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‘RATE OF RETURN ON CHEMICAL FERTILIZERS IN THE
PACKAGE PROGRAMME DISTRICTS

Ashok Parikh*

The consumption of nitrogenous fertilizers has increased at an annual rate
of 80 per cent during the decade 1951-61. It needs to be noted that the Indian
farmer pays excessively high price for chemical fertilizers. Table I shows the
prices of fertilizers (1961-62) to be charged trom farmers in selected countries.
India is importing fertilizers to a large extent from all these countries.

TABLE I—PRICES OF NITROGENOUS FERTILIZERS IN 1961-62 IN SELECTED COUNTRIES

(in rupees per ton)

Price to be Importedt Name of the countries
charged price
Material from (at Japan Holland Italy U.S.A,
farmers port)
in
India

Ammonium sulphate ase 360 216 264 249 231 286
Urea ws - 615 451 522 — — —

+ The imported price of fertilizers is the landed cost at ports.

It can be seen that the imported price is Rs. 150 per ton lower for ammonium
sulphate and Rs. 160 lower for urea than domestic price approximately. In
this study, it is proposed to examine and measure the rate of return on chemical
fertilizers when the price of chemical fertilizers charged from the farmers is con-
siderably high.

The study is divided into three sections. Section I discusses the data and
general methodology adopted in the study. In section II, the rate of return on
chemical fertilizers for each crop in each of the district is measured. An explicit
allowance for the variation in the soil fertility between different blocks is made.
In section III, the limitations and emerging conclusions from the study are brought
out.

I

The Intensive Agricultural District Programme scheme or ‘Package Program-
me’ commenced in 1960-61 in three districts and extended to 4 more districts
of the country in 1961-62. Later on, the programme was extended to 18 districts.
An attempt is made here to measure the quantitative significance of chemical
fertilizers in increasing the yield of various crops in the six selected districts where
the Package Programme has been launched. These districts are : (i) West
Godavari, (ii) Thanjavur, (iii) Aligarh, (iv) Shahabad, (v) Ludhiana, and (vi) Surat.

- * This paper was prepared at the Institute of Economic Growth, Delhi, and is revised at the
Gokhale Institute of Politics and Economics, Poona-4.

The author wishes to thank Dr. Dharm Narain for helpful discussions and Dr. N. Rath and
also Miss M. Meenakshi Malya for their comments and suggestions. Shri N. Krishnaji and
Y. Satyanarayan provided statistical assistance.
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Data on demonstration programme carried out on cultivators’ blocks are
available from the Extension Section of the Ministry of Food and Agriculture.
However, such data are not available continuously for all these six districts for two
seasons : Rabi and Kharif.! Normal yield data (both in physical quantities
and in value terms) are available while the disaggregate cost data, viz., per acre
cost incurred on preparatory tillage, seed, sowing organic manures, fertilizers,
interculture, irrigation, harvesting and threshing, etc., are given in value terms. In
addition, the number of demonstrations held, average yield, total area covered
by demonstrations and yield on controlled blocks are obtained for various blocks.
Controlled blocks are selected in such a way that they are as similar as possible to
the programme blocks in a district in respect of factors like irrigation, rainfall,
soil types, crop pattern, credit and marketing facilities and agricultural practices.
This does not mean that cultivation practices could not vary from one demonstra-
tion block to another block in the chosen district. The U.P. method of wheat
and barley cultivation and Japanese method of paddy cultivation are the methods
adopted in the Aligarh and West Godavari districts respectively. Separate data
on soil classification are not available.

It is decided to adopt two to three approaches to measure the marginal value
product with respect to chemical fertilizers. These approaches are described in
general here. In the unconstrained production function approach, total output
is made a function of various inputs. P = CX;Pt X, X,bs Ej where X,
is the total cost on chemical fertilizers, X, is the total cost on other inputs and
X, is the area. The parameters (b; + by + by) do not necessarily sum to unity
which means that they are unconstrained. This form is adopted for West Goda-
vari district but is found to be unsuitable owing to the problems of intercolli-
nearity between expenditures on different inputs. Secondly, the per acre pro-
duction function approach is tried. The relationship is presumed to be linear.

Y/A = a + b, (Xy/A) + by (XyJA) + by (Xg/A) + Ui
where

Y/A is the yield per acre on demonstration blocks.

X,/A is the cost of fertilizer input per acre.

X,/A is the cost on other inputs per acre.?

X,/A is the per acre yield on controlled blocks.

The substitution elasticity between two or more inputs in the above form will
be infinite.

¢ A} _1Kharif months are from May to October and Rabi months are from 15th October to middle
of April.

2. Expenditure on other inputs might be already accounted in the yield per acre on controlled
blocks. Using Xz/A as a separate variable may mean the reconsideration of the accounted ex-
penditures in X3/A. However, the data on total expenditure over control showed that three-fourth
of the expenditure on other inputs are not accounted in the yield on controlled blocks. It is true
éhat ugux: estimated coefficient with respect to Xz/A is slightly an under-estimate since there is some

uplication.
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b, and b, are the marginal productivities with respect to chemical fertilizers
and other inputs respectively. These coefficients give the net values adjusted for
soil differences between blocks when X,/A is used as an explanatory variable.
The inclusion of yield on controlled blocks (X;/A) is made in the regression model
as the soil fertility varies from block to block. In all the cases, the coefficient of
X,/A is statistically significant. The per acre logarithmic form is tried in few cases
but it did not yield better results than per acre form.

Thirdly, where the data on additional yield per acre over control and addi-
tional cost per acre over control are available and the entire additional amount
is spent on chemical fertilizers, the ratio of additional yield over control to the
additional cost over control will represent the productivity with respect to chemical
fertilizers. If, however, the additional costs over control are incurred both on
other inputs and chemical fertilizers, the ratio with respect to each one of them
will amount to partial productivity approach. Partial productivity ratios, while
useful for measuring savings in particular inputs achieved over time, do not mea-
sure overall changes in productive efficiency since they are influenced by changes
in the composition of input, i.e., by factor substitution. In such an eventuality,
additional output over control per acre is made a function of additional cost on
chemical fertilizers over control and additional cost on other inputs per acre.
This implies that chemical fertilizers and other inputs are combined in arithmetic
proportions (in simple linear form) in the functional approach. The functional
approach considers the relationship between different inputs while estimating
the coefficients. The substitution elasticities between inputs will vary according
to the form of the function chosen. Wherever the data are amenable to functional
approach, we adopt the function, viz., additional output over control is dependent
on additional inputs over control. :

I

So far, we discussed the data and general methodology useful in computing
the marginal rate of return on chemical fertilizers. For each district, the general
background and effect of rainfall and results are presentedin the subsequent
analysis. The background of the district is based on the IADP Expert Com-
mittee Report.

WEST GODAVARI DISTRICT

Paddy is the major crop of the West Godavari district and it accounts for 70
per cent of the total cropped area. Tobacco is the second major crop and contri-
butes 9 per cent to the total value of the crops in the district. The use of chemical
fertilizers for paddy crop is not as widespread as for the tobacco crop. The
consumption ‘of nitrogenous fertilizers increased from 18.6 thousand tonnes
during 1960-61 to 49 thousand tonnes during 1962-63, i.e., by 164 per cent. The
consumption of phosphatic fertilizers rose by 350 per cent. The average expendi-
ture per acre on consumption of chemical fertilizers in 1960-61 (Rabi), 1961-62
(Kharif), 1961-62 (Rabi) and 1962-63 (Kharif) were Rs. 36.41, Rs. 34.85, Rs. 40.90
and Rs. 37.00 respectively. Both quantitative and qualitative improvements
are significant for paddy under the normal rainfall of 1778 millimetres (70”)
cven in irrigated conditions.
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'We propose to adopt two of the approaches (mentioned in the general metho-
dology) in order to measure the marginal productivity with respect to chemical
fertilizers. In the production function approach, total output is made a function
of total cost on chemical fertilizers (X,), total cost on other inputes (X,) and area
(X,). The elasticity coefficient (b,) with respect to chemical fertilizers is positive
and statistically significant in case of Rabi 1961-62. In case of Rabi 1961-62
one per cent increase in expenditure on chemical fertilizers will result on an average
0.64 per cent increase in physical output, when all other inputs are held constant.
Value of the elasticity coefficients cannot be compared with the Farm Management
study® of the district since the definitions of chosen variables,* coverage and time-
period are different. Negative and insignificant coefficients are obtained for
Kharif 1961-62 and Kharif 1962-63. 'This may have happened due to the presence
of multicollinearity between area and cost of fertilizers, or soil differences between
blocks. For Kharif1961-62, the variance-covariance matrix of independent vari-
ables is nearly singular. In order to remove intercollinearity, we tried per acre
logarithmic form.> The fertilizer elasticity coefficient turned out to be negative
here again. On the assumption of constant returns to scale, we estimated the area
elasticity coefficient which turns out to be 1.03.

The marginal productivity calculated in the per acre (linear form) function
with respect to chemical fertilizers for Rabi 1960-61 and 1961-62 is Rs. 7.65 and
Rs. 6.28 respectively. This is computed at mean values on the assumption that
the price is Rs. 14 per maund or Rs. 33 per quintal for paddy. Such a high rate
of return on chemical fertilizers is suspected on a priori grounds. The constant
returns to scale appears to be prevalent in almost all the cases under the analysis.
It may be that demonstration plots may be of the same size and hence the scale
variation is small. The elasticity coefficients with other inputs and area are positive
as expected. However, the area elasticity coefficient is statistically significant only
in case of Kharif 1961-62. All the results obtained for total product form are
subject to soil heterogeneity bias. This has been considered explicitly both in per
acre linear (untransformed) form and per acre double logarithmic (transformed)
form.

In per acre form, firstly, we adopt a simple linear relationship between output
per acre and inputs per acre. As mentioned in the general methodology, we have
used X /A as an explanatory variable in order to consider the varying fertility
between different blocks. In each case, the regression with two variables (X;/A
and X,/A) and three variables (including X,;/A also) are carried out.
It has been found in all the cases that the variations in soil fertility represent-

3. Studies in Economics of Farm Management in West Godavari District, Report for the Years
1957-58, 1958-59 and combined Report for the period 1957-58 to 1959-60.

4. 1In case of Farm Management Survey of the year 1957-58, A is the land in standardized
units, X; is the human labour, X is the capital (fixed investment) and X3 is the production expenses
including bullock labour ; while for 1958-59, bullock labour is separated from X3 and is used as an
independent variable. The number of observations are 67 and 70 for 1957-58 and 1958-59 respec-
tively covering a wider area than IADP. )

5. The production function is :

P X1 )b1 ( Xo \bz2 ‘ T, ‘

A XL 2D . Xa, t

X3 C ( X5 X ) Multiplying by X3, we ge
P=CX;®' XoP* X3'7P2 | we obtained by = —.093 and bs = .065 which are statistically in-

significarit,
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ed by the yield on controlled blocks improved R? significantly. The effect of
X,/A at times is significant on coefficients of both fertilizers per acre and other
inputs per acre. In Table II the regression coefficient associated with yield on
controlled blocks is highly significant in all cases. For Rabi 1960-61 and Kharif
1961-62, the marginal coefficient with respect to chemical fertilizers is positive and
significant. Omne rupee increase in the expenditure on chemical fertilizers results
in 0.34 maunds of additional output, giving the additional value of output as
Rs. 4.84 for Rahbi 1960-61; while one rupee invested in fertilizers yields Rs. 1.77
for Kharif 1961-62. Comparing the marginal coefficients with respect to chemical
fertilizers for Kharif 1961-62 with Kharif 1962-63, we find that the rate of return is
lower for the latter year. Kharif season is from 1st May to 15th October which
are monsoon months. Rainfall deficit in 1962-63 may have led to lower output,
hence a lower coefficient may have been obtained. Moreover, there is uncer-
tainty with regard to the use of fertilizers during Kharif because output is depen-
dent upon rainfall. During the Kharif 1962-63, however, as a result of the wide-
spread natural calamities, there was a general decline in the level of yields in almost
all the districts as compared to the previous year.’

For all cases, we have computed the rate of return on chemical fertilizers.
It is found that the marginal rate of return is more than one rupee upto the year
1961-62 (Rabi) but in 1962-63 it is only Re. 0.35 per additional rupee invested.
The additional return on chemical fertilizers is Rs. 4.84 in Rabi 1960-61. This
implies that the chemical fertilizers are not used till the marginal return is one
rupee and/or larger; reporting bias may have also yielded such results,

In per acre logarithmic form, we have obtained elasticity coefficients with
respect to chemical fertilizers, other inputs and yield on controlled blocks. The
results for two and three variable cases given in Table III indicates that the varia-
tions in yield on account of soil heterogeneity are significant. R2 the total ex-
planation, improved considerably with the inclusion of yield on controlled blocks
as an independent variable. The net regression coefficient for chemical fertilizers
(adjusted for soil heterogeneity) is found to be positive and significant for Rabi
1960-61 and Kharif 1961-62. The marginal productivities at mean values work
out to be Rs. 5.30 and Rs. 1.35 for Rabi 1960-61 and Kharif 1961-62. These
results are in agreement with those of untransformed form. For Rabi 1961-62
and Kharif 1962-63, the fertilizer elasticity coefficients are positive although in-
significant. The elasticity coefficient with respect to yield on controlled blocks
is highly significant in all cases.

THANJAVUR DISTRICT

This district is having alluvial soil and the main crop is paddy which accounts
for 80 per cent of the total cropped area. Most of the paddy cultivation is under
irrigated conditions. The average rainfall is 1410 millimetres per annum and
monsoon months are from May to December. The amount of chemical fertilizers
increased considerably during the last three years.

Three paddy crops are normally taken in the Thanjavur district. They are :
Kuruvai, Samba and Thaladi. Kuruvai paddy accounts for 16 per cent, Samba

6. Notes—*“IADP Outlook for 1963-64,” Agrtcultural Sztuatton in India, Annual Number,
Vol- XVIIL, No. 5;-August, 1963.
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for 68 per cent and Thaladi for 16 per cent of the total paddy area. Data for all
these three crops are available for the period 1962-63 and 1963-64. We adopt
the per acre production function approach and compute the marginal producti-
vities of chemical fertilizers for each crop in different seasons. Our results are
indicated in Table IV.

The results shown in Table 1V indicate that the marginal productivity with
respect to chemical fertilizers is Rs. 2.36 for Kuruvai season of 1962-63 and
Rs. 2.46 for Samba season of 1962-63 and Re. 0.79 for Samba season of 1963-64.
All other marginal productivity coefficients with respect to chemical fertilizers
are statistically insignificant. The coefficient with respect to yield on controlled
blocks per acre is statistically significant in all the cases. The year 1962-63 was
an exceptionally good year for the Thanjavur district. The actual rainfall did not
deviate much from normal. Actual rainfall figures together with the normal
rainfall are shown below :

Rainfall

Year Actual Normal
(in millimetres)

1960-61 - 2603 1406
1961-62 - 797 1406
1962-63 iz 1362 1406
1963-64 ae 2255 1406

During the first two paddy crops, the rainfall was just adequate. The year
1963-64 was a year of heavy rainfall. Conscquently, the effect of fertilizers might
have been washed out as the yield did not rise. Average expenditure on chemical
fertilizers has remained almost the same. It can be seen from below :

AVERAGE EXPENDITURES ON CHEMICAL FERTILIZERS/ACRE

Year Season Rs.

1962-63 .. .. Kuruvai 52.00
1962-63 .. .. Samba 52.60
1962-63 .. .. Thaladi 54.44
1963-64 .. .. Kuruvai 49.40
1963-64 .. .. Samba 48.00

1963-64 .. .. Thaladi 48.00
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Our conclusion is that for the year when the rainfall was normal and
adequate, the chemical fertilizers increased the yield significantly.

ALIGARH DISTRICT

This is the western district of Uttar Pradesh. The proportion of area irri-
gated in the district is the highest in the State. Canals, tube-wells and wells are the
major sources of irrigation. It gets ample rainfall during the Kharif season. Rain-
fall averaging 830 millimetres is received mostly during the months of July and
August. Seventy-eight per cent of the area is under food crops. Bajra and
maize are the important food crops of the Kharif while barley, gram and pea
dominate during the Rabi season. The consumption of nitrogenous fertilizers
increased by 20 per cent during 1961-62 and further by 197 per cent during 1962-
63. The bench-mark survey carried out by the IADP Expert Committee assessed
that only 6 per cent of cultivators used fertilizers in each of the two main agricul-
tural seasons. Their use was prevalent more among the large holders. About
18 per cent of large holders used fertilizers as against 3 per cent of cultivators in
the size-group of very small holdings.

Two of the approaches outlined in the general methodology section have been
adopted. Data on yield are available both for the demonstration and controlled
blocks. Disaggregate cost of cultivation on controlled blocks and demonstration
blocks are available for wheat crop of Rabi 1962-63 and 1963-64 and maize
crop of the year 1962-63. Where such data are available, partial productivity is
computed by taking the ratio of additional output over control to additional
expenditure on chemical fertilizers: T(Y/A—X,/A)/ ¥ (X;/A—X";/A). In the
second approach per acre output on demonstrations is made a function of per
acre cost on chemical fertilizers, per acre cost on other inputs and yield per acre on
controlled blocks. The results of both the approaches are presented in Table V
(A) and V (B).

In Table V(A), it is attempted to show the marginal value products with
respect to chemical fertilizers. None of the coefficients with respect to chemical
fertilizers and other inputs is statistically significant. Only the coefficient of the
variable explaining differences in soil heterogeneity between blocks is statistically
significant in all cases. The survey conducted by the Agro-Economic Research
Centre, Delhi,” indicated that data for Aligarh were subject to large errors of obser-
vation. Reporting bias may be very high. In the year 1962-63, there was an
excessive rainfall in Aligarh. The normal rainfall is 692 millimetres while the
actual rainfall was 1306 millimetres, nearly double the normal. This implies
that the effect of chemical fertilizers might have been washed out. In 1961-62,
the recorded actual rainfall was 607 millimetres, which is near about normal. Our
marginal value product of Re. 0.71 per rupee invested, although statistically
insignificant, indicates a positive return.

In Table V(B), we have computed the ratio of additional value of yield over
control to the additional cost over control on chemical fertilizers. Most of the
additional expenditure is on chemical fertilizers. The expenditure on other inputs

7. Effectiveness of Crop Demonstrations—A Study of Wheat Demonstrations in Aligarh,
U.P., Agricultural Economics Research Centre, Delhi, 1964 (mimeo.).
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over control is negligible in the IADP blocks. The ratio will indicate the additional
value product which is around Rs. 6.26 for wheat crop of 1962-63 Rabi and
Rs. 5.82 for wheat crop of 1963-64 Rabi. The actual price of wheat during these
two years was Rs..60 and Rs. 55 per quintal respectively. The average expenditure
on chemical fertilizers for wheat crop during the years 1962-63 and 1963-64 was
Rs. 28 and Rs. 34 respectively. It may be misleading to say that the rate of return
on chemical fertilizers is Rs. 6 per additional rupee invested because this approach
does not consider variations in output caused by only fertilizers. This is taken
care of in the functional approach, results of which are shown in Table V(A).
On account of the U.P. method of barley and wheat cultivation on demonstration
blocks the yield might be very high. Secondly, the yield on controlled blocks does
not actually take account of the varying local practices between blocks. The
cultivator’s practices do not correspond to the control as is generally kept in trials
held in cultivators’ fields to assess the impact of a practice or a combination of
practices.

SHAHABAD DISTRICT

The major crop of Shahabad is paddy which accounts for 41 per cent of the
total cropped area. The average yield per acre over the three-year periods 1957-
58 to 1959-60 was 8.9 quintals per hectare. Fertilizers were used more widely
during Kharif than Rabi season and their use was prevalent more or less to the
same extent in the various size-groups of holdings. The average expenditure
(per acre)on consumption of chemical fertilizers for paddy crop in 1962-63 (Kharif)
was Rs. 66.20. With the introduction of Package Programme, the use of chemical
fertilizers and improved techniques of using them may produce better result on the
crop.

Data on demonstration and cultivators’ blocks are available. On account
of different crop variety other than BR-34, it was decided to eliminate three obser-
vations for 1962-63 paddy crop. For wheat and paddy of 1963-64 all observations
are used. We have used per acre production function form in order to compute
the rate of return on chemical fertilizers. The results are shown in Table VI.

For paddy crop of Kharif 1962-63, the coefficient with respect to chemical
fertilizers is not statistically significant. The additional return on chemical fertili-
zers is Re. 0.86 per additional rupee invested. For Rabi 1963-64, the rate of
return turns out to be Rs. 2.22 per additional rupee invested. Rainfall data for
1962-63 Kharif are not available. Probably, inadequate rainfall might have led
to such a low rate of return on chemical fertilizers for paddy crop in the year 1962-
63 Kharif as compared to 1963-64. For wheat crop, the results are not significant
although the coefficient is positive with respect to chemical fertilizers.

LUDHIANA DISTRICT

This district is situated in the central part of Punjab and forms a part of Indo-
Gangetic plain. The rainy season is from July to October and December to
January. The average rainfall is 525 millimetres per annum. Fifty-eight per cent
of the gross cropped area is irrigated. Wells and tube-wells are the most impor-
tant sources of irrigation accounting for 80 per cent of the irrigated area. The
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analysis of cropping pattern shows that 76 per cent of the gross cropped area is
under foodgrains. Rabi is the important harvest season.

During Kharif 1961-62, 1390 composite demonstrations were laid out. The
consumption of nitrogenous fertilizers went up sharply. Later, the crop-cutting
experiments were conducted to assess the impact of the programme on yield rates.
The high level of productivity attained by a significant number of cultivators
and the wide variations between individual fields indicate the potentialities for
raising the yield rate.

Data on demonstrations for all crops are obtained. Crop-wise observations
are very few and meaningful results may not be obtained by fitting a productivity
per acre relationship to six or seven observations. Hence, it was decided to take
the value of output (of all crops) and the function was fitted to 36 observations.
Data are also combined for both the seasons which may not be appropriate to do.
However, this has been done in order to measure the marginal value product for
all ¢rops with respect to chemical fertilizers. Our fitted relationship turns out to
be : (1961-62)

8119
36

|

XY —ame (X ), case2 (X2 ), 11062 ( Xs ) R
A (-4780) \ A 181 \ A B AR

(All variables are measured from their means)

The marginal value product with respect to chemical fertilizers is negative
although statistically insignificant. Perhaps, the separate relationship for each
season and crop might lead to meaningful results. However, this cannot be done
as the number of observations are very few. Rainfall data indicated that 1961-62
was a normal year. The recorded actual rainfall in 1961-62 was 607 millimetres
while the normal rainfall was 692 millimetres.

It may be stated that the response of chemical fertilizers on maize, wheat
and many other crops is lower than that of paddy. Probably, the price of chemical
fertilizers may be too high to obtain higher rate of return on chemical fertilizers
in the districts growing mainly wheat, maize and other crops.

SURAT DISTRICT

This district is situated in the southern Gujarat and receives an annual rainfall
of 1059 millimetres. Most of the rainfall is received during May to October.
The percentage of net area irrigated to total net sown area of the district was 2.28
per tent in 1960-61. The Intensive Agricultural District Programme was started
initially in 1962-63. The yield of paddy per acre by the Japanese method averaged
3,270 1bs. per acre. The extra yield obtained was 824 1bs. per acre. Net profit per
acre on an average was Rs. 70.

Data on yield in value terms for demonstrations and controlled blocks are
available. Disaggregate cost per acre data are also available for both controlled
and demonstration blocks for five to six crops.
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In the functional approach, additional yield over control is made a function
of additional expenditure on chemical fertilizers over control and additional
expenditure on other inputs over control. Results are shown in Table VIL. R2
is extremely low and therefore, most of the coefficients are statistically insigni-
ficant. For wheat crop of Rabi 1963-64 and Rabi 1962-63, the additional return
on chemical fertilizers works out to be Rs. 1.25 and Re. 0.91 per additional rupee
invested on chemical fertilizers over control. The lower coefficient for paddy
crop of Kharif 1962-63 may be on account of scanty rainfall during that year.
Actual rainfall in 1962-63 was 692 millimeters while the normal rainfall is 1059
millimeters in Surat. As paddy crop requires large quantity of rainfall, we might
have obtained a lower return on chemical fertilizers for paddy as compared to
cotton of the same year.

I

It may be worthwhile to mention the general limitations of the study and
conclusions reached.

Limitations

(1) Data may be subject to large reporting and rounding-off (nearest to the
fifth rupee) biases. The purpose of the IADP scheme to increase the agricultural
production by promoting the use of chemical fertilizers may have led the investi-
gators to over-emphasize the role of chemical fertilizers than it may be. However,
the large errors of observation in reporting the use of chemical fertilizers could
not be corrected. The direction and magnitudes remain unknown, so that its
effect on yield cannot be examined. The recorded data regarding the expenditure
on chemical fertilizers for a particular crop may not be the actual use of chemical
fertilizers for that crop. Farmers might have used the chemical fertilizer for
tobacco while the recorded expenditure may refer to paddy. This possibility
severely brings down the rate of return for paddy.

(2) Rainfall effect cannot be considered as the block-wise data are not avail-
able. Inadequate rainfall results into poor crop both quantitatively and qualita-
tively. The years 1960-61 and 1962-63 were considered to be bad years for the
country as a whole and the paddy yield between chosen blocks in a district may
have been distorted. Residuals in per acre linear (untransformed)form (R? is higher
in per acre linear formthan in per acre double logform as found for West Godavari
district) indicated that weather and/or other factors affected the output between
blocks quite randomly. The direction and magnitude of residuals for IADP
blocks between time-points are also random. However, it cannot be said con-
clusively that weather is the only factor affecting the yield between different blocks.
It may be said on the basis of raw data and prior information of rainfall in the
district that weather influences yield significantly. — The different cultivation
methods (Japanese method of paddy cultivation, U.P. method of wheat and barley
cultivation and line-sowing method of cultivation) might be other important
factors affecting the yield between blocks quite significantly.

(3) In this study, the interaction of soil and effect of fertilizer has not been
considered. This is an important factor especially in the Thanjavur district where
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certain demonstration plots failed to show results due to non-response of fertilizers
used in alkaline or saline soils. Further, the response function is assumed to be
hnear.

Conclusion

(1) The inclusion of yield on controlled blocks as a proxy for the soil dif-
ference has improved the results considerably. In all the cases, the coefficient with
respect to yield on controlled blocks is statistically significant. The correction
factor for soil variability should be used on any study on IADP blocks.

(2) Kharif crops are dependent upon rainfall to a large extent. It is there-
fore necessary to examine the effect of excessive or scanty rainfall on the crop even
in JADP blocks, where irrigation facilities are comparatively better. We have
attempted to use the prior information of rainfall in explaining some of the re-
sults concerning the marginal value products. However, it is not possible to
analyse the effect of scanty or excessive rainfall in lowering the yield between dif-
ferent blocks. It is suggested, here, that future reports on IADP should make an
extensive examination of the effect of rainfall on crop. This will aid to establish
the effectiveness of chemical fertilizers. ‘

(3) For West Godavari district, our marginal rate of return was Rs. 5
approximately in Rabi 1960-61 while it was about Rs. 2 per additional rupee inves-
ted in Rabi 1961-62. For Thanjavur, the rate of return on paddy for Samba crop
of 1962-63 was Rs. 2.46 per additional rupee invested while it was only Re. 0.79 per
additional rupee invested for 1963-64 Samba crop. For paddy crop, the marginal
value product is higher than that for wheat and other crops. Only in few cases,
the marginal value product for fertilizers is statistically significant. It is very likely
that the return on chemical fertilizers for crops like tobacco, sugarcane and cotton
may be very high as compared to the food crops. Such a possibility combined with
the errors in collection of data may have yielded statistically insignificant results.



