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ABSTRACT

The present study was carried out in the course of the fiscal year 1969-1970 in
the southwest area of Puerto Rico, better known as the lojas Valley,

The irrigation project established in the area is the result of the combined efforts
of various ng’eﬁcies, both State and Federal. Among the agencies which collabsorated
in the development of this project ond which are still continving to offer their ser-
vices in the area, are the following: The Puerto Rico Department of Agriculture, The
Agricultura] Experiment Station of the University of Puerto Riﬁu, The Federal Soil
Conservation Service, The State Planning Board, The Puerto Rico Water Resources
Authority and the Agricultural Extension Service of the University of Puerto Rico.

The first deliveries of water were made in August, 1955, and by the economic
year 1969-1970 142 farmers hed been admitted to the system. In this same year
there were 256 properties under irrigation, totaliing 19,242.0 acres .

The primary object of the present study was to investigate and ana lyze certain
factors which, it was presumed, were affecting the cost of irrigation in the agricul-
tural development of the farms. A further aim was to prove that the high cost of
irrigation was defermining the agriculturg! pattern and limiting the diversification of
crops in the Lojas Valley,

The factors analyzed, as responsible for the high cost of irrigation were the
following:

(1) the water available for irrigation;
(2) the topography of the farms:

(3) the types of soil;

(4) the methods of irrigation employed;
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(5) the administrative aspects of the system;

(6) the steuctural amenities of the farms;

{7} the maintenance of irrigation and drainage structures;
(B) the size of the agricultural unit;

(9) the deployment of the land and

(10) the handling of wateron the farms .

Other problems studied were: the low consumption of water; the various items
which enter into the cost of irrigation; the low production per acre of sugar cone;
the social and economic factors inherent fo the former and farming; an evaluation of
the services offered by some agencies; agricultural diversification and the opinions
of the experts on this matter and an evaluation of the agricultural development of
the area in general,

Thirty percent (30%) of the farms under irrigation (256 in all) were included in
the study . These farms were classified according to their topography and the method
of irrigation used. There are 51 level farms irrigated by gravity, while 59 of the
farms are irrigated by pumping and 147 use combined methods of irrigation. From
these, 77 farms were selected for the research to be undertaken. The study set out
to prove the hypothes is that the high cost of irrigation has a negative effect on pro-
duction and the diversification of crops, and that as a result changes are necessary
in the agricultural programme for the Lajas Valley. [t was proved thot the cost of
irrigation is a significant factor in production.|rrigation is costly, in particular the
labour which it involves. The tarmers frequently require considerable sums of money

to meet the irrigational needs of their fams. In relation to this, this study encoun-

tered another factor affecting the consumption of irrigation water and, as o result,
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reason why many farmers find themse fves obl iged to use water from other sources s such
as the drainage canals, gulches and streams present in the area.

The author, in agreement with the qualified authorities who have studied the
agricultural situation in the Lajas Valley, is of the opinion that the areq should not
be dedicated to a single crop, as it is at present to sugar cone, Nevertheless, the
study proved that agricultural diversification has to contend with a number of adverse
factors, According to thé date obtained, however, diversified agricultural develop-
ment could be viable and may be achieved, even with high irrigation costs, if the
following factors are controlled: the problem of marketing; inadequate financing;
the limited amount of irrigation at certain periods of the year and, above all, if
there is a change in public pelicy towards the solution of these problems in the Valiey,

The study shows that among the factors investigated , the following are those
which exercise the mostsignificant influence on the cost of irrigation operations:

(1} the topography of the farms;

(2) the administrative aspects of the system; .
(3) the methods of irrigation used and

(4) the size of the agricultural unit,

Another factor encountered during ﬂeld research which is also responsible for the
high cost of irrigation in the system is the lack of amenities for storing water, Those;
in charge of opening and closing the sluices cannot be on all the farms that ask for

water at the same time. This means that some outlets are opened earlier and some

later. The some is true when they are closed. The Joss of time resulting from this



system causes unnecessary expenses in labour, thus increasing the cost of irrigationoal
operations. This occurs most frequently on smoll farms » which in the majority of
cases lack storage pools. These amenities facilitate the distribution of water to the
property and at the same time limit the loss of water through o greater control of irri-
gation.

As is mentioned above, this study analyzes the different jtems of expense thot
enter into agricultural land under irrigation., In the analysis the costs of frriga'rinn ore
sp_e:ifimﬂy detailed according to the method of irrigation mnpiayedn This study also
presenis an analysis of outlay and income in the production of sugar cane, and compares
the outlay and income of the farms which made use of irrfgatinn during 1969-1970 with
those that did not.

Apart from the other agronomic practices which are responsible for the develop-
ment of the cane sown, the data obtained in this study show that the low yield per acre
stems from the fact that the farmer does not use the quantity of water demanded by the
physiological needs of the plont during its period of growth,

This work is divided into six chapters, in which the author attempts an exhaystive

analysis of the data obtained from the research carried out during this study.
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- INTRODUCTION

The Lajas Valley is sitvated in the exfreme Southwest of Puerto Rico. It com-
prises an area of 102, 609 acres, or approximately 160 square miles . ]

The Valley extends from the Bay of Boquerbn in the West of the Island to the
| Bay of Guanica in the South. In the North it is bordered by a range of low hills which
separate it from the Guanajibo River. In the South tt is bounded by o strip of coastal
land which stretches from Guanieo to the extreme Western point of the Island.

The elevation of the terrain in the Lojas Volley vories between sea Jevel in the
Southeastern section ond heighty up fo 900 feet in the North.

The mean rainfall is about 34 inches per year, varying between 30 inches afong
the Southeastern coast and 42 inches on the extreme Northern edge of the Vulleyz
(See map No. 1), This amount of rainfall appears relatively high compared to other
arid land under irri.gutiun, especially in the Western States of the United States,
However, factors such as constant wind, high evaporation, low humidity and high
temperatures, account for the semi-arid character of the area.

Another factor of the first importance is the distribution of rainfall throughout
year. The rainy season covers o short peried lasting from August to Novembaer,
with the highest roinfall occurring in September and October, as is shown in Table 1. *

With the exception of the month of May when rainfal! is plentiful, during the other

[re—

L.Oliver R. Carter, Soil Survey of the Lajas Valley Area, Puerto Rico, United
Stataes Department of 2 Agriculture Soil Conservation ervice, Rfo Piedras,
Puerto Rico, April 1945, p. 1.

2.Miguel A. Quitiones y Asociados, Salinity and Drainage Problems. of the La;ﬁ
Vaolley, Puerto Rico ; Water Resources Autﬁoﬁl'y, San Juan, Puerto Rico, y
1554, p. 7.

* Infra, p. 3




months of the year rainfall is siight and almost ineffective.
The lack of rainfall and the unequal distribution of the same, make irrigation

of the Lajos Valley necessary for the efficient development of agricultural operations.,

Historical ‘Account of the rrigation District

Interest in establishing an irrigation system in the Lajas Valley dates from the
beginning of the century. In 1908, a group of lond owners organized a cooperative
to investigate the possibility of providing irigation for one part of the Valley by
diverting the waters of the Guanajibe River. The project required the construction
of a tunnel one mile in length, of @ main canal 24 miles long and of a system of
lateral canals for the distribution of water. The system was to provide irrigation for
3,000 acres of iand at a cost which would have exceeded $3, 500 .000, which cost
made the fulfillment of the project impossible.

In 1916, the Department of the Interior, now Public Works, by authorization
of Law No. 72, passed 13 April, 19168, carried out preliminary investigations for
an irrigation project utilizing the Guanajibo River and the headwaters of the Rivers
Guaba, Lajas and Petrera, tributaries of the Afiasco River.3 Later, further studies
were made (in 1917 and 1934), but none showed that such development was econom-~
ically viable and nothing concrete was done.

For the Covernment, the Lajas Valley continued to be a suitable area for the

expansion of agricultura) land in Puerto Rico. In 1943, with the aim of developing

T, kil kbl or A S

3. Informe sobre los Estudios e Investigaciones en Relacién al Proyecto del
Valle de Lajas, Aspectos Técnicos y Econdmicos, The Pueric Rico Worer
Resources Authority, San Juan, Puerto Rico, 1959, p. 3.
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this region, the "Commitee for the Study of the Southwest of Puerto Rico" was or-
ganized, composed of officials from various government agencies. This committee
was formed to coordinate govemment action and to determine the most effective
means of developing the area. To this end, various studies were made in 1943 and
1945 under the aegis of Hﬁ above mentioned committee.

‘At the same time, the Puerto Rico Water Resources Authority carried out
studies and preliminary research based on the utilization of the headwaters of the
Yohuecas, Guayo and Prieto Rivers on the northem slopes of the *Cordillera Centrai®
and of the Yauco and Lares Rivers on the southemn slopes. From these studies emerged
the "Southwest Puerfo Rico Project”, a project conceived as one of multiple intent
with the following objectives:

1. To achieve intensive agricuitural production through the use of irrigation
over 26,000 acres of land in the Lajas Valley.

2. To generate 100 million kilowatt hours? of energy in on average year.

3. To provide protection for the adjacent land against the flooding of the

Logo and Yauco Rivers by the construction of dams.
4. To provide 6.5 million gallons of water for domestic consumption in the
southwest area of Puerto Rico, an objective which was proposed later.”
in 1948, tha Puerto Rico Water Resources Authority presented its final report

on the project and in that some year begen construction of the same.

4. A kilowatt hour is @ unit of work or energy equal to that produced by
100 watts in one hour.

3. Corl A. Bock, Informe sobre el Pro yecto del Suroeste de Puerto Rico,
Puerto Rico Wate E&mUrcusmonl'y, March 1948,




For construction and financing purposes the project was divided into two phases . |
The first phase consisted of the carrying out of engineering work for the collection
of water and the production of electricity, This work was finished in the course of
1956 and included the Guayo, Yahuecas, Prieto and Toro dams on the northern
slopes of the "Cordillerg Central”, the Luchetti dam on the Yauco River on the
northern slopes and 13 miles of tunnel interconnecting these. The hydro-electric
plant consists of generating stations No. 1 and No. 2 in Yauco with a combined
capacity of 35,000 kilowatts,

The State government contributed $10, 923,000 end the Puerto Rico Woter Re-
sources Authority 5]4;564,000 to this first stage of the praiect.6

The sacond phase of the "Southwest Project” was composed of the Irrigation and
Orainage System of the Lajes Valley. The principle constructions during this phaose
were the following: |

1. The arresting and damming of the Loco River in which water already used for
generating electricity is regulated for irrigation purposes.

2, A main irrigation canal, 23 miles long, together with 43 miles of secondary
and lateral canals. These canals have a total of 300 sivices to regulate the
defivery of water to the various farms.

3. Some 64 miles of overflow canals which provide drainage for the farms,

collect excess rain and irrigation water and carry it out to the sea by

way of the Bays Guanica and Boqueron.

ik . Rk il T ——;

6. Harold Toro Luchetti " Breve Resefia sobre los Sistemas de Riego Publico en
Puerto Rico] Revista de Agricultura, July ~ December 1963



The total cost of warks for the irrigation and drainoge system had reached

$9, 960,000 by June 30th 1963, This sum included the cost of establishing and or-

genizing the lrrigation District of the Lajas Vﬂlluy.7

The Administmotive Furmtisning of the Irrigation System
‘ S erng ot th Bt i

The Puerto Rico Water Resources Authority has in its charge, by legal mandate,

the administration ond operation of public irrigation systems in Puerfo Rico.

These
projects are divided by district as follows:
1. The South Coast Irrigation District
2, The lsabels brrigation District
3. The Lajas Valley Irrigation District
in order to administer and operate the Lajos Valley irrigation system, the
Puerto Rico Water Resources Avuthority has established the Yauco District Office. The

basic resporsibilities of this office are to store ¢ cONvey, deliver, measure and invoice

in the highqr-pgrfs of the farms, the water is generally delivered by gravity,

Delivery is made by means of intakes through a spillway or module type "Cipalleti®,

This module has o known bage and a scale divided
the depth

into ten equal parts which shows

in hundredths. The flow of water passing through the spillway or module

is measured in cubic feet per second . By means of a table the readings taken are

converted into ucre-fuet,a after the length of time that water was being delivered

has been verified .

— e _
7. ibid, p. 72

8. An dacre~foot Is. the quantity of water

(43, 560 square f#.) o o depth of 12 |
(U. 5.) |

required to cover gn area of on acre
nches, M is equal o 325, 850 gal,



In those situations where the water cannot be distributed by gravity, owing to
the steep nature of the farms, the Puerto Rico Water Resources Authority installs o
metre to measure the water distributed from fhe irrigation canal, The former installs
@ pump to convey the water to his farm. Water conveyed by pumping carries g 50%
discount to offset the additiona! expenses which this operation entuils

Article il of the Lajas Valley Public frrigation Law establishes that the appor-
tionment of water per acre of land included in the Permanent lerigation District, will
be determined by the secretary of Agriculture in accordance Qirh the information
given and the recommendations made by the University of Puerto Rico's Agricultural
Experiment Station. The amount of water thus apportioned shail not be more than
four (4).ucm~fuf of water per acre per ;u'aur?

Taking into consideration the drainage problems existing in the Lajas Valley,
the Department of Agriculture has determined that the apportionment of water shall
be three (3) acre-feet per year. An additional acre~foot of water s provided with-
out cost to those farms which exhaust their monthly allowance. This amount of water
(3 acre=feet) is uniformly distributed throughout the ﬁelve months of the year and
each acre of lond may recieve 0.25 gere-feet of water par month., The additiona!
acre-foot of water Is also uniformly distributed throughout the year,

Any farmer who has' consumed 0,25 acre-feet of water per acre in the course

of one month will receive free of charge an additional 0,08 acre-feet of water for

[ar— o r—

?. Procedural Norms No. 3 approved by the Department of Agriculture, the
Agricultural Experiment Station and the Puerto Rico Water Resources Authority
for the setting up of the Lajos Valiley Permanent irrigation District.



each acre, In total a farmer, if he wses the maximum allowance, can receive 4.0
acre~feet of water per acre per year, of which 1.0 acre ~foot is free of charge .

Organization for Agricultural Development

The planning of the agricultural and economic phases is as vital to a project
as the planning of the necessary constriction work .

At the outset there was a lack of a central organism to coordinate the efforts
of all the State and Federal agencies jnvolved in the lajas Valley frrigation Project.,
These agencies had to contend with the variow problems that arose as irrigation
water was being placed at the disposal of the farmers,

To correct this situation and pkan the agricultural deveiopment of the Valley,
it was necessary to adopt cerfain measures to channel all action into @ common ef-
fort. The functions and responsibilities of the various agencies were firet classified,
Secondly, the Depariment of Agriculture set up the Lajas Valley Development By~
reau. This buregu was established in 1956 by agreement of the Government Committee
appointed by the Governor of Puerto Rico to direct public policy in the Lajas Valley.
This commitree, under the chaimanship of the Secretary of State, was composed of
the directors of those agencies which » together with the Department of Agriculture 3
took responsibility for the development of the Lajas Valley, viz: the Director of the
Agricultural Experiment Station, the Director of the Agricultural Extension Service,
the Executive Director of the Puerto Rico Water Resources Authority, the Executive
Director of the Land Authority and the Director of the Federal Soil Conservation
Service, Also included were the President of the Government Party and the Pres-

ident of the Planning Board.m

—

10. Antonic Gonzélez Chapel, Plonificacién e |mplementacién de in Programa
Desamrolio Qg_ri'mlu en ol Valle de l.n;us, Agricultural Experi'menr Srnhnn,

Univarsity of Pueria Rico, Bulletin Mo, 192, April 1965, . 28




From 1956 to 1958, the Lojas Val ley Development Bureay was assigned the task
of directing and coordinating in their advisory work the activities of gll the agencies
participating in the project. In 1958 this Bureau proposed the seiting up of an Action
Programme for the agricultural development of the areqg ; which proposal was accepted
by the Government Committee. This measure made it possible to achieve g real inte~
gration of government resources in the carrying out of the project, As the implemen-
tation of the programme , in which the levels of direction and responsibility to be
assumed by each agency were lajd down, continved, the Development Bureau ceased
to be a coordinating agency and gradually assumed the direction of the programme for

the development of the areq,

farm s carried ﬁuf by agents of the Agricultural Extension Service, At presentthese
agents do their work in areas assigned by the Mayaguez Regional Office of Sefvic:es
of the Department of Agriculture . In the year 1969-70, there were fijve agents from
the Agricultural Extension Service, The genera! norms for carrying out drainage, the
construction of irrigation pools and the plans for land levelling for irrigation and drain-
dge purpcses were entrusted to the Soil Conservation Service, The establishing of
priorities for the construction of irrigation and drainage canals and other noms for
the operation of the Irrigation System was taken over by common agreement by the
ﬁeve lopment Bureau and the Puerto Rico Water Resources Authority,

The technical researching of irrignﬁnﬁ and drainage problems and the agricyl-
tural aspects of the project were in the charge of the Agricultural Experiment Station,

The Lajas Experiment Sub=station dedicated the major part of its activities to these
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tasks, and specialized technical personne! were placed in charge of them. Besides
studying the soil problems of the Valley, the Experiment Station brought in as con-
sultants from the United States severail of _fhe most outstanding scientisis in these
fields.

To facilitate the work of the Development Bureau a Technical Committe was set
up composed of representatives of the various agencies collaborating in the realiza-
tion of the project, This Committee had the functions of advising the Director and
of taking part with him in decisions on technicai matters and in the studies being
effected as part of the Agricultural Programme for the Valley,

The participation of the farmers in the planning of the agricultural deve lopment
of the area is represented by aconsulting or Farmer's Advisory Committee appointed
by the Director of the Development Bureay,

Agricultural Planning for the Lajas Valley

From its inception the lajas Valley Irrigation Project presented varied and com-
plicated problems, as much for meximum agricultural exp!nituf.iun as for the conser-
vation of the productivity of the iand.

The problems of salinity, drainage, artesian pressures, and high phreatic levels
were the object of study by the Agricultural Experiment Station of the University of
Puerto Rico and by outside experts. On the basis of the resuits and observations of
these studies, an Action Programme was adopted which included the following steps
for the solution of the above mentioned problems:

I, The exclusion of salinated arecs from the project,

2, The elimination of surface water by the construction of @ main drainage

canal, the cqnolizationof gulches, the construction of interfarm canals
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and the construction of intercepfory canals and canals for the surface drainage
of the farms,

3. The elimination of water from the subsoil by the connection of areas with
artesian pressures, the establishment of drainage systems on the properties
under culﬁulruﬁnn and the use of underground pipes,

4. The control of the use of irrigation water ihmugh the design of the irrigation
systems, the waterproofing of the frrigation pools and the establishing of water
quotas and of regulations for the irrigation pools.

These measures have been put into practice to a lesser or greater degree, and the

results up to now have been satisfactory.

In the formulation of the agricultural development plan for the Valley, the opinions

of various scientists and technical experts were taken into consideration. For example,

1 indicated that the necessily of educating the farmers in the value of irrigation

Koening
and in the methods to be employed was not limited to any specific area. He further
indicates that the majority of Puerto Ricans think of imigation in tems of applying it to sugar
cdne aloné, where as there are possibilities of developing other crops profitably and
successfully under irrigation.

He suggests, in the case of the Lojas Valley, the possibility of establishing o
commercial vegetable industry similar to that which exists in Southwest Florida,

The diversification of produce, according to Koening, could include some grains

like high-production hybrid corn and sorghum for the feeding of animals on a commercial

scale on the Island.

ek P

11.  Mathan Koening, A Comprehensive Agricultural Program for Puerto Rico,
Unitéed States Department of Agr::uhura, {U. 5. Government Printing
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Mierhofer 1 recognizes the pressing need for diversification of crops. He in=~
dicates that the introduction of other obviously more lucrative produce is essential for
the successful reclamation of the greater part of the land. In view of the fact that
Puerto Rico imports a |u@ part of the meat which it consumes, as well as milk, dairy
produce, rice, potatoes and other fresh produce, he suggests that the production of sugar
cane be restricted or even prohibited in this government financed project.

The long~term development projections made by the Lajas Valley Development
Bureau according to Gonzélez Chapells are as follows:

The area included in the Development plan is 29, 195.5 acres, OF this total
20,200 acres will eventually receive the benefits of irrigation., A total of 8, 996 acres
were not included in the irrigation system for various reasons. At present, 19,790.3 acres
receiving irrigation, which shows that the goal is very near being reached.

The projected agricultural use of the area includes the establishing of 15, 000 acres
of cane under irrigation and 1,300 acres of cane without irrigation, 2, 200 acres of
vegetable produce and crops of diverse types, 3, 500 acres of grass and pastureland under
irrigation and 4, 696 acres of unirrigated grass and pastureland. Also included were about
2, 500 acres without any possikle agricultural use,. being land unfit for cultivation and in

some cases being occupied by plant for the project.

Sl — e S g o=

12,  Charles R. Mierhofer, Report on a Reconnaissance Inspection and Some
Considerations of irrigation and Drdindage on the Lajos Valley Development
in Puerfo Rico, Special Report, Water Resources ority, San Juon,
Puerfo Rico, October 1965, p. 6.

13.  Antonio Gonzélez Chapel, Planificacién e Implementacién de un Programa
de Desarrollo AgiTeola en el Valle de E;us, %n’cultum| Experimanf Stafion,

University of Puerto Rico, Bullefin 192, April 1965.
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Based on the projections deseribed above, the potential growth of the Valley's
agricultural production was estimated at $11, 250, 000 for the fiscal year 1965-66.
After 1958-39, these objectives were reevaluated every year until 1962-63. In this year
a 15% increase in general terms‘over production in 1961-62 was projected. The following
table shows the progress obtained in the production objectives of the Lajas Valley Develop=;
ment Programme during the years between 1955-56 and 1961-62.'% 1t shows also all the
objectives laid out In the plan for 1965-66. The constant increase in production
observed between years 1955-56 and 1961-62 is the direct result of the use of irrigotion.
The value of ogricultural production in 1964 is estimated at $8, 000, 000. 15 After

1964 there are no reliable statistics uvufluble on land and cattle production in the Lajas

Valley .

e i, o . T Ty

4, infra, p. 16

15. Commonwealth of Puerto Rico Department of Agriculture, Proposicién del
%ﬂumu para el Desarrolic Agricola de'la Region de Mayaguez, October
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OBJECTIVES OF REGIONAL PLANNING
FOR THE LAJAS VALLEY

The regional structure for the provision of ogricultural serviees was
established by executive order in 1962. The lsland was divided by the Depariment
of Agriculture into five (5) regions in order to channel the efforts of all the govern-
ment agencies which provide services to the Puerto Rican farmer . The basic
objective is to achieve the maximum possible development of our agricultural
potential, including a substantial improvement and acceleration in the efficiency
of land and cattle production,

One of the five regional offices set up was the Mayoguez Regional Office
of Agricultural Services. This office has the task of speeding up the agricultural
development of the western region of the Island, including the municipalities batween
Isabela and Guénica. With this new organization, the Lajos Valley Development
Bureau and the Iscbela Irigation District Development Bureay became attached to
the Regional O ffice.

To carry out the above mentioned task, the Mayaguez region laid down a
series of measures based on a long-term action programme. In the section, "The Land",
the: Agricultural Development Programme for the region considers the fo llowing long-
term objectives for the Lajas Valley,

1~ Better use of irrigation over 15,000 acres of sugar cane. (The
amount of Water consumed in 1964 was approximately 1.6 acre-
feet, which indicates that about a half of the total mo nthly ration

was being used),
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2- Extension of lrigation to 2, 621 additional acres. (By 1965-66,

18,704 acres out of o toml of 20, 502 had been authorized for irrigation).

Among the short-term objectives were the following:

1~

To increase the consumption of water to 2 acre-feet per acre.
The water potentiolly available for use is 3 acre-feet per acre
per year,

Yo carry out an economic study of the farmer’s ability to poy.

To analyse the use of the farms by carrying out # special farm by
farm educational campaigs.

The improvement of irrigation facilities on the farms.

The extension of irrigation to 1,799 acres in addition to those

already under irrigation.

in general terms the principal objective of the Lajos Valley project, in its

economic phase, has been the high level increase of agiicultusel production. This

represents an increase in total income for the sconomy of the islond. The conservation

of the fertility of the soil through the proper use of irrigation is another of the ends

pursued .

These objectives are also contained in the plans formulated by the government

agencies mentionad ond described above.
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l1- THE IMPORTANCE OF THE STUDY AND
REVI F EXISTING LITE R

Objectives of the Study

The intended goal of the introduction of irrigation on farms where the land
is arid is to increase production and thereby better the standard o f living of the
farmer. Zimmerman has shown that the introduction of irrigation considerably
increases the operational costs of the fams as larger amounts of fertilizer and the
applicotion of measures for the better control of pests and diseases are required.

In addition irrigation represents an addifional cost to the farming industry,
so that the use of irrigation, no matter how efficient, does not in iisalf increase
income sufficiently to cover all the operational costs.

The agricuttural development taking place in the Lajas Valley necessarily
entails high production costs. The use of irrigation and the costs involved play o
significant role in this type of agriculture. During the time that the district has been
functioning, since the first deliveries of water were made in 1955, the farmers of the
area have been making use of irrigation without having preeise data on the cost of
this in the operation of their farms.

The knowledge of what irrigation cos#s represent in agriculture development
would help to stimulate the farmer to control those factors which affect the efficient use

of irrigation. There is no doubt that correct and efficient management of this resource

will increase profit margins.

1. Joseph D. Zimmerman, lrrigation, {(New York: John Willey and Sons,
Inc. 1966}, P, 18.
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The principal objective, among others, of the research carried out is to
present an analysis of irrigation costs and their constituents under the conditions in
which the farms are operating at present,

The Lajas Valley is physically and topog raphically varied. It includes
topographically flat terrain, where gravifational irrigation is made easy, and
undulating or sloping terrain where irrigation has of necessity to be effected through
the use of pumps. These factors determine the system of irrigation used, and, as a
result, the costs of this operation are variable. This study attempfs to describe the
factors which affect these costs as well as their importance in the planning and
implementation of the agricultural development of the area.

This study also attempts to present relevant data and information which may
be used for the planning of government measures to stimulate the consumption of
irrigation water, the which would result in an increase of agricultural production.

At present, in spite of the afforts of the technical experts, the consumption of water
continues to be low. On June 30th 1968 this consumption was 1.46 acre-feet per acre
overall, excepting that of the Land Authority, 2

Another objective pursued in this study is the provision of information relative
to the management of the irrigation district in raluﬁnn.fo the services offered to the
farmer.

It was also the purpose of this study to obtain relicble data on the operators

and the farms under irrigation which might be used both by the government agencies

o

2. Information provided by the Lajas Valley Development Bureay, Pyerto
Rico Department of Agriculture.
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and technical experts concerned in the development of the: project and by the land-
holders in the Vulley.- This information may help the farmers in improving their
afficiency in the use of irrigation and, therefore, achieve greater success in the
development of their farms.

For its part the Government could use the information provided in the study in
taking the pertinenf steps to encourage the farmers of the valley toward a highly
diversified and profitable agriculture.

The study also has os a final objective, the presentation of a comparutive
analysis of the results obtained in this project, based on the goals originally laid down
for the agricultural development of the area, in the light of the economic importance

of irrigation.

Previous Studies and Ra;lui-gd {iterature

The technical problems presented by the project during its development were
related to specific areas. Among these were the problems of drainage, the salinity of
the land, economic problems, the planning and use of the land, the organization and
coordination of the various government agencies invoived in the implementing of the
project and specific problems on individual farms. These projects hove been studied

by Puerto Rican experts and outside consultants .3

3. In order to study the soil problems of the Lajas Valiey, the Agriculiural
Experiment Station brought in the following consultants from the United
States:

1) Dr. Orson W, Isreelson, Head of the lrrigation and
Droinage Department of the College of Agriculture,
University of Utoh.

2) Mr. Robert Gardner, Research Professor of the State
University of Colorado.
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For example, Bonnet and Tirado Sulsona of the Agricultural Experiment Station of
the University of Pverto Rico carried out an initial study on the soils of the Lajas Vailey.
In this study they pointed out that the maximum growth of crops, given the conditiens in
the Valley, depends on the supply of good quality water and an efficient system of irrigo-
tion. On the latter point they show that Puerto Rican farmers follow an irrigation system
that is routine ond lorgely inefficient. It is impossib le to coleulate in monetary terms
the amount of water lost on land under irrigation through inefficiency. The study presents
a table of the distribution of non-saline soils suitable for irrigation, of saline soils reclaim-
able through irrigation and of saline soils which require special treatment with sulphur and
gypsum to be productive.

The study embraces a total of 39, 136 acres of land in the Lajas Valley. Based on
physical characteristics and other considerations, the soils were divided into five cuteénries

as shown by Table No. 3.

ol e

To study other aspects of the drainage problem, including the design and construction
of plant, operational aspects and the channeling of the resources of other agencies,
the Puerto Rico Water Resources Authority brought in the following consultants:

Me. J.R. takish, Consultont Enginser, farmer by Head of the Droinage Division of
the "U. 5. Bureau of Reclomation®,

Mr. C.R. Mierhofer Head of the Drainage Division of the "U, S. Bureau of
Reclomation",

Mr. Goodrich W. Lineweaver, Technical Advisor on irrigation and drainage problems
to the Federal Senate Committee of the Interior and tsland Affairs,

Mr. D.S. Mitchell, Jr., Head of the Lands and Waters Sachnn of the Irrigation
Division of the "U. S. Bureau of Reclamation".

Mr. W.1. Palmer, Assistant Head of the Irrigation Division of the "U. 5. Bureau of
Reclamation™.

The Department of Agriculture, for its part, brought in Mr. Wiebe H. Van Der Molen,

Engineer in the Dutch Firm of NEDECO - ARONT ML) Ltd., specialist in irrigation
and drainage works.
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Distribution of the Soils of thé Lajas Vu!ley_Acmrding to Physical
gl-mrucfaiisﬁcs and other Considerations after Bonnet and Tirado
Sulsona.

Table No. 3

T — N : Percentage of |
Group of Soils : Areain Acres :  Totdl

Soils appropiate for : ¥

irrigation - 25,248 : 64.5
Saline Soils reclaimable . |
by Water : 5,453 : 4.0

Saline Soils reclaimable : :
by Sulphur and Gypsum : 5,028 ; 12.9

Shallow Soils where rock
is found at a depth of 2 : ;
faet or less. : 2,944 : 7.5

Soils where the phreatic leveb
varies between depths of 1 :
i1 to 4 feet : 417 : i.1

‘ - i - |
Totals : 39,090  :  100%

4. J. A. Bonnet and P. Tirado Sulsona, Soils Studies in Lajas Valley,
University of Puerto Rico, Agricultural Experiment Station, Bullefin
M‘. Bér Augmt ]?m-

Bonnet and Eduardo J. Brenes, made earlier o more detailed study of
the same problem ond the dato was published in 1958 in a study entitled,
Detailed Salinity Survey of Lajos Valley, University of Puerto Rico,

Agricultural Experiment Stafion, Bulletin No . 141, July 1958,
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Mitchell studied the soils in the Lajas Valley and established a series of
specifications for the classifying of these according to their economic viability for
irrigation. In this work the -spuciﬁcuﬁ.nns used by the U, S. Bureau of Reclamation
served as guidelines. Mitchell divided the soils into 5 classes according to their
suitability for irrigation and their productive capacity, These classes are described
as follows:

Class 1 -~ The soils included in class 1 are highly; suitable for cultivation

under irrigation and are capable of sustaining produce with o
relatively high yi&ld. Fhey ore free of salt accumulations, and
the topographical and climatic conditions allow of their being
used for a great variety of crops.

Class 2 - These soils are moderately suitable for cultivation under irrigation.
They are lower in productive capacity than those in Class 1 and
are svitable for a smaller number of crops. These soils are more
costly to develop under irrigation. They are moderately saline
soils and require some drainage of the subsoil.

Class 3 - The soils in this class are sgitable for development by irrigation, -
but they are limited by severe deficiencies in the characteristics
of the soil, topography ondinternaldrainage. With appropriate
management these soils could yield satisfacto ry profits,

Class 4 - Under the existing conditions, these soils are considered uncultivable.
Nevertheless, they have a potential value which warrents separate

clossification. These soils thmugh special practices and freatments

could be dedicated to Agriculture under irrigation, Besides having
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inadequate drainage they confain ahigh concentration of salts
and excessive alkalinity.

Class 5 = Into this class fall all those soils which do not fulfill the minimum
requisites of I'lﬁ other classes. These soils are not recommended
for development by 'r’rrigatinn.s

The intensive cultivation of the land under trrigation increased to such a point

that it was later necessary to make a much more detailed survey of the soils in the
Lajas Valley. The Soil Conservation Service of the Federal Deportment of Agriculture
made itself résponsi'blu for 2arrying out this task and presented a report on work done
in 1965.6  In this study‘the Soil Conservation Servike divides the soils of the Lajos
Valley on a general map into five associations aceording to the series encountered.’
The study describes in detall the physical characteristics of the various series included
in each group. In addition the soils of the Lajas Valley are divided into classes

according to their adaptability to different crops.

3. Donald . Mitchell, Jr., Report on Land Classification of Lajas Vaile
Irrigation Project, Special Report, Water Resources Authority, San Juan,

Puerto Rico, November 1957.

6. Oliver R. Carter, S&i! Survey of the Luinﬁ Vﬁllﬁy Areq, Puerto Rico,

United States Department of Agriculfure 501 nservation Jervice, ;
Rlo Piedras, Puerto Rico, April 1965,

7. Soil is defined as that fine textured natural material which is found on the
Earth's surface. It is composed of disintegrated rock minerals and organic
material. A soil series is a group of soils with almost the same profile,

By profils is understood the sequence of natural strata or horizontals of o
soil. These extend from the surface down to the material which has not
been affected by plant roots or climatic factors. The horizontals are
classified by the letters A, B and C depending on the mineral and organic

composition of the same.
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Israelson, in his study of the drainage and retlamation of land in the Lajas
Valley, found that upward hydraulic pressures exist in some low areas of the Volley.
These pressures are known as artesion pressures. This presents the problem that in these
areas the subterranean water has the tendency to rise to the surface instead of descending
to the lower strata of the subsoil. The condition described makes the internal drainage
of the Volley soils difficult as it operates in a direction: conirary to the force of gra-
vity which carrfes the irrigation water not used by the plants. to the natural drains.
Dr. lsroelson recommended the boring of deep wells as a means of avoiding the movement
of this water towords the surface. He also pointed out that the farmers alone could not
resolve the drainage problems of the Valley. The governmant would have to attack
some aspects of thess problems on an overall busis.B

Professor Gardner, of the University of Colorado, studied the same problems
as Israelson and come to the conclusion that the land in the Lajas Valley, according to
the norms prevalent in the west of the United States, would be considered sub-sruﬁdurd
for an irrigation project in view of its drainoge and salinity charadteristics. He says,
however, that, becduse of the need for agricultural land in Puerto Rico and other favour-~
able factors existing in the Valley, a profitable agriculture under irrigation could be
established, even if the pressures of artesian waters cannot be overcome. He adds that
agriculture under irrigation can be successfully developed if careful attention is given to

the control of the wul'nr.?

8. OrsomW. Israelson, Drainage and Reclomation Probiems in Lajas Valley
Puerto Rico, Special Report, Agriculfural Experiment Stafion, Rfo Fiedras,
Puerto Rico.

9. Robert Gardner, Report on Soil and Woter Control Problems of the Lajas
Valley Development Froject, Special Report, “Agricultural Experiment
Station, University of Puerfo Rico, Rfo Piedras, August 1954,




Lakish showed that, in other parts of the world, irrigation projects had been
successfully developed in areas with artesian pressures without adverse effects on.the
development of the projects. In addition he points out that, until water is applied to
the land end the behavior of this under irrigation is observed, it is impossible to deter-
mine exactly the drainage problems that might arise. The plans and measures to be
considered in relation to these problems have to be made later. He suggested also the
possibility of including relatively good land at a higher level than the irrigation canal
to be served by pumping.: 10

Mierhofer in his report makes the following recommendations and observations
on the project:

I= He recommends that, if legislation cannot reduce the size of landholdings,
some incentive should be given so that the large farms are divided into smaller
units. He foresees that an excessive amount of land in the possession of a sin-
gle owner could reduce the project’s possibilities of success.

2- He points out that, as opposed to the majority of areas under irrigation in the
world, in. Puerto Rico crops can be established throughout the yeur,

He also recognizes the pressing need for the diversification of crops and the
avoidance of the sole cultivation of sugar cane in the Lajas Valley.

3= The farmers should use irrigation on the basis of rofative deliveries of water over

24 hour perfods. This procedure should be followed from the outset so that the

farmers do not becoma accustomed to any other method: This will save

10~ 3. R. Lakish Report on Drainage of the Lojas Vaile Jouthwestem Puerto Rico
Project, Water Resources Authority, San Juon , Puerto Rico,

eptember 1954 .
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water, thus reducing operational costs and contributing to the success

of the project.

The deliveries of water should be limited to o small quantity above that
required by evaporation and transpiration, this quantity to be determined
by the Agricultural Experiment Station.

The orgonization of the activities of the various government agencies
should be revised in order fo define their responsibilities and coordinate
government effors in the implementation of the project.

As for drainage problems in the Valley, Mierhofer shows that all
irrigation projects require surface and subsoil drainage facilities besides
these for the supply and disiribution of water. He points out, also, that
drainage is a process of continual maintenance as essential to productivity

as irrigation water itself. "

Van Der Molen, a Dutch Soil Scientist, invited by the Puerto Rican Depart-

ment of Agriculture to study drainage and salinity, showed in his study that, apart

from some small saline areas, the low land in the Valley is free o f soluble salts and

alkelinity in the first two feet of soil. So long as this condition remains unaltered, a

normal crop growth can be obtained without recourse to the application of gypsum and

sulphur. He further points out that, if irrigation is not combined with adequate drainage,

the salts moy spread through the soil causing major salinity problems. Consequently, he

L

Charles R. Mierhofer Report on Reconnaissance inspection and Some
Consideration of [rrigation and Drainage of the Lajas Valley Development

in Puerto Rico, Special Report, Waler Resources Authority, San Juan,
Puerto Rico, 1956.
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recommends that each lowland farm be provided with o pre-designed drainage ond
irrigation system, before irrigation of the land begins. He says also that in Holland it
Is considered economically viable to invest in tand reclamation approximately ten times
the increase in ogriculturs! production resulting from such reclamation. The Dutch
Govemment contributes 70% of the cost of the improvement of the land, and the
balance is paid by the land owners over o period of 30 years. 12

Lineweaver, in his study, makes o series of recommendations on the sconomic
and agricultural phases of the project. He suggests that test farms be established in
the Valley to provide the farmers with practical information on irrigation methods and
to demonstrate the varioys I'ypes of crop that con be cultivated on a commercial scale.

He points out, besides, that a maximum tenency of 160 acres has been
established as o bosis for irrigation projects in the United States. The object is to
distribute the benefits of irrigation amongst the greatest possib [e number of families.
The situation in the Lajos Valley is different. Lineweaver, like Mierhofer recognizes
the problem of landholding. A relatively small number of farmers in the Valley own
farms covering lorge areas. He suggests, therefore, that the government toke those
measures which it deems hecessary to reduce the size of the fopms to the maximum area

that shall be established. '3

12. Wieve H. Von der Molen, Repert on Salinity, trelgation and Drainage
Conditiens in the Lajas Vu!mr_%miul
Report, Puerto Rico Department of Zgr;cu ;I'u re, Son Juan, Puerto Rico,
Janvary 1957,

13, Goedrich W. Lineweaver, Observations and Recommendations on Lajas

Vullz Irrigation Project, Water Kesources Auvthority, Yan Juan,
rio cem

fco, r 1956,




W. |. Palmer advised the Water Resources Authority of Puerto Rico on
administrative aspects ﬁnd the nfgunizntinn of the activities of the different agenciss
included in the project on the required legislation and on other considerations of
economic importance. |n his report he emphasizes, among other things, the necessity
of moking an analysis of the economic capacity of the farmers to pay the costs of
irrigation and the meintenance of irrigation plant plus the emertization of capital,

He also lays stress on the necessity of making an economic study to serve as a basis for
measuring the effect on the local and state economy, and finally the necessity of clas-
sifying the responsibilities of the cagencies in charge of the different phases of the pro-
ject. He points also to the exploration of the possibility of establishing variable irri~
‘gation rates which could be reduced for certain crops, He says also that the possibility
of seeking aid from the State Govemment for new crops should be explored, and that

@ system of quotes and subsidies be set up to stimulate diversified agriculture, ¥4
in 1965, Mr. Antonio Gonzélez Chapel published a study on the planning and

implementation of an Agricultural Development Programme of the Lajas Valley. 15
The study is primarily an histerical cccount of the implementation of the irrigation pro-
ject, of the way in which the various technical problems that arose were faced, and

of the differeat aspects considered in the Agricultural Development Programme esta~
blished. The study details the long<range development projections that were made and

the establishing of annual objectives. [t is importont to note that, even though the

4. William I., Preliminary Report on the Organization and Operation of the
Lajas Vatley Trrigation R: ect, Water Resources Aut rity, san Juan, Puerto Rico,

anuary ’

15, Antonio Gonzdlez Chapel, Planificacién e Implementacién de un Programa de

Dasarrello Agricola en el Valle de Lajes, Agriculiural Experiment Stafion.
University oé Puerto Kico, Bullefin (92, April 1965,
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programme considered, ameng its objectives, the establishing of o variety of crops,

the long-range projections of agricultural potential were based on the improvement
of expansion of industries already established.

The 5iud)} did not take into consideration statistics on irrigation costs nor on
other agricultural production costs. Therefore, the effects that these costs might have
on the fulfillment of the goals laid down was not token into account,

The studies made by the Water Resources Authority, with the object of planning
the Southwest Project, were carried out between 1928 and 1946, Based on the informa~
fion obiuined in these studies, the average annual yield of water from the rivers that
serve the project was sef at 130,000 acre~feet and the minimum annual yield ot 81, 000
acre-feet. After the plant was constructed it was found that the water flowing to the
dams was much less, Between 1955 and 1962 data wos collected on the waters which
flow into the River Locq dom and on the variations in the Guayo and Luchetti dams.
These statisties were much more relioble ond it was calculated that the averoge inflow
of water (escorrentla) during these years was 64, 000 acre-feet. Using this new data,
M‘igpel A. Guifiones and Associates, carried out a study in 1943 for the Water Resources
Autho:"i'ry of Puerto Rico. e This study concluded that the amount of irrigation of
water that could be delivered annually did not depend upon whether the assigned al-
lowance was 3 or 4 acre-feet of water per year; rather it dapénded on the recorded in-
flows (escorrentfas) from the rivers serving the project, of their distribution throughout

the year and of the regulation attained by damming, Based on the inflows* recorded

16. Miguel A, Quifiones y Asociados, Estudio Sobre el Agua Disponible para
Riego en el Distrito de Regadlo del Valle de Lajas, San Juan,
Puerto Rico, January 1963,

* inflow- Water which flows from the collection area to the rivers and gulches
which feed the dams.
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during the seven years between 1955 from the rivers serving the project, the following
was decided: the average annual delivery of water for irrigation that could be made for
20, 000 acres, if a ration of 3 acre~feet per acre per year were established, would be
about 63, 000 acre-feet. If a ration of 4 acre-feet were established, the requirad
amount of water would be umund- 66,000 acre~feet. The available water, therefore,

is not enough to cover the latter. The establishing of o ration of 4 acre-feet per acre
per year would not significontly increase the annual mmigﬁmunt of water, on the other
hand there would be a continual debt fo the farmer because of the resulting deficits,

The study rﬁude by Migue! A. Quirones and Associates, based on the statistics
for those years, finally decided that the system was capable of con fidently serving 3 acre-
feet of water per acre per year to an area of 20,000 acres, which would be the areq
uitimately authorized for irrigation.

The Agricultural Experiment Station conducted a fiald expariment on green fodder
common in Puerto Rico to measure the effect of different irrigation and nitrogen levels on
the production of dry matericls. The grasses included were Guinea Grass, Para Grass and
a mixture of these and hopical Kudz6. !/ This study showed that the efficient use of
irrigation on these three variefies significantly increasad production. Dr. Vézquez points

out in this study that Puerto Rico cannot count on research on or experience of irrigation

17. Roberto Vazquez, "Effects of irrigation and Nitrogen Levels on the Yields
of Guinea Grass and Guinea Grass~Kudz¢ and Pare Gross Kudzt Mixture
in the Lajos Valley™, The Journal of Agriculture of the University of Puerto

Rico, Voi. XUX, No. 4, Ocfober 1955,
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and that the farmers lack readily avatlable infarmation on the problems that have to be
faced in trying to employ irrigation effectively. Similar experiments have been carried
out on White Surghumls and Corn. L

At present a long~term experiment is being conducted on sugar cane under
varying levels of irrigation in different walley soils. Dr. Roberto Vézquez, in a prelim-
inary analysis, has found production volumes varying between 50 and 65 tons of sugar
per acre,

The primary object of these studies was fo determine the intervals at which the
crops submitted to this kind of experimentation would require irrigation water. These
studies were of an agronomical character, and their results are of great importance to the
efficient use of irrigation water. Nevertheless, in the above mentionad studies, irrigation
costs are not taken into consideration. The present study has as its aim the investigation
of this area which, up to now, has not been covered by other ressarchers in the Valley.
George E. Pringle and Jaime Zapota published a study of agricultural methods used in
sugar cane production in Puerto Rim.zo A total of 192 forms were studied with the
object of detemining the effect of different agronomical methods on sugar production.

Irrigation was one of the methods studiéd, though not the only one. The study concluded

18, R. Vazquez, R. Eshenwald, M. J. Martfnez Luciano, "Resporse of Native
White Sorghum fo Irrigation Under Different Nitrogen Fertility Lavels and .
Seeding Rates in Lojas Volley”, The Joumal of Agriculture of the Univerity
of Puerto Rico, Vol. L, No. 2, April 1986.

19, Roberto dequnz, "Effects of |irigation Nitrogen Levels and Plant Population
on Com Yields in Lojos Valley, Puerto Rico”, The Journal of Agriculture of
the Unwarsrty uf Puerto Rico, Vol. XLIV, Ne. 3, July 1940.

20. George . Pringle, Jaime Zapata, Practices Used on Puerto Rico Farms With
High Production of Sugar, Agricultural Experiment Stafion, University of

Puerfo Rico, Bullefin 212, February 1969.
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that sugar cane requires approximately & inches of water per month during its period
of growth. These resulis agree with those of A, C. Barnes, who shows that, in the
absence of irrigation, sugar cane requires 80 to 90 inches of rain over its growth
period of: 14 months if a good yield is to be obtained.

Pringle and Zapata's study also shows that, although not all sugar cane fams
were irrigated, 56.2% of the farms which produced 4.01 tons or more of sugar per

acre had access to irrigation. This is shown in table No. 4.*

Distribution of the Famms by Use of lirigation and Sugar
Production per Acre, 192 Farms, Puerto Rico, 1962.

Table No. 4.
r - __Tons of Sugar per Acre e
Irrigation 3.0 or less : 3.0104.0 : 4.0l or more
: No. of + : No. of: Perceni~: No., of: Percent-
: Fams : age : Farms : age : Farms : age
Usedlrrigation : 5 : 13.9 : 16 : 211 :.45 : 56.2
Didnot Use  : : : : :
lrrigation . 31 . 8.1 ; 60 : 789 : 35 . 43.8
I_——-——:_-:_——7 :......._ + ...:...-. _..:_ —i 200 4
Totals  : 36 : 100% : 76 :100% : 80 : 100%
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A. C. Bames has shown that the rainfall most suitable to nieat the exact
requirements of the profitable production of suger cane depends upon its distribution
over the growth period. He shows also that the productivity of the land dedicated to
sugar cane can be greatly increased by supplementing rainfall with irrigation. Sugar
cane can be produced in dbundance in those areas where rainfall is deficient or badly
distributed so long as other climatic factors favour the development of the plant by

2
irrigation. ] Such is the situation prevailing in the Lajas Valley.

=% T

21. A. C. Barnes, The Sugar Cane, (New York: Interscience Publishers

inc., 1964), PP, T38-T38.
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I~ RESEARCH PROCEDURES

The Field

To obtain the primary information required in this study, the field was taken
as being composed of all the farms with irrigable land in the Lajos Velley irrigation
District,

Two hundred fifty—six (256) farms with irrigable land were authorized to
receive the services of the system in the fiscal year 1969-70. The farm belonging to
the Agricultural bxperiment Station of the University of Puerto Rico, Mayaguez Campus,
was excluded from this study

The farms studied were owned by a group of 142 formers who were also in
themselves part of the study.

For the purposes of the #h;dy the 256 farms were divided into three groups
according to topographical characteristics. The following table shows the method of
classification and the number of farms included in each group.

- Classification of the Forms of the Lajas Valley on the Basis of
Topography, Lajas, Puerio Rico, 1969-70.

Table No. 5§
e ; i s
| Group _ Number of Farms Percen tage of Total
1. Flat Farms 51 20
2, Undulating Forms 146 37
{ 3. Steep Forms 59 23 !
| SO— — z, - s
“;f Totals 4. 256 100




Selection of the Sample:
The study carried out was based on @ random sample comprised of 30% of the unit,
Seventy~seven (77) forms out of a total of 256 made up the somple. The sample inciudes
16 farms from group 1, 44 farms from group 2 and 17 farms from group 3. I
Research Techniques:

T —— P — T

The basic field statistics (Primary data) and other information required by the

study were obtained by means of a poll. A questionnaire was employed for the compila-
tion of the data. The questions necessary ond relevant to the objectives of the study
were included in this questionnaire.

Consultations on the nature of the problems to be studied were held with experfs
from the Agricultural Experiment Station, the Department of Agriculture, the Water
Resources Authority of Puerto Rico, the Federal Soi! Conservation Service and the
Agricultural Extension Service. The suggestions received ware incorporated in the
questionnaire, including that of having a separate leaf to focilitate the tabulation of

data in the Computer Center of the University of Puerto Rico, Mayaguez Compus,

in the study. In this interview the farmer was asked specific questions about irrigation

1. On flat farms, Group No, 1, frrigation water is supplied to the land by
open furrow through the use of irrigation by gravity. On undulating farms,
Group No. 2, irrigation is applied by contour furrows and, depending on
the inclination of the land, is effected by pumping or by gravity, ©n
steeper farms, Group No. 3, the water i pumped to the highest point of
the property 1o be later distribyted by gravity in the open furrow.
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might offect the development of his farming,

During the study, consultations and personal interviews were also held with
the various agricultural agencies working in the Valley. The object of these was to
obtaln opinions about the factors which affect irrigation costs and the diversification of
agricuiture in the area.

The secondary data used in this study was provided by government agencies
ond private institutions. The following governmant agencies collaborated in the study -
The Water Resources Authority of Puerto Rico, the Puerto Rico Department of Agriculture,
the College of Agriculture and Mechanic Arts at Mayaguez®, the Agricultural Extension
Service of the University of Puerto Rico and the Federal Agricultural Stabilization and
Conservation Service. The private firms which gave the project vﬁlmblu information
were the Gudnica, Igualdad and Eureka refinaries.

A large part of the infommﬂuﬁ obiained during research, especially the statis-
tics related to the determinants of irrigation costs, was processed by the Maoyaguez
Campus of the University of Puerfo Rico. The computations made of the information
submitfed facilitated the analysis and interpretation of these statistics, here given in
the form of tables and grophs following: the order of the objectives laid down.

In order lo provide significant data, which might be used as the basis of
agricultural planning in the area, this shudy also provides anclytic information on the

operators, farms and the farming industry in general.

*  Now officially the University of Puerto Rico, Recinto Universitario de
Mayaguez .
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1V- ANALYSIS AND PRESENTATION OF RESULTS
— —— T T RBULD

A. General Bes:rigﬂnn of the Former

From several points of view, the statistics obtained show that the farmers of

the Lajos Valley, selected. for this analysis, are not o homogeneous group. Various
groups are found among them. The tables below show this on the basis of the social and
economic factors studied.

1.  The Age of the Farmers
— e TIC TOIMOrS

included in the sfudy.] It Is significant to note that the age of these varies between
30 and 77, the average age baing 54.04 years. The largest group of farmer {63% of the
total) is made vp of men over 50, This percentage is divided as follows: 30% are 60 or
more years old, and 33% are between 50 and 59 years old. On the other hand, the
group of relatively young farmers constitutes only 16% of the total and includes those
of less than 30 and less than 39 years of age. The remaining 219% 1s composed of middle~
aged farmers with the exception of 4% who are more than 70 years old,

The resylts obtained on the age of the farmers are very simifar to those encoun -
tered in other sfudius.2

Commonwealith of Puerto Rico Department of Agricutture, Mayaguez

Region, Proposicion del Programa para el Desarrol lo Agricola de la Region
de Ma&uu, Ociober 3, 1984, op. 4847 -
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The farmer is an essential element who, together with the land potential and
efficient planning, plays an extremely important part in the success of ony agricultural
plan. Furthermore, the age factor can negatively affect the farmer's response to
technical advice ond the adoption of the more advanced methods so essential to modemn
agriculture. Von De Bon in Holland, while studying the reluctance of the famners to
adopt new methods, observed that the younger farmers weare the most progmsiva.g
Other researchers Iike Blackstone, Dimit and Baum have found a greater acceptance of
new agricultural metheds among younger than among older farmers .4

For these reasons, it is cause for concern to know that a large sector of the
agriculture in the Lojas Valley is in the hands of people of relatively advanced age.
This situation could constitute o serious obstacle to the implementation of the Agricultyr-
al Development Programme for this areq .

Distribution of the Famers According to their Age, 51 farmers in
Table Ne. & the Lajos Volley, Puerto Rico, 1969-70. |

P =r[
rcen tage of Total —l

__Age of Group : __ Number of Farmers : Pe

Less than 30 years i 2
30 - 39 : 7 : 14
40 = 49 . 1 ] - 21
50 - 59 : 17 : 33
60 - 49 : 13 . 26
70 6r more : 2 : 4
1 5 -.-_...._: - e e -
LI_ Tﬂfﬂlﬁ * 5] = TU{}

. T,

3. A.W. Von De Ban, "Some Characteristic s of Progressive Famers in the
Netherlands®, Ryral Sociology, Vol. XXIi, No. 3, September 1957,
pp. 205-212,

4, John Blackmore, R. M. Dimit and.E. L. Boum, Test Demonsiration !_’nnni
ond the Spread of | ved Form Practices in South Virginia, Report No.
p. 33, Tennesses V:u"ey Authorlty, Knoxville, 1935
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2, Edvcotional Preparation of the Farmers

new knowledge, The researchers, Van De Ban in Holland 3 and Eugene A, Wilkening in

North Carolina, U. S, A6

» have found a significant relationship between the age of fhe
farmers and their acceplance of new agricultural practices.
In manufacturing operations, different people perform the specialized tasks of

dccounting, buying, sales, management etc., while the farmer, in the administration of

his business, has to carry out these functions himself. For this reason his educational

to their educational preparation. It is satisfactory to observe that 67% have an educational
preparation of between 9 and 16 years.

- Distribution of the Farmers According to their Educational Prepara-
tion, 51Farmers in the Lajos Valley, Lafas, Puerio Rico, 1949-70.

Table No, 7
{Acudamic Preparation . Number of Farmers Percentage
| 0 -3 years 4 8
i 4-8 years : 13 ¥ 25
? - 12 years ; 12 : 24
; 13 - 16 years : 20 : 39
L 16 years or more : 2 : 4
L Totals ; 51 100 1

© —

5. thid, pp, 205-212

6. Eugene A.. Wilkening, Acceptance of Improved Farm Practices in Three

Coastal Plains Counties, Technica etin No. 98, North Caroling
Ficuitural Experiment Station, Raliegh 1952, P. 50.
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We also find two farmers with 16 or more years of education, which is something
significant among the farmers who operate famms in the Lajas Valley, Twenty-five
percent ( 25% ) have between four (4) and eight (8) years of education and eight
percent ( 8%) have three (3) or less years of education. The average educational
preparation is 11,1 years,

The resuits of this study show that the educational preparation of the farmers s
refatively higher than that found by other researchers in similar studies made in
7

Puerto Rico.

3. The fypes of Fam ffnu_ncy

It is important to make clear that o large number of farms in the Lajas Valley are
not being operated by their owners. Some are so operated, the greater part are rented
and a limited number are operated by administrators. This situation is clearly demon-
strated by Table No. 8 which gives the distribution of farmers according.to their type of

tenancy of the land under study in the Lajas Valley .

AT, o T —

7. This factor has been analyzed in the following works of research in Puerto Ricos

A. Department of Agriculture of the Commonwealth of Puerto Rico,
Mayaguez Region, Proposicisn del Programa para ef Desarrollo Agricola de la
Regitn de Mayaguez,” October 5, r PP+

B. Oliver Padilla, Otis, The Role of Value and Channel Orientation in the
Diffusion and Adoption™o ¥ News ideas and Practices. A Puerfo Rican Dairy
Farmers Study, 1983 Ph.D. Thesi: Unpublished), Michigan State University,

C. Jenaro Collazo Collaze and Reinaldo Calero, Los Recursos Humanos en la
Industria del Café en Puerto Rico, July 1963, Bulletin 14§, Agricultural
Experiment Stafion, p, 1T,
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Distribution of the Farmers According fo Type of Tenancy of
their Farms, 51 Farmers of the Lojas Valley, Lajas, |
Puerto Rico,

Table No. 8
Type of Tenancy _ Number of Farmers . Percentage !
| Owned 15 29
Rented 31 61
| Administrated 5 10
In Usufruct 0 0
Totals 51 100
— = — — —

The resulting statistics show that 29% of the farmers interviewed were owners
of their farms. Sixty-one percent (61%) operated rented farms, and the remaining
10% were administrators.

Some researchers, Wilkening for example, have shown in their studies that
farmers who own the land they work have greater control over decisions connected with
their business and, as a result, adopt o greater number of modem land and cattle produc-

tion mal’hod:s.a On this rests the importance of the various types of landhelding for

the agricultural planning of the Lajas Valley,
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B. Agricultural Pattern of the Luius: Vailey

1. The Size of the Farms.

The 77 farms included in this study covered a total area of 12, 195,24 acres.,
(Table No. 9). The average area per farm was 158,39 acres.

Farms of 50 acres or less moke up the largest percentage, 35%, of the tarms
included in this study. Sixteen percent ( 16% ) of the farms are of between 50. ]
and 100 acres, 13% of between 100. 1 and 150 acres, and 24% of between 150. 1 and
330 acres. Twelve percent: (12%) of the fotol are of more than 350 acres,

Distribution of the Farms Studied by the Size of the Operation,
77 forms in the Lajas Valley, Lajas, Puerto Rico, 1969-70

Table No, 9
*Distribution by Area (Acres) Number of Farms Percentage of Jotol
30 acres or less 27 35 !
| 50.1 o 100.0 : 12 : 14
100.1 to 150.0 : 10 : 13
150.1 wo 200.0 - 6 : 8
200.1 to 250.0 : 6 K 8
250.1 to 300.0 ; D ; 6
300.1 to 350.0 : 2 : 2
350.1 or more 9 : 12
. |
Totals : 77 : 100
-3

* For the purposes of this study the farms were classified on the basis of
area as follows: smoll farms those of 100 acres or less, m edium farms
those of between 100.01 acres and 250 acres, large farms those of
more than 250 acres,
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2. Present Employment of the Land:

Sixty-four percent (649%) of the total area of the farms is under cultiva-~
tion, which indicates considerable variation. Thirty~six percent (36%) of the
total areo is dedicated to other uses. This percent is distributed among fand
occupied by pastures, woodland, brush, buildings and roads. Table No. 10 shows
the distribution of the forms studied according to size and employment of the land. 5?
As can be seen, the greatest area under cultivation is found on fams of 500.1 acres
or more, followed by those farms of between 250.1 and 300 acres. The least orec
under cultivation is found on those farms of between 450.1 and 500 acres. It is
significont to observe that in order of importence the area under cuitivation is fol-
lowed by notural and improved pastures. The proportion of the area of natyrgl
pasture and that of improved pasture is approximately 2 to 1. The area given over
to natural pastures is 2,083.98 acres and that given to improved pastures is
|,146.43 acres. Although this shows that the area of improved pastures is much less
it is relevant to note that among cutting grass and improved pastures the ared reaches

1,278.61 acres which shows that the farmers who are also concerned in cottle-raising

are extremely interested in bettering the parts of their farms dedicated to green

fodder.

?. Infra, p. 51
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3. Svugar Cane:

Sugar cane occupies 18, 000 acres o f land in the Lajas Valley. This

represents 93.6% of the fofal irrigable area of some 19,241 acres,

The rest of the land under cultivation represents 6.4% of the irrigable

land ond is mainly dedicated to improved pastures, Six thousand two hundred and

forty-six point forty-two (6, 246.42) acres of the 77 farms studied were dedicated
to the cultivation of sugar cane of which 5, 652.00 acres were harvested. The rest
were sown with slow~growing cane which was not harvested that yeur.w Of the

cane harvested, 1,305,00 acres were cultivated without irrigation during 1969-70.

It is significant to note that the average production per acre of the farms

irrigated wos 27 tons.  This yield is much lower thon that obtained in the South Coast

Irrigation District, where the average fonnage per acre of the fams is around 40 tons.

Further, the cane yield of the farms in the Lajas Valley is much lower than

obtained by the

that

Land Authority. The yield per acre of the Land Authority Fratemity
Farm, situated in the Lajas Valley,
1

and thus operating under similar soil conditions,

is 42 fons per acre,'' This shows that there is o series of factors affecting the develop-

ment of the crop in the areq, among the most significant of which is the [ow consump-

tion.of water,

On the South Coost, as on the Land Autharity Farm in the Lajas Valley, over

3.0 acre~feet o f water Per acre per year are used. Table No. 11 shows the relation-

10. Slow-growing cane - cane sown in the Autumn and harvested ofter
18 or 20 months.

1. Information provided by the Land Authority of Puerto Rico.
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ship between the number of acres cultivating sugar cane under irrigation and the produc-

12

tion obtained, In addition the production on those farms using irrigation is compared

to the production on those farms not using irrigation,
It seems almost unnecessary to peint out that the average tonnage of acres
cultivated under irrigation was 27 tons per acre, while on tha farms not using irrigation

the average was 22. 8 tons per acre,

4. The Cattle Indmfry:

In the Lajas Valley the raising of cattle is next in importance to the culbivation

of sugor cane. Of the 77 fams studied » 20 possessed herds of cattie. Five (5) forms

were dedicated exclusively to the raising of dairy cattle, while the other 15 produced

beef cattie. |n some cases animals were rojsed for both purposes,

The annual production of milk from the dairies on the farms under study was

1,293, 925 litres. This production represents for the farmers a gross annual income of

$242,319.87 ( See Table No. 12)

¥

12. Infra, p. 54
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Table No. 12

Distribution of Cattle as Related to Production, 20 Farms
in the Lajas Volley, Puerto Rico, 1969-70*

48
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the raising of dairy cattle is considerably the greater of the two, making up 59% of the herds.

Type of :‘Number of : Percentage: Number of: Percentoge: Annual Gross

Cattle __Farms of Total - Animals : of Total - : Production : Income
Dairy Cattle : 5 25 861 : 59 1,293,925 (litre): $242,319.87
Beef Cattle 5 75 ;59 : 41 13,820 (arrobas®); § 68,760.00
i— Totals _: 20 . 100 . 1,457 . 100 $311,079.87 |

The sales of beef cattle represent a value of $68, 760 for the cattle farmer. Thus

Table No. 13 shows the distribution of farms according fo size and the existing

number of cattle. It can be observed that farms of 100 acres or less do nof produce dairy

cattle but that these are produced on the larger farms,

Table No. 13

-Iﬁl-l-*_

Distribution of the Farms by Area and in Relatign to the Number
of Animals, 20 fams in the Lojas Vailey, Puerto Rico, 1969-70

iath

R I o

Distribution of :

: No., of

: No. of :Percant—=_ Jotal |

* 20 forms of the 77 studied raise cottle,
* Spanish weight of twenty-five (25) pounds.

the Farms . MNo. of Percentage; An}mul& :Parcentage: Animals : age of : No. of
1 (Acres) : Farms . of Total . (Dairy)L : of Total : (Beef) : Total : Cattle
G0 W s B £ B i # ; = Fogy e PO
| 100.1 10 200 : 6 . 30 356 . 41 128 23 484 |
200.1 t0 300 ; 1 . 5 - .- 40 7 40 i
300.1ermore : 7 . 35 . 505 .5 . 21 38 727
Totals 20 . 100 . 86} ;__100 1 566 100 1,427



5. Areas Dedicated to Pasture Land:
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The acres devoted to the cultivation of pasture land, whether under irrigation or

not, were directly related to the size of the farms (Table No. 14}

The area of pusture

~ land per group of fanms increased according to the size of the farms.

Forty-two {42) farms of the 77 included in the sample, possessed land devoted to

forrage grass, The area of pasture land irrigated in the farms under study was 289 ccres out

of a total of 3, 545,5 acres, or about eight {8) percent

Table No. 14 - Distribution of Pasture Area Under Yrrigation and Without Irrigation
by Size of Farms, 42 Farms in the Lajos Valley, Puerto Rico,

In the Lajas Valley, irrigation water is used mostly for the cultivation of sugar

cane and pastureland. Nevertheless, if the area of pastureland under irrigation is compared

with that of sugar cane under irrigation, it isnoticeable that the extent of irrigoted posture

is very limited. Sugor cane is the most irrigated crop in the area,

. 1969-70.
Table No, 14 ) _

[ Group of Farms : Percent-: Acres :Percent-: Acres : Percent—: Tofal ||
by Size of  :No.of: age of Under :age of : Wifthout :oge of : Pasture
Operation : Farms: Total  : {rrigation: Total : Irrigotion: Totel : Area
0.0 - 50.0 é 14.0 ¢.0 3.0 21,0 : 0.6 30.0
50.1-100.0 é 14, 25.0 : 9.0 13.0 : 3.2 127.5

100,1 - 150.0 7 17.0 7000 . 24,0 : 2940 : 9.0 . 364.5
150.1-200.0 : 4 9.5 -+ == . 1750 : 5.4 . 175.5]
200.1~250.0 : 3 7.0 - - : V76,0 : 5.4 176.0
250.1 -300.0 . 4 .5 -- o == 1 409.0 : 12,6 . 409.0
300.1ormore + W2 29.0 185.0 . 64.0 :2,078,0: 63.8 :2,263.0 |,
Totals : 42 : 100.0 289.0 .100.0 :3,257.0 : 100.0 :3,545.5
. . e e e ey
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6. The Farmers and Agricultural Diversification:

One of the basic objectives pursued in the establishing of an irrigation system i
o number of varied crops. From the outset the development of a highly diversified
agriculture was planned for the Lajos Valley. In practice the success or fatlure of o

fam is often attributable to its level of diversification. Agricultural diversification is

commonly defined as the number of concerns to which a farm or agricultural areo is devoted .

This definition of the term is not exact. G. W. Forster in his book Fam Organization and

Management gives a better definition of this concept. 3 Dr. Forster suggests that not

onty the number of crops should enter info agricultural diversification but that the income
from each of these should also be considered. To measure the level of diversification of
a farm or agricultural area he introduces the diversification indax.. Table No. 15 damon-
strate this mathematical excercise performed on the baiis of the ncomes of the farm: under
sl’ud)f-.ls

As is shown in the above toble the diversification: index of the farms studied s

very close to the unit. This shows that agricultural diversificotion in the Lajos Vallev is

very |imited,

-

3. G. W. Forster, Farm Crganization and Mﬁnugemenr, Revised Edition,

New York: Prentice—Hall, fnc. 1943

4. The diversification index is obtained by squaring the fraction of the incomes
from each concem represented in the total income of the farm and by
dividing the unit (one) by the sum of all the squares of these frachons of
income arising from each concem. If there is a total lack of divarsificarion
the result is the unit, Therefore, diversification can be measured by tha
amount by which the diversification index exceeds the unit.

5. lnfra, p. 59




51

P 1 4 M
£Z8l’l = i
8sp8" : - ; 99°ZZ5 0 ‘Z$ T 5|yo] ]
A48 : 86E" " 00°09Z ‘89 “ (440D joog
Lo’ " éi1" “ [8°61E ‘Tve w @410D Aslng |
viL " p8° : ISARA o A AL " euo?) Jobng
SUIOoU| —ﬂmﬂ : awoau| s ..“I..I..I cizeaens s
UoLoRIYd Jo aidnbg 1 |ByO] J9 uUOlDDSY : @WodU| “ wasuoD)
Gl *ON ®qoy

"0£-6961 ‘091y openg “solo

"Ao{|pA sole ays up swiby £/ Uy Xepuj UOOOYISIBAL] 4O UOHD|ND{DD




52

Agricultural d&valnpment in the Valley is largely directed towards one crop, sugar

cone. This crop occupies 93.6% of the irmrigable area, some 18 ,000 acres of cane being
cultivated in the area.

At the beginning of this.study, the hypothesis was put forward that the high cost of
irrigation was a factor having a negative effect on agricultural production and diversifica-
tion in the area. As a direct result of this factor it was necessary to make changes and
adjustments in the planning of the land and cattle development of the area, |

During field research based strictly on the opinions of the farmers, it was found that
there are other factors responsible for the limited diversification practiced in this project.
Table No. 16 shows the distribution of the farmers in percent related to the factors which

in their opinion limit such diversification, 1°

It is interesting to note that, ucmfding to the farmers, the high cost of water is not
such a significant factor in the little or restiicted agricultural diversification in this irri-
gation project. Only [2% considered it a limiting factor. Thirty-seven percent (379%)
of the farmers interviewed were of the opinion that the Fu:tn; that most limits lend and
~ cattle diversification in the area is marketing. This opinion is highly logical and reason-
able as there is an assured market only for the sugar and mitk produced. The decision to
cultivate any other prcduct would involve marketing risks, The limited quantity of water
follows the marketing factor in importance, and is the major factor in the opinion of 20%
of the farmers. However, this is owing mainly to the fact that on most occasions the far—

mers order water simuftaneously in times.of drought. When these dry periods occur,

l6. Infra - 61



Distribution of the Farmers in Percent in Relation to their
Opinions of the Factors Responsible for the Little or no
Agricultural Diversificotion in the Lajas Valley, 51 Farmers
in the Lajas Valley, Puerto Rico, 1969-70.

Tabie No. 16

Factors : Number of Farmers Percentage of Total

l.. High Cost of brigatfon :
Water : 6 : 12
2. Limited quantity of
Irrigation Water : 10 : 20 l

3. Lack of Technical : :

Orientation : 5 : 10
4. Marketing Problems 19 37
5. Inadequate Financing ‘

Others Factors

and they are frequent in the Lojas Valley, the consumption u-f. water increases, reducing
the content of the dams. As o result the farmer's woter ration is reduced, Thirteen per-
cent of the farmers agree that inadequate financing is the main factor limiting agricul-
tural. diversification in the area,

Ten percent {10%) of the farmers state that lack of technical orientation is the
leading factor and four percent (4%) believe that the lack of diversification is caused

by other factors.



7. The Technical Experrs and Agricultural Diversification :

With the object of obtaining more bolanced data and opinions on the questions
raised in the study, it was necessary to include some of the agricultural experts operating
in the Lajas Valley,

In order to measure the opinions of the experts on the factors limiting agricultural
diversification in the Valley, a scale was prepared divided in percent from 0 to 100, This
is further divided into intervals of 5 units. Table No. 17 shows the results obtained on
the opinions given by 20 of the experts who in one way or another are working on the
agricultural development of the Valley. &7

Concerning the high cost of water in relation to the other factors, six (6) experts
out of o total of 20, thought that this factor affected agricultural diversification by 5%.
Three (3) experts, or 15% of the total, thought that diversification was affected by 10%.
According to three (3) other experts, this factor is affecting diversification by 20, 25 and
30% respectively. One expert thought that this factor affected the diversification of the
farms by 40% and another by 15%. |t is significant to note that the majority of experts
attribute to this factor a limited volue in comparison to the other factors.

On the limited quantity of water the opinion of the majority of the experts are
divided. Twenty-five percent: (25% )} believe that this factor affects diversification by
5%, and another 25% of the experts believe that this factor is responsible for limited

diversification by 30%. The opinions of the remaining experts are divided between the

values of 10, 25 and 35% respectively,

’7‘ Enfm, P.63
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Even so it can be argued that for many o f the experts thia is an important
factor in the agricultural diversification of the valley,

As for the lack of technical orientation, 50% of the experts assign it a value
orr the scale of only 5%. Twenty-five percent (25%) of the experts give it a value
of 10% in cump;::risun with the other factors.

According to these values, it can be concluded that this is the factor that least
limits ugriculﬁ:ml diversification in the area. According to the statistics presented in
Table No. 17, the experts believe that the factor most offecting the agricultural diversifica-
tion of the Valley, is the problem of marketing. The opinion of the experts on this is in
agreemen t with ﬂ':at of the majority of farmem. Thirty percent (30 %)  of the experts
assign to this factor a responsibility of 50% on the scale of values. Another 30% give
it a volue of 25%, and 10% of the experts believe that this factor affects diversification,
in comparison to the other factors, by 70%. |

As for inadequate financing, 40% of the experts assigned it a value of 20% on
the scale. From this it can be deduced that it is o factor to be token into consideration
in the agricultural diversification of the area. The opinions of the other experts are
mainly distributed among the assignation of valués of 10, 15, 30 and 35% respectively,

To summarize, for the agricultural experts the factors most relevant to agricultural
div&rsiﬁ::qtinn in order of importance are: the problems of marketing, the limited quantity
of water and inadequate financing. The high cost of water and the lack of technical

orientation are far less relevant to the problem of diversification.
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8. Opinions of the Farme rs on Various Aspects of the System:

A~ General Opinions:

The investigation carried out included a series of subjective
questions whose purpose was to find out the opinion of the farmer in the Valley on some
factors and circumstances which might throw light on the problem under study. Among
general opinions of the study the following were encountered:

1= Ninety~four percent (94%) of the farmers were of the opinion that the
Lajas Valley irrigation Project hod been a success. The remaining six
percent (6%) were of the opinion that it had been a failure.

2= A hundred percent (100%) of the farmers stated that the Lajos Valley
Drainage and Irrigation System had greatly benefited their farms, al-
though they were not explicit about the amount of benefit obtained .

3= As for the series offered by the Water Resources Authority of Puerto
Rico, 34% of the farmers found them excellent. Thirty-sevﬁn percent
(37%) found them good, 20% found them satisfactory and 9% deficient.

As shown by Table No. I8, the farmer's opinion of the services of-
fered by the Department of Agriculture in the Lajas Valley is much the same. I8 Thirty-
seven percent (37%) find these services excellent, 239 find them satisfactory and only 3%
find them deficient. In generl the services offered by the agencies in the Valley are
satisfactory.

4~ As to the agrarion policy followed by the Goverament in the Lajas Valley
trrigation District, 71% of the farmers consider it correct. Twenty-nine

percent (29%) differ, stating thot it hos not been that effective,

traskabiCale Lol T YT N - ol

18. Infra, p. &7
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3. With the object of obtaining from the farmers some vaiue judgments

on the agricultural development of the area, the author presented
the following propositions to the farmers for their opinions: Agricubture
in the Lajas Valley is highly developed and poorly developed, The
results obtained are presented in Table No. 19. §t is noticeable thot
only six percent (6%) of the farmers consider the agriculture in the
Valley to be highly developed. Eighty percent (80%) stated that the

- ' agriculture shows light development, and 14% are of the opinion that

the agricultural development of the areaq is very poor.

Distribution of the Farmers According to their Opinions of the

Agricultural Development of the Lajos Valley trrigation District,
Puerto Rico, 1969-70.

%ﬂ.
Term Evoiuated : No. of Farmers Giving : Percentage of Total
their Opinion

Table No. 19

Highly Developed - :
Agriculture : 3 : 6

Lightly Developed ; :
Agriculture T 4 : 80

Poorly Developed ; ;
AQI‘ECUHHTE . 7 : 14

l_ Totals ; 51 : 100 B
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With the purpose of studying the problem presented by irrigation costs in the
Lajas Valley froiact, the author identified ten factors which, in his opinion, affect
these costs. These factors are enumercted as follows:

1. The water available for irrigation

2. The topography of the farms

- 3. The soils

4. The irrigation methods used

9+ The administrative aspects of the system

6. The structures on the forms

7. The handling of water on the farms

8. The maintenance of irrigation and drainage structures

?. The size of the agricultural unit

0. The employment of the land

Twenty agricultural experts who work and collaborate in thé agricultyral develop-
ment of the Lojas Vialley wers interviewed for the purposes of this phase of the study.
To evaluate their opinions of the factors which it is presumed are affecting irrigation
costs and which are unumemfed above, a scale of values was prepared which lays these
out in percent from 0 to 100. That is to say that the total value assigned to all the fac-
tors adds up to 100%. Each expert, individually, according to his own criteria and
experience, assigned a value to each factor depqndfng on how it affects the cost of

irrigation as compared to the other factors.
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The Lajos Valley Irrigation iystem is capable of serving 3,0 acre-feet of water
per acre of irrigable land to the forms of the project. In addition each farmer has the
right to receive, free of charge, | acre-foot of water once his monthly ration has been
exhausted. Nevertheless it was found that the average consumption of the farms studied
was |.| acre~feet per acre per year. This shows that the farmers are not using the maxi-
mum quantity of water that they have o right to, and that the great majority do not take
advantage of the free water offered once their ration is exhausted. Because of this the
price of water is higher for these farmers than for those who toke advantage of the sub~
sidy resulting from the use of free water.

On the other hand, many of the farms lack pools to store water. This situation
limits them to using water only during the day and leads to an inefficient deployment
of labour and a low water consumption.

This study has shown that the amount of water available i not a significant fac~
tor in the cost of irrigation. According to the data collected during research and pre-
sented above, the low consumption of water is a@ much more significant factor in the
cost of irrigation than the omount of water available. This latter factor, as the opinions
of the experts show, is of little importance in irrigation costs. In graph No, | 19 it can
be seen that 5 experts out of a total of 20, or 25%, state that the water avoilable for
irrigation affects irrigation costs by 5% . Three (3) experts stated that the factor
exercised an influence on irrigation costs equivalent to 12%. Values of 10 , 14 and 6%
were given by two experts in each case. One efpert was of the opinion that this foctor

affected the cost of irrigation by 20%. Three (3) experts expressed the opinion that the

water available was a factor that did not affect irrigation costs at all,
M

[¥. Infra, p. 71
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Value in Percent Assigned by the Experts.

Number of Experts Informing in Each Instance.

Percentage of Total Number of Experts Informing.
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2, Tha Topography of the Farms

The steeper properties in the Lajas Valley are generally irrigated by pumping.
The water is pumped to the highest part of the farms and then distributed by gravity
through lateral canals and open furrows. The soil topography plays an important part
in the use of imigation on these farms.

The water applied in the irrigation of a soil requires a continueus gradient and
uniform surface configuration. This condition exercises o profound influence on the
efficient use of irrigation water. In those soils where the topography is not uniform or
which lack edequate levelling, the lower areas are iirigated to excess while the higher
areas receive little or no water. As a result there are losses in harvest and a wastage
of water, thus increasing the operational costs of irrigation in the majotity of cases,

Graph No. 2 presents the évalvation of the topographical foctor made by the
technical experts. ©  As can be seen, eight of the experts felt thot thfl factor affected
irrigation costs by 20%, while a second group of five (5) experts were of the opinion
that this factor affected imrigation costs by 5%. Values of 7.10 ond 15% were given
by two experts in each case. It should be pointed out that 40% of the experty give a

significant value to this factor in its effect uvpon frrigation costs,

- lﬂﬁ'ﬂ.p P. ?3
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3. The Soils of I’llu Lu'lus Vu"az

The Federal Soil Conservation Service mode the most recent classification
known of the soils of the Lajas Valley. <0 Based on this classification a general

map of the sofls was prepared in which these were divided into five associations, [n general
each association contains major and minor soils in a typical though not alwoys uniform
pattern.

The soils making up any association can differ in some of their properties, for
example: inclination, depth and drainage, so that the map does not show the class of
soil in a given pluce, but the soil pattern. In each of the pattems there are generaily
several different classes of soil. Each association is designated by the largest soil series
that it contains, although soils of other series may also be present. These associations
ore described as follows:

(a) Fratemidad ~ Aguirre - Cartagena

This Association takes in o long broad area extending across almost the whole
of the Northem part of the Lajas Valley. It includes slightly sloping alluvion plains,
except in the lower pdits of the Valley where the terrain is almost flat, Approximately
75% of the area covered by this Association is under irrigation and is dedicated to the
cultivation of sugar cane. Almost all of this Association is highly productive and does

not present serious irrigation problems.

20. Oliver R. Carter, Soil Survey of the Lojas Vallas Area, Puerto Rico,
United States Depa-r’rmant of %gn’cuhur& Soil Conservation Service,
Rio Piedras, Puerto Rico, April 1965, pp. 5-9.
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(b) Fe - Guénica - Aguirre

This group of soils is found in the East~central area of the Lajas Valley. This

is an almost flat plain which includes the old Guénica lagoon, the area known as the

"Anegado" and the wet and marshy areos adjacent. A large proportion of these soils

are saline, sodic, and poorly drained. Twenty five percent (25%) of this Association

is under irrigation for sugar cane, the remaining lond being mainiy dedicated to pasture

for dairy cattle.

{c) Amﬂims - guuyuba - Sosa

This Soil Association is found in two small areas of slightly unduiating plain

in the extreme west of the Lajos Valley. The majority of the soils are acid and of o

totally sandy profile. In most of this Association the yield in crops and pastures is low.

This land does not {end itself to cultivation on o commercial scale,

In general the soils of this Association ore not under irrigation,

(d} Gudnica = Aguilita - Amelia

This Association is found in the area known as the “Sierra Bermejo® ond the

" Pefiones de Melones" and also ot the foot of the hills close to the base of these moun ~

tains, Soils of this Association are also found in the alluvial cones formed by sedimentary

material washed down from the mountains. This Association is found in one of the dryest

regions of the Island and is not irrigated at all,



]

&/

() Decalabrodo -~ J&cang - San Germdn

This Association of Soils is found in the mountainous ring which forms the No¢-
thern part of the project. 13 surrounds the River Yauco Valley in the East and extends
along the Southem part of the area. There are steeply sloping soils at the foot of the
mountains with narrow valleys and alluvial cones of medium breadth, A small area of
the soils, especially in the valleys and cones aiready mentioned, is under irrigation
for sugar cane, Approximately 10% of ‘the arec is covered by unirrigated crops, and
about 50% of the Association is dedicated t6 pastures. The remaining area is composed
of weeds and cactus.

The fams studied are grouped by soil associations according to their positions
on the general map. Table No. 20 gives the distribution of the farms, the number of

these per association and the areq they cover. 4 As can easily be seen, the majority

of these farms are included in the Association Frufernidad-ﬁguirre—(:urrugenu and Des-
calabrado-Jécana-San Germén. A smaller percentage is tound in the Association Fé-
Guénica-Aguisre. Farms from Associations "c¢" and *d" are not included in this study,
as these'areos ore almost entirely unirrigated and in some cases present difficult physical

and chemical problems for agriculture under irrigation.

2], Infra, p. 77
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It was found in this study that the soil facter 22 does not have a significant influence

on irrigations costs in relation to the other factor analyzed. Graph No. 3 shows the

valves given to this factor by the egricultural axperts, 23

As con be seen the greatest

percentage of the experts (30% of the total) are of the opinion that the effect on ifri-

opinion that the soils of the Lajes Valley do not have any influence on irrigation costs,

Five of the experts interviewed thought that the factor under consideration affected

cosls by 10%, Another group of three (3)
costs by 15%, whi

experts thought that the soil factor affected
le o value of 20% was given by 109% of the experts,

4. The Irrigation Methods Used

irrigation system by means of open furrows (Contour=Furrow Irrigation) is used. The Sys~
tem of irrigation from the qjr (Sprinkler Irrigation) is little used on the crops in the Project,
It Is used on a smel| scale fo irrigate pastures, although there is some land under sugar

cane irrigated by this system,

23. The types of soil existing in the Lajas Valley are referred to hers,
2R, Infra, p. 79,
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Value in Percent Assigned by the Experts

Number of Experts Informing in Each Instence

Percentage of Total Number of Experts informing
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Graph #3
Experts Evaluation in Percent of the

Factor, Soils, Number of Experts Informiing

and Percentage of Total.

. Value in Percent Assigned by the Experts

Number of Experis Informing in Each Instance

E Porcentage of Total Number of Experts Informing.
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Graph No. 4 shows the evaluation made by the experts interviewed of the fac-
tor, the methods of irrigation used. 24 According to the data given it can be seen that
the grectest percentage of experts (40% of the total ) attributed o value of 15% to the
affect of this factor on irrigation costs. Twenty five per cent (25%) were of the opinion
that this factor exercises an influence of 6%. Three (3) experts gave it o value of five
percent (5%). Values of 12 and 13% were given by two (2) experts in each insfance.

It can be concluded that, in the opinion of the majority of the experts, this factor has

o slight relation to irrigation costs as compared to the other foctors.

5~ Administrative Aspects of the Systems

The Puerto Rico Water Resources Authority is in charge of the Lajas Valley 1rri-
gation System . 25 1his agency has set up a timetable for water deliveries in agreement
with the petitions made by its Worker's Union. It was found in the present study that
this schedule does not answer the needs of the farmars. This situation is affecting the

cost and the maximum exploitation of irrigation water. The majority of experts inter-

viewed shared this opinion.
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In graph No. 5 it can be seen that the largest group of experts, 6 from g total
of 20, or 30%, stated that the administrative aspects of the system was a factor which
affected irrigatfon costs by 17 %%, ¥ Another group of 5 experts, or 25 % of the totol
were of the opinion that this factor affected irrigation costs by 20%., Ten percent {10%)
of the experts assigned it a value of 25%. A smaller group of experts (two in sach ins-
tance), falt that the factor in question affected the operational costs of irrigation by five
(5) and nine percent (9%) respectively.,

It should be pointed out that the majority of the values given by the experts
fluctuate between 17 and 25%, which makes this o fector of extreme importance in the

cost of irrigation,

6. The Structures on the Farms

____—-"—‘—"'—-——n-———n_,____

This factor refers to the system of structures on the farms for the handling of water,

such os irrigation and drainage canalf, etc, As is mentioned above furrow irrigation is the

larly where the termin. is wdulating , the furrows do not have the necessary inclination.
This causes an improper control of irrigation water with subsequent losses of water and of
soil by erosion. In other instances the land is not correctly levelled which makes it im-
possible for the furrows to discharge excess water throughout their whole length. In other
instenices: the land contains hollows which prevent the water circuloting freely and cause
deposits which result in some areas remaining without irrigation, thus occasioning losses
in water and crops. Many of the canals which supply water to the fand require frequent
repairs and lining to avoid filtration of water. In other cases the canals within the farm,

e et i i
iy infra, p, 83.
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the responsibifity for which is the farmers', are not built to the required dimensions, and
water overflow is frequent. The difficulties cited above bear o close relation to the
management and correct construction of farm structures for the effective distribution

of irrigation water.

Graph No. 6. shows the experts’ evaluation of the factor, farm structyres, 29

From the data given in the groph, it can be seen that g large number of the ex-
perts, eight of them, are of the opinion that this factor affects irrigation costs by 1%,
Two experts (2) thought that costs were affected by 13%, one gave a value of 10%, four
a value of five percent (5%), and a group of five (5) experts a valye of twelve percent,
(12%). 11 is significant to point out that a large number of the experts attribute a relg~

tive importance to this factor in its affect upon irrigation costs as compared to the other

factors,

7. The Handling of Water on the Farms

plant roots it washes away tite nutrients disposable for their development, The waste of

water arising from bad management increases the costs of ¢rop productionand impairs the

soil by causing erosion .
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Graph No. 7 gives the experts’ evaluation of the factor, handling of water on
the farms. - This graph shows, among other things, that the largest percentage of
experts were in agreement that this factor affects irrigation costs by five percent (5%),
Two (2) experts were of the opinion that the factor under discussion was responsible
for 20% of irrigation costs, five (5) experts believed that this factor affected costs by
15%. A further two (2) experts atributed to it o value of two percent (2%). It should
be pointed out that this factor, even though a large number of experts gave it o value

of only five percent, (5%}, is one that must be considered among those affecting irri~

gation costs,

8. The Maintenance of lrrigation and Drainage Structures
= TNg Jrainage Structures

In general, there is g great loss of water in the agricuiture under irrigation in
Puerto Rico. There are varioys reasons for this: one is the Puerto Rican farmer's lack
of knowledge nF_rHu specific water requirements of the different crops. Another and
very important reason, is the lack of adequate maintenance of the irrigation and drain -
dge canals. The loss of water owing to filtration in the form canals is enormous, The fail-
ure to clean the irrigation and drainage canals pertaining to the system as well as those

on the farms plays an important part in the efficient usc »f irrigation water.,

27. Infra, p. 87,
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Graph No. 8 shows an evaluation of the experts’ opinions of the factor,
maintenance of irrigation and drainage structures, - According to 35% of the
experts, the irrigation and drainage structures in the Lajas Volley affect irigation
costs by 10%. Twenty percent (20%) of the experts -uu;are of the opinion that this
factor affected irrigation costs by four percent (4%). Fifteen percent (1599 of the
experts gave this factor a value of three percent (3%). Values of nine (9), 4
and 5% were given by two experts in each case, Although the largest percentage
of experts gave the factor in question a value of only 10%, it is important to point
out that the maintenance of irrigation and drainage structures is o factor of relative

importance in irrigation costs,

9. The Size of the-Agricultural Unijt

The size of I‘h? farm will depend on the type of concem to which the farmer
is dedicated. For example aviculture requires less acreage than mﬂle—fﬂrrﬁing.
Furthermore, whatever the type of land and cattle concemn, the administrator must
determine the pretide extension of the agricultural unit in order to defray operational .
and family expenses.

Land and cattle statistics have shown, in the majority of cases, that large
agricultural units achieve a greater net income over g given period than the smaller
units. This is due to a more advantageous use of machinery, labour, capital and other
items. On this point it is necessary to call attention to the fact that the large agricul-
tural units are not always profitable. In some cases, faults in the administration and

organization of the farm reduce benefits considerably. On the other hand, there are

small well organized and directed units which provide greater profits.

__—m___
23. II‘IfIII, P. B?. '
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The Lajas Valley is o special case, Generqllf the land and cattle indus-
tries established in the area, for instance cattle farming and the cultivation of sugar
cane, require agricultural units of considerable size. However, in the Lajas Valley
there are a small number of large farms and a greater number of small and medium
units. Fifty one percent {51%) of the farms included in the study could be deseribed
as small units, The medium-sized units make up 35% and the large units 20%
of the total, = It should be pointed out that, uccurdfng te the statistics given in

this study, irrigotion costs vary with the size of the farms. S0

Groph #9 gives the experts ' evaluation of the factor, the size of the farm,
as related to its effect on irrigation costs, 31 The greatest number of experts, nine (%)
in all, considered that this factor affected irrigation costs by 13%. A group of four {4)
experts gave the factor a value of 10%. Tweo experts gave it a value of eight percent
(8%) and three (3) were of the opinion that the size of the agricultural unit affected
irrigation costs by“five percent (5%). As can be seen in the graph, 45% of the experts
assigned this factor considerable value in relation to the other factors, which indjcates

that this is a factor of great importance in irrigation costs,

29. Supra, p. 49,
30. Infra, pp. 97-99

31. Infra, p. 9!
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10. The Deelnmmt of Farm Lands

This factor has to do with the use of the. lard making up the agricultural unit;

that is the lond and cattle e industry to which the unit is dedicated. The land under jrri-
gation in the Lajas Valley is, in the main » dedicated 1o the eultivation of sugar cane,
in graph No. 10 32 it con be seen that the largest percentage of experis, nine
(%) out of a total of 20, were of the opinion that the deployment of farm land affects
irrigation costs by three percent (3%). A group of three (3) experts thought that the
factor mentioned nffécfed' irrigation costs by eight percent (8%). A further group of
three (3) experts gave it a volue of six percent (6%), and another group of three {3)
a value of six percent (6%). Yet another group of three (3) experts was of the opinion
that this facior affected cests by 10%, and a limited number of experts, two (2) in this
instance, gave it a value of iwe percent (2%). According to the majority of experts,
the deployment of Farm lands does not of present constitute an important factor in irri-
gation costs. This is owing in great part to the fact that in the Lajas Vailey Project

there is little diversification of crops, and therefore,the cost of irrigating various crops

cannot be compared, -

D. Analysis of Itrrigation Costs
o2 o, riganion Losts

The cost of water, labour and other costs, such as fual and the maintenance of

pumps, are variable items of cost which enter into the use of Irrigation in the Lajas Valiley,

32. Iﬂfnh.;_- ':_n- 93-
33. Infm‘r ,pi “-
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In order to clarify these items of cost, the farms were classified according to their topo~-

graphy which determines the method of irrigation used on them, 24

Water costs were obtained from the delivery records of the Yauco District
Office of the Puerto Rico Water Resources Authority. The cost of labour wes calcu-
lated on the basis of the number of men and days employed to apply the woter bought,
(this information was provided by the farmer). The cost of fuel and the maintenance
of pumps and other equipment was obtained from the records of the farmers included in
the study. The daily wage of the lerigators in the year in which the study was carried

out was $7.20.

I. lrigation by Gravity

The study revealed that the small farms, with the exception of those of between
50 and 100 acres, consume much less water per acre than fhe larger farms. The statistics
given in Table No. 22 reveal that those farms of 250 acres and above, consume more
than an acre~foot of water per acre per year, and that the cost, although it seems to be

higher, is in proportion lower per unit than on the small farms .39

The majority of farms irrigating by gravity have an area of 100 acres or lass.
Thirty percent (30%) cover an area of 50 acres or less and 23.3% vary between 50 and
100 acres. The study showed that irrigation costs tend to be less ﬁar unit of water consumed
although they seem fo become greater as the consumption of water increases, The
water consumed varied from .3l acre~feet on the farms of 50 acres or less to 1.96 acre~-
feet on the farms of 250 to 300 acres. The cost of applying .3l acre-feet of water per
acre was $5.82, and that of applying .96 acre~feet per acre was $23.28. If the increase

in cost were directly proportional to the increased quanfity of water used, the application

SR

34. Supra, p. 39,
35. infra, p. 96.
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of 1,96 acre~feet of water per acre would cost approximately $36.80. [t is therefore,
significant to note that the greater the amount 'of water used the ess per unit the cost
of irrigation. The same situction occurs with the use of labour, but not with the cost

of water which has a fixed price.

2. lrrigation by Pumping

Twelve (I2) farms using this system were studied. The average water consump-
tion of this group of farms during the economio year |969-70 was 64 acre-feet per acre
per year. This consumption can be considered very low. Of the group the larger farms
consumed the greatest quantity of water, especially those of between 250 and 300 acres,
As occurs with the farms irrigating by gravity, the small farms in this group are those
which consume the least quantity of water.

Based on the statistics given in Table No. 23 ¢ 1t is possible to make observations
similar to those made on irrigation by grovity. 3¢ With the use of a greater - quantity
of water, the cost, although it seems to be greater, is in fact less per unit. For example,
if the farms irrigated 1.23 acre-feet of water per acre and if the costs increased directly
with the increased amount of water used, the cost per acre would exceed $20. The some
situation would occur with the furms that used |, I and |.06 acre~feet of water respec-

tively,
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In the investigotion carried out it was found that the costs of irrigation by pumping vary
according to size of the farms and the amount of water consumed The study showed
that in the pumping system the cest of labour tended to increase pmmﬁinmlly following
a definite pattem. As opposed to irrigation by gravity the cost of labour does not tend
to decrease per unit of water used; on the contrary it increases. As is explained above,
the pumping system invelves additional cost for the fue! which the pumps use and for the
minfmncg of the pumps and other equipment. These costs tend to increase as the con~
sumption of water increoses.

It is important to point out that the total cost of irrigation per acre per year appears
to be Im.by the pumping than by the gravity system. Although in pumping the operational
costs are greater, the cost per acre per year is reduced because of the price of the water,
While the price of water for the grawity method is $4.00 per acre=foot the price for the
pumping system is half of this, $3.00.

It should be pointed out that water consumption by this method on the Valley farms

during the year in which the study was carried ot was for below the level required by the

crops.

Those farms in the Lajas Velley which have an undulating topography, in general
are irrigated by the combined method of gravity and pumping. The study showed that the
farms in this group use greater quantities of water, especiolly those: farms of 250 acres or
more. 37 The farms consuming the greatest quantity of water were those of 300 acres or

more. These farms used 2.15 acre~feet of water per acre per year, The small farms were

thase that consumed the least water, The study showed also that imrigation costs were

37. See Table'Ne. 24, Infra, p. 101,

—_——— — . . —_—
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greater per unit of water consumed on the smoll farms than on the larger fams.

In the use of combined irrigation, the cost of labour on those farms of 150 acres
or less tends to be higher in proportion than on the Iurger farms, . For mmpla, the cost
of labour on the farms that use 2.15 ﬁ:ra-—faaf of water is $8.94. If this cost were pro~
portional to the amount of water used, .43 acfe-feet in the case of the smaller farms, it
would be & little less than $2.00, while in fact the cost of lobour on this latter type of
farm wos $6,62.

The cost of fuel and maintenance per unit of water consumed ls considerably re~-
duced in combined irrigation. The total cost per year varies greatly with the amount of
water consumed ond the labour involved. As can be seen Table 24, in order to irrigate
43 acre~feet of water per acre per year, the farmer incurs an expense of $8.%, while
the irrigation of 2.5 acre-feet per acre per year costs 5'19.:??'. Although the use of greater
quontities of water appean to be much more expensive, the actual cost of the application
of the water per unit tends to be much lower. |f costs varied proportionally the farms
consuming .43 acre-feet of water per acre per year would spend obout $4.00 per acre per
year on irrigation, while in practice this cost reaches approximately $9.00. On the farms
that use 2.15 acre=feet the cost is $19.77, but the quantity of water used is 5 times that

used on the small farms.
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The cost of the water is arrived at by taking un uval;ugu of the cost by pumping
and that by gravity. This average cost is $4.50 per acre-foot of watar.The price-of .
the water is fixed and the cest naturally varies with the amount of water consumed.
in relative terms, in some groups of farms, the cest af.irriguﬁnn by the combined me-
thod tends to be less than with the other methods. For example, on farms of 200 to
250 acres, those irrigating by gravity consumed .90 acre-feet of water per acre per year.
The total cost per acre was $12.60, while on those farms who used approximately the
same amount of water by combined irrigation, as did these farme of 100 to 150 acres,

the cost wos $10.73,"
The same comparison can be made with farms irrlgating by gravity and consuming

opproximately 2,0 acre-feet of water.The totul cost of irrigation on these farms was
$23.28; while by the combined method appreximotely the same amount cost the farmer
$19.77. Furthermore, in irrigation by gravity ‘thereare not the items of extra cost,
although the price of the water is greoter. In irrigation br pumping much the same si-~
tuation is found: the costs tend to be relatively higher than in combined irrigation
despite the lower goat of water. In combined irrigation, as with the other methods,
the consumption of water on the sma!l farms tends to be lower than on the large forms.
Further, the cost per unit of water applied on-these small farms is higher. Naturally
the small forms suffer greater limitations in the comsumption of water than the large
faﬁu; first, because of the administrative aspects of the system, and secondly, becouse
the small forms do nnt.pm nrﬁficiul pools for the storage of water. In general the
larger farms possess these structures as they huva.grauhr mmic- resources and suffi-

cient spoce to coagtruct them,

%—_M

* See Tables 22 and 24, Supra, pp. 96 and 101
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Farms that do not have storage pools can receive water only during the day.
Those that have pools con receive water ot night. The fact that a farm has structures
for storing water gives it a cunsidemf:le advantage over those that do not. These
farms can begin irrigation eq;-ly in the morning without having to wait untii the of-
ficials of the system open the outlets. On the small farms which generally do not
have ppnls, the irrigators have to wait until the outlets are opened in order fo begin
irrigation and have to stop early in the afternoon as soon as the Puerto Rico Water
Resources Authority official closes the outlets. As a result, on the smail farms maxi-
mum advantage is not token of labour in the irrigation process. The irrigators on these
forms receive a full days wages, but do not work a full day.

It is impossible for the officials who open and close _the outlets to be on all the
farms ot the same time. Because of this some farmers receive the service first and others
later. The same occurs in the aftemoon when the cutlets are closed.

In summary it can be said that, based on this experience, a further factor affecting
the efficient use of irrigation and, as a result, the cusr,- is the lack of structures for
storing water on many of the farms. The farms which have these structures, usually the

larger farms, irrigate more efficiently and consequently reduce their operationat casis.
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4, The Relationship Between Costs and Consumption

The consumption of irrigation water in the Lajas Valley Project for the econbmic
year 1969-70 was low. Groph No. 11 shows the relationship between the amounts of

38

water consumed and the number of farms. It can be observed that the majority of

farms under study consumed .5 acre-feet of water or less during the year.

The cost may possibly be the factor most responsible for the low consumption
of water in this project, Irrigation plays a costly part in the agronomic management
of the farms. The farmer has to have ready money to meet the costs of irrigation, This

is owing to the fact that labour has to be paid weekly and the bills for water on a month-

ly basis.

R r— by

38. Infra, p. 105.
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Number of Farms

Groph F1)

Relationship Between the Number of Farms and the
Annual Consumption of Water in Acre~feet per Acre
per Year, 77 Farms in the Lojas Valley, Puerto Rico, 1969~70

1.0 t.3 2.0 2.8 3.0 35

Consumption of Irrigation in Acre~feet per
Acre per Yeqr

4.0



97
According to the results of the study, the low consumption of water is owing to

factors such as the following: the high cost of labeur in the application of irrigation
water; the farmes' lack of economic resources and the lack of adequate structures for

the storage of water, As a result of this low consumption, the majority of farmens do not
use their full allowance of water and, as o result, do not tuke advantage of the additional
free water to which they have a right, which, in the long term, would reduce costs.

As was mentioned above, the cost of irrigation in the Lojas Valley varies accord~
ing to the size of the farms and the omount of water consumed. Fifty six point seven per-
cent (56.7%) of the farms irrigated by gravity consumed | .0 acre~feet of water or less.

The total cost of irrigation was $4 .58 per acre per yeuar, =7 Thirty-three point three
percent (33.3%) of the forms used between 1.0 and 2.0 acre-feet of water and the cost
~was $15,52 pér acre per yeor. The comsumption of 10% of the farms varied between 2.0
and 4.0 acre~feet of water. The cost per acre per yeor in this group of farms varied bet-
ween $14.00 and $15.00.

As has been indicated above, the larger farms among the group irrigating by gra-
vity consume more water than the smaller farms, On the properties irrigated exclusively
by pumping, 42% used 1.0 acre=feet of water per acre per year or less. 1t should be
pointed out that on these farms a greater amount ofdabour was used than in the other groups
irrigoting by pumping. Thirty=three percent (33%) of the farms consumed between 1.01 and
2.0 ocre=feet of water. Only two farms consumed between 2,0l end 3.0 acre~feet per

acre during the yeor, and one consumed more than 3.0 acre-feet. 40

39. See Table No. 25,(nfra, p. 7.
40, See Toble No. 26, Totm, 5. 109.



78

L LN |

=
-
&
L

k|
5

L 1]
|

aw
L X ]

L | . 88°/Z8
| 00" vl ve’' LZE
256l . eV €6%°6
89°y § . 0L"18Z'9 §
| vy ” .
194 :

210y 194 507

150D |oi0]

o
q

88" ot ....oo.mmn C

| {ARA wm@.mom €
¢8°68 mco.mmm‘m. £
05°49 § Woa.m_mhvmm £
194D “ NOYOT sdpg -
JO Js0 i Jo4s00) + uayw

it aw
S
-y

0/~6961 *021y oyang “soloy “As||oA solo,
1934-0.10y U] uoijdwnsuod) |PNUUY JO LOUNGILISIT 9y,
uoyjootjddy ayy ojur 124UF UDIUAR $907) 4O SWEY(| sNOLIL




The consumption of water was slightly higher on the farms using combined
irrigation. Twenty percent of the farms consumed between 2.01 and 3.0 acre~feet of
water per acre during the year. Nevertheless, the same phenomenon occuss in the
groups irrigating by gravity and pumping; o higher percentage of farms consume limited
quantities of water, generally less than 1,0 acre~feet per year, In the main this group
is made up of small farms which, in this case, account for 48% of the total number of
farms. Twenty~four percent (24%) of the furms using the combined method of irrigation
consumed between 1.0 and 2,0 acre-feet of water during the year, and a further eight

41
percent (8%) consumed between 3.0l and 4.0 acre-feet per acre.

It is significant to note that of the items of cost that enter into the irrigotion ex-
penses of all the groups, that of labour is the highest. In the interviews held with the
farmers included in this study, questions were put on several of the items of cost which
enter into the agriculture under irrigation being carried out in the Lajas Valley Project,
The object was to get their opinions on the items of cost mentioned. The onalysis of

these opinions is presented in Table 28,

—_-_H_Hl_l-_____—__._

4i. See Table No, 27, Infra, p, I10.
42. Infra, p. I,
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It can be seen in this table that 40% of the farmers interviewed agreed that
labour is the most costly factors in irrigation activities in the areq. Thirty percent (30%)
of the farmers were of the opinion that the cost of irrigation water was more imporrant
than the other factors in the total costs of irrigation, Fourteen percent (14%) of the far-
mers gave greatest importance to the preparation of the lond as a determining factor in
irrigation costs . Eight percent (8%) of the farmers considered the cost of equipment and

eight percent (8%) considered the cost of maintenance to be the items of greatest impor=

fanca.

5, Comparative Corﬁunief_iaﬂ Among the Users of the System

There are various users of the waters of the Lajas Valley Irrigation Project,
Among them are the following: private farmers with earlier concessions from the Spanish
Crown to use the waters of the Yauco River, the Lajos Aqueduct, the Puerto Rico Land
Authority, the Laguna Cartagena, and the private farmers of the Lajas Valley , Table

43
No., 29 shows the way in which the water from the dams on the project is distributed.

The Land Authority and the private farmers are in general those who use the water for
agricultural purposes. The farmers who hold concessions dating from the Spanish Rule use
a total of 6,000 acre~feet of water ¢ year, The amount of water consumed per-acre is un=-
known. However, the amounts of water consumed by the Land Authority and the private
farms of the Lojos Valley can be compared. Graph No. 12 presents a comparison of the

consumption of water among these two groups of farms, 44

ey — T

43, Infra, p. 113.
44, intra, p. 114,
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Graph # 12: Comparative Consumption per Month of the Land Authority and the
Private Farmers of the Lojas Valley During the Fiscal Year 1969-70,

lL.egend
L. A. Land Authority

Rl e e ———

mwmmeeme= P F, Private Farmers.

te v

S e i S Sr L



104

As can be seen in this graph, the Land Authority consumes greater quantities
of water than the private farmers in Valley. It is possible that this is one of the reasons
why the tonnage of cane per acre produced by the Authority is greoter than that produced
by private farmers,

It is interesting to note that the months of highest consumption are April and
July. After this latter month consumption is reduced in both cases. This is because
the rainy season begins at this time in the Southwest of the Island, and the farmers order
the suspension of deliveries of water,

The low consumption of water in the Laojas Valley has been noted almost from
the time thot the first deliveries of water began. Graph No. i3 shows the water con-
sumption of the private farmers in the Lajas Valley and of the Land Authority in the last

¢ 45
en years.

As can easily be seen, the irrigation pattern is almost the some for every year.
The Authority consumed greater quantities of water than the private farmers. The obvious
deduction is that this is the result of the Government body having greater economical re-

sources thdn the farmers in the area,

E. lrrigation and the Sugar Cane

It is evident that irrigation is & practice of vital importance in the production of
sugar cane in the Lajas Valley. Earlier investigations have shown that there is a series
of agronomic practices related to high production of this crop. 46 Among these practices
are the frequent renovation of seed, the control of weeds, frequent irrigation and especially

the use of high nitrogen applications. However, in areas like the Lajas Valley, where

=k e n e

45, Infra, p. 116,
46, Supra, p. 37,

T e o e — (] PRLCEICIFLEY et~ S, Sy L PR, e e —
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rainfall is scarce and poorly distributed throughout the year, irrigation is a determining
factor in sugar cane production.

According to the statistics given in this study, the farmers whe did not make
use of irrigation produced an average of 4.32 tons of cane |ess per acre than the farmers
who did use irrigation on their farms. If the recommended quantities of water had been
used the difference would possibly have been greater. In the light of the statistics
presented in Table No. 30, it is significont to point out that the farmers who irrigated
their farms received on average $55.25 more per acre than those who did not irrigate
af all, e In addition, the statistics in this table show that the income per acre from
all items is higher on farms using irrigation which makes the total income per acre also
much higher. It should be pointed out that the income received by the farmer in this
type of industry depends principally on the volume of the harvest. The lands vnder ir-
Figation in this crea are provenly more productive and obviously rheir.incnmas are higher.

The disproportionate difference observed in the incomes drawn from the incen-
tives provided by the island government, stems from the fact that those farms using ir-

rigation also made new sewings of cone. The farmers owning these farms received the

incentives corresponding to this practice. The farmers on the farms studied who did not

irrigate did not renew their plants during 1969-1970.

W . £ sy P

47. Infra, p. 118,
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The tota! costs of production per acre cultivated were less on the farms not
_ 48
trrigating than on those using irrigation, It must be pointed out that the same
is not ‘true of the total costs per ton, These costs were much lower on farms under
'irri’gnﬁun in all items, as can be seen in Table No. 31. [+ should be mentioned thaf
these farms, because they are more productive, produce a greater volume of cane per
acre and as o result the costs are lessened per unit produced.

The net profits per acre and perfon wem greater on those farms which used

irrigation. As can be seen in Table No. 32, the farmers who did not use irrigation on

49
their farms failed to receive an additional net profit of $39.91 per acre under cultivation.

The difference in net profit per ton of cane produced on both types of farms was on cverage
$1.18. Naturally, this shows that the additional cost of using irrigation water is recom-
pensed by greater prnﬁix..

Graph No. K4, shows the relationship between the quantity of water consumed
and the net income obtained. For the purposes of analysis, the farms studied were
classified into four groups according to the quantity of water consumed. |+ should be
pointed out that the group of farms with the greatest net income was that whose farms
used 2.25 to 3,0 acre~feet of water per acre per.year. This group had @ net income per
ton of $3.2{, The lowest net income is found in the group of farms which used no water
at alf. These farms produced a net income of $1.83 per ton, which can be considered very
low in comparison to the other farms in the valley. 1n addition one can note the difference
between the group of farms not using irrigation and that using from .1 to. 75 acre~feet of
water per year, The difference in the net profit per ton obtained by these two groups is

$0.98. This proves once more the positive way in which sugar cane in this area responds

e — wih

48, See Table No. 3, infre, p. 120,

49. lnfra, p, 121,
50, Infeo, p. 122,
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to the use of irrigation. With the use of more than .75 acra~feet per acre per year the

net profits continue increasing, but on o lower scdle.

To summarize, the costs, incomes and net profits were higher on those forms which

made use of irrigation than on those which used no irrigation at all. it has been proved,

therefors, that the production of sugar cane in the Lajos Valley depends on the quontities

of water used,
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V- SUMMARY AND CO NCLUSIONS

data obtained on the following subjects.

1.

10.

1,

Socio~economic factors related o agricultural planning in the Lajas
Valley.

The problems of cattle-raising,

Evaluation by the farmers of the fand and cattle development of the areq
of the Lajos Valley under irrigation,

Eveluation by the farmers of the services offered by the Department of
Agriculture and the Puerto Rico Water Resources Authority.

Evaluation by the farmers of the public policy governing the lrrigation
Project in the area.

Evaluation of the factors affecting irrigation costs,

Evaluation of the items of irrigation costs by the farmers.

The costs of irrigation dccording to the method used.

A.  The cost of irrigation by gravity.

B.  The cost of irrigation by pumping.

C. The cost of irrigation by combined method of irrigation and pumping.
The causes of the low consumption of irrigation water by the private
farmers in the Lajas Vailey,

Comparison of the outlay and income in the cultivation of ‘sugar cane and

the apparent benefits of irrigation,
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A. Specitic Conclusions

1. The socio-economic factors related to the agricultural plenning of
in the Lajas Valley.

The Age of the Farmers

The majority of farmers who operate farms in the Lajas Valiey are over 50
years old. According to the statistics included in this study, this group constitutes

63% of the total. The average age of these farmers is 54.

Education

The farmers of the Lajos Valley, compared with other farmers on the Island,
have a high level of education, The averoge educational level of the farmers in
the area is 11.1 years. Sixty-four percent (649%) of the farming population studied
had between nine (9) and sixteen (16) years of education. This is a fact of great
significance for the adoption of new methods in fhe ugriculfﬁml field, for the raking

of decisions and for the general administration of the land and cattle industry.

Tenancy of the Rarms

The forms of the Lajos Valley are not a!l operated by their owners. The farmers
operating rented farms made up 61% of the population studied. Only 29% of the far-
mers run their own farms.,

It may be concluded that one of the reasons for the faifure to adopt more
advanced methods, as much in the field of modern irrigation as in that agricultumal
cultivation, seems to be the fact that a great majority of the farmers in the Lajas

Valley do not own the farms they operate.
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The Size of the Farming Unit and the Employment of the Land

Of the farms studied, 64% were farms of 150 acres or less wheih can be con-
sidered small farms. As to water consumption and irrigation operations, the small
farms are those which consume the least water and which have the highest operational
cosfs.

Economically the ﬁmsr importont crop in the Valley is sugar cane. This accupie
96.6% of the present irrigable area. This is followed in importance by pasture area
for livestock. Improved and natura! pastures fake up approximately 28% of this area.
Vegetables and fruits are cultiveted to a lesser degree, only 2% of the total area

being dedicated to these.

2, The Pmbl_gm of Cutﬂf_—'mising_: |

Irrigation is necessary in the Lajas Valley to sustain and increase land and
cattle production. Cattie raising in this area is an industry whose profit and loss depenc
upon the amount of rainfall and its distribution throughout the year. This stems from
the fact that the majority of areas given over to pastureland do not make use of
irrigation.

When periods of extreme drought occur, the production of both milk and beef
falls to levels far below the costs of production. Farmers possessing herds of beef
cattle are forced to sell at very low prices, and on many occasions to dispose of the
herds cltogether. Farmers dedicated to milk production find themselves involved in
heavy investments in concentrated foods in order to maintain their stock. On severcl
eccasions the Government has had to intervene and establish emergency programmes

to relieve the situation.

It is obvious that to avoid this problem it is necessary fo convert a sufficient and
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practicable area of pastureland now unirrigated into pasturelond under irrigation. This

problem should be studied in greater depth, especially in respect to the raising of dairy

cattle,

3. Factors which Af@:t ﬁ_igri:u!rurul Divars_i_fi’cutinn

The level of agricultural diversification in the Lajas Valley is very low. It can be
said that the ogricultyral development of the area has not achieved the divessification
of crops and of land and mﬁla-antarprises originally planned at the beginning of the
project. The predominant crop is sugar cane, which takes uplnv&r 90% of the lond under
irrigation in the oreqa.

According to the farmers and the technico! experts, the factor most responsible
for the reduced divessification in the Lajas Valley is the probfem of marketing. For
some farmers, the second most important factor is the limited quantity of irrigation
water. This seems paradoxical, as apparenitly the water in the dams is sufficient to
allow each farmer at least 3 acre~faet of water per acre per year,

There are various reasons why the farmers consider the limited quantity of water
to be an important factor in agricultural diversification. In the first place, the amount
of water available for irrigation in the Lajas Valley depends on the rain which falls on
the collection areas of the project. The months of highest rainfall in the eollection area
which supplies the dams ore September, October and November. tn years of extreme
drought the dams are not filled to capacity and little water is stored. The Puerto Rico
Water Resources Authority therefore finds it necessary to ration the supply of water,

In the second place the water collected from the "inflows" | is stored in the lakes, but

T —— R 23 s TR,

1. For a definition of this term see Chapter I, Supra, p. 34
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the deliveries are controlled during the summer so that there will be sufficiens water

during the dry season from December to April. In the third place, the dams in the

summer do not contain much stored water as generally most of this has beer used in

the spring sowing, Further, in these months greater quantities of water are consumed ,

as the cane sown is in iis deveiopment stage,

Another very significant factor in agricultural diversification is inadequate financ~
ing. Irrigation is a costly practice and demands that the farmer always have economic

resources available for this activity, In spite of the fact that there are many agencies

which give credit to the Fuﬁner, these are very demanding in their procedures and the

loans take a long time coming through,

According to the observations made during this study, the farmer himself is one

of the important factors responsible for low diversification., Although this factor was

not strictly included in the research + it has been found that the farm operator per se

limits both agricultural diversification and the productivity of his lands,

For example,

the soils of the Lajas Valley aree have a productive capacity for

varied crops . Nevertheless, the investments which the farmers have made and con-

tinve making in machinery and equipment, albeit for less productive crops, impede

diversified agricultural develgpment in the areq,

4, Evaluation by the Farmers of Land and Cattie De

veluEr_nant

in_the Areg Under Irrigation in _the lajas Valley,

For the majority of landholders in the area, agriculture in the Lajas Valley shows

only slight improvement . Eighty percent (80%) of those included in the study shared

this opinion. Only 6% considered agriculture in the Valley to te highly developed,

On the other hand, 14% were of the opinion that agricultural development had been

slow and costly,



120

9. _Evaluation of the Services Offered by the Department of Agriculture

and the Puerto Rico Water Resources Authority,

According to the majority of farmers the services offered by the Department of
Agriculture in the area are excellent. In addition, the farmers find the services of-

fered by the Puerte Rico Water Resources Authority to be satisfactory,

6. Evaluation by ti'ng Farmers of the Public Policy Ruling the Irrigation
Project in the Area.

For the majority of farmers the irrigation project in the lajas Valley has been g
success. For many of the landholders in the area, the irrigation and drainage system
established has been of gfeut benefit to their farms.

According i'o the data obtained during the study, the public policy followed in
the Llajas Valley project can be considered effective,

7. Evaluation of the Factors Affecting Irrigation Costs,

According to the statistics given in this study, of the ten (10) factors presumed to
affect irrigation costs, five (5) are of significant importance . According to the ex~
perts these factors are, in order of importance :

(1) topography,

2) the administrative aspects of the system ,

(3) ‘the method of irrigation used,

(4) the size of the agriculturgi unit ond

(3) the farm structures,

The study shows that the influence of the other factors on irrigation costs is less "
and in some cases, insignificant.

Of the above mentioned factors, topography is the most important in relation to
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irrigation costs. M is obvious that on the steeper farms where irrigation has of neces-
sity to be effected by pumping this process is much more costly, even though the cost
of water is less,

The size of the farms is another very significant factor in irrigation costs in the
Lajas Valley. According to the statistics presented in this study, the highest irriga~
tion costs are borne by the smallest farms. The larger farms, apparently becayse they
have larger economic resources and structures for storing water, tend to be more effi-
cient in their use of irrigation.

8. Evaluation by the Farmers of the Items of Irrigation and Operational

T e e e

Costs.

Among the items effecting the costs of agricuiture by irrigation in the lajos Valley
area, labour is the most significant. The great majority of farmers share this opinion.
Besides, this study has proved that among the total costs of irrigation operations the
cost of labour is the highest, For many farmers, the second most important jtem of
expense is water. This, however, is the result of low consumption . An acre-foot of
water carriesa fixed price of $6,00 if supplied by gravity and of $3.00 if the farmer has
to use pumps, The pfice per acre-foot could be lower if the farmer would use all the
water towhichhe is entitied each month. In fhisway he could rake advantage of the
additional water which the system provides for those farmers who exlﬁ:mf their monthly
ration and which is given free of charge. This would reduce the costof water consumed.

The preparation of land to be trrigated for sowing is alsc a very significant jtem
of cost in the agriculture of the area. This preparation includes, among other things,

the levelling of the land, the construction of drains, and, in the case of undulating

farms, the provision of contour furrows. The other jtems of cost, although they are
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of relative importance in the total cost of irrigation operations, are not so heavy for

the farmers in the Valley,

?. The Cost of irrigation According to the Method Used,

A. The Cost of Irrigation by Gravity,

Of the total number of fﬁ'rms irrigating by gravity the majority are small farms of 100
acres or less. With this system of irrigation , these small farms consume much less water
than the larger farms. Despite the lower consumption of water, the cost of irrigation is
much greater per unit of water consumed than on the large or larger forms. Based on the
statistics presented in this study it can be concluded that the cost of irrigation, although
it appears to increase as the amount of water increases, in fact tends to decrease in pro-
portion to the units of water consumed .

The cost of labour tends to decrease with jncreased water consumption, although
the cost of the water itself does not follow fhis pattern as it carries a fixed price, In
the gravity method of irrigation the application of an acre-foot of water per acre costs
about $14.00, The application of an additional acre~foot costs $9.ZU or $23.70for two

acre-teet of water. This shows that the greater the quantity of water consumed, the

lower the cost per unit.
B. The Cost of Irrigation by Pumping.

As in the case of irrigation by gravity the small farms are those which consume
the least water, As the size of the farm increases so the quantity of water consumed
increases also. The consumption of water by the pumping method is far less than by
the other methods operating in the lajas Valley. in 1969-70 consumption was much

lower than that required by the crops.

As opposed to irrigation by gravity, the cost of labour tends to increase per unit
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of water consumed. In pump irrigation the cost of the application of one (1) acre~
faot of water per acre per yeor is around $12.25, lower than thet of fthe application
of the same amount of water by gravity. This is explained by the fact that irrigation
water for application by pumping costs less,
C. The Cost of Irrigation by the Combined Method of Gravity and
Pumping,

The undulating farms ore those which are irrigated by the combined method of
gravity and pumping. These E:Irms tend to use slightly larger quantities of water then
those which are irrigated by other methods .,

The small farms follow the same irrigation pattern as those irrigated by other
methods. These smaller farms are those which consume the least water, In addition,
the cost of irrigation on the small farms which use this method is much higher than on
the larger farms .

The cost of imrigation per acre per year on unduilating farms varies according to
the consumption of water and the labour wsed. For example, the application of one {1)
- acre -foot of water per acre per year by the combined method, costs $9.00, but the
application of more than 1.5 acre ~feet per acre per year tends to double the cost, The
application of two (2) acre—feet of water per acre per year is about $18.00. This is
contrary to the other methods.

The low consumption of water and the high cost of irrigation shown in the small
farms irrigating by the three methods is the result of a lack of structures for storing
water, in general the larger farms have artificial pools and tend to be more efficient

in their use of irrigation.
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10. Caouses of the low Consumption of Water by Private Farmers in the

Lajas Valley,

It has been recognized that the productivity of land dedicated to sugar cane can
be greatly increased by supplementing rainfall with irrigation. The cultivation of sugar
cane with growth periods of 12 to 14 months requires from 110 to 120 inches of water,
which is equivaient to an average of 9.4 acre-feet. For growth periods of 10 to 12 months,
90 to 110 inches of rain are required or opproximately 8.3 ucre-Feet.z If we discount
the average rainfall in the area of 34 inches per yedr, or approximately 2.4 acre~feet
of water per year, then the supplementary amount of water required in each cose would
be 6.8 and 5.5 acre-feet of water respecﬁvely.s In the light of these focts we find
that the farmers of the Lajas Valley area are not using the amount of water needed by
their plants. The following are among the possible causes of the low consumption of
irrigation water,
a} The economic situation of the farmers. Irrigutit_}n operations required consid-
erable sums of money at frequent intervals, while the income of the farmers
is annual, after each harvest,

b) Irrigation operations are costly, especially the iabour involved.

—— - S

2. A. C. Bames, The Sugar Cane, (New York: Interscience Publishers Inc., 1944},

3.  The equivalencies are calculated on the basis of the conversion tables supplied
by the Puerto Rico Water Resources Authority. One point zero (1.0) inches of

rain equals 27,167 gallons per acre and one (1) acre~foot of water equals
325,850 gallons.
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c) A large number of the farmers do not have structures for the storage of
irrigation water, especially the owners of small farms. These formers are
at the mercy of the employees of the Puerto Rico Water Resources Authority
who open and close the sluices according to their hours of work which
are not ulwuy# convenient to the landholder.

d) The way in which the water is supplied. Those farmers who receive wates
by pumping use less woter,

e} There is a considerable group of farmers who use other sources of water .
These farmers moke use of water from gulches and streams ond many of
them use water from the project's drainage system,

f)  The limitation of the system itself,

it is worth noting that, even if the farmers were economically able to opply the
supplementary woter required for the optimum growth of their cane plants, they could
not do so. This stems from the limitations of the system and the established norms. The
system can supply up to 4.0 acre-feet of water per acre per year, although on occasions,
~ when the dams are filled to capacity, additional amounts could be supplied. The norms
laid down make this..impossible-.4

11. Comparison of Outlay and Income in the Froduci_‘_ibrl_nf Sugar Cane and

the Profits Obtained through Use of Irrigation.

The use of irrigation has a marked influence on the production of sugar cane and on
the income of the farmer in the Lajas Valley. The effectiveness of irrigation in the area

is proved by the fact that the farms irrigated achieve a higher level of production than

those that do not use irrigation.

-~ L L W —

4. Sypra, p. 8.
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Even in 1969-70 when the consumption of water was very 1ow, the statistics presented
in this study show how economical is the use of water on sugar cane farms. This is alko
proved by the fact that the farmers using irrigation had an average profit of $55.25

more per acre harvested than those who did not wse irrigaﬁans .

Rainfall in the Lajas Vailey is not sufficient to cover the basic needs of the crops.
Therefore, to achieve the optimum development of the plant and to obtain greater pro-
duction it is essential to supply the required water by irrigation.

To achieve reasonable profits in the production of sugar cane in the areq ; high
volume production is required. This is proved in the study by the fact that those farm-
ers who irrigated obtained greater crop volume and that the total cost per ton was much
lower. As a result, the net profit of the farmer increased. The farms irrigated received
$392.91 net additional inceme per acre harvested more than those not irrigated . .
Besides the increased income received by the farmer, other benefits of irrigation are
the increase in salary and other benefits received by the employees,

B. _?eneml Con:lusiuni

Alternatives for the Project in the Employment of Land .
In the economic year 1969-70, the agricultural sector of Puerto Rico achieved g

gross income of $270.5 milliumy. It is important to point out that, besides this income,

3. Svpro, p. 117

6. Supra, p. 118

7. Governor's Office, Puerte Rico Planning Board, Four Year Economlc Programme,
San Juan, Puerto Rico, Januvary 1971, p. 25,
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stantial incentives offered by the Government, the reduction of harvests continves qt
an increased rate. One of the items whose falling production has been marked in the
last few }?eurs is sugar cone. In the sugar-making seasons before 1960 the production
of sugar surpassed one million fons on many occasions. Production had fallen to 460,000
tons for the sugar-making season of 1949-70 and it continues to fall,

With respect to the Lajas Valiey, sugar cane should continue to be produced, not
only because of what has been said above but glso for the following reasons: in the
first place, sugar cane st produces a considerabie income and can rely upon anas-
sured market; secondly, the preduction of cane in the areq helps the operations of the
Guanica Central, as the majority of farmers crush their cane in thie mill. Thirdly, the
heavy investments made by the Government and private farmers make it hecessary that
the area continue in production; and for the moment, sugar cuné offers good prospects for
the aree, This is so becguse the farms in the Valley are highly mechanizable. Never-
theless, if the present crisis in the industry lasts and the costs of production continue fo
rise while the sugar yield per ton continues to decline, then considerable changes will
have to be made in the agricultural planning for the Lajas Valley with respect to the
lands that are being wed for sugar cane,

The prices of agricultural produce are sensitive to supply and demand. There~
fore, the production of other crops, which cannot rely on q large and assured market

and on more or less stable prices, would bring with it uncertainty and changes of at=~

titude in the farmer towards famming. As regards thie situation, it should be pointed
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out that the outlock is changing. At present the demand for items of nutritive produce
such as vegetables and legumes is increasing in Puerto Rico .

tn 1969-70 these items brought to the economy of the Country $14 million. This
represented 15% of the total gross agricultural income for this year & . It is important
to point out that the Government is extremely interested in increasing production of
these items. To this end a plan has been drawn up to stimulate the increased produc-
tion and marketing of nutritious produce

This production will be organized according to the necessities of interna! consump~

tion and the possibilities for export. The basic unit of production in this plan is known
as a growth pole, which is the concentration of technical and economic efforts in col~
laboration with a group of farmers in an area for the production of certain agriculturai
produce .

The programme for the Deve_inpmeni of Nutritious Produce has the following ob-

jectives:

1. To increase the production of nutritious produce to supply internal demand
and for the export of this produce where it is possible to compete with ad-
vantage.

2. To change the agricsltural pattern from a subsistence agriculiure to pr_odﬁc-

tion on a commercial scale.,

ek S Pl e

8. Department of Agriculture, Plan para Estudiar el Desarrello de la Produecién
¥ Mercadeo de Frutos Alimenticlos, San Juan, Puerto Rico, August 1977,
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3. To achieve the highest level of agricultural production in the least possible
time,

4., To achieve a rational commercialization of these products, both fresh and
manufactured, protecting the consumer and at the same time the farmer

3. To increase the income of the farmer .

6. To achieve the best use of the agricultural land in the Country.

7. To increase the production of native produce in Puerto Rico .

The Lajas Valley uffers_u series of advantages for the Iacnl.iznfinn of a growth pole,

Some of the advantages that can be mentioned are the following:

t. It possesses an irrigation system by which production js possible throughtout
the year,

2. The soils are fertile and respond to irrigation,

3. The greater part of the land is flat and mechanization is feasible .

4, The Mayaguez and Ponce markets are accessible outlets for the produce .

5. There are trained technical personnel and an Experiment Station in the qrea.
These could be of great help in solving such problems of fechnical importance
that may arise ,

6. A large number of farmers have shown their interest in devoting themselves to

other concerns besides sugar cane and cattle raising,

AsEt:fs of Soil and Wu_l'nr %mﬁnn

Agricultural planning carried out in areas like the Lajas Valley with a view fo-
wards the increased productivity of the land and the stimulation of land and cattle de-

velopment in the region necessitates the delineation of an action programme for the

conservation of soil and water,
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According to many authorities the loss of irrigation water in the fields occurs in
the following ways:

1. By evaporation when the water is carried in open canals. This is common in

the Lajas Valley project .

2. Through the "inflow" on the surface of the fields,

3. Through filtration owing to the porousness of the soil.

4. Through plant transpiration.

3. Through evaporation on the surfoce of the soil,

Another cause of the loss of irrigation water is the excessive length of the furrows
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and

canals on the farms, The greater the length, the more filtration and percolation occurs

in the soil. For the water to reach the lower end of the furrows when irrigation is car-

ried out by this method, great quantities are applied at the beginning of these. To

excess is carried away by the drainage canals.

Soil erosion is a great danger in irrigation areas, as much in dry as in wet regions
Besides the damage occasioned by irrigation, uncontrolled water causes serious prob-
lems of drainage and salt accumulation in the low-lying land. This is a latent danger
in the Lajas Valley,

The Drainage Problem

]

Drainage is @ fundamental necessity in any irrigation project. Whenever irrigation

water is applied to an area the resulting excess must be removed by natural or artificial

means, In this respect the Lajas Valley is no exception; on the contfrary the area suffers

severe drainage problems which increase the possibility of salt gccumulations in the soil

i
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in this area there is a lack of natural drainage both on the surface and in the soil. For
this reason, in order o protect the land, it is necessary to maintain the estoblished
drainage system in operation.

In accord with the observations made, it is worthwhile pointing out that the main~
tenance of the drainage canals both by the farmers and, in the case of the main drainage
canal, by the Government is not as compiete as it should be.

In addition it is vital that the farmers in the area carry out to the full the required
soil and water conservation practices. Technical recommendations on this matter are
apparently not being adequately followed. This situation should arouse the interest of

the technical personne! concerned so that practical solutions to the problem may be

found,

VI~ RECOMMENDATIONS

I.  The Agricultural development of the future will depend on young farmers who
are enterprising and innovative and who use the new technology in the most effective
possible way. For this reason it is recommended that, through the combined action of
the Mayaguez Regional Agricultural Bureau and the Lajas Valley Development Bureau,
a plan be set yp to direct the training of young men in the techniques of modem agri~
culture: Those who show high potentital and great interest in loand and cattle produc~
tion should be found the means of becoming bona fide farmers in the Lajas Valley. The
farms should be acquired through government aid or by means of acredited agencies.
These individuals wﬁ:uld gradually replace the present farmers, the majority of whom

are over 50 years old.

2. Studies carried out in the United States and Holland hove shown that those

farmers who operate self-owned farms have « greater tendency to accept and adopt new
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agricuttural techniques than those who do not own their land ? inthe Lajas Valley,
as this study shows, a relatively high number of farms are not operated by their owners
but are either rentad or worked by administrators. It is recommended that the lajas
Vailey Development plan include measures to encourage the buying of rented or ad~
ministrated farms by those with the potential to become competent tarmers and who are
receptive to the changes in modern technology .

3. The use of irrigation water alone does rat insure the appropriate deve lopment
of farms. A revision of the objectives to be pursued is required as well as much more
dynamic programming to achieve the efficiency and high production necessary to pro-
vide the farmers with a reasonable profit, so that he in his turn can pay more and betfter
salaries ,

The Agricultural Development Programme for the Lajas Valley should be revised nn
the basis of the following criteria:

In the first place,the statistics and results of the present study should be considered
as a framework of reference and, secondly, the changes should be made in the light of
the present agricultural incentive programme offered by the Department of Agriculture .

4. The new programme set up should take into consideration the production of
other crops such os green vegetables and legumes. In this way the farmer could take
udvnnmge of the aid offered by the Government in its pian to stimulate the development
and marketing of nutritious produce .

5, The prese:;'if study has shown that one of the principal fimitations confronting the
former in taking advantage of irrigation is inadequate financing. Irrigation is costly, and

therefore it is recommended that, through the Agricultural Credit Corporation, an agency

aftached to the Department of Agriculture, a system of loans with yearly payments be es~

il

9. Supra, pp. 44, 45
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tablished for the financing of irrigation operations. The farmer would be able to pay
this loan at the end of each harvest. Such financing should stimulate the consumption
of irrigation water in the Valley,

6. A large number of farmers within the project are not using the irrigation water
from the system. These persons have equipment or other means for utilizing the water
from the dreinage canal. It is a matter of urgency to draw the attention of the proper
authorities to this in order that they may adequately control the problem. The use of
drainage water is highly detrimental to the Valley soils owing to the quantity of salis
it contains,

£y -One of the causes of the high irrigation costs discovered during the study is
the lack of uniformity in the schedule of water deliveries. It is recommended that the
perfinent authorities look for means to better the water distribution service . A sched—
ule of deliveries should be arranged which answers the needs of the farmer, so that
the water can be applied with the greatest efficiency and at fhe least cost.

8. The study shows that another of the factors responsible for the high cost of
irrigation, particularly on the smaller farms, is the lack of structures for storing water .
It is recommended that the construction of artificial pools be encouraged in the Lafos
Valley, Although govemment aid afready exists for the building of these structures, o
large number of farms do not have this facility. These pools not only aliow the farmer
to lower the operational costs of irrigation but give him flexibility in controlling irri-
gation on his farm.

?. So that the farmer in the Lajos Valley is up to date on new technology, he

should be kept informed of the results which the Agriculturae!l Experiment Station is ob-

taining in its researches in the field of irrigation. This is of vitol importance, especially
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to the cultivation of sugar cane, the predomingnt crop in the area. During the last few
years in the United States, notably at Fort Collins, Colorado, they have been testing a
fully automated isrigation system with a series of sluices that open and close automatically .
These sluices are adjustable in such g way as to permit the controlled outlet of water. In
Hawaii, automatic and semi-automatic systems of opening ond closing sfuices are glso
being tested, in order fo reduce to g minimum the part played by the irrigator, |t is
recommended that these advanced techniques be introduced into Puerto Rico by the perti-
nent authorities and be the object of analysis and evaluation by the Experiment Sration ;
These new techniques in. irrigation by cana Is and furrows, the methods common in the
Lajas Valley, could be of great benefit to the farmers by reducing the operational costs
of irrigation,

11. The consumption of ircigation water is much lower than the physiological
needs of the crops. To stimulate the consumption of irrigation water a study should be
carried out to determine the possibility of reducing the price of water, It should be
feasible to price the water delivered by pumping at $2.00 per ﬁcre ~foot and that de -
livered by gravity at $4.00 per acre~foof, The possibility of giving o third acre~foot

free of charge should also be studied as very few farms make use of the fourth acre~foot

the following material:
a} Characteristics, properties and limitations of the soils in the areq,
b}  Means and recommended practices for the conservation of soil and

trrigation water,

¢} Water requirements of various crops,
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d) The planning of water distribution on the form, so that there is
sufficient water for all cultivable land.

e) Means of adjusting irrigation methods to the crops and to the supply
of water available,

f) Factors affecting irrigation cosis.

13. The Government of Puerto Rico plans to establish an international airport in
the Lajas Valley. This would mean the dgdimtiﬂp of an enormous area to commercial
and urban development with the consequent loss n.F agricultural land,

Considering the investments made in the irrigation project, as much by the Govern-
ment as by private businesses, and considering also what this area means to the agricul-
tural development of the Country, it would be worthwhile analysing in greater detail
this proposed airport, The permanent dedication of this area to agriculture should be
planned as well as the continued operation of the project as heretofore.,

14, One of the faults of the irrigation system is the loss of water that occurs for
various reasons, For example, if only three (3) or four (4) farmers ask for irrigation
water the main canal always has to be filled and the excess water is lost in the sea.

In order fo correct this situation, the construction of o regulator lake in the Valley
is recommended in order to recover the excess water from the main canal which is at
present lost,

15, The farmers in the Vailey flood or over-water the ldnd when irrigating, In
general irrigation fakes place once a month with amounts of water which in many cases
exceed the absorption capacity of the soil. This undesirable practice shouldbe corrected

to avoid both the waste of water and the gdverse atfects on soil conservation, The setting
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up of an irrigation plan is recommended in which water supplies are regulated by means

of o permanent rota. In this way the monthly ration could be distributed in two or three .

applications according to the amount of water required by the crops.

By programming the deliveries of water, if possible by groups of farms, the dis-

tribution of irrigation would be improved, thus moking more efficient use of the operators

who open and close the sluices or outlets. As o result the operational costs of irrigation

should be considerobly reduced.
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