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In Central Karnataka the jarmers have for a long time adjusted
their farming methods and strategy to; ecological conditions, sea-
sonal distribution and variability of precipitation and soifs. This
study concerns four villages. The crop composition around 1970
and the changes are described to show the types of innovation. New
Sast maturing varieties aof food grains have been accepted every-
where, and the use of chemical fertilizers and pesticides has in-
creased dramatically. A shift to cash crop, especially cotton, has
accurred in many places. Also described is how the traditional
agricuftural systems have been adjusted to the innovations. So far
they have not prevented the changes, but around 1990 it seems that
the development reached a certain limit. If agricuftural production
has to keep up with the population growth, new practices, strafe-
gies and crops have to be identified.
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Since independence there has been a fast increase in agri-
cultural production in India thanks to improved prac-
tices, new inputs, irrigation etc. The main purpose of the
present study is to describe how this kind of development
was possible even in a typical dry-land area such as Cen-
tral Karnataka, and to evaluate whether the kind of devel-
opment witnessed so far is also likely to continue in the
future or not.

The study mainly builds upon findings from four vil-
lages in Central Karnataka in South India. The villages
were selected in regions with different types of rainfall
and soil conditions in order to compare the influence of
ecological conditions. The villages are: Thimmapur in
Dharwad district (average annual rainfall 800 mm),
Thanda in Bellary district (550 mm), Mantraghatta (880
mm), Bassavangangur (1000 mm) both in Shimoga dis-
trict. Thimmapur and Thanda have been studied in vari-
ous vears from 1975 to 1992, Mantraghatta and Bassa-
vangangur from 1984 to 1992,

The first part of the study deals with the farmers’ adjust-
ments to rainfall and other ecological factors, and how
these factors restrict the choice of crops and agricultural
activities. Afterwards the actual innovations in agricul-
ture are analyzed to find the main driving forces behind

the development. Finally the functions of the local agri-
cultural systems are reviewed to see how they reacted to
the innovations and whether they have posed restrictions
to development or not.

COMMON AGRICULTURAL FEATURES

The four sample villages have several commeon agricul-
tural traits because they have more or less the same cul-

tural background (a common language), and a similar
physical environment,

Many crops are known commonly, and might be culti-
vated more or less extensively, dependent upon the local
conditions, just as well as the design and use of various
agricultural implements also have many traits in com-
mon.

Sowing is one of the most important agricultural pro-
cesses, and most of the crops in this study area are usually
sown by a three-tined seed drill, the kurige, and various
accessory implements (seed hoppers etc.). Nearly all crops
are sown in rows. By combining the simple implements
(seed drill, seed hoppers etc.) in various ways it is possible
to produce various cropping patterns e.g. with a certain
number of main crop rows alternating with one or two
rows of intercrops (locally called akkadi crops). The main
crop rows might sometimes consist of mixed crops (if the
seeds are mixed before sowing). The rows of intercrops
(which are sown with the seed hoppers pulled behind the
seed drill) might be mixed or pure in the same way, or the
various intercrops might alternate with each other in a
regular pattern.

The details of these cropping patterns might vary from
one place to another, but the sowing methods and the
fundamental ideas are very much alike. A particular
farmer usually uses the same seed drill for all his crops,
with the result that the distance between the rows remains
the same; this facilitates interculture later on because the
same harrows can be used on all the fields.

All crops are harvested by sickle or simply pulling the
plants up. Originally, underground pits kanneja were used
for grain storage after harvest in most places, and they
were very effective in preventing damage by seed pests or
rodents.

The cultivated fields are nearly always rectangular as
this is the most practical shape for the agricultural opera-
tions. The sides of the fields are, as closely as possible,
oriented in north-south and east-west directions (proba-
bly due to religious beliefs). The orientation of the fields is
thus not very dependent upon the slope of the terrain, but
as each field is usually more or less levelled out according
torequirement, soil erosion is controlled all the same. The
fields are thus arranged in more or less prominent terraces
according to slope and soil properties. Thanks to this fact
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Fig. |. Pattern of average rainfall and average potential evapo-
transpiration compared with timing and area of crops in the four

the rainwater infiltrates the soil more easily, and stone-
falls or shallow overflow canals are constructed at strate-
gic points to dispose of any surplus runoff in case of heavy
rains.

There are many similarities with regard to basic farming
strategies. One of the most important in this dry-land
farming area, dependent as it is upon an unpredictable
and variable rainfall, is to diversify the crop composition
as much as possible, By growing several crops with differ-
ent requirements the risk of complete crop failure in a
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village proportional to percentage of total area (c.p. Table 3).
sample villages in the year 1989.- Height of boxes is for each

particular year is reduced, because the timing of various
crops and their weak points with regard to environmental
stresses are not exactly the same. With regard to crops
produced for sale a greater diversity also minimizes the
vulnerability to price fluctuations, as these do not usually
covariate for various crops. Finally the peak loads in
agricultural work also tend to be levelled out by a greater
diversity, as the timing of various operations is usually
slightly different for the various crops.

Diversification also facilitates crop rotation, which the



farmers are actually very conscious about in order to
prevent plant diseases. Often some crops are better
adapted to some soils than others, and in some places, due
to variation in soil properties, this itself increases the
diversification.

Intercropping is another way to insure against devia-
tions in rainfall, because the intercrops (mostly pulses)
often have a longer duration of growth as well as other
types of root systems than the main crop. In addition to
that, intercropping has many other beneficial effects such
as; a better use of the surface area throughout the whole
season (intercrops often spread cut and continue to grow
after the harvest of the main crop), fixation of atmo-
spheric nitrogen, and contribution to a more varied and
protein rich diet.

The principle of crop diversification is countervailed by
the principle of profit maximization, according to which
only crops with high output should be grown. The princi-
ple of crop diversity might help the initial introduction of
a new crop (or variety) and secure its continued use.

The crop composition of a particular dry-land locality is
thus likely to change whenever there are fluctuations in
prices, but it will on the other hand hardly ever change
completely in favour of only one or two profitable crops.
(In wet-land areas with assured irrigation, the risk of crop
failure is less, so in these areas it is common to have just
one, or preferably two of the most profitable crops for
rotation.) Due to the general population increase in rural
areas, all four sample villages have now reached the stage
where nearly all the cultivable land is required for cultiva-
tion every year. The cropping index has increased to a
maximum, with cultivation of hingari (second) crops
wherever possible. The number of livestock is usually also
at a maximum level, so that all available fodder resources
are used. Even minor irrigation has often been extended
as much as possible,

All this implies that the change of one element in the
agricultural system is very likely to influence one or more
of the other elements too.

ECOLOGY AND AGRICULTURE

This section deals with the various types of agricultural
adjustments to climate and other ecological factors. The
purpose here is to determine which are the most severe
ecological constraints to e.g. crop composition and agri-
cultural development.

The amount and timing of rainfall is one of the most
important ecological factors in dry-land agriculture. The
monsoon climate has two maxima; the first in July and the
second in October (or September in Thanda village (c.p.
Fig. ). The $W-monsoon lasts from May to September,
and is followed by the SE-monsoon from October to De-

cember. The crops which are sown during the early rains
(June, July) are locally called mungari crops (kharif), and
the crops sown during September or October are called
hingari crops (rabi).

The soils of this area are mostly vertisols (black soils) or
alfisols (red soils) according to the seventh approxima-
tion, U.S. Department of Agriculture. Among the four
sample villages, most of Thimmapur and a minor part of
Mantraghatta have black soils, the rest of the total area is
covered by red soils.

The various agricultural adjustments to rainfall might
be divided into 1) the more permanent adjustments in
strategies and practices which relate to the average yearly
amount and timing of the rains, and 2) the more variable
{ad hoc) adjustments made in a particular year according
to the actual variations.

Primarily the farmers adjust to the average rainfall pat-
tern by selecting crop varieties of a suitable duration
combined with a proper choice of sowing time. The se-
lected cultivars should be able to withstand those ecolog-
ical stresses which are most likely to occur in the growing
season.

With regard to adjustment in farming practices, it is for
example more common to transplant paddy in areas with
very high rainfall (e.g. Central Malnad) and to sow di-
rectly in areas with comparatively less rainfall (e.g. Bassa-
vangangur village). Within its range of adaptation the
same principle is valid for finger millet whose yield also
becomes better if it can be transplanted.

Harvest methods might also be adjusted to climate. The
heads of sorghum are thus harvested separately and
brought for drying at a protected place in those areas
where the harvest season is generally rainy (e.g. Man-
traghatta), whereas the whole plant is harvested at once
and even stored in stacks in the fields where the harvest
season tends to be dry (e.g. Thanda).

Row distance may sometimes be adjusted to average
rainfall (narrow distance in wet areas, and broader gap in
dry areas), but the farmers are not conscious of this ad-
justment which probably came gradually as it was slowly
realized which distance gave the highest yield. Another
type of adjustment, which is nearly irreversible, is seen in
the village of Bassavangangur, where extensive areas have
been terraced very carefully (around 1950) in order to
increase the paddy area.

Short term adjustments are always made for processes
such as; tilling, interculture, spraying and harvesting
which all depend upon the moisture of the soil or plants.
The time of sowing can also be changed, but preferably
not so much that it causes either overlapping between
other agricultural activities later or the harvest to fallin a
rainier period.
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The entire farming strategy is sometimes adjusted to the
actual rainfall. One good example of this is paddy cultiva-
tion in Bassavangangur, where as much of the paddy as
possible is sown early if the early rains are moderately
good. In this way, at least some output is assured. If the
early rains are scanty, then the farmers prefer to wait,
hoping that it might be possible to transplant paddy about
two months later, by which time some water has collected
in the tanks. They will also wait and plant later if the early
rains are extremely strong and the tanks fill up at once.
The farmers actually prefer transplanted paddy (which
usually consists of modern high yielding varieties) to drill
sown (usually local, more drought resistant varieties) due
to the higher yield of the transplanted varieties.

In Bassavangangur, the farmers said that, with regard to
finger millet on dry-land, they would transplant if the soil
moisture level was high, but sow if the soil was drier, given
normal conditions. In Mantraghatta, the farmers said that
they would sometimes sow sorghum immediately if the
early rains were heavy but would rather wait for some
time and transplant finger millet later if the early rains
were light,

More profound ad hoc adjustments are especially com-
mon in connection with the Aingari period because the
late rains vary greatly from one year to another. The
farmers in Thimmapur can to some extent estimate how
the late monsoon rains are going to be from a few simple
signs in the clouds, showers and wind direction, If the
signs are good, then the preparatory tilling is done slowly
and carefully, and the crops are selected according to the
farmers’ needs. If the signs are bad, then the hingari crops
are usually grown along with the remaining soil moisture
only, and the preparatory tilling is fast and the seeds sown
as soon as possible, In this case crop selection depends
upon how much water is stored in the soil.

Sometimes the crop composition is adjusted to the soil
conditions. In Thimmapur, it has now (1989) become
more common to grow one slow-maturing crop (either
sorghum cum redgram or cotton) on the red soils, where
the water retention capacity is low, whereas it is more
common to grow two crops (mungari + hingari) per year
on black soils, where the water retention capacity is high.
In Mantraghatta, mainly sorghum {or groundnuts) are
grown on the black soils, whereas all crops can be grown
on the red soils.

Tilling and the choice of implement are highly depen-
dent upon soil type and moisture content. Soils with less
resistance such as sandy soils or black soils are thus mostly
tilled with a blade harrow, whereas more ¢clayey soils with
high resistance are mostly tilled with pointed wooden or
iron ploughs.

In spite of the various adjustments mentiocned in the
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passage above, crop failures are still quite common in
dry-land agriculture, even in places with reasonable good
rainfall on average and good soil conditions. In Thim-
mapur, which has the best plant growth conditions among
the four sample villages, all the crop harvests were fine in
1975, but in 1976 part of the sorghum failed due to a
shortage of rain. The following years’ harvests are not
known, but from 19835 to the mungari season of 1987 all
crops failed due to severe drought. In the hingari season
1987 the chickpea failed due to excess of rain, but the
other crops, wheat and white sorghum, were fine. The
strong mungari rains in 1988 caused heavy losses to
groundnuts (because the pods rotted and the weeds could
not be removed in the wet fields). In mungari 1989 most
of the crops except sorghum had a reduced yield due to
dryness, and the chillies failed completely. Also in mun-
gari 1991 groundnuts yielded less due to an excess of rain,
but in Aingari many crops failed due to a shortage of rain.
In mungari 1992 many potato seeds were spoiled due to
excess rain, while hingari is not known for that year.

Thus, due to the risk of crop failure, the principle of crop
diversity has to be observed even in the most favourable
areas, such as in Thimmapur, but this practice limits the
expansion of such profitable crops as cotton and potatoes
due to the high cash input involved. It might be possible to
grow most of the known tropical crops in places with
favourable ecological conditions, but many crops are ex-
cluded here due to their low yield potential.

In areas with more adverse ecological conditions some
craps would have to be entirely excluded from cultivation
if they failed too often, and that might give a chance to
some of the low yielders, as long as they were more toler-
ant to climatic stresses or their duration was so short that
they could be grown at a time of year when extreme
conditions (e.g. dry spells) are less frequent.

Actually the geographical distribution of the traditional
crops can be explained by a few parametres such as eco-
logical tolerance and yield potential. The crops might be
ranked on a simple scale according to tolerance of humid-
ity or dryness respectively. At the top of the scale is rice,
which tolerates extreme moisture, but not much dryness,
then follows finger millet, which tolerates humidity (but
not stagnant water as rice) and also dryness to some de-
gree, Sorghum tolerates less humidity than the previous
grain, but more dryness. Some sorghum varieties e.g.
bogapur sorghum or white sorghum tolerate extreme dry-
ness. Pearl millet is the main crop in the driest parts of
India; actually it is not much more drought resistant than
sorghum, but it is much faster maturing (3%2 - 4 months
compared to 4 months of sorghum).

Groundnuts have a broad range of tolerance, nearly like
finger millet and sorghum. Foxtail millet is not drought



resistant, but has a very short peried of growth (21/2 - 3
months), and might therefore be fitted into the crop cal-
endar of e.g. dry places like Thanda. The yield potential of
pearl millet, groundnuts and foxtail millet is low com-
pared to other grains. Among the hingari crops, wheat and
white sorghum are used thanks to drought resistance, the
chickpea and horsegram thanks to short duration of
growth.

The main ecological features and geographical distribu-
tion of crops among the four sample villages are as fol-
lows:

Thimmapur has a precipitation (800 mm p.a.) suitable
for most crops. The moisture retention capacity of the soil
(black soil) is also high and protects the crops against
intermittent drought just as well as it prolongs the growing
season after the rains have finished. The plant growth
conditions are thus good even in the Aingari season. Sor-
ghum and groundnuts were the main rmungari crops
around 1975, and wheat, white sorghum and the chickpea
the main hingari crops. Finger millet is not suitable here
because it grows rank on black soil. Foxtail millet might
be mixed with groundnuts, because it can be harvested
simultaneously (short duration) and does not there fore
obstruct the following hingari crop.

Thanda is very dry (550 mm p.a.) and the soils are also
very poor and sandy. There are nearly no hingari crops
{only a relay crop of horsegram in groundnuts). Here
finger millet, for example, is generally excluded due to the
dryness, whereas more droughtresistant crops such as
bogapur sorghum, pear] millet etc. are more suitable.
There are also several other adjustments to the dry cli-
mate in this village. The intercrops (redgram or horseg-
ram) are thus sown pure in their own rows (with no ad-
mixture of the main crop). The most sandy soils are char-
acterized by having even two rows (not one as usual) of
intercrop (horsegram) alternating with four rows of main
crop. By this arrangement the number of plants per unit of
area is reduced. The main crop, bogapur sorghum, is
usually mixed with pear] millet (in order to reduce the risk
of complete failure), and now (1992) it has also become
more common to mix it with hybrid sorghum because this
variety is appreciated for its grain, whereas bogapur sor-
ghum has good qualities as a fodder crop. Actually, hybrid
sorghum is not resistant to striga infection like bogapur
sorghum, so this practice is somehow dangerous. With
regard to groundnuts, both bunching and creeping variet-
ies are grown, along with foxtail millet varieties either
with bigger or smaller spikes. This variability is probably
another adjustment to drought as the common stand-by
system if the first sowing fails; failed sorghum might thus
be replaced by pearl millet, failed foxtail millet by the
sunflower.

Mantraghatta has an almost ideal precipitation for most
crops (880 mm p.a.). Furthermore, the soils (mostly
clayey redsoils) are quite good. It is possible to grow
several hingari crops if the late rains are good. Sorghum
and finger millet supplement each other well in various
aspects (timing, soil preference and cooking qualities),
and were originally the most common crops. Groundnuts
are often difficult to harvest on clayey soils, as are found
here, due to hardness, and are therefore rarer.

Bassavangangur has a relatively high precipitation
(1000 mm p.a.) which excludes some crops (e.g. sorghum)
but favours others (rice). The soil is a rather poor sandy
redsoil (leached) with a low moisture retention capacity.
Due to this, and because sowing is delayed due to the
heavy rains in June, there are no Aingari crops except e.g.
horsegram after groundnuts. The most common crops are
finger millet and groundnuts (and after 1970 tobacce) on
dry-land, and rice on wet-land.

That it really is the average climatic conditions which
sometimes exclude some crops is seen from the fact that
farmers often change the crop composition if there is a
more permanent change in the climate (over 2 years or
more), This was seen for example in connection with the
drought of 1984 - 1987 when sorghum and cotton became
more commaon in Bassavangangur, groundnuts and sesa-
mum more common in Mantraghatta and the sunflower
more common in Thanda.

For this section it can be concluded that milder ecologi-
cal constraints (e.g. variability in precipitation), which
enforce some diversification of crop composition, are
found everywhere. In addition to these, even more severe
constraints {e.g. a too small or too large average precipita-
tion), which exclude a staller or larger number of crops
from cultivation, are found in some places.

AGRICULTURAL INNOVATIONS
The previous sections described some of the more com-
mon features of traditional agriculture without taking
more recent developments into account. This section de-
scribes which innovations have been more common dur-
ing recent years. Those changes which have occurred in
the four sample villages during the directly observed pe-
riods are described in most detail. The main purpose of
this section is to find out which changes and innovations
were most readily accepted by the farmers and why.
Originally the farmers mainly cultivated crops such as;
foodgrains, pulses, oilseeds and minor fibre crops for their
own consumption and use, but gradually they began to
turn to cash crops, if not for any other purpose, then to pay
taxes. The technology also evolved gradually. Stonerollers
for threshing were introduced around 1920, and the sim-
ple wooden ploughs (desi or country plough) were gradu-
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ally improved by inserting iron points etc. Later on, vari-
ous blade harrows and iron ploughs of western type were
introduced.

The use of chemical fertilizer increased dramatically
after 1970, and agriculture has now become very depen-
dent upon this input. It was readily accepted due to the
spectacular effect upon crop vield. Actually most soils had
been exhausted due to inefficient recycling of plant nutri-
ents; some of the manure was thus used as fuel and many
plant products (grains, oilseeds, cotton etc.) sold out from
the farm, The farmers quickly learned how and when to
apply the fertilizers, and also invented several imple-
ments (resembling seed hoppers) for the correct place-
ment of it. They have also, to some extent, learned to
apply a reasonable dosage and to give all the phosphate
and some nitrogen in the first application, then mainly
nitrogen in the second application. But even so the farm-
ers do not fully understand some of the more theoretical
problems, for example as to why the correct combination
of N, P and K is so important and how to adjust to the
climate and soil conditions.

The use of pesticides has also gradually become impor-
tant for such crops as; rice, cotton, potatoes, some pulses,
and in some places groundnuts or sorghum (e.g in
Thanda). The farmers are much more confused with re-
gard to this input than with regard to chemical fertilizers;
they have possibly been directly misinformed by agents
who only wanted to increase the sale. The farmers are not
often able to identify plant diseases and insect pests cor-
rectly, nor do they know which pesticide to use for which
ailment; they are also not fully aware of the health and
environmental hazards involved.

The new hybrid or high-yielding varieties of food grains
(sorghum, finger millet, rice etc.) were very soon accepted
by the farmers, mainly because the shorter duration of
growth made it easier to avoid the effect of dry spells at the
end of the season, and also due to reduced exposure to
various pests (the crops were harvested before the pests
could multiply too rapidly). In addition the new varieties
also responded better to chemical fertilizers. The farmers
had a good ability to select the locally most suitable vari-
eties (with regard to duration, grain quality, resistance
etc.), thus around 1984 CSH-5 sorghum was common,
while, later, this variety was replaced in some areas by
CSH-9 (which had a better fodder quality), and in 1992
many new varieties were available which were produced
and marketed by various private companies.

Groundnuts were introduced to Karnataka as a cash
crop around 1930, and scon became very important in
several places. This crop is often preferred by the poorer
farmers because its need of chemical fertilizer is relatively
small. It is also well-suited to rotation with various other
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crops. The farmers are not particularly concerned about
varieties, even if some hybrids are available, and they
usually only distinguish between bunching and creeping
varieties.

There are several minor cash crops in the area which
now and then, in special situations, might become of
importance. For instance, maiz¢ was cultivated exten-
sively as a cash crop in Mantraghatta in 1991 and 1992,
probably because it did not need such heavy cashinputs as
cotton. In the same village it had been cultivated in 1983
in a place which had remained too wet to sow sorghum
due to flooding. In 1984 - 1987 the sunflower was culti-
vated very extensively in Thanda, partly on dry-land,
partly as a second crop on wet-land. It probably became
more popular during the drought thanks to its short dura-
tion of growth, but after a severe pest attack in 1987 it lost
most of its popularity again. The pulses greengram and
the cowpea gained some importance in Thimmapur be-
cause they were grown as early intercrops in the cotton
fields.

In the sample villages, cotton has now become the most
important cash crop. For a long time there has been a
steady renewal of varieties as the old varieties have be-
come susceptible to various pests and diseases. The fact
that they need very intensive spraying is still a problem. In
Mantraghatta, the cotton area increased dramatically in
1984 when the new hybrid variety DCH-32 was intro-
duced, probably because the farmers had high hopes
about its vield capacity and drought resistance. Later on,
the area under cultivation declined during the drought
(1985-1987), but when prices began to rise after 1987, the
area was again expanded (c.p. Table 2). The development
was probably similar in Thimmapur, where other variet-
ies of minor importance have been cultivated for a long
time (c.p. Table 1). In Bassavangangur, the cotton area
expanded during the drought (1984-1987); previously the
preci pitation had been a little too high for this crop, but
even during the following years and also in 1992 some
cotton was still grown in spite of the fact that the precipi-
tation had increased again. In Thanda, cotton is only
grown with minor irrigation as it is otherwise not profit-
able here.

With regard to ecological constraints then, cotton does
not tolerate too much humidity, and in areas with less
assured rainfall it is too risky a crop because the cash input
required (chemical fertilizer and pesticide) is very high. In
addition to that, its duration of growth is also relatively
long (5 months).

The increase in prices after 1987 was due to a general
expansion in the textile industry, and a special high de-
mand forthe long fibres of the DCH-32 variety. Due to its
rising popularity, the demand for its seeds increased, and
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Table 2. Crop composition in Mantraghatta village in various
years on smaller and bigger holdings.

sometimes fake seeds were sold. In 1988 many farmers in
Thimmapur and Mantraghatta suffered heavy losses due
to this.

The potato has only been successfully introduced in one
of the four sample villages, viz. Thimmapur, and that too
probably only thanks to a special extension effort from the
training and visit project (T&V) in 1985 and 1986. Actu-
ally, the crop failed in both those years due to drought, but
the farmers were convinced about its future use even then.
The necessary cash input for this crop is even higher than
for cotton. Moreover, seeds are costly, and that might be
the reason why it is only grown under optimal ecological
conditions.

With the introduction of the potato, farmers have had to
learn many new technologies (preparation and protection
of seeds, placement and timing, correct spraying and post-
harvest storage). Furthermore, they have had to learn
about the market (even new seeds from North India have
to be purchased every year),
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Table 3. Crop composition in all four sample villages in the year
1989,

1959 Thimmapur Thanda Manlnghnlg Aassavungur
Crop: T tbingari [T
Red gram 1.49 144 44 .94
Groen gram 45 - 't
Cowpea 130 . 0.4 0.96
Horsegramum - &9 0,19 =
Fleld bean - - L5 .76
Groundnuts 040 - . -
Pea L0 -
Tomaia S - .59 -
Niger - 21 037 o1y
Sunflower - L5 004
Sesamum ol oy -
Faxtall millet 1.04
Pearl millet o) 2.0
SalMlower [
White surgham 187

Table 4. Area of various intercrops and mixcrops on dry-land in
the four sample villages in 1989.

Tobacco cultivation was introduced to the Bassavanga-
ngur area around 1970 because a tobacco company (ITC)
had found this area suitable, as firewood from a forest
area nearby could be used for drying the tobacco leaves.
Indeed, this crop might be cultivated almost everywhere
because its leaves grow continuously and thus will be of
good quality, at least during moist periods. Only the
wealthiest farmers in Bassavangangur could afford to
start tobacco cultivation due to the heavy initial costs
involved in the construction of a drying plant (tobacco
barn) and the heavy costs of fertilizer and labour after-
wards. The farmers are entirely dependent upon the com-
pany for the sale of the dried leaves. Even concerning the
drying process itself, they are dependent upon migratory
skilled labourers from Andra Pradesh.
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In Thimmapur, a few farmers were convinced by some
agents to start the cultivation of tobacco in 1992. The
agents gave all the necessary information about cultiva-
tion methods and also supplied all the necessary inputs,
even materials for a drying shed (in this case the leaves
just had to be dried in the shade, without the use of any
fuels).

With regard to the various cash crops, the development
in the four sample villages might be summarized as fol-
lows:

Thimmapur mungari season, The area of cotton (DCH-
32) increased from around 1984 along with the intercrop
pulses greengram and the cowpea. The potato was intro-
duced in 1985, tobacco in 1992,

Thimmapur Aingari season. Due to uncertainty about
the rains, the farmers did not like to use chemical fertiliz-
ers in the hingari season, and there was thus not much
scope for new introductions, only the "kiran® variety of
wheat was tried one year although without success.

Thanda dry-land experienced no real changes, except for
some minor irrigation established from 1970 to 1989.

Thanda wet-land has long been cultivated with sugar-
cane and rice in years when water has been available in a
storage tank.

In Mantraghatta, the cotton area increased from 1984
thanks to the new variety DCH-32. Many new plots ac-
quired minor irrigation in the period from 1987 to 1989,
There was an increase in the area under maize 1991 and
1992,

In Bassavangangur, tobacco was introduced in the area
around 1970. An increase in the cotton area occurred in
1984 (DCH-32). The area under groundnuts was very big
in some years e.g. 1991 and 1992. A steady increase in
dairying has been possible thanks to available grazing
areas and a ready market.

It is thus seen that most introductions of new crops
(especially if they need heavy inputs) occur in ecologically
favoured areas and seasons.

With regard to the various types of innovations, those
which had obvious practical advantages were readily ac-
cepted. This was the case with several new implements,
the use of chemical fertilizers and the high-yielding or
hybrid varieties of food grains. Moreover, these innova-
tions were not usually costly or else the output/input ratio
was high. They were accepted in all areas, even those with
the most adverse ecological conditions. Minor irrigation
was also introduced in all areas with suitable groundwater
resources (e.g. Thanda and Mantraghatta), but only by the
wealthier farmers who had enough land as security for
loans.

Some minor cash crops are generally known in the area,
and their cultivation might increase as soon as there is
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proper price incitement or some other suitable conditions
in a particular area (e.g. groundnuts, hybrid maize, the
sunflower, pulses and chillies). Neither do these minor
cash crops need much cash investment. With regard to the
boom in the cotton area, this was partly due to the intro-
duction of the new hybrid variety DCH-32 and the in-
creasing demand and higher prices afterwards. Pesticides
were usually only introduced if they were necessary for
spraying cotton or other cash crops. With regard to the
still more complex and capital intensive crops such as the
potato, then it appears that a combination of price incen-
tive, proper extension effort and safety were of impor-
tance, The same has been the case with tobacco, where the
farmers are extremely dependent upon outside persons
with regard to marketing and, sometimes, production.

In many cases, innovation was dependent upon an offer
or new invention from outside such as chemical fertilizers
or new varieties, It would therefore be a serious constraint
to development if the public (ultimately science) did not
come foreward with any new ideas or refrained from
educating the farmers properly in their use. The innova-
tion process is thus mainly driven by new scientific inven-
tions or by new price incentives, and conversely it might
be restricted by various ecological constraints as de-
scribed.

The farmers have often been very fast and flexible in
adopting various innovations, where ecological con-
straints have not prevented it. The farmers were espe-
cially receptive with regard to practical methods which
they could observe and understand directly, but they had
more difficulty with solving more abstract problems.
They were thus successful in selecting the most suitable
new crop varieties and in understanding practical aspects
of fetilizer use, but not however with mixing various types
of fertilizers in the right proportions and the like. When
using pesticides, the farmers make many mistakes. It is
likely that they will need intensive training and institu-
tional backing before being capable of handling still more
complicated inputs (e.g. biofertilizers) effectively.

Most of the agricultural changes occurred one step at a
time. There were thus no examples observed of more
integrated solutions with several innovations introduced
at a time as e.g. mechanization combined with a simulta-
neous change in livestock composition or the like,

CHANGES IN THE AGRICULTURAL SYSTEMS
This section discusses whether any constraints are created
by the agricultural systems themselves. These constraints
might be practical, economic, social or cultural.

Among the four sample villages, Thimmapur has been
observed during a comparatively long period, and this
village is also relatively free of ecological constraints, so



this is an ideal place to study how primary changes in
agriculture (in this case the increase in area of various
cash crops) have influenced the rest of the agricultural
system, and how far the system might have resisted
change. Table | shows the overall change in crop compo-
sition in Thimmapur, and it is seen that the diversity of
crops has increased during the period 197510 1989, which
was actually an advantage for the system (increased
safety) in addition to the other gains (increased income).

The original strict rotation, based on the two mungarf
crops groundnuts and sorghum, was relaxed as other
crops were introduced. This did not have any bad effects
and there were no restrictions to the new crops on this
account. The total production of sorghum (the main food
grain) has probably remained unchanged because the de-
crease in area of hybrid sorghum was compensated for by
an increase in the area of white sorghum in the Aingari
season. The intercrop redgram can only be grown along
with hybrid sorghum (as the hingari season is too dry for
it), but it was gradually sown more densely as the area of
hybrid sorghum decreased. The production of two other
intercrops, viz. greengram and the cowpea in cotten fields
also increased as the area of cotton increased. There has
thus probably not been any resistance to change due to
food grain considerations. One of the most important
changes was that the number of livestock had to be re-
duced, because many of the new crops {e.g. cotton and the
potato) did not have any suitable fodder component. This
loss was, however, tolerated by the farmers because they
benefited from an increased production of cash crops and
thereby increased their general income.

Table 2 shows the crop composition (for the four main
crops only) in Mantraghatta village during the years 1984
to 1989. There might have been some changes similar to
those in Thimmapur when the area of cotton increased
between 1983 and 1984, but unfortunately the situation
before 1984 is not known, The only observation was that
the fieldbean was gradually given up as an intercrop with
finger millet and instead cultivated as a mixcrop with
cotton. The change occurred because it was discovered
that fieldbean was eaten by stray cattle after harvest when
grown with the new short duration finger millet varieties,

Thus it does not seem as if the agricultural systems in
these two villages so far have been a hindrance for changes
to any major degree, But it should be considered whether
the situation as it was in e.g. 1989 might represent a kind
of climax in development, and whether further expansion
of e.g. cash crops might not be resisted for various reasons
(e.g. violation of the principle of crop diversity).

Table 3 indicates the areal percentage of various main
crops as it wasin 1989 in the four villages. In Thimmapur,
the balance between long-term crops (streaching over

both mungari and hingari seasons) and short-term crops
remained nearly constant with around 50% of the area
devoted to each. Thus, this balance certainly seems to be
important, possibly because it ensures a more equal dis-
tribution of the workload between the mungari and hin-
gari seasons. If the area of long-term crops (scrghum,
cotton and chillies) has to remain constant, then the area
of cotton cannot increase much above the present 30%,
because the farmers would probably also like to grow
some chillies (a low input cash crop) and hybrid sorghum
{the most stable food grain). Concerning the mungari
crops, it is not likely that the cultivation of the potato will
expand much more because that would be too risky due to
the heavy cash input. It seems that the crop composition
really has reached a constant level. This was confirmed by
a short survey in 1992, according to which the areal per-
centages were nearly the same as in 1989.

With regard to the dry-land in Thanda, the ecological
conditions prevent the introduction of new cash crops
(except for some short duration crops e.g. the sunflower).
The balance between the three food grains (bogapur sor-
ghum, pearl millet and foxtail millet) is dependent upon;
soil conditions (foxtail millet prefers less sandy soils),
food grain preferences (pearl millet is considered to
"heat” the body, while foxtail millet is a poor man’s sub-
stitute for rice), safety (pearl millet very rarely fails) and
considerations pertaining to rotation (between early sown
sorghum and pearl millet and late sown foxtail millet,
compare also with Fig. 1). With regard to the wet-land,
then the selection of crops depends mostly upon the water
level in the tank. If water is available, sugarcane is
planted. If it is not, hybrid sorghum is sown.

In this case the agricultural system imposes some restric-
tions with regard to foodgrains, while the ecological con-
ditions impose many restrictions with regard to cash crop
cultivation. So the situation as seen in 1989 appears to be
rather constant, which was also confirmed by the survey
in 1992,

In 1984, the area under cotton in Mantraghatta was
around 30% oftotal, and it did not become higherin 1989,
in spite of the increase in the price of cotton, so this seems
to be the maximum value. The proportions between the
two food grains finger millet and sorghum remained more
or less constant during the period from 1984 to 1989 (see
also Table 2), probably because the two crops supplement
each other well. Sorghum is thus sown early in the year,
while finger millet is planted later (this reduces the risk of
complete crop failure, c.p. also the balance between early
and late food grains in Thanda, Fig. 1). Sorghum is a little
more esteemed as a food grain than finger millet, but its
durability is much less. The 1989 situation might thus
appear to be rather constant, but in 1992 hybrid maize
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replaced nearly the entire area of sorghum, whereas the
percentage of cotton and finger millet remained nearly the
same as before. This might appear surprising at first sight,
but agronomically speaking the change was not so great
because maize is sown early, just like sorghum. Possibly
the farmers could not afford to increase the cotton area
any more due to the heavy investment required, and they
had therefore to sow the low input cash crop maize in-
stead. It is not known how the farmers solved the food
problem because they do not eat maize themselves. Most
probably they had a stock of finger millet from the previ-
ous yvear. The crop composition may return to the 1989
stage if the price of maize falls again.

The crep composition in Bassavangangur is mainly de-
termined by ecological conditions. Thus rice is the most
suitable crop on the terraced fields (wet-land) whereas on
dry-land finger millet and groundnuts are nearly the only
options (along with some tobacco and cotton). The 1989
situation thus seems to be rather stable. The area under
groundnuts was, however, unusually large in 1992 (about
35% of the dry-land area), possibly because the irrigation
tanks were filled up very soon that year, and the food
grains (rice) were thus secured. After all, it seems that this
village has also reached a relatively stable level in its crop
composition,

It can thus be concluded that the development in crop
composition has now reached a relatively constant stage
in all four sample villages. All four villages are influenced
by ecological and economic factors. However, in Thanda
and Bassavangangur, the severe climate means that eco-
logical factors dominate, whereas in Thimmapur and
Mantraghatta economic factors become more important,
although the farmers are still exposed to some ecological
risk if they invest in heavy input cash crops such as cotton
or the potato and the rains fail.

Fig. 1 shows the timing of various crops related to the
average rainfall pattern. It appears that the peak loads in
the agricultural works have by now been well levelled out,
so for this reason there is no need for any new crops.

Changes in crop composition might sometimes affect
the intercrops associated with the main crops. The de-
crease in the area under redgram in Thimmapur was, as
mentioned, compensated by an increase in the area under
greengram and the cowpea, but in other cases the effect
might be more serious. Sometimes the new crops intro-
duced cannot have intercrops; cotton does not grow well
with intercrops on red soils because they obstruct inter-
culture (on black soil the weed stress is less). The case is
the same for the potato and maize. Sometimes the old
varieties of intercrop do not go well with the new food
grain varieties of shorter duration. Thus the fieldbean has
often been abandoned as an intercrop with finger millet
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because it remains unprotected against stray cattle after
the harvest of the main crop. Table 4 alsc indicates how
much intercrop and mixed crop still remain in the four
sample villages. The percentages indicate the surface area
corresponding to the volume occupied by the roots of the
particular intercrop (the leaves often spread out over a
much bigger area after the harvest of the main crop). The
percentages indicated here are additional (overlapping) to
the percentages of Table 3 (so actually the percentages of
Table 3 should have been reduced accordingly).

The small and marginal farmers’ crop composition has
so far not been much different from that of the average
farmers’, The areal percentage of cotton was thus nearly
the same among bigger and smaller farmers in Man-
traghatta (Table 2). (There were actually two types of
marginal farmers in that village; one group was more
active and rented additional land, cultivated more cotton
etc., the other group was more passive, cultivated less
demanding crops or mortgaged or rented their land to
others.) Furthermore, the marginal farmers in Thanda
and Bassavangangur nearly had the same crop composi-
tion as others because the selection of crops here depends
more upon ecological factors than economic ones. Only in
Thimmapur (Table 1, year 1989) did marginal farmers
have a slightly different crop composition. The percent-
age of chillies was thus higher, partly because this is a low
input cash crop, partly because it offers the opportunity of
using a more intensive labour input (by growing a crop of
peas before the main crop and by growing various vegeta-
bles and other mixed crops and intercrops). The area
under the potato was less than average, because the very
high cash input was too risky for the poorest farmers.

For this section it can be concluded that, generally, the
agricultural systems have not resisted change so far. The
number of livestock and several intercrops were often
reduced without regret when cash crops or new high yield-
ing varieties were introduced. Even the marginal farmers
have so far been able to introduce the same new crops and
practices as others. But it seems that the development (at
least in the four sample villages) has now reached a steady
state because a further expansion of e.g. cash crops would
be economically too risky, mainly due to the unpredict-
able variations in rainfall. Moreover, the marginal farm-
ers might not be able to follow suit much longer because
the number of marginal landholdings is increasing very
fast due to subdivision. The sustainability of the agricul-
tural systems is also threatened by the changes which have
already happened such as; the increased pesticide stress,
dependency upon foreign raw materials for chemical fer-
tilizers, gene erosion and loss of resistance and variation
in connection with the introduction of new varieties.



CONCLUSION

The various examples of agricultural development in the
four sample villages have shown that the main driving
forces behind development have been price incentives
(for the expansion of the cash crop area) and new inven-
tions made by e.g. the agricultural sciences. With regard to
the expansion of cash crops, it would seem that this devel-
opment has now reached a certain limit, either because
the crops are directly excluded from some areas (ecologi-
cally adverse) or due to various risk factors (variable
rainfall and prices) in the remaining areas.

So far, the most important innovations for agriculture in
this area have been the use of chemical fertilizers and the
new crop varieties. There was not so much need for tech-
nical innovations as the farmers’ own simple implements
were quite sufficient. The dosage of chemical fertilizer
seems to have reached a certain limit now, at least in the
four sample villages, because a further increase would be
too risky if the crops fail due to drought or the like. It was
relatively easy for the farmers to adopt the mentioned
types of innovations, partly because they could make use
of already existing practical skills and power of observa-
tion, and partly because the agricultural systems did not
resist the changes. It is actually still possible to make
several immediate improvements in the local use of
chemical fertilizers and pesticides by giving the farmers
proper information.

With regard to further inventions, plant breeders might
still be able to produce many valuable new varieties (e.g.
short duration pulses, drought resistant food grains or
pest resistant cash crops). New inventions in the field of
biotechnology, or the production of biofertilizers and bi-

ological means of pest control, are also promising, but
would need extension efforts and institutional support
from bodies of the same type as The Department of Seri-
culture. When developing new varieties and methods,
scientists should have proper knowledge about the local
agricultural systems and their specific needs. Special la-
bour-intensive methods should be developed for the ben-
efit of marginal farmers. According to experience with the
introduction of new crops etc. in the four villages, it seems
to be particularly important to keep a constant eye on the
various ecological constraints, both when new inventions
or innovations are being developed, and when they are
being propagated to the farmers.
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