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INTRODUCTION

Troriral regions present specific advantages and limi-
tations for the production and protection of the different
crops needed or useful to mankind., Most of the research ad-
vances in crop protection during the present century, although
macde in countries of temperate regions, have found application
in tropical =rezs after iocal research and experimentation,

In the 125t twentv-five years Colombian agriculture has
been in 2 vrocess of chancge, directed mainly to the establish-
ment of mechénized or semi-mechanized annual crops in the
Colombian low lands and fertile vallevs,

Today, traditional Colombizan agriculture and modern sys-
tems of agriculture, coexist in an agrarian whole, the former
accounting for the majority of the rural nopulation, and the
latter representing the most dynamic, and promising sector of
the ag~arian economy,.

Mechanization in the new sector of Colombian agriculture
has played an important role in the increased utilization of
other improved agricultural practices resulting in a higher
productivity per farmer and unit of land as well as in a bet-
ter quality of the products.

Now that Colombia is making efforts not only to satisfy
its internal demand for agricultural products but to increase
and diversifyv its exvort products, it has been realized that

one of the main constrsints for this expansion is that the



level of costs for the production of annual mechanized crops is
very hich when compared with other countries of the worild,
There is also a lack of accurate records about the composition
of the costs of production for mechanized or semi-mechanized
crops, making it difficult to give a precise analysis of each
of the hand, mechanized, or mixéd operations, AS a general
rule, the costs of crop protection account for a significant
part of the total costs, and in extreme cases like in cotton
they account for nearly 30% of the total direct costs of pro-
duction,

The general pattern in the application of chemicals for
crop nrotection followed by most of the commercial farmers in
the low lands with holdings of 20 hectares or more is as fol-
lows:

a, Weed control in the first stages of row crops is done
with tractor orerated cultivators, After a certain level of
development of *the crop when these machines can damage the
crop, wage lzborers using hand tools weed the field up to ad-
vanced stages of the crop development,

b, On}y a small;percentage of the commercizl farmers are
using preemergence apvlication of herbicides.

¢, The application of chemicals for pest control has
relied almost completely on the use of man operated or horse
mounted spravers for the small growers, and aircraft applica-
tions for large holdings.

Tractor mounted spravers are only used by a few farmers

in the central nart of the country, and by the experimental



research farms of the government,

It has been assumed in this work that the shortcomings of
the conventional tractor operated sprayers are specially rele-
vant for Colombian conditions, The great amount of water needed
for an apnlication (60 to 200 G,P.Ha,), the size of spravers re-
quired for spraying big fields, and the waste of time in the
number of refilling operations have been determining factors for
tractor overated sprayers not being adopted by the Colombian
commercial farmers. The above reasons are also partially re-
sponsible for the development of the general pattern of crop
protection and application of chemicals followed by Colembian
farmers in recent vears.

Concentrated applications of chemicals, called Low Volume
(L.V.), and Ultra Low Volume (U,L.,V.) (almost undiluted arpli-
cations), and equipment suited for their application, either by
aircraft or ground sprayers, have had a great development in the
USA since 1GED,

In this report, the claim is made that a ground tractor
operated sprayer, adapted to concentrated.applications (2-6
G.P.A, ) has a potential use in the production of several Colom-
bian mechanized crops. This sprayer can expand the use of cheap-
er and more effective methods of weed control and eventually
will reduce the overall costs of crop protection for several im-

portant annual crops,



REVIEW OF LITERATURE

FPest control under tropical conditions has been exten-
gively aralvzed by Froszlich and Rodewald (1970)., A general
surver wae made about the effects of humidity, light intensity,
temperature, and daylight variation upon the development of
peats, and diceases of fruit, oil, food, fibre, medicinzl and
luxury cronz and their cortrol., It is a very valuable generzl
reference book on the subject.

Webster and Wilson (1966), based on a classification of
tropical climates stated the main conseguences for the differ-
ent agronomic practicas, such as soill and water conservation,
tillage, weed control and crop pro*tection.

Development of agrienlture in underdeveloped countries
has been a subject of extersive researrch in the last two dec-
ades, In the case of Colombia, important contributions have
been mzde by the United Nations throu:sh the Economic Commission
for Tatin America (CEPAL) and through the Interamerican Com-
mittee of Agricultural development (CIDA) in research programs
for ecoromic and social develonment of rural areas in Colombia,

The Food and Agriculture Organization of the United Nations
(FAO), offers complete anmual recsrds of production, and world
trade of the main zgricultural products, and materials used in
agricult +e, Agricultural Commadity Projections baseﬁ on ad-
vanced statistical methods are precented perirdically in sepa-
rate nublications,

The U.S; Department of Arsricu?ture has ~lgo mzde irmnor-

tant contributiona smongoring and corndueting many d-divides]
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projects of research in the differernt areas of agriculture in
underdeveloped countries,

Currie, L. (1950), an Armerican economist, dedicated =
great deal of time to conducting research programs of econnomic
development in Colombia, In 1949, he headed a mission to Colom-
bia sponsored by both the International Bank of Reconstruction
and Development, and by the Colombian government., His research
findings were published in a book entitled “Colombian Operation®
which constituted the basis for the development programs in the
Colombian rural sector during the 1950's,

Smith, T, L, (1969), offers a quite complete and up to
data account of the Colombian agriculture, including all the
geo graphical, sociological, economical, technical, and politieczl
factors that constitute the present structure of the Colomhian
rural sector,

The field of concentrated agricultural svrays, equipment,
and application methods has been a subject of extensive research
since the 1930°'s,

Potts, S. F, prresents a review of the subject up to 1957,
with the most significant advances made since 1928 in the field
of highly concentrated sprays for crop protection. His book is
an excellent suide to all the persons interested in the chemical
possibilities of crop protection as far as equipment is con-
cerned,

A comparative analysis of the different systems for the
application of chemicals from the standpoint of efficiency,

economy, versatility, and secondary effects of the applications



has been made by Rose, G, J, (1963),

In recent research developments, Wilkes, L, H, (1961},
determined the relationship existing between the dronlet sizes,
and dronlet gize distribution while applying equal volumes of
spray materizl upon the effectiveness of control and the yield
in cotten,

Drift problems associated with low volume avplications
have been studied by Yates, W. E. and Kaupke, C, R. (1967),.

The effect of severzl spray adjuvants in the reduction of drift
from concentrated applications, has been studied by Butler,
B, J. Akesson and Yates, W, E. (1969),.

During the final stages of this report, the International
Plant Protection Center, in cooperation with the Department of
Agronomic Crop Science, Oregon State University, published a
manual of Pesticides Applicztion Equipment. This manual in-
cludes most of the equipment, and components offered by the
industry in the United States and abroad with a brief descrip-
tion and technical specifications. As many as 30 groups of
equipﬁént classified by their category and 231 firms, each
producing one or more items of the equipment, are included in

this mamial,



CROP PROTECTION UNDER TROPICAL CONDITIONS

Whereas in temperate climates, temperature is the predom-
inant ruling factor, which together with geographical condi-
tions, governs the lenzth of the period when the vegetation is
dormant, in the tropics, humidity is the ruling factor. It is
not the quantity, but the distribution of the rainfall in the
course of the year, which determines the type of vegetation and
thus the limits of agricultural production.

On the basis of this distribution, the tropical region
has been suvbdivided into the folloWing regions: (See Table 1);

Table 1, Trovical Regions According to Rainfall Distribution

REGION — HUMID MONTHS VEGETATION

Prehumid 10 - 12 Humid evergreen
forest (tropical
rain forest

Humid 8 - 10 Humid raingreen
forest with partial
defoliation

Damp Subhumid 7 -9 Wet savannah, savan-
nah type forestand
grassland

Dry Subhumid - 6 -8 Dry savannah rain-
' green dry forest with
total defoliation
every year grassland

Semi-arid by - 6 Savannah occasionally
with scattered fertile
areas grown with shrubs
or trees



Table 1 (Cont'd)

REGION HUMID MONTHS VEGETATION

Arid Region less than 4

Source: Adapted from Frohlich, G,, and Rodewald W, (1970)

The cromns cultivated in thése re~ions of 4ifferent humi-
dsty vary widely and naturally involve the o~czurrence of spe-
cific pathogens and pests,

Another factor asscciated with the adaptability of differ-
ent crors to the different regionsz, and the occurrence of spe-
cific pests and pathogens is light intensity. In Colombia,
coffee, and cocoa, two important tropical crops, are grown in
the humid and damp humid regions, mostly in mountainous areas.
These permanent crops need shading, either natural shading by
planting the crops in a damp high forest, or by planting trees
or bansna srecies which provide semipermaznent shading, These
conditions create a special ecological system, characterized
by high relative humidity and the absence of stronz winds at the
crop level which determines pests incidence and control,

The annual crops, several of them in a preocess of adapta-
tion to trovnical conditions, are grown mostly in the arid and
semiarid regions and some of them in the dry subhumid region.
The altitudes of the land where these crops are grown ranges
from sea level up to ten thousand feet above sea level,

The main factors affecting the distribution of the differ-
ent annual crops, their yield, pest incidence and control under

tropical conditions are:



a, Altitude

b. Mean annual temperature (For each 328 feet of change
in altitnde, there is a change in mean annual temperature of
1.1 70,

e, Rainfall distribution. Although most of the annual
crops a2re grown in regions with less than six humid months
with two rainy seasons, rainfall distribution is not equally
uniform in the different areas, and microclimatic factors play
an important role,

The combination of these three factors result in a great
variety of ecological conditions for the development of annuai
crops in tropical areas presentinz specific problems for their
production and rrotection,

At tre Equator, the length of the daylight is twelve
hours, and the maximum variation for the tropical regions is
just under three hours. Consequently, the possible daily
amount of sunlight is never less than niﬁe hours., Several ar-
nual croovs actually produced in the tropics are photo-periodic
thus fhey need daylight for a period of time either long enouch
(long day vlants), or short enough (short day plants), or alter-
nate periods of long and short days for the induction of some
physinlogical process such as flowering and tuber formation,

To illustrate this point Wrigley, G. (1971), presented
the influence of sowing date on a photosensitive rice variety

in the Bogor-Java region which although not very close to the



10

equator has less than 3 hours of daylight variation during the
vear,

Table 2. TInfluence of Sowing Date on a Photosensitivity Rice
Variety at Bogor-Tava,

Sowine Date Crop Durption in Davs Yield in Pas/t,
D%y Mapyr o 1k7 3570
olid Nas 140 4, 000
Ak Dioe, 132 L, =00
55AA Mrn 12¢ 2,740
2th Jan. e 3,220

Tt ha=s reen concluded by severzl authors that the rela*ticn-
shio belweoen cowing date, yield and crop duration is valid wher-
ever photosensitive varieties are grovm,

Another example of this situation ic the Colombian experi-
ence with the adavtation of wheat to tropical conditions. This
ceron woe introduced to our country during colonizatiorn and to-
day after many years of research 2nd exnerimentation with new
varieties not only the yieldes, tut the gquality and uniformity of
the latest vorieties are still far less than those obtained ir
tempverate regions,

The general ability of nhotosensitivé annu=2l crops to com-
pete with weeds is reduced in tropical areas and this in mno
amall measure increases weed control problerms and costs. Re-
gardless of the wide variety of ecological conditions present

in the tropics, chemicals have long been used for crop nrotection,
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Pyrethrum for insect control, sulphur dioxide for the control of
several fungus diseases, and the older non-selective weed killers,
such as arsenate and sodium chlorate, are examples of widely used
chemiczls under tropical conditions which have been used for
many years,

For some perennial crops where the value of individual
plants is greater than annuals, and especially in crops of hizgh
economic value for chipment to the US, such ns coffee, cocoa,
and banznas, important improvements have been made, not onlr in
crop protection, but in 211 the aspects of crop producticn, It
does not seam reasonable to draw a distinction thouzh between
trovical crop proiectinn, and erop protecticr far ammual erone
ir =zgir~s gFf temra=als dlimat>, bacaigs the~y is ro baria 4if-
forance hathveasn the tnelk of ~ren wrotectinn in different geco-
graphical re~forg, It happens that many of the ecoromically
important res*z of these crops in tropical! rezicns are the came
that affect them in temmerzte areas. We do, however, have to
consider *the wide variety of ecologiczl conditions rresent in
tropical arezs, They vlay =2 determinant role not only in the
success of the control, but also in its applicability to the
local situation, To illustrate this point, it is pertinent
to point to the case of cotton in *ropical conditions, which
is spectacularly damaged by even small traces of 2 - 4 4,
Tobacco is severely damaged by the majority of weed killers
and other crops while showing susceptibility to certain chemi-

cals can tolerate application at certain stages in the growth
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of the crop, and a2t an appropriate concentration,

The low lands of Colombia in the arid and semizrid regions
represent an important potentinl for the production of sore
anmal crops., Unfortunately rapid ontogenetic development is
favored by the given temperature conditions, the sequence, and
number of generations of pathogens brought about during the
rainy season is larger than in temperate zones, and this in
no small measure will increase the population density of fun-
gus, srores and other pests. Temperature and humidity condi-
tions influence mnot only the habite, and the development of
pests and pathogens, but aleco control means and their applica=-
tion, This particularly aprlies to chemical control =mgents.

Many research programs have been carried out in the last
twenty years about the use of chemicals under tropical condi-
tions, and more still are needed, But, in general, it can
te said that the most important advances made in temperate
regions in the field of crop protection have had their impact
in the modernization of tronical asriculture, After resezrch
and field experiments they have been adapted to tropical con-
ditions,

Research ecarried out in temperate countries concerning
the influence of envirommental factors such as temperature, rel-
ative humidity, and illumination in the response of the aprlied
products in terms of its persistance, phytotoxiecity, degrada-
tion and general effectiveness for crop protection have con-
tributed in no lesser degree to the crop protection advances

in tropical areas,.
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Commercial farmers in Colombia use modern systems of pest
control, and have been increasing the use of chemical_herbi-
cides, Due *to the increase in labor costs and the shortcominzs
of mechanical control, the efficiency of modern herbicides has
helped to cut production costs. It is often difficult to weed
annual crops 2t their most vulnerable stage, which is soon
after nlanting, Heavy rains often make it difficult to control

weeds early bv cultivation.
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PRESENT STATUS OF AGRICULTURE IN COLOMBIA

General Considerations

In 1970, the ponulation of Colombia was estimated at 21 mil-

lion, with 53 percent in the urban areas and 47 percent in tre
rural areas, A

Tts surface is of 113,833,800 hectares of which apnrox-
imately 15,000,000 are occupied by grasslands, and 3.7 million
under agricultural production,

Present day Colombian agriculture with its varied pnst-
terns, and practizes is to an important extent the product of
several processes, starting at the beginning of the 1950's,
Prior to this period, agricultural activities were concentrated
almost exclusively in the high lands, and in the mountainous
areas of the central part of the countfy.. Some of the reasons
for this pattern of settlement were:

1, The immigrants coming from Spain during the colo-
nization prerio? preferred to live in cool hills in tropical
countries,

2, The Indian tribes already settled before the
coming of the Spaniards lived in these regions,

3, Prior to this tire, tropical diseases such as
malaria and yellow fever made life very diffiecult in the low
valleys, and big plains of the northern part of the country.

L, The lack of communication between the tropical
valleys, and low lands, and the mountain regions produced a

type of agriculture which was very diversified, and oriented
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toward the local markets, with the exception of coffee, cocosz,
and banana plantations, :

Currie, L. (1950), heading a mission of the World Rank,
gince 1949, writes: ", . . land use follows an unusual pattern,
As 2 rule the fertile level valleys are used mostly for grazing,
while the steep mountain-side slopes are cultivated. . . The
cattle graze on the plains while the people often have to strug-
gle for a bare existence in the hills,”

After World War 1T, Colombia participated in the world
campaign against malaria, yellow fever and other tropical dis-
eases, and successfully removed one of the main obstacles for
the settlement of farmers in low lands,

The number of farm tractors in Colombia in 1947 was 3,821,
Two important developments of the 1950's accelerated agricul-
tural modernization. Technical innovations were applied to
additional agricultural enterprises, Transportation improve-
ments including highway networks were constructed and the Atlan-
tiec railroad was finished in 1961,

Later Currie, L. (1967), quotes a break with history as
agriculture shifts from the hills to the flat lands in both
new and old regions of Colombia, Improved transportation cre-
ated for the first time a single national market for industrial
and agricultural products, He points out that “prior to this
pericd Colombia included regional or sectional markets which had
more or less autonomy, National development is now an option
which was unrealistic so long as Colombia structure involved

separate regions or sectors.”
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During'thé last two decades, the average ammual increaces
of asricultural production has been around 3.3 percent., One
interesting aspect is that increase has occurred in spite c¢f
heavy rural-urban migration. Production increased more than
the 3.2 vercent anmial rate of population growth during the
vears of 1941-196L4, During the period of 1968-1971, an annual
increment of agricultural production of 5,2 percent was achieved,
Referrinz to this period, Smith, L. T. (1967), states: "During
the third guarter of the twentieth century, Colombia's systen
of agzriculture was undergning modifications that are more Aras-
tic than those experienced at any time in its history."

Agricultural performance in Colombia, however, is still
far from a satisfactory ievel, Azriculture has 47 percent of
the national labor force, but contributes slightly more than
30 percent of the gross domestic product.

One of the main obstacles Colonmbia has had for its economic
and socizl development has been the land tenure system, charac-
terized by the coexistence of tho Tatifundio-Minifundio ~vsten,
.The origin of this situation haz hictorical rensons including

b

the nature of the property right~ 4o the 1ond whiech waz ruled

B Smalsh SuPuRE Yead -tFah 3 politiivigs, 998 bthe~ Fragrapbiond

(94]
)
=
o+
=
wde
bit |
3
3
=

ard ralitie~?-reag-viz which are out of the scop
Th~ ~='y cource of informatiown of Conlomhian land *enure is
the 1960 agricultiral and stock-raining census. Tatle 3 chows

the distribution of holdings from this census,
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Table 3, Structure of Holdings

Farm Size Farm Units Hectares
Hectares Number Percent Accumulated Percent
Number

Less than 1,0 298,071 2k, 7 132,000 0:5
1.0 to 2.9 308,352 25.5 546,000 2.0
3,0 to 9.9 319,327 26.4 1,726,000 6.3
10,0 to 499.9 277,020 22,9 13,881,000 50.8
500,0 and larger 6,902 0.5 11,053,000 Lo, i
o ;O;Ai T 1,505,875 i -150:0_ o _2;.53g,505 i __506.5 )

Source: DANE, Directorio Nacional de Explotaciones, (Censo
Agropecu=rio), BRogota, 1964,

Although many small units are urban plots, this data shows
both property concentration and fragmentation, with 76.6 of the
farm units having less than 10 hectares (24,7 acres), and 0.5
percent of the farms having 40.4 percent of the agricultural
area,

The most serious attempt to change the structure of the
land tenure system has tezn the 1961 Land Reform Law, which has
been in operation since that year. This has resulted in the
settlerment of rore than 40,000 rural families on their own land
with services of credit and technical assistance., Important
improvements have been made by the National Institute of Agrar-
ian Reform in the construction of countryside roads, schools,
cooperatives, and irrigation districts with the potential to

irrigate more than 150,000 hectares.
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Mechanization

Of the 15 million hectares used for cattle raising it has
been estimated that mechanized operzations have been applied in
some degree on only 300,000, There are 3.7 million hectares
used for agriculture, of which 845,000 make use of tractors.

Tt is vertinent to point out that 2 crop like coffee which
covers an arez of 815,000 hectarez is cultivated with animal
power and hand tools, Machirery is only used in some of the
post-harvest operations,

As it was pointed out in the last section, the beginning
of the 30's can be considered a landmark in the history of
agricultural modernization in Celombia, Currie, L, (1950)
stated: "The gradual substitution of animal drawn and tractor
powered machines for hand tools should be encouraged as a means
of imoroving productivity on farms, It should be recognized
however, that a large number of farms are not now adapted to
the use of tractor drawn or mounted equipment, and many farms
are so rough that animal drawvn machinery is impracticable,
Nevertheless, mechanization will be an important means of
raising productivity in many czses.”

In 1968, the Economic Survey of Latin America pnublished
by the United Nations (1970), referring to the major sections
of production in the Colombian economy, states that during the
year of 1968, the zericultural sector grew at a rate of 5.5
percent, and that during this year large increments of increase
in cotton, rice, sugar cane, snd bananas accounted for the ma-

jor inerease in agricultural production., It is interesting to



