Production function
The relationship between inputs and the resulting outputs is generally summed up in a mathematical form called the production function. The word “function” in mathematical means the precise relationship that exists between one dependent variable and many (or one) independent variables. The production function formalizes the relationship between the maximum quantity of output (dependent variable) yielded by a productive process, and the quantities of the various inputs used in that process.

Mathematically write: y = f (x1, x2, x3, - - - - - xn)

Where, y = Dependent variable like yield

             x1, x2, x3, - - - - - xn = Independent variables like day old chick, feed, medicine etc.

Factors of production: Traditionally, the inputs sufficient for the production of a given product have been classified by economists into four factors of production – land, labour, capital and organization. 

Capital: was the produced factor the class of means of production that had been produced, in turn, through the combination of other resources.

Labour: including all services provided directly by human beings.

Land: representing all other nature given things and services that could be used for production.

Organization: was the organizing and entrepreneurial ability, the act of risk taking and uncertainty bearing.

Fixed factors: are those factors whose total cost is constant over some range of output.

Variable factors: are those whose cost changes with movements in output.

Fixed factors are two types-

(i) Divisible fixed factors: are those whose total cost is constant, although technically the factors consist of separable units which may be independently utilized.

(ii) Indivisible fixed factors: are constructed as a single mass, the irreducible unit must serve over a wide range of outputs.

Total production: is the sum of all production of all factors which is used in the production process.

Average production: represents the total production divided by the number/volume of factors of production.

Marginal production: represents the additional production added in total production by applying additional unit of factors.

Rational stages of livestock production/ the law of variable proportions/ Three stages of production/ Law of diminishing returns

Production in the short run is subject to the law of variable proportions because some inputs are fixed in the short period and production can be changed only by changing the amount (proportion) of those inputs that are variable. This expresses the relationship between the changes made in the input mix and their impact on output. It states that as we go on increasing the amount of one factor, keeping amounts of the other factors of production constant, the returns to the successive units of the variable factor are non-proportional: the return may rise at first, may be constant for a short while but must eventually diminish. Therefore, this law is also identified as the law of returns, as the law of diminishing productivity, and the law of non-proportional returns.

According to Marshall, “An increase in the capital and labour applied in the cultivation of land causes in general a less happens to coincide with an improvement in the art of produce raised unless it classical tradition Marshall emphasized the supply susceptibility of agriculture to diminishing returns.

According to Professor George J. Stigler, “If the quantity of one productive service is increase by equal amounts, the quantities of the other productive services remaining fixed the resulting increments of the product will decrease after a certain point”

Illustration of the law

Suppose a farmer with 5 milch cow plans to rearing them. The farm has some fixed investment (capital) on them: a house, and farming equipment. The amount of land and capital and equipment with them are fixed. The farmer can vary amount of feed on the farm, output will change. The total product, average product and the marginal product behaves as shown in table. At first as the amount of feed is increased from 1 to 2, marginal as well as the average product increases. But if more amount of feed are given the average product falls and the marginal product falls more speedily. Fall of the average and marginal product continues as more amount of feed are put on the farm. Hiring of the seventh amount of feed is fruitless since he adds nothing to production on the farm. Henceforth if more amounts are given they will prove a nuisance to the already given feed and will decrease production rather than increasing it; marginal product will become negative. The behaviour of the marginal product shows clearly three stages: first, it increases; second it continues to fall; and the third, it becomes negative.

Table: a production function with one variable input

	Amount of feed given (quintals)
	Total Product (TP) (Litre)
	Average Product (AP) (Litre)
	Marginal Product (MP) (Litre)

	1
	50
	50
	50 (Stage I)

	2
	110
	55
	60

	3
	135
	45
	25 (Stage II)

	4
	150
	37
	15

	5
	160
	32
	10 (Stage III)

	6
	165
	27
	5

	7
	165
	23
	0

	8
	160
	20
	- 5


Diagrammatic representation:
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As the quantity of the variable factor is increased relative to the fixed factors, total product rises. We find out from this total product curve as to what is the position of the average and the marginal product curves. Average product of the variable factor with OA units employed is total product (AM) divided by the total units of the factor being used (OA). Here the average product is the maximum and is equal to the marginal product. The increments to total product made by employment of additional units of the variable factor continue to increase till the last unit on A. Marginal product continues to increase. After point M, total product increases all right but rate of increase becomes less and less, that is the marginal product becomes less than the average product, and average product, after attaining a maximum at point P, starts declining. The marginal curve always falls faster than average curve. Total product is the maximum (BK) when OB units of the variable factor are employed. Henceforth if more units are employed total product declines or what is the same thing, marginal product becomes negative. 

The three stages of law of variable proportions are easily identified in the diagram. Marginal product increases as we employ more units of the variable factor till ON units are employed. This is the first stages of the law popularly called the stage of increasing returns. If we add more units, marginal product starts falling but average product rises so long as marginal product is above it. They are equal (AP when OA units are employed).

The second stage of the law starts with the employment of the more units after OA. Average product, as also the marginal products, start falling. The Obth unit of the variable factor has a marginal product which is zero. The second stage of the law is what used to be called the law of diminishing returns. 

The third stage starts after the employment of OB units. If more units are added, they have a marginal productivity less than zero. The additional units of the variable factor are not only redundant but harmful also, since they hinder rather than help production. 

It is clear that a producer’s rational decisions can lie in stage II only. In stage I, the average product increases as more units of the variable factors are employed. The producer’s profit out of the employment of the factor continues to increase until the employment of OA units. There is incentive for the producer to expand production to employ the factor upto OA amount. A profit motive producer will not produce such quantities of production as employ an amount of the factor less than OA. As the second stage starts, marginal product starts falling. Falling marginal product is not only worry for the producer unless the marginal product becomes less the marginal cost of producing the additional unit of the factor. The producer can decide the employment of the factor within stage II only. In third stage, the marginal productivity of the variable factor is negative while we can expect the cost of the variable factor to be always positive. If the producer operates in this stage he adds to his costs while it lowers his production. No producer, with reasonable sense, will do so. Therefore, producer always decides the employment of a factor within the second stage. Exactly at what point he will stop further employment depends upon the price he has to pay for it.
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