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SUMMARY
 

T his study investigated land and water use potentials of the 
Tungabhadra Irrigation Project (TBP) located in one of the 

most sparsely settled and impoverished areas of Mysore State, 
India. Its objectives were to determine the most profitable crops 
that could be grown on the black soils in the TBP under two alter
native sets of land and water use regulations that might be adopted 
by project officials, and to examine the aggregate crop production 
potentials and input needs under these alternative sets of regula
tions. The study was limited to the Fortieth Distributary in the 
TBP located on the Left Bank Lower Level Canal in the heart of 
the black soil area. 

Four representative farms were identified that are characteristic 
of the farms in the area studied. For each of the representative 
farms, 12 constraints were defined: Regulations A and B, con
cerning irrigated crops allowed; within both A and B, the alterna
tives of 1) permitting light irrigation only and 2) permitting both 
light and paddy irrigation; and for each of these four constraints, 
three situations relative to credit and land developed for irriga
tion. Linear programming was used to find the crop combinations 
that would maximize net income under 12 situations for each of 
the representative farms. 

The highlights of the findings are: 

1) 	When credit was limited and irrigable acres restricted to 
that presently developed, a dryland cropping system would 
produce more net farm income than irrigated crops under 
the land and water use regulations examined with one ex
ception. Growing cotton and paddy on part of the authorized 
irrigable acres would provide more income on large farms. 
Credit limitation is an important reason why farmers, par
ticularly those with small and medium size farms, are slow 
to 	develop land for irrigation. 

2) 	 When the credit restraint was removed and the irrigable 
acres restricted to that presently developed, optimum crop
ping patterns would change under both sets of land and 
water use regulations. Crops that had the highest net 
income per acre, rather than the highest net income per 
rupee invested, would maximize net farm income. Higher 
net incomes would bo earned by using all the cultivable acres 
and shifting from dryland cotton to dryland jowar. On the 
larger farms, farmers would double-crop developed land 
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to the extent of the authorized irrigable acres permitted. 
Maximum use would be made of the land presently developed 
for irrigation. 

3) 	 When both credit and irrigable acres were n'ot constraints, 
it would pay farmers to grow a greater assortment of crops 
than whe, credit was limited or unlimited and the irrigable 
acres restricted to that presently developed. Thus, with 
adequate credit and irrigable acres, farmers would use 
their water and acres authorized for i-'zation to best. 
advantage. Farmers under these cond.tions would find it 
profitable to give top priority to irrigated crops. 

4) 	 When the credit and irrigable acres constraints were 
eased, net farm income would increase in every situation. 
The increase wa3 proportionally greater for the smaller 
farms than for the larger ones. This was true under both 
sets of regulations and whether or not paddy was permitted. 
Total cultivable acres per farm, the acreage developed for 
irrigation, and the amount of credit used were all positively 
related to net income. 

5) 	 Whet, credit was unlimited and the irrigable acres restricted 
to that presently developed, the value of crop production in 
excess of cash inputs for the distributary would be 8.1 per
cent greater if Regulations B were put into effect rather 
than Regulations A. Under Regulations B, 3.5 percent more 
land would be cropped in the distributary, 27 percent fewer 
irrigable acres would be required to maximize farmers' net 
incomes, and one-third more land would be double-cropped. 
Total cultivable acres used would be the same under both 
sets of regulations. 

6) 	 When both credit and irrigable acres were not constraints, 
the value of crop production in excess of cash inputs would 
be 8.8 percent more under Regulations B than Regulations 
A. Six percent more acre, would be cropped in the dis
tributary operating under Regulations B and A. Forty
four percent more irrigable acres would be used under 
Regul.tions A, but 51 percent more acres would be double
cropped under B. 

7) 	 When credit was either limited or unlimited and the irrigable 
acres constraint removed, the gross value of crop produc
tion would increase under both sets of regujations. The 
values would be greater under Regulations B =A. 

Thus, in order to maximize net farm income from crop produc
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tion in the distributary under the constraints examined, TBP 

officials should implement Regulations B,make provisions for un

land developed for irrigation, and permit ir
limited credit and 

rigation for both light irrigated -rops and paddy.
 

The regulations suggested can be implemented with a minimum 
and trained personnel. Any system of

of technical equipment 
however, will be difficult to enforce. Consequently,regulations. 

that the farmers concerned understandit is absolutely essential 
the basic regulations and reasons for complying with tbem. Local 

for the program is the key to its successful operation.support 
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Land and Water Use Potentials: Tungabhadra 

Irrigation Project, Mysore Stato, India' 

by M. B. Badenhop and Parker D. Cashdollar* 

he Tungabhadra Irrigation Project (TBP) is located in one of 

the most sparsely settled and impoverished areas of South 

India. The area's annual rainfall of 20 inches is maldistributed 
with less than 15 percent falling in the period, November through 

April.- As a result, serious drought occurs annua!ly. The Tungab

hadra Dam was completed in 1953 to provide irr'.;ation water for 

te area. Since that time, the water distribution system has been 

in various stages of development. The TBP is planned to irrigate 
1,272,404 acres through three major canal channels and their dis
tributaries, making it one of the largest irrigation projects in 

South India.3 Two soil groups are d-minant in the project area: 

black clay soils and red loam soils. 4 

THE PROBLEM 

As sections of the distributary system were completed, it be
came apparent that farmers were slow to develop land and under

*Professor of Agriciltural Economics, University of Tennessee, Knox
vill,, and Assistant Professor of Economics, University of Tennessee, Martin. 

'The study reported was conducted in early 1971 in collaboration with R. 
Ranianna, Donald C. Taylor, and other agricultural economists at the Mysore 
University of Agicultural Sciences, Bangalore, India. The authors acknow
ledge extensive assistance from David W. Brown for commtnts and suggestions. 

'April and May are the hottest months with mean maximum temperatures 

averaging 100.6 degrees Fahrenheit and mean daily temperatures averaging 
89.2 degrees. December is the coolest month with daily temperatures averaging 
73.7 degrees Fahrenheit. 

'C. M. Revanna, "Development of TBP Ayacut in Raichur and Bellary 
Districts," in Tungabhadra: A Citadel of Hope, Narasing Rao Madarkal (ed.) 
(Bangalore: The Department of Information and Tourism, 1968), pp. 29-31. 

'B. V. Vankata Rao, Soil Recources of Mysore (Bangalore: Mysore Uni
versity of Agricultural Science, 1968), pp. 3-5. 

The black clay , also called black cotton soils, contain 40 to 50 percent 
clay and have a 'igh moisture-holding capacity. Their pH generally ranges 
from seven to nine and they are well supplied with calcium, magnesium, and 
potassium. Orga-ic matter, nitrogen, and phosphorus contents are low. These 
soils shrink and swell and develop large cracks during dry periods. Their 
main advantages .xre their water retentive capacity nnd their structure which 
holds deep percolat:on to a minimum in paddy (rice) cultivation. Their main 
limitations are their high bulk density and their tendency toward alkalinity 
and salinity. 

6 



5take irrigation, particularly in the black soil areas. To encourage 
the development of these areas, land and water regulations were 
relaxed during the early stages of the project to allow all farmers 
to grow paddy on iand originally authorized for only light irriga
tion., Other crops used less water than paddy, but were less 
attractive to farmers. In 1967, this concession wats withdrawn, but 
by then farmers were accustomed to growing paddy and were 
not willing to comply with the new rules. 

This situation points to the need for TBP officials to have better 
information about likely farmer responses and production effects 
when deciding what land and water use constraints to impose. 
Therefore, this study was undertaken 1) to deermir.e the combina
tion of crops that would maximize net returns to farmers on the 
black soils in the area under alternative sets of land and water use 
regulation.9 that might be adopted by project officials, and 2) to 
examine the aggregate crop production potentials and input needs 
under these alternative sets of regulations. The study was limited 
to the Fortieth Distributary comprising 31,540 acres in the TBP.T 

The red soils are loamy in texture and contain 10 to 20 percent clay, are 
well drained, and easy to cultivate. Most crops grow well on the red soils. 
When used for paddy cultivation, the red soils have deep percolation losses 
relative to the black soils. 

'Jayakumar Anagol, "A Strategy for Ayacut Development Under Major 
Irrigation Projects," in Tungabhadra Project Achievements and Aspirations,
1970, Narasing Rao Madarkal (ed.) (Bangalore: The Government Press, 
1970), p. 60. 

Developed land refers to land developed for Irrigation, either for paddy or 
for crops authorized for only light irrigation. 

Land in the black soil areas was being developed for irrigation much 
slower than expected where paddy was permitted and virtually not at all 
where only light irrigated crops could be grown. In the red soils areas, land 
restricted to light irrigation developed for irrigation as rapidly as the land 
on which only piddy could be grown. The rate was still slower than expected. 

'Light irrigation means that most of the available water is used for 
"light" irrigated crops, such as wheat, cotton, and jowar, rather than for 
"heavy" irrigation of paddy. A general rule of thumb is that roughly three 
times as much water Is required to grow an acre of paddy than an acre 
of the light irrigated crops. 

'No detailed soil survey of the TBP has been made. For the purpose of 
this study, the black soils of the Fortieth Distributary are assumed homo
geneous. The black clay soils comprise about 80 percent of the soils in the 
distributary. 

(Footnote ' continued on page 8) 
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This is located on the Left Bank Lower Level Canal in the heart 
of the black soil area (Figure 1).8 

METHODOLOGY
 
Land and Water Use Regulations
 

Two sets of land and water use regulations for allocating water 
were investigated :9 

1) Regulations A: Lands authorized for paddy would receive 
water froyL June through November at a rate adequate for 
paddy. Kharif (fall cropping season) lands would receive 
water adequate for light irrigated crops for four months, 
June through September. Cotton lands would receive water 
adequate for cotton, or for the light irrigated rabi (winter 
cropping season) crops, for six months from August through 
January. 10 

2) 	 Regulations B: Similar to Regulations A, except rabi lands 
would receive water from November through February 
rather than from October through January. Unlike Regula
tions A, cotton allocations would not be used because cotton 
is planted about September 1 and does not need irrigation
during September, the month of heaviest rainfall. During 
October, cotton generally requires little irrigation. Its needs 
can be met easily because neither kharif nor rabi crops will 
require water in October. The dates for receiving water are 
the same for kharif and paddy authorizations as they were 
in Regulations A. 

On the Fortieth Distributary, as in all distributaries, paddy lands are 
authorized in blocks. These paddy blocks contain from 100 to 600 acres of 
contiguous lands that are in basins or lower elevations. The standing water 
in paddy fields causes adjacent Jands to become waterlogged and salt damaged. 

There are three paddy blocks on the Fortieth Distributary of about 200 
acres each, comprising 677 acres. The relatively small number of acres 
allocated for paddy and its authorizations in blocks means that most farmers 
do not have acreage allocated for paddy. 

'The I -ft Bank Lower Level Canal is 141 miles long and lies entirely in 
Raich., i i0t'ict of Mysore State. It is designed to irrigate 580,000 acres. 

'Stat. of Mysore, rAblic %A'rks Department, Dist rib, tarywise Localization 
Statement jor titrb,ta~icr. 36 to 56 (Sindhanur:

0 
Vublic Works Depart

ment), an unp J cdi hul'etin, 1969. These regulations (called localiza
tions in India) specif- the types of crops that each farmer can grow, how 
many acres, and in what seasons. 

"Land authorized for light irrigation is categorized as kharif, rabi, or 
cotton land. Kharif, or "fall" cropping season, roughly corresponds to the 
June through September period. Rabi, or "winter" cropping season, roughly
corresponds to the October through January period. Cotton has a six-month 
duration and is often called "kharil.rabi" crop because it overlaps both sea
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Figure 1. The Tungabhaldra Irrigation Project Area. 
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Acreages assumed under Regulations A and B in this study were 
calculated on the basis of technical escimates of a) irrigation water 
requirements of the major crops, and b) the available water flows. 
The main water constraints were 1) the quantity of water and the 
time periods during which it was available, and 2) the carrying 
capacity of the channels on the distributary. The land and water 
use regulations served as a guide to determine the number of 
acres assigned to each category.'" The results are given in Table 1. 

Table 1. Acres assumed under irrigation for the Fortieth Distributary by 
type of regulation and by season, Tungabhadra Irrigation Project, 
Mysore State, India, 1970 

Irrigatien Under Under
 
schedule Regulations A ROgulaens a
 

- -- -- -- -- --- Acres-- -- -- ------

Paddy (June-November) 677 .677 
Kharif (June-Septembbr) 6,044 6,399 
Rab (Oclober.January) 4,739 
stabi (November.February) - 6,399 
Cotton (August.January) 2,370 

Total 13,830 13,475 

The Representative Farms 

One hundred sixteen farmers who owned land authorized for 
irrigation in the Fortieth Distributary were randomly selected and 
interviewed to determine the resources they had available for 
crop production. Four representative farms were then identified 
from the data collected.' The key difference among these farms 
was size in terms of acres developed for irrigation. Other resource 
constraints considered were total cultivable acres, family labor 
supply, owned bullock power, cash on hand, and personal debts. 
The values of these resources for the rcpresentative farms are 
given in Table 2. 

A review of the acreage allocated for paddy production in the 
distributary showed that about one-tenth (9.8 percent) of the 
farmers had land under deedR with specific authorization to grow 

"A Guide jor Estimating Irrigation Water Requirements (New Delhi: 
The Government Press, 1970). 

"There are 1,443 farms on the distributary. Of these, 16 percent are 
typified by Representative Farm 1; 41 pereent by Representative Farm 2; 
22 percent by Representative Farm 3; and 21 percent by Representative 
Farm 4. 

10 



Table 2. Assumed resources of representative farms for the Fortieth Distributary, Tungabhadra Irrigtion Project, Mysore, 

State, India, 1970
 

Total cultivable landb 
Land developed for irrigation 
Family labor available per monthc 
Owned bullock power 

available per monthd 
Cash on hand 
Present debts 

Unt 

Acres 
Acres 
Man-hours 
Bullock 

pair hours 
Rupeese 
Rupees 


'The average situations found for the farmers surveyed 

when the farms were sorted into four size groups based upon 
acres developed for irrigation. 

of total land was wasteland'Approximately 10 percent 
and is not included in these figures. 

'Men and women in the labor force were available to work 

250 hours each per Month. Child labor was not included in 

the labor force even though children performed certain mis-

F. I rFA $ Form 4
FWm I 


11.8 14.2 26.7 39.3 
4.7 14.60 2.0 

561 755 655 760
 

208 229 279 438
 
12 36 223 1.383
 

631 1,038 2,33D 1.914
 

cellaneous activities. Each hour of work supplied by women 

was assumed to be equivalent to four-lifti.- of a man-hour. 
'Bullock power was considered the only source of draft 

the study.°" Bullock pairs on the representapower used in 
tive farms were assumed to be available 256 hours per 

month. Multiplying the bullock pairs available by 250 gave 

the bullock pair hours available per month. 
'One U. S. dollar is equal to 7.5 rupees (Rs.). 



paddy. Thus, when the land and water use authorizations were 
made for each representative farm, it was necessary to consider 
two irrigation alternatives. Under the first alternative (light 
irrigation only), only light irrigation was permitted. This alterna
tive was characteristic of the same 90 percent of all farms in the 
distributary that did not have acreage authorized for paddy. The 
second alternative (both light and paddy irrigation) applied only 
to the remaining 10 percent that had acreage on which paddy 
could be grown. Thus, eight assumed situations for each set of 
regulations on land and water use were examined-ome for each 
representative farm operating under light irrigation only and 
one for each representative farm operating under both light and 
paddy irrigation. For each situation, the combination of crops 
that would maximize net returns to farmers wns determined and 
the resulls were aggregated to estimate production potentials and 
input needs in the distributary. The acres authorized for irrigation 
under each alternative are given in Table 3. 

Credit and Land Developed 
For Irrigation Situations Considered 

Three situations concerning the amount of credit and land 
developed for irrigation were also considered 'or each farm. In 
the first situation, one with limited credit, it vas assumed that 
operating credit was available to farmers in an amount not to ex
ceed their present indebtedness.' In the second situation, operat
ing credit was unlimited to all farmers. In these two situations, 
land available for irrigation was restricted to that presently de
veloped. In the third situation, it was assumed that credit was 
unlimited and that irrigable acres was not a constraint. 

Linear Programming Used 

Farmactivities considfred: Thus, for purposes of this analysis, 
12 sets of constraints were defined for each of the four repre
sentative farms--Regulations A and B, concerning irrigated crops 
allowed; within both A and B, the alternatives of 1) permitting 
light irrigation only, and 2) permitting both light and paddy 
irrigation; and for each of these four constraints, three situations 
relative to credit and land developed for irrigation. 

"An exception to this constraint was that Representative Farm 4 was 
allowed credit up to Rn. 4,000 rather than the amount of Its present indebted
ness. The resources on this farm were adequate to justify. this exception. 

12 



Table 3. 	 Acres authorized for irrigation on the representa.ive farms under two sets of iond and water use regulations, 
Fortieth Distributary, Tungabhadra Irrigation Project, Mysore State, India, 1970 

Farm 1 Farm2 	 Farm 3 Farm 4 
(11.8 A) L (IA.2 A) (26L.? A;' (3.3 A) 

Crop Ught Beth ight Ught Beth light Ught Beth Ught Ught Beth light 
brlgaUts Irr. A paddy iT. & paddy Ir. & papddy Ir. & paddy 

autb mtions only Irr. only Irr. OMly In. on~y Irr. 

Segulatleno A 

Paddy - 2.6 - 3.1 - 5.9 - 8.6 
Rkear 2.4 1.2 2.9 1.4 5.4 2.7 7.9 4.0 

1.9 .9 2.2 1.1 4.2 2.1 6.2 3.1 
Cotton .9 .5 1.1 .6 2.1 1.0 3.1 1.5 

Total. 5.2 5.2 6.2 6.2 11.7 11.7 17.2 17.2 
S-	 -. . in.matam SI 

Paddy - ----.... 2,6 - 3.1 	 5.9 - 8.6 
Kbaut 2.5 i:2-- 3.05 1.5 5.75 2.8. 8.4 4.1 
Rawe 2.5 1.2 3.05-- . 1.5 5.75 2.8 8.4 4.1 

Total 5.0 5.0 6.1 6.1 11:5-.... 11.5 16.8 16.8 

Number of
 
farmsb 202 22 539 58 292 31 270 29
 

'Total cultivable acres. 
'The number of farms in each irrigation alternative is the tive. Under both alternatives, each representative farm has 

cofficient used for aggregating to show :jtal distributary the same number of acres authorized for irrigation. How
production and input needs. The representative farm of ever, half of the authorized acres is for paddy on those farms 
eazh size group is identical except for the irrigation alterna- where both light and paddy irrigation is permitted. 



Linear programming was used to find the crop combinations 
that would maximize net income on each representative farm 
under each of the assumed situations. Net income was defined as 
the returns to family labor, land, management, and capital invested 
in bullocks and implements. The crops included as income-generat
ing activities were lirmited to crops previously grown locally that 
were considered profitable by farmers and by agricultural special
ista familiar with the area. These crops were paddy (rice), jowar 
(scrghum), wheat, navane (foxtail millet), bajra (pearl millet), 
cotton, and safflower." Three "buying" activities were also in
cluded: hiring labor, hiring bullocks, and borrowing operating 
capital. Flexibility to use "paddy land" for the light irrigated 
crops and to use "cotton land" for rabicrops was also built into the 
analysis. Double-cropping activities were combinations of the 
single crops permitted by the authorizations and which were tech
nically feasible. 

Input-output coefficients: The input-output and cost-return 
data used to synthesize the crop budgets were derived from sev
eral sources. These ircluded information from the Fortieth Dis
tributary farm survey; interviews with personnel of the Mysore 
University of Agricultural Sciences, Mysore State Department 
of Agriculture, and the U. S. Agency for International Develop
ment sponsored specialists; and relevant agronomic and farm 
management reports.'5 Only one input and output level was al
lowed for each crop. This level was defined as an output level that 
a farmer could reasonably expect to obtain if he used the recom
mended cultural practices, adequate irrigation water (or normal 
rainfall under dryland conditions), and the recommended fer
tilizer rates. Hired labor and hired bullock power was assumed 

"Several crops grown on the black soils were not considered in the analysis 
because farmers in the area and researcheis did not consider them as among 
the more profitable crops and because markets for such crops were not well 
established. These crops include the pulse crops, castor, coriander, groundnut 
(peanut), and perishable vegetable crops. Some farmers, however, specialize 
in their crops. Likewise, mixed cropping, the growing of two or more crops 
in the same row or in alternate rows in the same field, was not considered 
in the analysis. With irrigation becoming more prevalent, mixed cropping 
will be less important. 

"Two recent farm management studies that were especially helpful were: 
1) S. Bisaliah and Donald C. Taylor, An Ecouninic Apalrifi of Major 
Irrigated Crops in the T ingabhndra Irrigation 'rnject 'Bangalore: Mysore 
University of Agricultural Sciences, a'nd unpublished bulletin, 1971), and 
2) C. Nanja Reddy, K. C. Hiremath, and Estel H. Hudson, Farm Plunning 
Manual (Bangalore: Mysore University of Agricultural Sciences, an unpub
lished bulletin, 1070). 

14 



available in unlimited amounts at the current daily wage rate. 

Input prices used were those prevailing (February 1971) in the 

distributary. OutDut prices were average prices for 1970 ut the 

Raichur regulated market, which serves the area. 
The crops considered, net income per acre, cash expenses per 

acre, expenses, and the net income per rupee of cash expense are 

shown in Table 4. 

Table 4. 	 Net income per acre, cash expenses per acre, and net Income 
per rupee of cash expense for selected crops, Fortieth Distributary, 
Tungabhadra Irrigation Project, Mysore State, India, 1970 

Net L;camo 

Net Inceme Cash expenses per r-pve of 

per me per acu* cash expense
Crop 

- --------- Rupees 

Dcytoied en -s 
Rab! cotton 	 266 69 3. 

78 3.4RaN safflower 	 271 
1.0Rn wheat 140 134 


Raem Jwoa (grain sorghum) 301 111 2.7
 

Irrigated crepoo 
Ktarit paddy 787 350 2.2 

550 277 2.0
 
Kharif bhars (pearl millet) 331 222 1.5
 

Khavrii or rbl nanoe
 
(foxtail millet) 	 287 217 1.3 

Khorif Jever 

2.9720 251Kharlttaebi cotton 
2.0Rabi Jow&r 554 274 


taNi safflower 
 535 167 3.2 
60 335 2.0Mail wheat 

RF.SULTS 

Tables 5 through 10 summarize the farm level and aggregate 

results obtained from the linear programming analysis as it was 

applied to the data co!lected for the Fortieth Distributary. Only 

the highlights of the findings and their implications will be dis

cussed. 

Would Be Grown to Maximize1. 	Tables 5 and 6, Crops That 

Income Under Reialations A and B
 

Credit limited and irrigable acres restricted: To maximize net 

income when credit was limited and irrigable acres restricted to 
would be the predomthose presently developed, dryland cotton 

inant crop grown on all representative farms under each irriga

15 



tion alternative in both sets of land and water use regulations. 
This was most apparent for Representative Farm 1, typical of 
the smaller farms. On Farm 1, 79 percent of the available 
cultivable acres was used for crop production and the only crop 
grown was dryland cotton.' 0 

With limited credit, farmers with acreage greater than those 
typical of Farm 1 could use only a part of their authorized irrigable 
acres for growing irrigated crops. The larger the farm, the 
greater was the proportion of authorized irrigable acres used. 
This relationship is illustrated by Farm 4 and to a lesser extent 
by Farm 3. Cotton would be the predominant irrigated crop grown 
under these conditions-particularly on farms that did not have 
acreage authorized for growing paddy. The larger farms repre
sented by Farm 4, which had acreage authorized for growing 
paddy, used only a third el such acreage. 

In general, cropping combinations that would maximize net in
come when credit and land developed for irrigation were limited 
would be similar under both sets of regulations and irrigation 
alternatives. Total cultivable acres in the distributary would not 
be utilized to the extent they could be and considerable irrigable 
acres would not be used. When credit and developed land were 
limited to this extent, the choices depend upon those crops that 
have the highest net income per rupee of expense rather than net 
income per acre. Limitation of credit may be an important reason 
why farmers in the area, particularly those with small farms, are 
slow to develop land for irrigation."7 

Credit unlimited and irrigable acres restricted: When the credit 
restraint was lifted, cropping patterns changed under each irriga
tion alternative in both sets of regulations. Higher net incomes per 
farm were earned by using all the cultivable acres and shifting 
mainly from dryland cotton to dryland jowar. In fact, jowar was 
the only dryland crop grown. Net incomes were maximized by 
growing the crops that had the highest net income per acre rather 
than the highest net income per rupee invested. 

On the small farms, represented by Farm 1, which had no land 
developed for irrigation, net incomes were maximized by growing 
dryland jowar on all the cultivable acres. On the middle-sized 
farms, those represented by Farms 2 and 3, farmers double
cropped laud developed for irrigation to the extent their authorized 

"Inthis and subsequent scctions, the farming patterns described are not 

what farmers actually were doing when surveyed in 1971, but what they 
would have done if they had followed the linear programming results. 

"The cost of developing land for irrigation is approximately It. 500 
per acre. 
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three credit and land developed for irrigation situ
net incoms under

Table 5. Crop combinations that would maximize 
Fortieth Distributary, Tungabhodra Irrigation Project, Mysore 

ations for representative forms under Regulations A, 


State, India
 
Form 4
Fer 3Frm 2 


Crops that wld be grwn to For I 
(1.2 A)' (21.7 A)' (2.3 A) A
 

(12 A)& 	 d 
uro zt eotIncome sn 	 ( )b (2) c ad ( 2) . ( 

A 
e (l)b (ZC (5)d (l)b (2). 	 (3)d 

R egu t-atins 
2 .
 

o ly:U ght Irrigat l on 	
- - 18.0 - - 27.3 

9.3 - - 13.7Dryland cotton 18.1 - 25.8 25.8 
- 11.8 8.5 - 12.2 10.1 - 22.0 

Dryland Jewar 	 2.3 - 4.2 4.2-----Irrigated harit jewor 	 - 2.1 9.3 3.1 3.11.1 4.6 
- - .9 .4 -

Irrigated cotton 	 - 1.1 - 2.5 2.5 
- - - .1 -

Irrigated rbi wheat 	 . . . . ..1 - . .-
 -Irrigated rabi safflower 
- .5 - - .8 - - - - -

Irrigated kharif balrm and dryld la 
- 4.7 3.1 - 3.7 3.7 

- 1.9 - 2.0 2.1 
Irrigated kharlf balrs and raiwht 

24.3 --
Beth light and paddy Irri.. 	 - 20.9 - - 13.7 9.3Dryland cotton 	 3.8 24.7 24.1 - 12.2 9.1 - 22.0 17.1 - 11.8 7.6 -Dryland awar 	 - 4.0 ---

Dryland safflower 	 8.6 
- - 2.6 - .3 3.1 - 1.5 5.9 2.6 1.6 

Paddy 	 4.6 -1.6 1.6.6 3.2 - 1.0.5 .4 -
Irrigated cotton 	 - - .4 1.1----- -Irrigated rabi wheat 	 - - - .1 - .-
Irrigated rabi safflower 	 - .6 - 1.3 1.9.3 

- - .2 - -
Irrigated kharl bair. and dryandiewr 	 - 2.7 2.0 

- ..7 1.1 - 3.2 2.1 
Irrigated kharif bars and raw wheat - - .9 

were combinations of"Pouble-cropping activities included 
.Total cultivable acres. 

permitted by the authorization. and which 
'Credit limited and irrigable acreage restricted to that 	 the single craps 

were technically feasible. The activities 
1 

were various con.bi
presently developed, 	 dryland

to that nations of irrigated kharif, irrigated rabi, and 
and irrigable acreage restricted'Credit unlimited 

rabi crops.
presently developed. 


'Credit unlimited and irrigable acres unrestricted.
 



Table 6. 	 Crop combinations that would maximize net income under three credit and land developed for irrigation situations 
for representative forms under Regulations B, Fortieth Distributary, Tungabhadra Irrigation Project, Mysore State, 
India 

Farm 4Crepe bat would be grown to Farm I Farm 2 Form 3 
maM.'za net Income, (11.8 A)& (14.2 A)& i 42. A (1. A) 

Regno aens alt 	 (l)b (2). (3)d (l)b (2)c (2)d 1( b €C (3)d (1)b (2) () d
1 1 

--- - ----- La------------------- An----------------------
Ught Irrigatien onys 

Dryland cotton 9.3 - - 13.3 - - 19.9 - - 30.2 - -
Drland lewr - 11.8 9.3 - 12.2 11.' - 22.0 21.0 - 30.9 30.9 
Dryland safflower - - - - - - .7 - -
Irrigated cotton - - - 4.0 - - 7.6 - -
Irrigated rhsi safflower .- .9 - - - - - - - -

Irrigated kharif Jlowr aid irrigated rab wbeat - - Z.5 - 2.0 3.05 - 4.7 5.75 .8 8.4 8.4 

Beth IIrtt and paddy k gathbims 
Dryland cotton 9.3 - - 13.3 - - 21.6 - - 25.5 - -
Dryland Jawar - 11.8 8.0 - 12.2 9.6 - 22.0 18.0 4.9 26.6 26.6 
Dryland safflower - - - - - - - - - 1.9 - -

Paddy - - 2.6 - .5 3.1 .5 1.9 5.9 2.9 8.6 8.6 
Irrigated cotton - - - - - - 2.8 - - 4.1 - -
Irrigated rabisafflower - - .9 - - - - - - - -

Irrigated kharil Jewar and irrigated rabi wheat - - 1.2 - 1.5 1.5 - 2.8 2.8 - 4.1 4.1 
*Total cultivcble acres. 'Double-cropping activities included were combinations of 
bCredit limited and irrigable acreage restricted to that the single crops permitted by the authorizations and whicla 

presently developed, were technically feasible. The activities were various corn
'Credit unlimited and irrigaole acreage restricted to that binations of irrigated kharif, irrigated rabi, and dr..and 

presently developed. robi crops. 
'Credit unlimited and irrigable acres unrestricted. 



kiarif and rabi acreage in combination allowed. Paddy was not 
grown to the extent authorized on these farms because the light 
irrigated crops in double-cropping combinations yielded higher 
net income per acre than any single crop, including paddy. On the 
larger farms, represented by Farm 4, the irrigable acres presently 
developed were adequate to maximize net incomes given the re
sources these farms had. All land authorized for growing p.Jdy 
was so utilized where the irrigation alternative permitted it. This 
indicates for the larg.er farms that it was not profitable to trade 
paddy land for khari, trade cotton for rabi, or to combine them 
and double-crop the light irrigated crops. 

The primary difference in the optimum cropping pattern be
tween Regulations A and B when credit was limited and un
limited and when the irrigable acreage was restricted was due to 
differences in the farmers' ownership of khaiif and rabi acres 
authorized for irrigation. In Regulations B, farmers owned equal 
kharif and rabi irrigable acres that cuuld be combined and used 
for double-cropping. Also, the four-month kharif crops could be 
double-cropped and thus, maximum use could be made of the 
irrigable acres. In Regulations A, where kharif and rabi acres 
authorized for irrigation were not equal, a greater variety of 
crops could be grown, but fewer acres could be double-cropped. 

Credit unlimited and irrigable acres unrestricted: When both 
credit and irrigable acres were not constraints, the results show 
what is most likely to happen when the distributary is fully 
developed. Although land development in the TBP has been slower 
than project officials would like, there is reason to believe that 
enough land will be developed eventually to use all irrigation water. 
The shortages of water that have already been reported in parts 
of the project area indicate that enough land may already be 
developed on some of the distributaries. 

The term "fully" developed, as used in the TBP area, originally 
meant development of all the authorized irrigable acres. Results 
show when credit and developed land were not constraints, and 
with double-cropping becoming popular, that there may be no need 
for "fully" developing the distributary. The term "fully" developed 
is most meaningful when reference is to the development of enough 
land to use all the irrigation water available. The early planners 
of the TBP did not anticipate that double-cropping of irrigated 
crops would be practiced to a great extent. Thus, it is difficult to 
predict how many irrigable acres will be developed. The amount of 
land ultimately developed will depend greatly on the land and 
water use regulations that are adopted. 
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When both credit and developed land were not constraints, 

farmers, in order to maximize net income, grew the crops which 

yielded the highest net income per acre rather than those that 

yielded the greatest net income per rupee of cash expense. 

A comparison Gf cropping patterns, operating under Regulations 

A, when credit was unlimited and irrigable acres restricted with 

the situation when both credit and irrigable acres were not re

stricted, shows-except for Farm 4, representative of the larger 

farms--that a greater assortment of crops was grown in the 

situation where both credit and developed land for irrigation were 

not restricted. For the larger farms, the assortment of crops 

grown was the same in both situations. This indicates that enough 

developed land provided farmers greater opportunity to utilize 

their irrigation authorizations to maximum advantage. 

Under both Regulations A and B, when there were no restraints 

on credit and land developed for irrigation and when paddy was 
waspermitted, all acreage authorized for paddy production used. 

Under Regulations A, cropping patterns varied considerably among 

the representative farms, but under Regulations B they were essen

tially the same. Under Regulations B, farmers took advantage of 

double-crop combinations to the extent permitted by acreage 

authorized for irrigation. Farmers under these conditions found 

it feasible and profitable to give top priority to irrigated crops.' 8 

Also, under Regulations B, slightly more dryland jowar would be 

grown than under Regulations A because the combining of kharif 

and rabi allocations for double-cropping released land for dryland 

cropping. 
General observations in the TBP area, as well as interviews with 

farmers and project officials, indicate clearly that paddy was the 

most popular crop at the time of the 1971 survey. In fact, nearly 

all the developed land was being used for paddy production. This 

was mainly because existing regulations on allocation of water 

were not being enforced. Farmers, in general, were double-crop

ping kharif paddy followed by a summer crop of paddy or follow

ing the kharif paddy with light irrigated crops of wheat and 

safflower. The double-cropping systems using paddy yielded higher 

net income per acre of developed land than any double-cropping 

water, fnd capital con"Crops that would not be grown under the land, 
straints examined are dryland wheat, irrigated rabi Iowar, and irrigated 

niavane in either the kharif or rabi season. Because these crops were not 
grown does not mean they are not profitable. It means they were not as 

profitable in the representative farm situations as the crops that were grown. 

Since all the farm situations found in the distributary were not included in 
grown to a limited extentthe analysis, it is possible that these crops will be 

in the TBP. 
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crops. Since water was virtuallycombination of light irrigated 
concerned withfree to the individual farmers, they were not 

the fact that paddy requires much more water per acre than the 

other crops. 

2. Tables 7 and 8, Net Income, Irrigable Acres, and Credit Used 

Net income increased in every situation when credit and the 

irrigable acres constraints were eased. The increase was propor

tionally greater for the smaller farms than for the larger ones. 

sets of land and water use regulationsThis wias true under both 
permitted. Total culexamin.d and whether or not paddy was 

used, and 	credit used on theTable 7. 	 Potential net income, irrigable acres 
representative farms under Regulations A and two irrigation alterna

tives, Fortieth Distributary, Tungabhadra Irrigation Project, Mysore 

State, India
 

Farm 1 Farm 2 Form 3 Form 4 

411.8 A) * (U.2 A) L (26.7 A) • (29.3 A)
*egulations 	 A 

Not Income (N1)
 
Ught Irrigation only:
 

Cr. ltd. & irr. Ares. 2,217 3,754 7,361 	 13,049 
15,167Cr. unltd. & irr. Ares. 3,046 5,505 9,336 

4,470 5,805 10,026 15,167Cr. unltd. & irr. Aunres. 

Both light and paddy Irrigatiefl 

Cr. ltd. & irr. A res. 2,217 3,754 7,302 12,512 
5,005 9,188 15,914Cr. unltd. & irr. Ares. 3,046 

Cr. unltd. &irri. Aunres. 4,773 6,168 10,514 	 15,921 

Irylgab land mad (w"a)
 
Ught IrrIgation anlys
 

n.Lb .5 4.6 9.3Cr. ltd. & irr. Ares. 
2.0 4.7 13.5Cr. unltd. &irr. Ares. n.L 

Cr. unltd. &irr. Aunres. 3.3 4.1 8.6 13.5 

Beth light and paddy Irrigatoe: 

Cr. ltd. &irr. Ares. n.L .5 3.2 7.2 
n.a. 2.0 4.7 14.6Cr. unltd. & Ares. 

Cr. unltd. &irr. Aunres. 4.7 5.1 9.6 15.2 

cr*M wood (Va6) 
Ught Irrlgation nly12 

Cr. ltd. & irr. Ares. 631 1,038 2,330 4,000 

Cr. unltd. &irr. Arets. 1,300 2,426 5,438 7,613 
Cr. unltd &irr. Aunres. 2,381 2,843 5,648 7,613 

Both light and paddy Irrlgations 

Cr. ltd. & irr. Ares. 631 1,038 2,330 4,000 
Cr. unltd. &irr. Ares. 1,300 2,364 5,048 8,660
 

Cr. unltd. &irr. Aunres. 2,461 2,937 6,260 8,654
 

'Total cultivuble acres.
 
bn.a. - not applicable.
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Table 8. Poten.iz,' net income, irrigable acres used, and credit used on the 
repre!;entative farms under Regulations B and two irigation alterna
tives, Fortieth Distributary, Tungabhadra Irrigot;on Project, Mysore 
State, India 

Farm I Farm 2 Farm 3 Farm 4 
Regulations U U.3 A) L (14.2 A) Q (26.7 A) A (31.3 A) A 

Not income (Nt.) 
Ught Irrigation only 

Cr. ltd. &irr. Ares. 2,217 3,775 7,474 13.192 
Cr. unltd. &irr. Ares. 3.046 5,457 10,119 16,496 
Cr. unltd. & ilr. Aunres. 4,841 6,285 10,762 16,496 

Both light and paddy irrIgations 

Cr. ltd. &irr. Ares. 2,217 3,775 7,426 12,532 
Cr. unltd. & irr. Ares. 3,046 5,277 9,631 ,, ,40 
Cr. unlld. & irr. Aunres. 4,935 6,396 10,885 16,460 

h1ilaW lamd usd(acm) 
Ulght Irrigatlon only& 

Cr. td. &irr. Ares. n.Lb .9 4.0 8.4 
Cr. unltd. & irr. Arrp. n.a, 2.0 4.7 8.4 
Cr. unlid. &irr. Aunres. 2.5 3.0 5.7 8.4 

Both light and paddy Irrigatioms 
Cr. lid. &irr. Ares. n.L .9 3.3 7.0 
Cr. unlitd. & irr. Ares. n. L 2.0 4.7 12.7 
Cr. unltd. & irr. Aunres. 3.8 4.6 8.6 12.7 

Cr*Mt ue (da) 
UIht irrigation onlys 

Cr. ltd. &irr. Ares. 631 1,083 2,330 4,000 
Cr. unltd. & irr. Ares. 1,300 2,536 5,847 8,791 
Cr. unltd. & irr. Aunres. 2,540 3,071 6,462 8,791 

Both light and paddy Irrigatlmns 
Cr. l1d. &irr. Ares. 631 1,083 2,300 4,000 
Cr. unltd. & irr. Ares. 1,300 2,405 5,178 8,969 
Cr. unltd. & irr. Aunres. 2,540 3,031 6,455 8,969 

'Total cultivable acres.
 
bn.a. = not applicable.
 

tivable acres per farm, the irrigable acreage, and the amount of 
credit used were all positively related to net income. To illustrate 
these relationships, the results for Representative Farm 1, typical 
of the smaller farms, and for Representative Farm 4, typical of 
the larger farms, were examined under the assumption that 
Regulations A would be in force and that paddy was permi-Aed as a 
crop. 

For the typicd small farm (Representative Farm 1) with credit 
limited to present indebtedness, Rs. 631, and irrigabie acres re
stricted to that presently developed (none on the small farms), 
net income would be Rs. 2,217. Farmers would continue to grow 
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no land would be developed for irrigation.dryland crops only and 
When the credit constraint was removed, the use of credit would 

more than double, to Rs. 1,300, and net income would increase by 
grow dryland37 percent, to Rs. 3,046. Again, farmers would 

crops only and no land would be developed. When both credit and 

land developed for irrigation were not constraints, net income 
times the net incomeincreased to Rs. 4,773, which would be 2.2 

when credit was limited and no irrigated crops grown. To pro

duce this income, the use of credit would expand nearly four times; 

also 4.7 acres, or almost .10 percent of the total cultivable acres, 

would be developed for irrigation. 
Changes in net income on Farm 4, representative of the larger 

farms, was proportionally less than for the smaller farms. Under 
4,000 and acrescredit restrictions of Rs. irrigable restricted to 

that presently developed, net income of Farm 4 would be Rs. 

12,512 when paddy was permitted as a crop. To produce this 

income, only 7.2 irrigable acres of developed land would be used. 
PaddyThis represents 18 percent of the total cultivable acres. 

would be grown to the extent permitted. When credit was not 

restricted and irrigable acres restricted to that presently de

veloped, credit use would increase 90 percent, to Rs. 7,613, and 

net income would increase 27 percent, to Rs. 15,914. Fourteen 
37 percent of the total cultivableand six-tenths irrigable acres, 

acres, would be used and the acreage authorized for paddy produc

tion would be utilized. When the constraints on credit and land 
there was essentiallydeveloped for irrigation were both removed, 

or in net income. Slightly more irrigableno change in credit use 

land would be used.
 

3. 	 Tables 9 and 10, Aggregate Results of ite Analysis 

The aggregate results for the Fortieth Distributary were de

rived from the linear programming results on the representative 

farms by using the number of farms in each irrigation alternative 
to estimate theas indicated in Table 3. The main purpose was 

potential totail value of crop production if the distributary were 

fully developed and land and water use regulatior.s strictly en

forced. Also, alternative cropping patterns consistent with the 
aggregation wasrestrictions imposed can be evaluated. The 

done for the situation where credit was unlimited and the irrigable 

acres restricted to that presently developed, as well as for the 

situation where both credit and the land developed for irrigation 
were not constraints. 

Credit unlimited and irrigable acres restricted: With unlimited 

credit, but irrigable acres restricted to that presently developed, 
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the aggregate value of crop production for the distributary was 
Rs. 20.5 million under Regulations B and Rs. 19.1 million under 
Regulations A. Thus, the value of production was 7.7 percent 
greater under Regulations B than A. The cash inputs required 
under Regulations B were 6.7 percent greater, or Rs. 380 thousand. 
The value of production in excess of cash inputs operating under 
Regulations B was 8.1 percent, or about Rs. 1.1 million, greater 
than under Regulations A. 

Table 9. 	 Potential aggregate acreages, crop output, and cash needs under 
Regulations A and B, Fortieth Distributary, Tungabhodra Irrigation 
Project, Mysore State, India 

Value of 
Value of Gross value production 

Ares cash Inputs of In etc*" of 
&awn 	 required produ:tlon cash Inputs 

- --------- Ruposa(003)-------

Creditunlimited and Irrizable acres restricted 
Regulations Al 

Paddy 318 111 364 253 
Irrigated cotton 881 221 868 647 
Irrigated kharif baiJra 3,751 831 2,104 1,273 
Irrigated rabi wheat 4,403 1,475 4,412 2,937 
rrigated khoriloJewar 1,137 315 949 634 

Dryland lower 24,800 2,748 10,354 7,606 

Total 	 35,290 5,701 19,051 13,350 

RsIulatons Es
 

Paddy -342 120 392 272 
Irrigated kharlflower 4,996 1,385 4,172 2,786 
Irrigated rabl wheat 4,996 1,673 5,006 3,333 
Dryland lower 26,197 2,903 10,937 8,035 

Total 	 36,531 6,081 20.507 14,426 

Credit willniftd and Irrllable ace unrestricted 
Regulations A: 

Paddy 
Irrigated cotton 
Irrigated kharif baira 
Irrigated rabl wheat 
Irrigated kharlf lower 
Dryland lower 

677 
2,370 
4,227 
4,735 
1,812 

21,940 

237 
595 
937 

1,.86 
502 

2,431 

775 
2,334 
2,371 
4.745 
1,513 
9,160 

. 

538 
1,739 

"1,434.. 
3,159 
1.,010 
6,229 

Total 35,751 6,288 20,898 14,610 

Reuulatioa 111 
Paddy 
Irrigated kharlf lower 
Irrigated rabi wheat 
Dryland lower 

677 
6,399 
6,399 

24,462 

237 
1,774 
2,143 
2,710 

775 
5,343 
6.412 
10,213 

538 
3,569 
4,269 
7,503 

Total 37,937 6,863 22,743 15,878 
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Land utilization under Regulations A and B, Fortieth Distributary,Table 10. 
Tungabhadra Irrigation Project, Mysore State, India 

Credit unlimited and Credit unlimited and 
Irrigable a res Irrigable acres 

restricted unrestricted 

Rogulafleem Regulatlens Regulatiens Regulations 

Land uwtilIaUen A 3 A a 

----- - - - - - - -Acres - - - - - - - - - - - - -

Crops grown 	 35,290 36,531 35,761 37,937 
31,535 	 31,538Total cultivable land used 31.539 31,534 

Double-cropped 3,751 4,996 4.227 6,399 

Irrigated crops grown 10,490 10,334 13.821 13,475 
5,3J8 10,201 7,076Irrigable acres used 	 6,777 

Slightly niore land, 3.5 percent, would be cropped in the dis

tributary operating under Regulations B than Regulations A. The 

acreage of developed land required if all farmers maximized their 

net incomes, however, would be 27.0 percent less under Regulations 
B. 	 At the same time, double-cropped acreage operating under 

.norethan under Regulations A.Regulations B would be one-third 
The cultivable acres used would be the same under both sets of 
regulations. 

Credil unlimited and irrigoble acres unrestricted: The gross 
value of crop production for the distributary with unlimited credit 

and irrigable acres unrestricted was Rs. 22.7 million if Regulations 
B were followed and Rs. 20.9 million if Regulations A were put into 

effect. Thus, the value of productiun would be 8.8 percent, or Rs. 

1.84 million, greater under Regulations B than A. The value of 

cash inputs required to enable farmers to maximize their net 

incomes would be more, 9.1 percent or Rs. 576 thousand, operating 
under Regulations B, but the value of production in excess of the 

cash inputs would be nearly Rs. 1.3 million, or 8.8 percent, more 
when operating under Regulations B than Regulations A. 

Six percent, or 2,176, more acres would be cropped in the dis

tributary operating under Regulations B than A. More developed 
land, however, would be used under Regulations A-10,201 acres 
compared to 7,076 under Regulations B, a difference of 3,125 
acres, or 44 percent. Fifty-one percent, or 2,172, more acres of 

irrigable land would be double-cropped operating under Regula
tions B than Regulations A. 

Overall comparisonst The gross value of crop production was 

increased under both sets of regulations when the constraint on 
irrigable acres was removed. The values were also greater under 
Regulations B than A. For example, under Regulations B, the 
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gross value of crop production for the distributary was Rs. 22.7 
million with un!imited credit and irrigable acres unrestricted and 
Rs. 20.5 million wtli unlimited credit and irrigable acres restricted, 
a difference of Its. 2.2 million, or 11 percent. When the same 
comparison was made opirating under Regulations A, the differ
ence was less, Rs. 1.8 mil.n, or about 9.6 percent. 

When the two credit and irrigable acreage situations were com
pared under both sets of regulations, the result, in terms of the 
land utilization were quite different. Assuming Regulations A 
would he in effect, farmers operating with unlimited credit and no 
restrictions on irrigable land would 1) grow crops on !.3 percent 
more acres; 2) grow 24.1 percent more acres of irrigated crops; 3) 
use 33.6 percent more acres of land developed for irrigation; and 4) 
double-crop 11.3 percent more acres than they would if operating 
under these regulations with unlimited credit and limited irrigable 
acres. 

If we assume that Regulations B were in effect, farmers operat
ing with unlimited credit and no restrictions on irrigrb!e land 
would 1) grow crops on 3.8 percent more acres; 2) grow 23.3 
percent more acres of irrigated crops; 3) use 24.6 percent more 
acres of land developed for irrigation; and 4) double-crop 21.9 
percent more acres than farmers would if their land developed for 
irrigation were limited. 

DISCUSSION 

This study has examined the farm-and-area-level implications of 
two alternative sets of land and water use regulations that Tungab
hadra irrigation project officials have considered for implementa
ti,. .'1 Four iepresentative farms were identified that are char
acte.-istic of the farms in the area studied. The moat profitable 
crops that could be grown under varying restrictions of capital 
and land developed for irrigation were derived with linear pro
gramming and the results aggregated for all farms in the study 
area. 

If the farmers' net incomes from crop production are to be 

"Four additional sets of land and water use regulations were also ex
amined: 1) where all available water is used for paddy during June 
through November and with no light irrigation allowed; 2) where the land 
Is used for light irrigated crops only as outlined in Regulations A and no 
provision for the use of water on lands authorized for paddy; 3) where the 
land is used for light irrigated crops only as outlined in Regulations B and 
with no provision for the use of water on lands authorized for paddy; and 4) 
where water adequate for light irrigated crops is provided from January 
through April and in which paddy is allowed from June through November. 
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maximized under the constraints examined, TBP officials should 
implement Regulations B, make provisions for unlimited credit and 
land developed for irrigation, and permit irrigation for both 
the light irrigated crop-s and paddy according to the irrigable 
acres permitted. 

Summarized data for all farms show that net income per farm 
would be more operating under Regulations B than A irrespective 
of the credit and irrigable land situations. Net income per farm 
operating under Reguhtions B would be about eight percent more 
than under Regulations A when both credit and land developed 
for irrigation were unlimited, and five percent more when credit 
was unlimited but irrigable acres restricted to those presently 
developed (Table 11). The credit used, man-hours of labor re
quired, and the acres double-cropped per farm to obtain such in
come would also be greater under Regulations B. Acreage of land 
developed for irrigation per farm, however, would be less. 

In implementing and enforcing the regulations adopted, TBP 
administration must consider many social and political factors. 
Adjustments must necessarily be made, and farmers must under
stand and be convinced that economic benefits for the area will be 
gained by enforcing regulations. Presently, many farmers view 
enforcement in terms of "giving up paddy" and not in terms of,
"equitable allocation of water." To implement the regulations, 
many farmers will receive less water than they are presently using 
(often illegally). and others who are receiving little or no water 
will be allocated more. The problem is to muster the farmers' 
support for enforcing the regulations. Local support is an ab
solute essential if the program is to succeed. -0° 

The findings for these sets of regulations are not reported for the repre
sentative farinE, because the relative profitability of the different crops grown 
is reflected in the analysis for Regulations A and B. In the paddy-only 
situation, 1) above, paddy is the only irrigated crop permitted and thus 
the results were not very meaningful. The findings for 2) and 3) above 
were virtually the same as those under Regulations A and B and to report 
them would be redundant. The findings for 4) above are not presented 
because upon aggregating the data, the resulting values of crop production 
were not as favorable as the results from the analysis of the other regulations, 
except for the paddy-only situations which were the least favorable. 

"0 Under the present poorly defined system of water allocation, the regu
lations are not clearly understood or strictly enforced. This has resulted in 
many political and social pressures; many arguments among farmers, TBP 
administrators, Public Works Department inspectors, and tax officials; oc
casional physical force; and sporadic violence between disgruntled farmers. 

Occasionally, the entire distributary has been "dammed up" to increase the 
flow of water to certain farmers and a considerable number of locks on 
shut off gates have been broken. 
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Table 11. Selected variables compared 
ations, 1,443 farms, Fortieth 

tie" 

aegulatlons As

Cr. ltd. & irr. Ares. 

Cr. unltd. & irr. Ares. 

Cr. unltd. &irr. Aunres. 


NRustlatiaen UsCr. ltd. &irr. Ares. 
o 	 Cr. unltd. & irr. Ares. 

Cr. unitd. & irr. Aunres. 

Not intne 
level per
Iran. 1her 

6,218 
7,955 
8,509 

6,279 
8,356 
9.166 

under Regulations A and B, three credit and land developed 	for irrigation situ-Disiributary, Tungabhodra Irrigation Project, Mysore State, India 

Annual Cross value
man-days Irrigablo

labor 	 Acres of pieduelienact" double- FortJethCredit mosd requltrd per
fprsNot . per farm 	

crepped Distributary,
farm por farm million Ms. 

1.872 579 3.1 0 _.4.001 704 4.7 2.6 19.04.418 767 7.0 3.5 20.9 

1,890 590 2.9 .2 -4,344 734 3.7 2.9 20.5 
4,924 803 4.9 4.4 22.7 



Any system of regulations will be difficult to enforce. However, 
with the present high cost of water meters and irrigation equip
ment, the general lack of communication in the TBP, and the low 
level of literacy o' the farm population, regulations as suggested 
are presently the most feasible way of controlling water and land 
use. The suggested regulations provide a simple system that can 
be implemented with minimum technical equipment or highly 
trained personnel. After experience is gained from operating 
under the regulations, there will be opportunities for changing 
to a more complex system, such as varying planting dates for the 
crops grown, introducing other crops, and selling water rights to 
increase water use efficiency. First, however, farmers must under
stand the basic regulations and reasons for complying with them. 
Government officials, in turn, must be aware of the extent to which 
farmers in various situations have financial incentive to comply 
with the regulations being enforced or proposed. Hopefully this 
study has provided information about such incentives. 
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