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AN APPRAISAL OF THE PACKAGE OF PRACTICES APPROACH

IN ADOPTION OF MODERN VARIETIES

James G. Ryan and K. V. Subrahmanyam*
INTRODUCTION

Much of the research and extension effort in India in connection
with the development and release of modern varieties (MV's) since the
#id-1960's has revolved around the concept of a 'package of practices".
Farmers have generally bheen extolled to adopt the MV's of crops like
paddy, wheat, bajra, jowar and maize along with vastly increased amounts
of fertilizers, pesticides, insecticides, etc. to gain maximum honefit
from the neﬁ technology. The implication which farmers and others seem
to derive from the literature on MV's is that unless they include all parts
of the inéut plckag? at their "recommended' levels, then MV technology will

not be of any benefit.

According to the Programme Evaluation Organization of the Planning
Commission [14, pp. 159-160] the proportions of Indian farmers adopting all

four recommended practices in the 1968-69 rabi season was 9.43, 16.62 and
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55.84 per cent for wheat, paddy and jowar, rnpactivoly.-v One might have

expected those percentages to be in the reverse order, with wheat, the

most successful green revolution crop, having a higher proportion of

farmers adopting all four pncticcs.y The percentage of participants
using some type of fertilizer in the high yielding variety programme was

77, 90 and 71 per cent for wheat, paddy and jowar, respectively [14, pp.l61-
162]. The proportions adopting the recommended levels of chemical fertili-
zers were 54, 61 and 64 per cent in the three crops, respectively [14, p.30].
In another study, Gowda and Jalihal [5) found that no paddy farmer in the
IADP district of Mandya in Karnataka adopted all eight recommended practices.

Almost two thirds of them adopted only three or less.

The fact that there are such differences between the numbers of parti-
cipants in the high yielding variety programme who adopt parts versus the
complete package of recommended practices, particularly with wheat and paddy,
suggests that the 'package" approach may not be entirely appropriate in all
instances. How much it has been responsible for non-adoption of the simplest
part of the package - namely a change to the MV of seed and nothing else - can

only be guessed at. If this simple change is itself profitable, then the

1) The four practices were seed treatment, use of chemical fertilizers, plant
protection and inter-cultural operations. The percentages refer to propor-
tions of selected farmers who participated in the high-yielding varieties
programme in six states of India. Unfortunately, important practices like
reduced depth of planting and shifting to early and late irrigations were
not evaluated in the quoted study. It is likely that, especially in the
case of wheat, adoption of these two practices would have been high. How-
ever, they represent minimum cost changes in management, rather than large
input increases.

2) It has been suggested by B.A.Xrantz (private commumnication) that, three of
the chosen recommended practices for wheat in the Planning Commission's
study, namely seed treatment, insect control and inter-culture, were gene-
rally not required in practice.
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opportunities foregone in extending the complete package approach might

be significant. It is possible that many farmers are deterred from just
trying the new variety while stil}l using their other traditional practices.
They could be encouraged to adopt practices in a sequential manner, rather
than in all - or - nothing type of framework. Fach part of the package
aight be looked upon by farmers as a less risky activity than the

complete package in terms of what the farmer could lose if crop failure
resulted. If this were true, then this sequential approach might increase
adoption of MV's in the longer-run. The ancillary inputs in the package
could be added according to their relative profitability, and as working
capital was accumulated from introductions of previous parts of the

package.

In this paper we compare the likely benefits from adopticn of three
different packages of technology using extensive crop-fertilizer response
data from a number of sources, most of which were derived from experiments
conducted in farmers' fields. The three packages involve a change from

growing the traditional local variety (LV) with zero nitrogen fertilizer to

(A) a MV of the crop with fertilizer nitrogen kept at zero;

(B) an increase in the quantity of nitrogen fertilizer from
2ero to the derived economic optimum level for the
traditional LV;

(C) a MV of the crop and an increase in the quantity of nitrogen
fertilizer from zero to the derived economic optimum level

for the Mv.



Practice A might be looked upon as the simplest change in technology
and C the most complex of the three, involving also the largest increase
in costs. Practice B might be regarded as an intermediaste technology.

We want to examine whether farmers have to change all other input levels
{in this case only fertilizer, due to data limitations) in order to reap

the advantages of MV's.

METHODOLOGY

Data from crop-nitrogen response studies conducted on wheat, paddy,
jowar, bajra and maize by Kanwar [8], Krishnamoorthy at al. [9, Table 4],
Krishnaswamy and Patel (10, pp.76, 87]), Mshendra Singh et al. [11, p.308],
Murthy (12, p.151}, Raheja et al. [15], Rao [16], Saxena and Sirohi [17,
p.125] and Shah [18, p.164)] were used to calculate the additiénal costs,
additional yields, and additional net returns from the above three pack-

ages A, B and C.

To do this we assume the response function for a LV to nitrogen (N)

to be:

2

O3 ¢ b,N-¢ N

v " vt Py LV

vhere YLV = total yield of the LV,

ay " yield at zero N,

va, v " coefficients of the linear and quadratic terms,

respectively;




and that for the MV to be:

2
(2) YHV “ay va N - My NT,

with terms as explained above for the LV.
The additional yield under practice A is given as AY, where:

(3) oY =a, -8

MV Lv’

The additional yield under practice B is found first by determining the
optimal level of N by equating the first derivative of equation (1) to

the ratio of the price of nitrogen (PN) to the price of the crop (PLV):

(4) dY, /dN = by, - 2c N = P/

The calculated optimum level of N* in equation (4) is used in
equation (1) to calculate the optimum yield Y.LV under practice B. The

added yield under B is then calculated as:

(5) AYLV = Y'Lv - lLv.
The added yield under practice C is calculated in a similar fashion
to that in practice B. First, equation (6) is solved for N**, the optimal

level of N on the My:




(6) dan/dN . bMV - 2chN" = PN/Puv.

Then N** is substituted in equation (2) to derive Y&; and then the change

in yield (AYHV) from the change involved in practice C is calculated as:

=Yt - a .

() My = ey - By

Additional returns are calculated by applying the product prices in
the appendix to the above yield data. Additional costs for MV seeds and
fertilizers are also shown in the appendix. Prices usod were those reign-
ing in 1974. Additional labour costs were not included for applying extra
fertilizer as this can be supplied by family labour. Additional labour
costs for harvesting and threshing were also not included. No significant
differences could be found between these latter costs per hectare on farms
with different yields in a regression analysis performed on some paddy
production data kindly supplied by Dr.Suryanarayana of Andhra Pradesh Agri-
cultural Universify. Similarly, no significant difference in the labour
requirement for harvesting and threshing local and hybrid jowar was reported
by Venkataram and Ramanna [20], though there was a significant difference in
yields. Desai and Mohan [3] found that in the Kaira District of Gujarat in
1967-68, hybrid bajra required about 14 man-days per hectare more to harvest
than deshi bajra. Yield of the hybrids was 85 per cent more than the deshi
varieties. Basu [1, pp.6-11] found for irrigated wheat, maize and bajra in
Haryana and Bihar that the MV's required an additional five man-days per

hectare, for harvesting and threshing compared to LV's,



On the basis of the lack of a clear picture of the added labour
requirements for MV's from the above studies, it was decided not to
a low for additional labour costs. The magnitude of any such costs
would also bé small and would in no way affect the conclusions drawn

from the analyses later in the paper.

It is further assumed that all other management factors oxcept
levels of fertilizers, were similar between the LV's and the MV's,
The various sources from which the fertilizer respoase data were

taken did not indicate anything to the contrary.

Unfortunately, measures of the statistical significance of differ-
ential yield responses of LV's and MV's to fertilizers were not avail-
able. This was a deficiency in the data, although most of the response
curves were derived over many locations, so hopefully they represent the

differcnces one would observe in practice.

RESULTS AND DISCUSSION

The results of these analyses arc presented in Tables 1-3. In Table 1
in the case of wheat, a simple shift from a LV to a MV (practice A) with-
out applying nitrogen fertilizers resulted in marginal additional profits
of around Rs.100/ha. But a combination of MV sced and the economically
optimm level of nitrogen fertilizer (practice C) resulted in a substan-

tial additional profits. Although in per hectare terms the additional
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profit from practice C was about three times as large as the additional

profits from applying the optimum level of nitrogen fertilizer to LV's
(practice B), a comparison of additional gains per rupee of additional
cost shows that practice B was more profitable than C for Kalyanasona

and about the same for Sonara 63.

Slightly different results emerge from a regional analysis of the
performance of 'W's and [V's in hundreds of simple fertilizer trials
conducted in farmers' fields in 1967-71, as reported by Rao [lo], and
shown in Table 2.2/ The total additional profits per hectare for wheat
were always greater for practice C, followed by B, then A in all four
regions. This was also true using the additional profit per rupec of
additional cost criteria in the case of the Indo-Gangetic and Western
Regions. In the Northern Region, practice C rated first using this

criterion, followed by A then B. In the Central Region the order was

B. C, A.

Hence, for wheat it seems clear that, while the package of MV seed
plus optimum doses of nitrogen fertilizers generates the largest addi-

tions to yields and profits of the three practices examined, it also

involves an extremely large additional cost to achieve this. In some

3) The results for practices B and C in Table 2 are not strictly comparable
with those in Table 1 as the fertilizer levels in Table I are not nece-
ssarily the economically optimal levels.
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instances it may be more desirable to apply fertilizers to l.V'a.y In
situations where limited cash resources are available, as in the case
of small farmers, a profitable yst low cost (comparatively) practice
involving just a change to MV seed with zero fertilizer might be recomm-
ended initially. With the additional profits generated from this, in
subsoquent years they may invest in fertilizers and other complemsntary
inpuu. It may not always be true, as Kanwar et al. [7, 8] and others
state, that fertilizer application is more profitable on MV's than LV's
when criteria other than profits per hectare are considered.

For paddy, Table 1 shows that a switch to MV seed gives about the
same additional profits per hectare as in the case of whest. The package
of practices involved in C for paddy is extremely profitable at Rs.1441
per hectare, compared to l!s.!?l for practice B. In terms of profits per
rupes invested in the pmtiﬂjn, Table 1 suggests that package C is the
best, followed by B then A.2/- Table 2 shows somewhat different results.
In the Southern and North Bupm paddy regions, a simple switch to MV

4) While not shown in Table 1, we also examined the benefits of applying 20
kgs. of N per hectare to LV's, and 40 kgs. to MV's of wheat, on the
grounds that it is the first few units of N which give the highest bene-
fit/cost ratio. For LV's of wheat the additionsl profits per rupee of
cost using 20 kgs. of N was sbout 80 per cent higher than using optimum
N lsvels on LV's. For MV's of wheat, 40 kgs. of N gave sbout 20 per cent
higher additional profits per rupee of cost than the optimum cost of N

' ﬂ m.‘-

s) mnuum of 20 kgs. of N per hectare on LV paddy gave 70 per cent
‘ -additionsl profits per rupee of cost than practice B. 40 kgs.
¥ per hectare on W paddy gave 40 per cent mw sdditions] profits
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seed itself will be highly profitable, particularly in the rabi. Of
course additional profits per hectare are greatest for practice C in
these regions. However, on an sdditional profit per rupee of addi-

tional cost basis, practice A is well shead of both C and B. For the
Centr;l and Northern Regions in the kharif, a switch to MV's of paddy
without fertilizers is unprofitable. Applying fertilizers to LV's is
also more profitable in these regions than applying it to MV's, whether
using profits per hectare or profits per rupee of cost as the crttorion.y
These data no doubt help to explain the varying levels of adoption of
MV's of paddy in different states and their popularity in the rabi

season.

In the case of jowar as shown in Table 1, & simple switch to MV
seed is highly profitable, with the margins! returns per unit of cost
around ten and profits per bbctcre around Rs.1000 in most cases. Profits
per hectare ll‘; greater if extra fortilizer is applied to MV jowar, but
the profits per rupee of cost are much lower than practice A.-’-/ Applying

fertilizer to LV's of jowar is not nearly as profitable as practices A or

Aﬁplying optimum levels of N fertilizer to MV's of maize generates
extra profits per hectare of more than Rs.2000. This is five times more

6) It should be recalled that the levels of fertilizers being compared here
are not necessarily the economically optimal ones. With optimal doses
. applied to both LV's and MV's the situations may bq‘ different.

N MM the additions] profits per rupee of cost tro- applying just 40
m. of N per hectars to MV's of jowar was about double that from the
. -optimmm levels of N.
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profitable per hectare than just changing to MV seed, but the latter
practice is ten times more profitable per rupee of additional cost.
Applying optimum levels of N fertilizer to LV's of maize is also very
profitable at some Rs. 1,100 per hectare, although it rates well

below practice C on a profit per rupee of cost bu!s.y

Applying optinu-vn fertilizer levels to MV bajra is also highly
profitable, as was shown for jowar and maize, at sround Rs. 2000 per
hectare. The simple change to MV seed with no fertilizer generates
only about Rs.700 of added profits per hectare. In terms of returns
on additional costs though, the latter practice is ten times better
than the fomr.gl Fertilizer applications to LV's of bajra are not

very profitable by any criterion.

The question arises as to why the adoption rates for MV maize and
MV jowar have not been as great as they have been for wheat, bajra and
paddy in the light of the nppﬁent large potential profits to be made
from just trying the new :oodj.-l—‘)-/ No doubt the fact that wheat is

8) Additional profits per rupse of cost can be doubled by applying 20
and 40 kgs. of N per hectare to LV's and MV's respoctively, compared
to optimum N levels.

9) Again, the sdditional profits per rupee of cost can be more than
doubled by reducing N fertilizer levels to 20 and 40 kgs. per hectare
on LV and MV bajra, respectively.

10) According to Dalrymple [2, pp.48-51], the proportion of high ylelding
varieties of wheat and rice sown to the total areas of the crops in

- 1970-71 was 32.9 and 14.7 per cent, respectively. Rso [16, p.5] indi.
' cstes that the equivalent percentages for bajrs, maize and jowar in

. 1971-72 were 15.8, 8.7 and 5.4 respectively.




genorally irrigated has a lot to do with its high adoption rate. Irriga-
tion apparently has the effect of reducing the risk and enhancing the
profitability of MV's and of the fertilizer applications on them. This
is not so with bajrs, which is largely unirrigated.

One might be led to conclude that the data in Tables 1 and 2 do not
really express the relative riskiness of adopting new practices. For
oxample, Kanwar et al. [7] showed quite clearly by individually analys-
ing the hundreds of experiments in farmers' fields which Rao [16] also
used, that in about three out of every four fertilizor experiments on MV
jowar, the profits from fertilizer applications were negative. 1In MV
maize loss than one in ten gave negative profits in most areas, and in
MV bajra the figures were about one in two {n unirrigated experiments
and one in four in those irrigated. MV jowar adoption may hence be #nﬂg-
nificant partly due to the imherent riskiness of the new MV's, even at
low leyels of énrtllizcrs. The additional returns per rupee of additional
investment in MV seed for jowar is also much lower than for MV maize and
bajra from Table 1. This coﬁld be another factor in explaining poor
adoption of MV jowar. Data from the Indian Institute of Management study
in the Bellary District of Mysore State in 1972-73, show ttat s shift from
LV's to improved local varieties of jowsr had a much higher pay-off per
supes of additional investment than s shift from LV's to W's.2l/ e

11) In this study the values of by-products were slso included. This was
mot done in Tables 1 and 2 as the data were not available.
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improved local varieties are gemerally still classified as "local"
vhen estimates are being made of the rate of adoption of high-yielding

varieties.

MV bajra may be more popular because the probability of a profit-

able fertilizer response is much greater than that of MV jowar as shown

by Kanwar et al. [7].23/ But MV maize apparently has the greatest prob-

ability of a profitable fertilizer response according to tho same
authors, yet its adoption percontage is ahout half that of MV bajra.
The explanation for this may be in the inferior consumer character-
istics of the new maize varietios or in unavailability of seeds etc.
However, the latter problem would not appear to he peculiar to‘ the MV's

of maize alone. It has apparently been a goneral problem in the high

yielding varieties progrnnmo.lé/

12) Purthermore, it may be more critical in the case of MV jowar to follow
all other practices such as seed treatment, plant protection, inter-
cultivation etc., than in other crops. The fact that more than 50 per
cent of participants in the "package programme' investigation by the
Programme Evaluation Organization of the Planning Commission [14, pp.
159-168] adopted all four recommended practices, commarcd with about
9 and 17 per cent in wheat and paddy respectively, migh: suggest this.

13) See for example Programme Evaluation Organization, Planning Commission
{13, p.38].



CONCLUSION

It would seem that, on the basis of this admittedly rather limited
amount of evidence, there is a case for closer examination of the current
emphasis in research and extension on the "package of practices" approach.
If we are aiming at increased levels of adoption of new technologies to
improve the well-being of both farmers and consumers, the present analysis

suggests that parts of the package alone can have a significant contribution.

This is not to deny the obvious advantages in complomenting parts of
the package with other parts which have ;ultiplicltivo rather than additive
effects on ylelds and profits. These are the "synergistic effocts' which
Swaminathan spesks of [19, pp.29-30]. The data presented clearly show the
superior profits per hectare which can be earned by combining optimum doses
of nitrogen fertilizers with a change to a MV for all crops examined. The
thrust of this paper was to indicate that significant yield and profit
increases may still be genersted by less radical changes in technology
involving perhaps such nniqﬁ cost and minimum risk strategies as a change
in the variety of seed used. Of course in some cases it may be a more
economical use of limited extension resources to concentrate on the whole
package in attempting to encourage adoption, rather than on parts of the
package. This must be weighed up against the possible effect of this
approach on non-sdoption of parts of the package.
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1£, as seems plausible, many farmers in less develujcl countries
are constrained by internal and/or external liquid capital rationing,
then the return per unit of that limited liquid capital becomes an
extremely important criterion governing decisions. Returns per hect-
are of land can be less relevant in making decisions under these cir-
cumstances. In most instances it is small farmers who are faced with
this type of comstraint. In the majority of the experiments analysed
in this paper the additional profits earned per unit of expenditure
on a prlctlci involving a minimal change was equal to or groater than
the benefits from the more complex and much more expensive packages.
For dryland crops the minimal change (Practice A) gonerated much
larger additional profits per rupec than the similar practice on
irrigated wheat and paddy. It is only a guess as to how many small
farmers might have adopted small portions of the package and reaped
significant rewards on the way to possible complete adoption at some
later time, had research and extension placed more emphasis on present-
ation of a "range of input options’ rather than a "package of input
practices”. It is useful to distinguish here between changes in manage-
ment practices involving liﬁlc if any additional cost, and changes in
use of expensive inputs such as chemical sprays and fertilizers. Manage-
ment practices of course can be included in recommendations for MV's
for virtuslly all farmers. Vllhen it comes to more expensive input prac-
tices, recommending options for different farmer constraint situations

m“ soem appropriate. It is the latter which were the prime concern



In this respect it is heartening to see the approach being taken
by the International Rice Resoarch Institute in determining the separate
and combined effects of various management practices and input levels on
rice yields in farmers' flelds 1Y These experiments involve evaluation
of recommended practices such as insect control, water managemcnt, fer-
tilizers, weed control, seed source and seedling management, compared
with farmers' existing practices in a factorial experimental design.
Single and interaction effects are measured and economic analyses per-
formed to dcuriino which practice(s) generate the highest returns. This
approach is commended to all research workers as a model for emulation.
It is this type of approach which we hope to eventually develop in colla-
boration with our colleagues here at ICRISAT and in the various national

programmes .

14) Ses the papers by Gomez at al. (4] snd the Intemnational Rice Research
Institute [6]. Similar work on maize is being done by E. Baker and his
colleagues at the Institute of Agricultural Research at Samaru in
Northern Nigeria (A.H.Kassam, personal commmication).
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APPENDIX

Prices Used in the Analyses (1974)

Price of Nitrogen Rs.4.355 per Kg.

Price of Produce:

Rs./Q.
White Jowar . e 115.00
Bajra - 104.00
Maize ‘e 120.00
Dwarf Rice .en 95.00
Local Rice ‘e 105.00
Wheat . N 130.00
Price of Seeds: Rs./Kg.
Wheat - HYV . e 3.75
Local ‘e 2.30
Paddy - HYV . e 2.20
Local e 1.00
Jowar - Hybrid P 12.00
Local “ e 2.00
Bajra -~ Hybrid cee 9.00
Local e 2.00
Maize - Hybrid ov 4.00
- Local .o 3.00
Seed Rates: - Kg./ha
Wheat - Local ‘e 90
HYV e 100
Paddy - Local ces 22
HYV oo 50
Jowar - Local . 10
HYV

Bajra - Local }
‘ HYV

‘Maize - Local } . _ 15
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