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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
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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
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voint out that these same crops are the most highly mechanirzed
in Colombian agriculture today,

Johnzon, ¥, and Benszon, J. L., (1966), summarizin~ the ef-
fects of the new mechanized age, pvoint out the effect of mech-
anization unon total agricultural productior in the following
wav: "The effect of mechanization upon total rrcduction is not
readily obtained because of the many scientific advaﬁces associ-
ated with mechanization, Improved seed, the utilization of
fertilizers, improved weed control, complete water control, and
more skille? farmers are all contributing factors to increased
production potential,”

In Colombia, research advances in all fields of crop pro-
duction are far ahead of their application fer most of the farm-
ers, However, it has been demonstrated during the transition
from traditional agricultural to a new form of commercizlized
agriculture using mechanization for the main operations, that
mechanization does not come alone, but is closely associated
with the use of other technical zdvances such as the uce of
better seeds, fertilizers, and modern systems of crop protec-
tion. It is a recozrized fact that the profitahility of manvy
advances in other fields of arsricultural sciences is incomnat-
ible with the traditional system~ of crop production,

According to Rico, E, (1968) the existence of farm trac-

tors and their use in 1967 were as shown in Table &,
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Table &4, Number of Farm Tractors in Colombian Asgriculture in

1967,
Years of Use No, Tractors % % in Actval
Operation
with less <than }0 17,400 70 95
with between 10 and 15 5,600 23 60
with between 15 and 20 1,800 7 30 -
Totals 2L, 800 100 82,0

Source: Rico, E, (1968)

Their use in different sectors was as follows:

Area (Thousand  Number of Hectares per
of hectares) tractors tractor
Agriculture 845,000 21,000 40
Grasslands 300,000 2,000 150
Road Construction ====- 1,800 —-———
Forest, Industry
Total 1,145,000 2L, 800

There is an inverse relationship between the population
density in rural areas and the dégree of mechanization in the
Colombian s*tatea. See Table 5,

Table 5, Grouprs of States According to Their Density in Rural
Porulation, and Number of Tractors in Use,

Rural Population Number of
Group of States Densi ty#* Tractors (1967)
1, Caldas, Risaralda, and
Quindio 41 - 80 630

2, Cundinamarca, Valle,
and Tolima 21 - Lo 11,090
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Table 5§ (Cont'd)

Rural Population Number of
Group of Statar Density¥ Tractors (1967)

3. Antionmia, Cordobsa,
Atlantico, Bolivar,
Santarder, Norte de
Santrander, Cauves,

Narino, Huila 11 - 20 5,960
L, Magdalena, Boyaca, Mata 1 -10 L,6835
5. Guajira, Putumayo, Choco,

Arauca, Vichada, Guainia,
Vauvnes, Cagueta, Amazonas less than 1 2,285

Total 24,800

# Habitants per sguare kilometer, 1967
Source: Adapted from DAME (19567), and Rico, E. E., M, (1968),

From this data we can infer several relevant facts about the
mechanization process in Colombia:

1, The first group with the highest population density cor-
responds to a predominantly mountainous area where an important
part of the coffee crop is grown, Topogréphical conditions are
a limitinz factor for the establishment of mechanized annual
crops,

2, The second group includes the states of the central part
of the country with access to the main urban markets, A vari-
ety of topographical and ecological conditions exist including
éreas suited for perennial cropsg as well as the big valleys of
the Magdalena and Cauca rivers which are suited for the pro-
ducfion of annual crops and the highland savannahs also suited
for the same purpose, Due to their access to the urban markets

of the most populated part of the country, this group of states
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has played a.leading role in the process of agricultural devel-
opment in Colombia,

3. The third and fourth groups include many vast asricul=-
tural areas that prior to 1950 were isolatedrfrom the local mar-
kets due to the lack of roads and other means of transportation,
In the last two decades, these areas have had major agricultural
development in the production of annual crops (especially cotton,
rice, goybezns, sorghum, and corn), The construction of trans-
portation facilities in areas where the rural population concen-
tration ia relatively low has nermitted the establishment of
mechanized commercizl agriculture, This area constitutes the
best recerve for the development of mechanized annual crops in
the future.

4, The last group includes all the Eastern Plateaux, the
Amazonas Junzle, and desert arezs which vresent serious limita-

tions for agricultural purvposes.

Nlse of Fertilizers
Twenty vears ago, the use of feritilizers in Colombian
asriculture, with the evception of organic compounds from a
few glanshterhouses, waz lacking in almost 211 asricultural
production. Currie, L, (1950) pointed out that "The princi-
pal probler witﬁ resvect to fertilizers is the lack in Colombia
of the raw materialas essential for their manufacture ., . . .

The nitroren, po’~nginm, and rhospherus compounds necessary



to mzke fertilizer mixtures all have to be imported. High
transportation costs make the use of mixed fertilizers very
Vexpensive." At the same time, referring to the use of pest-
icides, he states: "There is widespread complaint amorng farm-
ers, and growers that supplies of these products are generally
inadequate or wholly unavailable,"”

On the other hand, during this period, experimental re-
search with regard to fertilizer formulas, techniques of use,
soil deficiencies, and responses of the most immortant crops
together with recearch experiments about the use of chemicels
for crop protection, were reasonably advanced. Since that
time the sitnation has changed both in the production and
use of fertilizers, as well as pesticides, and herbicides.

The trend in oproduction and consumption of the major fertili-
zers frbm 1048 to 1969 can be seen in Table 6,

Although there are not complete records for all the years
during the 1948 - 1969 period, from Table 6 it is possible to
see the incresse in use and production of fertilizers in the
countrv. The jump in the figures starting with 1964 can be
explained by the fact that the "Abocol" (Colombian factory of

fertilizers) entered in full production that year.,

23
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Table 6, Use of Fertilizers in Colombian Arriculture

Production* Consumption¥*

Year N on5 X,0 N P205 K,0
1948 -~ 1949 _ _
1055 - 1027 L 26 51 L7
1952 - 1953 _
1086 - 1057 20 48 153 85
1964 - 1965 U481 88 - 531 558 g2l
1965 - 1966 1390 100 - Lso 558 300
1966 - 1967 350 L7 - Ly 578 343
1957 - 1968 40O 65 - L70 550 L0oo
1968 - 1969 470 75 - 530 600 Lgo

#Each figure x 100 metric tons,.

Source:. Adapted from Production Yearbook, Food and Agriculture
Organization of the United Nations., Rome. Vol, 23,
1969, Tables 139, 141, 1k2, 1Lb,

Use of Pesticides

As shown before, the process of agricultural modernization
in Coiombia, in many aspects, is still in its first stages;
today we find in the country a mixture of traditional and mod-
ern systems of agriculture, the former involving the majority
of the rural population and the latter which is responsible for
most of the increase in crop productiop during the last twenty
years., As an indirect.measure of this situation we can use some
of the results obtained in the National Agrarian census of 1969
about the use of chemicals for crop protection in Colombian farms.

See Table 7.
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Table 7, Chemicals in Colombian Agriculture

Number and Percent of Farms Using

Total Farm . Chemical
1Tni ts Herbiciden Tnesecticiden Fertilizers Pungicides
No, % No, A No, 7 No. ,

1,508,800 63,878 hL.» 160,755 10,7 121,420 8 14k _4h92 0 6
- Sourcn: Adented from Tncuesta Agricola Nacional, DANE 1969,

Althoursh the percentasze 6f farm units actually using chemi-
cals for crop protection is very low, they represent the most
dynamic nector of the Colombian agriculture., They are constituted
moastly of commercial farmers who in recent years have developed
the modern sector of Colombian =2rsriculture,

In 1970 the imports of rrsw materials for the production of
pesticides accounted for 14,402,804.89 dollars as shown in
Table 8,

Table 8, Imports of Raw Materials for Pesticides 1970

__Quantitr* Value in US Dollars
Insecticides 6,620,921 6,618,664,63
Fungicides 3,826,452 867,539.50
Herbicides 3,705,996 6,582, 596,37
Pesticides (Various) 1,328,358 334,004,139
Total 15,481,727 14,402,804,89

¥Quantity in ¥Kilorrams or liters,
Source: ICA 1971,
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PROSPECTIVE USE OF A TRACTOR MOUNTED SPRAYER ADAPTED
FOR CONCENTRATED APPLICATIONS

Economic Considerations
In the past Colombia has almost exclusively depended on
its coffee exvorts for its foreisn trade. In the period 1945 -
1957 they accounted for approximately 80% of the total export
value as shown in Table 9.

Table 9, Colombia: Volume and Value of Coffee Exports, 1945 =-

1957
Year Volume (a) X?lggligrgillions giggigtigiugf(zital
1945 5,149 104,5 7h b
1945 5,611 156,7 779
1947 54339 196.5 77.1
1948 5,588 225,2 78,1
1049 5,410 242, 3 79.5
1950 b, u72 307 .4 78,1
1951 b,7ou 356.2 66,0
1952 5,032 379.9 80.3
1980 6,632 . h92.2 82.6
1954 5,754 550,2 83.7
1955 5,867 487.3 83.5
1956 5,670 412.8 76,9
1957 L 82k L21,0 76.9

Sources: Boletin de Estadlcstica de la Federacion Nacional de
Cafeteros No, 34: (Cited by FAQ),.
a: In Thousands of 60-kilogram bags,
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Althoursh coffee is still the mainstay of the Colombian
economr, its prices in the world market, a few years excepted,
have a2 *rend downward and the necessity to diversify export
products has long been recognized. This situation has been
ereated mostly br the *rem2andous expansion of *he coffee grow-
ing areas in the tropical recion, esvecially the African coun-
*rieg, in the last forty years, Table 10 illustrates the world
coffee cnpply ard demand situation from 1920 to 1961,

Table 10, World Coffee Suprly and Demand (Millions of 132
pound Pagzs),

Year Nemand Sunply
1950 = 19351 31 35
1951 - 1952 ' 32 30
1952 - 1953 33 35
1953 - 1954 34 36
195k - 1955 31 39
1955 - 1956 38 . - 48
1956 - 1957 38 | 16
1927 - 1958 37.5 S5h
1958 - 1959 37 67
1959 - 1960 o 88
1960 ~ 1961 L3 110

Sources: Pan-American Coffee Bureau (1962),

National programs for the development of other crops to
satisfy the internal demand and to increase exports have been
steadily changing traditional foreign trade and the agricultural

system in the last decade, This is shown in Table 11,
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Table 11. Compozition of Colombian Exports During the 1963 -
1948 Period (100,000 Dollars)

Year 1963 1965 1967 1968

Value % Value %  Value % Value #
Total
Exports 4L, u67 100 5,391 100 5,099 100 5,271 100
Agricultural
Products 3,438 77 4,012 74,5 3,894 78 4,325 82
Coffee 3,031 67.8 3,440 63,9 3,224 63,2 3,493 66,2
Textile
Fibers 96 2,1 83 1,5 155 3.0 261 Lb,9

Source: Adapted from FAO, Trade Yearbook Vol, 23, 1960,

From Tables 9 and 11, we can see that the participation of
coffee in the Colombien exports changed from nearly 80% in the
1950's to 66,27 at the end of the 1960's, On the other hand,
cotton exnorts which started at the beginning of the 1960's,
reached & value of 26,100,000 Dollzars in 1968, accounting for
b,9% of the Colombian exports that vear.

One important aspect of recent Colomhian agriculture has
been that the efforts of the country to satisfy its internal
demand for agricultural products and increase the value of ex~
ports has been directed toward the development of mechanized
anmial crops in the lowl=ands with the application of modern
technology. This trend is actually in a very dynamic stage,
and according te several authors it will continue in the future.

Some records of several selected annual crops in the last
decades illustrate the process., See Table 12,

Since the beginning of the development of these crops in
the early 1950's, the application of chemicals for crop pro-

tection relied almost completely on the use of hand =2nd horse
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mounted srravers for the emall growers and the use of airecraft
operated sprayvers for the larger growers., The first two types
of spravern are produced in the country and are suited for the
application of chemicals in most of the traditional agricultural
areas of relatively small holdings in the mountainous area,
Complete records of the production and use of these two types

of soravers are difficult to find_since many of the census and
statistic articles include them under the title "Other Machinery
For Crop Production.” However, Rico, E. (1970) found that dur-
ing the veriod from 1962 - 1964, 10,194 of theze units were pro-
duced in the coun®*rv,

Tractor operated sprayvers are not produced in the country
and their use has been restricted to a few commercial farmers
in the central part of the country and to zovernment experiment
stations,

Since the beginning of the 1950's, commercial farmers in
the lowlands with larsze holdings have adoﬁted the services of
aircraft spraying companies for all of the sprayving operations,
They 6ffer the advantages of speed and reliability in fields
where hand operated or horse mounted gsprayers are impractical,

In its foreign asricultural economic rerort No, 59, the
UsSpa (1970), in the chapter about Colombiz, points out as one
of the main aspects of the recent Colombian modernization pro-
cess, the relative sucéess in achieving the gozls of production
for the domestic market as well as several products for expor-

tations; but, at the same time, it presents the high costs of
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production of the commercial farmers as one of the most relevant
aspects of this recent development. This has made difficult the
competition of Colombian products coming from anmial crons in
the world market to the extent that an export subsidy has been
offered by the government for minor exports (different from cof-
fee) since 1968, 1In its conclusion about Colombian agriculture
the report noints out: *"When other countries, even fully devel-
oped ones, make progress in improving production and reducing
costs, Colombia leses ground in a very real sense if it does

not make comnarable advances, For examnle, if a product is
being sold abroad in comvetition with other countries, the loss
will bte direct and prompt, because international prices will
decline reflecting costs."”

The use of chemicals for crop rrotection has increased as
new farm enternrises for the growing of znnual crops have ex-
panded in the lowlandz. This process can be reflected by the
increase in the arsa treated with one or more chemicals for
crop protection for several selected crops during the period
1948 = 1970, (See Table 113)

From this table we can infer that the inecreases in the to-
tal area treated during this period has been 37.2¢ for cottor,
31.67 for rice, and 13% for sorghum. These figures show the dy-

namic inerease of chemicals for crop protection for this short

J=w

period in the modern sector of Colombian agriculture, At this
point it should be pointed out that, in the cattle raising areas
which occupy 15 million hectares and which have been used tradi-

tionally in extensive farms of natural orass, the use of chemicals
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for pest and weed control rose in the period 1965 to 1970 from
30,000 to 150,000 hectares,

Aceording to a2 survey made by the Asriculitural Economic
Department of the Colombian Agrarian Institute, (ICA) with 10
commercial farmers celected 2s representatives of the cotton
area for the harvest of 1969, the average of the direct costs
per hectare accounted for 227,30 dollars per hectare (92 dollars
per acre) as shown in Table 14,

Table 14, Average Direct Costs of Production in Cotton 1969

Seedbed Prevaration $14,00
Fertilization 12.50
Planting 7 .00
Thinning 11,40
Hilling 3,040
Hand and Tractor Weeding 36,00
Pest Control: :

Material for 10 zvpplications 34,00

Value 10 aircraft applications, 2 dollars each 20,00
Harvest (hanﬁ‘made) | 62,00
Poat Harveat Operations 29,00
Various Expenses 10.00
Total $227.30/ha.

Source: I,C,A, 1970

| From this data we can infer that crop protection inecluding
hand and tractor weediﬂg and pest control, accounted for nearly
307 of the total cost of production which is an amount higher

than all the other pre~harvest operations combined. It is
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important to point out that for weed control, these farmers did
not use herticides. The procedures used by most of them is

to ecultivate the crop durins the first stages when a tractor
mounted cultivator can be used without damaging the crop and
later wage laborers weed the crov with hand tools, Another
interestins asreect is that all of these growers relied exclu-
sively on aircraft applicatidns for pest control,

It can not be sald that this example can be considered truly
revresentative of the composition of direct cozts of all of the
Colombian commercial farmers in the lowlands, mainly due to the
fact that other crops in equiveolent staces of modernization such
as sorghum and soybeans do not have as serious problems of pest
contrcl as cotton, However, it is useful to illustrate several
situations of semi-mechanized commercizl crops in these areas
as follows:

1. Prograns for integrated cortrol of pests have been in
practice for more than 10 years and =2s a general rule, all make
use of chemicals for crop protection.

2. The use of chemicals relies almost exclusively on air-
craft appliegtinong,

3. Crov nrotection costs represent a very high percent of
the total cost of production,

4, The practice of weed control, with o few exceptions
relying on mechanical systerms, has been mostly manual, using

ha»d toolgz,
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5, No seriocuc attempt has been made for the introduction
of ground tractor mounted equinment for the arrlication of chem-
icals among the commercial farmers,

Another important economic cormideratinn for theo devalorrent

of g reerrd aprayer pdaried To compembrzied a--lieattore iz iis
low cost as cnmtaréd with eguivazlent conventiczl sprayer-,
Potts, S. P, (1958), analyzing this aspect, conclunded *hat the
price of 2 low volume sprayer is approximately one hrzlf that of

a ronventional one,

Technical Considerations

Concentrated applications have been defined an having
three necessary characteristicsn:

1, The application of a low volume (% - 15 gallons)
total spray rer acre,

2. Pesticide concentrations many times that of anv
dilute mixture of the same pesticides,

3. F™ine automization compared to that for dilute
sprays with most of the spray volume in drops lesc than 300
miecrons in diameter,

The fact that they offer a drastic reduction in the solvent
used by conventional ground svnrayers overcomes the limitation
present in farms where water is limited or must be hauled 2
considerable distance to the field, This situation can be more
easily realized if we compare the amount of spray material, and
rumber of refillingz operations for the apnlication of aldrex at

a rate of 0,5 G.P,A., over 500 acres, usinc conventional and low
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volume sprayvers of the same tank capacity as shown in Table 15,

Table 15, Application of Aldrex (0.5 G,P.,A.) over 500 Acres

Type of G,PgA, Number of Total Srrayr
Applicatinor  Concentrction Apnlied Refillines Avnvlied (Cnl,)
Traditional 2% 25 63 12,500

Tow Volume 157 3.3 8 1,650

Tanlr caracity 200 gallons

Operated under low pressure and usually having a smaller
tank, low volume ground svravers can be built considerably lighter
throushout, This offers the advantage of less commaction of the
soil, when compared to a conventional sprayer carrying larger
loads of water, With lower onerating nressure they require lessr
rower for pumpin~ and less rower to pull the lighter machine,

High volume sprayers have been classically examined using
features as tank canacity, rump outputs and vressures, nozzles
ontputs, rate of liquid recirculation, distarce of spray projec-
tions, etec, Conventional spraying implies bringing the foliage
to a stete known as run-off, An excess of spray liguid is ap-
plied to the foliaze and much of it drivs off onto the ground,
leavins a residue to be retained by the leaf surface,

Crafts, A, S, (1962), reported savings un to 30% in the
active product necessary for weed control using sround sprayers
adapted to concentrated applicstions, Droplet size distribution
has lonz been considered an important parameter in measuring the
efficiency of a spray applicrtion, Wilkes, L. H. (1961), in
his report about the effect of nozzle type, and sprany application

methods on cotton insect control using a boomless spray nozzle



37

designed to cover six rows of cotton, found variations in drop-
let gize from 50 to 1,000 microns in diameter, and a direct rela-
tion between the size and distribution of the droplets and the

anality of control and yield, See Fig. 1.

Fig, 1. Reproduction of 3 x 5 index cards showing relative
size of droplets as collected on the card placed
alore the rows of the swath covered by the boomjet
nozzle,

Source: 'Wilkes, L, H. (1951)

Information pertaining to Fig, 1 is as follows:
1. Application rate = 6 G,P,A.
2. Following the manufacturer recommendations, uni-
form volume was obtained in the 6 rows.
3. The diameter of the droplets varied from 50 to
100 microns in the row adjacent to the nozzle, increasing pro-

gressively to the sixth row with diameters of 1,000 miecrons and

larger,
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4, Averace yvields in the outside rows were 32% less
as corr=red to the rows adjacent to the nozzle., The level of
infesta*ion in the rows k-1t 2 similar proportion.

Frdden, 0, ¥, (19%41), s*udring drovlet gire 2nd distrituticn
in pa-*i=idn evvays, fAnd tket with o precsure of 100 Psi ucing
several =oirme vanzaea of flat spray rpatterns, droplets of sirzes
sreater than 300 micrens zeecunted only fer 0.55% of the total
number of droplets, but at *he same time, droplets above this
ranzge contrined more than 557 of the spray material, Thic in-
formation is shown in Table 16,

Table 14, Percent of Spray Drops and Spray Volume in Various
Ranges of a Flat Spray Pattern.*

Size Range 7% of Total % of Total
Diameters (microns=) Nrors Volume
0 - 100 99.45 6.2
100 - 300 L8 36.0
200 - 600 .06 _ 53.5

Over 600 .00 243

*65 derrees nozzles overated at 100 Psi,
Source: Hedden, 0. K. 1961,

Wilkes, H, L, (1961), working in pest control in cotton at
the Texas Acricultural Experiment Station, reported after exten-
sive field tests, that effective control of boll weevils and
worms, can be maintained with low rates of svray material in con-
centrated applications using simple nozzle arrangements on ground
sprayers., There have been many positive experimental results
about the use of concentrated applicatioﬁs for crop protection in

annual crovs in the United States, Today its effectiveness is
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generally sccepted,

Spray drovlet size distributions between 75 and 300 microns
have been found optimum for contrel purposes by several authors,
Agricultural sprays that produce excessive droplets below 75
microns tend to increase the drift problem, Yates, W, E. (1966),
found that U,L,V, applications under the most favorable weather
conditions produced higher residues in surrounding fields, than
a standard dilute application during the most unfavorable condi-
tions, Rutler, B, J, (19649), nsing three commercial spray ad-
juvrants to reduce drift, obtained an important reduction in the
number of drorlets below 100 microns, but at the same time in-
creased the nercentage of dronlets of about 300 microns, which
is considered undesirable from the uniformity of coverage stand-
point,

Several recearch programs are being developed to solve the
drift problem from agricultural sprayers, especizlly in the modi-
fication of the sprzy mixture itself,

Simultaneous field operations, such as the application of
herbicides or insecticides at the same time with the planting or
cultivating overations, are possible when using low gallonage
tractor mounted sprayere, This potential use further expands

the possibilities of costs reduction in crop protection,
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Design and Operational Requirements

The prime requirements for any sprayer for applying vest
control materials are:

1. That it dispense the material uniformly over thre
area being treated,

2. That it distributes the material uniformly over
the arez beirg treated.

3, That it be easily calibrated to apply a predeter-
mined dosage,

In choosing or designing a tractor mounted sprayer for
Colombian ngriculture adapted to concentrated application of
chemicals, it is necessary to consider each of the various es-
sential elements which include the following:

Pump:

Accordire to Potts, S. F. (1958), the best pump for a
particular sprayer is one that delivers the desired spray vol-
ume at the required pressure for an economical span of service,

Fairbanks, G. E, (1951), referring to the selection of
numos for a lew volume tractor P,T.0. operated sprayer for the
application of herbticides points out: “Pump capacity does not
need to be very high, For example, a sprayer with a 19 nozzle
boom operating at 30 pounds rer sg. in. pressure with nozzles
rated at 5 gallons per hour will apply less than 2 gallons per
minmute, Tt is desirable however to have a pump which will sup-
ply more than is actually needed since the excess liquid passes
through the pressure control valve and back to the supply tank

thus helping to keep the material in the supply tank agitated."™
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Gear, roller, vane, centrifugal and diaphragm pumps are the
most commonly used in low gallonage power operated sprayers.
Most of these pumps do a satisfactory job of handling solutions
and ermulsions which are the most common forms of herbicides and
insecticides now in use, However, if the use of suspensions or
wettable powders is expected from the sprayer, special care
should be taken in the selection of the pump. The use of con-
centrate sprays accentuates the wear problem and makes the cor-
rect selection of the pump more critical,

Wesley, W, G. (19t54), made a durability test of 17 differ-
ent pumps, 13 of them used in low volume sprayers to compare
their relative resistance to abrasion, The spray liquid used
in testins the m™inps was a mixture of 24 pounds of hydrzted lime
and 48 pounds of we“trble sulfur per 100 gallons of water. The
pumps were run continuously, but the spray material was replaced
after aprroximately 100 recirculations to eliminate the effect
of reducing the rate of abrasion caused by the recirculation of
the spray susvension. The pumps were installed in the test stand,
and arrangements were made to fit the manufacturer's recommenda-
tions about overating specifications.

The best results from the endurance test were obtained with
‘the diaphragm pumps., The double diaphragm pump with an original
capacity of 6.99 G,P,M, did not drop in capacity after 701 hours
of operation, The single diaphragm pump had an original capacity
- of 4,38 G,P,M,, After 500 hours of operation it dropped to a
L,21 G.P.M, of capacity.
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Very good results were also obtained from a cast iron semi-
oven impeller centrifussl type of pump, with an original capaci-
ty of 10,7 G.P.M. After 500 hours of operation its capacity was
still the same, However, the sveed of rotation was considered
a liniting factor, Internal gears, roller, vane and plunzer
types of pumps did not perform satisfactorily in this test,

Results are summarized in,Table 17.

Table 17. Results from the Endurance Test of Different Types

of Pumps
Pressure Capacity G.P,HM, Hours of
Tvne of Pumm Psi RPM Original End Ooeration
Double Diavphresgm 80 340 6.99 6.99 701
Single Diaphragm 80 L85 L,38 L,21 500
Centrifusal 63 2,640 10,70  10.70 500
Internal Gears 80 895 o 2.00 115
Roller ' 80 510 6,00 2.68 68
Vane 80 3,520 7.50 | 2,00 60
Plunzer 80 L80 3.15 1,96 56

Source: Adapted from Wesley, W. G. (195L)
Nozzles:

The two general tynes of nonzles most commonly used for low
volume avnplications zre the fan and the cone tvpe.

Fan tyne nozzles are generally used for the application of
herbicides. This type of nozzle produces a flat or fan shaped
gpray pattern with uniform distribution across the center portion
of the spray becoming somewhat lichter at the outer edges, This

nozzle is normally operated at a pressure from 30 to 50 Psi.
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Hollow cone spray nozzles are most frequently used in the
application of insecticide sprays. This type of nozzle produces
2 hollow cone shaped spray pattern usually havins a spray angle
of from 70 to 80 degrees, and is usually operated at prescures
of 60 to 80 Psi, for concentrated applications. According to
Johnson, A, K, 1957: "For most cone spray nozzles, the spray
droplet size is relatively smaller than for flat fan spray
tyres. These smaller droplets are desirable since they are still
of suffiéient size to have residual value and alse small enouch
and rmmerous enough to thoroughly cover the plants or insects.”

When the nozzles are assembled and fixed on the spray boom,
20 inches of nozzle separation is generally used, At snecified
pressures and discharges, adjvustments in the boom height may
provide even distribution of the spray.

Various manufacturers make nozzles of all types for the farm
sprayer indnstry, The nozzles usually consist of a nozzle body,
a cap, a strainer and a nozzle tip which containe the orifice,
This tip may give either a flat spray or a cone spray pattern,

For low volume applications the nozzles have a fine 100-
200 mesh cylindriczl screen within the nozzle itself, which pro-
tects the very small orifice through which the spray is dis-
charged from heing clogged,

Each manufacturer has a markine system particular to their
own nozzles, However, 2ll manufacturers nublish easy to read
catalogues which'give detailed information as to the flow rate
in G,P,M, and apolications rate in G.P.A. for various nozzle

spacings, prescures and ground speeds,



Prescure Control Valve:

The function of the pressure control valve is to provide a
steady vressure at the nozzles., It can be adjusted so that any
quantity of 1inuid in excess of that reguired *to maintain a de-
sired mre=ssure at the nozzles is allowed to pass through the
valve itzelf and bazk to the supply tank.

Preasurse Gauce:

The pressure gauge is located on the nozzle side of the
pressure control valve and should be visible to the operztor.
Fairbanis, G, E. (1951), suggests that the capacitv of the pres-
sure gauce should not exceed the intended srraying vpressures to
any great extent, becauss if it does the gauge will not give
readinre with the same dearee of ~ccuracy.

ILine Strainers:

Two line strainers are recommended, one in the suction line

and the other in the pressure line e¢f the nump., The mesh of the

ot

acreen of these strainers should be the same 2= that used in the
nozzles, An adegquate selection of *he strziners helps to pre-
rent the eclogzing of the nonzle screens and tipsz which is ons of
the main gourcng of trouhle in the corerz*ion of thia trra of
“TTeYyTT,

Ari*r+inr Na-ige:

cions ma¥=c the selec-
tin of on gdeguate agitation deovice more 7~ritical, Woolen, 0. B.
anl Yolotum, O, T, (19€1), in their progrecs rerort on hydraulic

agitation of wettable powders, tected pre~rurized and non-
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pressurized commercial devices for agitation purroces and con-
cluded that a Jet Agitator with three straight orificies (drill
size, 5/64 inch), delivering 3,33 G.P.M, at 30 Psi. pressure

did give adequate agitation. This device was suspended on 2
rigid nine in the center of a 55 gallon steel drum with the ori-
ficies appreximately 1 inch from the bottom of the tank.

A srzller Jet agitator of the same type but with orificies
(drill size 1/16 inch), debiverine 1.4 G.P,M, did not give ade-
quate zsitation,

A preszure agitator operates from the same line that suv-
plies thes nozzles tips and provisions should be taken in the
selection of the rump to provide enough discharge at its rated
pressures for both the agitation device =2rd nozzles,

Cut-Qff Valve:s

The sprayvers should have a fast acti»z shut-off valve that
will start or stop the flow of apray materizal to the boom, Addi-
tional cut-off valves are necessary if it is desired to use only
a part of the boom at one time,

The tank need not withstand pressure. A clean 55 gallon
0il drum may be used for a low gallonage sprayer; however, spe-
cial provisions must be made where corrossive materials are used,
Pipe for Room: |

Galvanized steel pipes are widely used for the sprayer boom
and are satisfactory. A good boom mount should te strong, easily

attached to the tractor and should provide a simple adjustment
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for reeulating the height of the boom,

Hoaes and Fittings:

Hoses and fittings should be strong enough to withstand the
prescsure used, and should be of material that is not deteri-
orated by srray solutiens, Brass pipe fittines are corrosion
resistant and satisfactory for this type of sprayer,

Supply Tark Mount:

The framework for the supply tank should be strong enough
to support the lozd when the tractor is working on irregular

surfaces, The entire sprayer mzy be mounted by the tractor

three point hitch,



L7

SUNMMARY AND CCNCLUSIONS

Most of the research advances in crop protection made dur-
ing the present century have found application in tropical re-
gions, However, their zdontion in many of these regions has
been reatricted to a limited percentage of the farm units,

In the Iast two decades there has been a trend in Colombian
agriculture toward the establishment of mechanized or semi-mech-
anized annual crops in its low lands, This trend has been the
result of the Colomhian efforts to satisfy its increasins in-
ternal demand for agricultural products as well as to diversify
and expand its exports. It has been found, however, that the
costs of production of these crops run very high as compared
with other countries,

The costs of crop protection account for an important part
of the overall costs of vroduction, and in extreme cases, as in
cotton, they are greater than all the preharvest costs together,

The apnlication of chémicals for crop protection has relied
upon the use of knapsack or horse mounted spravers for the small
growers, =nd aircraft applications in large holdings. The most
common methods of weed control are done by laborers using hand
tools, Some mechanized farmers make use of cultivators., Only
a small percentage of the growers use modern herbicides.

The developments made by the pesticide industry, together
with important improvements in the equipmént for their application
of chemicals in agriculture, have greatly increased the possibil-

ities for cheaver and more effective methods of crop protection.
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A good evammle of these improvements is the advances made on
ground equipment designed for concentrated applications, These
ers applving low rates of total spray materizl (2-6 G,P.A.),

sSOray
lirhter in weight, simpler in construction and cheavper,

q

]

beinz :
overcone serious shortecemings of the conventional type of sround

spravers,

The irtroduction of a tractor mounted sprayer adapted to
corcentrated applications is presented in this report as a promi-
gsery solution in the reduction of the costs of protection ard
production of several immortant mechanized crops in Colombiz,

The design and operational requirements for the construction of

this spraver are also included,
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Costs of crop protection in Colombian mechanized or semi-
mechanized annual crovs are very high as compared with other
countries, |

At the present, farm tractors for the production of annual
crops are used on more than 845,000 hectares. However, tractor
overated spravers have not been adopted by most of the Colombian
commercial farmers. The application of chemicals for crop pro-
tection is done mainly with the use of knapsack or horse mounted
spravers for the small growers and by ailrcraft applications on
‘larger farm units.

After a survey of the present systems of agriculture in
Colombia, and based on economical and technological considera-
tions, the production and adoption of a tractor mounted zround
sprayer adapted for concentrated avpplications is presented here
as a promisory solution in the reduction of costs of protection
for mechanized and semi-mechanized Colombian farmers, Simulta;
neous application of herbicides or insecticides along with the
plantinz or cultivation operations would seem to offer a distinct
advantage for the tractor operated sprayer to help reduce crop
protection costs,

Design and operational requirements of the necessary com-
ponents for a tractor operated svrayer are also presented in

this renort,



