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INTRODUCTION

In 1956 the Mission of the International Bank for Reconstruction and Development
proposed that the Government of Colombia should take the necessary measures to obtain
more detailed information about the potential production of the vast and scarcely
populated region of the Llanos Orientales. The Mission recommended that a soil survey
and classification should be made of the areas easiest to settle. A preliminary study
in the northeast of the Llanos had shown that the land had good physioal characteristice,
and growth experiments with various crops, e.g. sesame, rubber, cacao and rice, and been
favorable. A small number of Bottlers had begun to cross the Andes passes and to till
the soil and raise livestock in the Llanos Orientales. The Government of Colombia,
endeavoring to guide the development of the Llanos Orientales along rational lin s,
requested the United Nations Special Fund to undertake a Project to carry out a soil
eurvey and prepare information on land capability in an area of approximately 16.8
million hectaree.

The survey area, representing approximately 11 percent of the total area of the
country, is located at the foot of the Eastern Cordillera of the Andes and extends
eaetward over the plains, comprising part of the Departments of Meta, Boyaci and
Cundinamarca, almost the whole of the Intendencia de Arauca, and part of the Comisaria
del Vichada. Most of this area is covered by savanna vegetation, while 15 percent is
forest. (See Maps I-1 and I-5).

The studiee included investigations on eoils, vegetation and livestock
man ement. More detailed studies on hydrology, as well as a short economic survey to
investigate the various factors which influence agricultural production, were carried
out in the Meta Department.

1. 13.1q)aLaEll

On 13 March 1959 the Government of Colombia submitted to the United Natione
Special Fund a Project for a Soil Survey of the Llanos Orientales.

The preparation of thie project began toward the end of 1958, with the
collaboration of the Ministry of Agriculture, the Planning and Technical Services
Administrative Department, and the Instituto Geográfico "Agustín Codazzi", assisted
by several FAO experts.

The aim of the Project was to carry out a soil survey and establish land use
capability clessos on an area of approximately 16.8 million hectares in the northern
part of the Llanos Orientales with the help of aerial photography. This was to meet
Colombia's urgent need to obtain basic data on the country's resources for its
agricultural development program.

Another am worthy of special mention was to train Colombian technicians in
the various methOde of surveying agricultural and livestock resources.

The Project was approved by the Executive Board of the Special Fund on
2 December 1959 and the Food and Agriculture Organization of the United Nations was
appointed Exeouting Agency. A detailed Plan of Operation was then prepared, which
was signed on 1 September 1960 by the Special Fund, FAO, and the Government of
Colombia. 1/ The Special Fund undertook to provide, through FAO, a team of
international experts, to establish fellowships and to supply the equipment needed fo
tho Project ovar a period of three years at an estimated cost of US $370,500, while

1/ The Plan of O.ration is contained in Appendix I-1 to this Volume.
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th Colombian Government undortook to provide counterpart staff, iqui.iient and services,
t an e timated oost of US ;;317,800. Later th Project period w extended to thre

yeare and nths months, and Special Fund and Government contributions were raised to a
total of US 8415,440 d US $361,889 respectively.

After the Government's requeet had been approved by the Special Fund ama alo Plcu
of Oporation signed, it was agreed to carry out a soil survey of 13 million hootaroo
with a view to publishing a map at ecale 1:250,000.

In addition to the soil survey cupplomontod by tho chemical and Physical
charaotoriotios of tho soils, a general survoy of natural vegetation - both oavannu
foroot - was oarriod out. A landscape map (scalo 1c500,000) of an area of appromiwatoly
12 million hoctarcs shows the distribtaion of tho various classes or vegetation doscribed
in this report (Vol. KU).

Thiu suivoy aloo included en Enlalysis of water rosourcos in a otrip sumo 50 kmc
long botuoon tho Ariarl and Upia rivors, along tho foot of tho Cordniorn to the Rivor
Motioa. This aroa offers thu bast prospecto for asricultural dovolopmont.

Lautly, a survey was made of livestock conditions in the Llanos, thus complot n
the survey of natural resources forming the basis of agricultural and livestook
production.

Tho curvoy, which is mainly doscriptive, ic an inventory of tho permenoWG
propertioc of tho natural rosourcos and was carriod ouL by using appropriato scientific'
methods, many of uhich have only a remoto connection with ugricunural practioo. Yor
this roauon, and in ordor to make the uork diroctly useful, tin) oboorvations as a whole
havo boon int rprotod and tho land classified uith reference to its ogriounurai
propertios. Thio part of the work, doaling with rulationo botwoon soils and prosont snO
possible) oxploitation of resourcus, appears in fun in the land capability classification,
with a unit mnp shoving tho regional distribution or tho various classes.

Int rpretation should however tako account o.E' bho oconomio poosibilitius of
the area uithin tho context of tho general dovolopment and agriculture' policy of the
country. Any chongo in one or more oconomis factor° would automatically affoct thin
intorprotation, and tho land classifications in thic roport aro no uxeoption to this
rule.

2. The Pro:ect and its execution

Thu ozooution of the Projoo the arrival of the first FAO expert on
2 jannary 1961, and inoludod the following otsgos

(a) Aerial Photography of 4.5 million hectares to complete the existing
cove of the Llenos

) Preliminary photo-intorprotation of the whol;
tho major physiograthic r gione

(o) Semi-detailed soil survoy of 20 key areas, dietrlbutod over the various
ehyclographic regions ond totalljng 381,550 hootaros. Thom) curvoyu Jnol.
soil profile doscriptions, corroletion of soil boundarios ri'oh photo-
intorprotation data, and Physical and ohomical analysis of samplucq

(d) Use of the basic data obtained in the key areas in order to eetablish
the follo ing:

Soli sociation map of the complete surv y area (acabe 1:250,000);
Soil taxonomic classification based on common propDrties;

iii Land capability classification and map (scale 1c500,000

order to delineate
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The vegetation survey, Including savanna and forest inventoriee, began
when the soil survey iras completed. Management probleme and vegetation
types were discussed and a vegetation map uas prepared (scale 1s500,000).

In the last year of the Project a livestock survey was carried out in the
Llanos, deeoribing general management conditions in the surv y area.

In order to complete the information needed for the preparation of a
development plan, hydrological and economic' conditions in the Meta
Department uore studied.

Project personnel

The present surveys of soils, vegetation and other agricultural resources in the
Llanoo Orientales were carried out jointly by international and Colombian technician°,
SpDolaliete in photo-interpretatioa, soil classification, vegetation, animal huebandry9
hydrology, soil chemistry and agricultural economy took part in the work. 1/

Training

Close co-oparation between int rnational staff and their Colombian counterparts
during field operation° secured adequate training in all the practical aspeots of
natural resources surveys. Modern methods of photo-interpretation, soil survey, soil
olaseification, vegetation survey, hydrological and livestock management investigations
were introduoed and used in the field by Colombian personnel.

Boaidos thie in-service training program, five of the beet Colombian teohnioi
wore [sent to unlvereities in Europe and the United States to attend theoretical and
praotIcal training-courses.

odgments

All this work ras carried out by team of international and Colombian technioi
oparating in an administrative unit ent tled "Llanos Orientales Soil Survey Program".
Although working in close co-oparation with other agencies, this unit had io own
budget, established partly by a lau of the Colombian Congress and partly by the
contribution of the United Natione Special Pund.

Other Lencieß also provided valuable assistance to the Program, and we should
like to thank the Directors of the Planning and Technical Services Administrative
Department of th Colombian Government who co-ordinated the action taken by national
agencies.

In the parformance of specific) tasks, we are deeply indebted to the Soil
Laboratory of the Instituto Geográfico "Agust n Codazzi", for the analysis of soil
samploo; to the Foreet Engineering Faculty of the Universidad Distrital Francisco Josó
de Caldas, Doutd, for photo-interpr tation and forest inventory calculations; and to
the InotUuto do Ciencias Naturaloo of the Universidad Nacional, for the identification
of' plant opeuice.

The Instituto Colombiano de la Reforma Agraria (INCORA) provided funds to enable
P our= to accelerate soil survey work in the piedmont area. The Inter-American

Gondoey Service (I.A.G.S.) provided air traneport for various surveys.

if A full liet of collaborators appears in Appendix I-2 to thie report.
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Lastly, we wish to express our gratitude to all the inhabitants of the Llanos
for the hoepitality they extended to Program teams of field workers. To the
Governors, Intendente and Mayors of administrativo districts and to the Commandere
of the Armed Forces we also offer our most sincere thanks for their assistance.

SUMMARY OF MAIN CONCLUSIONS AND RFCOMMENDATIONS

1. The survey has shown that the productivity of most of the land in the Llanos
Orientales can b increased by adequate management practicas and by improving existing
production methods, taking into account land capability.

eo The olaeeification of the soil associations occurring in the Metros Orientales
I.nto land capability classes indicates that the poesibilities offered by the soils in
the survey area for the development of farming systems are as followsv

Class I Land suitable for cultivation - 106,250 hectares.

Cls II Land suitable for cultivation and livestock farming on cultivated paetures
1,566,900 hectares.

Class III

Class IV

Class V

Class F

Land auitable for grazing on natural eavannas in combination with improved
easturoo and subsistence azriculture - 3,981,875 hectares.

Land suitable for grazing on natural savannas in combination with forestry -
6,750,610 hectares.

Land suitable neither for tzr culture nor for livestock, recommended for
re-forestation or maintenance of natural vegetation - 215,000 hectares.

Forest reserves, which include units in Class IV and some of the forested
high plains in Class III.

The general recommendatione regarding the use and management of the soils in
Class and the map showing the regional distribution of theee Classes are included

this Volume.

3. The soile which show the highest potential and on which the first agricultural
development should take place are found in the recent alluvium. These soils, however,
need protection against periodic flooding. Fundamentally such flooding is due to
vere erosion affocting the valleys of th rivers rising in the'Cordillera. It is

rocommondod that the Government ehould take the necessary measures to protect the river
basins of the Cordillera Oriental. For this purpose proper vegetation man:zement and,
uhorovor posuible, control of felling and fire are recommended. In order to achieve
these objectives the following steps are suggesteds

Detailed studies of possibilities of agricultural and forest levelopment
in the catchment basins and delineation of the areas suitable for such
purposes, without prejudic to the primary Furpose of water regulation

d production;

Soil and vegetation man:ze ent studies in order to maintain optimum
production and prevent the destruction of natural resources;

(o) Proper organization of forest exploitation and establishment of a
reforestation program based on indigenous and imported quick-growing
species of economio value;
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(d) Creation of a technical assistance and supervisory service to secure the

implementation of the above recommendations.

Large stretches of the Llanos contain soils of good physical characteristics,
but suffer from severs nutrient deficiencies. It is considered that without adequate
experimental mork on the use of fertilizers, no recommendations call' be made on ways of

correcting the low nutrient status of the soils in the area. No exact data are available

on the grazing capacity of the natural savannas nor on correct management methods. For

these reasons the Government ie recommended to strengthen its Agricultural Experimental
Stations in the Llanos and concentrate on studies of the use of fertilizers, graesland
management, and livestock selection. A preliminary plan of the research to be carried
out on soil associations, including the main land capability classes, is given in this
report.

Viewed on a long-term basie, the development of the Llanos may be thought to
depend on the growth of small nuclei, formed spontaneously or planned, at places where
good soils are plentiful. In this respect the first step toward improving the standard
of living in the Llanos should be the construction of a road network, planned on the
basis of the data supplied by the land capability map and the soil and vegetation maps,
and taking into account the location of markets, The Government is acoordingly
recommended to accelerate road building.

A large part of the Llanos is suitable for extensive livestock farming.
Livestock will for a long time constitute the basis of rural production. The most
important problems connected with livestock production in the area are animal health,
especially foot-and-mouth disease and parasites, provision of watering points, and the
organization and improvement of animal transport, slaughterhouses and meat markets.

On the basis of the studies of the livestock and meat industry in the Llanos,
the following action is recommended immediately: (i) an adequate number of wells with
windmills should be built wherever necessary to provide water at strategic points in
order to prevent parasitic infection and (ii) a general campaign should be organized
to eliminate foot-and-mouth disease and to increase production of foot-and-mouth
vacoine. Other recommendations for medium and long-term action include the establishment
of trial and demonetration centers in selected regions of the Llanos Orientales survey
area to carry out studies on practical problems such as grazing capacity, distance
between watering and salting points, pasture rotation, effects of burning, introduction
of new pasture and other problems peculiar to each region; studies of irrigation methods,
using the rivers, and streams of the Llanos Orientales and research on the possibility
of draining flood land; increased assistance to livestook farmers in the construction
and use of cattle dips for pest and insect control, and increased theoretical training
in animal husbandry at University level, accompanied by greater practical training.

Most of the measures to improve agricultural and livestock production in the
Llanos are connected with farm management, efficient use of natural and cultivated
pasture, and pasture and livestock management. All these measures, which imply
capital investment, cannot be carried out as long as the exact form of land tenure
in the Llanos is unknown. The Government should therefore take the necessary action
to establish a land census in the Llanos Orientales.

It is believed that the action recommended will be best achieved by setting up
an organization to ce-ordinate the activities of all Government agencies now operating
in the Llanos Orientales and to cover the Departments, Intendencias and Comisarias
constituting the administrative divisions of that area. This Organization should
provide technical assistance to farmers, develop agricultural credit, arrange adequate
marketing systems and co-ordinate development plans in accordance with the most urgent
requirements of the region.

The vegetation study of the Llanos led to the preparation of a vegetation map.
This map, together with the recommendations for the proper management of the various



types of vegetation in the Llanos Orientales for purposes of forestry or livestock
production are included in Tolume III, Section 1, of this report. Proper forest
management to ensure sustained exploitation may be achieved by means of a selected
felling program, imposing minimum diameters, and by planned reforestation to secure
repopulation with species of high economic value. In present conditions and in view
of the state of forest development in the Llanos, a minimum diameter of 35 cm is
recommended. Native and introduced species best suited for reforestation are
cachicamo, mahogany, caracolí, ceder, eucalyptus, pardillo and teak.

Proper management of the savannas, which will in future continue to be used as
natural pastures, should take account of the grazing period and should include control
of animal movement and establishment of improved pastures.

11. In view of the importance of a knowledge of water resources for the subsequent
development of the region, it is suggested that a hydrometric service be organized in
the Llanos.

This service would be respons'ible for systematic measurements to establish
adequate hydrological statistics. Its work would be phased to take account of the
actual situation and practical possibilities. Work should start at the places which
would be of most interest in the light of existing development and which would offer
greatest facilities. It would subsequently be extended as the economic importance of
the area increases, and its pace would also depend on the efficiency of the hydrometric
service, which would increase as greater practical experience as acquired in the varied
conditions prevuiling in the Llanos. In order to carry out field work, including
systematic measurements and appraisals, establishment and control of fixed stations,
and general river observation, it will be necessary to set up a mobile team of hydrometric
experts. A detailed account, with an inventory and budget of the necessary equipment
for this mobile team, and a phased plan of the work of the hydrometric service, will
be found in Volume IV of this report.

GENERAL DESCRIPTION OF THE AREA

I. GEOGRAPHY, LOCATION OF SURVEY AREA

The eastern region of Colombia, i.e. the whole area east of the Cordillera
Oriental of the Andes up to the frontiers of Venezuela, Brazil, Peru and Ecuador, forms
part of the great watersheds of the Orinoco and the Amazon.

Ecologically this territory may be divided into two zones, viz.:

the Llanos Orientales in the north, covered with savanna vegetation and
forest, where the rivers drain toward the Orinoco (Orinoquía); and

the Amazon Zone in the south, covered with tropical forest and forming
part of the Amazon watershed (Colombian Amazonia).

The survey area comprises the western part of the Llanos Orientales, from the
Venezuelan boundary with the Intendencia de Arauca in the north to the Sierra de la
Macarena and the River Guayabero in the south. The western limit is roughly the 500 meter
contour in the ramifications of the Cordillera Oriental. The eastern limit is marked
by a straight lirio drawn from the meetingpoint of the boundaries of the Intendencia de
Arauca, the Comisaría de Vichada and the Republic of Venezuela on the River Meta to a
point on the River Guaviare about 60 km below San José de Guaviare. Its geographical
position is between 2° and 7° N and between 69° and 74° W (see



Department of Meta

Department of Boyac4

Department of Cundinamarca

Intendencia de Arauca

Comisarla del Vichada

Total

8

The reason for selecting this area for the survey was because it is this part
of the relatively isolated eastern region of Colombia which has begun to develop most
intensively, owing to better communications with the center and greater population
density. Moreover, the aerial photographic survey had already covered a good part
of the territory by the time the survey started.

The area covers some'13 million hectares, or about 11 percent of the total
area of Colombia. It contains part of the Departments of Meta, Boyac4 and Cundinamar-
ca, almost the whole of the Intendencia de Arauca and part of the Comisaría del Vichada.
The part of the Boyaci Department is the region known as Casanare, which used to form
a separate political division. The areas corresponding to each political division are
roughly as follows:

5,314,000 hectares

4,295,000 hectares

187,000 hectares

2,183,000 hectares

021 000 hectares

_13,000,000 hectares

Unlike the west of the country, where the huge ramifications of the Cordillera
de los Andes produce a highly varied topography and climate and where the majority
of the population is concentrated, the Llanos Orientales cover a largo area of
comparatively flat land with few peaks, hills or ridges. The western limit of the
area lies 500 meters above sea-level, while the River Meta on the eastern limit is
95 meters above sea-level.

Near the Cordillera slopes are fairly steep, but become more gentle to the east.
The topography of the Llanos Orientales is more uniform than the western part of the
country, but the complex river system provokes changes in vegetation and breaks the
monotony of the landscape.

Although slopes are usually gentle, erosion still presents a danger and is in
fact very severo in some places. Periodic flooding in the lowlands in the rainy
season is also a general characteristic of the area.

The survey area is the most densely populated part of Eastern Colombia, but the
figure is still very low in comparison with the west, the number of inhabitants
square kilometer being approximately 2.3. In the last few decades there has been some
immigration from the interior of the country, especially into the Meta piedmont, which
has the best links with consumption contera and the most fertile soil.

There are no recent official statistics of population in the area, but data
obtained from various sources show that the population may be assessed at about
300,000, distributed as follows:

Department of Meta 225,000

Intendencia de Arauca 30,000

Department of Boyacá (Casanare) 30,000

Department of Cundinamarca and
Comisaría del Vichada 30,000

Total 300,000
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There are no large towns; the biggest is Villavicencio with a population of
about 35,000, which is the commercial center through which pass most of the goods in
transit to the markets of the interior. Other towns of some importance are situated
alOng the piedmont, e.g. Saravena, Tame, El Yopal, Medina, Cumaral, Restrepo, Guamal,
Acacias, San Martín, Granada and San Juan de Arama. At points where the rivers begin
to be navigable for medium-sized shipping, small ports have grown up, among them Arauca
and Arauquita on the River Arauca; Cravo Norte on the River Casanare; Trinidad and San
Luis de Palenque on the River Pauto; Orocué, Cabuyaro and Puerto Lopez on the River Meta;
Puerto Gaitán on the River Manacacias; and Puerto Limón on the River Ariari.

Most of the population is engaged in livestock farming, crop farming, forestry
and fishing, or in complementary activities such as transport, rice milling, etc.

The extremely extensive and primitivo systems of livestock management in areas
outside the piedmont require very little manpower and the inhabitants of the Llanos
whose main occupation ia "cattle" live on ranches long distances apart. The human
population is very small in relation to the vast expense of territory and the huge
number of animals to be tended.

Transport in the Llanos Orientales is very inadequate, but there are systems
of air, land and river transport (see Fig. I-2).

Commercial aviation has developed considerably, both passenger transport and
freight. There are regular air services connecting the cities of the interior e.g.
Bogotá, Sogamoso and Cdcuta, with the main towns of the Llanos, e.g. Arauquita, Arauca,
Tame,Saravena, Cravo Norte, Corozal, Paz de Ariporo, Nunchfa, Trinidad, San Luis de
Palenque, El Yopal, Agua Azul, Monterrey, Barranca de Upia, Villavicencio, San Martín,
San Josê de Guaviare and many others outside the survey area. In addition there are
air taxis - small aircraft carrying passengers and freight direct to the ranchee.
Almost all the main ranches have their own airstrips.

The road system is very elementary, a fact which has greatly limited the area's
development. The only road connections with the 146st of the country are from Bogotá
to Villavicencio and from Sogamoso to El Yopal. Both are liable to be cut by landslides.
A road from Arauca to Pamplona in the Norte de Santander Department is in construction
and is already in use between Pamplona and Saravena in the dry season.

There is a fairly good road running from north to south along the Meta piedMont
and connecting up the main towns. A road open throughout the year runs eastwards into
the interior of the Llanos from Villavicencio through Puerto López to El Porvenir,
opposite Orocuê; vehicles have to cross the Meta and Manacaclas rivers on a long bridge.
There are also various short roads, open all year, connecting the piedmont road with
villages or ranches on either side of it. The total all-weather road network amounts to
about 800 km, but is of very low sFecifications.

During the dry season (summer) it is possible to travel far over the Llanos
following vehicle tracks, but these are interrupted by the lack of bridges. At some
points there are rafts for ferrying vehicles over rivers or streams, but these are
very few.

In summer livestock are driven from the breeding-ranches to the fattening-grounds
near Villavicencio along old trails, often swimming across rivers. It takes about 60
days on average to drive store cattle from Arauca to Villavicencio. During the rainy
season when the rivers are full, the cattle are put on rafts and take about 3 days to
travel from Cravo Norte to Puerto López, a distance of 400 km as the crow flies.

River transport is of great importance in the Llanos. During the rainy Beason
several rivers are used for carrying livestock and agricultural products to ports
conneoted by road to the interior of the country. In addition, people living on or
near these rivers purvey goods not produoed in the region, but shipped from outside.



Vessels engaged in river transport have a maximum displacement of 200 tons, with
2 or 3 feet draught, and are owned by private or semi-Governmental undertakings. They
operate on average for 71/2 months, from the end of April or beginning of May to the
middle of December, when the river level falls.

The most important rivers in this connection are as followss

Araucas Navigable from AraUca to where it joins the Orinoco (450 km). In
high-water periods vessels oar. get up to Arauquita (540 km).

Casanares Navigable up to Rondón (150 km) in high-water periods, but normally
only from Cravo Norte to where it joins tha Meta (50 km).

Pauto: Navigable from San Luis de Palenque to where it joins the Meta (100 km).

Cusianas Navigable from Maní to where it joins the Meta (60 km).

Metas The main river artery of the region. Navigable from Puerto López to
where it joins the Orinoco (720 km).

Menacaolass Navigable from where it joins. the Meta for some 200 km upstream.

II. CLIMATE

A typical characteristic of tropical climates is uniform temperature throughout
the year. At the three meteorological stations of the Llanos with over 7 years' records
(Mejía, 1959), namely Arauca, Orocu4 and Villavicencio, mean monthly temperatures
fluctuate by 1.1 to 2.3 °C from one month to another. Orocuó, the most central statioe,
records higher averages than Arauca or Villavicencio, but the difference is only 2°C.

There is more difference between daily maximum and minimum temperatures. Mean
annual maximum temperatures for the above three stations fluctuate between 31.2 and
33.4°C, while mean annual minimum temperatures vary between 20.9 and 22.8°C. Maximum
temperatures are recorded in March or April when the sun is high, but when the cloud
cover has not yet developed very °ern:lively. Minimum temperatures are recorded at
the end of the rainy season when actual evaporation is high, owing to the start of the
trades and the high level of soil moisture after the rains.

The trade winds blowing toward the Tropical Convergence are a typical phenomenon
of the dry season in the Llanos, This dry season is known locally as summer ("verano")
although it actually coincides -rith the period of low sun, or winter in the astronomical
sense. Th4 only data available on wind direction and speed in the Colombian Llanos
come from Villavicencio (4 years' records) and vary greatly. Data from the Venezuelan
Llanos give the prevailing direction as ENE and aver:Le speed as 4 meters per second.
Fire trails visible in aerial photographs of the Colombian Llanos show this as the
general direction of fire travel, indicating that during the dry season at least the
Lrades reaoh the southernmost part of the Colombian Llanos.

Rainfall etatistics (seo Fig. I-3) are more plentiful; at least nine stations
in the Colombian Llanos have over 5 years' records (Mejía, 1959, and Instituto Geográfico),
although the longest records are not continuous. By combining data from Colombia and
Venezuela (Sanohez Carrillo, 1960), a rainfall map of the Llanos was prepared (seo
Fig. I-4), shoving isohyets at 200 mm intervals. This map shows that precipitations in
4he Soil Survey Program Area vary from under 1800 mm to 5000 mm per annum.

Mean minimum preoipitation in the whole Llanos region has been recorded at
Ciudad Bolivar in East Venezuela as 997 mm over 35 years. It increases to the weet

d south - 1455 mm in Barinas in West Venezuela (10 years' records) and 1733 mm in
()recut; on the River Meta (7 years' records). Near the Cordillera Oriental rainfall
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increases rapidly, - 2000 mm on average in West Venezuela, 4000 mm in Villavicencio
and up to 5000 mm in Acacias.

The rainy season coincides with the advance of the Tropical Convergence from
the south, beginning in February in the southern Colombian Llanos and moving up in
April to Arauca on the border of Colombia and Venezuela and. in May to West Venezuela.
About 90 to 95 percent of annual precipitation falls during this well-defined rainy
season.

The end of the rainy season is more uniform throughout the Llanos and varies from
the second half of November to December. The dry season-thus lasts from one to five
monthe in the Llanos region, increasing as one moves froM-south to north (See Fig. I-4).

Relative humidity is high throughout the Llanos; during the rainy season mean
relative humidity is about 80 percent and during the dry season between 50 and 60 percent.
Potential and actual evaporation can be calculated according to Pudykoie method (1956)
for the stations of Villavicencio and Arauca, the only ones for which sufficient data
are available. The results are shown in Tables I-1 and I-2.

During the rainy season actual and potential evaporation ara low, due to lower
temporatures and high relativo humidity. Under the influence of the trades potential
evaporation increases in the dry season, but actual evaporation, after rising at the
start of the dry season, decreases owing to the shortage of water. This decline in
actual evaporation is not so apparent at Villavicencio where there is ample water
throughout the year. In both stations potential evaporation is less than annual
rainfall; only in North Venezuela, where rainfall is lower, does potential evaporation
exceed annual rainfall (Blydenstein, 1962).

To sum up, the Llanos have a tropical climate with well-defined rainy and dry
seasons. According to the Koeppen-Geiger classification (1954) it is an Aw climate or
eavanna climate. Koeppe (1958) classifies it as tropical humid and dry; and
Papadakis (1961) as equatorial semi-warm, monsoon humid-dry (Eq,Mo) for Arauca and
equatorial humid semi-warm (Eq, Hu) for the Villavicencio area.

TABLE I-1

CALCULATIONS (BUDYKO METHOD, 1956) OF ACTUAL AND PO ,NTIAL EVAPORAT ON
AND WATER DEFICIT OR SURPLUS AT VILLAVICENCIO

1/ See Table I-3 for the meaning o symbo.

Month Eo
+ 1

wn En

-
(+ HR

1 88.8 1.296 77.4 300.0 377.4 291.2 86.2 2.6 752 109.6 1.365 110.4 291.2 401.6 294.2 107.4 - 2.2 71
3 102.8 1.343 129.0 294.2 423.2 315.1 102.8 + 20.4 72
4 64.8 1.216 463.9 300.0 763.9 628.2 64.8 + 399.1 81
5 59.5 1.198 591.2 300.0 891.2 743.9 59.5 + 531.7 82
6 28.0 1.090 549.8 300.0 849.8 779.6 28.0 + 521.8 83
7 70.8 1.236 574.7 300.0 874.7 707.7 70.8 + 503.9 80
8 78.4 1.261 396.4 300.0 696.4 552.3 78.4 + 318.0 79
9 86.8 1.289 366.2 300.0 666.2 516.8 86.8 + 279.4 80lo 66.4 1.221 426.9 300.0 726.9 595.3 66.4 + 360.5 8111 68.5 1.228 381.6 300.0 681.6 555.0 68.5 + 313.1 8012 81.6 1.272 129.4 300.0 429.4 337.6 81.6 + 47.8 78

Totals 906.0 4359.8 901.2 - 4.8
+3295.7
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TABLE I-2

APERD4CTOR SURP US AT ARAUCA, INT, DE ARAUCA 1

11 Seo Table I-3 for the meaning of the symbols.

Month Eo-
Wm

1 1
,d3

1 136.6 1.455 13.9 249.8 263.7 181.2 82.5 - 54.1 65
2 161.3 1.538 7.4 181.2 188.6 122.6 66.0 - 95.3 61
3 166.4 1.555 26,9 122.6 149.5 96.1 53.4 - 113.0 60
4 120.5 1.402 193.0 96.1 289.1 206.2 82.9 - 37.6 72
5 70.7 1.236 230.7 206.2 436.9 353.4 70.7 + 66.2 81
6 58.7 1.196 291.7 300.0 591.7 494.7 58.7 + 233.0 82
7 58.2 1.194 261.1 300.0 561.1 468.9 58.2 + 202.9 82
8 71.4 1.238 213.6 300.0 513.6 414.8 71.4 + 142.2 80
9 73.1 1.244 227.4 300.0 527.4 423.9 73.1 + 154.3 79

10 35.4 1,285 201.4 300.0 501.4 390.1 85.4 + 116.0 78
11 74.5 1.248 87.9 300.0 387.9 310.8 74.5 + 13.4 80
12 100.7 1,336 33.8 300.0 333.8 249.8 84.0 + 16.7 73

Totals 1177.5 1792.6 860.8 - 316.7
948.0

CALCULATIONS BUDYKO TROD 6 OF ACTIJA PO TIAL EVA TION



En

Defioit

Surplus

TABLE I-3

SYMBOLS AND FORMULAE FOR TABLES I-1 AND I-2

a Potential evaporation in mm.

a Soil water retention capacity in mm (estimated at 300 mm).

8 Monthly rainfall in mm.

Soil water in present month in mm.

wn-1 s Soil water in previous month in mm.

En Actual evaporation in mm.

a Water deficit for the month in mm.

Water surplus for the month in mm.

HR : Relative humidity as a percentage.

Eo at; t = actual vapour pressure less saturation vapor pressure

a - 14 (fixed factor for tropical climate).

+
wn-1)

Eo9 if wn is greater than W
in

- En

+
wn-1) En)

- 16 -

En (rn
+

wn-1) - wn ; if
wn is less than Wm
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III. VEGETATION

The vegetation survey area covered approximately 12 million hectares, or the
same area as the soil survey, excluding the southern part of the Ariari and Güejar
rivers. About 85 percent of the survey area, i.e. 10 million hectares, is under
savanna and the remaining 15 percent under forest.

The vegetation map (Vol. III) distinguishes 27 units occupied by various
combinations of the 10 types of savanna and 6 types of forest surveyed.

Apart from the forests on the river vegas and the gallery forests along the
streams and "esteros", forests are mainly restricted to three areas (seo Fig. I-5):
the Arauca forest in the north, the piedmont hill and terrace forest along the
Cordillera Oriental, and the high plain forest in the south. There are also some
remnants of forest on some of the dunes of the aeolian plain.

Of these, the vega forests are the most valuable. Near the water courses there
are sizeable trees of high value as timber. Further away from the rivers the trees
become smaller and belong to different species. The gallery forests along the streams
are not good for timber, except those on the piedmont which develop in heavier
rainfall.

On the wet esteros there are groves of moriche palm, whose main value lies in the
protection they afford to drainage channels. If there were no trees, the streams
might become muddy, thus obstructing the natural drainage of the area arid losing their
value as a source of clear water for cattle.

The Arauca forest, which is semideciduous, occupies the habitat of the levees
and depressions of the alluvial overflow plain, although on coarser soils than most
of this region. Onestory and twostory forests are to be found here. The twostory
forest has a lower story similar to the onestory forest, plus the taller trees of the
upper story. Although these forests are not commercially exploitable under present
oonditions, they have sufficient timber value (especially the two-story forest) to make
it advisable to establish forest reserves in this area to protect them for futuro use.

The piedmont hill forest is deciduous and is of great value in protecting the
oatohment basins and controlling the levels of the Llanos rivers, along which most
agOcultural activity takes place and where the main settlements are located. It should
be majni;ainod as forest and some basins where the forest has been destroyed should be
replyni,od. The piedmont terrace forests, on flatter ground, have almost all been follod
and replaced by crops. The low terrace forest on the River Guaviare - an evergreen
forest - has been preserved, mainly because it is a long way from the population cantero.

Tho high plain forest, which is semi-deciduous, is found mainly on the hills of
tho dissected undulating high plain, especially south of the main rivers, which give
some protoo0on against fire advancing from the northeastern savannas. South of the
Guaviaro '6ho forest is still in good condition. It is a low forest of little timber
value and protects the slopes against soil erosion.

Savannas wiLla remnants of forest are found on the piedmont hills and terrac 0,
on i.he dissected high plain, and on tho dunes of the aeolian plain, viz. Melinis
miiiuiE1orc., palpalum carinatum and Trach oton lit larisPaspálam oarinatum
ospoctivoly, Thoy have in common the fact that they have replaced a forest on its

habitat, bu onlerifiso 'chore is little affinity between them.

The remnants of forest, characteristically extended in the direction of tho
-prevailing winds owing to the effects of fire, are easily recognizable as such and
are mon on these types of savanna. In the M. minutiflora savanna there is constant

for the return of the forest; in the P. carinatum savanna, however, soil



IV. HYDROLOGY

The area surveyed in the Llanos Orientales comprises several river basins,
the Meta being the most important. Its drainage basin covers practically the whole
area between the Cordillera Oriental and its own channel, as well as a largo tract
on the south-west drained by the Manacaclas. The Meta flows into the Orinoco, which
in turn flows into the Atlantic Ocean.

Other river basins of less importance and similar characteristics are those of
the Arauca and Ariari in the north and south of the survey area, tributariee of the
Guayabero and the Orinoco respectively. Apart from the Manacacías, all these rivers
rise in the Cordillera, which means that they have a special climatic and hydrological
regime.

The other rivers rise in the Llanos, viz. the Manacacías, the Vichada and the
Tomo, and cross the high plains, the first joining the Meta and the other two the
Orinoco.

The characteristics of the river systems originating in the Cordillera Oriental
depend on the sudden changes in rainfall from one season to another, the existence
of heavily eroded steep slopes in the Cordillera, and the limited capacity of the River
Meta to carry off the water.

River flow fluctuates sharply according to the season, as may be seen from the
measurements obtained in some surveys: the flow of the River Guayuriba varied from a
minimum of 41.6 cu.m, per second in March to a maximum of 1500 in the 1963 rainy
season; the River Guatiquía from 14.5 to 700 cu.m. per sec, and the River Vita at Orocu4
from 395 to 8600 cu.m. per sec, during the same period. These flow variations caueed
differences in level of 2.85 and 2.20 m in the Guayuriba and the Guatiquía respectively
at their exit from the Cordillera; while the figures for the Meta at Orocué show that
its capacity is inadequate to cope with extreme seasonal differences in level of 4 to
5 m.

species of good fodd
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erosion due to the dieappearance of the forest prevents the restoration of the original

vegetation. The T. ligularis-P. carinatum eavanna of the dunes was probably created
through the continual action of fire advancing from the surrounding savannas and

destroying the original forest.

The Andropogon and Mesosetum savannas are subject to flooding and lie mainly on

the low land between the piedmont and the River Meta. The Andropogon savanna on the
heavy soils of the alluvial overflow plain develope a low layer of good fodder value in

the dry seaeon, while the Mesosetum savanna develops one of lush pasture only in the

rainy season. A less floodable phase of the Andropogon eavanna is found on the "esteros"

of higher regions.

Wet savannas are intermediate between flood savannas and dry savannas. In a
flood savanna habitat they occupy the high ground, while on a dry savanna habitat they
are found in depressions and other moist areao. This group includes Leytocoryphium
lanatum and Trach *aeon li laris savannas. These two types have a good deal of affinity
with ,ach other and there are many intergradations between them and also between each
of them and other wetter or drier types.

There are various dry savannas, including .Trachypogon vestitus-Azono us rpusii,

Pasyalum pectinatum and Trach o on vestitus, the last-named being the driest. The

P. pectinatum savanna is apparently connected with erosion and the presence of plinthite
or stones and is bound on the slopes of the water-coursee and the hills of the badly
drained high plain or on the high terrace with an indurated plinthite layer. The

T. vestitue-A. rrLisii savanna is the beet of the three dry types as it contains many
er value.
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Rainfall variations in the Cordillera are not the only cause of overflowing; on
leaving the Cordillera the rivers carry enormous quantities of solid matter, especially
during the rainy season. This load slows down the Llanos rivers and fills up their
channels. For instance, the bed of the Guatiquia is said to have risen some 5 to 7 m
in the last 20 years. For this reason there is an increasing tendency for rivers to
change course completely and to flood large parts of their vegas more frequently.

Lastly, the characteristics of the main water collector, the River Meta, are
euch, especially below its junction with the River Upia, that it cannot evacuate all
the runoff efficiently. The gradient is very slight and the channel gets silted up .

These three main factors determine the hydrological characteristics of the
rivers lying between the Cordillera and the Meta, almost all of which flood part of
their vegas and change course frequently. This appliee to the Crave Norte, the
Casanara, the Ariporo, the Pauto, the Cravo Sur, the Cusiana, the Ma and many others.

The same factors are probably responsible for the regular flooding of the
low areas of the alluvial overflow plain, sometimes combined with the effect of the
eubsidence in the Casanare and Arauca regions (see nection on Geology); in the aeolian
plain it is more probably a question of waterlogging due to the rise of the water table
as a result of increased rainfall on very flat lands with no adequate drainage.

In the survey area there is no doubt that ground water forms an important deposit
on much of the land between the Cordillera and the MetaMetica rivers, with the
exoeption of the piedmont mesas and some high terraces near the cliffs. Such water
forma a truly inexhaustible reserve, and as it is at no great depth, there is no
difficulty in pmnping it up, either by motor pumps or windmills. A large number of
wells can thus be made available to supply water for domestic use or for watering
animals.

There is no real shortage of water for irrigation. The probable extreme
minimum specific) runoff along the Cordillera has been determined as 0.6 x 15.7 cu.m.
per ha per day, which would make it possible to irrigate some 88,000 ha of rice during
the dry Beason in the Meta Department alone. At present not one tenth of tha'c, figure is
cultivated, so there is a very wide margin for futuro development. With the or.copUon
of the Salinas water, all Cordillera runoff is suitable for irrigation.

The most serious hydrological problem of the Cordillera rivers is certainly
flooding, generally on the more fertile areas best suited for szriculture. For this
re on it is urgently necessary to protect the Cordillera basins against erosion,
before planning largescale engineering works. Possibilitiee of flood protection will
be very limited if no effort is madz to reduce the load of solid matter carried by
the rivers.

The areas south of the Meta and Metica rivers have different oharacteristics.
River flow depends above all on ground water supply, which collects and efficiently
obviates sudden rises. The water Lable in th4 dry season lies at a depth of about
12 motors in the level high plain (Aa) near the ManacaciaB and gets gradually n arer the
surface toward the north where tho As soil association is found. (Seo Vol. II,
Section Ono).

There is little flooding in Aa, Ao and Ac units, although the steeper slopes
in th rolling, dissected high plains may cause waterlogging on lower levels.
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is also

A more detailed study of water problems in the Llanos appears in Vol. IV.

For this reason the protection of steep slopes in these a
reo oro nded.



V. GEOLOGY, GEOMORPHOLOGY, LANTSCAPE MAP

The Llanos Orientales consist of geological formations of the Quaternary Period,
which is subdivided into the Pleistocene, roughly from 1,000,000 to 10,000 years,
and the Holocene, from about 10,000 years upwards.

To understand the characteristics of the sediments forming the basis of the Llanos
landscape and to explain some regional differences, it is necessary to give a brief
geological history of the Cordillera Oriental. All surface sediments in the Llanos
Orientales come from the Cordillera.

1. Geológy of the Cordillera

The mountain mass of the Cordillera Oriental consists mainly of the Cretaceous
formation, locally eroded, with outcrops of older formations of the Mesozoic and
Palaeozoic. Between the Duda and Upia rivers intrusive granitic rocks appear. The
flanks of the Cordillera on both sides present large stretches of strata from the
Tertiary. The approximate composition of the various formations is given below.

Upper Middle Tertiary
Lower Tertiary (Guaduas formation)
Upper Cretaceous (Guadalupe formation)
Middle Cretaceous (Villeta formation)
Lower Cretaceous (Ciqueza formation)
Palaeozoic: Carboniferous

Intrusive rocks of Cundinamarca
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sandstones and conglomerates
sandstones and argillaceous schists
sandstones
shales with limestone beds
shales
argillaceous schists alternating
with limestones

granodiorites

The Cordillera has been uplifted several times in the course of its geological
history. From the geogenetic standpoint of the Llanos, the last upheavals of the
Tertiary and the Quaternary are the most important.

At the beginning of the Tertiary, when the Cordillera Oriental had not yet
reached its present height, the Cretaceous formations were covered with new deposits.
Sedimentation oontinued under terrestrial conditions by means of a river system descending
from the Cordillera Central, which at that time was much higher than the Cordillera
Oriental.

In the middle of the Tertiary the Cordillera Oriental began to lift, accompanied
by intense folding and parallel and transverse faults, and reached a height of at least
2,000 meters. Later came the Upper Tertiary formations, still to be found on the flanks
of the Cordillera.

In the Quaternary a great upheaval took place. According to Schuchert (1935),
toward the end of the Pleistocene the Cordillera was uplifted to over 3,000 m. Hubach
(1954) deduces from existing outcrops the following altitudes reached for the Guaduas
formation (Lower Tertiary): over 6000 m. between BogotA and Villavicencio, about 4,000
m in the Upla region, over 7,000 m in the Nevada del Cocuy, and between 2,000 and 3,000 m
in the Alto Arauca depression, which clearly indicates undulations in the direction of
the Cordillera.

The previous process of differential uplift is very important for an
understanding of the Llanos sediments. Where the Cordillera was higher, erosion was
greater and lower strata were uncovered and exposed to erosion. Thus in different
parts of the Cordillera outcrops of different strata appear, which affect the
composition of the materials deposited in the Llanos. In general we may eay that the
Tertiary strata were entirely removed, except on the lower flanks of the Cordillera.
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The nomt stratum the Upper Cretaceous (Guadalupe formation) was removed almost entirely
in the eouth, but seems still to prevail in the north (possibly with the exception of
Coouy). This is probably the cause of the very sandy sediments of Arauca and part
of Casanare, as the Guadalupe formation is chiefly sandstone.

South of the Upa moet of the Llanos sediments contain more clay, which is
quite natural since the corresponding section of the Cordillera exhibits more surface
shale of the Middle and Lower Cretaceous. However, there is no lack of sand, since
this part of the Cordillera also has outcrops of Pro-Mesozoic conglomerates and intrueive
granodiorites.

During the soil survey it was observed that in the Medina depression and northwest
of Villavicencio soile were redder than is usual in the Llanos. These soils seem rather
more fertile than others of comparable age. The geology of this region is not known in
sufficient detail to provide a satisfactory explanation for this phenomenon, but some
studies indicate the direction in which the explanation may lie. Wokittel (1953)
mentions that in the Cordillera west of Medina "strong red pans" of arenaceous clay
are found, which may belong to the Permian or Upper Carboniferous; he also refers to
Upper Carboniferous limestone. Huback (1955) refers to the so-called Gachali Group
of the Carboniferous, an outcrop to the west of Medina consisting of argillaceous
schiete alternating with limestone, and which in his opinion may produce productive
soils as it contains plant nutrients.

2. Geology of the Llanos Orientales

This section relates solely to the Quaternary Period.

At thebeginning of the Pleietocene a broad layer of alluvial sediment was
deposited in the Llanos Orientales.

Before the last glaciation there was a very active period of mountain-building
in the Cordillera, which affected the Early Pleistocene formation, especially at its
apex on the Cordillera piedmont.

A large number of faults occurred parallel to the Cordillera; the apex of the
Early Pleistooene was uplifted and sank some kilometere to the east. The subsidence
affected the Arauca and Casanare region and continued to a lesser degree in Meta. The
latter area presents a large number of parallel and transverse faults, each
representing a movement of the Early Pleistocene on both sides of the fault, without
producing complete subsidence as in Arauca and Casanare. For thie reason the terracing
east and south of Villavicencio is rather complex; some parts belong to the Early
Pleistocene while others represent later sediments, and any attempt at dating by means
of the different levels is extremely difficult.

The emtern limit of the subsidence is the valley of the River Meta. From ite
junction with the Manacacfas to near the Venezuelan frontier, the Meta flows practically
in a straight line; the cliffs on the right bank are higher than on the left, from
which we may deduce the existence of a fault along the line of the Meta itself.

There are eigns that the Pleistocene subsidence in Arauca and Casanare continues
to a slight extent to this day.

For about 15 years the River Arauca has divided into two at El Bayonero. The
southeast branch floods large areas known locally as "raudales" and at some points even
draws near to the Casanare. Obviously there is a depression in the center of the
Intendencia de Arauca below the level of the Arauca. It may simply be that
sodimontation along the banks and on the bed of the Arauca have lifted it above the
adjoining land and the El Bayonero diversion is the natural consequence of this
difforenoe in level, but it is more logical to suppose the continuation of tectonio
oinking, since) the present depression in Arauca coincides with the °enter of the
Ploistoceno cubsidence.
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The great unheaval in the Cordillera Oriental toward the end of the Pleistocene
iriggered off a new cycle of erosion in the Cordillera and sedimentation in the Llanos.
The Llanos sedimentation occurred mainly in the AraucaCasanare depression and
partially in Meta where the alluvial terraces are now found. The Early Pleistocene zones
on high ground near the Cordillera and east of the Meta were not covered by the new
sediments and were subject to intense erosion, dissection producing very rugged
topography.

Sedimentation in the depression took the form of an alluvial overflow plain
whose main characteristics are the alternation of natural levees and depressions,
called "bajos". This sedimentation may be related to the Cordillera glaciations,
which covered all peaks over 3,200 m in various phases. As in the Magdalena Valley
(Goosen, 1961), the three most important phases of the last glaciation may eaoh be
represented by a sedimentation phase in the Llanos. There is no evidence of this on
the surface of the alluvial overflow plain, but the alluvial terraces might provide
some.

The period in question, ie. from the end of the Pleistocene to the transition to
the Holocene, is marked by intense erosion in the Cordillera and by several climatic
changes. During the dry periods windborne sand and loess were deposited on the eastern
part of the alluvial overflow plain, thus forming an aeolian plain characterized by
dunes and loess flats.

In the transition to the Holocene, the end of glaciation in the Cordillera led
to a decline in river flow and altered the river system in the Llanos Orientales. The
rivers decreased in number as w 11 as in volume', and this change is still visible on the
surface. Various abandoned channels may be observed; in some valleys the meanders of
the existing stream are very small in comparison with the size of the valley, and the
abandoned meanders of the old river are up to 10 times larger than the present ones.

Flow reduction combined with less sedimentation lowered the river level at the
beginning of the Holocene below the surface, leaving the alluvial overflow plain as a
terrace. Near the Meta this difference of level may be up to 10 m but it is generally
lesa. In the valleys cut by the rivers new sediments from the Cordillera were deposited
and these form the broad strips of recent alluvium found along all the main Llanos
rivers, but representing a very small percentage of the total area.

The existing rivers occupied roughly the same sites throughout the Holocene,
during which they suffered various changee in level, as may be seen for instance from
the "vegones", originally low terraces but subsequently invaded by recent river sediments.
No further details of these variations are known.

The formations referred to above will be discussed in more detail in the
following section on the various landscapes.

3. Geomorphology and landscape may

The geomorphological units of the Llanos Orientales form the basis of the soil
and vegetation survey and are represented on the landscape map prepared. The units of
this map have geomorphological significance and their subdivisions coincide with soil
associations.

(a) Legend

The map legend (see Fig. I-6) indicates the following physiographic regions.
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The above dating must be considered tentative. To establish exact chronology
more accurate data would be required.

(b) Des°

The old alluvial fans (M) belong mainly to the Early Pleistocene and are found
on high ground. The level, rolling phases in the Llanos arecften known as "mesas, an
appropriate name as the landscape is a tract of flat ground bounded by cliffe. Locally
thee() formationu have elopee of up to 10 percent, generally in an eastward direction.
Tho cliffo on tho eastern side almost always correspond to fault linee. Mesa material
ie eandy and in Caeanaro and Arauca bouldure of up to 2 m in diameter are often found
on %be surface. High position and coarse texture lead to excessive drainage, so that
the mesas are very dry in the dry season.

Another effect of high poeition is erosion. Steep cliffs may b regarded tt voey
unstable elopec and are therefore easily eroded. Erosion continued for a fairly long
timo and an a result much of the Early Pleistocene does not appear as mesas but as low
hille. Tertiary strata aro often exposed and the boundary between the low hills and
tho Cordillera is therefore gradual. At various points the Early Pleistocene underwent
gentle folding.
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Toward the south the texture of the mesas is heavier. South of the Ariari and
east of San Martín there are other Early Pleistocene formations, which bear some
'similarity to the high plain east of the Meta and Vichada and have therefore been
included with it.

The sub-recent alluvial fans (P) of the piedmont must be regarded as the apex of
the alluvial overflow plain; their slope, position and relatively light texture creat
better hydrological conditions than are found in the overflow plain itself. They are
divided into three units. The first is the upper fan, consisting of the strip adjoining
the 'Cordillera or the mesa cliffs and repreGenting the apex of the sub-recent fans.
It was originally a light sediment, 'out was frequently covered with heavy material as
a result of elow sheet erosion from the lower Cordillera. The unit has a gradient of
1-5 percent; looally steeper eloeee are found where the streams have out down below
the mean surface.

The lower fan is the eastward continuation of the upper fan and has gentler
slopes. In the method of deposition it is poseible to observe the beginnings of
differential sedimentation, which iu so apparent further down. This proceso is governed
mainly by changes in slope and flood-water velocity and may be explained as followe.

Where there is a eudden'change in slope, as happens at the exit from the Cordillera,
coarGe material in suspenoion or rolling along the bottom of the river ia deposited.
Intense accumulation of material at these points causes frequent changes of channel;
in the end the apex of an alluvial fan ebows such an intricate pattern of old channela
that it is difficult to detect individual courees. Lower clown the valley widens, giving
more room for changee of channel, which can then be distinguished more easily. The
rivers overflow in high-water periods and a sheet of water flows over the adjoining country.
Once it has left the river bed, the water rapidly loses its velocity' the coarse material
in ouspeneion is soon dropped, while the finer particles are carried on and deposited
on low ground. Differential sedimentation may be observed on various parts of the
lower fan. Some eandy-textured strips cross the fan, representing places where a former
river has deposited its coarse material to form natural levees. The surface of the lower
fan underwent slight modifications after its formation. Sheet eroeion seems to have
smoothed out the sharp detritus of alluvial sedimentation. Some streams were formed,
and at some points were subsequently filled with fine products of sheet erosion, while
at others poor drainage led to greater accumulation of organic matter. By relating
teeture differences to the nature of geological formations in the Cordillera, the lower
fan con be divided into three phases of light, medium and heavy texture respectively.

The third subdivision of sub recent alluvial fans is the stony fan, which may
have been formed in a high-water period and often represents a later phase of
sedimentation than the lower fan. The flood waters seem to have removed part,of the
lower fan and left their can eediments in its place. These are characterized by a larger
quantity of gravel and stones near the surface, distributed in intersecting strips,
which still reflect very well the crisscrossing flood channels of the "parents" of
the unit.

Theelluvial terraces at various levels (T) comprise the region between the
Cordillera and the Upla, Metica and Ariari rivers and extend along the Ariari to the
Guaviare. These terraces contain perhaps the greatest concentration of faults,

presenting the end-zone of the great Casanare-Arauca eubsidence. At first sight the
direction of the faults appears arbitrary, but if the pattern is analysed carefully,
two main directions may be detected: 35W-NNE and WNW-ESE. The cross pattern is
clighigy in evidence in the rectangular shape of some terraces, e.g. the Alto de
Ohichimene onst of Acacias, but it is mostly hidden, since the west-east faults are
mainly ocoupied by tributaries of the Metica. This phenomenon makes it difficult to
distinguish between faults and ordinary terrace cliffs.

The effect of the faults was a differential earth movement at various poin
during which - and even after - the alluvial sedimentation of the Cordillera rivers
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continued. Sedimentation varied in intensity in the course of geological history and

this is probably connected with the various phases of glaciation and with tectonic

processes and consequent erosion in the Cordillera.

Summing up the eomorphological processes underlying the formation of alluvial

terraces, we may say: 1) The crossed faults in the area led to the establishment of
many different levels in the Early Pleistocene formation. (2) Alluvial sedimentation
of varying inteneity covered the lower levels of this formation.

This does not in any way claim to be the last word on this extremely complex

landscape. For instance, faults can be observed in recent alluvial sediments, which
indicates that their formation continued in recent times.

As may be seen from the foregoing, it is at present impossible to establish
even a very relative chronology of the various terraces. Generally speaking, the
highest are the oldest and the lowest the youngest, but this is not always the case.
We shall therefore confine ourselves to a physical description of the terraces.

In the firet place, the character of the terraces gradually changes from west
to east. Near the Cordillera elopes are steeper, which entirely tallies with what is
generally observed with alluvial sedimentation. The terrace base (subsoil) generally
consists of an accumulation of gravel and stones, lying at greater depth toward the
east and gradually changing to a sand and gravel layer. Although rainfall is heavier
near the Cordillera, terrace drainage is better, for reasons of texture and relief.
The percentage of badly drained soils that become waterlogged increases toward the east.
In the region nearest the Cordillera textures are more uniform, while eaetward the
phenomena of differential sedimentation are more frequent.

In addition to differences in the eame terrace, different levels between terraces
affect land and soil quality. In general terms, and for purposes of comparison, terraces
may be divided into three groups - high, middle, and low, although the number of levels
is greater than three.

Eigh terraces have good drainage; the percentage of badly drained soils is not
more than 25 percent. The streams crossing these terraces are rather intermittent;
they do not rise in the Cordillera, but on the terraces themselves, and dry up very
easily in the dry season.

On low terraces drainage is usually poorer, although there are some well-drained
soils. On this level water collects in the "bajos" or depressions, especially in the
east, and may cause "zurales" (gully erosion).

In between these two lie the middle terraces. While most terraces show no traces
of old ohannele, the middle terraces present a few natural levees, like oorrugations on
the surface, which bear witness to their alluvial origin.

The alluvial overflow _ylain (D) was so called by analogy with similar formations
in the Argentine Pampas (Frenguelli, 1925), where it is known as the overflow Llano.

On the fan a deltaic pattern of channel distribution can be detected, spreading
out from the point where the rivers leave the Cordillera; but the pattern of
sedimentation on the alluvial overflow plain runs parallelto the various channels.
There is no sharp boundary, for the overflow plain is the downstream continuation of the
alluvial sedimentation beginning with fans.

We have said that the pattern of differential sedimentation can be distinguished
on the lower fan. On the overflow plain it is even more apparent. The natural levees
are further apart and are separated by depressions where the flood waters accumulate and
deposit practically all the fine matter in suepeneion. In the Llanos these areas are
appropriately known as "bajos". With a little practice it is not difficult to distinguish
the two main landscape features, levees and depressions.



29

Further downstream the rivers deposited their load in a calm environment. There
were fewer sudden changes of channel and rivers stayed longer in their beds. For this
reason the individual levees are larger and the distance between them greater.

The levees are known as "bancos" in the Llanos. Heavy river loads and high
flow during the sedimentation period raised the levees abeve the level of the general
countryside. Sudden floods breached the levees and the waters flowed into the
depressions, depositing their load along these breaches, or "salidas de madre". The
small levees thue formed are called "banquetas" in the Llanos. The sedimentation
pattern is very similar to a deltaic pattern. The old channels occupying the center
of the levees are known as 'can'adas"; in summer they ara dry, but in winter they fill
and drain off the rainwater. The depressione are completely flooded in winter; as they
occupy over 50 percent of the alluvial overflow plain, travel becomes very difficult,
and the inhabitants are forced to use the tops of the levees as paths.

A typical phenomenon throughout the overflow plain is the presence of "zurales".
A "zural" is an area full of "zuros" small mounds separated by gullies, the mounds
representing the original level of the country and the gullies erosion channels. The
gully network is very complex and irregular, varying between 0.20 and 1.50 m in depth
and 0.30 and 2 m in width. Depth is determined by the local base level of erosion,
which may be the bottom of a depression or the level of a neighboring stream. Gullies
may form on almost level ground where the rainwater is drained by numerous rills
seeking the path of least resistance i.e. between grase tufts or individual trees.
Under forests the gullies may be further apart and deeper if the base level of erosion
permits.

The soil contains kaolinitetype minerals and its cohesion and resistance to
erosion are low, so that it is easily carried away by water. Each winter the gullies
deepen, and when saturation is high the vertical walls may collapse and partially block
them. The land then takes on a "pockmarked" appearance.

Zurales are mainly found on the upper stretches of the alluvial overflow plain
near the Cordillera where slopes are steeper than in the east.

The presence of zurales creates an obvious problem for agriculture and for
livestock; mechanization becomes very difficult and cattle falling into deep gullies
often cannot get out and die of hunger or overwatering.

The aeolian plain (El and E2) runs eastwards into the interior of Casanare and
Arauca and is bounded on the east by the Ri'Ver Meta. A few low terraces east of the
Meta also have aeolian deposits and are therefore included in this unit.

The first subdivision consists of the dunes (E1). These are longitudinal
formations of windborne sand from the beaches of the rivers which used to cross the
alluvial overflow plain. They are thought to have originated in a period of dry climate
in the Llanos when there was still intense erosion in the Cordillera and the rivers
carried a largo load. Such conditions may be assumed to have existed during the transition
from the Pleistocene to the Holocene. This would tally with evidence from various other
parts of the world, where dunee and loess layers were deposited at the same time.

The dunes run NWSW and are found on the southwest side of former and existing
rivers. Direction and location are governed by the summer trade winds, which blow
mainly from NE to SW. The dunes are therefore on the leeward side of the rivers.
They are undulating and have a maximum height of about 50 m. The depressions between
the dunes are called "bolsas de dunas" (pockets) and may be deep enough to contain a

oon.

The dunes are covered by forest or grass, which indicates that they are being
stabilized. From their shape it may be deduced that the sand deposits were substantial
but that they declined toward the end of the formation. Various dunes show some
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degradation and have a parabolic shape. The dunes were subsequently cut by watercourses,
.as the levee of an old river can be traced acroSs a series of dunes.

The second and larger section is the acolan plain with escarceous (E2). The
base of this plain is the same as the alluvial overflow plain, levees and depressions
being found in the subsoil; but that formaLion was buried under a loam-silt to
loam-claysilt deposit like a loess, which covers the ground to varying depths. At

some points the layer is very thin and only the depressions were filled, the ridges
of the leveee still being visible.

As the topography is flat, drainage is poor and waterlogging occurs in winter.

The acolan plain exhibits a phenomenon called "escarceos". These are raised
strips, not very high (up to 50 cm) and between 5 and 10 m broad, although a few are
broader. They are curved and run more or less parallel;occasionally they may be
connected to each other but they never cross. They lie roughly parallel to the
contours. So far the best explanation of their formation is as fo1lows4 the soil
particles are fairly uniform in size and there aro very few points of contact between
them, resulting in minimum cohesion. In rainy seasons when the soil is completely
saturated, cohesion decreases further and the surface layer creeps like a sheet of
mud, oven in places where there is practically no slope. The subsoil is slightly more
compact and acoordingly the movement of the surface layer, like any relative movement
between two layers of different density, produces undulation in the form of escarceos.
This movement may be compared with the formation of small hill terraces called "cattle
tracks", which are also the result of a slow downward creep of the surface layer.
After their initial formation escarceos may be built up by wind deposits, for the
vegetation io well-developed herbage which can easily capture wind-borne particles near
the ground. Large escarceos are called "banqueticas" in the Llanos.

As a rule escarceos have an aoymmetrical cross-section, with greater inclination
on the lower sido, but this is difficult to observe in the field since they are
degraded by surface eroaion and, secondly, because ants and termites like to build on
them, thus modifying their shape.

Recent alluvium (V), known as "vegas", is found along the main rivers. After
leaving the Cordillera the river system broadens out into a wide bed, with many
intersecting branches and frequently shifting sand and gravel banks. Often a whole
bed is displaced; high flow in winter causes irregular flooding of short duration,
and alluvial sedimentation is the result of all these factors combined. At some dietance
from the Cordillera the rivers start to meander; the channelo are better defined, but
still liable to sudden changes. The vegas are enclosed between the cliffs of older
sedimente and cannot therefore epread over an unlimited area; there are no levees and
depressions, but rather a complex sedimentation built up from frequent channel-changing
and flooding, with appreciable differences over a short distance.

Gradual changes in the meandering channel are due to erosion at the concave
bends and sedimentation at the convex ones. In this way "orillares", or banke, are
formed in long narrow ridgee, each representing the sedimentation of an individual
high-water season (Raasveldt, 1958). The landscape thus formed, with parallel banks
and an undulating microrelief in cross-section, should be regarded as the beginning
of a natural levee; as time goes on, sedimentation continues on top of the banks and
flattens out the undulating relief.In some cases, however, the banks are not buried
under fresh sediments.

Bordering the vegas lie strips known in the Llanos as "vesones". A "veg6n" is
a complex of recent and sub-recent alluvium. Its level is that of the lowest terrace,
which was partly invaded when the river levels were raised.

The (Al, A2 and A3) form part of the alluvial deposits of the Early
Pleistocene. As explained above, in Capanare and Arauca this formation sank and
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was covered by later sediments, but south and east of the Meta it is still found on the
surface. In some parts the formation is heavily dissected and forms a hill landscape,
called "La Serranfa". Erosion was perhaps facilitated by the occurrence of slight folds
and faults. It was not a continuous process, but was interrupted several times, as can
be seen from the number of terraces in the Serranía below the high plain level. At
one point east of the River Manacacfas there are seven levels.

The river valleys crossing the dissected high plains show fairly pronounced
asymmetry. The hills north and west of the valleys always have a more gentle slope
than those on the south and east sides. If the valley contains any traces of a low
terrace, they are mostly north and west of the river, i.e. on the left bank.

Although the high plain is an alluvial sediment, there is not much evidence of
this on the surface. There are no old channels, natural levees or depressions. The
surface lo very smooth, as though all irregularities had been covered and flattened
out. Thio is probably duo to wind action during dry seasons. The surface material
bears a strong resemblance granulometrioally to loess and at one point a "dreikanter"
was found, a small three-edged pebble very common in desert landscapes where the
wind-blown sand polishes pebbles into a triangular shape.

The high plains are drained by broad streams with Gentle slopes, whose soil
oontains a high percentage of organic matter as a result of adequate moisture
throughout the year. These characteristic features are oallod "esteros", a term
connected etymologically with "estuario", uoed on the Pacific Coast to denote places
whee.e the sea penetrateu the marshes and tidal effecte are felt. In some parts of
tho Llanos the term is used to indicate certain low lands which are often flooded,
buL noi. to denote the "bajos" of the alluvial overflow plain where rainwater collects
in lagoons. It is therefore doubtful whether the term ought to be applied to the
streams of the high plain, but it has been used for want of anything better and in
order to distinguish these characteristic streams from others.

Near the esteros on gentle slopes the runoff is sandier than on the peaks. On
the slopes drainage rills are found where there is slightly more organic matter. It

is difficult to detect these rille as they are very shallow and the edges very smooth.
They run roughly parallel and are separated by smooth convex ridges 20 to 50 m wide.
The whole system is called a "rizamiento" (rippling), as it gives the impression of
gentle undulation.

In Viohada there are large badly drained stretches lying slightly below the
meer level of the high plain. It is possible that these may represent subsidence
rrel:lting from faults parallel to the Meta. The country is similar to the aeolian
plain, but there are no dunes. Escarceos are found, and their characteristio asymmetry
is more in evidence.
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Piedmont
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VI. AGRICULTURE AND LIVESTOCK

This chapter gives a brief description of methods in these industries, on which
the economy of the area and tho livelihood of its inhabitants are based.

The map in Fig. I-5 shows the diE- ibution of the various types of agriculture
and animal husbandry in question. On17 Tmall part of the area is devoted to commercial
agriculture, which includes cultivated - ture for grazing and cutting. The rest is
under savanna and forest.

Almo9t a13 farms, including those mainly devoted to commercial crops, carry a
few head °E livastock to provide milk for domestic consumption.

The crops gene:m.1_1y grown in the survey area are rice, maize, cotton, plantain
(Musa_pa,rqdisi,.:sa), banana (Musa sanion'Gum), "topocho" (pass. balbisia_na), yuca
Maajhöt_So.), sugarcans, "chon(jue" (X:anthos.ema violooeum), coUeo, cacao, pineapple
71anas_9ativua.). harlcot bean (Ilaseolusjp.). .Vrican oil pahri (EJacis wincensis L.)
now in devclopmeat), and fruit trees, citfus aud mano being tho Jargest crops.

Old alluvial fans
Sub-recent alluvial fans

Li...1!Jtock

and Methods o
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TABLE I-4

LANDSCAPE AREA

Total

353,125
300,650

666,861

2,950,625

2,076,875

1,286,875

4,985,625

210 62

12,831,261
7041.W..=WWW11=M=.

2.8
2.3

5.2

23.0

16.1

10.0

39.0

1.6

Yho main economic activity in the Llanos Orientales is oattle-breeding. Large
stretohos of natural savanna have been used for many years as cattle ranges. Most of
the area is used by ranchero who have no title to the land, but merely own the cattle
and a few improved pastures. In these conditions management methods are entensive and
fairly primitive.

Hectares Percent

amn

rraces

1.11uvial overfi

Aeolian Aain

Recent alluvium

A.

1,
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A typical ranch in these areas consists of a few rustic buildings, surrounded
by not more than 2 hectares of land cultivated with plantain, yuca, and oome fruit-trees
and other plants providing food for domestic consumption. The cattle graze the adjoining
land, bounded only by the rivers and streams, as there are no fences. Naturally all
cattle from neighboring ranches graze together, and are distinguished only by their
brands, which are officially registered by each rancher.

The size of a ranch is measured not by its area but by the number of cattle
bearing the brand of the owner who has acquired a traditional right to graze his stock
over an indeterminate area. With such rudimentary methods the economic profits obtained
per unit area or per head of cattle are bound o be very small, so that a livestock
enterprise must consist of a very large number of animals if it is to succeed. A typical
ranch may have about 2,000 head, but some have over 20,000.

The biggest ranch-owners do not usually live on their ranches, but prefer to stay
in Villavicencio or in the towns of the interior, especially Bogotá or Sogamoso.
They visit the ranch once or twice a year, at rodeo time. Other ranchers, especially
those in less accessible areas, live there all the time, but their management methods
are no better than those of absentee owners.

As a result of the Llanos climate - 7 or 8 months of heavy rain, often
accompanied by flooding, and 4 or 5 of intense drought - each ranch must have access
to high ground above the flood level for winter grazing (rainy season) and to low
ground which retains moisture and provides green pastuxe for summer grazing (dry season).
This factor, combined with the natural poverty of the soil and inefficient management,
meane that a very large area (4-10 ha) is required per head of cattle.

The native breed of livestock predominates in the region - sturdy animals well
adapted to the environment, but of low production and slow development. A high
percentage of native stock has now been crossed with zebu bulle and various degrees of
crossing are found. Both breeders and fatteners affirm without hesitation that the
zebu strain has given the Llano breed greater weight and resistance to climatic
conditions affecting pasture.

Earnings are derived from the sale of 2-3 year-old steers at each rodeo. Rodeos
are held at the beginning of the dry season (November-December) and the rainy season
(May). All stock are rounded up, calves born since the previous rodeo are branded,
steere for sale are separated and on some ranches a few calves are castrated. These
two rodeos (each lasting 2 to 4 weeks) are the only times when the owners, managers
and cowboys really work in the Llano.

Store animals separated at rodeo time are taken to fattening grounds near
Villavicencio or other regions, like Clicuta, with better soil fertility, improved
pastures, better management and better transport facilities. Fatstock are then sold
for consumption on internal markets, especially Bogotá.

2. Subsistence agriculture

This type of farming is normally on a small scale as most of the output is used
for home consumption; sometimes a small amount is marketed in the neighboring towns
and farms. Methods are generally rather primitive; no soil and water conservation
practices, no fertilizer treatment, no pest and disease control. The farmer merely
fells part of the original forest, burns the ground, sows unselected seed (mostly
produced on the sane farm or on neighboring ones) and weeds the crop once or twice
with hoe, machete or by hand, as the case may be. In order to grow rice or maize
again on the same strip, for instance, the land is allowed to grow wild for two or
three years, or even longer, the brush is then burned and.the land resown. This gets
rid of the innumerable weeds whioh infest land continually under quick-growing
orops. No machinery is used for preparing the ground, which means high weeding costs
and low orop production, as the crops have to compete with weeds.
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Subsistence ztriculture also includes the kitchen gardens or "topocheras" near
ranch-houses or corrals, where natural manure is used to grow plantain, yuca, maize, citrus,
mango, cashew, etc. for home consumption.

A subsidiary form of subsistence agriculture is that practised by the Indian
population, which is essentially nomadic. The Indians clear small circular areas of
varying size, according to their needs, and cultivate them for one or two years solely
to provide food for the tribe. The main crops are plantain and yuca.

Commercial a icultúre

Commercial agriculture deals with larger areas than subsistence agriculture and
in most cases involves various degrees of mechanization, use of fertilizers or
amendments, pest and disease control, and rice irrigation on some farms. Production
is intended for national markets or for export.

Types of farming in the region are determined partly by farmland availability,
but mainly by the existence of adequate communications ensUring that transport at
reasonable cost is available for conveying produce from the farms to consumption
centers and machinery, fertilizers, improved seeds, insecticides, etc, from the towns
to the farms. A particular crop may therefore be grown in some areas for subsistence
and in others as a commercial crop, the exception being cotton, which is always a
commercial crop.

The map on present land use (Fig. I-5) shows the various parts of the survey
area where each type of farming is practised. Subsistence agriculture, which includes
plantain, yuca, banana, pineapple, maize, haricot bean, "topocho", sugar cane, citrus
and mango, is distributed irregularly over a large part of the survey area near the
Cordillera Oriental and nearly all the river vegas. Commercial agriculture,
including cotton, African oil palm, rice, maize, and to a lesser degree, plantain,
cacao, coffee, and yuca, io almost entirely located on the alluvial terraces, vegas
and vegones around Villavicencio, Acaclas, Guamal, San Martln, Granada, Puerto López,
etc. in the Meta Department, where its development is due to the quality of the soil
and the existence of some communications.

There is, however, widespread interest among farmers in the Meta Department
in fertilizers, pest and disease control, and especially mechanization for soil
preparation (ploughing and harrowing), which means that commercial agriculture is
tending to expand in this area and will certainly do so once communications have been
improved. The completion of the Ariari bridge, for instance, will promote development
of this type of agriculture in a vast expanse of fertile land on the right bank of the
Ariari.

Main crops

(a) Rice

Rice is one of the commercial crops grown on various types of soil from the
low vegas to the low terraces, and by different methods, ranging from the most primitive
to the most advanced, including full mechanization, fertilizer treatment and irrigation.
The usual varieties are Fortuna, Blue Bonnet, Japan and Mono Olaya.

On mechanized farms usinu fertilizers and irrigation, average production varies
from about 30 bultos (1,875 kgs) to 45 bultos (2,813 kgs) of paddy per hectare.

However, most rice-growers in the survey area do not use fertilizers, machinery
or irrigation. The crop is produced by means of the natural fertility of the soil, the
implements used are the machete, the axe and the hoe, and water is provided by rainfall.
The usual practice is to clear the trees or brush, burn the ground and sow lavishly.
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In these conditions rice is generally grown on the best soils, with a low average yield

of 20 to 30 bultos (1,250 - 1,875 kgs) per hectare.

(b) Cotton

A purely commercial crop grown on the vegas in the Meta Department. Some is also

grown on the Vegones, but the plants are underdeveloped and average production per

hectare is low. The variety is Delta Pine.

On the vegas production per hectare may be 2-2.5 tons of cottonseed, depending
on weather conditions and the attention given to the plantation.

The use of machinery for soil preparation is fairly general among cotton-growers,
although in areas, like Ariari, for instance, where access is difficult, the only
preparation is olearing and burning.

Frequent infestations occur, sometimes causing substantial losees. The main
pests are aphids, Alabama, Proemia, Laphyma, Heliothis, etc.

(o) African oil palm

A commercial crop, but not yet in production. Plantations were started about
three years ago and development is normal. The first trees are expected to produce
fruit for oil extraction next year (1965). The Instituto de Fomento Algodonero (IFA)
is to provide an oilpress specially for small and medium-sized growers; large growers
intend to set up their own presses.

There are about 2,000 hectares under African oil palm, mostly on the well-drained
soils of the high terraces, vagones and vegas.

The intense drought from December to March does not seem to affect the African
oil palm particularly; however, it would be advisable to provide irrigation at that
time when it becomes technically and economically feasible.

Fertilizers and basic slag are applied on all African Oil palm plantatione.
IFA instructions are as follows: Apply 1 lb slag to each plantaa planting and 0.5 lb
complete fertilizer in the first year; in the second year, 1 lb. SlL and 1 lb
complete fertilizer per tree, and in the third and fourth years, 1 kg complete fertilizer.

Maize

Grown on almost all farms, both for subsistence and as a commercial crop.
Generally interspersed with rice, yuca, chonque, or with plantain, African oil palm
and cacao trees in their first stages of development. Average production: 1,087 kg
per h ctare.

Plantain and Banana

Grown for subsistence in some areas and commercially in others, aocording to
transport facilities and costs; also grown to provide shade for cacao and coffee
plantations in the first stages of development.

Plantain is mostly cultivated in the Meta Department on the vegas and high
terraces. The crop supplies the villages of that Department and a large proportion of
the demand from Bogotá.

Average production: 1,875 bunches per hectare.
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Cacao

Grown mainly in the Meta Department and in Tame (Arauca) on high vegas (bes
results), low vegas and high terraces. On these last two plant development is slower,
due to inadequate drainage on the low vegas and low soil fertility on the high terraces.

Cacao is commercial crop, but most plantations are just coming into production
or are still in the development stage.

The varieties grown are Calabacillo, Angoleta and recently, hybrids resistant
to "witches' broom" disease.

Coffee

Coffee is grown on the same soil units as cacao and also on recent alluvial fans.

It is often interspersed with cacao, both crops reacting in the same way to
soil characteristics, especially drainage and fertility.

Average production in the Meta Department is 4 cargas of 125 kg, which might
increase considerably with the use of fertilizers.

Yuca

drown on practically all [wile of the Llanos Orientales. Production per hectare
varios from 7.5 tons on low terraces to 12.0 tons on vegas and vegones.

In some parts of the Meta Department where yuca is grown commercially on vegas
and vagones, yields of up to 17 tons per hectare have been obtained merely with
tractor ploughing and occasiohal weeding. It is grown for direot consumption on the
farm, for marketing and for starch production.

Fruit-trees

Various species, e.g. avocado, soursop (Annona Sp.), cherimoya (Annona Sp.),
and oitrus, are cultivated on well-drained soils; citrus fruits are the most important,
both in quantity and quality.

In addition, mango and cashew (Anacardium occidentale) do well on practically
all relatively fertile or fertilized well-drained soils. They are not affected by the
long drought from December to March.

On poor soils fruit-trees are always grown near ranch-houses and corrals, where
the application of organic or artificial manure corrects any nutrient deficiencies.

Technical assistance

It is no great exaggeration to say that technical assistance for farmers in the
Llanos Orientales is non-existent, except for some specific crops in the Meta
Department, such as African oil palm, cotton and cacao. Even then it is most inadequate,
except in the case of African oil palm, where it is relatively easy for the ronomist
responsible for the program to give growers technical assistance, as there are still
only a few plantations concentrated near Acacias and Villavicencio.

Cotton is a new crop in the Llanos and is grown on scattered plantations long
distances from each other. There are only two technical advisers, one in the Puerto
López area and the other in the San.Martin area, so that many cotton-growers are not
even visited once in the whole crop development cycle. The result for many growers is
low output per unit area due to sowing at the wrong time, unsuitable cultural practices
and frequent infestation. Technical assistance for African oil palm and cotton is provided
by the Instituto de Fomento Algodonero (IFA).

5.
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Technical assistance for cacao is given by technical experts in the areas of
Puerto López, Cuamal, Granada, and San Juan de Arana respectively, under the control
of a Ministry of Agriculture Zonal Agronomist in Villavicencio. The latter is also
responsible for the improved pasture development program, and is thus too busy to organize
either campaign efficiently.

As there is no effective technical guidance, farming methods vary greatly
according to the educational level of the farmer. For instance, some use aircraft for
sowing rice and spraying fertilizers and insecticides, while others do nothing but pray
at infested crops, ostensibly to kill the pests, thus risking heavy losses in maize
and rice plantations sometimes covering over 100 hectares,

SOILS AND THEIR USE

1. General

In an area as large as the Llanos Orientales, with such wide variations in
soil formation factors, it is difficult to give a general comprehensive description of
soil composition without using regional subdivisions. For this reason, in the chapters
and volumes dealing with soil studies, the region is divided first into landscapes and
then into soil associations, with a detailed description of their component series.

Considered generally, the Llanos Orientales of Colombia constitute a characteristic
natural region differing greatly from other equatorial regions and possessing highly
individual soil properties as a result of genetic factors. In the first place the
Llanos belong to the intermediate zones between the continental shields and the
upliftings of the Cordillera de los Andes, which were filled with important products
of erosion.

The parent materials of all soils in the Llanos are of alluvial and aeolian
origin. Sedimentation periods date back to the Early Pleistocene. The characteristics
of the sediments depend not only on the properties of the parent rock but also on the
method of transport and deposition. Generally speaking, in the piedmont soil texture
gradually ohanges from argillaoeous in the south to arenaceous in the north. This
change is oonnected with the composition of outcrops in the Cordillera Oriental.
Another sequence, from west to east up to the Meta, is due to the velocity of the
watercourse depositing coarse material near the Cordillera; soils are generally heavier
in the east, provided the wind did not act as a new factor of redistribution as it did
in the aeoli plain, where loam predominates alternating with dune sand.

Whatever the method of deposition, all these materials are highly deficient
in nutrients, partly as a result of the nature of the geological formations from which
they derive. Th parent rock imposes on the Llanos soils one of its most uniform
characteristics, i.e. its deficiency or low potential in weatherable minerals and
exchangeable oations, which form the basis of plant nutrition. As nutrient availability
is of great importance in tropical soils, especially in regions whose development must
be 13:zed on natural resources, it is necessary to describe briefly the nutritional
behaviour of tho Llanos soils. Other factors involved are climate, topography and
hydrology, which detsrmine draine and consequently provoke leaching of soluble
nutrients.

Starting with the recent deposits on low and high vegas, which have the
highest cation saturation percentag: and therefore offer acceptable chemical conditions
for crops, it was observed that, when the soils were drained, saturation rapidly
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decreased to such an extent that acidity acting on aluminium silicates released
large quantities of aluminium. As most Llahos soils situated On high ground above
the river level are well drained, they contain more exchangeable aluminium than total
bases, which indicates their cation deficiency. This aluminium, together with iron
oxides, acts as one of the phosphorusfixing agents, whose shortage constitutes one
of the main factors limiting agriculture and livestock production in the Llanos.

In this progreesive leaching various stages may be distinguished, culminating
in the formation of soils with practically no other nutrients than those in the plant-
humus organic cycle; the minerals in this last degree of development are completely
weathered and consist mainly of unalterable particles, kaolinite and sesquioxide.
Thie stage corresponds to the Latoeole or Oxysole of the level high plains south of the
Meta, where they are associated with indurated "plinthite" or "latente" layers at
varying depths in the soil profiles.

extremes, the soils of the recent vegas and the high plains
tablished as drainage improves, i.e. soil groups like the
st Soils or "sols bruns acides" (Inceptisols) and the Red
s), which are regarded as Of intermediate potential and
ity nearer the Cordillera. Inceptisols predominate on the
occupy a larger area on the low alluvial terraces.

The sequence described above refers mainly to the chemical aspects, but has
some positive factors, such as the structural improvement generally achieved as the
soils reach their last stage of development. In certain economic conditions,
particularly when markets are far from production areas, it may be more feasible to
correct chemical defects than physical ones. In any case, the possibility of
improving the nutritional level of soils with good physical characteristics should be
explored more thoroughly, for should this be achieved, vast regions would be opened
up to agriculture and livestock production.

The phenomena described in previous paragraphs occur in climatic conditions of
high rainfall and high temperature, when soil drainage is unimpeded. In the Llanos,
however, there are many plains with inadequate drainage, either because the land
has no slopes or drainage ways, or because the rivers overflow and cause flooding.
Some plains also become waterlogged when the rainfall increases in the wet season and
the water table rises. Soil horizons formed in these conditions are bound to be
different. Here we should mention the somewhat incipient constitution of a gray,
gleyed horizon, heavily mottled with iron oxides, which periodically dries out and
hardens. This "plinthite" or "groundwater latente" forms with gley a continuous
layer below the surface in the soil profiles of the low terraces, the alluvial overflow
plain and the aeolian plain with escarceos. It begins to appear in the depressions
o? the subrecent fans. This horizon is usually found at a depth of 1 to 2 meters and
the upper horizons may vary considerably, the majority being gleyed. In the depressions
they are argillaceous and may have medium cation saturation; on the aeolian plain they
are mainly well leached acid loam; on the low terraces drainage is better and soils
offer greater possibilities than in the two prevtous associations. Where drainage is
poor, as in the two plains referred to, soils are waterlogged throughout the rainy
season and only the levees and the dunes rise above the water. Their soils are of
different quality, being generally lighttextured and very undeveloped. They are
used as a refuge for cattle during the floods, as sites for houses, and as embankments
carrying carttracks. Soil drainage and the ratio of flooded to nonflooded areas
are the main points to be taken into account when considering how to secure more
efficient management of the livestock ranches which will remain the basis of the
ricultural industry for a long time to come.

Another genetic aspect of great importance refers to the organic constituents
of the soil in relation to types of vegetation and variations in climate and drainage.
Despite the fact that the biology of these problems is outside the terms of reference of
this soil survey, the following points must be mentioned: there is a greater accumulation
of organic matter in areas which remain moist practically all year round, such as esteros

$4,
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and old river channels. In these conditions of poor to very poor drainage, organic
matter is also very poor and offers no great advantages which might have a lasting
effect when the soils are drained.

Other instances of organic accumulation, this time on welldrained soils with
thicker surface horizons, are found on some high alluvial terraces with no genetic
explanation for the phenomenon. Generally the increase in organic matter is
accompanied by a simultaneous fall in cation saturation, especially when the land is
under savanna vegetation.

Many forests in the north and south of the survey area, excluding vega forests,
are found on light soils of the alluvial overflow plain or on one of the high plains.
It was not possible to determine systematically whether soils under forest were richer
than soils under savanna. It,is assumed that, especially with Oxysols, most of the
nutrients are found in the plantorganic matter mobilization cycle. Consequently the
S.: icultural potential of these soile is very transitory in the climatic conditions Of
the Llanos.

It is also known to be more difficult to conserve fertility in sandy soile than
in clay soils, particularly with great temperature increases. This is one of the
reasons why no recommendation has been made to clear the forest in he soil conditions
described, for eavanna soils are not managed azly more efficiently. 'Porerlt can, horoeer,
certainly be replaced by crops conserving much the como ecological condlions by Heile,e,
proper soil coneoevaion methods. In such cases proepects will always be best on soils
with high saturation and good drain, .

Another aspect connected with ocganie matter, bu- ratIler more ocademie
importance, enlates to the problem of savanna and foecst dieteibuvion. In thie uurvey
r10 ceeclusieely edaphic reason could be found for the presence of these 'Leo types of
Togetation. Practically all the soil ocriec eould be observed under forest and under
savanna.

Detailed soil studies are contained in Vol. II of this Report. The land
capability classes are described below.

2. Land ca abilit classes

Soil associations have been cleosified :Leto land capability elacsoc ror '6110

Lianas Orientales (soo Table 1-5) on the basic 1) the pc].monent pror;:des of ;,1.1-3

curio LI LueriL sollo, e.g. relief, draluaL-;o, 't,e7Ituro, vrld ;oiqility, together JiLh
obooe'entione ef peesent ageicuiturat end tiveel.eek development.

To ensure that these classes are eorroci,14 interpreted in practice, se
charaoteristics should first be explained.

'6) the f.1,-ok, place, tho claooii:tca;;ion io relaD., in that i i does no;, gi)re
boolui;o valoos for economic yieldo coil ch,?raci,i.,pistics or comparad ond Wass X

conLainc the e,000clnLions ri Lh the lowoC,, adverue oroparljes. The other ol;Isses aoo
ostaJlishod as tho vdsiorso factors increase in gra,,ii,y or combine) oi6h each ethou to
produce a cumuddLive effoc'6.

Secondly, unis olassified do 110'u oorresuond to individual soils, but to
aopooLations, uhioh may uhov quite considorab]e varjaLons in the characteristics of
eonstituont uorloc. Accordingly, lho inclu)-ilon of a certain associat/on in a particPlur
lasa d000 11CL imply that ail soils lu this a000ciation belong aKclusi.Jely to that Wasolmany of them may include Gerioo shou-uiuu n combination ofmoro fa,rorable facors .dlanin tho aceociation as a whole, or vice verove
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The land classification was not designed to define suitability of units for a
single type of crop, but to classify the pcseibilities.of agricultural development.
Different aseociations which can all be integrated into a certain type of agriculture
and livestock farming have been grouped together. The properties mentioned in the
first paragraph play a very important part in establishing land capability, because
they determine the chemical or physical limitations of the soils.

A soil in Class I may, for instance, be suitable for various crops which are
all economic. Soils in a lower class will normally not be so suitable for cropping,
but might give a good yield for a particular crop or pasture. Consequently a soil
highly suitable for rice but not for other crops will remain in a low class. If there
were a capability classification for rice only, that soil would naturally go into
Class I.

Because irrigated ricegrowing has very special characteristics, a special
capability map for irrigated land in the Villavicencio, Puerto López, and San Martin
area was prepared and included in the section dealing with water problems in part of
the Llanos (eee Vol. IV).

The land capability classification is chiefly useful for regional agrioultural
planning. Planning on an individual farm, i.e. where to grow a particular crop or
paeture, should be based on series differences within a class. Such differences are
described in Vol. II, "Soil Associations", where a detailed description is given of
the characteristics of each series in an association.

Detailed soil studies are necessary in order to know and locate the exact
extent of eaoh series. Such studies are recommended for soils in Class I and Class II.
When eoonomio and geographical factors are favorable to agricultural development, they
should also be made for soils in Class III.

Thirdly, the land capability classification presented in this Report is based on
soil properties which may be modified by agricultural technology. Soils are classified
with reference to the traditional system of agriculture and livestock management, as
praotised today and as it will probably be practised in the immediate futuro. In this
system, as the use of fertilizers is very limited, natural fertility is an important
criLerion for soil assessment. The natural fertility factor was decisive in determining
i,he capability class of many Llanos soils, for the majority of associations have very
low nutrient oontents and their perennial amendment is still considered uneconomio in
most area-9 or is subject to testing.

If, however, fertilizer use became common economic practico in the area, natural
fertility would be of less importance and other factors would become the main
olaesification criteria. As the region develops, the land capability classification will
have to be modified to take account of changes in technological, economic and social
conditions in the survey area.

The olassifioation presented here, taking account of present limitations groups
the Llanos soils into six capability classes, which are described below. These classes
are shown on the land capability map at the end of this volume.
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TABLE I-5

c)dmont

Alluvial Terraces

Aeolian Plain

Landa capee

Recent Alluvium

OAd allufisl fans

Alluvial Overflow Plain

Subrocen alluvial
fano

II

Mf

Pa
Pm

Ta
Tb
Ti

Capability Classes

marshes
II=pa

La Maoarena

a speoial class for forest reserves. It includes some units in
s IV and some of the high plain with forest in Class III.

CATION OF SO ATIONS INTO SIX CAPADILiY CLAS5ES
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Class I. Land suitable for cultivation

The soils in this Class are good for most crops adapted to the climate of the
region. Physical conditions are very favorable for intensive use. Relief is flat to
slightly sloping, drainage is generally adequate, and soils are mostly deep. Texture
is medium, with large quantities of silt, which ensures good moisture retention in the
dry eeason. Soils resting on sand and gravel can easily be irrigated. The microrelief
is not pronounced and except where zurales occur, there are no obstaeles to mechanization
and there is no danger of erosion.

These lands are situated on the high parts of the main river T r.id on

pub recent alluvial fans of fine texture in the piedmont near Medina. _Lciations Va
and Pf on the Boil map (eee Vol. II) come into this Class.

As the parent material on the vegas is of recent date and the rocks near Medina
are fairly rich in nutrients, this Class has a relatively high mineral reserve.

The natural vegetation is wet high forest, which has been replaced in many parto
by pasture and variono crops. High and low forests ca the vegas represent betmeen
38.3 and 145.8 cu.m of commercial timber per hectare. The piedmont foreste have a total
volume of 132 cu.m, per hectare. This forest has mosbly'disappeared and where the ground
has not been cultivated, Melinis minutiflora saVanna has become eStablished.

There aro no hydrological problems for agriculture. Flooding practically never
occuro and it in not difficult to provide artificial draino am the average slope iG
l percent. The water Labio never falls too low and for most crops in deep soil loro
is no great nood of irrigation.

The following obeervations may be made with regard to soil management. The
mineral reservo o relaLively high in soile in this Class, but to maintain crops at a
high level end conserve Boil fertility, Certilieers must be applied. Crops should he
sown in appropriate Belle, taking account of the fact that drainteae is sometimos
inadequate and that in some places Btony or very sandy layers impede good root development
oepeciallly or ahrubs.

Cacao might he grown on the vegas ori. African oil palmo on tho piedmont, as long
ee eho water table ie at a depth of over 3 ,acter, Some areas suffer from occasional
waterlogging, in plight depressione which an eaeily bo drained as necessary, if
ohrubo aro to be grown. It la, however, e, vieable to concentrate such industrial crops
on low well-drained soils.

On the rest of the area annual creps mey be grown, e.g. cotton, peanut, maize,
rice, oto, , the uorse drained porto being reserved for paeturo. In the occasionally
flooded doprossioes pari and jeneiro grass aro recommended for grazing and sOrghum
and guatemala for cutting. RotaLions of these forego crepe with annuals are also
recommended. On the piedmont gordura 07 '1:10n arid the above cutting forage might be
grown.

Vory wet areas in this Class still under forest should be left as forest
reeervoe.

Class II. Land suitable for cultivation and. livestockn on cultivated pastures

Thic Olaea contains soils of medium capability for crops and cultivated pasture.
Produetivity may be as high as in Clase T., but it is achieved only with greater outlay
on soil management to correct adverso facere.

Soils in this Clase have one or more of the following adverse facters: high
water table, flood danger (vegas), very low fertility (terraces, vegones and fans),
moderato erosion danger (mesas). However, with the exception of low fertility, these
are 7lot too limiting factors if .6ho soils ara used for cultivated pasture.



In general, relief is flat with no great obstacles to agricultural mechanization;
bùt in a few parts there are murales or stony layers to hamper the use of machines.

In some soils of an association the adverse factors may not be very serious, in

which case the soils belong to Class I and may be used as such. On the other hand,

when there is an accumulation of adverse factors, the soils should go into Class III.

Soil associations Mf, Pa, Pm, Ta, Tb, Ti, Vb, and Vn belong to this Class.

According to the nature of the adverse factors, three subclasses may be
distinguished. The first comprises low vega soils (Vb) subject to frequent uncontrollable
flooding during the rainy season. In areas remote from the Cordillera the low vegas
are regularly flooded from ?ay till the end of September. Near the piedmont flooding
is less regular. For reasons of topography it is difficult to establish artificial
drainage on the low'vegas.

Most soils are poor and badly drained. Their chemical properties are similar
to high vega soils (Va, Class I). Annual crops may be grown in the areas with the
best flood protection.

Some banks and levees cross the vegas and are generally better drained. On
silty textures, plantain Eives good yields. Shrubs are not reoommended as commercial
orops, as there is danger of occasional flooding. More efficient use of low vega
forest is recommended.

The second subclass comprises soils of alluvial terraces, vegones and fans
which genorally have excellent physical properties for all crops, but offer only low
to very low fertility. On the depressions and esteros crossed by these units, various
soils are suitable for ricegrowing, but some of them present zurales hampering the use
of s: icultural machinery.

The use of fertilizers is essential on most soils in this subclass in order to
obtain good yields. Some fertility trials carried out by the National Chemical
Labo2atory (1963) showed the need for phosphoric fertilizers to correct the phosphorus
deficiency, which is the primary limiting factor. Any system of intensive agriculture
should normally be based on complete fertilizers.

Drains:e possibilities are good for units in this subclass located on high ground,
namely Pa, Pm, Ti and Vn. Normally the units in the lowest position on the terraces and
fans offer better fertility and more favorable characteristics for irrigation and
drainage. Vegones are specially recommended for intensive use.

Stony layers likely to impede root development of shrubs were observed on some
soils in this subclass; there are also sandy layers in the vegones which inorease the
need for summer irrigation. Farm planning should take account of this varying
effective depth.
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As regards the establishment of improved pastures
and guinea are recommended on welldrained soils of Pm,
of the River Upia, on Pa soils. On poorly drained soils
parA and Janeiro are recommended. Fertilizers should be
production.

puntero, gordura, pangola
Ti, Vn and Mf units and, south
of the same units, except Pa,
applied to obtain good forage

Soils of low fertility, medium texture and good drainste are found on unit Mf.
Stony layers oocur frequently, often cropping out on the surface. Rainfall is high
oulng to the proximity of the Cordillera, which makes the unit suitable for improved
pastures.

To sum up, soils for crops must be selected with special care in the light of
adverso factors and those for which artificial drainste is not very feasible should be
allotted to cultivated pasture or forest reserves. The physical characteristics of
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yarious soils make them specially suitable for arboriculture and the best drained
should be used for this purpose. Units Tm, Ta, Pb, Vb and Vh contain various soils
suitable for irrigated ricegrowing. Lastly, fertilizers are required on most
soils to ensure.good yields. Trials should be carried out to determine the most
economic formulae and quantities.

Class III. Land suitable for grazing on natural savannas in combination with
improved pastures and subsistence agriculture

Thie Class comprises soils not capable of commercial crops, chiefly because the
outlay required for a good management system is so high as to be unjustifiable
eoonomically. Soils may be suitable for cultivated pasture and limited areas of
subsistence rioulture, combined with the use of natural vegetation.

The most limiting adverse factor is low to very low fertility, often combined
with poor drainage or some other unsatisfactory physical condition, suoh as potential
waterlogging or surface stones. Some soils would be liable to wind erosion if ploughed.

Cultivated pasture can give good production, but requires greater outlay than on
Class II soils.

On most soils savanna vegetation is established, while near the Cordillera forest
predominates.

As stated above, natural drains:0 on various soils is inadequate to poor but on
iale better drained sons it would be relatively easy to establish artificial drainage.
In come locations, especially on the high terraces, artificial irrigation would involve
heavy capital expenditure. Some of these associations have only intermittent streams
and no surfaoe water is available in the dry season.

This Clase mainly comprises the dominant soils of units Pl, Te, Tp, Tm, Tw, Da,
Dd, Dr, Ea, Er, Aa, Ao and Av.

Some areas of the high plain units in this Class which are at present under
forest have been included in Class F in order to be maintained as forest reserves.

Some of these soils have more favorable characteristics for certain crops,
especially rice, while others combine several adverse factors and should be treated
as Class IV.

Some ranchers with Class III farms have obtained good results with certain for
varioties, but if they do not follow up with other good practices like fertilizer use
and proper pasture management, the results are not very assured. Various soils in this
Class are subject to erosion by wind or water after ploughing. The presence of zurales
in various units makes any kind of agricultural mechanization very difficult.

Units Dd, Dr and Er are, mainly suitable for house and road building.

Class IV. Land suitable for grazing on natural savannas in co bination with fores

Soils in this Class generally have very poor phYsical and chemical characteristics
for most crops. These disadvantegee are generally combined with other equally adverse
faoors, ouch as potential waterlogging, and standing water. Some units have very steep
slopeo OP escarpments and the surface soil is liable to erosion. On other units the
uaa-e able io very near the surface and artificial drainage is not easy. All soils in
this Class have very low fertility.

Soils are suitable only for extensive livestock farming based on natural
pasture, with appropriate management adapted to existing conditions.



Vegetation consista of natural savanna with scattered remnants of forest

or woodland.

Most soils are on low, level ground with slopes of under 1 percent; artificial
drainage is therefore difficult or at least very expensive. Class IV oomprises the
dominantwils of units Mg, Pg, Tv, Db, Em, Es, Ee, Ac, As and As.

The only man ement recommendation concerns the efficient use of natural
vegetation; overgraz ng should be avoided and the vegetation maintained in the best
possible condition under normal grazing.

Where the natural vegetation is forest, it may be better to maintain it for
/umbering and as watershed protection. As it is considered more advisable to
maintain those areas as forest reserves, they have been included in Clase F.

Subsistence crops may be grown on some soils, but they should rotate with
fallow or pasture,

it would be technically pousible to improve the soils by means of fertlizers,
drainage and erosion control, but the necensary capital expenditure uould not be
juctified in present conditions of deeelopment.

Unit Em is suitable for building houses and airstrips, the latter being
extremely useful during the rainy season.

Clase V. Land suitable neithe r ro
eforestation or maintenance o
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Soils in Cllzs V are very poor for both agriculture and livestock, as their low
fertility is combined with other serious disadvantages e.g. stones, utooe olopou,
flooding, etc. Consequently there is grave daneer of erosion on the olopee or of
flooding on lowlying areas like swamec, ato.

This Class comprises Mc soils, the marshes and swamps shown on the map, and the
Serranía La Macarena; all might be grouped under the heading "Miscellaneous".

These lando are of some value when the vegetation cover provides adequate
uatorohed proteotion; it is therefore recommended that exi9tinc forest should be
mainained and that areas wheroi has boon destroyed should be replawtod.

Class F. Forest reserves

iees
a ion

o d recommended for

Class F comprises units in Class IV and some units of high plain with forest
in Claes III. The aim ie to conserve them as forest reserveo with a rational libmbecing
program, as it deco not seem justifiable to incraaco the aroa under savanna uhuu
edsin ozwannao aro not properly managed.

ulturo
no bura ve e

o S:
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NEED FOR RESEARCH

In view of the soil characteristics and farming methods described in this
Report, it is olear that some of the present conditions of land use in this vast area
must be altered in order to derive greater benefit for the country's economy.

Some of the factors affecting economic production in the Llanos are social,
economic and technical and in some aspects are closely interrelated. On the basis of
the survey and classification of natural resourcea, a series of investigations should
be planned and carried out in order to help to solve technical and practical problems
and provide a basis for any necessary changos in the social and economic structure
of the region.

Research should relate to the main soil associations in land capability
classes I, II and III and must necessarily deal not only with the soils themselves, but
also with the plants and animals which they are intended to support.

1. Research plan

Research services should be the responsibility of a permanent body, to ensure
the longterm continuity needed to achieve positive results. A broadbased agency
like the Instituto Colombiano Agropecuario (ICA) seems most suitable for this purpose.

Researoh must be eminently practical, with regional trials and demonstrations on
individual farms, so that the important connection between research and extension
services may be established.

Technical personnel responsible for these services will not be confined to
experimental stations, as much of their work will consist of checking research results
by regional trials on individual farms and demonstrating to farmers and ranchers the
excellence of the methods and practices recommended.

A series of experimental stations and substations must be set up in areas
aocessible throughout the year, representing different landscapes and the main soil
associations. Naturally complete coverage cannot be achieved immediately, but it would
be desirable to start with experimental farms on representative areas of the piedmont,
the high plain, the alluvial overflow plain and the aeolian plain. The first of these
would be devoted mainly to commercial crops and intensivo livestock farming, while the
others would be extensive cattle ranchea organized on rational lines.

A. Intensive farm (piedmont and terraces)

La Libertad Experimental Station near Villavicencio has an ideal situation. It

could be the center for basic research on the various aspects to be studied and the
administrative and technical headquarters of the program.

As this is the area with the highest proportion of relatively rich soils, it
might be devoted to research on commercial crops, pasture and for.ze, and dairy ami
'beef cattle, using present methods on more intensivo lines. It will be necessary to
use large areas for crop trials and to increase technical staff, labor and agricultural
equipment.

The Station has land on high terraces (Te), low terraces (Tb) and vegas (Vb)
which would be available for trials on these associations. For some perennials,
howeVer, e.g. African oil palm, it would be advisable to seek the co-operation of IFA
and private growers for trials in commercial plantations, with special reference to
fertilizer use, weed and pest control, irrigation, etc.
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Since this zone contains commercial crops of rice, cotton, maize, yuca, cacao,
and African oil palm, research might be carried out on these crops with reference to
the following points:

Fertilizer use

Research might be in three stages, viz.:

Stage 1. Response to the various fertilizer elements and amendments. Trials
with a control (no fertilizer), complete treatment containing N, P, K, Mg, S and a
mixture of trace elements, and treatments from which each fertilizer element is
omitted in turn. The proportions or amounts of the various fertilizers should be
sufficient to meet the requirements of the respective crops. If there is a response
to trace element mixtures, subsequent trials should be broken down in order to isolate
the critical element or elements. Similar trials should be held to determine response
to lime, not only as an acidity corrective but as a source of calcium.

Stage 2. Once the defioiencies in each fertilizer element are known, other trials
will be planned to determine the most suitable proportions and the form or chemical
combination permitting most efficient use in the light of greater economic yield.

St The last stage will be to determine the most appropriate form of
application to obtain efficient utilization of each element, having regard to individual
soil conditions, e.g. reaction, granulometric composition, organic content, iron and
aluminium content, etc., and to crop characteristics. Comparisons should be made of
different depths of application, distance from root zone, and periods of application.

These studies of fertilizer use and soil productivity should be acoompanied by
analysis of soil samples in order to establish correlation norms for fertility diagnosis.

Variety

Comparative trials of various varieties and hybrids adaptable to the climatic
oonditions of the area. These should begin at the same time as Stage I of the fertilizer
trials, so that the last stages can be carried out with the varieties showing the best
results as regards productivity, early maturity, quality, resistance to pests and
diseases, etc.

Cultural methods

Once the best varieties and fertilizers for each crop have been determined,
studies should be made of various aspects of ultural practico, the most important
being the following:

',;owing time

To determine, with reference to the vegetativo period and the date of the
beginning and end of the rainy season, what times are most appropriate for sowing and
harvesting various crops in order to obtain the best economic results. The need for
supplementary irrigation at certain seasons and perennial irrigation for ricegrowing
should also be considered.

Sowing density

Distance between furrows and plants etc., with reference not only to unit yields,
but also to incidence of pests, diseases and weeds.
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Crop rotation and soil conservation methods

Use of green manure and other organic fertilizers to improve physical conditions,
especially soil granulation. Trials of longterm rotation between annual crops and
perennial pasture or cutting forage should be considered.

Control of weeds, pests and diseases

Trials of various commercial products.

Introduction of new commercial crops

To give an economic return and form part of a rational rotation. Introduction
of legumes such as haricot bean, soya, peanut, etc, would be highly desirable.

(4) Pasture and forage

This Most important research field covers three main subjects; (a) Introduction
and selection of species and varieties; (b) Cultural methods; (c) Nutritional value
and economic yield of various pasture and forage crops.

The experimental ranch should contain as complete a collection as possible
of native and imported grasses and legumes in order to observe their
behaviour and resistance to excessive moisture and drought, and to carry
out bromatological analyses and yield tests. With these preliminary data
it will soon be possible to discard species which are obviously unlikely
to prove satisfactory as feedingstuffs.

In view of the general data available on the main soil deficiencies, it
would eeem advisable to apply a fertilizer containing at least phosphorus
and calcium (possibly basic slag) in order to maintain this collection
adequately. This recommendation will not introduce any factors of error
into the preliminary observations, sinos this treatment at leaoL is
ossonial if it is desired to imrTovo the quantity, and possibly also the
quali%y, of forage produced per leut area.

Ae socoud sLage, Wio collection may serve as the basis for genetic work;
by Tqocluu of orocolng ior varies of pasture and cutting forage and
1171yrJ.ds bot%er adapodo i,lanc conditions may be produced.

9,21ols(T, shics havo GI-von good oseliminary sosults as forage shoUld be
subjcced ) irlalu o dotormJno tho besL mothods of es'Gablishing range
Ps.stu.so or crope o bo cut for greca forage, silage or hay. Such trials should

sk4include; (0 prop ation methods generative or vegetative; (ii) sowing
methods and seasons; (iii) fertilizer use similar trials to nhose for
oommorcial crops; (Iv) control of useds, pesto and disoasos; (v) yield of
greon matter Nr hectare; (vi) cutting and grazing frequency;
(-riL) rosisanco to 1-.ampling; (viii) economic life of paotures and cutting
crops (i7) grass and legume mixtures for pasture formation.

(o) As intense drought for four months with the consequent decline in green
pasture is ono of the major problems facing Llanos ranchers, silage trials
arc sLrongly recommended, in order to determine the most suitable forage
opaoios and tho best methods to be used for this purpose in the light of
anvironmontal conditions (especially poor drainage). A study of haymaking
would also be very useful; cutting and drying could be done in the first
weeks of the dry season, and the hay could be used at the end of the season
when the feed shortage is most acute.
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Vorago ronearch should be supplemented by studies of digestibility. For thie

purp000 lee in vitro method described in the "Journal of the British Grassland Society",

Vo).12, No.29 19639 is recommended; it has the odvontage of making a large number of
determinations in a short time and obtaining digestibility data on tito various parts of

the plant at different ages.

Final verification of forase efficiency and of the best economic methods can
only be established with animalc no indicators. Comparativo trials should be held to
determine differences in meat end milk yield obtained with current methode and with
eho new practices regarded as technically most appropriate.

B. Extensivo cattle ranchee

In regions where extensive caetle-breeding has been practised i.e. the high
plaies, the alluvial overflow plain and the aeolien plain,'it is not possible in
peeeeat conditions to change over to the intensivo methods proposed for the piedmont
ara, for the following reasonst (i) poor soils; (ii) poor drainage and periodic
flooding, and prolonged drought; (iii) lack of communications.

However, it is possible to improve presen methods and with ;Ale inteoduction
of relaeively simple) praeticoe total productior end yield per unit area can certainly
be increased very subseanLially.

It ie proposed to set up three experimental stations on fairly Le,e eible
sites representative of the various landscapes. They might be located te (Mows:

High plain .area, east of the River Mota. As far as possible Lhe vauch uhould
include parts of the fevel, rolling and disseced high plain. It eould aloe be
expedient to take in part of the vegas ou tho right bank of the Meta. The boet place
would be between the Meta and the Manacael:as. l'or greater operational convenience,
there should be access to the Puerto López - El Porvenir highway.

Aeolian plain area. The ranch might be located near the town of Orocu4 on the
loft bank of the Meta. If possible, it should cover soil associations on the dunes,
odgoc of streams, and escarceos in order to permit a study of drainage conditions.
It should be connected with Orocu4 by road and also by launch if it is sited on the
banks of the Meta.

Alluvial overflow plain area. The ranch may be located near Arauca, with
permanent access to it by road. Both "bajos" and levees should be covered, as these
are the two main landscape features and are of vital importance in the dry and rainy
seasons respectively.

As these are very isolated regions where normal living conditions are very hard,
it is essential to ensure that the staff assigned there have at least a minimum of
comfort, e.g. housing, drinking water, electricity, social center, school, medical
service, eta., as otherwise it would be almost impossible to recruit qualified staff.

The main purpose of these experimental ranches is to develop methods of
improving and man:eing natural pastures and to establish more advanced extensive
practi6es permitting more efficient use of these natural resources.

In view of the type of research to be done on these ranches, where the economy
of the undertaking must necesearily be a basic aspect, an area of adequate size,
e.g. 2000-3000 hectares, and a corresponding number of cattle must be available.
Similarly, equipment and working material must be provided in sufficient quantity for
the proper operation of a large-scale undertaking.

Improvement of natural astures. On the basis of the natural vegetation surveygiven in this RePort Vol.III , which describes the various constituent grasses of the



and the environment in which they develop, the first step should be to
Li7i a duly differentiated collection of the main species in order to sLudy growth

habi , reproduction methods, gr(,,en forage yield, fertilizer response, nutriLivo
palatabilic.v. chance :11 nutrilvo value with fertilizer treatment, age, cutting end
cv5ioc frnqueley, roaoLion.to mi::t.ure with other nativa or introduced species, etc.

Each ranch should include land on which the natural vegetation is conserved
in order to carry out studies on the following points;

(1) Effects of fire

(2
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Soil and air temperatures provoked by burning.
Changes in soil microflora and microfauna.
Chation in soil oonLGIC6,

on of burninG nL diff,)cen U -,lmou of ye.ar.
CroLtil irren ei7 MPVI L;rapor,.s of r r burninc.
owlonnunli; wl)en eroLected from bnrni
Compicon "ffo.iniac 71.1A;11 mochallinal cutting of J.

.once to

l',74Hura cl; cl ti' poriodn of do,rolopmoni,.
1161115rL,Ion rL difforon ancl in;,orrycas.

RoAlqauma -7,th alfC,7,yan Il CT01.1C, Ioads,
OhnQrwctIone on Increnec, or dcoream7, of ()n.ch rorv,co cpccies as a

07;:"

Oboorri.loas on uc,cd isotalon wi'6h di.f;'oren 3.2,vqng methods.
foion and_ mos;, olIm2opriata 1)0n'6u1'o

Arients, including trace elements, c

ied pasture.

(4) .1_, .::::tion of new pasture,
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LIST OF COLLABORATORS

The survey of soils, vegetation and other agricultural resources of the Llanos
Orientales of Colombia was carried out jointly by the Government of Colombia and the
Food and Agriculture Organization of the United Nations (FAO) under a projeot
sponsored by the United Nations Speoial Fund.

The following teams of technicians took part in the works

I. SOILS

SM.l cu e oto-inter on

Doeko Goosen Expert in photo-interpretation (FAO)

Elvers Martin A. Agricultural engineer

Jaime Villegas A. Agricultural engineer

Marco F. Cano L. Agricultural engineer

Ricardo Bernal P. Agricultural engineer

Soil classification

Richard S. Merritt Soil surveyor (FAO)

Jaime Villegas A. Agricultural engineer

Humberto Toquica Agricultural engineer

Chemical analysis

Josu4 S. Quintero Q. Chemical engineer

Eduardo Palacio G. Chemical engineer

II. VEGETATION

John Blydenstein Tropical pasture expert (FAO)

Germin Clavijo N. Forestry engineer

Jaime Rivera C. Botanist

III. LIVESTOCK

Livestock expert (FAO)

Zootechnician

Agricultural engineer, ricultural
economist

Agricultural marketing expert (FAO)

Agricultural economist (FAO)



HYDROLOGY

Arnold Esoher

CARTOGRAPHY AND DRAWING

Hernando Daza R.

A. VAN WAMBEKE
Manager (1961-64)
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FAO Consultant

Draftsman

MIGUEL VARONA M.
Co-Man er (1964)

ALFONSO GARCIA E.
Co-Man er (1961-63)
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Summer of Main Conolueione and Recommendations

10 The eurvey has shown that the produotivity of the land in the Llanos Orientales
can be coneiderably increased by adequate management practices or by improving the
existing produotion methods taking into aocount the suitability of the soile.

2. The olassifioation of the soil associations 000urring in the Llanos Oriontalem
into land capability olaeses indicates that the possibilities offered by tho soils
000urring in the study area for the development of syetems of agriculture are as
fo/lowso

Class I Land suitable for cultivation 106,250 hectares.

Clase II Land suitable for cultivation and livestook on improved paeturee
1,566,900 hootaies.

Class III Lead suitable for grazing on natural savannas iu combination wi0.1
improved paetures and subsistence agriculture 1p9819075 L.oci,areD.

Claea IV Land suitable for grazing on natural savanna in oombination with
forestry 6,750,610 heotares.

Class V

Cla3
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Lands neither suitablo for ngrloulture nor 2or 117ostooL9
r000mmended for forasLaion or conserva Lion of :rorost
215,000 hectares.

Forest reserve lande, whioh inolude soil units of Claps IV and
some of Claas III.

recomwendadons regarding the Ilse and managemon of t7)o so:On of 30,01k 12)14
olass nnd tho 'up shouing the geographical Osi.r.1.1.)ulon o. those laud classes
inolndod In this Volume.

3, The ooilo uhioh ohou Lhe highest potontlal, aud on which "c.ho 2J.r ocriAJuluP,),1
devol(Pomont should Lako pinoe are located in the roocn.il allrvium. Theco col lo
Aowover9 used protocticD against periodic flooding) randamentalt7, thoao :kmundnonJ
3100 ,jz,kused by severe erosion :7hich ), .00ts",.;fte upper valles of tho Y:varri ).11 the
Jnoorn OortUllooa© Ii, Is rocommondod tha L Lb e aocevament ate tho noUton Doedod
proco., ',lose upper valleys. For qils pury;oce Lho props:.:) 61011Ca015019 VOGO-
a0n 00YO,P01 oP Olo autLing and are nve ro eounandcrl n order to zchlovc.) t1.1.)
objooroso '6he folloidna stePc aro su7(7:000.

AD::;ailed studies oT Llia p'_)e..;i1xlieJ -;o:))e):
davelopment tn the watershed nranz od nca Lieu e; the crone 111911,
a-onropriato for i;his purrose

b) Soil and 70031.01.1 manacemanZ, r.;z3dIDrI :ix. order 'Lo nau Loin LT)
preduoi,17kt,y and 'Lo prevent the dos'6ruciAoD. of the natural VONOU7:00

0) n20D3r organisz:olon of fore3 L :plottatIon aDd oi"
Program o2 reforestation w: Lb DAZATe and inpor4)(1 ";KOO OP3C10:.1 0; :,'rALD;;!.. routh and economic .unluc

d) Creation of a well establi.e2ood force Lrr service Lo be looponui.10o 220Z'
survoillaace and teohnioal aos.13anco to oecure Ole implomentatio2of the aboye,'



40 Uany eon° of the Llanos area have excellent Phyeloal oonditione for plant
geouth but puffer from extreme nutrient defiolenolee. It lo oonsidered that
elthout edequate eeperimental work on the uue of fertilizere, no reoommendatione oan
be mede on tho way:: and meano to corroot the low nutrieet statue of tito oollo of tho
erea. No eeperimental data are available on the real grazing potentiel or beet neo
of the natural land and hor this may be beet implemented. For these reasons It le
ueeontly reoommended that the Government etrengthen their Agricultural Experimentel
Stationo in the Llanon and eonoentrato on the etudy of the use or fereilizere,
Greenlend management and oattle produotion. A preliminary plan or, the inveetigatioue
to be oerried out to aohievo the above objectivea is Given at tbe and of thio Voleme.

rjo It oae be ooneidered, even on a long term baeis, that the development of the
Lleeoe Region will depend on the growth of a limited number of fooi whioh will,
eponteneouely or by previoue planning; develop In plaoes.where good soils are
dominant. In thie reepeot, it may be pointed out that the improvement of the propone
living oonditions in the Llanos will bo greatly eocelerated by the oonstruotion of
an edequato road system. Considerable detall has been given to the eoil map co no
to enable oorroot planning of roads, a000rding to soil oharaoteristics and the
looation of marketo. Aotion of the Government is therefore reoommended to aooelera
road building.

A large pave of the area of the Llanoe is only suited for extensivo grazing.
Liveetook will, for a long time, oonstitute a major element in rural produotion.
The moat important problema connected with livestook produotion in the area are
animal health and particularly footandmouth dieeaee and parasitos, safe drinking
water for animals and the organization of improved means for transporting,
elaughtering and marketing livestock.

On the basis of the studies of the cattle and beef industry in the Llanos th
following is recommended for immediate implementation: (i) the oonstruotion of a
number of wells with windmills whenever necessary, to provide eafe and suffioient
drinking water for animals, in order to prevent parasitic: infections and (ii) to
organizo an effeotive oampaign to inorease the praduotion of footandmouth vaooineo
Other reoommendations for early and longterm implementatiou include the initiatiou
of experiment and demonstration oenters in seleoted regions of the Llanos Orientalee
otudy area to carry out investigation:: or practical programe suoh as carrying
eapacity of pastures, °peeing between watering and salting points, rotational grazing,
effeoto oe burning pastureo, introduoelon of new grasses, and other problems eeoultor
to the regioel) study of praotical methods of irrigation from the largo number of
eivere oE the Manor: and investigatione on he possibilitieo of drainal: of flooded
weters oE the winter eeason) intensifioation of the assietanoe to the cattle ownere
for the construotion and use of cattle dips and of inseotioideo in and outside the
dips for human and cattle health.

O. Moat Important Improvements in production methods Involve °hanger:: in farm
eanagement, oorreot use of natural and oultivated pastures, including grazing,
management and liveotook husbandry. These measures, whioh Imply a certain amount
of oapitel inveetmente, are usually not implemented before the type of land tenure im
preoisely defined. It le therefore recommended that the Government undertake a
meow of landownorehip in the Lleeoeo



It is believed that the actions recommended will be best aohieved by an
organization which would coordinate the activities of all the Oevernment institutions
operating in the Llanos and extend them to al]. the Department, Intendencias and
Comisariae whioh oonatitute the administrative divisions of the Llanos. This
Organization should improve technical aeeietanoe to farmers, cattle raieers and
breeders, develop supervised credit, provide for adequate marketing systems and
coordinate development schemes according to the most urgent needs of the region.

The vegetation study of the Llanos led to the preparation of a vegetation map.
The map, as well as the reoommendations for the proper management of the varieue
types of vegetation for forestry and livestock raising are included in Volume III
Section 1 of this Report. To assure a sustained exploitation of foroote, proper
management may be achieved by means of a program of selected outting, upon -which
minimum lengths ahould be impoeed together with a planned reforeatatiou to secure
population of speedos of high economic value. Under present oonditione, and Jn
vieu of the otate of development of the forests of the Llanos, a minimum cut
35 cm0 in diameter is reoemmended. The nativo and introduoed species best Led
for reforustation are: cachicamo, mahogany, caramelf, oedar, euoaliptue, pardillo
and teak.

The proper management of savanna, which will continuo in tho future to be
used as natural pasturee, must take into account the pasturing timo and Include the
control of tho movement of animals and the establishment of improved nesturoo.

In view of the importance, in all aopecte, that knowledge of un ter reeourcou
signifi s in the future development of the reGichly ue ouggeot that a hydrometric
eervioe be organized in the Llanos. Thio servioo will Lake charge oC methodic
meaeuroments, with the RIM of eetablishing adequate hydrological otetinties. Tho
uorlt of thie sorvioe uill be oarried out in aocordance with a graded plan, which
uill take into a000unt the situation and the real possibilities. These works
ohonld commence Ln theme places which, due to the present development of tho eonop
aro of greater iaterest and offer greater facilities. Futuro extension will be
made as the economic importance of the area inoreases, and its rythm uill sloe
depend on the output of the hydrometric eervice whioh will increase proportionately
as greater praotloal experience is acquired in the varied oonditions to be found
in tho water eesouroee of the area. To carry out the hydrometric works in the
field, including oystematic measurements and appraisals, eetabllshment and control
of fined statione and general obeervation of the rivers, it will be necesoary to
ootablich a mobile group of hydrometric experts. A detailed account, inoludin8
m t ials neoessary and estimated budget required for this mobile group, no well
as a graded plan of work of the hydrometrio service, is to be found ir Chaoter IV
of thin report.



III. General Description of the Project Area

1. Geo ra..4 and Location

The projeot area covere about 13 million hectares and comprises the Departments
of Meta, Doyaoa and Cundinamaroa, most of the Intendencia of Arauoa and part of the
Comisarla dol Viohada. Geographioally the area lo looated between 2° and 70 laLitudo
NorLb, and 690 and 740 longitude West of Greenwioh. The population is about 300,000
inhabitant°, mostly concentrated in tho Department of Meta. The largest city is
Villavioeno102 with about 35,000 InhabitanLop which constitutes the major trading
centre of the region, and to which como the majority of products on their way to Lilo
markets of the interior.

Ciate

The climate of the Llanos is a tropical climate with well-defined rainy and dry
coaoons. According to the classification of Koeppen-Geiger (1954) it belongs to the
Aw climaLo, savanna climate. Annual rainfall rangos from 1800 mm. to 5000 mm, in the
J,lanos. Temperatures are rather uniform throughout the year. Relative humidity is
high5 during the rainy season it averages 80 percent and varies between 50 and 60
percent in ;;he dry season.

Vegetation

The vegetation survey of an area of about 12 million hectares has shown that
the savannao cover about 85 percent of the Llanos, the remaining 15 percent being
fovooL. Ten types of savannas and si x types of forest were identified during the
GU-CV Oy

H drolo

The main rivers of the Llanos yogons are the Meta, Arauca, Casanare, Pauto,
Cusiana and Manocacias. The Meta is most important river of the Llanos and it is
navigable from PuerLo Lopez to the Orn000 River (720 km).

Goolo Landece map

ti Geolo/7,y - The Cordillera Ciental is dominantly a Cretaceous formation
locally orj-d, on which occur the remainder of older formations, mainly from the
Yesozolo and Paleozoic eras. The Cordillera suffered several upliftings during the
geologicai, times, and those which took place during the Tertiary and Quaternary periodo'
aro especially Important in determining the nature of the sedimento ocourring in the
Llano°. Those latLer sediments are Quaternary formations both from the Pleistocene
and Nolooene°

B. Gamrthalóry and Landsca e Map - The geomorphological units occurring in
the Llanos constituted Lhe basis for the reconnaissance of the soils and vegetation,
and are represented in a landscape mapn The map units have a geomorphologlcal moaning
and their subdivisions coincido with he soil associations.



The following are the geomorphological units identified in the Project areal

Piedmont - This unit is subdivided into old alluvial fans and eubrecent
alluvial fans. The old alluvial fans consist of Pleistocene deposits, which have been
subject to some uplifting, and are partly heavily dissected. The soils are mostly
sandy but towarde the south heavier textures occur. The subrecent alluvial fans lie
at a lower level than the old fans, and form an almost oontinuous piedmont alluvial
plain. The texture of the soils ranges from sandy with stones into the north, to
olayey in the oouth, but otherwise follows the usual pattern of sedimentation in the
Piedmont area. The old alluvial fans are occupied mostly by Regosols and Acid Tropical
Brown Forest Soils, mostly depending on the texture. The sub-recent fans present an
association of Red-Yellow Podzolic and Acid Tropical Brown Forest Soils.

Alluvial terraceo - This landocape is found near the Cordillera in the most
western part of the area. The terraces are formed of alluvial deposits, left as
terraces becauee of recurrent changos in the level of the rivers. Several levels can
be distinguished, but correlation ie difficult duo to the occurrence of many faulto.
The soile range in texture from sandy loam to clay, and many have gravel in the subsoil.

Soils are dominated by Acid Tropical Brown Forests on the higher terraces, with
Red-Yellow Podzolios increasing in importanoe on the'lower heavier textured levels.

Alluvial overflow lain - The piedmont alluvial fans change gradually into tho
alluvial overflow plain. The principal characteristics of the latter is the alternatiou
of natural, levees aria clackwater areas, together forming a deltaio pattern spreading
out from the piedmont. The slackwater areas occupy more than half of the surface, and
are flooded by rain water during the wet season. The texture of the soils is heavy
clay, although nearer the Cordillera and in the north lighter textures occur.

Alluvial soils and Regosols constitute the high parts of the natural levees
whioh are dominated by avid Tropical Brown Forest soils, often with lateritic
concretions at the bottom of the profiles. The slaokwater areas oontain low Humic
Clays2 with minor extensions of Organic) Soils and Grumusols.

Aeolian plain - The aeolian plain comprises an area whore loess and longitudinal
dunes have been deposited on top of the eastern part of the alluvial overflow plain.
Exoept for the sand dunes, topography is level, and drainage is poor. The soil
material itself, moderately fine textured, was probably at the timo of deposition
already heavily leaohed, and is therefore poor in nutrients.

The dunes are covered by Regosols, and the most typical profile on the flat
plain oorresponds to incipient Ground-Water-Laterites, mostly poorly drained.

Recent alluvium - Along the main rivers strips of recently deposited alluvium
000m.9 whioh are gravelly near the Cordillera, and become gradually finer towards i;he
cast. The soils are not yet old enough to be highly leaohed and contain more nutriento
than most of the other soils of the Llanos.

AlluvialSoils is the best correlative soil group which fits the high variabilityof proales in this landscape.



Detailed studies about the soils occurring in the Llanos are given in Volume a
of thio Report, In this volume, however, a description is nado of the system of laud
capabillLy whloh has been established to assist in guiding agricultural development
into areas of better soils. The grouping of the soil association.into land capability
()lasses (see Table 1-5) was made on the basis of oertain properties of the soils of
each association, such as relief, drainage, texture and fertility, complemented by
tho yesulis of field observations about local conditions of present agriculture and
cattle raising. The following six land capability classes havo been established.

Class I. Land suitable for cultivation
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Ei5h_plaine - The landooape identified as high plains is actually an old
Pleistocene alluvial deposit, locally, especially in the northeast, covered by loeme,
and for the most part heavily dissected into hills. It is found at the south of the
river Meta at a level up to 150 meters higher than the river. The level very smoothly
rounded tope have fairly heavy textured soils whioh are well drained. On the slopes
towardn the drainage ways lighter tex-cures are found.

The dieseoted part of the landscape is very strongly rolling country with
hardenes plinthite at the surface in many places.

Latoeols occupy the non-diesected parts of the high plains. As soon as the
relief beoomes more rolling indurated lateritio crusts occur whioh alternate with
Aoid Tropical Brown Forests on the slopes. Drainage ways either present Humic Cloys
of Poorly Drained Latosolio associatee.

Overflow marshes and swamu - This miscellaneous land type occurs in the north
within the alluvial overflow plain and the acolan plain. Overflow marshes are
created by riverwater which flows through a crevasse in the natural levees and spreads
out over a large area, while swamps are defined as zones of stagnant water.

6. Ariculture and Livestock (animal husbandry)

The land use map enclosed in'this Report (Fig. 1-5) shows the distribution of
the different types of agriculture and animal husbandry in the Llanos. The map shows
that only a small area is being used for the commercial type of agriculture, the
largest part being covered by savannas and forests. Most of the farmers in the Llanoe,
inoluding those exclusively engaged in the commercial type of agriculture always have
some herds of cattle. The main crops in the area are rice, maize, cotton, platano
musa yeradisiça), banana (musa a ien um), guineo "topocho" (musa balbisiana), yuca
manlhot Sp. sugar-cane, "chonque" thosonia violaco african palm (Bleeds

plineensis-1, and fruit trees, especially citrus and mango

The main economic activity in the Llanos, however, is cattle raising.

SOILS AND TEEIR UTILIZATION

The soils of this class are good for the majority of the locally adapted crepe.
Their phyeleal conditions are favourable for an intensive land use. They are located
on the reconL alluvium along the main rivers and on the fine textured sub-reoent
alluvian fans in the Piedmont, near Medina (See Land Papability map at the end of
this volume). The soil associations Va and Pf (ewe Soil Map, Volume II) belong to
thie clase.



Class II. Land.

Clas

Tho nene of this clans havo medium nuitability for cu. on and oultivated
paoturon. Thoy havo ab las-t, ono of a combination of the followlng unfavourablo
oharactoriotionc bigh groundwater level, clangor of flooding, moderate orodlbility
and low fortiliiv. E=oont for tho low fertility the othor oharacterIntion aro of
loos importance, whon the load Is tined es cultivaLed pasture. Tho sollu of the
g0000lattono MX, PC., Pm, Tao Th, Ti, Vb, and Vn boloug o this °lace;

Lend sultapie forigaqi-K o 'al navanaus in e " at ..11,yrkth
impraed pastures anrsubci ei once apppulLuro

Tbo collo rf thio olauu can be used io a limited =teat for eultdvated pauturou
and ouboistonoa :::Aoulture, in combination with the uzo c\;" the natural vogotation;

Tho most important limitind.i7actor for agrJcu]tural production lo tha :Lou 'LC,

very low natural fortill4 which is froquonay combinad 7ritb poor drainago Ok other
unfavourable physical oonditions ouch ao e::c000 of water on otonineun, Thu coila
tbo aosoolatiouz Pio To, Tu, Tmo Twy Dao Ddo Dr, Eao Er. Ag. Ao. and Av. beloog to
tble olass.

Olas IV. d suitable for raz

- 64 -

on and livestock on

1 natural savanna

The soils of this class aro physically and chemloall poor; The majorit.,);
the sollo of this clasp are found in low areas, with flat topogroThy and :Jlopoo
lose than l, which makeu it difficult and exonalve bo ostablinh a systom
arLIfloial drainage. Tho coil apt-mutations Mg, Pgo Tv, Db. J.14)1, Eso Boo Ao, An, slid
Ao9 belong o thYs class, Them) solis can auTT no unen for ezteau17e oatijo ra117:12x.;
makiag uno of he no.hiral pastuTeo.

Class v. Xiando noither oulbab.Le for a'i'-louiburo nor for live tock2-ueemmouded
,.Cor force tation or conservatlon pf foro

oveci as UTe

Tho solin of this olass otromoly poor, botb ier agriculture and livuotuel:
hoosoce ef lho low fertility and othar unfavourollr conditions whIph may fw1v0,7)
utonlmann, C6eop clopoo, e:1»odibili.;:r and 2loodInE Thu 2010 of idio ,.u000laijeo 702
belong to thin °lass;

Class F. 72P001
This o inOludes soil units of Classes IV and some of Class
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PLAN OF OPERATION

Special Fund - Soil Survey Project

Colombia (Llanos Orientales

US $370,500

US $317,800

Three years

Food and Agriculture Organization of the
United Nations

Planning and Technical Services
Administrative Department, Government
of Colombia

Thia Plan of Operation for the soil survey of the northern part of the Llanos
Orientales, Colombia, to be undertaken by the Food and Agriculture Organization of the
UPift,a Nations actinc; as the Executing Agency for the United Nations Special Fund,
obeli be the Plan of Operation referred to in Article I, paragraph 2, of the Agroomen%
signod on 4 Yobruary 1960, by the Government of Colombia and the United Nationu Special
Fund,

I. Purpose and Description of the Project

The Purpose of the Project

1. To carry out a Boil survey and e b1ish land use capabiliy classes on an
oroa of appro7:imoly 16.8 million lact,. of the n'orthern parL of the Llanos
0.7,onLalon v7ii,b the holp of aerial photraphy.

119_11Kait9A

2" Tho Oovc,romoni, of Colcmbic, requires for ite al cultural devoloprwmt
pPocrom bnoic daa on L.he o1 J. 17esouroes of the country and informaiAon and EAvi0
on Lho us najx.'bill'6ioG of those soils t'07 agr.Lcultural production.

Th r jorc6 will bo carrlod op% bz, usinc; aorial phoi;ographe
.;-.0fM of conaoL prinLs aL o scalo 1:/10,000, Those pho1ocrapbs

o1' 10, mi.11;,o'o hec%aros are .,..wallab) ç ji ;-v7C) loGs" one of Lbs nor'6hornmoo parï;
i,e1'.01) 113 1946 and onoLho jn 1957. Mo r4overnmon of Colombia lo o L p2essni, underi,akjuc

pho'i..ogrs.phy of 2 million boc'oacor whlob w'Ll) bo completed during no firc1; hal.r
1960. Tòv romainincj 4-5 million hactaron will be rhoi;ographed durincs Lbs orTy

9Inn of ;;I:le PI:ojeoL. Tho 37,'ocial Fund -All covr q,he cooL o)? Lbs latLor.

4. The Project is conoei-rold as a combined investigation and trainij nroGrEqm 7,There

o..f the 1Q-..eout]ng Arjoncy ,.T111- work jointly with the Goograelio
ond Uovo.i-nmon L Popar'umflni,s 0116. -Till train Colombian technicians.

illn 0.70a Lobo ouvoyod is v,Idicm,od on tbo -Br, a final
dool'ojnion of Lilo arco Lo bo Jui-veyed -Jill be by the A

9pecial Fund Contribution:

Government Contribution:

Duration:

e A en

Co'oJeratinL Government
Agonc
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Interdepartmental Co-ordinating Committee and the Project Manager after a preliminary

,reconnaissance of the Project area has been carried out.

The findings of the soil survey, in the form of printed reports and soil and

land claseification maps, indicating the degree of suitability of areas for irrigation

and other development purposes, will be presented to the Planning and Technical Services

Administrative Department. This material will be prepared and printed in Spanish and

English. Pending this final publication, preliminary maps and duplicated reports will

be made available to the Interdepartmental Co-ordinating Committee,

All work under this Project as described above is scheduled to be completed in

three years.

Work Plan

A. Participation of the Executing Agency

1. Experts:

Senior Soil Specialist and Project Manager 3 years
Soil Surveyor specialized in Photo-interpretation .. 2 1/2 years

Soil Surveyor 0000400.004000.000000414.4100.00006.000O0 2 years

(iv Livestock Management Expert 1 year
Agronomist 00000 01.0000.000Oee000.1.00000000000e.0.6p0 1 year
Consultants or short-term experts as required in
such fields as Water Development, Settlement and
Farm Forestry....................................... 11/2 years

The Project Manager will be assigned to the Project for its whole duration,
the Soil Surveyor specialized in Photo-interpretation for 21/2 years and the Soil
Surveyor for the initial 2 years only. The Livestock Management Expert and the
Agronomist are scheduled to take up their assignments during the secOnd year and the
Consultants and short-term experts will be required during the last year of the
Project.

2. Fellows:

Six fellowehips will be provided by the Executing Agency to the Colombian soil
and land use techniciane for training abroad. The duration of each fellowship will
be one year. This training will probably take place duringthe second year of the
Project when the most suitable candidates will be known. However, the final decision
as to the timing of the training should rest with the Project Manager who, under the
general guidance of the Executing Agency, will also recommend the foreign institutions
where fellows will be sent.

The lines of specialization of these six fellows in disciplines of soil science
will be determined by the Project Manager and the Government in consultation with the
Exeouting Agency.

3. Equipment and materials:

Soil laboratory equipment and supplies, such as pH meters, flame
photometer, Kjeldahl apparatus, chemicals and glassware.

Fhoto-interpretation and cartographic equipment, such as pocket and
mirror stereoscopes, photographic plotting instruments, tracing
instruments, etc.

Field and camp equipment, such as soil augers, pH kits, tents, etc.
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Printing of the map and reports

The printing of the map and report will be provided for by the Special Fund
through the Executing Agency.

Sub-contract:.

A contract will be awarded to a private aerial survey company for photographing
approximately 4.5 million hectares of the project area. The contract will be drawn up
in close oo-operation with the Geographic Institute and will follow specifications,
standards, scales, etc., of the contracts usually awarded for aerial Photography work
by this Institute.

B. Participation and Contribution of the Government

Government contribution other than local facilities:

Counterpart personnel to be appointed at the request of the Projeot
Manager within the following limits:

Cc-Manager .......................... 3 man-years
Soil Technicians .................... 12 man-years
Soil Chemist 0 a 3 man-years
Agronomist 0 0 GIP 2 man-years
Forester 0O 1 man-ye ar
Agricultural Economist ........ ..... . 1 man-year
Draftsmen ........................... 5 man-years
Administrative Assistant ............ 3 man-years
Bilingual shorthand-typist .......... 3 man-years
Bilingual typist . ... 3 man-years
Drivers.............................. 24 man-years
Labor 24 man-years

The necessary vehicles, numbering not less than eight, including
their operation and maintenance, and drivers for these vehicles.

Soil laboratory facilities required for carrying out soil and water
analyses in connection with the Project.

Life and accident insurance for all personnel utilizing aircraft
and helicopter services in reconnaissance flights.

Offices for UN and Colombian personnel and storage space for
equipment. Field accommodation and working facilities for Colombian
staff, including camp equipment for draftsmen, drivers, laborers,
etc.

Stationery, office supplies and postal expenses, telecommunications
services.

The Government will issue Customs-free import licences for equipment
supplied by the Special Fund to the Project or pay the necesaary
Customs charges upon arrival of the equipment and/or supplies.

Transportation, handling and storage of Project equipment within
Colombian territory.

The equipment, materials and supplies provided by the Executing
Agency will be consigned on loan to the Geographic Inetitute of the
Government of Colombia, which will assume responsibility for
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safe keeping, operation and maintenance of the equipment in the
interest of the Project from the date of arrival in Colombia until
completion of the Project or reassignment or transfer of title, as
provided in Article II, paragraph 4, of the Agreement between the
United Nations Special Fund and the Government of Colombia, concerning
assistance from the Special Fund.

The Government will provide copies of aerial photographs and also
photomosaics at a scale of 1:40,000 (or base maps at a scale of
1:100,000)_covering the project area for which such photographs
exist in the number required. by the field parties and for mapping
purposes. They will also provide all available contour maps, notes,
reports and publications connected with soils, irrigation, grounduatev
prospecting, range and forestry problems and other matters relating
to soil and land use studies.

Government contributions against counterpart heading shall generally
be made in kind. However, in cases where cash payment represents an
advantage from the operational point of view, a chango from payment
in kind to cash can be made by agreement between the parties concerned.

7. Government contribution to local facilities

In accordance with Article V, paragraph 1, of the Agreement between
the Special Fund and the Government of Colombia, the Government will
contribute the equivalent of US 330,840 toward local facilities.

This amount represents 15 percent of the total cost to the Executing
Agency of foreign personnel.

The amount mentioned above shall be deposited by the Government of
Colombia in an account designated by the SecretaryGeneral of the
United Nations and shall be made available as follows:

Equivalent of US $2,814 on signature of the Plan of Operation
Equivalent of US V,10,638 on or before 1 January 1961
Equivalent of US 'J;12,295 on or before 1 JE,nuary 1962
Equivalent of OS 5.c)93 on or before 1 January 1963

8. Organization

Under the general supervision of the Executing Agency, the Project Manager,
assisted by the CoManager, will be responsible for the detailed planning, administration
and execution of the Project, including the timing and budgeting of the various
elements, the preparation of technical material and the organization and supervision of
related training programs.

9. The Government -2131 appoir au InLrdepa.rtmental 0oovdinain Commilo,
here designaed an no Coordinailv.: CommiVuee, oompoccd of a represena'ujve of -Lilo
Economic Planning Board who will akl; as Ch,7Irman, a representai,Te cf;' tbe 1VI nister

of Agriculture, 'ohe DIrwtor of 'oho G?ographjc llin%ituLe, -Lao TAB ResIden-L
Representative and the Project Manago The Coo::dlna.,,incs (jommico will act for the
Government in the undertaking of 1;11e ou-r?oy,

10. The team will.. bo attached to -the C.o-ordinai,inG. Gommitue and will work
in close ccoperation with the "Instit-W6o (-.;ot_;.iico AGUSTIN 00DAZZi" and with 013,3
Ministry of Agriculture. The Coordinating Committee will appoint the CoManaal,-e who
will represent the Government on the Project.

11. Selection of counterpart personnel will be made jointly by the Project
Manager and CoManager, as well as selection of candidates for fellowships.



73

The Project Mamrer will be assisted in adminietrative matters by an
administrative assistant and other office personnel supplied by the Government.

The Project headquarters will be in Bogotá in the building of the Instituto
Geográfico "Agustin Codazzi". The laboratories and facilities of the Geographic
Instituto will be utilized for the analysis of aerial photographs, the analysis of
soils, and the mapping tasks.

14, The Soil Surveyor specialized in stereoscopic interpretation of aerial
photographs for soil survey, under the general supervision of the Project Manager,
uill be in charge of the cartographic work of the team. He will also be responsible
for all photointerpretation work in relation to soil survey, and for training
Colombian technicians in the use of aerial photographs for soil survey.

15. The Soil Surveyor specialized in the field operations of soil survey, under the
gcuoral suplrvIsion of the Project Manager, will work in close contact with the Soil
Surveyor sp,,-da]ized in photointerpretation and will be generally responsible for the
ground soil surveY operations. He will also be responsible for training Colombian
technicians in field methods of soil survey and other related subjects.

36. The: Livestoclz Management Expert will, under the general supervision of the
:rojo,L anager, assist and advise on the management of cattle on the rangelands,
JnoluAtng reeding, brr'eding, cattle and rango management, establishment of shelters,
f,puoincj9 7:to.

Vi c o 1.gro1omt, yin. a general backaround of crop production and economics will
pr-Jie. the .17:12ojoc Manager in invuotigating fte uuitability of different soil areas
Coioop pTcduction, he selection of suitable crop varieties, cultivation methods,
including response to fertilizers, having in mind the economic aspects of production.

18, -611Ang 'Eto last year of the Project expert advice will be required in the
o1:I CJlriíjr

Water developnent special reference to the investigation of the
twoilability of w& T. :for rural settlements, for livestock and for
cupplementary

1,mi13,33o1et Lo advise c,p1 the ociection of c..uii,ablo areas where
Llucoc,cs.j:u1 satlment nould bo obtained at reasonable cost,

ti) F !7,r:Itry, with special reference to farm forestry problems.

luenc Nerations

r:, or,r;Icy ohalt oommeneo o::oolAtion of tho Frojeci, upon r000 pL of
."6 'i .T' 'Go rio 0(..) 177COM the idanagUiu Diroc'uor of.,11.0 Ssocial Fund.

21, the arriva. 7roject I ser, the Government will make available:

Opc ,f,,,L ol' bL,N:nj co;Itaot printu or aerv.1 photosmpho of about 10.5
21:11noo. 11otzJ2cs (711.1 cli have been TI),o'GoGraphed on 140,000 scale) on
N1n3lc -,;ci-,,b. ; paper, oo:-,7;rilr: ral0E3 L (-: tho northern parta of the Llanos
OPie).14,7loc

0,1c! not o plyotommai(:5 od ;t:,?uh.i, paper and on a oor.3o of
1Pil,0,000 for Lii n.7.-wl area. ar.; Tho rq,0709 oc baoo maps cL Lho scale of
.100,000 okorod wi,A0A radial ',,ria.ulaijon.

22. inru1icr rooueots for oon4a,Tt pricits and mosaics or base mars of the romalning
o:r 6.' million hoctaron ulli be wade ju mIer fi,;,ages a000rd*ncs to the needs of

'611.(:"aw.t.
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The Government will provide a map of the 4.5 million hectares suitable for
'planning the aerial photography to be provided by the Executing Agency in contract with
an aerial photography company. The company will make available two sets of contact
prints. The negatives will be delivered to the Government through the Geographic
Institute. The Government will be responsible for obtaining further copies of contact
prints whenever necessary.

As soon as the Plan of Operation has been signed by the Government, the
Executing Agency and the Special Fund, the Government contribution for local facilities
paid and the authorization of the Managing Director received, the Executing Agency
shall proceed with:

(9 Recruitment of the Project Manager.
(ii Purchase of equipment, details of which have been discussed and agreed

upon by the Executing Agency and the Co-operating Government Agency.
(iii) Initiating arrangements for about 4.5 million hectares to be flown.

Counterpart personnel, both technical and administrative, will be recruited by
the Co-ordinating Committee on the proposals of the Project Manager.

Work will start with photo-interpretation, combined with ground operation, for
the general reconnaissance survey. The data thus obtained about major soil resources
will be transferred to the base maps. More detailed Surveys of soil and agricultural
potentialities will be made essentially following the same techniques. Training in soil
survey methods and aerial photo-interpretation will start as soon as field parties can
be formed.

The target area to be surveyed during the first twelve months of the program is
about 8 mil ion hectares. The targets for the second and third years are tentatively
fixed at 7 million and 2 million hectares respectively.

The first year of the Project will be devoted mainly to general reconnaissance
surveys of the area. The second year a larger proportion of time will be spent in
preparing maps and obtaining data concerning soil and other characteristics in relation
to suitabilities and capabilities for production. Therefore a somewhat smaller area will
be surveyed during this year. During the third year, the work of compilation of data,
correlation of soils and preparation of maps and reports will take up the major
proportion of the work of the team.

During the period of the Project, and especially during the third year, the Project
Manager will assist the Government inthe selection of specific areas where settlement
could be successfully started and where the Government could plan pilot settlement
schemes.

III. Budget

In accordance with Article I, paragraph 3, of the Agreement between the United
Nations Special Fund and the Government of Colombia, the total sum to be made
available by the Special Fund through the Executing Agency to assist in the execution
of this Project is US $334,000 as detailed in the attached.Appendix I.

In addition to the above, the United Nations Special Fund shall make available
an amount of US $36,500 to the Executing Agency to defray the Agency's costs.

Unless otherwise agreed at any time by the three parties, this sum will be
disbursed under the main objects of expenditure in amounts and at times as scheduled
in the Project budget attached as Appendix I.

The total cost of the Project to be borne by the Government is estimated at
the equivalent of US $317,800, as shown in the Project budget (Appendix 2).
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Iv. Reza-Lit° the Special Fund

1. Progress Reportsa The Executing Agency will submit to the Managing Director
the following reports on the Projects

(0 An inception report to be supplied two months after field operations
have started.

An annual report to reach the Managing Director not later than 1 February
each year covering the previous calendar year.

A midyear report to reach the Managing Director by 1 August each year
covering work up to 30 June of that year.

2. Financial Reports

Financial reports will be submitted by the Executing Agency to the Managing
Direotor of the Special Fund in a manner and at times to be agreed upon by the
Managing Director and the Executing Agency,

3, Audit Reportss

The ExecuUng Agency shall submit to the Managing Director audited annual
statements of accounts. Accounts for the completed Project will be submitted within
.... months after the completion of the Project, together with the External Auditors'
Report.

4. Final Reporta

The E:zeou'Ging Agency will submit a final report to the Mari ing Director after
the conclusion of Ole Project,

V. Conclusions

The %'oculCe of Chlu oCudy will coordinated with elimaCological
ana -.7lCh data oa Zertiliners aad livestock9 vrhiell are being

oolleoed presoo.C.ThcLr ooordinaon i.71.11 provide he nocoEssary baele folo the
00TOV11171 '60 -Jetablich oucceseful scCtomenC, beCCer uCilir5a.Clop or '6,30 land,
pveduo0.c,o of o:)'ely.3, ilveJCoc:k and fol-Jo6ry on a ousi;alood

2. 'c.ho concluelen of ;dle ProjecC, ho Gove-cvlmanC, Cho ExecuCing lIgency and the
71.1;10, i i i. 00110u14 wiCh a ric; co rnefor-olDE; the tine of Che oqulpmenC from

9Ncj7'.1 Fund, la -idico lliAMO it bao boon held by Cba 13:7eou'O.nG Agency, to tha
ummi; or an Apncy Dominated by Cho Uovernmont.



Julio Cesar Turbay A.

(Minister of External
Relations)
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Agreed, on behalf of the Parties, by the undersigned:

Date: 1 September 1960 Date: 1 September 1960 Date: 1 September 1960

For the Government of For the United Nations For the Food and
Colombia Special Fund: Agriculture Organ zation

of the United Nationst

Luis Pérez Artera

(United Nations Technical
Assistance Board Resident
Representative, United
Nations Special Fund
Programs Director)

C. Clyde Mitchell

(FAO Representative
in Colombia)



2. Fellowship°
2 groups or 3 fellow-
ehipL- 12 taonthe each

j3jjponL aad Surplice
no . proparaLlon of

reporto cud maT3)
Field oquipment
Aerial photocraphy
Print;inc of yoportc and
maps

Miocollanoon
Soomtarial scoistance
Tfavsi u1'61An ),ho country
Cablo cud posal chcrGes

Total Project Coste

Deduct; Contribution for
looal facilities

Total

Agency overheads (pro rata)

Total United Nations Special
Fund Contribution

APPENDIX 1

41) NATIO S SPECIAL FUND - COLOMBIA (LLANOS ORIENTALES) - SOIL SURVEY PROJECT

FLAN OF OPERATION

Budget and Plan of Expenditure

Period Total 1 60 1 61 1 62 1 6
Man- Project Oblig. Cash Oblig Cash Oblig. Cash Oblig. Cash
Months Coste Disb. Disb. Disb. Disb.

S 3 S S S S
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205,600 74,458 18,758 75,694 70,924 34,750 81,965 20,698 33,953

20 600 8 18 694 o 2 34,750 81,96 2o 6 8

27,000 - 27,000 27,000

16,000 14,000 14,000 2,000 2,000
92,840 92,840 80,000 - 12,840

000 l0O0 ,000 2,000 2,000 2,000 2 000 10000 10000
2 %440 07 40 -) 000 000 l68o 2 000 2 000 10000 10 000

4,400 600 600 1,400 1,400 1,400 1,400 1,000 1,000
2,000 300 300 700 700 600 600 400 400
2,000 350 350_650_ 6 0 60 60 o o
8,400 1,250 1,250 2,750 2,750 2,650 2,650 1,750 1,750

364,850 183,548 115,008 .109,?11 117,514 39,400 86,615 32,448 45,703

30,840 2,814 _10,638 12,295 _1,291
334,000 112,194 106,876 74,320 40,610

36,500 15,000 10,000 8,000 3,500

370,500 127,194 116,876 82,320 44,110

United Nations Special
Fund Contribution

1. Personal Services
1 Project Manager
1 Soil Surveyor
specialized in
Photo-interpretatio

1 Soil Su-oyor -32

1 Livoctool-. 14cnagement

Export
1 Agronomist
Consultante or short-
term experts cs
requIro6 IA Wator
no,olopmenJ, S,Ulemont
cad locum Foroc.ry



Government Contribution
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APPENTIX 2

UNITED NATIONS SPECIAL FUNT - COLOMBIA (LLANOS ORIENTALES) - SOIL SURVEY PROJECT

PLAN OF OPERATION

Budget and Plan of Expenditure

Period Total 1960 1961 1962 1963

Man- Project Oblig. Cash Oblig. Cash Oblig. Cash Oblig. Cash

Months Costs Disb. Disb. Disb. Disb.

3 3 S 3 S S $ S

1. Personal Services
(Technical STTLIT):
Co-Manager ................ 36
Soil Technicians .......... 144
Soil Chemist ..... 36

Agronomist ................ 36

Forester .................. 12
Agricultural Economist ... 12
(Other Staff)g 109,000 18,000 18,000 36,000 36,000 36,000 36,000 19,000 19,000
Draftsmen 60

Administrative Assistant .. 36
Bilingual Shorthand-Typist. 36

Typist (bilingual) ........ 36
8 Drivers ................. 288
Labor .....................

109,000 18,000 18,000 36,000 36,000 36,000 36,000 19,000 19,000

2. Equipment and Supplies
8 vehicles and spare parts 40,000 35,000 35,000 1,000 1,000 3,000 3,000 1,000 1,000
Camp equipment 8,000 8,000 8,000
Office, Drafting and Photo-

interpretation equipment 15,000 2,500 2,500 5,000 5,000 5,000 5,000 2,500 2,500
Fuel and lubricants 15,000 2,000 2,000 5,000 5,000 5,000 5,000 3,000 3,000
Laboratory equipment 25,000 25,000 25,000 - - - - - -
Field equipment 5,000 1,000 1,000 1,500 1,500 1,500 1,500 1,000 _022

3, Services

08 000 7 oo 3 00 12,500 12,500

5,000

14,500

5,000

14,500

5,000

7,500

3,000

7,500

3,00015,000 2,000 2,000 5,000Soil and Water Analyses
Maintenance and vehicles 8,000 1,000 1,000 2,000 2,000 3,000 3,000 2,000 2,000
Land and air transport 5,000 800 800 1,600 1,600 1,600 1,600 1,000 1,000
Reconnaissance flights 30,000 10,000 10,000 10,000 10,000 8,000 8,000 2,000 2,000
Rent of premisea 10,000 2,000 2,000 3,000 3,000 3,000 3,000 2,000 2,000
Post and telecommunication 1,960 300 300 300 700 600 600 360 360

69,960 16,100 16,100 22,300 22,300 21,200 21,200 10,360 10,360

286,960 107,600 107,600 70,800 70,800 71,700 71,700 36,860 36,860

Add: Contribution for local
facilities 30,840 2,814 10,638 12,295 5,093

TOTAL GOVERNMENT CONTRIBUTION 317,800 110,414 81,438 83,995 41,953
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APPENDIX a

NDMENT 1 OF 111E PLAN OF OPERATION

UNITED NATIONS SPECIAL FUND PROJECT IN COLOMBIA

SOIL SURVEY PROJECT (LLANOS ORIENTALES)

Tho Plum of Operation signed by the Government of Colombia, by the United
NaLions Special Fund and by the Food and Agriculture Organization of the
United Naidlons on 1 September 1960, has been amended as per the attached.

Agreed on behalf of the Parties by the undersigned:

For ho Government For the United Nations For the Food and
or Colombia Special Fund: Agriculture Organization

of the United Nations:

Luis Eduardo Samper Anthony E. Balinski P. Terver

%rotor of the Project, Resident Representative, Assistant DireotorGeneral
(Joordinating Committee Special Fund Programs

Director in Colombia

Dates 18 November 1963 Dates 18 November 1963 Date: 18 November_1261



EXPLANATORY NOTE TO AXENDMENT NO. 1

PLAN OF OPERATION

UN TED NATIONS SPECIAL FUND PROJECT IN COLOMBIA

SOIL SURVEY PROJECT (LLANOS ORIENTALES)

BO

The purpose of 1,11r, Project ia to carry out a soil survey and establish land
use sapabillLy clacJses or an area of approximately 16.8 million hectares of the
noraoro part of tho Llanos Oriontalos uiLb the help of aoriod rhoo6rarby. Thu
WOCVOOD OD this Project hao boon satisFactovn llowolreT'9 duo o doluTdt implumouaLion9
thu .71.ojoot ic ;ichind schedule, nth o ri,Irl to comple-Ling tho v-ofh .rwzooaoza in tin
PlEln or Opration, PAO has recomwnacd au eIrtontion of thru, ProjooL From :a Ocoombox
1962,, to 30 Jeptsmbor 19649 Invo17'in,s. fifLoen aciditIonal wamonths.

In order to meet the cost involved in the proposed 0.z.tcJision

Projoc, it hc.o boon ,a,:;reed to apply tho u:;.istinc; nildor Pc,rsunal
IncJudin3 II(3 unused allocation for ouasul sorvices L71116. SOMO oí nle 1ìIA1006.
oarmainz for follogohipo, and Lo allocat,3 un additional omount of DS A2,000 Lc)
oo3ro5' thu chific S 'No SpocLal VlualcL has accood proposals subj,1cL to Lh(.,
InslusIoti In i,he l964 Government LudL:ot on .mount or 1,0009000 pDsoo th(i
inuroasod GowornmenL oounLorpuft obliLation o Lhe promred c_2:.:Lension o2
Projoot.

Tho uztonsion in the, duro.ilou of Pyojuo t necoopktaLGs medi-riouooz to
tho Plvn of Op-Jraion and *n the PlEalc o-;7 B:upandiu.::o !?ov UNbF [11(1.
Covuenment contributions. lilao Plyuc o.T! :'w-vv,)odc'd to Tho Plan (3' OID-lco,Aon

e modified to reflect thoso chune_Nwo

oo0oo



In pursuance of the Plan of Operation signed on 1 September 1
Uovernmont of Colombia, tho United Nations Special Fund and the Food
Organization of 'Gho United Nations;

And whereas it is necossary to extend the duraAon of the Pro
oomploo nie program of work laid down in the said Plan of Operation
modifications are made?

Page 2s

The heading is amended as follows:

git2ia1 Fund Allocations
consisting oft

gsecial Fund Contributions

Government Contribution
toward local operating_costss

Government Counterpart Contribution
in kinds

Durations

AMENDMENT NO. 1

PLAN OF OPERATION

UNITED'NATIONS SPECIAL FUND PROJECT IN COLOMBIA

SOIL SURVEY PROJECT (LLANOS ORIENTALES)

- 81 -

960 by the
and Agriculture

ject in order to
, the following

us $415,90

us $382,760

US 33,180

us $361,889

Three years and
nine months.

Co-operating Government Agencys Planning and Technical
Services Administrative
Department, Government
of Colombia

7. All work under this Project, as described above, is scheduled to be completed in
three years and nine months.

Exeoutin e Food and Agriculture
Organization of the
United Nations.



Page 2:

WORK PLAN

A. Partici ation of the Executing Agency

1. Experts:

(0 Senior Soil Specialist and Project Manager

Soil Surveyor specialized in Photointerpretation

Soil Surveyor

Livestock Management Expert

Agronomist

Consultant (Water Development)

The Project Manager will be assigned to the Project for its whole duratton, the
Soil Surveyor specialized in Photointerpretation for 42 monis and the Soil Survoyor
for tho initial 31 months. The Agronomist and the Livestock Maaagement Ell-psr are
scheduled to take up their assignments during the second and thipJ year of Poojoch
operations.

ellows

lst line is amended as follows:

Five fellowships will be provided by the Executing Agency to the

1st line of lst paragraph is amended as follows:

The lines of specialization of these five fellows in dis

*

c.nd

B.

6.

-82-

thation he OoverTment:bution o

ment contribution other than local f

(i) Counorpart porsonuel o bp erpoin cdt the
Mana3oy. 14thin t.ho fol3;ripa

LK) malimonli)J
112 plonIiion;,ho

fflanfaomi,lis
_0) manmonths

' 15 manmonthb

36 manmonths

42 manmonths

31 manmonths

12 manmonths

14 1/2 manmonths

5 1/2 manmonths

Coka-ao)-sov ....,., 440,,,41,00001,
Soli ToolauYoiano ralt..7,7,74J7,4J,
soil Clemlot , 54U ,04400a,00G
Agronomist op Goo. ao , ya 3 ocl,po
Forost%or .........,...............
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Agricultural EConomist ............. 12 manmonths
Draftsmen .......................... 94 man-months
Administrativo Assistant ........... 39 manmonths
Bilingual shorthandtypist ......... 36 manmonths
Typist (bilingual) ................. 39 manmonths
Drivers, Labor .............,....... as required

(ii) The necessary vehicles, numbering not less than seven, including their
operation and maintenance, and drivers for these vehicles.

Paso 5:

7. Government Contribution to Local Facilities

In accordance with Article V, paragraPh 1, of the Agreement between
the Special Fund and the Government, the Government will oontribute
the equivalent of US $33,180 toward local'operating costs.

This amount represents 15 percent of the total cost to the Executing
Agency of foreign personnel.

The amount mentioned above shall be deposited by the Gov.)rnment into
an account designated by the SecretaryGeneral of the United Nr.tions
Special Fund and will be nado available as follows:

Equivalent of US $ 2,814 on signature of the Plan of Operation
Equivalent of US Tt 10,638 on or before 1 January 1961
Equivalent of US $ 12,295 on or before 1 January 1962
Equivalent of US $ 5,093 on or before 1 January 1963
Equivalent of US $ 2,340 on or before 1 January 1964

Page_ 6:

13, Du lag the laeL year of the Project expert advice will be required in the field
o-r water dovolopmen'G with spscial reference to the investigation of the availability of
7tator J-or rurta set'Osments, Cor livestock and for supplementary irrigation.

e 8:

The first year of the Project will be devoted mainly to general reconnaissance
surveys of the area. The second year a larger proportion of time will be epent in
preparing maps and obtaining data concerning soil and other characteristics in relation
to suitabilities and capabilities for production. ThcrEore, a somewhat smaller area
will be surveyed dnriug this year. During the third and fourth years, the work of
,7.ompilation of dEqa, correlation of soils and preparation of maps and reports will take
rp 11.o wajo-0 2roporio1 of the work of the team.

During the period of the Project, and especiallY during the third and fourth
joaro, 11cd ProjecL Manasor will assist the Government in the selection of specific
areno 17bcro es4Uomc2n could be successfully started and where the Government could
plrrl pilo sotlomeu'i: schemes.
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III. BUDGET

In accordance with Article I, paragraph 3, of the Agreement between the United
Nations Special Fund and the Government of Colombia, the total sum to be made available
by the Special Fund through the Executing Agency to assist in the execution of this
Project is US 3376,840, as detailed in the attached Appendix II.

In addition to the above, the United Nations Special Fund shall make available
an amount of US 339,100 to the Executing Agency to defray the Agency's costs.

Unless otherwise agreed at any time by the three Parties, this sum will be
disbursed under the main objects of expenditure in amounts and at times as scheduled
in the Project budget attached as Appendix II.

The total cost of the Project to be borne by the Government is estimated at
the equivalent of US 3361,889 as shown in the Project budget, attached as Appendix 3.
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