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Several Latin American countries have an economy strongly based on agricultural/livestock
sector, where dependence on water plays a predominant role. This dependency is being observed
in a cyclical way due to el Niño, la Niña, and climatic changes. Among the producers, those of
small and medium-size, based mainly on family farming, are the ones that suffer the most from
the consequences of water scarcity. Paraguay is a specific case since the drought, which has been
going on for two years, is causing significant damage. This situation puts the food and economic
security of small and medium-sized producers at risk. The need then arises to promote sustainable,
optimized management and conservation of water in Paraguayan agriculture.

To optimize water resources, several work have been encountered in the literature. In [4] an
artificial neural network is used to predict the hydrological and meteorological data (such as rainfall,
temperature, humidity, and wind velocity) based on data from previous years. Other works also
obtain a planting schedule based on the needs of the plants from the prediction data. In [3] was
developed a mathematical modeling tool that helps in the decision-making process for the problem
of planning agricultural production and efficient water management.

Among the works that have implemented operations research techniques to efficiently optimize
water resources, we can mention [5] present in their study a simulation-optimization model for
crop optimal irrigation scheduling under uncertainty developed to maximize the net benefit, and
finally [2], that develop an optimization algorithm for an intelligent irrigation system, in order to
create a substantial opportunity for water savings in the Panamanian agricultural sector.

In this work, we seek for an optimized irrigation system that allows minimizing water con-
sumption in a multi-plantation of a (small and medium) land farmer in Paraguay, avoiding waste
and satisfying the consumption needs of each plantation. We start from the basis that small and
medium producers have a certain diversity of plantations that must be satisfied daily. Let xnt

optimal flux of water per hour per irrigation line, xsafe maximum secure flux of water per hour per
irrigation line, xmax maximum system flux per period of irrigation, T period of irrigation, rn initial
time of irrigation, dn final time of irrigation, n each irrigation lines, N total number of irrigation
lines, wn water necessity per day. Hence, the following constraints are imposed to all irrigation
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lines:
N∑

n=1

xnt ≤ xmax,∀t ∈ [rn, dn], (1)

dn∑
t=rn

xnt = wn∀n, (2)

0 ≤ xnt ≤ xsafe,∀n ∀t ∈ [rn, dn]. (3)

To satisfy to each irrigation line necessity of water, the following optimization functional is
considered [2]:

J =

(
N∑

n=1

dn∑
t=rn

(xnt − wn)
2

)
, (4)

which represents the quadratic deviation between the administrated flux of water and the necessity
for each irrigation line.

Expression (4) is minimized subject to the constraints (1) using the GEKKO library for Python
[1], as a machine learning and optimization toolbox [1]. For the test, we consider 10 plantation
lines. Each of them with specific water necessities. The mean of the complete necessity of water
is 4.7 liters per day per plant, a secure of 3 liters per day per plant, and a maximum flux of 30
liters for the complete plantation. For all cases, we consider that the water is distributed uniformly
during the period of irrigation. Two scenarios are explored: (a) maximum secure flux of water per
hour per irrigation line, and (b) half of the maximum secure flux of water per hour per irrigation
line uniformly distributed at each irrigation line. In the first scenario, the average water-saving
is 60%, while in the second scenario, the water-saving is 20%. These results show a reduction
in water waste, even satisfying the water necessities of each irrigation line. The average running
time of the GEKKO algorithm is 0.13 seg. The results motivate the implementation of a web-
responsive application codified in Python which allows producers to access the application through
their cellphones for obtaining optimized personalized information about the plan of distribution of
irrigation for the complete plantation.
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