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Abstract. This paper attempts to present an 
overview of the agricultural mechanization of 
small farms in Colombia as of the year 2020. 
This analysis is used to branch out into the 
general topic of small farm mechanization 
where we attempt to answer a few key 
questions. First—on the general topic of 
farm mechanization—we ask: What are the 
most labor-intensive tasks on a farm that are 
suitable for mechanization? We then turn to 
small farms to understand: What is the 
process of small farm mechanization? And 
what are hinderances to farm mechanization 
in Colombia and around the world? We end 
this paper with a technology discussion 
asking: What are some of the most common 
tools that are used to increase farm 
productivity? Do these tools vary by region 
and crop? And are there any tasks that can’t 
be mechanized, or are there any mechanized 
tasks that can be combined to make 
smallholder farming more efficient?


Part I: Introduction. The first part of this 
paper attempts to snapshot the state of 
small-farm mechanization in Colombia. We’ll 
do this by summarizing the information 
contained in key reports and research 
papers, and by asking follow-up questions. 


Colombian farm mechanization as of 
1978. It may seem un-productive to begin 
our discussion over 40 years ago. But as 
technical reports considering the state of 
agricultural mechanization go—in Colombia 
specifically and regarding reports that we 
could actually locate and access—the 1978 
Proceedings of the International Agricultural 
Machinery Workshop (1) seems to be the 
only comprehensive report on the subject. 

This report was put together by the 
International Rice Research Institute (IRRI) 
which is part of CGIAR.


According to (1), in 1978 we could have 
essentially split agricultural mechanization of 
Colombia into two distinct groups. The first 
group contained farms that sat on the flat 
land in the Colombian valleys—especially 
Tolima, Cundinamarca, and Valle. These 
farms consisted of ~50% of the total 
Colombian agricultural area. The area  was 
owned by the wealthy and essentially 100% 
mechanized. The larger farms produced 
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bananas, coffee, sugarcane, cotton, rice, and 
other high-value crops for export.


The second group consisted of “hillside 
farmers,” which accounted for ~39% of the 
total population of Colombia at the time. 
Their focus was on potatoes, grains, and 
similar crops and their markets were usually 
much more local. Hillside farming was 
relatively not-mechanized at the time. Very 
few machines were used in the hillside areas. 
(1) 


At the time, the mechanization in the first 
group was growing at about 0.7% per year. 
Which was not a lot. (1)


Hinderances to farm mechanization in 
1978 Colombia. (1) also indicated multiple 
reasons for both the disparity between the 
mechanization of small and large farms, as 
well as the slow to zero growth of small farm 
mechanization in general. The report—as 
well as the paper Policies of Agricultural 
Modernization and Rural Development in 
Colombia (1996-2008) (2)—suggested that 
the Colombian Government didn’t favor 
heavy mechanization of farms at the time 
and the lines of credit offered for farmers to 
purchase heavy equipment were often too 
complicated for small farmers to navigate. 
Trade agreements were also in place but 
these too only seemed to benefit large-scale 
farming (1). One such agreement is the 
“Andenpact Agreement”—as stated by (1)—
which we believe is the Andean Pact 
Agreement but there’s no indication by (1) 
that this is correct and we couldn’t find any 
references to the “Andenpact Agreement” 
online. However, the Andean Pact 
Agreement was a free trade agreement 
within Latin American nations that reduced 
taxes and other fees (3). According to (1), 
small farmers were unable to take advantage 
of this due to the difficult procedures 
involved. 


(1) also suggested that imported machinery 
from other nations was unsuitable for the 
Colombian conditions but didn’t clarify what 
“unsuitable” meant nor the details of the 
machinery in question. Further research 
revealed no answers to that either. Our best 

estimates center around the differences in 
terrain between Colombia and the types of 
terrain agricultural machinery is usually 
designed for. (16)


We then sought to find out if agricultural 
policies have become less complicated 
since 1978 so smallholder farmers may be 
able to navigate them. 

Agricultural modernization policies in 
Colombia between 1996 and 2008. We 
found that (2) gave a very good overview of 
how—if at all—the state of agricultural policy 
to promote mechanization has improved 
over the years. As mentioned in (1), (2) 
stated that the agricultural policies created 
after the great depression did little for 
agricultural development. However, in 1990 
Colombia established a National Agricultural 
Credit System and the Fund for Financing of 
the Agricultural Sector (FINAGRO) (2). 
According to (4) and (5), one of the goals of 
FINAGRO is to help “very rural” farmers with 
micro loans.


In 2003, the Colombian Institute of Rural 
Development (INCODER) was established, 
but we cannot find much information on this 
organization’s current activities (2). In 2007 
they revamped the system again with the 
establishment of Secure Agricultural Income 
or AIS (2). Which, according to (6), was 
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supposed to provide loans with low-interest 
rates but ended up foiled by corruption. It 
was replaced by Desarrollo Rural con 
Equidad (DRE) which, according to (7), was 
designed to reduce inequalities with the 
smaller farms. Despite all of this and the 
information in the graph on the previous 
page, (2) still maintains that—as of 
publication—the investment into large farms 
is still much higher as compared to 
investment into small ones and the country 
will need to strengthen access to methods 
such as micro loans.


All of this is to say that one of the largest 
hinderances to mechanization of small farms 
in Colombia seems to be the inability to 
access the government funding programs or 
similar sources of capital. 


More recent developments on agricultural 
mechanization in Colombia. As of 2020, 
according to (8), mechanization of small 
farms in Colombia is not very prevalent and 
tractors are only beginning to be widely used 
in rural areas. The World Bank does have 
data on the subject of tractor use in 
Colombia but it was not included as it only 
goes up to the year 1997 (9). 


As far as more recent information, it’s 
sparse. We did find one paper (10) on the 
subject of the prospects of mechanization in 
Colombia as of 2011 from an un-verified 
source. This paper took a very business-
perspective and did not seemed to be aimed 
at mechanization of small farms in Colombia. 
(11) Seemed to suggest that small farmers 
are still having trouble navigating the 
Colombian government programs—we 
couldn’t read the full article in this case, just 
the subtitle. And (12) didn’t indicate much 
about mechanization specifically but did 
state that infrastructure in the rural areas 
remains poor. 


The only recent project revolving around 
mechanization and agricultural technology—
in 2020—from anyone in the area seems to 
come from our old friends at CGIAR who 
have been focused on “climate-smart” 
agriculture in Colombia’s Cauca region (13). 
Because of CGIAR’s continuing involvement 

in Colombia, this information means it’s 
possible that small farms in Colombia face 
more issues with climate change rather than 
mechanization at this current moment. 


It’s also possible, given Colombia’s 
traumatic history, that even if the 
information we are looking for did exist, it 
was lost or never recorded in the first 
place. Or that the system is just 
fantastically disorganized. For example, 
INCODER doesn’t even have an accessible 
website but they do have an office in Bogotá 
with seventeen Google reviews—most of 
which express frustration. (15) 

Part II: Introduction. Part of the motivation 
for this paper comes from the fact that the 
2020 D-Lab Colombia Team is focused on 
the mechanization of small farms in Carmen 
de Carupa, Cundinamarca, Colombia. We 
wish to also understand the process of small 
farm mechanization to be able to apply this 
information to the project. 


Mechanization as viewed by a small farm 
in the US. To orient ourselves to the 
discussion a little bit, we spent half an hour 
talking to Jim from Gimarese Farm in East 
Brunswick, NJ. We spoke to Jim because 
we wanted to see if small farms in the US 
also had similar problems to those in 
Colombia and if we could learn anything 
about how to go about mechanizing a small 
farm. We asked Jim a few question such as:

· Give us a little bit of the history of your farm? What do you 
focus on now?


Gimarese farm started in 1941 and at the time the farm sold 
only grain crops for wholesale in the nearby cities of New York 
City and Newark. The 1950’s were a bad time for the farm and 
most of the family was forced to find work due to financial 
troubles. Jim worked in construction until the 1980’s when he 
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returned to the farm and worked with his wife to transform the 
place from a wholesale farm to a farm focused on retail and 
“Agrotourism,” is the word he used. They started focusing on 
“pick-your-own” crops and other retail-value crops. He says 
his biggest expense is labor. We think part of the reason 
the farm moved to Agrotoursim is because it’s very 
difficult to compete with the large US farms for wholesale 
but we did not ask this question directly so we cannot 
infer this.  

· When did you guys start using machines? How did you pay 
for them?


When asked about mechanization, Jim said he bought all of 
the farm’s machines himself out of his own pocket. We 
specifically asked if there were any government grants to help 
him out, he said he never received any on the subject of 
mechanization. He did mention that because of the tax 
structure of the government, he actually has an incentive to 
purchase new machines and he can write them off as a 
business expense. 

· What are some of the most labor-intensive tasks on the farm 
and what machines could you not do without?


Jim started by explaining how his farm is currently very 
mechanized. His tractor and equipment allows him to do 
many of the difficult tasks by himself. These included tilling, 
cultivating, planting, seeding, and other preparatory tasks in 
the beginning of the season. For fruits specifically, he has a 
machine that can pick fallen Apples off the ground which 
reduces his labor requirements greatly. 

We then asked a follow up question to Jim 
which was, “if your farm is so mechanized 
but you largest expense is labor, where does 
all the labor come from?” He explained that 
machines have a hard time harvesting fruits 
without bruising them—and even if the 
machine doesn’t bruise them it harvest both 
ripe and un-ripe produce—which means a 
lot of harvesting still needs to be done by 
hand. 


After telling Jim about our project 
specifically, he mentioned that grains like 
Quinoa should be relatively easy to 
automate from and end-to-end standpoint 
but also mentioned he has little experience 
with that crop specifically. (17)


Mechanization as viewed by Don Álvaro 
(a farmer in Colombia). Don Álvaro’s farm 
today seems to be in a very similar position 
to Gimarese farm as of 1941. His farm—and 
the ASOPROCAMPO cooperative—currently 
sell their Quinoa in the nearby city of 
Bogotá. The farms have some 
mechanization due to personal investment 
from the farmers, but much of the work is 

still done by hand. 


On the subject of mechanization specifically,  
Don Álvaro agreed with Jim that the most 
labor intensive tasks are in tilling and sowing, 
he also mentioned weeding (which Jim did 
not). (18)


Table 1: Potential for Mechanization on Small Farms


***NOTE: THIS TABLE MAY BE UPDATED LATER IN THE PAPER AFTER OTHER SOURCES HAVE BEEN CONSULTED. BUT 
ONLY IF THE DATA PRESENTS NEW INFORMATION THAT IS NOT ALREADY CONTAINED ABOVE.


Basics of small-farm mechanization as 
viewed by the IRRI. In 1986, the IRRI 
published a book titled, Small Farm 
Equipment for Developing Countries (19). 
This book contains information on the 
process of small-farm mechanization, 
descriptions of the role of equipment on 
small farms, and case-studies on 
mechanization from around the world.


(19) describes how the goal of small-farm 
mechanization is to ultimately increase farm 
profits, but this doesn’t always mean an 
increase in production on the farm itself. 
Mechanization can both increase or 
decrease total farm output while still 
increasing profits by simply decreasing labor 
(19). The opposite is also sometimes true but 
the prior is more common (19). This does 
make the point that if we wish to increase 
employment in the area, mechanization is 
likely not a route to consider. This is a very 
important point to be considered in any 
mechanization project as it may challenge 
un-informed assumptions about 
mechanization. 


(19) also breaks down the levels of 
mechanization technology as well as the 
process many small farms go through to 
mechanize. The levels are described in a 
table on the next page.


Most Labor-Intensive 
Tasks on a Farm 
(combined data from all sources)

Most Difficult Processes 
to Mechanize 
(combined data from all sources)

Don Álvaro 
· Tilling

· Sowing

· Weeding


Jim Gimarese  
· Tilling/Cultivating

· Sowing/Planting

· Harvesting of Fruits + Vegetables

Jim Gimarese 
· Harvesting of Fruits + Vegetables
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The above chart indicates three levels of 
technology including hand-tools, draft-
animals, and mechanical power. We are 
focusing—in this paper—on mechanization 
with respect to mechanical power as that is 
the level the Colombia project is at. However, 
the other levels are important to understand 
as well because any transition from one level 
to another requires an understanding of both 
levels. 


The process of mechanization + 
hinderances as viewed by the IRRI. (19) 
describes the process of mechanization as 
occurring in six distinct steps:

Stage 1: Involves some substitution of power source from 
hand tool to draft animal or animal to mechanical power. This 
is the key characteristic of mechanization where a more 
“expensive” but “efficient” method replaces a simpler one.


Stage 2: Involves the substitution of the human. The machine 
handles the tasks the human one did and the human 
supervises these tasks. This is where the potential for labor 
reduction comes from


Stage 3: Is the adaptation of the cropping system to the 
machine. Some farm layouts that are optimized for 
environmental benefit, farm-longevity, and other factors 
simply are not easy to mechanize due to the nature of the 
machine. This is why we see a lot of Mono-cropping in Global 
North regions. We see a change in the farm optimized 
towards the machine being used.


Stage 4/5: See a further transformation of the farm towards 
mechanization. The adaptation is no longer geographical but 
farms now specialize in the crops the machines can produce 
at a high volume. Crops that are difficult to mechanize may 
disappear or decrease in acreage. The farm can expand to 
larger plots of land and clearing can increase. Many large 
farms fall into this category.


Stage 6: Is full farm automation from automated irrigation, 
feeding, and automation of most other farm tasks. Industrial 
farms fall into this category. 


Disclaimer: Most of the above is taken almost directly from 
source (19). Their summary is the most concise way of 
making these points. 

An important point to note is the size of the 
“gap” between some of these stages. The 
gap from no mechanization into Stage 1 is 
massive for many small farmers who simply 
cannot afford the machinery it takes to make 
a “power substitution.” The next large gap 
comes between Stage 3 and Stage 4/5 
which sees the farm expand to a very large 
scale which involves investment in land and 
new crops, and the reorganization of the 
whole farm. The factor that makes the gap 
so wide in both cases seems to be lack of 
financial resources or access to capital. This 
agrees with the previous analysis regarding 
the nation of Colombia specifically. 


Areas of mechanization as identified by 
the IRRI. (19) also presented some focus 
areas of mechanization, some of which are 
included in table one. The rest are irrigation, 
plant protection (including soil fertility and 
pest protection), and harvesting (in terms of 
threshing grains). We can also add cleaning 
crops after harvesting according to (16).


Trends noticed in machines associated 
with small farm mechanization. Many of 
the sources listed contain discussions on 
the actual machinery used in small farm 
mechanization—(9), (19), (20), (17), (18), (21), 
(22), and (16) specifically. Here we present 
some notable trends.
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All sources seem to agree with the 
information presented in (19) regarding the 
first step of mechanization as replacing 
animal power with mechanical power. Two 
examples of this are depicted below. 


Above are images of two-wheel and four-
wheel tractors both of which are used by 
small farms in developing nations for 
mechanical power. According to (24), two-
wheeled tractors are especially good for 
rough terrain conditions. They are highly 
multi-functional but have a fairly simple 
mechanical design and should be easy to 
repair because of that (24). They’re more 
expensive than animal power but are much 
less expensive than traditional four-wheel 
tractors. They are tiring to operate but, “a 9 
kW walking tractor with two operators is 
capable of plowing one hectare in one day,” 
according to (24).


Other important pieces of machinery include 
standard tillers, cultivators, and seeders 
seem to be the most desired for initial tools 
during small-farm mechanization. These 
tools allow one person to prepare large areas 
of field while exerting minimal effort. 
Innovations can likely be made in this area to 
make these items cheaper and more 
accessible to small farmers.


Current work in the area of small-farm 
mechanization including global case 
studies. There are a few recent studies in 
the area of small-farm mechanization in 
areas all around the Global South and 
especially in Sub-Saharan Africa, India, and 
similar regions (20) (21) (22).


One project that caught our eye came out of 
MIT’s GEAR Lab which aligns with the topic 
of making mechanization systems more 
accessible to small farmers (20). The project 
proposed the use of all-wheel-drive 
motorcycles as a replacement for draft-
animals on small farms. 


We will not cover this project in great details 
in this paper as we encourage you to read 
the actual paper linked in (20). However, the 
above image—taken from the paper—does 
show researchers proving their motorcycle 
tractor design using various farming 
machines. The tractor was designed for 
farms < 2 Ha and could help farmers 
increase production and decrease labor. See 
the “References” section for other recent 
projects to learn from.
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Conclusions. If we could summarize this 
paper in a single sentence it would be: farm 
mechanization is simply a very expensive 
process and many small farms in the Global 
South do not have access to the capital or 
are unable to navigate the complicated 
procedures to gain the capital required to 
mechanize their farms due to many different 
factors. This is especially true in Colombia, 
the country of interest for our project.


There is also very little current information on 
farm mechanization in Colombia. We think 
this could be due to general governmental 
dysfunction as well as recent conflict in the 
area. Current research projects are focusing 
on the affect of climate change on farms in 
the region which could be a larger problem 
than mechanization for some. When asked 
about it, Don Álvaro replied “sure, it has 
affected us all (translated),” and noted the 
shift in seasons and other weather patterns 
over the past 10 years which risk the 
harvest. 

In general, it seems that the initial stages of 
farm mechanization are heavily dependent 
on two factors. First, is locating a source of 
inexpensive mechanical power that is 
suitable to the terrain and climate of the 
region of implementation. Second, most 
farmers seem to start with mechanizing 
processes such as tilling, cultivating, 
seeding, planting, and other general acts of 
ground preparation which another stage of 
cost-reduction could come from in 
innovating the tools used in conjunction with 
the mechanical power systems for these 
tasks. This could take the form of simpler, 
less-expensive tools manufactured from 
locally-sourced materials, or multi-functional 
tools that only require one investment by 
small farmers instead of three or more. 


The final point to make is that this 
information also stresses the importance of 
locally-developed, target solutions for small 
farmers. To really drive cost down, 
development projects will have to creatively 
use what locals already have access to. An 
example of this is the MIT GEAR Lab all-
wheel-drive motorcycle project, but other 
projects cited in (16) have done the same—

using local materials and power sources to 
automate parts of agriculture. Most of the 
time the small farmers also know exactly 
what they want to mechanize, and working 
with them and their current resources could 
help produce more creative solutions that 
could benefit more individuals globally.
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1595122016116/2020a-JMD.pdf 

(21) Making Mechanization Accessible to Smallholder Farmers 
in Sub-Saharan Africa  

(22) Scaling agricultural mechanization services in smallholder 
farming systems: Case studies from sub-Saharan Africa, 
South Asia, and Latin America  

(23) Two-Wheeled Tractors https://en.wikipedia.org/wiki/Two-
wheel_tractor 

(24) Advantages of Two-Wheeled Tractors (IRR), http://
www.knowledgebank.irri.org/ericeproduction/Tractors/
2wheel.htm 

(25) Small-Farm Mechanization, MIT GEAR Lab https://
www.gear.mit.edu/small-farm-mechanization 

Disclaimer: Many Colombian websites—such as that of 
INCODER—don’t seem to exist anymore or we cannot access 
them, hence, these sources do not appear on this references 
list.
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