The convex 
exponential equation of Mitscherlich, with a model that includes the maximum asymptotic 
yield, allows calculating the optimum economic level of fertilization, based in the benefit-
cost ratio. 
The Michaelis-Menten model (Michaelis & Menten, 1913) was developed to describe the 
enzymatic kinetic in the beginning of the 20 century. The Lineweaver-Burk model 
(Lineweaver & Burk, 1934), an equation of the linear regression of the reciprocal of Y 
(enzymatic activity) as a function of the reciprocal of X (concentration of substrate), was 
used to obtain the kinetic constants of the Michaelis-Menten model: ks (the amount of 
substrate needed to reach half of maximum enzymatic activity) and kmax (maximum 
enzymatic activity). 
Later, researchers verified that the microbial growth rate was dependent of substrate 
concentration and both were related to the saturation kinetic typical of enzymatic systems 
(Monod, 1949; Russell, 1984).  
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Although the use of saturation kinetic model to explain the nutrients responses by the 

superior forms of life is not being adopted (Morgan et al., 1975), the Michaelis-Menten 

model allows to explain the curvilinear relationship of plants and animals to the nutrients 

and the model of Lineweaver-Burk allows to obtain the kinetic constants, ks (the amount of 

substrate needed to reach half theoretical maximum response in rate of growth or 

production of milk, wool, eggs, among others) and kmax (theoretical maximum response in 

rate of growth or production), according to Lana et al. (2005). 
The responses of plants and animals to nutrients as saturation phenomena have important 
implications in addition to calculation of the rate of decreasing economical return and 
estimates of nutrients recommendations, such as the consciousness about the excessive use 
of non renewable natural resources; soil, water, and air pollution; and global warming.   
The knowledge about the efficiency of utilization of fertilizers in agriculture will play an 
important role in the political decisions about the rational use of non renewable natural 
resources in the future. The natural fertilizer sources have to be used with maximum 
efficiency and with minimum negative effects in the environment.  

4. Marginal response or Law of diminishing return in plants 

Recommendations of fertilization are mostly based in the method of calculation of nutrients 
requirements of a culture and the mineral contribution of the soil. The fertilizers are then 
calculated to supply the deficiencies. This method allows recommendation of the lower level 
that maximize the production. However, the method does not indicate changes in the 
recommendation based on changes in the costs of nutrients and grains. Also, it does not give 
direct information of the effect of application of other level than the recommended one 
(Makowski et al., 1999).      
It has being utilized a variety of empirical models to predict the responses to nutrients and 
to calculate the optimum levels of nutrients. Among then, it is included the model of 
Mitscherlich, square root (Mombiela et al., 1981; Sain & Jauregui, 1993), exponential, linear-
plus-plateau, linear-plus-hyperbola, quadratic and quadratic-plus-plateau (Cerrato & 
Blackmer, 1990; Bullock & Bullock, 1994; Makowski et al., 1999, 2001).  
The use of saturation kinetics to explain the nutritional responses to nutrients by superior 
life beings are rarely employed (Morgan et al., 1975). The model of Michaelis-Menten has 
not being evaluated to make recommendations of fertilization. This model has a great 
potential in recommendation of use of nutrients in agriculture, by considering the efficiency 
of use of nutrients and the Law of diminishing return, as observed by Mitscherlich (1909). 
This model can aggregate important concepts such as responses to different levels of 
nutrients, benefit-cost ratio, efficiency of use of nutrients, rationality of use of non renewable 
natural resources and consciousness about environmental pollution.   

Linear regressions of reciprocal of plants responses as a function of reciprocal of nutrients 

supply, methodology known as data transformation of Lineweaver-Burk (Lineweaver & 

Burk, 1934; Champe & Harvey, 1994), were proposed by Lana et al. (2005) as follow: 

1/Y = a + b * (1/X) 

where: 
Y = responses of plants (grain yield, x 1,000 kg/ha),  
a = intercept, 
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b = coefficient of linear regression, 
X = amount of nutrient (kg/ha/year). 
The theoretical maximum grain production (kmax) is obtained by the reciprocal of intercept 
(1/a). The amount of nutrient (X) needed to reach half of theoretical maximum response (ks) 
is obtained by the model presented above, replacing Y by 1/a x 50(%) x 0.01, or dividing the 
coefficient of the linear regression by the intercept (b/a). 
The efficiency of use of fertilizers is calculated dividing the accretion in grain production  
(Y2 - Y1) by the accretion in fertilization (X2 - X1), from a specific level of fertilizer in relation 
to the previous level.  
Simulations of biological responses to nutrients in the absence or presence of a second 
limiting nutrient are presented in Table 1 and Figure 4, in which are expected changes in the 
maximum yield (kmax) and ks of the first limiting nutrient (increase, no effect or decrease). 
The Figure 4A illustrates four kind of responses in production and models of double-
reciprocal are presented in Table 1 and Figure 4B, demonstrating the combination of two 
values of kmax by two of ks.  
The best effects that a second limiting nutrient can cause are by increasing kmax, decreasing 
ks, or both changes that is even better. However, the most common kind of response is by 
increasing both kmax and ks. Increase in kmax by increase in productivity with a second 
nutrient lead to increase the efficiency of use of the first limiting nutrient (Figure 4C), but 
this benefit decreases sharply by increase in the amount of the first limiting nutrient, 
especially when ks is low. 
 

Equation Symbol Intercept (a) Coefficient (b) r2 ks kmax 

1 O 0.8163 79.789 1.00 98 1.2 
2  0.9195 39.591 1.00 43 1.1 
3  0.4082 39.894 1.00 98 2.4 
4  0.4768 19.483 1.00 41 2.1 

Table 1. Constants of linear regression of reciprocal of grain production (x1,000 kg/ha) as a 
function of reciprocal of amount of fertilizers (kg/ha/year) in hypothetic situations of high 
or low values of the saturation constants ks (kg of fertilizer/ha) and kmax (x1,000 kg/ha) – 
see Figure 4B 

The plants responses to fertilization depend on soil fertilization, in which high responses 
occur when soil fertility is low (Figure 5A) and in low level of fertilization, that is the main 
factor that affects the efficiency of use of fertilizers (Figure 5B). 
Equations of data transformation of Lineweaver-Burk were used to explain the effect of 
fertilization and the effect of a second factor in the yield, ks, kmax and efficiency of use of 
fertilizers in soybean, bean, wheat and cotton production (Tables 2, 3 and 4).  
When limestone was the second factor, there was change in ks and kmax in 34 and 85%; -75 
and -10%; and 33 and 22% for soybean fertilized with P2O5 (Table 2). Limestone as a second 
factor changed ks and kmax, respectively, in -55 and -12% for wheat fertilized with P2O5, and 
in 9 to 87% in cotton fertilized with K2O.  
As seen above, increase or decrease in kmax is associated with the same effect in ks, but 
increase in kmax associated with exaggerated increase in ks is not desirable because it 
requires more fertilizer to reach the plateau. In other words, the greater values of ks present 
greater response to the use of fertilizers in high level of fertilization, but it cannot be 
advantageous due to the increase in the cost of fertilization.  
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Fig. 4. Biological responses to nutrients as a function of a second limiting nutrient (A) - 
control (O), decrease in ks (), increase in kmax () and decrease in ks and increase in kmax 
(); reciprocal of production as a function of reciprocal of fertilizer level – plot of 
Lineweaver-Burk (B); and effect of a second limiting nutrient in the efficiency of use of the 
first one (C) 
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Fig. 5. Plants responses to fertilizers in low (O) and high () soil fertility (A); and the effect 
of soil fertility in the efficiency of use of fertilizer (B) 

In the case of soybean (Table 2), considering US$1.208/kg of P2O5 and US$0.178/kg of 

soybean, it is necessary 6.8 kg of soybean to pay 1 kg of fertilizer. Therefore, it is viable to 

use 50 to 100 kg of P2O5 in the absence of limestone and 100 kg of P2O5 in the presence of 

limestone. Above 150 kg of P2O5, although in some cases there was still response to 

fertilizer, especially in high values of ks, the response is not viable economically. 

In bean production (Table 3), the second factor (P2O5) increased the kmax of nitrogen from 
0.1-0.5 to 1.0-1.6 x 1,000 kg/ha of bean, but also increased the ks (1 to 13 and 17 to 29 kg/ha 
of nitrogen). When the second factor was nitrogen, this increased the kmax of P2O5 from 0.7-
0.8 to 1.5 x 1,000 kg/ha of bean, but also increased the ks (5 to 15 and 136 to 199 kg/ha of 
P2O5). In the second case, the high values of ks for P2O5 caused low improvement in the 
efficiency of use of this fertilizer in low level of fertilization (Table 4). The extra production 
in this case cannot be enough to pay the extra amount of fertilizers. 
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Product 
Fertilizer 
(kg/ha/year)

Second 
factor 1 

Intercept 
(a) 

Coefficient 
(b) 

r2 ks 2 kmax 3 
Source 
of data 
4 

Soybean P2O5 - 0.7536 57.766 1.00 77 1.3 1 
  + 0.4096 42.198 1.00 103 2.4 1 
Soybean P2O5 - 0.3502 30.524 0.98 87 2.9 2 
  + 0.3801 8.2987 0.99 22 2.6 2 
Soybean P2O5 - 0.3103 3.6726 0.68 12 3.2 2 
  + 0.2535 3.9962 0.53 16 3.9 2 
Wheat P2O5 - 0.4169 174.48 1.00 419 2.4 1 
  + 0.4781 91.00 1.00 190 2.1 1 
Cotton K2O - 0.622 4.6865 0.91 7.5 1.6 1 
  + 0.3284 2.7052 0.97 8.2 3.0 1 

 
Fertilizer 
(kg/ha) 

Efficiency of use of fertilizers (kg of grains/kg of fertilizer)5 

50 2 100 150 200 250 300 

Soybean P2O5 - Lim 1   10.0 4.5 2.5 1.6 1.1 0.8 
        + Lim 16.0 8.1 4.9 3.3 2.4 1.8 
Soybean P2O5 - Lim    15.5 9.7 5.6 3.7 2.6 1.9 
        + Lim 15.4 6.6 2.7 1.5 1.0 0.7 
Soybean P2O5 - Lim    28.0 5.5 2.1 1.1 0.7 0.5 
        + Lim 37.0 8.2 3.2 1.7 1.1 0.7 
Wheat P2O5 - Lim      5.0 4.1 3.4 2.9 2.4 2.1 
        + Lim   8.3 5.7 4.0 3.0 2.3 1.8 
Cotton K2O - Lim    10.5 2.0 0.7 0.4 0.2 0.2 
          + Lim 20.8 4.0 1.5 0.8 0.5 0.3 

1 Limestone: without (-) or with (+) 4,000 to 7,000 kg/ha; 2 Kg of fertilizer/ha - P2O5  or  K2O; 3 x1,000 
kg/ha of grain; 4 1 = Malavolta (1989), p.61, 275 and 283; 2 = Oliveira et al. (1982), p.36; 5 Considering 
US$1.208/kg of P2O5 and US$0.178/kg of soybean, is necessary 6.8 kg soybean to pay one kg of 
fertilizer. Efficiency lower than 6.8 kg of soybean/kg of P2O5 is not viable. These calculations can be 
used to choose the level of fertilization. 

Table 2. Changes in the constants of linear regression of the reciprocal of grain production 
(x1,000 kg/ha) as a function of the reciprocal of amount of fertilizer (kg/ha/year), by the 
second factor, and the respective efficiency of use of fertilizers (kg of grains/kg of fertilizer) 

5. Marginal response in bovines 

The weight gain in growing bovines in pasture in the dry season is curvilinear as a function 
of supplement supply, based on corn and soybean meal, in which the supplement 
conversion (kg of supplement/kg of accretion in weight gain) becomes worse with increase 
in the supplementation (Lana et al., 2005; Keane et al., 2006; Lana, 2007b)  (Figure 6).    
The milk production by supplemented cows in pasture or in feedlot is also curvilinear as a 
function of increase in the concentrate supply, based on corn and soybean meal (Figure 7A), 
in which the marginal increase in milk production per kg of concentrate decreases with 
increase in the amount of concentrate (Bargo et al., 2003; Pimentel et al., 2006a; Sairanen et 
al., 2006; Lana et al., 2007a,b), as shown in Figure 7B, and in some studies the milk response 
to concentrate was satisfactory only up to 2-4 kg of concentrate/animal/day (Fulkerson et 
al., 2006). 
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The curvilinear response can also be verified with specific nutrients, such as the observed 

positive curvilinear response in milk production and negative curvilinear response in the 

efficiency of use of nitrogen by increasing the dietary crude protein content from 11 to 19% 

in cows with mean production of 38 kg of milk/day (Baik et al., 2006). In the third 

experiment of Figure 7, in addition to decreasing response in milk production, there was 

decreasing response in body weight variation with increase in the concentrate level (0.20, 

0.12, and 0.095 kg of body weight gain per additional kilogram of concentrate intake; 

Teixeira et al., 2006). 
 

Fertilizer 
(kg/ha/year) 

Second factor
Intercept 

(a) 
Coefficient 

(b) 
r2 ks 1 kmax 2 

Sorce of 
data 3 

N 

P2O5(kg/ha) 
0 
40 
80 

100 

 
2.044 
0.782 
0.710 
0.630 

 
2.794 
8.516 
6.718 
8.205 

 
0.82
1.00
0.99
1.00

 
1 

11 
9 

13 

 
0.5 
1.3 
1.4 
1.6 

1 

N 

P2O5(kg/ha) 
0 
50 

150 
250 

 
10.764 
2.5229 
1.3364 
0.9539 

 
183.36 
46.235 
15.623 
28.056 

 
0.23
0.78
0.99
0.98

 
17 
18 
12 
29 

 
0.1 
0.4 
0.7 
1.0 

2 

P2O5 

N (kg/ha) 
0 
30 
60 

 
1.3812 
0.8181 
0.6842 

 
6.7411 
8.8241 
10.186 

 
0.98
1.00
1.00

 
5 

11 
15 

 
0.7 
1.2 
1.5 

1 

P2O5 

N (kg/ha) 
0 
50 

120 

 
1.3257 
1.0402 
0.6684 

 
180.38 
90.586 
132.74 

 
0.95
1.00
1.00

 
136
87 
199

 
0.8 
1.0 
1.5 

2 

1 Kg of fertilizer/ha; 2 Ton of grain/ha; 3 1 = Bolsanello et al. (1975) and Oliveira et al. (1982), p.155; 2 = 
Malavolta (1989), p.273.  

Table 3. Changes in constants of linear regression of reciprocal of bean production (x1,000 
kg/ha) as a function of reciprocal of amount of fertilizer (kg/ha/year), by a second factor 

According to the Biotechnology and Biological Sciences Research Council (1998), formerly 
known as AFRC (Agricultural and Food Research Council), all currently feed systems 
calculate the dietary requirements of energy and protein to meet the animals needs for 
maintenance and production. However, in practice, the situation is different, because there 
is no need for the farmer to meet the cow’s nutritional requirements if it is against the 
economical interest. So, it is evident that studies in animal response to increasing levels of 
concentrate or specific nutrients are needed, as suggested by Lana (2003; p.87).  
Although the animal’s responses to nutrients are curvilinear, the daily weight gains 
estimated by the level 1 of NRC (1996) of beef cattle are linear as a function of intakes of 
metabolizable energy and protein (Figure 8A). In the same way, the milk production 
estimated by the model CNCPS 5.0 as a function of intakes of metabolizable energy and 
protein, and model NRC (2001) of dairy cattle as a function of intakes of net energy for 
lactation and metabolizable protein, were linear by using increasing levels of concentrate  
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Fertilizer 
(kg/ha) 

Second 
factor 

Efficiency of use of fertilizers (kg of grains/kg of fertilizer) 1 

50 2 100 150 200 250 300 

N 

P2O5 

(kg/ha) 
0 
40 
80 

100 

 
 

1.1 
10.9 
11.5 
14.2 

 
 

0.1 
2.1 
2.0 
2.9 

 
 

0.0 
0.8 
0.8 
1.1 

 
 

0.0 
0.4 
0.4 
0.6 

 
 

0.0 
0.3 
0.2 
0.4 

 
 

0.0 
0.2 
0.2 
0.3 

N 

P2O5 

(kg/ha) 
0 
50 

150 
250 

 
 

0.6 
2.8 
4.5 
7.9 

 
 

0.2 
0.9 
1.3 
3.0 

 
 

0.1 
0.4 
0.5 
1.3 

 
 

0.0 
0.2 
0.3 
0.7 

 
 

0.0 
0.1 
0.2 
0.5 

 
 

0.0 
0.1 
0.1 
0.3 

P2O5 

N 
(kg/ha) 

0 
30 
60 

 
 

5.4 
12.2 
15.3 

 
 

0.6 
2.0 
2.9 

 
 

0.2 
0.7 
1.1 

 
 

0.1 
0.4 
0.6 

 
 

0.1 
0.2 
0.4 

 
 

0.0 
0.2 
0.3 

P2O5 

N 
(kg/ha) 

0 
50 

120 

 
 

4.0 
6.9 
6.0 

 
 

2.3 
3.3 
4.0 

 
 

1.5 
1.9 
2.9 

 
 

1.1 
1.2 
2.1 

 
 

0.8 
0.9 
1.7 

 
 

0.6 
0.6 
1.3 

1 Considering US$0.966/kg of N, US$1.208/kg of P2O5 and US$0.36/kg of bean, it is necessary 2.68 and 
3.36 kg of bean to pay 1 kg of N or P2O5. Efficiency worse than 2.68 or 3.36:1 for N or P2O5 is not 
economically desirable. These calculations can be used to choose the level of fertilization. 2 Level of 
fertilizer (kg/ha) - N in the first two cases or P2O5 in the last two cases.  

Table 4. Efficiency of use of fertilizers (kg of bean/kg of fertilizer) calculated with base in the 
equations of Table 3 
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Fig. 6. Body weight gain (BWG) of growing bovines in pasture during the dry season, as a 
function of daily intake of supplement with 24% CP, in which the values among parenthesis 
represent the differential in kilograms of supplement given daily divided by the differential 
in weight gain, in relation to the previous treatment (Lana, 2005; Lana et al., 2005) 
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(Figure 8B), as suggested by Lana (2005; p.290-291) and Lana (2007b; p.39 a 43). Therefore, in 
order to these systems be compatible with the tropical conditions, in which it is more 
evident the curvilinear responses to nutrients, it is necessary modifications in future 
versions, by adopting models of saturation kinetics. 
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Fig. 7. Production of milk (A) and efficiency of use of concentrate (B) as a function of intake 
of increasing level of concentrate in three experiments (Pimentel et al., 2006b, 2006c; Teixeira 
et al., 2006) 

6. Production versus productivity  

Two studies were conducted to evaluate the factors that affect milk production in Brazil, on 
farmer level or by state of federation (Guimarães et al., 2008; Lana et al., 2009). In the first 
case, data were collected from fifty producers that sell milk for a dairy plant in the south 
region of Rio de Janeiro state, including data of daily milk production by producer, with the 
respective data of production per cow and per hectare, farmer size and size area designated 
to the herd, total of milking cows and herd size, and breed (Table 5). In the second case, data 
were collected from EMBRAPA and IBGE in the years of 2004-2006, in which the emphasis 
was in milk production per state instead of production per producer.  
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Fig. 8. Mean daily weight gain of steers in pastures, observed and estimated by level 1 of 
NRC (1996) as a function of intake of metabolizable energy and protein in the supplement 
(A); and observed milk production (mean of data of Figure 7A) and estimated by CNCPS 5.0 
and NRC (2001) as a function of intakes of metabolizable energy or net energy of lactation, 
respectively, and metabolizable protein (B)      
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Production 
(Kg of milk/ 

producer/day) 

Number 
of 

producers 

Production 
per producer 

(Kg of 
milk/day) 

Area for the 
herd 
(ha) 

Herd 
(number of 

animals) 

Milking 
cows 

(number) 

Up to 150 6 117 37 56 14 
151-300 12 238 70 73 28 
301-600 14 451 106 94 43 

601-1200 14 821 111 159 66 
1201-2400 3 1667 316 633 132 
2401-4800 1 4000 300 1800 300 

Kg of milk/ 
producer/day 

Milking 
cows/ha 

Milk 
(Kg/ha/day) 

Milk 
(Kg/milking 

cow/day) 

Milk 
(Kg/total 
herd/day) 

Milking 
cows/total 

herd 

Up to 150 0.38 3.17 8.33 2.08 0.25 
151-300 0.40 3.40 8.57 3.27 0.38 
301-600 0.41 4.27 10.53 4.77 0.45 

601-1200 0.59 7.41 12.51 5.15 0.41 
1201-2400 0.42 5.27 12.66 2.63 0.21 
2401-4800 1.00 13.33 13.33 2.22 0.17 

Table 5. Number of producers, daily mean milk production by producer, area for the herd, 
number of animals and milking cows in the herd, and productivity indexes per area and per 
cow, as a function of production levels 

The milk production in farmer level (first case) ranged from 60 to 4000 kg/producer/day. 
The increase in milk production was highly correlated with the number of milking cows (r = 
0.94), followed by moderate correlation with the size of pasture (r = 0.67) and, surprisingly, 
the productivity per cow and per unit of area did not correlate with the milk production per 
producer (r = 0.11 and 0.06, respectively; Table 6). In the nation level (second case), the result 
repeated, in which there was high correlation of milk production/state/year with the total 
of milking cows in relation to productivity of milk/km2/year and milk/cow/year (r = 0.95, 
0.55 and 0.51, respectively; Table 7).  
 

Parameter Correlation (r)  Parameter Correlation (r) 

Total animals in the 
herd 

0.94  Milk (kg/ha) 0.13 

Total milking cows 0.93  Milk (kg/cow/day) 0.11 
Area for the herd (ha) 0.67  Milking cows/ha 0.06 

Total area in the farm 0.20  
Milk (kg/total of 

animals/day) 
-0.11 

Table 6. Linear correlation of daily milk production by producer with: total of animals in the 
herd, total of milking cows, area for the herd, farmer size and some productivity indexes 
(daily milk production per hectare and per cow, milking cows per hectare and daily milk 
production per total animals in the herd) 

Therefore, the milk production by Brazilian farmers is more dependent on the farmer size 
and pasture extension, than on productivity indexes, and similar effect occur with crop 
production (Lana, 2009). Agricultural showed the same results verified with dairy cattle, in 
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which cultivated area generally presents more than 90% correlation with crop production 
(Table 8 and Figure 9). Then, the concepts about agricultural production need to be revised, 
facing the actual problems related with the inadequate use and depletion of the non 
renewable natural resources, and environmental pollution.     
 

Parameters 
Liters of 

milk/state/year 

Total of 

milked cows 

Liters of 

milk/km2/year 

Liters of 

milk/cow/year 

Total of milking 

cows 
0.95    

Liters of  

milk/km2/year 
0.55 0.39   

Liters of 

milk/cow/year 
0.51 0.31 0.88  

Surface of state 

(in km2) 
0.11 0.21 -0.37 -0.26 

Table 7. Linear correlation (r) of annual milk production by Brazilian states with total of 
milked cows, liters of milk/km2/year, liters of milk/cow/year and surface of the state (in 
km2). 

 

Item n 

Production 

(ton/year) 

X planted area (ha) 

Production (ton/year) 

X productivity 

(ton/ha) 

productivity 

(ton/ha) 

X planted area (ha) 

Corn 110 0.95 0.35 0.14 

Bean1a 110 0.87 0.18 0.02 

Bean1b 110 0.96 0.42 0.31 

Sugarcane 101 0.99 0.34 0.30 

Coffee 95 0.98 0.07 0.00 

Banana2 90 0.96 -0.02 -0.14 

Cassava 86 0.98 0.21 0.09 

Orange3 84 0.91 0.32 0.03 

Rice4a 76 0.88 0.22 -0.05 

Rice4b 71 0.91 0.53 0.38 

Tomato 51 0.98 0.46 0.37 

Coconut 18 0.95 0.31 0.12 

Potato5a 12 0.99 0.47 0.42 

Potato5b 11 0.88 0.22 -0.19 

Potato5c 10 0.99 -0.20 -0.29 

Mean  0.94 0.26 0.10 
Source: Lana & Guimarães (2010); n = number of municipalities; 1a = first harvest; 1b = mean of second 

and third harvest; 2 = racemes instead of ton (1,000 kg); 3 = number (x1000) of oranges instead of ton 

(1,000 kg); 4a = rice planted in wet land; 4b = rice planted in dry land, without or with irrigation; 5a,b,c 

= harvest 1, 2 and 3, respectively; Source of data: www.cidadesnet.com.br (year of 2003). 

Table 8. Linear correlation (r) among some variables related to agricultural production, in 
municipalities of Zona da Mata and Central of Minas Gerais state, Brazil. 
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7. Conclusions  

The agriculture progress is based in improvements of animals and plants productivity per 
unit of area, which is only applicable when land is the limiting factor, but other factors are 
emerging as limiting, such as water, fertilizer and petrol. 
Models of saturation kinetics are important tools to improve the efficiency and decrease 
costs of utilization of non renewable natural resources in agriculture, allowing the 
conservation of these resources for the future generations, and decreasing the negative 
impacts in the environment. 
 

 

Fig. 9. Effect of cultivated area and productivity on production of some main cultures 
(coffee, sugarcane, corn and bean), in municipalities of Zona da Mata and Central of Minas 
Gerais state, Brazil. 
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