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FOREWORD
 

This is the first substantive report submitted under contract AID/csd-2167, "Water Management Research in Arid 
and Sub-Humid Lands of the Less Developed Countries." The Contract between AID/Washington and Utah State 
University was signed on June 28, 1968, and funded for an initial period of 21 months. The research work under the 
Contract is being conducted mainly in Latin American countries. 

Concern of AID/Washington over the problems of feeding burgeoning populations throughout the world over the 
next 20 years resulted in AID's cooperation with several universities to work in water management research for 
increased agricultural production. This cooperation led to the creation of a Consortium called "The Council of United 
States Universities for Soil and Water Development in Arid and Sub-Humid Areas" (CUSUSWASH). The Consortium 
was formed on May 12, 1967, with the University of California, Colorado State University and Utah State University as 
Charter members. The Universitv of Arizona joined the Consortium in October 1969. 

Each of the universities of CUSUSWASH, although united in the common cause of helping to solve water 
management problems for optimum production of food and fiber, carries out its activities under srparate contracts with 
AID/Washington. CUSUSWASH acts in an advisory capacity to each contract. Periodic meetings are held to report 
progress, exchange information and discuss problems encountered in carrying out programs. It was through agreements 
reached in meetings of CUSUSWASH that the geographical areas of work were defined in broad terms. Colorado State 
University will work in Pakistan, the University of California in India, and Utah State University in Latin America. 

At Utah State the research has been conducted under the general direction of the Department of Agricultural 
and Irrigation Engineering with strong support from the Utah Water Research Laboratory, and other departments 
including: Agricultural Economics, Civil Engineering, Electrical Engineering, and Soils and Meteorology. 

This report covers in some detail the work done by Utah State University, focused on water management 
problems for increased agricultural production in Latin America. 



SUMMARY OF ACTIVITIES
 

INTRODUCTION 

The Utah State University Contract AID/csd-2167 
"Water Management in AridResearch and Sub-Humid 
Lands of the Less Developed Countries," was signed 
June 28, 1968. Activities under the Contract frominception through itsNovember 30, 1969 are summarized 
intfollowing paragraphs. Details of work accomplish-in the fo llo ing t h D of or k 

PLANNING AND PROJECT DEVELOPMENT 

Operations under the Contract were initiated in 
July 1968. By autumn 1969, field work on five separate 
work plans dealing with physical aspects of water man-
agement problems had been initiated in four countries. 
In addition, three work plans dealing with economic and 
legal considerations have been formulated and are in the 
final stages of implementation. Initiated work plans re-
late to irrigation methods, crop varieties, population 
and fertilizer interactions, evapotranspiration aid water 
requirements, drainage and salinity, off-season irrigation 
and research planning to support the Sao Francisco Val­
ley development in Brazil. One scienitist is now in resi-
dence in Chile and plans are well advanced to place at 
least six more within the next few months in selected 
countries. In most cases scientists have been identified 
and country and AID Mission agreements developed. 
Several personnel are already receiving intensive language 
training in preparation for their assignments. 

Chronologically, the first task was to assemble as 
much information or. the water resources, soils and cli-
mate of Latin America as practical. Climatological and 
hydrological records were obtained from many sources 
including the following: Atmospheric Science Library; 
Bureau of International Commerce, U. S. Department of 
Commerce; Food and Agriculture Organization of the 
United Nations; Library of Congress; Meteorological 
data collection agencies in Latin America; Pan American 
Union, Organization of American States; private inter-
national development companies; USAID library, Latin 
American Bureau; USAID Missions in Latin America and 

the North Carolina Soils Testing Program. Specific infor­
mation has been assembled for Argentina, Brazil, Chile, 
Colombia, Equador, Honduras, Peru and Venezuela. 
Publications of a more general nature have boen ob­
tained for Latin America as a whole. 

Materials were reviewed to determine their rele­
vance to the project at this time. Those portions of pub­lications which recorded basic physical data in the arid 
or sub-humid regions of interest were copied, as were 
portions of publications or reports which describe in de­
tail the basic fields of interest. Information of a more 
general nature was summarized and its location noted 
for future reference. Other information considered too 
general in nature, redundant or outdated by the re­
searcher was noted on bibliography cards with a brief 
statement as to contents for future reference if needed. 

Publications and reports located at sources other 
than libraries were obtained in complete form whtrever 
possible; otherwise they were recorded in the same man­
ner as library information. Appendix A contains a com­
plete listing of materials and data obtained thus far. 

With this background information, a University 
team visited El Salvador, Honduras, Venezuela, Colom­
bia, Peru, Chile, Argentina and Brazil between February 
17 and March 25, 1969. Research needs were enumer­
ated by officials of the respective countries having
knowledge of water management problems and by the 
USAID Missions. Project plans were discussed, specific 
country and USAID country mission interests ascertain­
ed, areas of priority established, and agreements obtain­
ed regarding nature andthe scope of the research. A
 
detailed report of the USU research Latin
team visit to 

America is contained in Appendix B.
 

Following the trip, astatement of the research ob­
jectives, along with prepared work plans, was submitted 
to the concerned USAID country missions by the pro­
ject staff. Country approval arid USAID country mission 
clearances as well as Washington approval were obtained 
before work within a country was initiated. A digest of 
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the work accomplished on specific objectives under ap- Latin America than elsewhere. In cooperation with 

proved work plans follows. 

WORK UNITS INITIATEDAPPROVED 
AND PRESENT STATUS 

WP-1. Irrigation Interactions with Crop Varieties, 
Plant Populations and Fertilizers for 
Optimum Production 

Chile. While each new -agricultural input usually 

increases production, the real pay off comes where sever-
al iput ar usd Reearh o iner-incominaion.al inputs are used in combinations. Research on inter-

in extending theactions is therefore a key element 

"Green Revolution." Research plots have been establish-
ed at two locations. Two varieties of corn with various 
fertilizer treatments are included in the irrigation experi­
ment. The work is being done cooperatively with the 
irrigation department of the National Research Institute 
of Chile at La Platina. A USU researcher has been sta-
tioned in Chile on a short-term basis to aid in imple-
menting the project. 

Venezuela. Through the cooperation of the Minis- 
try of Public Works and CIDIAT (The Inter-American 
Center for Land and Water Resource Development), 
field research is now under way at several locations, 
Technical advice concerning growth of bananas, rice and 
pasture with different water applications has been pro-
vided by USU staff members. 

WP-2. Evapotranspiration and Water Requirements 

Accurate knowledge of the amount of water need-
ed by a crop under widely variable conditions is para-

mount if effective water management practices are to be 
instituted. Climatological data have been collected and 

are being analyzed for estimation of evapotranspiration 
and crop water requirements in Colombia and Vene-
zuela. The work in Venezuela is in cooperation with 

CIDIAT and with the Venezuelan Ministry of Public 
Works. Reports will be prepared for other countries of 
Latin America as data are collected and processed. Evap-
otranspiration estimates based on climatological data 
and formulas developed will reduce the need for exhaus-
tive studies to determine consumptive use; however, 
some field trials will be made in order to verify conclu-
sions. 

WP-3. Drainage and Salinity Problems in 
Irrigation Projects of Colombia 

Drainage and associated salinity is abasic problem 
of large geographical importance. This is no less true of 

INCORA (The Agrarian Land Reform Institute of 
Colombia) and ICA (The Institute of Agricultural Re. 

search), an investigation of drainage problems was made 

on the proposed irrigation district of Atlantico-3 on the 
north coast of Colombia. Some field measurements were 

taken and leaching experiments initiated unde ICA's 
direction and USU's supervision. Research objectives 
developed as a result of the work done last summer have 
been discussed with INCORA and ICA. Future efforts 
will involve a combination of work units WP-3 andWP-1. ICA is prepared to provide technical support and 

fa Cit iso ecaryo propoe in i a tions inC 
facilities to carry out the proposed investigations in co­
oprtnwihU . 
operation with USU. 

WP-4. Off-Season lrr1.ition to Maximize Benefits for 
a Limited Water Supply During Drought Periods 

Frequently runoff is highest during the non­
growing season. Through careful management, much of 
this runoff could be stored in agricultural soils for later 
use by crops. In Chile two research trials were establish­
ed through, and in cooperation with, the Irrigation De­
partment of the National Research Institute at La Pla­
tina. Pre-season irrigations were made in a designed 
experiment; plots will be harvested, data analyzed and 
recommendations made at the end of the growing season 
in February and March 1970. USU provided technical 
support to help initiate this activity and will assist in the 
collection and analysis of data and the continuation of 
the program. A USU scientist is in residence on a short­
term basis. 

WP-5. Research Planning in Sao Francisco 
Valley, Brazil 

Where new developments are being planned, it is 
important that research be initiated in the field during 
the planning stage in order to avoid mistakes and to 
capitalize in the most efficient way on the new resources 
made available. U. S. experience (Grand Coulee, for ex­
ample) emphasizes the importance of this step. During 
September 1969, a USU team visited several areas in 
Brazil proposed by SUVALE (Agency for the Develop­
ment of the Sao Francisco River Basin in Brazil) as sites 
for research and demonstration renters. USU will co­
operate with SUVALE in establishing a water manage­
ment research program at these locations based on pro­
posals made by the team. SUVALE's manpower resource 

consists mainly of young, relatively inexperienced per­
sonnel who need training and advice. Interaction experi­
ments (WP-1 type) will be modified to adapt them to 
the experience of the research workers assigned to the 
new stations. A training and planning seminar program­
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med for February and March 1970 will be followed by 
implementation of field research. 

WORK PLANS APPROVED IN PRINCIPLE 

Unless consideration is given to water laws and 
customs regarding water use, even the most carefully 
drawn plans may fail because water is not legally avail-
able. Questions of water rights are invariably compli-
cated and subtle. Likewise, farmers will not adopt new 

practices unless there are economic gains to be made; 
nor will they adopt conservation practices on the farm if 
they do not foresee direct benefits. Field discussions 

have indicated awillingness of country agencies and AID 

Missions to consider these problems, hence the project 

staff has given them high priority. General plans have 
been submitted and approved by AID for development 
of detailed programs under the following titles: 

WP-6. Determination of Water Rights Cus-
toms, Lows, and Court Decisions in Latin American 
Countries 

WP-7. Economics of Farm Production and 
Marketing with Improved Irrigation and Drainage in 
the Sub-Humid Areas of Latin America 

WP-8. Primary Benefits Resulting from 
On-Farm Conservation Practices to Improve Irriga-
tion Efficiency. 

Specific plans are in the final stages of formulation and 
field implementation wll begin in the near future. 

DEVELOPMENT OF RESEARCH OBJECTIVES 

Considerable effort has been expended in develop­
ing specific objectives for field investigations that will be 
beneficial to the people of the underdeveloped coun­
tries. This was the primary purpose of the USU research 
team visit to Latin America. The research team also gave 
serious thought to personnel assignments that would re­
sult in findings aimed more at utilization than publica­
tion and in a local corps of trained researchers at the 
termination of the project. The team gave consideration 
to "institution building" at the local level. 

The specific objectives as set forth in Article I, 
Paragraph C, of the Contract were used as an outline for 
discussions in the conferences with AID Mission and lo­
cal country authorities. These objectives are: 

1. The development of knowledge and data 
on how best to conserve and use water falling on the 
land as rain and the most efficient means of supple­
menting needed soil moisture by limited amounts of 
irrigation water. 

2. The development of knowledge and data 
that can be used for economic on-farm design and 
construction of comveyance and delivery systems in. 
cluding structure for control and measurement of 
irrigation water. 

3. The development of surface and sub­
surface drainage systems to eliminate the hazards re­
suiting from surface flooding and high water tables. 

4. The identification of important factors af­
fecting the degree of leveling of the various soils in 

the major climatic zones and the relationship of 
these factors to erosion, water infiltration, good land 
use and cropping practices.

5. The development of methods of water ap­

plication including time and amounts which are suit­
able and efficient for different soils of varying physi­

cal properties (water-holding capacities, intake rates, 
etc.) with major crops. 

6. The integration of these water use factors 
into a productive cropping sysiem consistent with 
farm size and available farming practices. 

7. Where soil salinity and exchangeable sodi­
um are problems, studies will include soil amend­
ments, soil and water management procedures and 
use of s !ttolarant crops. 

Research needs for each country were determined 
within the framework of the above listed objectives. Pri­
orities were then established and the cooperative ar­
rangements nec.ssary to implement the research were 

discussed. In all cases the research team found that the 
USAID and country officials had a high interest in one 
or more phases of the proposed research and wanted to 
cooperate to the extent of their ability and resources. 

The specific research, showing initial priorities, is discus­
sed in the following section. 
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PROJECT WORK PLANS
 

AND PRESENT STATUS
 

Specific objectives and research work plans were 
developed for the areas of high priority where staff 
could be assigned and facilities made available. These 
work plans were then distributed to the Missions 
through AID/Washington for consideration and approv-
al. Plans for five related areas of research have been ap-
proved for field study and research has been initiated in 
one or more cooperating countries (WP-1 to WP-5 in-
clusive). IAdditional objectives have received provisio-

nal approval by USAID/ Washington and work plans 

are in the development stage (WP-6, WP-7 and WP-8). 

A detailed discussion of each Iwork plan, including pre-
sent accomplishments and future plans, follows. 

WP-1. IRRIGATION INTERACTIONS WITH 

CROP VARIETIES,.IPLANTI POPULATIONS AND 


FERTILIZERS FOR OPTIMUM PRODUCTION 


Objective 
The general objective is to determine the combina. 

tions of crop varieties, spacing and fertility conditions 
conducive to optimum crop yields from irrigation in the 
wet-dry areas of Latin America. 

General 
This proposal has been well received in all Latin 

American countries visited since it obviously fills a void 
in the present on-going research programs of most of 
these countries. Research has been conducted in many 

countries to determine the consumptive use require-
ments of crops, their response to fertilizers and the ef­
fect of using different methods of irrigation. Unfor-
tunately, however, there is no indication of studies to 

determine thle interactions when all the variables are 
combined. The response due to the interactions is, of 
course, important to optimum production and realiza-

tion of maximum benefits from irrigation. It must be 
recognized that the proposed research is complicated 
and requires constant supervision to assure reliable data 
from which valid conclusions can be drawn. 
Plan of work 

Theof work 
The general plan is to conduct plot studies where 

irrigation fertility, crop varieties and plant populations 
are studied as variables, with the specific crop or crops 

to be determined for each location. Each experiment 

now under way was designed to fit the local resources 

and conditions. The following criteria were used to for­
mulate the detailed plans: 

1. Planting date: Planting dates will be timed 
to best fit the seasonal variations. Where there is a 
hot-dry period, a crop such as corn will be planted at 
a time that will permit the growth to progress so that 
the period of pollination will not be during the most 

adverse hot-dry period. Dry season crops will be 
planted so as to be harvested before the wet season 
begins. 

2. Plot arrangements: Major plots will be irri­
gation variables: the first sub-plot, fertilizer vari­
ables; second sub-plot, varieties; and the third sub­
plot, spacings. The size of the smallest plots will be 
dictated by the equipment and overall size and shipe 
of land available. The total area and size of major 
plots will be dictated by the size of sub-plots. 

3. Probable crops: Corn, pastures, semi-dwarf 

wheat, upland rice or vegetables are recommended. 
Country situations will govern the choice of crops. 

4. Variety selection: Usually three varieties 
will be used: local variety in common use; "most 
promising" new; and "best" as recommended by
local agronomists and those working for AID, Rock­
efeller Foundation, etc. 

5. Fertilizers: Blanket applications of phos­
phate, potash and minor elements will be made as 
needed for crops where nitrogen is most critical. 
(This will be determined in cooperation with the 
North Carolina staff working on the soil fertility 

testing program in Latin America.) 
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6. Irrigation amounts: Three levels of irliga-, 
tlon will usually be selected. For the maximum, the 
moisture will be maintained so that there is little or 
no stress on the crop. The criteria for the different 
amounts will be based on evidence of plant stress, 
evapotranspiration rates and tension measurements, 
or by sampling and determining the proportion of 
the available water consumed. It is anticipated that a 
measure of consumptive use will be made at each 
location. The criteria to be used at specific locations 
will depend primarily on available help and equip-
ment. 

7. Plant populations: Plant populations will 
be varied by using different row widths, plant spac-
ings or seeding rates, 

8. Location: Research tests are to be located 
where climatic and soil conditions most nearly repre-
sent the agricultural areas of the cooperating coun-
tries. These will also be situated as close as possible 
to other research projects inaugurated under the 
Water Management Research Contract so that man­
power and equipment can be most effectively used. 

This type of experiment has been implemented in 
Chile and Venezuela and is contemplated in at least four 
additional locations. Studies are proposed for Magdal-
ena, Colombia; La Platina, Chile; and Guanare, Venezue-
la.During a recent visit to Latin America, suitable facili-
ties were also found in El Salvador, Honduras and Brazil. 
As extensions of this project are established in coopera­
ting countries, detailed arrangements will be made in 
advance of initiating the new trials. 

Present status 
Chile. The interaction experiment WP-1 has been 

implemented in Chile in cooperation with the Depart-
ment of Irrigation of the National Research Institute of 
Chile located at La Platina. The Irrigation Department 
has assigned two graduate students to the project who 
will receive training as the work progresses. Since the 
soils of La Platina are shallow, research plots were 
chosen on private farms at two locations: Fundo El Cas-
tillo and Fundo Condoroma. The farms were located by 
Research Institute personnel who also made the neces-
sary arrangements with the cooperator to carry out the 
research program on his land. Utah State University has 
assigned a researcher to work with the Institute person-
nel. It is anticipated that his present short-term assign-
ment will be ex(ended to a two-year period, 

This experiment has three moisture variables with 
two replications of each. These are the major plots upon 
which all of the other interactions will be superimposed, 
Moisture No. 1 will receive irrigation when 45% of the 
available moi.cure has been depleted. Moisture No. 2 will 
receive irrigation when 60% of the available moisture has 

been depleted. Moisture No. 3 will receive irrigation 
when 75% of the available moisture has been depleted. A 
moisture meter with Bouyoucos blocks will be used to 

determine when to irrigate in conjunction with soil sam­
pling for moisture percentage. Irrigation will be by fur­
row, using V-notch weirs to measure the water both on 
and off each major plot so as to determine the actual 

amount of water applied to the soil in each irrigation 
treatment. 

A blanket application of phosphorus and potas­
sium will be made over all of the experiment in ample 
quantities to insure against any deficit. The amounts 

needed will be determined by soil analysis. Nitrogen will 
be varied on each major plot using the following rates: 0, 
100, 200 and 300 kilos per hectare for moisture plots 
No. 1,2,3 and 4,respectively.
 

Tracy hybrid No. 133 and Tracy hybrid No. 90 are 
the field corn varieties that will be used for the experi­
ment. Two plant population variables will be used with 
each variety and superimposed upon each major plot. 
Plant population No. 1 will be 60,000 plants per hectare 
and plant population No. 2 will be 90,000 plants per 
hectare. 

The experiment at Fundo El Castillo was planted 
October 1st, with a 4-row John Deere corn planter. The 
planting rate was about 140,000 seeds per hectare on 
34" (86 cm) rows (see Figure 1 for plot layout). An 
excellent stand of corn of both varieties has emerged. 
Thinning to the desired plant population was completed 
in late October. The experiment at Fundo Condoroma 
was pre-irrigated and then planted in late October. Co­
operation has been excellent on every hand and all is 
progressing very satisfactorily, primarily due to the assis­
tance and guidance of Senior Juan Tosso. acting director 
of the irrigation department at La Platina. 

Venezuela. Through the cooperation of the Mini­
stry of Public Works (MOP) and the Inter-American Cen­
ter for Land and Water Resource Development 
(CIDIAT), interaction experiment WP-1 has been imple­
mented in Venezuela. Field plot studies have been initia­
ted at three locations: the Guanare Research Station, 

Bocono Irrigation Project and the Majaguas Irrigation 
Project. Crops will include bananas at Bocono and 
Guanare, rice and sugarcane at Majaguas, and pasture 
and corn at Guanare. Personnel from MOP and ClDIAT 
will conduct the experiment aided hy periodic consulta­
tions and assistance from USU str,'i. 
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DIAGRAM OF FIELD EXPERIMENTMAJOR PLOT LAYOUT - W1 - Dry regime;irrigate only when the soil at the 

median depth of the root zone for the crop andmthat age is at 12 Bars tension near the lower root 
MI - Molst1ro 45% zone or shows wilt (whichever is first). 
M2 - Moisture 1% 
M3-Moisnim 15% W2 - Medium moisture; irrigate when the soil at the 

median depth of the root zone in at 2 to 4 Bars 
tension. 

- Tray I33 
V2-Trwy o W3 -High moisture; irrigate when the soil at the]F VI 

median depth of the root zone is at 0.7 Bars 

tension. 
Waf - Alternate furrow irrigation for sugar cane and 

P60,000Plans possibly for corn. Sensing devices are placed inP? - P/Nectar 
P2 - 90,0o0Planu P/Hectare seed row and irrigation is done only inalternate 

rows when need is indicated as in W2 level.
INDIVIDUALPLOT LAYOUT ae all a Treatments 

row In widlh 

Water tables within depths of 3 meters will bePI P2 Pt P2 Ft. N followed by measurements of wells (pozos) installed at 

P32 P2 F2 " 
that depth. Piezometer batteries will be used alsoP1 P1 100N in 

I studies such as the pasture and banana plots._some 

PI P2 PI P2 F3 - 200 N 

P2 P1 P2 PI F4 300N Fertility variables will be limited and established 
to bracket those values recommended by the Ministry of 
Agriculture (MAC), where they have given values (rice,Figure 7. Field plot layout, bananas, corn and sugarcane). The details are not yet 

The firm, but present plans for fertilization are given in theirrigation variable will constitute major plots following list. 

for bananas, rice, sugarcane and corn. Sub-plots will be 

used for fertility variables. Varietal differences will be in 
split plots and separate blocks. The pzsture design will 1. Bananas 

Fo- No fertilizerbe less complex with the irrigation and crop varia- Fo 0 NofertiKizerF1l• 20 Kg. N, 10 Kg. P,50 Kg. K/Ha. Add 
bles stripped perpendicular to fertility plots. one-quarter of this per hectare every 3 

months. 
Water will be measured both on and off the plots F2- 40 Kg. N, 20 Kg. P, 100 Kg. K plus lime. 

using orifices, siphons and Parshall flumes. Tensiometers Add one-quarter of this per hectare 
will be used to determine moisture levels up to 0.8 Bar every 3 months. 

F3- 80 Kg. N, 40 Kg. P, 200 Kg. K. Split forvalues and moisture blocks far greater than 1 Bar ten- additions each 3 months. 
sion. These will be set at 3 depths-mid root depth and 
above and below this depth for each crop. Soil samples 2. Sugarcane 
will also be taken prior to irrigation. Fl- 80 Kg. N, 30 Kg. P, 100 Kg. K/Ha. Put 

1/3 N, 1/3 K,and total P below seed at 
planting or after cutting (between rows)

In the case of rice, moisture control will include: and remainder 2 1/2 months later. 
F2- 160 Kg. N, 60 Kg. P,200 Kg. K. Put on 

W1 - Driest, no continuous pending but soil at 10 same proportion at first as in F1 and 
cm not less than field capacity before irrigation, remainder 2 1/2 months later. 

F3- 240 Kg. N, 90 Kg. P, 300 Kg. K. Same 
W2 -As W1 but continuous ponding of water at initial amount asF2,sameasF2at2 1/2 

flowering and until near harvest. mnths, and remainder at 5 months. 

W3- Wet, continuous ponding of water from seed- 3. Rice 
ling stage up to 10-15 cm depth as plants grow. Fo- No fertilizer 

Fl- 40 Kg. N, 20 Kg. K. Put half of Nand K 
plus all P drilled at seeding. Rest of N 

It is planned to use the following irrigation and Kat boot stage. 
systems for crops other than rice: F2- 80 Kg. N, 40 Kg. P,40 Kg. K. Apply as 

for Fl. 
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4. 	 Pastures 

Fo-	 No fertilizer 
F1 - 50 Kg. N, 20 Kg. P. Put 1/3 N and all P 

broadcast and disced into soil before 
seeding. Broadcast remaining N in 2 
equal applications at 3-month intervais. 

5. 	 Corn 
Fo- No fertilizer 
F1 - These levels will be determined follow-

ing the results of hervest of the past 
crop. Only N will vary. 

F3-	 The Comite de Fomento Regional del 
Maiz, Portuguesa, suggests 60 Kg. N,25 
Kg. P,and 0 K is profitable. 

Planned measurements for control of water, deter­

mination of time for irrigation and evaluation of treat-

ment effects are tabulated in the following list. Where 

water measurements are involved, only the type of read-

ing planned will be listed since the measurement pro-

cedures are standard. 

1. 	 Bananas
 

a. 	 Moisture blocks, tensiometers, wells (in 
the wet season), piezometers, gravi­
metric moisture determinations, and 
measurement of irrigation water using 
Parshall flumes, 

b. 	 Yield: Weight, number of hands, 
number of fingers nc'r h, ndlengthsand 

diameters of fingers, general appearance 
(cracked, well filled, missing fingers, 
insect or disease problems ),and number 
of leaves on plant. 

2. 	 Sugarcane 
a. 	 Moisture blocks, tensinleters, wells, 

piezometeis, grnnimetric moisture 
determinations, neutron mneter, meas­

urement of orrigation water using siphon 
tubes and Parshal l flumes, 

b. 	 Growth measurements (height, appear-
ance, density) at early through late 
growth 

C. 	 Yield. Wet wefght, sugar content, dry 
weight, and density at maturity 

3. 	 Rice 

a. 	 Measurement of irrigation water and 
drainage losses using Parshall flumes 
Also ternperatore measurements of 
water or root zones. 

b. 	 Yie!d: Length of growth at vrious 
maturity stages from seeding to hard 
dough stage, wemght of grain (yield), 
density, losses fron shattering and 
cracking lest imates), and miscellaneousdaacksnch(astlodging, dsase, wemisca
data such as lodginrg, dlisease, wveed mneas s 

urement at harvest and weight of grain 
per 1000 kernels, 

4. 	 Pasture
 
a. 	 Measurement of irrigation water, drain­

age runoff, and irrigation frequency 
using Parshall flumes. 

b. 	 Yield: 'roduction of dry weight and N 
content (protein). Also growth charac­
teristics such as vigor, competition with 
weeds and diseases. 

5. 	 Corn 
a. 	 Measurement of water as with sugar­

cane. 
b. 	 Yield: Weight of shelled corn corrected 

to 15% humidity, density of stand, 
meight of 1000 kernels, approximate 
height and diameter of plants at hard 
dough stage and general observations. 

Crop seasons 

Sugarcane -- December 1969 to December 1970. 

Rice - November 1969 to March 1970. 

April 	1970 to August 1970. 

Bananas - October 1969 to December 1970. 
Corn - November 1969 to March 1970. 

April 	1970 to August 1970. 

Future work 

Colombia. ICA (Iostituto Culombiano Agropecua­
rio) is anxious to participate in a cooperative research 
program. This agency has been charged by the Ministry 
of Agriculture of Colombia with responsibility for re­
search in agricUllturu. The ;taff consists of young engi­

neers and agronomists, many of whom need guidance, 
training and experierce in research technigues and meth­
odology in irrirlated agricoltore. ICA has assigned three 
of their staff to workh in watcr management research and 

drainage and to cooperate with USU Field work should 
get under way during the spring of 1970. 

Brazil. The main coiitact in Brazil has been with 
the USAID Mission and SUVALE, ail Agency of the 
Ministry of Interior responsible for the development of 
the Sao Francisco Valley. A team from the United States 
Bureau of Reclamation (USBR) is currently working 

with 	SUVALE on a feasibility study of the river basin. 

The work contemplated in Brazil will provide direct sup­
port to the USAID Mission progrant and the USBR 

team. 

Since 	 the manpower available to staff SUVALEs 

proposed research and demonstration stations is young 
and inexperienced, USU has proposed a training and 
planning session in February and March 1970 to develop 
the philosophy arid methodology to carry out experi­

ments such as WP-1 . Des.gns will be formulated for im­

plementation on the new stations during the training 
sessions. 
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El Salvador. There is considerable interest on the 
part of USAID/EI Salvador to develop a program with 
the Ministry of Agriculture in Water Management. Ap-
proval of a program awaits the findings of an Agricultur-
al Sector Study which will be used as a guide to future 
programs. It is expected that there will be considerable 
emphasis on intensifying irrigation agriculture in El Sal­
vador. In this event, water management research and ex-
tension will be very important elements. USU will keep 
in close contact with USAID/EI Salvador and will be 
ready to cooperate in programs applicable to the AID/ 
csd-2167 Contract. 

WP-2. Evapotranspiration and Water Requirements 

Objectives 
The overall objective of this work plan is to pre-

pare and publish technical bulletins on evapotranspira-
tion and water requirements of crops for individual Lat-
in American countries or regions in Latin America. With-
in this general objective, immediate efforts are directed 
toward obtaining the following short-term objectives: 

1. Estimate evapotrarspiration and water re-
quirements for crops in El Salvador, Venezuela and 
Colombia using, among others, the methods presen-
ted by J. E. Christiansen and G. H. Hargreaves at the 
International Commission on Irrigation and Drainage 
in April 1969. 

2. Review present experimental installations 
and analyze available data for comparing formulas 
used to estimate evapotranspiration. fletermine suit-
able monthly crop coefficients that cn be applied to 
measure pan evaporation and/or computed potential 
evapotranspiration to attain actual consumptive use. 

3. Develcp additional data collection facili-
ties or improve those now existing in these three 
countries in cooperation with a government agency 
now doing this type of work. Obtain additional 
equipment as needed for proper and systematic col-
lection of data required to meet the objectives out-
lined above. 

4. Publish tentative bulletins on evapotrans-
piration and crop water requirements for these three 
countries based on analysis of presently available 
data, recognizing that revisions may be needed as 
more and better data on crop coefficients become 
available. 

Current status 
Efforts to the present have been confined to Co-

lombia and Venezuela. Data collecting has proceeded in 

both countries through the cooperation of many agen-
cies involved in maintaining weather data. USU staff 

members visited Colombia and Venezuela in July and 
August of 1969 to collect new data aid to verify those 
previously collected. These data are now being processed
prev slyz. Ition 
and analyzed. It is e::pected that the draft report from 
Venezuela will be completed in February 1970. 

This project is cooperative with CIDIAT. The ini­
tial work in Venezuela was sponsored by CIDIAT and 
much of the computer analysis in the development of 
the formulas that will apply to humid area conditions 
has already been done. The final report will reflect this 
cooperative effort. 

Formula development 
An er-alysis has been made of all available Ven­

ezuelan data pertaining to evapotranspiration and in 
which Class A pan evaporation data were included. On 
the basis of a study of these and other data (two years of 
records from Davis, California, and records from a high 
elevation station in Argentina) the climatic coefficients 
for the formulas presented by Christiansen and Har­
greaves at the ICID meeting in Mexico, April 1969, have 
been modified to better fit Venezuelan climatic condi­
tions. New equations were also developed for relating 
wind velocities measured at different heights above the 
ground. These equations are based on Venezuelan data 
where wind velocities were measured at 0.6, 2.0, 5.0 and 
10 meters above ground level. 

From these studies the following six related for­

mulas were developed. Computer symbols are used in 
these formulas. 

=
RSC XKI°RMD*CS*CE (1) 
- ° -EVPC = XK2 ° RMD CS CE CT2*CH2 CW2 (2) 

EVSC = XK3"RSD*CT2°CH2°CW2 (3) 
ETR = XK4°RMD*CT2°CH4°CW4°CS*CE (4) 
ETS = XK5 ° RSD*CT2°CH4"CW4 (5) 
ETV = XK6*EVPD°CH6*CW6 (6) 

The symbols used are defined as follows: 

RSC The computed incoming radiation ex­
pressed in equivalent evaporation in milli­
meters per day. For all data, the average 
of RSC is equal to the average value 
of the measured incoming radiation for 
the station; RSD values of XK1 were 
thus determined for eacl6 station for 
comparison. 

RMD The theoretical extraterrestria radiation 
reaching the outer atmosphere based on 
a solar constant of 2.0 and expressed in 

equivalent evaporation in millimeters per 

day. ('.IMis used to indicate inches per 
month when deptl sare expressed in the 
English systems.) 

CS The coefficient for sunshine. It can be 
=
expressed by the equation CS .69 + .31 

x (S/.5) in which S is the mean monthly 
sunshine percentage. 

CE The coefficient for elevation above sea 
level. It can be expressed by the equa­=
CE .97 + .03 x (EL/305) in which 
EL isthe elevation in meters. 
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EVPC 	 The computed Class A pan evaporation, 
expressed in the same units as the radia-
tion (mm/day or inches per month). The 
average value of EVPC is equal to the 
average value of EVPD, the measured 
pan evaporation, 

CT2 	 The coefficient for temperature in Equa-
tion (2). It can be expressed by the equa­
tion CT2 = .65 + .15 x (TM/25.) + .20 
(TM/25.) 2 in which TM is the mean 
monthly temperature in degrees centi-
grade. 

CH2 	 The coefficient for humidity in equation 
2. It 	can be expressed by the equation 
CH2 = 1.27 -. 27 x (HM/.70) 3 . 

CW2 The wind coefficient in Equation (2). It 
can be expressed by the equation CW2 = 
.71 + .29 x (W10/8) in which W1O is the 
mean wind velocity in kmf per hour at a 
height of 10 meters. 

EVSC 	 The computed Class A pan evaporation 
using measured incoming radiation. 

ETR 	 The computed potential evapotranspira­
tion using the theoretical radiation, 
RMD or RIM. All other symbols used in 
Equation (4) are defined in the same 
manner as those for Equation (2). 

ETS 	 The computed potential evapotranspira-
tion using measured incoming radiation, 
RSD, expressed in equivalent evapora-
tion. 

ETV 	The computed potential evapotranspira-
tion using the measured mean monthly 
pan evaporation, EVPD. 

For 	these six formulas to be compatible, the fol-
lowing relations must exist: 

CW4 = CW2 x CW6 XK4 = XK5 x XK3 
CH4 = CH2 x CH6 XK4 = XK2 x XK6 
XK2 = XK1 x XK3 

Tentative values for these constants are: 

XK1 = .500 XK4 = .267 
XK3 = .350 XK5 = .535 

These 	 values represent Class A pan evaporation 

and potential evapotranspiration for a well vegetated en-
vironment. 

These relationships will be uised to compute poten-

tial evapotranspiration for different climatic zones in 

Venezuela. It is assumed that the water requirements of 

crops should equal the potential evapotranspiration plus 

estimated losses in conveyance and applicatior., allow ing 
for sufficient leaching to maintain a salt balance. The 

monthly irrigation requirement should equal the total 

water 	 requirement less the probable precipitation that 

occurs at least 80% of the time for each month, 

Future work 
When the bulletins for Venezuela and Colombia 

are completed, data collection will begin in other coun­
tries. Plans are to develop bulletins covering the needs of 

all Latin American countries, either individually or re­
gionally. 

WP-3. Drainage and Salinity Problems in 

Irrigation Projects of Colombia 

Objectives 
1. To 	determine more specifically the extent and 

nature of the drainage and salinity problems in Latin 
America. 

2. To find a solution to the problems of increasing 
soil salinity and high water tables of Colombia and other 
Latin American countries. 

General 
A specific request was received from USAID/ 

Colombia to consider cooperating with INCORA and 
ICA in determining the extent and nature of a drainage 
and salinity problem in the Atlantico-3 project of Co­

lombia. The team presently conducting the feasibility 
study on the project is encountering many problems 
which require information which can only be obtained 
through investigation and field study. It is quite appar­
ent that water management on the project may be the 

key to its success or failure. 

To initiate the research, USU 	 dispatched a drain­

age engineer to Colombia during the summer of 1969. 
Studies were undertaken as discussed below to provide 
immediate information. Both agencies of the Ministry of 

Agriculture, INCORA and ICA cooperated in the study 
and made staff available. Two other staff members from 

USU visited the area and provided assistance in deter­
mining the nature of the problem. ICA has assigned two 
professional staff and two technicianis to continue the 
cooperative research program with USU. INGORA is also 

providing substantial logistic support for the studies. 

Present status 

The drainage problems of Atlantico-3 can be cate­

gorized as those of both light and heavy soils. Several 

studies initiated on the light soils during the summer of 

1969 (July to September) are described below. 

Leaching studies. These studies were implemented 

e acine sthesaline ar es were grownted 
to determine if the saline areas of orchards growing in 
light 	soils could be reclaimed by leaching through per­

meable sand lenses that characterize the area as "feeder 

veins." 
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To test the feasibility of this approach, four adja-
cent leaching plots 20 x 30 meters were established in a 
saline area. The plots were separated by dikes. Rows of 
observation wells and piezometers were installed to facil­
itate measurement of the build up and subsequent dissi-
pation of the groundwater mound under the plots and to 
allow sampling for groundwater quality determinations, 
Samples were taken before leaching to determine soil 
salinity. 

The plan called for leaching of two plots by flood-
ing and two by sprinkling, applying a total of 1000 milli­
meters of water in two increments of 500 millimeters
each. The soil is sampled after each application to deter-
mine salinity. Water application began in late August. 

Preliminary data indicate an extremely low infil-
tration rate (1 millimeter per hour or less). Sprinkling 
was temporarily discontinued until the soil surface could 
be treated to improve intake rates and until some low 
application rate sprinklers could be obtained. Applica-
tion of water and field measurcments will continue until 
January or February of 1970 under the direction of ICA
personnel. A check on the progress of the tests was made 
by USU in late November 1969. 

Infiltration studies. Reclamation of saline soils 
annot be accomplished without leaching and/or drain-

age, which is extremely difficult under conditions of 
very low infiltration rates. When sprinklers are used to 
apply leaching water, as with Atlantico-3, most of the 
water tends to run off insted of penetrating the soil 

when the application rate exceeds the infiltration rate. 

Since low infiltration rates appeared to be associated 

with the saline areas within light textured soils, work has 

been initiated to determine what factors 
were causing

the infiltration problem and what could be done to im-

prove intake rates to make leaching more reasonable. 

Studies are now in progress to determine the rate 
of infiltration, rate of wetting front movement and bulk 
density of the upper horizon under various levels of sal-
inity and conditions of vegetative growth, both with soil 
amendments and surface treatments being used. Indica-
tions are that a high bulk density at the surface and poor
soil structure are associated with the more saline areas, 
Analysis of this preliminary work will guide the design
of further field studies. The latter may include the instal-
lation of tile lines and a surface treatment, such as deep
chiseling and/or the addition of soil amendments, 

Future work 
A plan for research on the heavy soils of Atlantico 

3 was discussed in late November 1969 with the Direc-

. tor of Research of ICA and the Regional Director of
INCORA. A cooperative program was developed to carry 
out the required research beginning in 1970. 

Measurements will be continued on light soil areas 
to complete work in progress. Additional studies will be 
carried out as necessary to solve the problems of recla. 
mation and water management. 

WP-4. Off-Season Irrigation to Maximize Benefits from aLimited Water Supply During Drought Periods 

Objectives 
1. To determine the effects of water management 

practice on crop yields by using water available during 
the fall, winter and early spring seasons to fill the rootzone soil moisture reservoir. 

2. To develop criteria for making optimum use of 
available irrigation water by matching cropping patterns 
to the available supply. 

General 
This research activity was prompted by serious 

drought conditions existing in Chile and received high 
priority by USAID/Chile. There is a general lack of un­
derstanding and appreciation of off-season irrigation in 
Chile, although there are a few areas where certain pe­
renrial crops are irrigated during the non-irrigation
period to store moisture. It is the concensus that better 
water management will result if this practice is used to 
take advantage of the unused runoff and if wells are 
pumped during the non-irrigation season tc provide a 
full soil moisture reservoir prior to the period of maxi­
mum use. The Department of Irrigation of the National 
Research Institute of Chile at La Platina is the active 
collaborator in getting this work initiated. 

Present status
A USU expert collaborated with the Irrigation De­

partment of the National Research Institute at La Pla­
tina during the period 1 July through 6 September 1969. 
Field plots were selected which had relatively deep soils 
with good water holding capacity and good drainage
characteristics. Since the soils at La Platina were ruled too 
shallow for this study, cooperating farmers were sought
in areas having adequate irrigation distribution systems
and measuremets will continue until January or Feb­
ruary of 1970 under the direction of ICA personnel. A 
check on the progress of the tests was made by USU in 
the following crops: grapes, alfalfa, corn and hemp. 

Experimental procedure 
A minimum plot size of one hectare was selected 
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for each crop, with soil conditions and previous farm 
management practices as uniform as possible for each of Each hole was sampled for moisture characteristics 

the plots. One-half of the plot was to be irrigated during at the depths indicated in Figure 3, with all samples 

the non-cropping season to bring the soil to field capa- taken large enough to perform at least two replications 

city through the root zone (2 meters). For comparison, of each test. Moisture samples were placed in double­

no pre-season irrigation was applied on the other half thickness plastic bags and transported to the Irrigation 

(see Figure 2). Laboratory at La Platina for analysis. The apparent 

Prior to irrigation, soil studies were conducted from specific gravity sample was placed in a standard metal 

which the following data were obtained: soil sample container enclosed within a plastic bag and 

1. Moisture percentage prior to irrigation transported to the La Platina laboratory for analysis. 
2. Field capacity 	 Because of the lack of equipment available and the time 
3. Permanent wilting point 	 involved, the apparent specific gravity was only sampled 
4. Apparent specific gravity, at a depth of 10 cm. Ring infiltrometers were used to 

The soils were sampled according to the pattern shown evaluate the infiltration rate in each plot to be irrigated. 
in Figure 3, except where an apparent variability of the An average of the results from three rings in each plot 
soils required more samples and/or the configuration of was used. 
the test area changed the shape or size of the study plot.

K--25m ,I, 50 	 Upon collection of the foregoing information, ar­50m 25m-
-i 	 -" 1 rangements were made to irrigate each test area on separ­

' ate days under supervision of the USU research person-E 
n Sail Test nel. This procedure insured that the test plots were irri-

Hole 	 gated to field capacity throughout the entire depth from 

; which the moisture samples were obtained. Over­

+ +. irrigation of some portions was of no concern in these 
experiments.t 


E 4- Irrigated -lE--- Non-irrigated --v
 

Soil Test Each farmer was instructed to follow his normal 
IV Hole III irrigation procedure during the coming season on both 

) L 	 pre-irrigated and non-irrigated portions of the test plots. 
t+ + In this manner, the amount of soil water available ;n the 

E--pre-irrigated half will remain at a maximum and will be 

available 	for plant use later in the growing season when 

50cm 	 irrigation water is in short supply. Each farmer will beperiodically visited by Senior Juan Tosso of the La Pla. 
Figure 2. 	 Layout of experimental plot showing the ir- tina to observe progress throughout the growing season. 

rigated portion and the location of the soil 

sampling holes. Harvesting in this region will begin in about April 
and should be completed for all crops by the end of 
May. (Alfalfa will be an exception and will require spe­

cial attention to evaluate each cutting.) The yields from 

r 10cm lecm'1 both halves of the test plots will be carefully analyzed 
and compared in order to evaluate the effects of the 

40cm _ 40 cm 	 pre-season irrigation on crop production. 

70 cm - 70cm 	 Remarks 

corn, hemp 100cm _ 100cm grapes,alfalfa As soon as the results of this research are available 
to confirm the anticipated benefits of pre-season irriga­

130cm 130 cm tion, this practice will be recommended for implementa­
tion soon after the fall harvest is complete. It should 

160cm _ 160 cm commence in early June, provided there is water in the 

irrigation 	canals. Most of ihe canals are closed later for 

200cm cleaning and repair. This earlie start will also allow a 
small amount of available surface water to be effectively 

Figure 3. Soil sampling depth in soil test hole. used over a larger portion of the irrigated area. Addition­
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al test plots will be established in June 1970, but the 

major effort will be to encourage the practice of pre-

season irrigation in general where water is available, 

WP-5. Research Planning in Sao Francisco Valley, Brazil 

Objectives 
1. To assist SUVALE and AID in planning for the 

development of agricultural experimental stations in se-

lected areas so that a program of water management 

research can be implemented. 

on procedures
To provide recommendations2. 

and techniques for implementation of a research pro-

gram. 

3. To assist in determining the professional staff 

needed and to develop administrative guidelines to aid in 

the operation of the stations. 

4. To determine equipment needs, facilities and 
he satins.ment 

plot layouts for the stations. 
plotlayuts or 

Thpr o l iin This proposal is a result of the USU research team 

1969. Joint meetings were heldvisit to Brazil in March 
USBR feasibility study team 

with USAID officials, the 

to determine the areas of prior-
and officials of SUVALE 


ity for the cooperative research program. 


Background 
The Rio Sao Francisco Basin (or Valley) in North-

east Brazil contains 640,000 square kilometers, about 

7'/2% of Brazil's land mass (slightly smaller than the State 

rises 300 kilometers northwest of
of Texas). The river 

areas of high rainfall,
Rio de Janeiro in mountainous 

before flowing
its water supply60% ofaccumulating 

northward 1,800 kilometers through one of the driest 

areas in Brazil. The river is navigable in the upper 1,200 

kilometers of this region, hetween Pirapora and Petro-

lina. At its mouth 300 kilometers south of Recife, the 

river discharges an average of 3,150 cubic meters per 

second, about 100,000 million cubic meters annually, 

into the Atlantic Ocean. This is about 18% larger than
the Nileat theureanwork 

the Nile at the Aswan Dan). 

The basin has a population of about 6,000 people 

and some 2,500,000 hectares of crop land. It is sparsely 

settled and underdeveloped except in the south. Crop 

production is by dryland practices; cultural operations 

are rudimentary, yields are generally low and plant vari-

eties are sub-standard. Cattle production is dominate in 

the higher elevations. Livestock throughout the valley 

are of generally poor quality, but some attempts are 

presently being made to improve strains. Although good 

farmland is low priced, the large private ownerships and 

the abject poverty of potential farmers have limited the 

development of family sized farms. 

The educational level in the basin is low; illiteracy 
varies from 40% in the cities to about 75% in the remote 

rural areas. School buildings for the primary grades are 

generally available, but it is difficult to retain teaching 

staff in the rural are's. Above the primary level schools 

are private and too expensive for the majority of the 
population. 

Adequate transportation and communication facil­

ities serve only the larger cities and minor portions of 

the rural areas. Thc rainy season interferes with transpor­tation where there are only gravel and dirt roads. 

The Brazilian Government has long been aware of 

land and water resource develop­the vast potential for n satvlnteRoSoFacsoBsnmn Rio Sao Francisco Basin, and is activelyin the 

working on plans to develop areas of the valley. USAID/ 

Brazil is assisting in reconnaissance and feasibility studies 

selected areas. Irrigation agriculture is not extensively 

hence, little or no reliable informa­practiced in Brazil,
tion and experience is available to aid in the develop­

ment. 

Present status 

A visit was made by a USU research team to the 

proposed station sites in the Sao Francisco Basin. The 

team was accompanied by officials of SUVALE and a 
member of the USBR feasibility study team. As a result 

prepared providing ob­
of the visit, a special report was 

for the three majorand recommendations 

(see Appendix C.
 

servations 
stations visited 

The personnel who are now involved in the re­

search and demonstration activities of SUVALE are 

young men with very little experience in irrigated agri­

culture and its problems. They are eager and interested 

in improving their programs and receptive to new ideas. 

Future work 

It is proposed that a two-week training course be 

conducted for Brazilian staff to prepare detailed work 
plans for each of the stations and experiments which will 

be carried on. A suggested time for this training program 

is during late February or early March 1970. In addition, 

it is proposed that at least two full-time men be assigned 

to cooperate with SUVALE in implementing the re­

search program at these stations. This will provide super­

vision and technical assistance for the program. 
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WP-6. Determination of Water Rights Customs, Laws codes have been changed over the past few years, and 
and Court Decisions in Latin American Countries changes are continuing. 

Objectives USU has involved a staff member who will contin­
1. To assemble pertinent information of water ue to collect data and information and to define the 

rights in Latin America, their acquisition, evaluation and problems that exist. Some work has been done at Utah 
administration. This will include present use, practices State and additional work at Santiago, Chile. 
and customs in addition to written laws. 

Summary of work completed on water rights project 
2. To compare methods and procedures for ac- to date 

.quiring, evaluating and administering water rights and 
uses in the different Latin American countries. Such With reference tR water rights investigations in 
comparisons would involve the rights to surface and Latin America, the USU project research team has: 
groundwaters and to ba)th intra-country and internation­
al streams. A. Accumulated the foil ,II ,nformation 

the ind taes
Tf erly-seven 127,Od0)s3. To present the results of the studies for the 
of materlia lon e Ia,twcodes, trea. 

consideration of cooperating countries for such purposes rises, commentarit,, decree4s and inter. 
as they may deem lsefuil. national agreements These materials 

are recorded on 16 in TII mcrofiche, 

4. To assemhlie Irnforimatloln related to land and indexed and esil, iccessibli and trans 

water development as a companion study to objectives portable 
one through three above (Thtis woould ind ude a resume 2. Twelve rthousand ( 12,0001 pages on the 
of projects now Irider way or to he considered inthe general ublects of waler ruvource 

near future. It woou1(J al u el, ihasi Ze the inportance of development. i-ccnnici: ,ihveiipmeni, 

updating the water codes ii the cooprating countries river basin stuiies, iyorolugiiil fore 
and of training peISroifiel to idinrister water rights in casting and Eurulejn vv,ir hegishloion 

connection with existing or proposed projects.) recorded 11t i L';,,t i tI "I, I tin 1 

3. Approxirtitivl 100000 pagevs Of 

mnaterili - !, ,, ' ii I, Ii Till t iri 
General the giir l 'T'i tI, ,,I,,, (Cl'V:hIi) 

,ftil planning stage, but suffi-
cient work has heco:i dtoo 1,) hiicate some of the prob­

lems facing Latin AmeniIca The orderly administration 4. Fourteen hfniiritI :1,400i) a;jgi-s,f 

rls irh i, itjsi uf 

This activity is In tllc merit of underdeveh,1ilsi cuwrwi 

and adjudication of water rights has not received the non pub h - UNl 
StUctrs CiirTii~k!ieii -' 11)6U TOl tatiir 

attention it needs Many :countri.,s have laws on their Iaws of Cot',F,, E SI,0vsdur Gut­

statute books, hut few, if arly halVe- (ihe'lol)ed the dd- rtiii, Horldurlis. Nu,, iqi' Id Pan­

ministrative colpiw!-,'( wi i liI 1 aiJtil'isitet aid older I -,ac lir5T ama. oit ITlVI-nezuei, 

these laws. Also there is a -.KdJ gap betwe!en praictce in Urugl3ly and Arqni,. I hIT. tdes 

the distribution and manag.neent of water aid the law art frecli nrorul,.d i-,T cirir n­to thet inicralifr~.:'t.~ 
rcil thel differences so 

ar needed t i ecoitself. Efforts 

that the legal aid ,,d'slfrStr,itive iutcieirres do iot Jeop 5 Nusiniurs l f I r.rSi,,LutiS-iroOt 

ardize the beneficial, rdaional aind etfcient use of water vithir lhi U h h'-. eared i-d 

idqrnhf ed thicll(h Ti irisonw den-c 

Present status Determined the .U a, i t .wi i)t, 
During the past two years CIDIAT initiated a pro. future effortf ioTi.rnihii,,F nrjgariris 

gram to collect informatioln on the (Iluestion of water promoting tire Tril)iT :r.T,, I ,t.,,t- ,vsIII 

rights and to pio, ide microfiche copies of this informa Latin AmerIL 

tion. The results of this study are on hand and will be C. Determinled tie irreset~n sr ,tu , c water law 
- Dtsrmii trawuT ii ci- of, rirocsupplemented as additional information becomes avail 

5 

ment in ChdI rst Iueioeocrv
able. The United( Naitions roL) CEPAL (Econom ic 

Commission for Latin AmericaI statiired at Santiago, 
Chile, have made an advisor available to Latin American D. Identified senle r.ieas where there are uppor­
countries wishing to revise their water codes. Many tunities for useful wrOlects on in trier Latin 

American level including 
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1. 	 The writing and publication of a what measures can be taken. The usual procedure is to 
summary or digest .of Western Hemi- settle disputes on an emergency ad hoc basis. This may
sphere or Latin American water law. work 	for a time, but it is an inadequate solution for a 

2. 	 The establishment of a system for the 
collection and dissemination of infor­
mation on water law and administra­
tion. 

3. 	 The maintaining of 1 in current form 
by semi-annual or annual packet parts 
or supplements. 

4. 	 The search for an institution to contin-
ue these programs after they are once 
established, 

E. 	 Developed a work program for identification 
of specific in-country field studies, 

Summary of report on water law in Chile 

The present water code was established in 1952 
and amended in 1966 to integrate land reform provi-
sions. The agency established in the 1966 amendment to 
administer water rights for Chile has not yet been staffed 
and brought into existance. In the irrigated zones, local 
institutions exist to supervise and control water distribu-
tion. 

Limited investigations have been made by the 
Land Tenure Center of Wisconsin into the water law 
provisions of the Agrarian Reform Law in one geographi-
cal area. The study has not yet been published. The 
international center has studied the water code in gener­
al, but there are no plans to publish the study. 

Conflicting and priority use problems are critical 
in the Central Valley because of drought conditions, 
There is acritical need for retirement of the code regula­
tions and education of the administrators and users in 
the concepts of distribution and reasonable use in order 
for their wate, resource to meet present demands. 

Needed expansion of agricultural production in 
the northern regions is dependent primarily on the de-
velopment and use of subterranean water sources. This 
development could be greatly enhanced by implementa-
tion of a national system of law and administration of 
this resource, 

There is very little information available on water 
rights and administration in Chile, and a central adminis. 
tering agency does not exist. Thus when problems arise 
and water is in short supply, as it has been lately due to 
severe drought, there is no agency prepared to consider 

permanent program. 

Latin 	America in general The UN, through CEPAL 
in Santiago, appears to be the only organization pre­
viously engaged in promoting the development of water 
resources in Latin America through studying and recom­
mending improvement in the legal and administrative 

systems for controlling distribution. The activities of 
CEPAL have been limited to providing consultants upon 
request to aid in limited field studies, reports and pre­

parution of draft codes. Dr. Guillerino Cano provided 
most of the early studies and reports; more recently 
they have been made by Dr. Mario Valls who is now 
preparing final drafts of studies on some Central 
American countries. There have also been some short­
term experts provided by the UN. 

Dr. Valls felt that the improvement of the institu­
tions and laws for distributing water were vital to devel­
opment of Latin America and that there were many 
areas where information and understanding could con­
tribute substantially to progress. He focused on the need 
for books containing a digest of the laws and institutions 
as they now exist and the critical need for information 
flow on water rights, administration and related areas to 
people and agencies concerned with these problems. The 
UN is not working in either of these areas that he deems 
critical (see Appendices D and E). 

Mr. Seckinger, the Land Tenure Center, and The 
International Legal Center were all very favorably 
impressed with the need for, and utility of, adigest and 
information collection and distribution system. 

WP-7. Economics of Water Management Research in the 
Arid and Sub-Humid Areas of Latin America- Rural and 
National Impacts 

General 
The 	 major problems of water management must 

• include the impact of change and innovations upon the 
local and national economy. What happens at the farm 
level determines the effect of irrigated agricultural 
production upon the economy as a whole. Thus, this 
facet of water management is receiving consideration 
under the USU program of water management research. 

Objectives 
Up to this point the work has been in the planning 

stage and contains the following objectives: 
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1. Establish benchmarks. In order to estimate 
economic changes associated with alternative land and 
water management practices, it is necessary to identify 
current production methods, yields, hectarages and 
costs. 

2. Evaluate price elasticity for main food crops.
The net worth of alternative land and water practices 
cannot be evaluated in the absence of estimated price 
effects related to production increases, sources and 
prices of production. 

3. Relate domestic absorptive capacity to hectar-
age potentials. Predicted domestic demands for food and 
animal products are invaluable in project design and for
forward planning purposes. 

4. Determine feasible water conservation, crop-
ping and small machinery practices. Results of demand 
price studies will be combined with primary and secon-
dary data concerning effects of improved water manage-
ment, varieties, crop combinations and fertilizers to help 
farmers in selected areas choose the best net income
probabilities. 

5. Forecast main crop production levels. As more 
and more alternative production input "interactions" 
data become available, technologically achievable
national outputs can be predicted for food and eventual-
ly animal and industrial products, 

6. Generalize direct and indirect economic 
impacts of viab!e land and water practices. Given judg­
ments on farmer acceptance rate of improved manage 
ment methods and the net expected farm benefits, rural
 
income limits can be predicted; potential needs for
 
infrastructure 
 and other physical marketing and credit
 
facilities can also be estimated.
 

It is anticipated that some field work will be done 
by March 31, 1969, but the major effort in this phase of
 
the project will not begin until fiscal year 1970. Work
 
plans are 
 ready and will be submitted for consideration. 

WP-8. Irrigation and drainage by 
Modified Mole Systems 

General 
The drainage of heavy soils with low infiltration 

rates and already high water tables to allow rapid drying 
of the soil is a serious problem, especially in areas of 
high rainfall. Preliminary work is presently under way at 
USU to develop a modified mole system to help alleviate 
the problems associated with poor drainage. Some lab­
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oratory work under controlled conditions is under way
and will result in the design of a modified mole system 
which will be field tested in Latin America. The modifi­
cations to the mole system will tend to alleviate many of 
the failures that have been commonly associated with
conventional mole drains. A new technique will be 
employed which, if successful, will have a great impact 
upon land preparation, time of planting and water 
management in general. 

Objectives 

1. To design and fabricate an implement to be 
used in the construction of modified mole systems. 

test2. To the implement by constructing mole 
systems on the University Drainage Farm where soil 
types are similar in many respects to those of Latin 
American countries. Laboratory tests will be conducted 
to find the moisture contem of the soil which produces 
stable and well formed moles with least resistance to the 
moling implements. 

3. To construct mole systems in the Latin 
American countries using an implement developed, and 
to measure the efficiency of the implement and the 
systems. 

4. To improve the device as indicated by the 
studies and prepare detailed drawings of it. It is expected 
that a handbook describing the mo!e system and method 
of construction will be prepared. 



STAFF
 

Project Director: A. Alvin Bishop Lynn H. Davis 
Jay Anderson 

Field Director: Bruce H. Anderson Boyd Wennergren 
Komain Unhanand 

Professional Staff: Howard B. Peterson Darrell G. Watts 
Dean F. Peterson Wayne S. Willis 
D. Wynne Thorne Richard E. Griffin 
Jerald E. Christiansen Larry G. King 
Edwin C. Olsen, III Raymond W. Miller 
David R. Daines Alvin R. Hamson 
Rex F. Nielson Cleve H. Milligan 
Don Carlos Kidman Spencer H. Daines 
Kern Stutler Byron C. Palmer 
Allen Le Baron Glen S. Stringham 

SUMMARY OF INTERNATIONAL TRAVELS
 

Anderson, Bruce H. -October 31 to November 9, Nielson, Rex F. - August 26 to October 5, 
1968 Venezuela to Utah 1969 

Colombia, Venezuela, Bra­
- February 22 to March 22, zil 
1969 

Brazil, Venezuela, Colom- Olsen, Edwin C., III - June 16 to September 15, 
bia, Peru, Chile, Argentina 1969 
. August 26 to October 5, Chile 
1969 

Venezuela, Colombia, Bra- Peterson, Howard B. - February 17 to March 25, 
zil 1969 

San Salvador, Brazil, Pana-
Bishop, A. Alvin - February 17 to March 25, ma, Venezuela, Peru, Chile, 

1969 Colombia 
SLn Salvador, Brazil, Pana- - August 26 to October 5, 

ma, Venezuela, Peru, Chile, 1969 
Colombia Colombia, Venezuela, Bra­

zil 
Christiansen, Jerald E. - June 16 to July 30, 1969 Stutler, Kern - June 16 to July 23, 1969 

Guatemala, San Salvador, Venezuela 
Panama, Venezuela, Peru, 
Chile Watts, Darrell G. - June 18 to September 22, 

1969 
Kidman, Don Carlos - August 30 to present 

Chile -

Colombia 
Clmi 
November 23 to Novem. 

ber 29, 1969 
Colombia 
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BIBLIOGRAPHY OF BASIC DATA 

Latin America. 

A. 	 General. 

1. 	 Pan American Union, Columbus Me­
morial Library, Dept. of Cultural Af-
fairs. List of Books and Articles in the 
Columbus Memorial Library. PAU, 
Washington, D.C. 1968. 

2. 	 U.S. Dept. of Commerce, Bureau of 
International Commerce. Semiannual 
Checklist: International Business Pub-
lications. GPO, Washington, D.C. July 

1968. 

3. 	 AID-Office of Private Resources. Cata-
log of Investment Information and Op-
portuniti-s (Index). Dept. of State, 
Washington D.C. July 1967. 

4. 	 AID-Office of Private Resources. Cata-
log of Investment Information and Op-
portunities (Index-Supplement No. 1). 
Dept. of State, Washington, D.C. Sept. 
1967. 

5. 	 Business and Defense Services Admin. 
Publications List: Water Industries and 
Engineering Services Div. U.S. Dept. of 
Commerce. Washington, D.C. Sept. 26, 

1966. 

6. 	 Picton, W. L. and K. L. Kollar. The 
U.S. 	 Consulting Engineer in the For-
eign Field. Civil Engineering. July 

1962. 

7. 	 Dame, Hartley F. Latin America 1967. 
Merkel, Washington, D. C. 1967. 

8. 	 Soil Map of the World, FAO/UNESCO 
Proj. Catalog of Maps, 3rd Edition. 
FAO, Rome. Sept. 1965. 

B. 	 Agriculture. 

1 	 Mortensen, Ernest and Ervin T. Bul-
lard, Handbook of Tropical and Sub-
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tropical Horticulture. AID, Washing­
ton, D.C. 1968. 

2. 	 Foreign Agricultural Service. Agricul­
tural Geography of Latin America, 

Misc. Publ, No. 743. USDA, Washing­
ton, D.C. 1958. 

C. 	 Economics. 

1. 	 Economic Research Service. Indexes 
of Agricultural Production for the 
Western Hemisphere. USDA, Washing­
ton, D.C. 1968. 

2. 	 Bureau of International Commerce. 
Market Profiles for Latin America and 

the Caribbean. Dept. of Commerce, 
Washington, D.C. June 1968. 

3. 	 Kollar, K. L. Pan American Standards. 
Journal of American Water Works 
Assn. 57:139-146. Feb. 1965. 

4. 	 Business and Defense Services Admin., 
Water and Sewerage Division. Com­
munity Water Supply Program for 
Latin America. Dept. of Commerce, 
Washington, D.C. May '.J62. 

5. 	 Economic Research Service. The West­
ern Hemisphere Agricultural Situation. 
USDA, Washington, D.C. April 1968. 

6. 	 Economic Research Service. Food Ba!­
ances for Twenty-Four Countries of 
the Western Hemisphere, 1959-61. 
USDA, Washington, D.C. 1964. 

7. 	 Economic Research Service. Agricul­
tural Policies in the Western Hemi. 
sphere. Foreign Agricultural Economic 
Report No. 36. USDA, Washington, 
D.C. 	1967. 

8. 	 Economic Research Service. Agricul­
tural Economies of Dependent Terri­
tories in the Western Hemisphere. 
ERS-Foreign 145 USDA, Washington, 
D.C. 

D. 	 Hydrology. 

1. 	 UNESCO. Reviews of Research on 
Arid Zone Hydrology. Firmin-Didot, 



Paris, France. 1953. (Biblio. Card) 

2. 	 Gresswell, R. K. and Anthony Huxley. 
Standard Encyclopedia of the World's 
Rivers and Lakes. Putnam New York, 
New York. 1965. (Excerpts) 

E. 	 Meteorology. 

1. 	 Savere, Max R. West Coast of South 
America - 00 to 300 South Latitude. 
Dept. of Meteorology, California Inst. 
Tech. 1942. (Excerpts) 

2. 	 Serra, Adalberto B. Climatology of the 
Troposphere. 1943. (Biblio. Card) 

3. 	 Air France. Climatology of South 
America. 1965 (Biblio. Card) 

4. 	 Washington Weather Bureau. Hydro-
logic Bulletin-Daily and Hourly Precip-
itation So. Pacific District. Jan. 
1940.July 1948. (Biblio. Card) 

F. 	 Pedology. 

EI-Swaify, S.A. and L.D. Swindale. 
Hydraulic Conductivity of Some Trop­
ical Soils as a Guide to Irrigation Water 
Quality, Paper No. 40. Transactions, 
9th International Congress of Soil Sci-
ence 1:381-389. 

2. North Carolina State Univ., Inter­
national Soil Testing. The Fertilizer 
Requirements of Countries in Latin 
America. Raleigh. 1966. 

3. North Carolina State Univ., Inter-
national Soil Testing. The Fertilizer 
Requirements of .'ountries in Latin 
America. Raleigh. 1967. 

4. 	 Cate, Robert B., Jr. and Larry A. Nel-
son. A Rapid Method for Correlation 
of Soil Test Analvses with Piant Re-
sponse Data. Technical Bulletin No. 1, 
International Soil Testing. Raleigh. 
1965. 

5. 	 Fitts, J. W., R. B. Cate, Jr., A. H. Hun-
ter, J. L. Walker, and D. L. Waugh. 
Evaluation of Soil Fertility in Latin 
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America. Raleigh. 1965 

6. 	 Waugh, D. L. and J.W. Fitts. Soil Test 
Interpretation Studies: Laboratory 
and Potted Plant. Technical Bulletin 
No. 3, International Soil Testing. Ra­
leigh. 1966. 

7. 	 Kamprath, E. J. Soil Acidity and Re­
sponse to Liming. Technical Bulletin 
No. 4, International Soil Testing. Ra­
leigh. 1967. 

8. 	 FAO/UNESCO Project, Soil Map of 
the World. Bibliography on Soil and 
Related Sciences. World Soil Re­
sources Report 23. U.N., Rome. 1966. 

9. 	 FAO/UNESOO Project, Soil Map of 
the World. Detailed Legend for the 
Third Draft of the Soil Map of South 
America. World Soil Resources Report' 
16. U.N., Rome. 1965. 

10. 	 FAO/UNESCO Project, Soil Map of 
the World. First Meeting on Soil Cor­
relation for North America: Mexico, 
1-8, Feb. 1965. World Soil Resources 
Report 17. U.N., Rome. 

11. 	 FAO/UNESCO Project, Soil Map of 
the World. The Soil Resources of Latin 
America - 2nd Draft - Oct. 1965. 
World Soil Resources Report 18. U.N., 
Rome. 

12. 	 FAO/UNESCO Project, Soil Mup of 
the World. Second Meeting on Soil 
Survey, Correlation and Interpretation 
for Latin America. World Soil Re­
sources Report 21. U.N., Rome. 1965. 

13. 	 FAO/UNESCO Project, Soil Map of 
the World. Soil Map of South America 
1:5,000,000. World Soil Resources Re­
port 34, U.N., Rome. 1968. 

14. 	 FFHC Fertilizer Program. Revlew of 
Trial and Demonstration Results, 
1965-66. U.N./FAO, Rome. 1968. 

15. 	 Terkuile, C.H.H. The FAO Fertilizer 
Demonstrations. Symposium on Ferti­
lizers in Developing Countries, Annual 
Meeting of the American Society of 



Agronomy. Nov. 1967. 

16. 	 FFHC Fertilizer Program. Physical and 
Economic Summary of Trial and Dem-
onstration Results, 1961-66. U.N./ 
FAO, Rome. 1968. 

2. 	 Bolivia. 

A. 	 Meteorology. 

1. 	 Monheim, Felix. Bertrage Zur'Klima. 
tologie und Hydrologie Des Titicaca-
bekens. Heidelberg. 1956. (Excerpts) 

B. 	 Pedology. 

1. 	 FAQ. Adequacy of Soil Studies in Par­
aguay, Bolivia, and Peru. World Soil 
Resources Report 9. U.N., Rome. 
1964. 

3. 	 Brazil. 

A. 	 General. 

1. 	 Figueira, Victor, de Frutas. Na Bacia 
Do Sao Francisco. 1960. (Excerpts) 

2. 	 SUDENE. The Brazilian Northeast and 
Its First Guiding Plan. Recife. 1962. 
(Excerpts) 

3. 	 Carlos, Rua, De Carvaliho. Ribeira Do 
Sao Francisco. Cavalcanti Proenca Bib-
lioteca Militar LXXVI, 1948. (B.C.) 

4. 	 USBR. Rio Sao Francisco Basin, Bra-
zil. Reconnaissance Appraisal - Land 
and Water Resources 1:216. 1967.(Excerpts) 

5. 	 USBR. Reconnaissance Appraisal -
Land and Water Resources. RioFrancisco Basi'n, Brazil. USBR, SaoWash-
ington, D.C. 1967. 

6. 	 SUDENE. 0 Nordeste Hoje. Recife. 
1968. 

7. 	 Seminario National De Irrigacao. map 
of Recife. Recife. 1968. 
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8. 	 Recife Sempre Jovem Manchete 785. 
1969. 

9. 	 I Seminario National De Irrigacao. 
Somula Da Sessao Tecnica De 
09.12.68. Recife. 1968. 

10. 	 Depto. De Estradas. Mapa Rodoviario 
Do Estado De Pernambuco. Recife. 

1968. 

11. 	 Depto. Nacional Da Industria E Coin 
ercio. Aspects of Brazil Moderno. 
1933. (Biblio Card) 

12. 	 Zarur, Jorge. A Bacia Do Medio Sao 

Francisco. Rio De Janeiro. 1946. (Ex­
cerpts)
 

13. 	 IRI Research Institute. Semiannual 
Report. Dec. 1968. 

14. 	 SUDENE. 0 "Novo Nordeste" LHE 
Oferece Mais. Recife. 1967. 

15. 	 SUDENE. Estudos E Investigacoes Dos 
"Recursos Naturais No Nordeste." I 
Seminario Nacional De Irrigacao. Bole­
tin No. 1.Dec. 1968. 

16. 	 SUDENE. Projetos De Irrigacao No 
Nordeste IV Piano Director, 1969-73. 
I Seminario Nacional De Irrigacao. 
Boletim No. 2. Dec. 1968. 

17. 	 CIDA. Brazil. PAU, Washington, D.C. 
1964 

18. 	 USBR. Piranhas River Basin Study -
Northeast Brazil. 1963. 

19. 	 USBR. Appraisal of landResources-Rio and WaterGrande Basin, Brazil. 
1964. 

20. 	 USBR. Land and Water Resources: 
Araguaia-Tocantins River Basin, Brazil.1964. 

B. 	 Economy. 

1. 	 SUDENE. Five Year Plan for the Dev­
elopment of the North-East, 1961-65. 
(Excerpts) 

http:09.12.68


1934 

2. 	 Bureau of International Commerce. 

Basic Data on the Economy of Brazil. 
Dept. of Commerce, Washington, D.C. 

Aug. 1968. 

3. 	 Economic Research Service. Brazil's 
Position in World Agricultural Trade. 
ERS.Foreign 190. USDA, Washington, 

4. 	 SUD 'CAO,Norman Hilton. Sur-

vey of t,.'ao Francisco River Basin, 
Brazil-Interim Economic Report. U.N.1963. (Excerpts) 

5. 	 ETENE. Interpretacao Estatistica De 
Informacoes Pluviometricas Seleciona-
das-Poligono Das Secas. (Excerpts) 

C. 	 Hydrology. 

1. 	 Fernandez, Guillermo A. de Lara. 
Hydrology and Utilization of Hydraul-
ic Resources in Arid and Semi-aridAcResorctin Aerica Frmi-id,
A reas o f Latin A m erica . Firm in-D ido t,Paris. 	1953. (Excerpts) 

2. 	 Velloso, Newton C.and Pedro J. S.Ri-
beiro S. Situation of Brazil as Regards 
Utilization of Water Resources. Inter-
national Conference on Water for 
Peace DOC/24. May 23-31, 1967. 

3. 	 Deptc. Nacional de Producao Mineral, 
Brazil.Divisao de Aguas. Atlas-
Pluviometrico do Brazil, 1914-38. Rio 
de Janeiro. 1948. (Biblio. Card) 

4. 	 de Souze G., Arnobio. Uma Excursao 
A Sao Franciso. 1949. (Biblio. Card) 

5. 	 Rochefort, Michel. Rapports Entre La 
Pluviosite Et L'Ecoulement Dans Le 
Bresil. Strasbourg. (Biblio. Card) 

6. 	 Corps of Engineers. Report on Orino-
co-Casiqaiare-Negro Waterway, Venez, 
Col., Brazil. U.S. Army, Washington, 
D.C. 	 1943. (Biblio. Card) 

7. Ministerio da Agricultura, Brazil. For-
cas Hidraulicas. 1944. (Biblio. Card) 
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8. 	 Government of Brazil. Produccao Min­
i eJnio 

(Bilo . R 

9. 	 Rocha, Geraldo. 0 Rio Sao Francisco. 

Brasiliana 184. 1940. (Biblio. Card) 

10. 	 Depto. Nacional da Producao Mineral, 
Brazil - Servicio De Aguas. Relatorio 
Dos Trabalhos Executados. 

(B.C.) 

11. 	 Divisao de Aguas, Ministerio do Ari­cultura, Brazil. Anuario Fluviometri:o.
1940. (Excerpts) 

12. 	 Depto. Estadual de Estatistica, Brazil. 
Acudes E Pocos Tubulares. 1944. (Ex­
cerpts)
 

13. 	 Waring, Geraldo A. 	 Supprimento 

d'Agua No Nordeste Brazil. 1923. (Ex­
cerpts)
 

14. 	 Servicio Geologico e Mineralogico doB a i 	. D d s H d o r p i o . R o dBrasil. Dados Hydrographicos. Rio de 
Janeiro. 1931. (Excerpts) 

15. 	 Rodis, H.G. and Jonas Maria de Castro 
Araujo. Groundwater Resources of the 
Acu Valley Area, Brazil. Tech. Letter 
Brazil Inves. Br-iS. USGS. 1967. 

16. 	 Chada, F., Luis Goncalves and Mario 
Dias Pessca. Hydrogeology of the Up­
per Capibaribe Basin. Tech. Letter Bra­
zil Inves. BR-11. USGS. 1967. 

Meteorology. 

1. 	 Ministerio da Agricultura. Meteorologi­

cal Stations in Brazil. 1945. 

2. 	 Different Authors. Several Maps - Cli­
mate of Brazil. (B.C.)
 

3. 	 Sachse, Glen V., Rubber Development
 
Corporation. Meteorological Service of
 
RDC Meteorologiral Dept. Manaus.
 
1944. (Biblio. Card)
 

4. 	 Klabucher, Victor, Jr. Brazilian Cli­
matology. Cal. Tech Student Paper. 

(Biblio. Card) 



a 1945. 1946. (Bibhio. Card)CetaBnkoChe.hianG­
ette. New 
 York. Monthly. (Biblio. 
Card)

Normais Cli-Servicio de Meteorologia.11. 
matologicas. 	1941. (Biblio. Card) 2. Fernandez L., Guillermo A. UNESCO 

Arid Zone Hydrology, Chile. Firmin-
Did 	 o ne 1953.Paris. (Ex erts12. 	 Serra, Adlberto B. 3nd Leandro Ratis-

da Baciabonna. As Ondas De Frio 

Amazonica. 1941 (Biblio. Card) 3. Diuguid, Lewis H. Land Reformer 
Quits in Chile. The Washington Post,

13. 	 Dir. De Meteorologia. Causas Provaveis G2 p. Nov. 24, 1968.
 

Seccas Do Nordesto Brasileiro.
Das 
1925. (Biblio. Card) 4. Chile-American Association. Chile-

American Assoc. Reciprocal Re­14. Deoto. Ncional De Producao Mineral, 	 sources. New York. (Biblio. Card) 
Divisao De 	Aguas. Atlas Pluviometrico 

Do B-asil, 1914-38. Rio ,de Janeiro. 5. Ministerio De Industrie E Obras Pub­
1948. (Excerpts) licas. Seccion De Estudio De La Fuer­

zas Hydraulicos, 1911. Santiago. 1912(Biblio. Card)15. 	 Romiti and Lanzara. Drought C(.ntrol 

in the Brazilian N.E. 1939. (Exc rpts)
 

6. 	 Republic De Chile. Reglamonto De Las 
Rervic De CgulePotable Y La16. 	 ESSA. Station Notes, Brazil. Dept. of 

Agua 	Potable Y Alcanta-DC.CommrceWashngtn,160.Servicios 	 De 
Commerce, Washigton, D.C. 1960. rillado. Santiago. 1946. (Biblio. Card)
(Excerpts) 

7. CIDA. 	Tenencia De La Tierra Y Desar-
E. 	 Pedology. rollo Economico. 1966 (Excerpts) 

1. 	 Ferguson, Hayden. Report of Short- 8. University De Chile. Seminario Inter-
Term Consultation. USAID, Porto nacional De Hidraulica Y Mecanica De 
Alegre. 1968. Fluidos. Santiago. 1962. (Biblio. Card) 
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5. 	 Coye, J. R.On the Dry Season and-the 
Rainy Season of Interior'Brazil. Panair 

Do Brasil, S.A. Meteorological Papers. 
1942. (Biblio. Card) 

6. 	 Servicio de Climatologia, Brazil. Cli-
matological Data for Brasilia, D. F., 
Aug. 1960-June 1963. (Biblio. Card) 

7. 	 Olander, Harry. South Atlantic Wea­ther. 	1943. (Biblio. Card) 

8. 	 Depto. Nacional dle Obras de Sanca-
mentu. Chuvas Intensas Nu. Brazil. 

1957. (Excerpts) 

9. 	 Escolas Professionais Salisianas. Con-
tribuicao Para 0 Estudo do Clima do 

Estado de Sao Paulo. 1946. (Biblio. 
Card) 

10. 	 Franco, Coaraci M. Chuvas E Umidade 

Relativa do Av Em Campenas de 1890 

2. 	 Stensland, Carl H. Soil Survey and Its 
Interpretation in Relation to Agric. 
Dev. in N.E. Brazil. FAO, Rome. 
1965. 

3. 	 FAO/UNESCO Project, Soil Map of 
the World. Soil Resources Expedition 
in Western and Central Brazil. U.N., 
Rome. 1965. 

4. 	 FAQ. Soil Resources and I and Class­
ification for Irrigation. Survey of the 

Sao Francisco River Basin, Brazil II, 
Part 1. 1966. 

5. FAO. 	Semi-Detailed Soil Surveys. Sur­

vey of the Sao Francisco River Basin, 
Brazil 11,Part 2. 1966. 

4. 	 Chile 

A. 	 General. 

1. 	 Central Bank of Chile. Chilean Gaz­



Anon. Chile, General Information.9. 
10. 	 Instituto De Investigacions Agrope-


cuarias. Cuarto Memoria Anual Del In-
stituto De Inves. Agro., 1967-68. Min­
isterio De Agricultura, Santiago. 1968. 

11. 	 OAS. Final Report of the Proyecto 
Aerofotogrametrico OEA/Chile. 1964. 

12. 	 CIDA. Chile-Inventory. PAU, Washing.ton, D.C. 1964. 

B. 	 Economy. 

1. 	 Orr, Alden E. Economia Del Riego, 
Chile. FAQ, Rome. 1959. 

2. 	 Ministerio De Obras Publicas. Boletin 
De Fomento, Chile. Santiago. 1950. 
(Biblio. Card) 

3. 	 Bureau of International Commerce. 
Basic Data on the Economy of Chile. 
Dept. of Commerce, W,shington, D.C. 
1964. 

C. 	 Hydrology. 

1. 	 Heussen, Calvin J. American Geo­
graphical Society, Southern Chile Ex-
pedition. AGS, New York. 1959. (Bib-
lio. Card) 

2. 	 Conoso R., Jaime and Augusto Matte 
G. Chile and Its Water Resources. In-
ternational Conference on Water for 
Peace. May 1967. 

3. 	 Wollman, Nathaniel. Water Resources 
of Chile. John Hopkins, Baltimore.1968. 

4. 	 Ministerio De Obras Publicas Y 
Transportes. Embalse Digua. Santiago. 
1968. 

5. 	 Ministerio De Obras Publicas Y 
Transportes. El Embalse Paloma.Santiago. 1969. 
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D. 	 Meteorology. 

1. 	 Johnson, Rolfo S. The Climate of 
Chile from 300 South Latitude to 
Cape Horn. Cal. Tech, Pasadena. 1942. 

2. 	 Oficina Meteorologica De Chile.
Brofia De Chile. 
Barografia De Chile. Santiago. 1943.

(Biblio. Card) 

3. 	 Oficina Meteorologica De Chile.3 fcn eerlgc eCie
P!uviometria De Chile. Santiago. 1966. 
(Biblio. Card) 

4. 	 Aldunate, Alejandro A. Boletin Meteo­
rologico Y Sismologico. Santiago. 
1964. (Biblio. Card) 

5. 	 ESSA. World Weather Records, 
1451-1960. Dept. of Commerce, Wash­
ington, D.C. 1966. (Excerpts) 

6. 	 Oficina Meteorologica De Chile. 
Seccion Climatologica, Chile. Santiago. 
1941. (Excerpts) 

7. 	 Oficina Meteorologica De Chile. 
Anuario Meteorologico De Chile, 
1960-1963. Santiago. 1964. (Excerpts) 

8. 	 Oficina Meteorologica De Chile. 
Normales Y Promedios De Precipita. 
tion, 1911-1963. Santiago. 1964. (Ex­
cerpts)
 

9. 	 Almeyda A., Elias. Pluviometria De 
Las Zonas Del Desierto Y Las Estepas 
Calidas De Chile. Santiago. 1950. 
(Excerpts) 

10. U.S. Weather Bureau. Precipitation 

Date 	 for Talca and Temuco, Chile.
Dept. 	of Commerce, Washington, D.C. 
1942. (Excerpts) 

11. 	 Oficina Meeorooic -De Chile. Re ­

sumenes Anuales Chile, 1938-39. 
Santiago. 1940. 

12. 	 Oficina MeteorologicaAnuario 	 De Chile.Meteorologico, 1938-39. 
Santiago. 1940. (Excerpts) 



E. 	 Pedology. 

1. 	 Roberts, Ray C. Reconocimiento, 
Classificacion Y Problemas Conexos 
De Investigacion De Suelos. FAO, 
Rome. 1960. 

5. 	 Colombia 

A. 	 General 

1. 	 Taylor. Bibliography-Suarez River 
Basin, Colombia. 

2. 	 Development and Resources Corpora-
tion. Suarez River Basin-Ubate-
Lenguazaque Project-Feasibility 

Study. D&R, New York. 1968. 

3. 	 Colombia Information Service. Colom-
uia Today 2(4). New York. 1967. 

4. 	 CAR. The Unified Development of 
Power and Waier Resources in the 
Cauca Valley. 1956. (Excerpts) 

5. 	 Fernandez L., Guillermo A. UNESCO 
Arid Zone Hydrology, Colombia. 
Firmin-Didot, Paris. 1953. (Excerpts) 

6. 	 Bibliography-Water Resources in the 
Cauca Valley. 

7. 	 Jaramillo S., Bernardo. Valles De 
Colombia. Bogota. 1949. (Biblio. 
Card) 

8. 	 USBR. Magdalena-Cauca River Basin 
Reconnaissance Appraisal. 1967. 
(Excerpts) 

9. 	 Comite Nacional De Meteorologia De 
Hidrologia. Boletin Informative. 1963. 
(Excerpts) 

10. 	 CIDA. Colombia-Inventory. PAU, 
Washington, D.C. 1963. 

11. 	 INCORA. Proyecto Magdalena , 4. 
ILACO, Bogota. 1967. 

Basic Data on the Economy of Colom­

bia. 	 Dept. of Commerce, Washington, 

D.C. 	 1966. 

2. 	 Bureau of International Commerce. 
Market Factors in Colombia. Dept. of 
Commerce, Washington, D.C. 1967. 

3. 	 Bureau of International Commerce. 
Market Profile-Colombia. Dept. of 
Commerce, Washington, D.C. 1968. 

C. 	 Meteorology 

1. 	 Ministerio De Agricultura. Anuario 
Meteorologico 1949-1954. Bogota. 
1955. (Excerpts) 

2. 	 Ministerio De Agricultura. Anuario 
Meteorologico 1937-1957. Bogota. 
(Biblio. Card) 

3. 	 Avianca. Resumenes Grafico Del 
Tiempo. (Biblio. Card) 

4. 	 Bogota Observatorio Meteorologico. 
Anales Del Observatorio Nacional De 
San Bartolome En Los Andes Colom­
bianos. Bogota. 1934 1939. (Excerpts) 

5. 	 ESSA. World Weather Records-
Colombia. Dept. of Commerce, Wash­
ington, D.C. 1961. (Excerpts) 

D. 	 Pedology. 

1. 	 FAQ General Report. Soil Survey of 
the Llanos OrientalesColombia I. 
1965. 

2. 	 FAQ. Informe General. Reconoci­
mient Edafologico Do Los Llanos 
Orientales Colombia I. 1965. 

3. 	 FAQ. Los Suelos De Los Llanos Orion­
talesColombia Il 1965 

4. 	 FAO. Los Suelos De Los Llanos Orien­
tales-Seccion Segunda. Reconoci­
miento Edafologico De Los Llanos 
Orientales II. 1965. 

B. Economy. 

1. Bureau of International Commerce. 
5. FAO. Los Suelos De Los Llanos Orien­

tales.Apendice I1-1. Reconocimiento 
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Edafologico De Los Llanos Orientales- B. Economy. 

Colombia II. 1965. 1. 	 Bureau of International Commerce. 
Basic Data on the Economy of6. 	 FAO. La Vegetacion Natural Y La BscDt nteEooyo6. FQ. a VeetaionNatual 	 Dept. of Commerce, Wash.LaEcuador. 

En Los Llanos Orientales-
Seccion Primera. Reconocimiento ington, D.C. 1968.. 
Edafologico De Los Llanos Orientales-
Colombia Il1. 1966. C. Hydrology. 

Ganaderia 

7. FAO. La Vegetacion Natural Y La 1. Servicio Nacional De Meteorologia Y 
Ganaderia En Los Llanos Orientales- Hidrologia. Normas Para Mediciones 
Seccion Segunda. Reconocimiento Del Caudal. Quito. 1963. (Biblio. 
Edafologico De Los Llanos Orientales- Card) 
Colombia III. 1966. 

D. Meteorology. 
8. FAO. Estudios Especiales En El De­

partamento Del Meta. Reconocimiento 1. ESSA. World Weather Records-
Edafologico De Los Llanos Orientales-
Colombia IV. 1965. 

Ecuador. Dept. of Commerce, 
ington, D.C. (Excerpts) 

Wash­

9. FAO. Mapas. Reconocimiento 2. Servicio Meteorologico De Ecuador. 
Edafologico De Los Llanos Orientales- Resumenes Mensuales De La Estacion 
Colombia. Central De Quito. Quito. 1946. 

(Biblio. Card) 
6. Costa Rica 

A. General 
3. Servicio Meteorologico De Ecuador. 

Resumes De La Observaciones Meteor­
ologicas 1935-1943. Quito. 1945. 

1. Corrales, Manuel F. Water Resources (Ex.) 
and Water Development Situation in 
Costa Rica. International Conference 
on Water for Peace DOC/53. May 

4. Direccion 
raulicos. 

General 
Lluvias 

De Resursos Hid-
Y Sequias En El 

1967. Ecuador. Quito. 1965. 

7. Ecuador. E. Pedology. 

A. General. 1. FAO. Plan De Recolonizacion De Las 
Haciendas Administradas Por La Junta 

1. Bibliography-Guayas River Basin of Central De Asistencia Social Del 
Ecuador. Ecuador. Rome. 1964. 

2. 	 Fernandez L., Guillermo A. UNESCO 8. El Salvador. 
Arid Zone Hydrology-Ecuador. 
Firmin-Didot, Paris. 1953. (Excerpts) A. Economy. 

3. 	 Pan American Union. Survey for the 1. Bureau of International Commerce. 
Development of the Guayas River Basic Data on the Economy of El 
Basin of Ecuador. OAS, Washington, Salvador. Dept. of Commerce, Wash-
D.C. 1964. ington, D.C. 1967. 

4. 	 CIDA. Ecuador-lnventc.ry. PAU, Wash- B. Hydrology. 
ington, D.C. 1964. 

1. 	 Patchick, Paul F. Ground-Water Re­
search in Central America Completed. 
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Water 
1968. 

Well Journal, p. 32-33. Oct. 

C. Pedology. 

1. Heikkinen, Toivo and C. H. H. ter 
Kuile. Report to the Government of El 
Salvador on the FFHC Fertilizer Pro­
gram. Fertilizer Program No. F.P. 13. 
Report No. 30. 1968. 

9. Guatemala. 

A. General. 

1. Guatemalan National Commission. 
Water Resources in Guatemala. Inter­
national Conference on Water for 
Peace DOC/37. May 1967. 

2. Journey, Tim. Well Drilling in Guate-
mala. Water Well Journal, p. 38-39. 
Oct. 1968. 11. 

B. Economy. 

1. Bureau of International Commerce. 
Basic Data on the Economy of Guate-
mala. Dept. of Commerce, Wash-
ington, D.C. 1966. 

10. Guyana. 

A. Hydrology. 

1. Potter, K.E.D. and S.S. Naraine. 
Country Situation Paper-Guyana. 
International Conference on Water for 
Peace DOC/52. May 1967. 

B. Pedology. 

1. FAQ. General Report of British 
Guiana. Report on the Soil Survey 
Project of British Guiana I. 1966. 

2. FAO. Soil Chemistry and Soil Manage. 
ment. Report on the Soil Survey Pro-
ject of British Guiana I1.1966. 

3. FAO. Reconnaissance Soil Survey-Part 
1. Report on the Soil Survey Project 
of British Guiana III. 1966. 
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4. 	 FAQ. Reconnaissance Soil Survey-Part 
2. Report on the Soil Survey Project 
of British Guiana II1.1966. 

5. 	 FAQ. Semi-Detailed Soil Survey of the 
Mahaica-Mahaicony-Abary Area. Re­
port on the Soil Survey Project of 
British Guiana IV. 1965. 

6. 	 FAQ. Semi-Detailed Soil Survey of the 
Canje Area. Report on the Soil Survey 
Project of British Guiana V. 1966. 

7. 	 FAQ. Semi-Detailed Soil Survey of the
Ebini-ltuni-Kwakwani Area. Report on 
the Soil Survey Project of British 
Guiana VI. 1965. 

8. 	 FAQ. A Report to Accompany a 
General Soil Map of British Guiana. 
Report on the Soil Survey Project of
British Guiana VII. 1965. 

Honduras. 

A. General. 

1. 	 Molina G., Hector and Wilfredo Sierra 
P. Country Situation Paper-Honduras. 
International Conference on Water for 
Peace DOC/27. May 1967. 

2. 	 Sapia M., Raul. Guia De Honduras. 

New York. 1941. (Excerpts) 

3. 	 Republica De Honduras. Informe De 
La Secretaria De Fomento, ano Fiscal 
1954-55. (Biblio. Card) 

4. 	 Hidalgo, Carlos F. Highlights of Hon­

duras. Washington, D.C. 1959. (Biblio. 
Card) 

5. 	 Martinez L., Eduardo. Geografia Ilus­
trada De Honduras. Tegucigalpa. 1930. 
(Biblio. Card) 

6. 	 Carr, Archie. High Jungles and Low. 
Univ. of Florida, Gainesville. 1953. 
(Biblio. Card) 

7. 	 International Engineering Co. Cholu­
teca Project Feasibility Report. 1968. 
(Excerpts) 



B, Economy 
B. Pedology. 

1. Checchi, Vincent. Honduras, A Pro­
blem in Economic Development. 1. FAO. Adequacy of Soil Studies in 
Twentieth Century Fund, New York. Paraguay, Bolivia, and Peru. U.N., 
1959. (Excerpts) Rome. 1964. 

C. Meteorology. 14. Peru. 

1. ESSA. World Weather Records-- A. General. 
Honduras. Washington, D.C. (Ex­
cerpts) 1. Fernandex L., Guillermo A. UNESCO 

Arid Zone Hydrology-Peru. Firmin­
2. Servicio Meteorologico Nacional. Re- Didot, Paris. 1953. (Excerpts) 

port Listing Weather Stations, Rain­
tall, and 
(Excerpts) 

Map. Tegucigalpa. 1958. 2. Hydrotechnic Corporation. Summary 
and Report - Tumbes Development 

3. Servicio Meteorologico Nacional. 
Project-Feasibility Study I. Jan. 1965. 
(Excerpts) 

Almanaque Hondurena. Tegucigalpa. 
(Excerpts) 3. Pan American Union. Integracion 

Economica Y Social Del Peru Central. 
4. Wise, Harry and Carlos M. Zacarias. Washington, D.C. 1961. (Excerpts) 

Analysis De Caida De Lluvia En Cin­
cuenta Estaciones De Honduras. ICA. 4. Peru National Committee. Country 
1958. (Excerpts) Situation Paper-Peru. International 

5. Servicio Meteorologico Nacional. 
Conference on Water for Peace. 
1967. (Excerpts) 

May 

Precipitacion En Honduras. Teguci­
galpa. 1962. (Excerpts) 5. Sandeman, Christopher. A Forgotten 

River. Oxford, London-New York. 
D. Hydrology. 1939. (Biblio. Card) 

1. Servicio Hidrometrico Nacional-Hon- 6. International Engineering Co., Inc. 
duras. Boletin No. 1 and 2. Teguci- Regional Plan for the Economic and 
galpa. 1954-55. (Excerpts) Social Development of the ICA and 

12. Mexico. 
PISCO River Basins. 1967. (Excerpts) 

7. International Engineering Co., Inc. 
A. Hydrology. Summary and Report-Planning Study 

Piura-Chira Water and Power Poten­
1. Secretaria De Recursos Hidraulicos- tials and Feasibility Study Chira Valley 

Mexico. Organizacion De Los Distritos Development I. 1967. (Excerpts) 
De Riego A Nivel Nacional Y Region­
al. Semir.jr, Recife. 1968. (Spanish) 8. Comite Peruano De Zonas Aridas. 

Informe Nacional Sobre Las Zonas 
13. Paraguay. Aridas. Lima. 1963. 

A. General. 9. ONERN. Inventario, Evaluacion E 
Integracion De Los Recursos Naturales 

1. Sosa, Horacio C. Paraguay: "Water" - De La Zona Del Rio Pachitea. Lima. 
The Problem in the Chaco's Northwest 1963. 
Zone. International Conference on 
Water for Peace DOC/14. May 1967. 10. Bibliography-Peru 
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B. Economy. 6. Drewes, Wolfram U. Climate and Re-, 

lated Phenomena of the Eastern 

1. Bureau of International Commerce. 
Basic Data on the Economy of Peru. 
Dept. of Commerce, Washington, D.C. 
1965. 

Andean Slopes of Central Peru. 
Syracuse, New York. 1957. (Excerpts) 

7. ESSA. World Weather Records-Peru. 

C. 

2. Economic Research SErvice, Howard 
L. Hall. Peru-Market and Competitor 
for U.S. Farm Products. USDA, Wash-
ington, D.C. 1965. 

Hydrology. 

Dept. of Commerce, Washington, D.C. 
(Excerpts) 

8. Howell, W.E., Associates. Some 
Aspects of the Peiuvian Rainfall 
Climate. Cambridge, Mass. 1952. 
(Excerpts) 

1. Direccion De lrrigacion-LNH. Pruebas 
De Sedimentacion En Agua Tranquila 
De Arenas Del Rio Mantaro. Lima. 

9. Ministerio De Agricultura. Boletin De 
Estadistica Meteorologica E Hydro­
logia. Lima. 1962. (Excerpts) 

1966. 
E. Pedology. 

2. Direccion De Irrigacion LNH. Estudio
En Mdel Hidaulcoc LaRapdal1.En Mo d e fo Hid ra u lic o D e La Ra p ida l 

Y Tanque AmortiguIdor. Lima. 1965. 

FAO. Adequacy of Soils Studies in
P r g a , B l v a n e u . . 

Paraguay, Bolivia, and Peru. UN.,
Rome. 1964. 

3. Direccion De Irrigacion-LNH. Estudio 
En Modelo Hidraulico De La Boca- 15. Uruguay. 

toma Del Proyecto De Irrigation 
Chao Y firu. Lima. 1966. 

De 
A. General. 

D. Meteorology. 1. Christiansen, J.E. Irrigation and Drain­

1. Monheirn, 
KlimatoloLie 

Felix. Bertrage 
und Hydrologie 

Zur 
Des 

age Problems in Uruguay. Journal of 
the Irrigation and Drainage Division-
ASCE. June 1960. 

Titicacabekens.
(German-Excerpt) 

Heidelberg. 1956. 2. Anon. Development Programmes and 
the United Nations Technical Assist­

2. Bailey, Solan I. Peruvian Meteorology. 
Annal, of the Astronomical Observa­
tory of Harvard College 3. 1923. 
(Biblio. Card) 

3. Howell Associates Inc. Evaluation of 
Cloud Seeding in the Chicarna-Moche 
Region of Peru. Cambridge. 1953. 
(Biblio. Card) B. 

ance in Uruguay. Montevideo. 1968. 

3. Christiansen, J.E., FAO. Aprovecha­
miento De Los Recursos Hidraulicos 
En El Fomento De La Agricultura De 
Riego. Informe Al Gobierno De 
Uruguay. 1958. 

Economy. 

4. Servicio De Agrometeorologic E 
Hidrologia. Resumen Climatologico E 
Hidrologico Mensual. Lima. 1965. 
(Excerpts) 

C. 

1. Farnworth, Constance H. The Agri­
culture of Uruguay. USDA, Wash­
ington, D.C. 1952. 

Pedology. 
5. Servicio De La Produccion Del Trans­

porte Y Del Comercio. Revista 
Meteorologica Del Peru. Lima. 1959. 
(Biblio. Card) 

1. FAO. Soil Management Research. 
Report to the Government of Uru­
guay. 1968. 
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16. Venezuela. 
4. 	 Vareschi, Volkmar. La Estan Biologica 

A. 	 General. De Los Llanos De La Sociedad Vene­
zolana De Ciencial Naturales Y Su 

1. 	 Fernandez L., Guillermo A. UNESCO Tarea. Caracas. 1960. (Biblio. Card) 
Arid Zone Hydrology-Venzuela. 
Firmin-Didot, Paris. 1953. (Excerpts) 5. Direccion De Obras Hidraulicas. 

Lluvias De Disevo Para Las Hoyas De 
B. 	 Economy. Los Rios Tuy Y Guapo. Caracas. 1964. 

(Biblio. Card) 
1. 	 Bureau of International Commerce. 

Basic Data on the Economy of 6. Servico De Meteorologico. Venezuela-
Venezuela. Dept. of Commerce, Wash- Atlas Coimatologico Provisional, 
ington, D.C. 1963. 1951-1955. Caracas. 1956. (Biblio. 

Card)
2. 	 Bureau of International Commerce. 

Basic Data on the Economy of 7. MOP. Atlas De Profundidad, Duracion, 
Venezuela. Dept. of Commerce, Wash- Frecuencia De Lluvia. Caracas. (Biblio. 
ington, D.C. 1967. Card) 

3. 	 Anon. Venezuela. 1967. 8. Servicio De Meteorologico. Annuario 

Hidrometrico. Caracas. 1965. (Biblio. 
C. Hydrology. 	 Card) 

1. 	 Sifontes, Ernesto. Hidrologia Vene- 9. Seccion De Meteorologico Agricola. 
zolana. 	1926. (Biblio. Card) Boletin-Bimensual Meteorologico. 

Caracas. (Biblio. Card) 
2. 	 MOP. Anuario Hidrometrico. Caracas. 

1965. 	(Biblio. Card) 10. Instituto Nacional De Obras Sanitaria. 
Anuaria Pluviometrico. Caracas. 1966. 

3. 	 Lupez, Lanz and Manuel Alberto. (Biblio. Card) 
Nuestro Potencial Hidrologica Nacion­
al. Caracas. 1954. (Biblio. Card) 11. Observatorio Gagigal. Resumen 

Mensual Climatologico, June 
4. 	 Wiese, Robert S. Hidrologia Para La 1961 -Mar. 1964. Caracas. 1965. 

Canalazacion Del Rio Guaire. Caracas. (Biblio. Card) 
1959. (Excerpts) 

12. Corporacion Venezolana De Fomento. 
5. 	 MOP. Registro Fluviometrico Boletin Mensual Climatologico E 

1940-1954. 	Caracas. 1956. (Excerpts) Hidrologico. Caracas. 1959. (Biblio. 
Card) 

D. Meteorology. 
13. MOP. Totales Mensuales De Lluvia De 

1. 	 Bibliography. 233 Estaciones Escogidas. Caracas. 
1962. (Biblio. Card) 

2. 	 Rohl, Eduardo. Climatologia De Vene- 14. Gonzales, Epifanio. Datos Detallados 
zuela. 	Caracas. 1946. (Excerpts) De Climatologia De Venezuela. Carac­

as. 1948. (Biblio. Card) 
3. 	 Sanchez C., Jesus M. Aspectos 

Meteorologico Del Llano. Caracas. 15. WMO. Micro-cards of IGY Meteoro­
(Biblio. Card) logical Data. (Biblio. Card) 

29 



16. 	 U.S. Monthly Climatic Data for the 
World, 1956-7. GPO, Washington, D.C. 
1968. (Excerpts) 

17. 	 Centro De Investigaciones Agronom­
icas. Anuario Climatologico No. 1, 
Mayo 1962. Maracay. 1963. 
(Excerpts) 

18. 	 ESSA. World Weather Records, 
1951-1960, Venezuela. Dept. of 
Commerce, Washington, D.C. 1961. 
(Excerpts) 

19. 	 Direccion De Ubras Hidraulicas. 
Resumen De Datos Hidrometricos, 
1940-1963. Caracas. 1963. (Excerpts) 

E. 	 Pedology. 

1. 	 Weston, F.C., FAO. The Major Soils of 
Venezuela. Report to the Government 
of Venezuela. 1962. 

17. 	 Central America. 

A. 	 General. 

1. 	 CIDA. CentroAmerica. PAU, Wash­
ington, D.C. 1965. (Spanish) 

B. 	 Economics. 

1. 	 Bureau of International Commerce. 
Trade and Invest in Central America. 
Dept. of Commerce, Washington, D.C. 
1965. 

18. 	 Dominican Republic. 

A. 	 General. 

1. 	 CIDA. Dominican Republic. PAU, 
Washington, D.C. 1964. 

19. 	 Haiti. 

A. 	 General. 

1. 	 CIDA. Haiti-Inventory. PAU, Wash­
ington, D.C. 1963. (French) 
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REPORT OF THE USU-CUSUSWASH 

WATER MANAGEMENT TEAM 


ACTIVITIES IN LATIN AMERICA 


During the period February 17 to March 26, 1969, 
scientists from Utah State University traveled to Central 

and South America to initiate field work under USU-
USAID Contract No. 3-67 for "Water Management 
Research in Arid and Sub-Humid Lands of the Less 

Developed Countries." The team consisted of Dr. Bruce 

Anderson, Dr. A. Alvin Bishop, and Dr. Howard B. 

Peterson. Field visits were made in several countries to 

observe water management problems and to discuss the 

problems with USAID Missions and local country 
the order visited included Elofficials. The countries in 


Salvador, Honduras, Venezuela, Colombia, Peru, Chile, 


Argentina, and Brazil. 


The primary purpose of the trip was to discuss the 

proposed research with USAID Mission officials and 

country nationals charged with the management control 
resource. The discussionsand development of the water 

followed the general plan of outlining the major water 

use and management problems of each country followed 

by a listing of the research being done. Priorities were 

then given to research needs and to adiscussion of avail-

able sites and facilities. The following is a brief report of 

the activities carried out in each country. 

El Salvador 
The USU team arrived in El Salvador on the even-

ing of February 17, where we were met by Mr. Virgil 

Peterson, our USAID contact. On February 18 we met 

with USAID Mission officials, along with members of 

the Ministry of Ir-igation and Agriculture of El Salvador. 

The need for consumptive use data was strongly 

indicated in the ensuing disCussion. Some experiments 
but the Salvadoraris feel that 

now being carried out, 

they need help in evaluating the experiments and inter-

preting the results. A inore apparent need has to do with 
the efficiency of systemis and methods for applying 

are 

that very few farm-irrigation water. It was pointed out 

ers in the country are now using irrigation water. Some 

irrigation projects are in the formative stage, but most of 

the farming is fully dependent upon natural rainfall. 

There has been some groundwater development m 
El Salvador and some quality problems have been 

encountered. For this reason, research inquality criteria 

for the conditions of El Salvador seems to be inorder. 

There is a United Nations project for generating power 

using thermal energy from the hot volcanic ground-

high in boron andwaters. These waters seem to be 

sodium and their disposal may be a problem. 

El Salvador specializes in raising cotton, with large 

areas devoted to this crop. Other major cash crops in­

clude sugarcane, coffee and shrimp. Crops grown mainly 
for local consumption are rice, fruits, vegetables, beef 

and dairy products. One practice that seems to have 
caught on is the irrigation of pastures for the production 

of feed for dairy and beef animals, but irrigation of 

other crops is rather limited. In future deve;opment, it 
appears that much of the water for irrigation wili come 
from groundwater sources and research in the problems 

of recharge and management of groundwater basins is of 

paramount importance. 

Land grading may be questionable since the soils 

are extremely shallow, stratified and contain hard pans. 

Practically no sprinkler irrigation is being carried out in 

the country at the present time. Irrigation now extant 

consists primarily of individual systems serving or farm­

er. There are only two group irrigation projects, one of 

which has been developed under the Ministry of Agri­

culture. 

On the afternoon of February 18, the USU team 

inspected a potential irrigation project in the Zapotecan 

Va'!ey. We also v isited the Agriculture Research Station 

in the valley where we observed experiments with vege­

table crops under irrigation. One pioject in the valley is 

being served from underground water sources. The 

development consists of three wells and )urmps,one with 

a capacity of 1,500 gIllons per minute arid tw with 

capacities of 900 gallons per minute. These wells supply 

nearly 400 acres of land. At th time of our visit, much 

of this land was idle, with the remainder in sugarcane, 
tomatoes and cucumbers. 

The inspection party proceeded to the headwaters 
of the river where grnundwater is wvery close to the sur­

face and drainage is a considerable problem. Some 

shallow drains have been constructed and the water table 

was observed be to 24inteaawscrbtinches below the groundsufc.Temjrro to 18 

crop in the area was corn, but
surface, The major 


nothing much was growing in the area of high water 

table. 

In the discussions with ntbeMinistry of Agriculture 

Stutler was mentionedpersonnel, the name of Kern 

several times and he seems to have established a very 

high rapport with the Salvadorans. At the Experiment 

initiated lysimeter investigations toStation, Kern had 

determine the consumptive use of corn. Evaporation pan 

data were also being taken with the idea of testing the 

method for computing consumptive use.Hargreaves 
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There appears to be agood opportunity to initiate - Station land in the Comayagua irrigated area would be 
water management research and to show what might be 
done with irrigation in El Salvador. The potential 
irrigated area, we were told, may be as high as 300,000 
hectares with only about 5,000 hectares being irrigated 
at the present time. A research team consisting of J. E. 
Christiansen and Kern Stutler could launch such a pro-
gram very effectively since Kern knows the country, the 
personnel in the Ministry of Irrigation, and commands 
the respect of the local people. During two to three 
month visits, this team could help analyze and interpret 
data from the two-year lysimeter study and help formu-
late plans for future work. There would be no problem 
in getting cooperation from the local people if an 
arrangement involving Stutler could be developed, 

On Wednesday, February 19, we visited with the 
Mission Director who assured us that the Mission was 
extremely interested in developing the water resources 
of El Salvador and further, that any water management 
research done under our contract would be coordinated 
with the plans of the El Salvador USAID Mission. 

Honduras 
We arrived in Honduras at 12:30 p.m. on February 

19 where we were met by Dick Hughes who outlined the 
schedule of our meetings for the afternoon of February 
19. First, in the company of Mr. Hughes, we met with 
members of the Ministry of Natural Resources to discuss 
the problems of irrigation in Honduras. At the present 
time very little irrigation is being practiced in Honduras, 
Pvcr though there are some good examples of excellent 
irrigation systems by the United Fruit Company and 
Standard Fruit Company. Strange as it may seem, the 
irrigation has not gone much beyond the boundaries of 
the fruit companies. In addition to the fact that farmers 
rely almost totally upon the rainfall, land tenure is a 
problem and the farmers are very reluctant to attempt to 
grow any crops except those that provide a year-long 
food supply. There is a general feeling that the major 
problem is credit, which the small farmer has difficulty 
obtaining. Because of this, there is now a priority pro-
gram to provide credit for the small farmers in 
Honduras. Although vegetables havc a ready market, it 
appears that most farmers do not like to produce them 
because of their perishable nature. We were told that 
there is an extension program in water management at 
the present time, although the program is just getting 
under way. 

Later in the day we met personally with the 
Minister of Natural Resources and he pledged his 
support to any research program that we might initiate 
in Honduras. He indicated that part of the Experiment 

available for experimental purposes. There are two small 
irrigation projects in the Comayagua area; one of 1,700 
hectares and the other of 3,500 hectares. The Experi­
ment Station is located on one of the projects which was 
developed in about 1960 and serves the area with acanal 
having acapacity of 50 cubic feet per second. 

On February 20, in company with Mr. Hughes, we 
took an airborne tour of proposed irrigation projects in 
Honduras. Flying from Tegucigalpa, we went first to the 
Choluteca project, ther to the Nacaome Project, back to 
the Comayagua Project and returned to Tegucigalpa. We 
landed at Comayagua and visited the Experiment Station 
for a couple of hours, looking at the irrigated pastures 
and farming operations being carried out in connection 
with the breeding of the Brahma beef stock and Brown 
Swiss dairy animals. 

Rounding out our visit to Honduras was a meeting 
with the new Mission director in which we discussed in 
some detail the problems that might be encountered in 
launching a research program in that country. 

It appears that housing will not be a problem in 
Honduras, but schools would be a problem in all areas 
except near Tegucigalpa If the research is located at 
Comayagua, it was suggested by the Mission people that 
the families be located in Tegucigalpa and that the pro­
fessional people assigned to the project commute to 
Comayagua to carry out the research work. Staft 
quarters could be provided at the project area at 
Comayagua, but the professional staff would have their 
main office in Tegucigalpa, going to the fields when 
required. A new road will be completed in April of this 
year which will cut the driving time between Tegucigalpa 
and Comayagua to about 1/2 hours. 

In general, irrigation is not very popular with the 
local people at the r;esent time. The major irrigation 
projects are those which have been developed by the 
United Fruit Company and Standard Fruit Company 
and, even though these large companies have carried out 
a very extensive irrigation operation over the past two or 
three decades, it appears that very little of their modern 
practices have been adopted even by the nearby farmers. 
This suggests that the farmers are either not interested or 
that they are afraid of trying irrigation and do not care 
to go to the extra work that irrigation would involve. 
One or two small rilot irrigation projects, such as the 

one at Comayagua, suggest that the farmers will be 
reluctant to use irrigation water. Even in Comayagua 
where irrigation water is available, we observed that 
much of the land is idle in the middle of the dry season. 
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Only a 5mall part of the land that could be irrigated is 
being irrigated at the present time. 

Some irrigation trials are being initiated at the 
station in Comayagua on pasture lands. Research 
involving kinds of fertilizer and rates of application, time 
and amounts of irrigation water and possibly some 
variety trials could be combined with these. 

Panama 

Although Panama was not on the itinerary, astop-

over here was necessitated because of airline scheduling 
difficulties. We were met at the airport at 1:45 p.m., 
February 21, by Mr. George Hargreaves and Mr. Peter C. 
Duisberg of the American Geodetic Survey who had 
heard of our proposed work and wanted to discuss it 

with us. Mr. Hargreaves has done considerable work on 
water requirements of tropical crops and interesting dis-
cussion followed. 

Venezuela 
We arrived in Venezuela about midnight, February 

23, and were met at the airport by Ray Miller and Bruce 
Anderson. Our meetings wikh the Ministry of Public 
Works and USAID officials began at 8:30 a.m. on Feb-
ruary 24 and continued for a day and a half. It was 
pointed out that Venezuela has a heavy investment in 
irrigation and drainage facilities, but that the efficiency 
of these projects is very low. Mr. Miller reported that 
nothing had been done on the irrigation trials set up by 
Sterling Taylor in 1962 at the recommendation of Dr. 
Wynne Thorne. Much more information is needed about 
the heavy soils of this region to determine the appro-
priate course of action. He further noted that the 
research area at Guanare has experimental plots and 
irrigation systems close to the station so that water can 
be obtained and managed according to the experimental 
requirements. A chemistry laboratory and other labora-
tory facilities are also available. 

Some discussion followed concerning the climate 
of Venezuela, which has very distinct dry and wet 
seasons. The rainy season begins in April and continues 
through November. During this period, due to the very 
heavy nature of the soils and the possibility of puddling, 
very little tillage work or land forming can be accom-
plished. Any particular work for land grading and 
smoothing should be confined to the months of Decem-
ber through March. 

With reference to existirg projects, it was noted 
that many developments have been made on fairly poor 
land and very little emphasis had been placed on getting 
proper water management on good soils. The first 

emphasis should be placed on water management 
practices on good soils, leaving the problem soils for 
later developments. It was pointed out that the physical 
condition and fertility of the soils of Venezuela are a 
major problem and that the initial water management 
practices should be linked with fertilizer trials in order 
to obtain the best fertilizer and water combinations. 

Four specific areas of water research were out­
lined. First, pasture drainage problems in the Majaguas 
area should be considered, since pasture is one of the 
most important uses of land in Venezuela. The drainage 
of pasture lands during the wet season isvery important. 
Ken Matheson pointed out that a combination border 
for drainage and irrigation should be designed and tested 
in order to obtain a duel purpose facility for both appli­

cations. The pasture drainage problem will require the 
following kinds of research: (a) determine the combina­
tion of border dike and ditch system that can be used 

for simultaneous drainage and irrigation; (b)develop 
design criteria for furrow drainage and border drainage; 
and (c) determine the relationship for the movement of 
water into and through the soils being studied. 

A second area of research concerns the frequency 
of irrigation. Very little work has been done in Ven­
ezuela concerning the irrigation requirements of the 
soils, the soil moisture storage capacity, or the best 
methods of application. Apparently some work has been 
done on bananas, but the data have ;,ot been analyzed or 
published. It was indicated that the frequency of 
application studies should be rnade to determine: (a)the 
time between irrigation of the various crops on different 
soils; and (b) the soil moisture levels for maximum pro­
duction. Discussion of the crops to be used in the 
frequency trials indicated that some experiments shotId 
be made on pasture and corn, with beans having high 
priority. Other crops mentioned were cane, bananas, 
plantanos, cocoa, cotton and vegetables. It was pointed 

out that aeration may be a problem on many of the 
heavy soils of rather recent origin. 

A third major area of research has to do with 
cultivation methods to improve soil moisture manage­
ment. Apparently nothing is known about the effect of 
cultivation practices on soil moisture or crop response, 
and some research in this particular area seems to be 
needed.
 

A fourth area of study concerns solar energy avail­
ability for tropical agricultural conditions. Ken 
Matheson opinioned that the total energy available for' 
growing crops during various months of the year was 
much less than in some of the temperate zones farther 
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north, consequently crops would not mature as quickly 
in Venezuela as elsewhere. The energy-climatological 
relationships have a high priority for study in all of the 
tropical areas. 

During the discussions it was decided that the 

init;al research at Guanare under Dr. Miller's leadership 
should be concentrated o,. two general areas. The first 
area will include a study of border and furrow irrigation 
methods to determine design criteria for combination 
drainage and irrigation borders to be used on pasture, 
and studies of combination irrigation and drainage 
furrows for use on row crope. The exact experimental 
design is to be worked out by Dr. Miller, but in general it 
will involve determining the leiicth and width of borders 
for different soils and different crops, and measurements 
of the drainage efficiency of these borders. Essentially 
the same information will be required to determine the 
length and size of furrows for combination drainage and 
irrigation. In effect, the combination irrigation and 
drainage systems for both furrow and borde, irrigation 
would involve length of run, width of borders, slope, 
shape and spacing of furrows, etc. Trials for borders 
haviog widths of 5, 10 and 15 meters were suggested 
with lengths of 50, 100, 200 and 400 meters. It was 
suggested that the furrow size be varied from shallow to 

deep furrows (approximately 30 centimeters from ridge 

to bottom of furrow) with spacings s required for the
 
crops to be grown. 

The second major research area to be initiated con-

cerns frequency of irrigation. The frequency of irrigation 

and the relationship of water to fertilizer and crop yield 

should be given very high priority. Dr. Howard Peterson 
suggested that at least one experiment should be set up 
with the water fertilizer interaction as a demonstration 
of the differences that might be expected in corn with 
different water and fertilizer levels. Nitrogen should be 
the variable in the fertilizer, with water being vari d 
from the limits of fairly high moisture levels to high 
stress levels. Considerable discussion was made of the 
types of crops to be tested. Dr. Peterson suggested that 
since corn is most sensitive to nitrogen, it should be used 
in the experiment. There was considerable reluctance on 
the part of the Venezuelans to use corn, since they felt 
that this crop could riot be grown with success during 
the dry season. Dr. Peterson suggested that corn does 
very well unuer irrigation in other locations and if it 
does not do well in Venezuela during the dry season, 
research should be directed toward determining why it 
does not respond. One very likely answer is that the 
variety normally grown durirg the wet season would not 
be expected to do well in the dry season, and that a 
different variety might respond better, 
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It was decided that initially the water management 
trials (frequency of irrigation) should be made on 
pasture lands, corn and black beans. This seems to be a 
rather ambitious undertaking and Dr. Miller will need 
considerable assistance to make much progress with such 
an extensive study. 

Dr. Anderson pointed out that the design of irriga­
tion systems would be given considerable backstopping 
from CIDIAT, with additional assistance from Professor 
Milligan, Carlos Grassi and Byron Palmer. Carlos is very 
well versed in modern irrigation problems and would be 
of considerable help in outlining an experiment to test 
the combination irrigation and drainage systems. The 
water fertilizer cross will be largely Dr. Miller's problem, 
with assistance from Dr. Peterson at Utah State Univer­
sity and others. 

Colombia 
W) arrived in Santa Marta at 3:00 p.m. February 

26 and proceeded immediately to the Magdalena area to 
see the pilot farms ,.:,d areas there. A largeexperimental 
area is being converted from banana cultivation to 
general agricultural crops. The land was fo merly owned 
by United Fruit Company and only recently was it re­
turned to the Colombian Government for distribution to 
prospective farmers. 

The major problems of this area will be concerned 
with clearing the land of banana trees land grading, con­
struction of farm distribution systems and adaptive 
methods of irrigation to the crops and local conditions. 
It is apparent that the present irrigation and drainage 
system serving the bananas will need considerable 
modification to accommodate the smaller areas involving 
many farmers. As yet the land has not been subdivided 
and turned over to the new owners; therefore, all of the 
problems involved in launching a new project are in 
evidence. 

Utah State University has a contract with 
Colombia to establish a sub.center of CIDIAT at Magda­
lena to provide education and training in the develop­
ment of water and soil resources. This sub-cen'er, along 
with the land, water and facilities available, should 
prove an excellent location for water management re­
search. Several scientists from Utah State are presently 
on the job and could maintain the continuity of research 
work until permanent staff could be assigned under the 
contract. 

On February 28 we met with Mr. Ken McDermott 
of the USAID office in Bogota to discuss our research 
plans with Mission personnel. The Mission seemed enthu­



siastic about our proposed project and were anxious to 

give us what support they could. However, they were 
somewhat hesitant about combining the training pro-
gram at Santa Marta with a research program. It was 
indicated that there is a severe salt problem in the lands 
near the Santa Marta area where they hoped we might 
help with the solution. Other water management needs 
were discussed and some detailed plans were made. 

Later in the afternoon, in company with USAID/ 
Colombia staff, Dr. Anderson and Dr. Peterson met with 
Colombian Government officials concerned with water 
development. Dr. Peterson also had a visit with Dr. 

Waugh of Rockefeller Foundation. 

Peru 
We arrived in Lima at 6:00 p.m. March 2. The 

iollowing morning we met with Mr. McLendon of the 

USAID office to discuss the Peru program. The political 

problems in Peru at the present time will make it 

difficult to initiate any program in the immediate future. 
However, it was ir.dicated that we might work out some 

cooperative program with LaMolina to assist with the 

research work being done there. 

From the USAID office we went to LaMolina 
where we were met by Dr. Aurturo Cornejo, Dean of 

Agricultural Engineering. We discussed in some detail the 

various research projects now being carried out at 

LaMolina. Dean Cornejo is extremely anxious that a 

cooperative program be worked out with USAID. It was 
suggested that our professional staff might go to Lima 

on short assignments to work with either students or 

staff doing research at LaMolina concerning the irriga-

tion problems of Peru. The possibility of any detailed 
work in Peru, however, is rather remote at this time. 

Chile 
We arrived at Santiago, Chile, at 2:00 p.m March 

4, and went immediately to the USAID offices where a 

meeting was held with a number of government officials 
involved in land and water 	development. The following 

Chilean people were present: 

Sr. Juan Fernandez 	 Ing. Agr. Servicio 
Agricola, Ministerio 

de Agr. Division de 
Conservacion de 
Recursos Agricolas 

Colonel Orlando Jorquera 	 Pdte. Com. Coordi­

nadora Sequia. 
Co mision Nac. 
Sequia. 

Sr. Guido Meller 	 Creditos Externos, 
Oficina Planificacion 
Agricola 

Sr. Sergio Lazcano 	 Jefe. Projectos 
Puesta en Riego, Of. 
Planificacion Agri­
cola del Ministerio 
de Agricultura. 

Sr. Juan del Canto 	 Jefe Depto Recursos 
Financieros ODEPA 

Sr. Juan Tosso T. 	 Ing. Agr. Projecto 
Riego. Instituto In­

vestigaciones Agro­
pecuarieas. La Pla­
tina. 

Sr. Hiram Grove 	 Director, Ext. Exp. 
"La Platina" 

Sr. Patricio Carmona B. 	 Seccion R iego y 
Drenaje, CORFO 

Sr. C. B. Seckinger 	 Agr. Development 
Officer USAID/Chile 

C. A. Cramer Ch ief E ngi neer 

USAID/Chile 

Sr. Ignacio Dominguez 	 En Representacion 
de Don Ricardo 

Isla., Facultad de 
Agronomia, Univer­
sidad Catolica 

Sr. Alfonso Monardes 	 Economista Agricola 
Mision Economica 

The scope of the Utah State University water man­

agement contract was outlined by Mr. Seckinger for the 

officials of Chile as follows. 	The objectives of this re­
search will include but not be limited to: 

a. 	 The development of knowledge and data on 
how best to conserve and utilize water fall 
ing on the land as rain and the most efficient 

means of supplementing needed soil mois­
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ture with limited amounts of irrigation 
water. 

b. 	 The development of knowledge and data 
that can be used for economic on-farm de-
sign and construction of conveyance and 
delivery systems including structures forcontrol and measurement of irrigation water. 

c. The development of surface and sub-surface 
drainage systems to eliminate the hazards 
resulting from surface flooding and high 
water tables. 

d. 	 The identification of important factors
affecting the degree of leveling of the various 
soils in the major climatic zones and the re-
lationship of these factors to erosion, water 
infiltration and good land use and cropping
practices. 

e. 	 The development of methods of water appli-
cation, including time and amounts which 
are suitable and efficient for different soils 
of varying physical properties (water-holding 
capacities, intake rates, etc.) with major 
crops. 

f. 	 The integration of these water-use factors in-
to a productive cropping system consistent 
with farm size and available farming prac-
tices. 

g. 	 Where soil salinity and exchangeable sodium 
are problems, studies will include soil 
amendments, soil 	 and water management 
procedures and use of salt-tolerant crops. 

Considerable discussion followed concerning the various 

research possibilities in Chile. Plans were made for 
a 
day-long field trip the following day with members of 

the Department of Agriculture engaged in irrigation

work in Chile. 


On Wednesday, March 5, we proceeded to field 
sites north and west of Santiago. We went as far north as 
Los Andes and viewed the problems encountered in irri-
gation and the damage due to the exireme drought. It 
was pointed out that, due to the drought, only about
50% of the irrigated land received water this year
(1968-69) and yields were also reduced from 15 to 30%. 

From statements made by the Chilean officials, it 
appears that very little irrigation research or irrigation 
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science is being applied at the present time. Farmers are 
irrigating pretty much without any technical help or 
supervision, using the water according to their water 
rights. The field inspections included the Calina and 
Aconcagua areas. We returned to Santiago late in the 
afternoon. 

On Thursday, March 6, a field trip was made to 
the Experiment Station -1 La Platina where some irriga­
tion trials and consumptivL use studies are underway by
the Chilean Governmer'. Various methods of water ap­
plication were being tested to determine the effect on 
cor trolling diseases in orchards. Consumptive use studies 
were being made of corn and potatoes. 

Three troublesome problems at the La Platina sta­
tion 	are the control of weeds, the sediment problem in 
the irrigation canals and the low permeability of the 
soils. The station has built a small storage pond for silt
control, but apparently nothing is being done to control 
the weeds in the area or to solve the problem of low
permeability. 

After observing the experimental work at La Pla­
tina, we traveled south to Chillan, where on Friday,
March 7, we visited the technical institute and observed 
the irrigation and consumptive use experiments being 
done there. Some 	work on methods of application andintake studies were under way with furrow intake trials 
and rings being used. After visiting the field experimen­
tal plots and the weather station at tile institute, we held 
a meeting with officials in the Chillan area to discuss 
irrigation problems in that vicinity. Dr. Bruce Anderson
suggested that CIDIAT might sponsor a brief course in 
research methods and techniques so that standard 
methods could be used in their irrigation trials. 

The problem of consumptive use in relation to

climatological data was discussed at some length. One of
 
the most important problems raised by 'he Chilean
 
people concerned the methods of application ,n relation
 
to irrigation efficiency. 
 It was suggested that irrigation
 
efficiency in relation 
 to the water supply might also be 
an appropriate study. Methods for design of irrigation
systems were also discussed in some detail. Possible farm 
structures for irrigation, including underground concrete 
pipe, sprinkler irrigation and appropriate structures for 
surface methods were considered. Surface drainage in
the Chillan area during the rainy season seems to be a 
problem since the annual r3infall in that area averages 
about 48 inches. Sediment transport in Chillan does not seem to be the problem that it is at Santiago. 



Research work might include the following: 	 During the 1968-69 growing season there has been 

1. 	 Establish consumptive use studies and 
correlate with weather data. 

2. 	 Set up controlled experiment on rates of 
frequency of application of water using 
different crop varieties, fertilizers, etc. 

3. 	 Study the use of Na NO 3 as a cause of low 
permeability of soils. 

4. 	 Initiate trials on off-season irrigation from 
streams and groundwater as a drought 
modifier. 

5. Hold a short course on research methods, 

Argentina 

We arrived in San Carlos at 12:00 p.m. on March 
8. March 10 and 11 were spent in team discussions con-
cerning the progress in achieving the objectives of the 
trip. Notes of country meetings were compared and a 
brief outline for a trip report was prepared. Research 
possibilities under the contract for the countries visited 
were reviewed and project proposals outlined. On March 
12 we flew from San Carlos to Neuquen where we were 
met by members of the Water and Power Administration 
for Argentina. Thursday morning (March 13) was spent 
in the field with members of Aqua and Energia (Ministry 
of Water and Power). The afternoon was spent in the 
Experiment Station of INTA located south of General 
Roca. 

INTA is an organization concerned with the re-
search and extension of agriculture in Argentina. It is 
supported by a tax on the land amounting to 1,/o%. It is 
not dependent upon the Government of Argentina for 
any dircct appropriation and has a budget to do the 
work that is reauired. On the other hand, Aqua and 
Energia is an arm of the Government of Argentina and 
depends primarily upon appropriations from the Govern-
ment to finance its operations. 

The personnel at the Experiment Station are 
involved primarily in the work related to the principal 
crops in the Rio Negro Valley including apples, pears, 
grapes and tomatoes. Although the entire valley is irri-
gated, there is practically no work being done on the 
irrigation phase of agriculture at the present time. The 
irrigation and drainage problems observed in the field 
were discussed. There was some discussion of the drain-
age work being initiated at the Experiment Station. 

a drought in the Rio Negro Valley, reducing the supply 
to about fifty percent of the normal. However, it was 
stated that yields during the year were normal and that 
the crops had not suffered from the drought. This 
suggests that in normal years water applications are far 
in excess of the plant requirements. Water is delivered to 
the farmers on a rotation basis and the charges are made 
at the rate of about $8.00 per hectare per year. No 
charge is made for excess water and natural drainage 
appears to be fairly good. This accounts for the fact that 
the valley has been able to continue in production for 
nearly 70 years with few major drainage systems. 

The total system includes the main canal of about 
120 kilometers, nearly 1,000 kilometers of distributory 
canals and 1,000 Kilometers of major collector and 
secondary drains. Thus, the total maintenance of the 
system involves the servicing of over 2,000 kilometers of 
channels annually. Water is in the canals for about nine 
months of the year, leaving only three months available 
for major maintenance. For this reason, much of the 
maintenance is being done with water in the canals. The 
district has fourteen or fifteen draglines in continuous 
operation in the maintf-,ance of the canals and drains. 
Drainage is one of the m "or problems in the area and 
the evidence of high water table and salinity were visible 
in many sections visited. Part of the drainage problem is 
created by use of the drains for discharging waste waters. 
We concluded our visit to the Rio Negro Valley and 
continued on to Buenos Aires the evening of March 13. 

March 14 was spent in discussions with Mr. Jack 
Helpin of USAID outlining the problems encountered in 
water management in the area and discussing the major
points of our contract. Mr. Helpin outlined the general 
administrative organizations dealing with water in 
Argentina and indicated the role that USAID might play 
in participant training and other activities connected 
with water management problems. Apparently there has 
been no real pressure on USAID or, for that matter, on 
any agency to get involved in any part of the water 
management problem. The Rio Negro Valley has been 
given very little detailed study because, as pointed out 
by Mr. Helpin, the total agricultural production from 
irrigated land in Argentina amounts to only 15 percent 
of the total agricultural product; thus, the pressure is on 
for other are s outside the water field. Mr. Helpin point­
ed out that only recently has the Government of 
Argentina been involved in a basic study of the soils 
resource of the coun~try, and the wate- resources have 
been given very little attention in developing legislh ion 
and controls. Mr. Helpin indicated that USAID budgets 
had been curtailed somewhat and that any participant 
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training in the water management and irrigation field 
could not be considered for fiscal year 1968-1969. In 
fact, he told us that of the more than 100 participants 
trained from Argentina up to now by USAID, none have
been taken from the irrigation and drainage If aarea. 
participant is to be selected for training abroad in the 
field of irrigation and drainage, it would be necessary for 
pressures to be exerted by the Government of Argentina 
in this direction. 

After meeting with Mr. Helpin we met with mem-
bers of the Water and Power Administration of Argen-
tina and again outlined our particular interest in doing 
water research in Central and South America. Some of 
our discussions with Mr. Helpin were mentioned and the 
Ministry of Water and Power indicated that, according to 
their most recent figures, 30 percent of the agricultural 
production of Argentina is derived from irrigated lands 
which amount to only 4 percent of the total cultivated 
land of the country. If these latter figures are true, irriga-
tion takes on a much more important role than indicated
by Mr. Heipin. Generally speaking, the water resources 
have not been given any careful appraisal and the prob-
lems of water use and management (irrigation and drain-
age) are not being considered by any government agency 
in Argentina at the present time. 

Some discussions were held with the Ministry of
Water and Power concerning the role of ClDIAT in con-
tinued training of selected personnel from Argentina to 
increase the competence of professional people man-
aging the water resource. Members of the administration 
indicated that an annual course sponsored by the 
Ministry of Water and Power and CIDIAT would be 
desirable, and plans were initiated to develop such an 
in-country course in irrigation vrid drainage for late 1969 
or early 1970. It was also indicated that the government 

should select a trainee for work in the departmnt under 

the general direction of CIDIAT 
 with the hope that a 
scholarship could be obtained from OAS for this individ-

ual for graduate study in the United States leading to a 

Master's degree. Considerable discussion about the qual-

ifications of the particular individual followeJ, but 
 no 

decision was reached. The Ministry of Water and Power
 
are hopeful that a man can be selected to begin training

under this contract, either by first attending the six-

month comprehensive course sponsored by CIDIAT and 

then coming to the United States, or to begin working in 

the Experiment Station at 
 General Roca and increasing 
his competence in English so that lie would lose little 
time when he comes to the United States for graduate 
study. If the work in General Roca was done under the 
direction of one of the professianals provided by
CIDIAT, it is possible that the data collected might be 
used for a Master's thesis by the individual. 
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Brazil 
We arrived in Rio de Janeiro March 16 at 3:25 

p.m. 

Early the next morning we went to the offices of 
USAID where we were met by Mr. Guzman, area devel­
opment advisor, and various other people in USAID/ 
Brazil. A meeting was held in the office of ' lichael Galli 
to discuss the involvement of USAID in the development 
of the Sao Francisco River Valley. The technical assist­
ance team being assembled to prepare detailed project
development plans of the Sao Francisco Valley will work 
in cooperation with the counter-part Brazilian team 
(SUVALE). This team will include agricultural engineers,
soil specialists and agronomists. One of the assignments 
of the team is to develop several pilot farms (demonstra­
tion farms) in the various zones of the Sao Francisco 
River Valley. It is expected that one of these pilot farms 
might be used as a base for our experimental work in 
Brazil. 

We also met with Mr. Wyman R. Stone of the 
Engineering Division who briefly outlined some of the 
activities that are to be carried out by the Bureau. He 
indicated that research was not given a high priority in 
the preliminary planning and development phase of the 
operations. 

In a conference later that day with EPI, it was 
indicated that FAO has been doing experimental work at 
the station at Petrolina, the site suggested as a base for 
our research activities also. Under IRI, the national head­
quarters for research in Brazil, regional research institu­
tions are set up in the various regions of Brazil. Each of 
the eight regional research centers has a number of satel­
lite stations to do specific research in the various pro­
blems of agricultural development. In addition to this 
national emphasis on research, some of the Brazilian 
states have additional research departments. Only
recently some of the rural universities have initiated re­
search in connection with university activities. A new
 
division of agricultural engineering has just been created
 
in IRI, recognizing the importance of water use.
 

On Tuesday, March 18, additional meetings were 
held with USAID/Rio personnel concerning activities in 
Rio. A r.,ther long, detailed meeting concerning research 
possibilities was held with members of SUVALE. We 
departed for Recife about noon, arriving there late in the 
afternoon, where we made contact with Mr. White and 
discussed our schedule of meetings and contacts in 
Recife. 

On Wednesday morning (March 19), we met with 
Mr. Freeman Smith and Mr. White of USAID/Recife for 



a briefing on the $13,000,000 loan being negotiated 
between USAID and Brazil to support research in the 
country. The National Research Council (CNPq) will get 
some 20 percent of the funds with EPE, th6 equivalent 
of our Agricultural Research Service, receiving the other 
80 percent. 

Later in the morning, a meeting was held with all 
the agricultural staff at Recife where we discussed the 
Utah State University Water Management Research Con-
tract. Although the large loan is being made to the 

Brazilians for research, it was apparent that high priority 
is not given to research by all concerned. Some of the 
staff indicated that training should receive the greatest 
priority. 

During the afternoon, we visited the new Training 
Center at the university complex near Recife. We were 
quite impressed with the new Training Center developed 
under USAID support. Dr. Bruce Anderson was 
especially pleased that such a fine facility was available 
for CIDIAT activities. 

After discussing our commitments ;n Recife and 
Rio, it was decided that Dr. Peterson should return to 
Rio to work with SUVALE people concerning the re­
search that might be initiated there while Drs. Anderson 
and Bishop would remain in Recife to discuss the re­
search contract with Brazilian counterparts of SUVALE, 
SUDENE and other divisions in Recife. 

On March 20, the research contract was explained 
in some detail, but there seemed to be considerable con­
fusion on the part of the Brazilians concerning just what 
research involved. They were anxious to construe re­
search to include project development feasibility studies, 
and the problems of training were always cropping up 
rather than research. We explained the difference 
between the two Utah State University contracts, one 
involving the CIDIAT Training Program and the other 
the Water Management Research Program. It was evident 
that the Brazilians wanted to think in terms of training. 
It was pointed out to the group that research generally 
provided the information for training activities. We de-
parted for Rio at 4:00 p.m. arriving at 11:00 p.m. 

On Friday, March 21, summary discussions were 
held with USAID and SUVALE people concerning the 
possibility of research. Some plans were made for devel-
oping a more detailed work plan if considered advisable 
by USAID/Rio. It seems that considerable adaptive re-
search should be done, especially in the large Sao 
Francisco Valley development. Information is lacking 
concerning most of the questions that are usually asked 

in connection with irrigation developments. The 
combinations of crops and fertilizers best adapted to 
irrigated conditions is not known. Consumptive use data 
for most crops planned for the area is needed. Methods 
of water application best suited to the soils and agricul­
tural conditions of Brazil must be determined. In 
general, additional knowledge regarding the conditions 
for maximizing the water resource is required. Brazii has 
had very little experience in irrigation and the adaptive 
research might also be used as a demonstration of the 
practices necessary to yield maximum returns. 

General Conclusions 

In all countries visited, the need for adaptive 
research was evident. Education znd training in water 
use and administration is also a critical need. It is 
believed that many opportunities exist to do significant 
studies, under the present limitations of the contract, at 
a number of locations in Latin America. The needs, 
possibilities and scope of the research varied from 
country to country. The areas of major interest which 
show promise of yielding significant progress are out­
lined in the following table. 

Suggested Manpower 
Country Research Area in Professional 

Man Months 

El Salvador: Analyses of lysimeter data3 

Irrigation application and 
efficiency studies 3 

Establish research needs 2-3 

Water Quality investigation 3 

Water requirements 2-3 

Establish irrigation research on
 
irrigation/fertilizer/variety 
interaction at Camayauga 3 

Water requirements of crops 2 

Venezuela: 

Combined irrigation and sur­
face drainage facilities 3 

Irringation,/fertiiinteractions zer/varlety 
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Suggested Manpower 
Country Research Area in Professional 

Man Months 

Water use-climatological 
relationships 3 

Frequency of irrigation 

and method of application 2-3 

Colombia: 

Water/fertilizer/variety 
experiments 2-3 

Methods of application and 
irrigation efficiency in­
cluding land preparation 3 

Reclamation of saline and 
alkali soils 

Chile: 

Studies of off season irri­
gation for drought 
proofing 6 

Underground water development 
for drought proofing 3 

Irrigation efficiency in relation 
to method of discharge and 
application 2 

Comsumptive use and climato­
logical relationships 2 

Brazil: 
Provide technical help in 

establishing an experimental 
station at Pirapora, in the 
Sao Francisco Valley. An 
irrigation engineer and agron­
omist experiences in research 
and management of research 
stations. 4 
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REPORT OF THE UTAH STATE UNIVERSITY 

WATER MANAGEMENT TEAM IN BRAZIL 


Introduction 

The role of the Utah State Team is to assist in 
developing an irrigation research program at three 
previously selected irrigation pilot rroject areas in the 
Sao Francisco Valley. Prior to arrivin I in Brazil and dur-
ing the first week in the country, thr Team reviewed all 
the available publications and rep )rts related to this 
assignment. In addition, personal conversations were 
held with individuals from private and governmental 
agencies to obtain additional information. Visits were 
made to the following locations: 

"Instituto de Pesquisas e Experimentacao 
do Centro Oeste" at Sete Lagoas (IPEACO) 

The experiment station sites and pilot pro-
jects at Pirapora and Formoso 

The experiment station site at Sao Desiderio 

The experiment station at Bebedouro 

The experiment station at Mandacaru 

One member of the Team also visited the 
stations at Petrolandia and Propria 

Discussions were held with the local superintend-
ent and research personnel at each site. It is recognized 
that the visits to each of these sites cannot provide all of 
the background information necessary as a base for 
recommendations. This fact was taken into considera-
tion when formulating the suggestions, 

The important sociological and economic pro-
blems related to the development of the Sao Francisco 
Valley were recognized, but are not directly considered 
in this report, 

Background Information 

The irrigation experimental stations proposed for 
Pirapora, Formoso and Sao Desiderio can furnish valu-
able information on the nature and magnitud of the 
problems involved in the development of irrigation in 
the Sao Francisco Valley. 

There are several direct benefits that result from 
irrigation. The first is the assurance that adequate water 
can be available to a crop in drought periods of the wet 
season. With this assurance, a farmer can fertilize and 
otherwise manage the land for maximum production 
with minimum risk of crop failure. The second is that 
irrigation facilitates growing a crop during the dry sea 
son. In addition, it may make feasible the development 
of an entirely new industry for the area. Onte example 
might be a dairy industry which would he impossible 
without irrigation. The total heniefit., o)t irrigation to 
supplement rainfall in the wet season and as a source of 
water in the dry season remain to he determined. 

In making our suggestions we air a aning that 
the initial experimentation is to be: (irecte(d toward 
accumulating information which can hi ,,ul for demon 
stration and training in the early tatizj, ()f farm develop 
ment. Later, it is expected that expertmiitwls will ie col 
cerned with fundamental studies oi icwoiptlwiv use, 
long-term effects of irrigation, cultiVdte , f(.rti'ation, 
etc., on the quantity and quality of the cro,, p oduced. 

We have been impressed with thi oljec:tjves and 
plans for the various stations; however, we( jre suggesting 
a greater use of small plot techniques. This type of test. 
ing offers several distinct advantages over large field 
plantings. It allows the experimenter to test several kinds 
of crops with many variables in the shortest period of 
time and at considerably less expense than with large 
fields. 

It is suggested that the initial research work 
involve a series of small plots to study several factors of 
production such as irrigation, fertility and crop varieties. 
The variables to be considered will depend on the crop 
to be grown and the nature of the problem anticipated. 
In tree fruit production, variety trails mav il of minor 
importance and greatest emphasis should he placed o-n 
irrigation and fertility. It contrast, varitt, ow, of major 
importance when studyi, ig cereal crops 

When the production factors csr,, to grow the 
crop have been determined, the mot fjvralil combina­
tions can be used in demonstrational plantitn)s Large 
demonstration plantings shoul( be avoided iI the initial 

phases of the project until ,11fficiefit ii formation is avail­
able to insure a reasonable degree tf ,occes,, 

The nature and magnitude Of the pro)lerTs in the 
development of the valley are imprebsive. The remote­
ness of the area arid living conditions will make it 
difficult to secure and retain acompetent technical staff. 
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The lack of well trained, experienced research personnel - decisions in farm development, and should also cooper­in irrigation agriculture is a reality. There appears to be a ate in
continuing supply 

the development of training and demonstrationof technicians recently graduated programs. We recommend that, if possible, the Directorfrom school who are ,.;Iling to work in the area for a of Irrigation be given special training in irrigationfew years until a better position becomes available. If research and demonstration techniques.
SUVALE is to develop and maintain a strong research
 
program in irrigation agriculture, it will be necessary 
to One professional person should be in charge of themake the salary and living conditions in the valley attrac- research at each station. He should be responsible for thetive enough to retain competent staff, coordination, cooperation and overall administration of 

In the initial the program. At least three or four agronomists and onephases of the program, it will be irrigation engineer should be in residence at each loca­desirable to obtain the services of experienced personnel tion. The agronomists should be assignedwithin the country. It is possible the services can be related crops which 
a group of 

would enable them to haveobtained on somecontract or consulting basis from other degree of specialization. As an example, one agronomistareas such as the Institute at Sete Lagoas. This would be could be responsible for forages, another cereals and aparticularly necessary in the area of plant diseases, insect third fruits and vegetables. The irrigation engineercontrol and plant nutrition. It would not bi advisable to should cooperate with each specialist in planning andtry to maintain such competence at each of the stitions, conducting all experiments involving irrigation. 

The agronomists presently stationed at the three In addition,experimental the technicians and coordinatorsfarms have limited research experience, should have available for planning and consultationThis situation must be recognized in any planning and experienced specialists in irrigation, plant nutrition,action taken to improve their capabilities. Research insect control and plant diseases. These specialists shouldcannot be prescribed and specifications written as in the be available when experiments are being planned andconstruction of a building. The benefits from consider. whenever a major problem arises during the conduct ofable judgment and experience must go into planning and the experiment. The specialists should be supplied byconducting the experiments, contract with other agencies if SUVALE is not able to 

It would be advisable to develop a training session 
employ such persons on its staff. The individual shouldknow what his responsibilities are as well as thefor ten days to two weeks at a central location, such as authority he has in making decisions regarding details inBelo Horizonte, where the field personnel could be the research program.


brought in as a group and schooled in the more practical
areas of research. It would be possible to assist them in The Team has little capability in making recom­the design of specific experiments and to explain the mendations as to the size of the non-technical laborreasons behind decisions to use certain techniques in force necessary to develop the experimental farms.irrigation research. NoThe training program could also be mention is made of the personnel required to level land,used to stimulate within the individual a personal install and maintain water systems and to operate andinterest in the program and to provide him with an maintain the machinery. It is assumed that suchopportunity to use his own capa­ingenuity and imagination. bility is, or will be made, available. Experience has 

This report 
shown that it is necessary to maintain continuity andis intended to contain su( iestions, competence in the non-technical field staff on experi­examples and recommendations to be used as a guide mental

but not 
stations. We suggest that when competence andas a blueprint for water management investiga-


tions. 

experience is developed in tractor drivers, irrigators, etc., 
every effort be made to retain these persons on the pro­
jects.
 

Personnel
 

Farm Equipment
An executive scientist should be assigned overahF
 

supervision of the irrigation research. 
 He should imple. The major items of equipment required can be
ment administrative and policy decision functions into classed into two categories; temporary and permanent.the research program including any special assistance The heavy equipment needed to clear the land, level,necessary to train the field staff. He should cooperate construct ditches, etc., must be available for the initialwith the staff economist, project engineers, agronomists, preparation but need not be permanent at the experi­etc., in developing and planning the research needed for mental stations. It can be moved from some other pro­
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ject for temporary use. At Pirapora, adequate heavy 
equipment is available at the SUVALE shop. We assime 
that some similar arrangement is being made to get the necessary equipment at Formoso and Sao Desiderio. 

Permanent equipment must be provided for each 

farm. We feel a minimum inventory must include the 

following items: 

Medium-sized wheel tractor (40 hp) with three 
point attachments 

Disk plow 

Disk harrow 

Rotary mower 

Land plane or mechanical leveler 

Wooden float to be constructed on the site (plans 

provided) 

Tool bar for tractor equipped with shovels for 

furrowing in addition to a set of cultivating tools 

Seeding equipment, preferrably several single units 
to be attached to the tool bar - a series of planter 
plates should be available to plant different sized 

seeds 

Fertilizer spreader 

Duster or sprayer for insect control 

Blade Terracer for minor leveling and scraping 

Irrigation siphons - 300 (1" x 5'), 20 (3" x 5'), 20 

(4" x 5') 

Wter meter on main line 

Three single-row hand seeders 

At Pirapora, a new Massey-Ferguson tractor with 

disk plow, disk harrow and rotary mower are on the site. 

We are not aware of the other equipment that has been 

ordered or otherwise will become available for these 
three stations. 

In addition, small items such as scales and handIn aditon, mal nd andTheites sch a scles 
tools for harvesting, weed control and irrigation must be 
provided. Mechanical equipment for harvesting small 
plots has not been recommended because of difficulties 

in maintenance and repair. 

Facilities 

Adequate facilities must be available for tha 
technical staff at the research station or in the immedi­

ate area. A continuing research capability is vital to the 

success of the program and good facilities are induce­

ments for technicians to remain on the project. Funds 
spent for providing adequate and attractive living 

quarters will result in many benefits to the research pro­

gram. Office area is needed for the station professional 
staff to provide working and storage space for records 

and information. Storage for seeds, fertilizer, insecti­
cides, and herbicides must be provided. A storage area 

and repair shop equipped with tools is necessary to 
service machinery and vehcles in order to avoid costly 
delays. 

Weather Stations 

A modest meteorological station should be estab­

lished at each of the three sites. These should be located 
where there is easy access for recording of data and 

maintenance of equipment. The minimum equipment 

should provide for measuring maximum and minimum 
daily temperatures, class A weather bureau evaporation 

pan, recording rain gauge and wind gauge. If possible, 
the station should be establishe?d and maintained in 

cooperation with the Weather Bureau. The costs of 

acquiring, installing and operating the more sophisti­
cated equipment are great and should not be included at 

the expense of the experimental activities. 

Crops 

The Team recognizes a limited capability in select 
ing crops to be studied at the various stations. We feel it 

is essential that some priority be given to certain crops 

to be tested before work plans can be developed. The 
suggestions in Table 1 are from reports and publications 

in addition to conversations with local researchers. 

There is little information available on the time, 

rate of planting and spacing of various crops to be test­

ed. Some indications can be gained from the data col­

lected at Petrolina (see Table 2). These are presented to 

serve as guides for the trial plantings, but will need to be 

adjusted to the wet and dry seasons at the three stations. 

Soil Fertility and Plant Nutrition 

general knowledge of soils of the types at the 
The gen nd g s ohes t he 

deficient in nitrogen, most are deficient in phosphorus 

and some are deficient in potash. For maximum produc­
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Table 1. Crops to be Tested at Three Stations. 


Crops Pirapora Formoso Sao Desiderio 


Corn 3 3 3 
Barley 2 2 2 
Sorghum 3 2 2 
Beans 3 3 3 
Soy Beans 2 2 2 
Potatoes 3 3 3 
Grfase2 3 3 
Cotton 1 2 2 

Peanuts 1 2 2 
Peas 1 2 2 
Vegetables 2 2 2 
Tropical Legumes 2 2 2 
Tree Fruits 2 2 2 

1'Not to be tested 
2_/Tested on a limited basis 
31 Tested in considerable detail 

Table 2. 	Guide for Planting Times and Spacings for 
Several Crops. 

Crops Planting Date Spacing 

Barley April or May 15 to 20 cm between 
rows 

Sorghum Dec or Jan 80 cm between rows, 
12 plants/IVI 

Potatoes May or June 70 cm between rows, 
30 cm in row 

Elephant 
Grass Dec or Jan 60 x 60 cm 

Peanuts July, Aug or Sept no dataTomatoes April or Sept 80 x 50 cm 
Cotton Mid July or 1 Mbeds - 2 rows/bed 

early Aug 1 

.... ..... .. .. 

tion of many crops, it will be necessary to apply lime as 
finely ground dolomite. The sandy soils at Pirapora will 
likely need small but frequent applications of minor ele-
ments. Soil tests for available phosphorus, potash and 
lime should be used to determine the requirements at 
each station. Provisions should be made to have plant 
samples analyzed in order to determine if nutrient defi-
ciencies exist in crops or if there are major nutrient im-
balances. 

Fields that are to be used for screening several 

different crops to determine their adaptability should 
receive uniform applications of fertilizer at rates sug-
gested by the soils laboratory making the fertility tests. 

Irrigation Experiments 

In the initial stages of the station development, it 
is suggested that the irr;gation variable be limited to time 
and frequency of application studies with the various 
crops being grown. However, data should be obtained 
regarding total water applications and soil moisture con­
ditions before and after irrigation. Comparisons should 
also be made on the effect of supplemental irrigation 
during the wet season. The frequency studies may make 
use of oil moisture data collected gravimetrically, pre­
selected time intervals or physical symptoms of the crop. 

In some instances all three procedures may be used si­
multaneously. Such details should be discussed in the 
planning sessions as previously proposed. As the research 
program develops, more sophisticated studies can be im­
plemented where different rates of fertilizer, spacing and 
irrigation can be combined to study interactions. 

Care should be exercised in interpreting the eco­
nomic benefits from irrigation. Direct comparisons of 
irrigated versus non-irrigated yields can be misleading. 
There is little or no value in comparisons between yields 
of crops grown in the dry season with and without irri­

gation as there would ordinarily be no crop unless 
irrigated. There often is little gained by comparing the 

yield of a crop such as grass produced in the wet season 
with that in the dry season because the value of the 
grass is much greater in the dry season. This would be 
especially true for a new industry or for improving beef 
production. An evaluation that must be made is between 
ivon-irrigated production in the wet season with the pro­
duction from irrigation as a supplement in drought 
periods of the wet season. Another advantage of irri­

gation is the production on the same land of two crops 
per season. The total value of irrigation then must be at 
least the benefits from wet season supplements plus the 
entire production in the dry season. 

Experimental Stations 

Pirapora 

The site selected for the experimental station at 
Pirapora is excellent in that it is typical of the pilot area 
with a topography well suited for irrigation. The soils are 
relatively coarse textured with a low water holding 
capacity, low fertility and high acidity. Problems of 
water application and plant nutrition are anticipated. 

At the time the site was visited, the majority of 
the large trees and brush had been removed. A portion 
of the land had been disked twice; however, no leveling 
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had been initiated. The water conveyance system and 1. Remove tree stumps and large roots in fields A 

storage reservoir are yet to be completed. We were through G- drag material to other areas for burn­

advised that the pumps and pipeline have been ordered ing. 

and are to be delivered within several months. 
2. Smooth old windrows, hummocks and roughest 

We have indicated in the diagram of the experi- areas with a dozer 

mental station (Figure 1) that only about 20 hectares of 
land be placed under irrigation during the initial stages 3. Develop bench terraces at 50-meter intervals with 

of development. The remainder can be used for experi- cross slope eliminated on fields B and C; smooth 

ments with non-irrigated crops and later developed for to uniform slope 
demonstrations and training. Fields, blocks and sub­
blocks within the area developed for irrigation can also 4. Install lined ditch level through each terrace with 

be used to conduct experiments with non-irrigated crops drops between terraces on fields B and C 

if comparisons are to be made. It is our opinion that an 
attempt to develop the entire area at one time would 5. Install pump and pipelines as soon as possible 

result in further delays in getting the station in opera- along with items 1 through 4 

tion. 
6. Construct and line the reservoir 

A schedule of activities is suggested so that the 
station can be placed in operation at the earliest possible 7. At the earliest date water is available in the pipe­

date. The details in theso suggestions are made to fulfill a line, make length of run trials 

req-,st by the Dirftctor of Irrigation Research of 
8. Following the first irrigation, recheck land for sub.SUVALE. 

sidence areas; resmooth if necessary 

X 
STORAGE 9. Initiate planting schedule according to season in 
RSRVOI-Xv HEADDITCHE 	 fields B and C 

10. After length of runs has been determined on B and 
" ­

1 2 3 4 5 6 B 	 C, make a decision on length of runs to be used on 

BENCH 	 D, E, F, and G; it is suggested that runs should notTERRACES 
exceed 100 meters on experimental blocksx ______ 

BENCH TERRACES C H 11. Smooth fields D and E for furrow irrigation with 
- I I FUTURE no terraces 

r---- --- - ­ - DEVELOPMENT 

SMOOTH FOR
0 FURROW IRRIGATION D 12. 	 Install lined ditches on fields D and E after length 

of run has been determined 

SMOOTH FOR
FURROW IRRIGATION E 13. Repeat as in item 8 

-- ROADWAY 14. Initiate planting schedule according to season on 
6~F 112 13 5 


F BENHTEFRACES F fields D and E
 

2 1

1X l3 rX41 FENCE 	 15. Depending on experiences and success on areas B 

G BENCH TERRACES G 	 and C, develop F and G similar to B and C; it is 

L.LLKJ 	 anticipated that Fand Gwill be used for pasture 
studies 

X x 16. Smooth 	 area A to irrigate on contour; this area 

X -should 	 be reserved for tree fruits 
xPIPELINE 

17. Field H shtuld be smoothed and planted to non-
Figure C-i. Pirapora Experiment Station field layout. irrigated pasture (trees need not be removed as 
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-- -- -- 

they can serve as shade for animals) this area This is not intended as a plan but as an example-blocks. 

should be held in reserve to be developed for of how an experiment can integrate irrigation and other 
irrigation research or demonstration as the need production variables. 
arises 

Formoso18. The old fence must be removed from the center of The soils of the area have many characteristics that
the farm to allow for realignment of fields; a newonsruct dfencbe sh uld a oun th enire are favorable for good crop production. Thefence should be constructed around the entire most dis­

appointing feature for irrigation agriculture is the un­experimental plantning dulating topography with slopes varying from 3 In 5 

percent. Water will be most difficult to control with 
Figure 2 is a sketch of plot layout showing how a furrow or border methods of application. The steep and 

trial can be fitted to the dimensions of a block, with the irregular land is likely to erode with high-intensity 
sub-plots being shown. Such a design could be used for a storms after the native vegetation has been removed. 
trial during the wet season with water treatment W1 Localized areas may become waterlogged as a result of 
receiving no irrigation and W2 irrigated when the crop water being applied to the higher lands. 
shows need for water. If additional variables were 
desired, the design would be expanded to use additional If such land isto be irrigated, provisions should be 

made for careful control of the water. This can be done 
by use of contour furrows, small paddies or by sprinkler
application. With sprinklers, thq rates and quantity of 
water applied can be most easily controlled and erosion 
and waterlogging problems reduced to a minimum With 
contour furrows, erosion can be effective'- controlled 
by using alternate furrows at each irrigation (that is, 
every other furrow dry). 

WATER TRIATMENTS At the present time, trees and stumps have been 
W1 - w2W-- removed from the pilot area and the removal of large 

VIv VV3 V1V V3 roots is in progress. Land leveling has not been done and 
* - -'- 1 F ­1 should not be undertaken on a large scale,because it will 
- -I------
- -.... expose the heavy subsoil. The pumping siation and 

F3 canals are only partially completed. SUVALE estimates 
. -two months of work will be necessary before water can 

" - -,- I be supplied to the project area. 

The experiment station should be initiated on the+-I- ___-.....
 class one land where the slope isa minimum (not over 3 
- I percent). A small portion of the experimental area pro­

/- - -' posed will be on second-class land. An area of approxi-
I mately 28 hectares of mostly class one lands (Figure 3)

I___/ Fy has been selected from the pilot area where the expers-
R ROWSOF mental work with irrigation can be conducted. Water 

. . - - -- O application by sprinkler irrigation can be achieved on---- 11M 1 2 
RN these better lands without land grading or special pre-

F !paration. When detailed soil and contour maps of the 
F2 IM *M proposed experimental area are available, other water 

------ -application methods, including surface irrigation, can be 
I I I I-* considered. 

50R , 
 The choice of sprinkler irrigation will entail some 
additional installation at the project. A pipeline with a 
small booster pump from the main irrigation canal to theFigure C-2. Block diagram with plot and subplot layout area can be used. The canal can serve as storage to avoid 

using corn as an example. operating the large pumps. Another alternative is to 
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Figure C-3. Formoso Experimental Station. 
A -G = Experimental Fields.
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plots and subplotsA- I = Field A Block . Figure C-4. Experimental Station Sao Cesiderio. 

Proposed for Irrigation by Sprinkler. Field layout, with pipeline in center of 
= 
Scale ICM 50 M 
 field. Scale 1cm =30 meters. 

The slope of the land makes it necessary that a 
build a reservoir above the high-level canal to provide pipeline be installed in the center of the field as the 

pressure for operating a sprinkler system. primary source of water. Outlets must be placed in the 

line at appropriate intervals to serve the secondary 
We feel that the experiment station and pilot pro- supply ditches. These lateral ditches may need to be 

ject will serve a useful purpose because of the many lined for water control and to prevent erosion. The land 

problems associated with the development of an irriga- must be smoothed to slope between the ditches. No
tionbe inp mproject bewetheh darea. N 

tion project inthe area. major cuts and fills are anticipated. 

Sao Desiderio An alternate field design is shown in Figure 5. This 

provides for three major blocks divided into fields of 50
 
The land that has been rented at the Sao Desiderio meters wide and approximately 100-120 meters long.
 

project appears to be a good site for the experiment This design would be better suited to small plot research.
 

station. It has been suggested by some that the arca of 

approximately 16 hectares is not large enough for a The water supply to the fields in either design can 

research station (Figure 4), but in our opinion the area is be supplied through level ditches, gated pipe or plastic 

of sufficient size to conduct all the irrigation research tubes. A storage reservoir should be considered for each 

necessary for the project in the immediate future. Addi- of the designs shown. 

tional land for demonstration and training can be 
obtained when the need arises. The site is cleared and is It appears that this station can be placed in opera­

reasonably smooth. A new fence is currently being con- tion within a minimum period of time and at a lower 

structed. It is anticipated that a water conveyance cost than either of the other stations. It is recommended 

system will be installed within the next year. that the land be smoothed immediately and prepared for 
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seeding a legume green manure crop to be grown during 
the next wet season. 
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UNITED NATIONS NATI ONS UNIES 
ECONOMIC COMMISSION FOR LATIN AMERICA COMMISSION ECONOMIQUE POUR L'AMERIQUE LATINE 

NACIONES UNIDAS 
COMISION ECONOMICA PARA AMERICA LATINA 

EDIFICIO NACIONES UNIDAD 

AVENIDA DAG HAMMARSKJOLD 
CASILLA 179 0 

SANTIAGO, CHILE 

REFERENCIA: CABLE: UNATIONS 

9 December 1969
 

Dear Mr. Anderson: 

Following our conversation, I am glad to state below
 
the fields of Water Law that need prompt action inLatin
 
America.
 

As you know, ECLAts secretariat set up a working group
 
in 1957 to carry out preliminary studies on water resources
 
in the region.
 

The legal and institutional aporoach of those studies 
show a proliferation and a rapid change in water legislation 
designed to promote economic development. Most of'the 
countries are studying anmen'ments to their existing legisla­
tion and others have recently passed new laws on the subject., 

Our preliminary work is coming to an end in all the area
 
and we are now '.equrently required to collaborate in drafting 
a new legislation. FAO, the U Natural Resources and Transport 
Division and the UNDP, have also been requested assistance on 
this field.
 

Training of personnel is expected to be undertaken on a
 
continued basis by a Center sponsored by some Latin American 
cuuntries with the technical assistance from UNDP. 

Notwithstanding the importance of the work performed on 
the subject, there is no available source of information on the 
existing Water Legislation in Latin America and isolated individual 
efforts to compile it lacks the necessary time and space projection.
 

Mre Bruce Anderson
 
Utah State University
 
Logan, Utah, U. S. A. 
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Though ac'-on may be required in many fields, I understand 
that the collection, compilation and dissemination of information 
on exdsting water legislation in Latin America, is a neglected 
task that deserves special attention because of the influence it 
may have on the progress of Water Law in the region. 

Sincerely yours, 

Mario F. Valls 
Natural Resources and Energy Programne 
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CENTRO DE TOIWSSOBRE TENENCIA DE LA TIERRA
 
UN PROGRAMA COOPERATIVO DE LAS NACIONES AMERICANAS 

Y LA UNIVERS.DAD DE WISCONSIN 
DIRECCION EN If. UU. DIRECCION EN CHILELAND TENURE CENTER RICARDO MATTE PEREZ 0342310 KING HALL CASILLA 3061 
UNIVERSITY OF WISCONSIN 
MADISON, WISCONSIN 53706 SA, TIAGO-CHILE 
El. UU. 

December 10, 1969
 

Mr. David R. Dairies
 
Utah State University
 
Logan, Utah
 
U. S. A. 

Dear Mr. Daines:
 

This letter is in response to our conversation of December 4
in which we discussed my experience in Chilean water law research and
 
your proposed water law project in South America. First, by way of
background, I am an International Legal Center Over-eas Fellow doin.: 
water law research tuder the auspices of the Wisconsin Land Tenure 
Center. I arrived in Chile in September 1963, and after some inquiry
and preliminary study, I began a field study of the app] icat on of
various key water law articles in the 1967 Chilean A' rarian 1efori 
Law. My work fit into the over-all Land Tenure Center program that has 
as its objective the study and analysis of the different types of oiner­
ship and use of means of agricultural production, i.e. land and water. 

Though my experience in South American water law is limited,
I would like to express my favorable reaction t- your proposal. I tmree
with you that improvement in water management from a legal point of view 
depends now on the governme'it officials who acdtinister water rights and 
water use. In my own work I have found that coordination of water use
plans between government agencies is essential, but often lackin, . On a
national level a water information center could help achdeve the necessary
coordination. Motivating the officials to the would be ause center l-ossiblehurdle, but lac: of a central information faci.lity would no longer be a 
plausible excuse for not making full use of much information that is now
widely separated and only narrowly circulated. The same need for addi­
tional information exists on an international level. I believe thlat 
there is already a willingness among water administrators, at ].east
among the Chilean officials with whom I have spoken, to form a central 
library of water resources materials. Your project could help them 
realize that goal. 

The treatise or stuxnary of -,ater law in South and North America 
is a logical extension of the water resources information center. ucli a 
summary could provide a comparative study of water law systems in the
Western Hemisphere. lCater administrators, legislators, and students would
find a water law summary particularly valuable in explaining the systems
used in various countries, in disseminating new ideas in water administra­
tion, anid in providing legal research guides for more profound and detailed 
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2 Mr. David R. Daines 
December 10, 1969 

could, as you suggested, be supplemented when new
studies. The treatise 
developments warrant.
 

In sum, a water resources information center and a 
summary of
 

American water law would fill existing needs, enlist the 
support of
 

South American water administrators, and make a future contribution 
to
 

Your project would be attractive to
 the study of water law in general. 


Latin American government officials since they would be contributing
 
I would expect,
their expertise, rather than undergoing criticism. 


therefore, that you could obtain their cooperation in completing 
the
 

project and thereby motivate them to use it thereafter.
 

I wish you the best of luck in obtaining approval of your
 

proposal and in carrying rout the project. 

Douglas . Jensen 

Acting irector 

DBJ/sc 
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REPORT BY DAVID R. DAINES 

ON FINDINGS IN CHILE ON 

WATER RIGHTS PROJECT 


Made from September 1, 1969 

through December 12, 1969 


I discussed the status of water law studies in Chile 
with personnel at the Ford Foundation Offices in 
Santiago. They reported that the Foundation was pro-
viding some funds for ,he International Legal Center 
connected with the University oi Chile. At the time, the 
Center was staffed by Daniel Stewart who was working 
on water law. The Land Tenure Center also had someone 
in Chile working in water law. I purchased a new water 
code which had just been made available. They thought 
the code contained drartic revisions. 

I met with Dr. Bruce Anderson and other Utah 
State personnel at the Hotel Conquistador and accom-
panied them to the USAID office for a prearranged 
conference with Mr. Charles Seckinger. Mr. Seckinger 
expressed a lack of knowledge about the area of water 
rights and made an appointment for me to meet with 
hydrologists and engineers attached to the mission. I met 
with Marshall E. Moss and William W. Doyle, hydro-
logists with USAI) in Chile and Carl A. Kranmer, Chief 
Engineer. They expressed some knowledge of the 
present status of water codes and water distribution 
practices in Chile. They also spoke of a new water code 
and of the general structure provided in the code for 
agencies and institutions with regard to the adminis-
tration of water rights. It was noted that cven though 
the code established an agency for the administration of 
water rights, no funds had been allocated for this 
agency. In addition, the agency had no director and was 
non-functional. 

They felt that at present there was no one with 
authority through which field studies could be effec-
tively carried out and that it would be a long time before 
such an agency did exist, consequently such studies of 
watar use practices at this time would not find political 
acceptance in Chile. Chile has serious problens in the 
administration of the present laws and policies on water 
use and they would not have the knowledge or informa-
tion to cope with increased problems of the rational 
administration of their water resources. There is critical 
shortage of information and knowledgeable people in 
this field in Chile. 

At the UN headquarters in Vitacura, which houses 
ECLA or CEPAL, I met with Dr. Mario F. Valls, a law­
yer by training, who is in charge of the legal aspect of 
the Chilean natural resources and energy program. When 
a Latin American country requests assistance from the 
United Nations in the field of reviewing and drafting 
water codes, the services of Dr. Valls are made available 
to those countries. He has prepared many draft codes 
and studies of water laws. The United Nations has also 
hired other experts in the field of water law con short­
term assignments for the same purpose. Dr. Valls is now 
completing a draft, presently unpublished, of the study 
of water laws of five or six Central American countries. 
He furnished me with copies of all of these studies in 
their present draft form together with other materials. 
Although Dr. Valls' library on water law consists of 
books and materials covering an area of three shelves 
four feet long, he claimed that he desperately needed 
more material for his work and that background mate­
rials are not obtainable in any form. Even though he is 
currently the authority in Latin American water law 
(according to the best of my information,) and even 
though his library is probably the most complete water 
law library in any instituijn in thi., field, it is critically 
limited. He examined my microfiche library and request­
ed certain materials in the same form 

At a later date I conferred further with Dr. Valls 
and he outlined some of the areas where effectiveness of 
water law could be materially advanced by o project. 
During this discussion lie made the following points: 

Consultants on water codes: Short-term experts 
supplied by the UN to soine Soulh American countries 
have recommended for adoption their own state codes 
almost verbatim with little or no adaptation. He claims 
that few of these draft codes have been adopted and that 
those that have are ineffective. 

Field studies: Field studies made in the past show 

that codes are not effectively implemernted and that 
custom rather than law is generally the ruling force in 
water distribution in Latin America. 

Changing codes: The majority of Latin American 
countries have either recently changed their v"ater codes 
or are now in the process of revising them. 

Inaccessibility of information: Those persons 
responsible for making and administering laws and 
regulations pertaining to water use frequently do not 
have access to information about their own existing laws 
and regulations, nor to information pertaining to how 
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problems that they encounter may have been solved in 

other countries. 

Scope of UN work: The United Nations is not 

going to expand its activities into the field of collecting 
and disseminating information even Dr. Vallsthough lawyers in South America who could be considered asfeels that this isan area of critical need.layrinSuhAecawooldbcnseeda

Pmwith fheUnitedNatisormarjeati woul iestwith the United Nations on an,/project would be very 

difficult. Cooperation of a more informal type, such as 
the free exchange of information that the UN has 
acquired in areas of mutual interest, is easilyaccomplished. 

Personal interest: Dr. Valls is definitely interested 
in working in some of these areas but would like to work 
out a program that would change his living quarters from 
Santiago, Chile, to his home town of Mendosa, 
Argentina. 

Digest: There is a np'ed for a digest of water laws as 
they now exist in L.un America. Dr. Valls feels that this 
would be very useful even if no provisions for supple-
menting and updating the work were provided. Such a 
digest would be more useful, however, if it were supple-
mented biannually or annually. He refers to the publica­
tion, Survey of Mining 7nd Petroleum Laws of the 
World, Bureau of Mines jirciilar No. 8017 by Ely North-
cutt, obtainable through the superintendent of docu-
ments for the price of $1.00, as the type of work that 
was needed in the field of water law. He also cited the 
following reference: 1956, Law Leys De Aguas En 
Sudamerica; Coleccion FAO Cuaderno De Fomento 
Agropecuario No. 56, Rome by Or. Guillermo J. Cano 
and F. F. Vargas Galindez, :41 pages. Accordigg to Dr. 
Valls, most of the laws have changed drastically since 
this work was published. He said that Dr. Cano prepared 
a 135-page study in 1959 under the auspices of FAO. I 
was also informed that Dr. Cano had left the UN and 
was in the process of moving back to Argentina. 

Institution at Mendosa: Dr. Valls felt that a pro-
ject involving development of a water law digest could 
benefit by affiliation with some permanent institution 
after the initial collection of material and institution of 
the systems by publication of a book. He stated that a 
group associated with the University of Mendosa, 
Argentina, was trying to establish such an institute and 
would be the best possibility, 

Dr. Valls also recommended that I join the Inter-
national Association for Water Law, stating that if I 
would send in my application listing him as a reference, 

he would recommend my admission to full membership. 

International Legal Center: It was suggested that I 
talk with Dan Stewart at the International Legal Center. 

Availability of experts: There are no practicing 

specialists in water law, according to Dr. Valls. Courses 
in water law have been taught from timc to time 3t the
University of Chile and at the University of Mendosa, 

owever, even the most dedicated students have not 
continued in the field of water law after graduation. 

We concluded our conference with an agreementW ocue u ofrnewt nareetto give more thought to the specific areas of interest and 
specific means of implementing a program. 

The following day I conferred with Mr. Charles 
Seck;nqer at USAID and outlined some of the possible 
areas tnat we might pursue in a program. He was very 
receptive to the general idea of collecting and disbursing 
information on water law and preparing 3 water law 
digest. He agreed that both programs could benefit by 
ultimately becoming attached to a permanent insti ution 
once they were on the road, but thought that the pro­
jects would be of lasting value even if not continued 
indefinitely. 

After receipt of Dr. Bruce Anderson's letter of 
November 4, 1969, I made arrangements to permanently 
terminate my private consulting work and return to 
Santiago to conclude my preliminary investigation in 
Chile on the water law project. I drafted a letter to 
Bruce and rough drafted some notes on my findings to 
that date and studied the Chilian water code. 

Tuesday afternoon, November 8, I arrived in 
Santiago and went to Dr. Vall's office where I obtained a 
rough draft of some ideas on programs in the field of 
water law. I reviewed the draft and returned to the 
USAID office. Mr. Seckinger was out of town so I talked 
with his administrative assistant. We discussed the pro­
ject in general terms including the part of Bruce 
Anderson's letter indicating Washington approval for a 
two-year overseas assignment without affecting mission 
ceilings on personnel. He said that they had received no 
official confirmation from USAID Washington that 
University contract people would be exempt from per­
scinel ceilings of the missions. Therefore, they were not 
prepared to take any action in that office. He did give 
me some general inforrr ation about their guidelines on 
allowances for living in Chile on a two-year assignment 
as University contract personnel. He also provided me 
with telephone numbers of Mr. Douglas Jensen of the 
Land Tenure Center and Mr. Daniel Stewart of the Inter­
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national Legal Center. I made an appointment to meet 

with Mr. Charles Seckinger when h i returned. 

I returned to UN headquarters on Wednesday for 

further conferences with Dr. Valls. We reviewed his draft 

and I requested from him two letters, one outlining the 

general needs in the field of water I v as he saw them, 

and the other outlining his ideas as to how a program 

might be established to fulfill these needs. He said that 

there were many areas of need but that the need for a 

digest and for a better flow of information were the two 

that he focused on. Dr. Valls requested copies of certain 

I had and said that he would prepare themicrofiche that 
letters for me. He also gave me permission to take with 

me to Utah typewritten copies of all of his drafts on the 

Central American Water Law studies and other works 

that he had. I promised to return them to him after 

copying. 

The following morning I phoned Mr. Dan Stewart 

and he was unable to meet on that day, so we made 

arrangements to meet on Saturday. I arranged a meeting 

with Douglas Jensen of the Land Tenure Center on this 

day for lunch. 

Report on conference with Mr. Douglas Jensen 

Douglc,: Jensen is a 1967 graduate of Stanford 

University arid has beer employed by the Land Tenure 

Center, Casilla 6122, Correro 22, Santiago, Chile. He 

stated that he would be renlaced in January by Mr. 

Reubin Nevina of the Wi'-'onsin Land Tenure Center. 

Mr. Nevina is writing a Ph.D. Thesis on Law & Society 

on Irrigation and Can.-l Associations. Mr. Jensen has 

completed field studies and is preparing an article 

published by the Land Tenure Center in the Land arid 

Water Law Review, which was essentially an exposition 

on Agrarian Reform and the New Water Code connected 

with the Agrarian Relorm. HiE study resulted from 50 

interviews with water users, drafters of the Code arid the 

government agencies responsible for administering the 

land ieform program. He had completed a rough draft 

describing his work and is now in the process of trans-

lating and preparing a final draft. His work consisted of, 

and was limited to, an investigation of how five or six 

areas of the Agrarian Reform laws related to water rights 

and a study of how those provisions were being imple-

mented in the field We discussed the history of the 

water code and what kind of institutions and customs 

existed for the administration of water rights. 

On Friday, November 11, I reviewed and compiled 

notes and also reviewed some of the materials on the 
Danielmicrofiche. The following day, I met with Mr. 

Stewart of the International Legal Center, who provided 

me with the following information. 

Mr. Stewart is presently the Director of the Inter­

national Legal Center, which isfunded by Ford Founda­

tion for the purpose of improving the methods used in 

teaching in law schools and universities in general. The 

program as it was designed to apply to law schools had 

its main thrust in the introduction case method of teach­

ing law. Mr. Stewart had not been able to work in the 

law schools because his father-in-law was the Dean of the 

University of Chile's law school, and this resulted in 

nepotism problems. Because of these problems lie was 

attached to the school of Economics where he taught a 

course on water law. Mr. Stewart said that lie was aban­

doning the field of water law and leaving Chile because 

the University had not supported his program and be­

cause there was no other work in Chile in the field of 

water law. He was in the process of returning to 
In hisCalifornia to practice law in the Los Angeles area. 

opinion, for reasons of national pride arid politics, Chile 

probably would not be receptive to a SLugestion of 

assistance in making infield studies, Even possible 

activities least offensive to sensitive Chilian pride, it per 

formed in Chile at this time by North Americans, would 

be very poorly received and, in fact. generaily resented 

because of the forthcoming presidential election. After 

the election a year from now, the er. ;re climate of Chile 

might well shift t, a position more favorable to this kind 

of technical assistance. 

Mr. Stewart was very interested in the microfiche 

information system arid felt that this system held great 

promise not only in the field of water law but in other 

areas where information was so badly needed and lack 

ing in Latin America. He suggf:sted that I prwsent the 

microfiche information ystu:m and my tcolectiun of 

water law in connection with the system to his father­

in-law, the Dean of the law school of the, University of 

Chile, the following Monday. Mr. Stewart had also con­

ducted a study into the historical backgIround of the 

water code of Chile and had conducted limited field 

studies. He attempted to gain support from the Inter­

national Legal Center for preparatior of a paper con­

taining his findings but because of the lack of support 

from the University and for various other reasons, the 

funds were not provided for hirn to complete his study. 

Therefore, he is terminating his work without the 

completion of a publishable descriptive document. 

He indicated to me that lie was acquainted to 

some extent with Dr. Valls' work at the UN and that Dr. 

Valls was actively looking for other employment and 

was interested in changing his place of residence from 

Santiago to Argentina. 
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Mr. Stewart was irrpressed with the need for more 
information in the field )f water law in South America 
and felt that the prepa-ation of a Jigest containing 
present status of water Iw in Latin America would be 
extremely useful to all th. people working in the field, 
He expressed the probability, of a favorable reaction to a 
program for the collection ants dispersion of water law 
information, 

There was some doubt on the part of Mr. Stewart 
about the quality of writing that was being done in Dr. 
Valls' office at the UN. Even though there were no funds 
available to publish his findings he statcd his intention to 
search for a way to make publication possible. Stewart 
indicated that his wife was a very good English-to-
Spanish translator and that she might be available in 
California for a project of this type. In discussing the 
background of the water cL..e, Mr. Stewart stated that 
there had not been any basic changes since the Water 
Code of 1952 was inacted. He said that when the 
Agrarian Reform Law was passed in 1965, it contained 
certain provisions which integrated the Agrarian Reform 
Law with the 1952 Water Code. He further claimed that 
the recent publication which I had acquired was simply 
an extract of the Water Law Provision of the 1965 
Agrarian Reform Law and the 1962 Water Code. 

This was somewhat contradictory with the infor-

mation previously given by the engineers and hydro-

logists with USAID but was consistent with my own 

studies of the Water Code in Chile. Arrangements were 

made to meet with Dr. Eugenio Velasco, Dean of the law 

school of the University of Chile, at his home the follow­ing Monday afternoon, which happened to be a Chilean 
holiday. 

We discussed generally the different legal systems 
under which we operated and the importance of water 
law. He confirmed that there were no lawyers in 
Santiago with any substantial background in the field of 
water law. He was particularly interested in the possible 
application of the microfiche system to economically 
expanding the library holdings of his University. He 
requested that I come to the library at the University of 
Chile to demonstrate to the librarians and the professors 
the microfiche water information system which I did 
the next morning. The reaction was one of intense inter-
est in the possible utilization of this system in expanding 
the law school library holdings. 

I conferred with Charles Seckinger at the USAID 
office in Santiago and made arrangements for the use of 
the pouch system to deliver the materials that I had 
collected on the project. Mr. Seckinger reported that he 
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_ still had not received any confirmation of the statement 
contained in Bruce Anderson's letter of November 4, 
1969, concerning the fact that assignments on our con­
tract in Chile would not go against the personnel ceilings 
of the missions. He told me that the new mission head 
had just arrived and that he did riot feel it wise to 
approach him about approval for our new program at 
this time. He felt that there were other pressing pro­
blems concerning on-going programs with which the new 
mission head would want to become thoroughly familiar 
before giving any consideration to tile approval of a new 
program. He further stated that he didn't think there 
would be any opportunity to discuss the project with 
the new mission head before my tentative date of 
departure. He said that the appearance of Americans on 
the streets of Santiag9 was a very explosive political 
issue and that they were quite generally resented by the 
Chilians. In an election year he felt that, regardless of 
the type of program, there would be considerable resist­
ance on the mission level to expanding the number of 
personnel attached to the mission. 

Mr. Seckinger spoke favorably of the information 
system and of the preparation of a digest for that type 
of work but also expressed his doubts about the ultimate 
prospects for approval of a two-year assignment in Chile 

in view of the probable desire of the mission head to cutdown the American presence in Chile. He invited me, 
however, to leave with him a project proposal which he 
agreed to discuss informall/ with the mission head as 
time permitted. I decided to wait until my return to 
discuss the situation with Dr. Bishop and Dr. Anderson 

before submitting a preliminary proposal. Mr. Seckinger 
was very interested in the microfiche information systemand its application to his office records and files. He
seemed favorably inclined to the possibility that we 
could gain acceptance in one or more phases of our 

water law program in Chile on short-term assignments 
Without locating someone for an extunded stay. 

On the following day, I returned to the UN head­
quarters for a final discussion with r. Valls where I 
received the letters and some additional water law 
materials. We reviewed generally the matters contained 
in his letters and I received from him a list of the micro­
firhe materials that he requested that I procure for him. 
i .AlrnedLO te offices of the International Legal
 

Center and had a final conference with Messrs. Stewart
 

and Jensen. I received Mr. Jensen's letter outlining someof the areas of need i-i water law in Latin America as he 
o the Mr Stewar w nato prea a 

envisioned them. Mr. Stewart was unable to prepare a
 
letter since he was in the process of making arrange­



ments for leaving the country. In these discussions, we 
reveiwed some of the basic matters contained in the 
previous notes. 

The 11th and 12th of December were spent in 
transit by air from Santiago, Chile, to Logan, Utah. 
During this period of time I studied my notes and 
reviewed some of the program possibilities. During the 
stay, I accumulated additional bibliographic material on 
Latin American Water Law which is included on a 
separate sheet titled "Additional Bibliography" and a list 
of contacts and their aedresses that are contained on a 
supplemental sheet. 

List of Contacts 

CHILE 

Jacques Chonchol, Vice President of the Institute 
of Agrarian Development INDAP c/o CEREN, Univer-
sity Catolica de Chile. 

Rodrigo Santa Cruz, Secretary or Drafting Com 
mittee, Cora, Santiago, Chile. 

Professor Jose Luis Cea, University Catolica de 
Chile. 

Professor Francisco Cumplido, University of Chile, 
Escuela, de Deretechos. 

Garretson Heighton, New York University Law 
Center. 

Mr. Douglas B. Jensen, Land Tenure Center, 
University of Wisconsin, Casilla 3861, Santiago, Chile. 
Acting Director of the Chilian Office of Land Tenure 
Center to be replaced by: Reubin Nevina, January of 
1970. Predecessor to Douglas Jensen was Mike Lyon, 
(the Chilian office has as his address) Casilla 3861, 
Santiago, Chile. 

Additional Water Law Bibliography 
acquired in Santiago, Chile 

1. Legislation de Las Aguas SubteraneaF F.ropa, publish 
ed by FAO. 

2. The Law of International Drainage Basins, edited by 
Garrison, Etan, and Olmstead, published by Ocena. 

3. Summary of Mining and Petroleum Laws of the 
World, Bureau of Mines Information Circular. 8017, 215 
pages by Ely Northcutt. 

4. Dictionary of Legal Terms, published by Robb, 
Spanish-English, English-Spanish. 
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