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Project Background 
 

Thanks to a student grant awarded by Water Resources Research Institute at New Mexico State 

University, the project “Implementation of drip irrigation system facilitates collaboration between 

future agricultural leaders” came into effect October 1st 2015. During the grant period the goal was 

to implement a drip irrigation system in a portion of the Theobroma cacao crops of the Universidad 

de La Salle (UDLS) Utopia campus in Yopal, Colombia. Project Utopia is a unique university 

designed to educate promising young adults who come from rural areas in Colombia. 

 

This project is part of a larger effort that began back in June 2014 when New Mexico State 

University (NMSU) and UDLS students and faculty participated in a reciprocal exchange focused 

on sustainable agriculture and water management. Partners in the Americas and President Obama’s 

100,000 Strong in the Americas initiative funded the “Young Leaders Innovating for the 

Reinvention of an Agricultural Sustainable Region” project. During this time the team collaborated 

to create a scalable irrigation design to optimize water use for Theobroma cacao within the 

university agroforestry system. 

 

The support offered by the Water Resources Research Institute brought this project to realization. 

Consequently it has encouraged development of water management techniques via drip irrigation 

design, facilitated international collaboration, and enticed young agricultural leaders through 

proactive knowledge transfer. 

 

Intro  
 

Drought conditions intensified by climate change is making water management, especially for 

agriculture systems, a priority worldwide. Like New Mexico, the department of Casanare, 

Colombia will have to develop resilient water management strategies prompted by drought 

conditions. Theobroma cacao is a valuable agroforestry crop particularly vulnerable to decreased 

water availability brought by drought conditions (Razi 1992). Water normally available in the form 

of precipitation is threatened by predicted dry seasons, leading to water stress which ultimately 

effects productivity, and potentially leads to death in young plants (Carr and Lockwood 2011). 

Drought conditions require resilient and innovative water delivery methods such as drip irrigation 

to mitigate these negative effects. 

 

New Mexico inspired design has been employed to address a similar problem in the Colombian 

savannas, drawing parallels for the global water situation. NMSU professors who specialize in drip 

irrigation provided the preliminary design for this pilot project. Augmentation of field data through 

installation of data loggers and soil sampling was completed in order to document the current 

climatic and environmental conditions at the field site. This information assisted with 

evapotranspiration calculations, and will help with real time irrigation scheduling in the future. This 

scalable design will provide water to approximately 600 trees during the yearly dry season, which 

lasts December through March. 

 

 

 



 

 

 

It is important to recognize that this project is closely connected to students at the La Salle campus. 

Implementation of the system was completed by Utopia students, providing the opportunity to 

develop useful technical skills for their careers as agronomic engineers. Over 20 students helped 

with the physical installation, and the entire campus was aware of this effort, attracting other curious 

students to learn more.  

 

Data was also collected by students, which allowed the agroforestry system to serve as a classroom. 

This information will be readily available for students and is expected to supplement their term 

research projects. During their final year of study, students are also required to complete a thesis 

project, known as a “productive project”, with the crop of their choice. Each project is carefully 

designed for their home region, and each student must implement a mode of irrigation to fulfill 

project requirements. This is one example of training available on campus to ensure project success.  

 

Theobroma cacao 
 

Native to the Amazon region, Theobroma cacao is an 

ancient crop that has been used for thousands of years 

by ancient Mesoamerican indigenous cultures such as 

Olmec, Aztecs, and Mayans for ceremonial, monetary, 

and medicinal purposes (Dillinger 2000). Given its 

notable history and cultural importance, it is no surprise 

that Theobroma cacao translates from Latin to food of 

the gods. Cacao trees are medium sized and begin 

producing fruit at about 4 years. Cacao trees prefer 

precipitation between 1,500 mm and 2,000 mm a year, 

with minimum temperatures between 18o and 21o 

Celsius and maximum temperatures of between 30o and 

32o Celsius (ICCO). 

 

Cacao is currently used worldwide for its products; 

cacao and cocoa butter. These are used in cosmetics, or 

in its most common form as a decadent chocolate treat. 

Modern day research confirms ancient claims of 

medicinal properties of cacao and continues to 

document the potential of cacao in medicine. Extensive 

research can be found on cacao’s support of 

cardiovascular health (Corti et al, 2009, Pucciarelli 

2013).  

 

Cacao is the one the most heavily traded food 

commodities in the world. Colombia is currently the 7th 

producer in cacao worldwide, with primary production 

occurring in the Ivory Coast and Ghana. Colombian 

grown cacao is some of the finest on the market, it is 

classified as “fine or flavour” due to its high quality flavor and aroma. This classification only 

makes up about 5% of the world market (ICCO). In 2012 Colombia grew about 49,509 tons, or 

Photo- Theobroma cacao tree 

 



 

 

 

about 446 kg ha-1. Agriculture and forestry contribute to 9% of Colombian gross domestic product 

GDP, 21% of total exports, and nearly 20% of national employment (Ortiz 2016). Given the 

importance of this crop and the increasing demand worldwide, cultivators are in a crucial time to 

implement management strategies to ensure bountiful harvests and mitigate challenges brought 

about due to a changing climate, such a water availability.  

 

Theobroma cacao is particularly susceptible to water deficiencies. This was documented early on 

in work published by Razi (1992). This study documented stunted growth, reduced stomata 

conductance, and photosynthetic activity in young cacao plants. Carr and Lockwood (2011) went 

further to consolidate current knowledge about the water requirements of Theobroma cacao and 

documented the known effects of water deficiency. This literature review acknowledged the lack 

of field scale studies documenting water requirements of the crop.  

 

There have been recent studies such as Romero (2014) and Almieda (2012) that highlight drip 

irrigation impacts on cacao plants. Almieda found that over irrigating can decrease plant growth, 

while increases in nitrogen fertilizer doses facilitate growth. Romero compared efficacy of different 

irrigation methods based on variables of costs and production. Although there has been some 

research, it is still premature to draw conclusive ideas of water requirements on a field scale. 

However, benefits and drawbacks of using drip irrigation are easier to list.  

 

Materials and Methods 
 

Location 

 

The area of study consists of a 5 year old cacao orchard intercropped with plantain (Musa 

paradisiaca) and acacia (Acacia magnum) trees. The cacao trees are planted with a 3x3m spacing, 

and the entire field covers 5.5 hectares. The portion used for this pilot project is 7,607m2. The 

Utopia campus is situated at 5.32 ° N, -72.29 °. Regional climate data was collected at the Yopal 

airport and requested from the Institute of Environmental and Meteorological Studies (IDEAM). 

The airport sits at l5.19° N, -72.23°. Site Specific climate information was collected by a Davis 

Vantage Pro2 meteorological station on university pasture land 

(http://www.weatherlink.com/user/utopia/). Fine scale measurements were taken by a HOBO 

Temperature/Relative humidity meter directly within the agroforestry system.  

 

Description of methodology employed 
 

This study attempts to document the current environmental and climatic conditions that exist at the 

field site in El Yopal, Colombia. Meteorological data was compared to long term weather data 

collected at the Alcaravan airport. Supplemental weather data has also been provided by aWhere, a 

company that empowers farming communities and companies by providing reliable, and 

statistically derived weather data (http://www.awhere.com/). This information will be used to 

schedule irrigation treatments. 

 

In order to design an effective irrigation system and schedule, meteorological data consolidation, 

evapotranspiration calculations, engineering principles, and creativity must be utilized. 

Methodology used to complete this project involved the following steps: 

http://www.weatherlink.com/user/utopia/
http://www.awhere.com/


 

 

 

 

1) A review of irrigation design literature and Theobroma Cacao’s response to varying 

environmental factors, particularly water availability.  

 

2)  Meteorological parameters such as temperature, precipitation, and wind speed, were recorded 

by the local weather station on the Utopia campus. Climate variability was compared with historical 

climate records from the Alcaravan airport, providing an understanding of climate in the region and 

more specifically conditions that the cacao trees experience within the agroforestry system.  

 

3)  Baseline environmental parameters were collected during field visits in order to document the 

current state of the field site and prepare for future investigations. Data collection includes; soil 

characteristics such as pH, texture, cation exchange capacity, macro and micro nutrients, soil water 

content, plot dimensions, and a vegetation survey.  

 

4)  Preparation of the field site to install the pump and drip irrigation system. Installation occurred 

throughout the month of March and April. Augmentation of field and weather data was also 

completed through installation of relative humidity/temperature, solar radiation, and soil humidity 

sensors within the agroforestry system. 

 

5) Reference evapotranspiration values were calculated using the Food and Agricultural 

Organization Penman-Monteith equation. These values will help facilitate irrigation scheduling. 

 

A HOBO relative humidity and temperature sensor, solar radiation, and soil humidity sensors were 

installed in the plot, while a rain gauge/ temperature meter was installed in the neighboring pasture 

land. Due to the logistics of working internationally and transporting the sensors, they were installed 

later in the grant year. They are anticipated to support a long term study of the plot and irrigation 

system efficacy. Soil measurements include gathered percent humidity, soil pH, organic matter 

content, and cation exchange capacity. The soil samples were processed through the university’s 

laboratory.  

 

An artificial canal surrounds the agroforestry system and is the water source for irrigation. A 

dissolved oxygen probe, storm water mounts, and water level gauge were purchased as part of an 

additional effort to monitor irrigation water quality. The results are available but beyond the scope 

of the installation of the system. The university is also working to expand the project in the direction 

of completing a water balance for the entire agroforestry system. 

 



 

 

 

 
 

Fig 1. Conceptual model of project 

 

The figure above represents the ongoing conceptual model that represents the experimental design, 

implementation, and maintenance of the system. This holistic approach has guided the decision to 

focus on the project as an interconnected process. At the center of this model is the agroforestry 

system, which serves as the physical learning space for the project. 

 

Irrigation Plan  
 

During a six month monitoring study in Huila, Colombia, Romero et al, 2014 compared surface 

irrigated, drip irrigated, and non-irrigated treatments for Theobroma cacao. Drip irrigation was the 

most costly option, with costs at about 10x the price of the surface irrigation system, the non-

irrigated area was free of costs. However, the financial gain for the cacao was highest for the drip 

irrigated cacao. Gains were about double compared to surface irrigation, and about 2.75x for the 

non-irrigated control. Given this information Romero applied the “fuzzy logic system” under an 

economic aspect to compare cost input and crop output. It was found that surface irrigation was the 

highest efficiency at 91.3% while drip was at 50%. Although this is valuable information for any 

cacao cultivator considering irrigation options, it is also important to note that the time frame 

considered was short. Over time there may be a significant improvement in drip irrigation efficiency 

due to sustained gains in productivity.  

 

Drip irrigation, is not a “fix-all” solution for cacao growers, or any famer dealing with water 

stressed crops, but is widely known for its high potential for water use efficiency (approximately 

90%). Despite its efficiency, it is important to recognize that it is also an openly critiqued 

technology for the developing world. This is due in part to the push for drip irrigation technologies 

from outside social enterprises, over simplified kits that do not consider needs of each individual 

situation, and increased research that contributes to complexity of design therefore reducing 

Agroforestry System- 

classroom for drip 

irrigation  



 

 

 

accessibility to farmers who can benefit from it (Venot 2016). This is why the central focus of the 

project considers the potential to influence young agricultural leaders to adopt the technology. This 

project provides an opportunity to develop the technical skills needed to implement a system of 

their design. 

 

The preliminary design for the system was created by NMSU professors, with input from UDLS 

professors. However, adjustments such as the addition of a fertigation accessory, have been made 

based on current field conditions. Implementation of the system has been organized between 

students and faculty at the Utopia campus. Students were active participants in the installation and 

collection of all project data and continue to be at the forefront of problem solving for adjustments. 

Ortiz 2016 found that fertilization management was the practice most significantly added to 

environmental burden in his study titled, “Carbon Footprint of the Colombian Cacao Production”. 

Since this particular system will also be used for fertigation, we can expect to increase fertilizer use 

efficiency by 40%, making it a worthwhile investment (Krishnamoorthy 2015).  

 

 

Irrigation System 
 

 
 

Photo-the university agroforestry system, cacao crops 

  



 

 

 

 
   

Photo- Google Earth image of the field site 

 

 
 

Fig 2. Blueprint for the scalable irrigation system with the blue pentagon representing the 

irrigated area for the project 



 

 

 

 

 

 
 

Fig 3. Sub-main header and laterals 

 

 

 

 

 

 

 

 

 



 

 

 

   

  Fig 4. Irrigation design (one side only)  

 

Drip Irrigation Diagram  
 



 

 

 

      
 

Photo-(left) extraction point, filters,pressure readers,fertigation injection site (right) Filter flush 

 

 
 

Photo- Installation of subsurface principal line  
                                                                                                                                    



 

 

 

Not only were students at the forefront of planning and installation, they also had several problem 

solving opportunities throughout the process. This includes inventing a way to suspend lateral hoses 

when not in use, and designing a cart to transport the water pump from the shed to the field. 

 

 
 

Photo- Suspension feature to elevate lateral hoses  

 

 
 

 Photo-Water pump with custom made cart 



 

 

 

Like any other technology, there is always room for improvement and better management practices. 

Planting of native vegetation and trees along the canal is being implemented to create a buffer zone 

and reduce sediment, fertilizers, etc. from entering the canal.  

 

 
 

 

 

 
 

 

Photo- Installation of soil humidity sensors 

 

 

 

 

 

 

 

Photo-Sediment loss at extraction point 



 

 

 

Description of results 
 

 
 

Photo-the university agroforestry system, cacao intercropped with grasses (understory), plantain 

(middle) and Acacia (upper canopy) 

 

An agroforestry system is a land management strategy defined by the simultaneous growth of 

intercropped trees, which may be harvestable, and food crops. The Utopia agroforestry system is a 

mix of Theobroma cacao, Plantain, and Acacia, along with a few interspersed native varieties, and 

a barrier or native trees on the Southern edge of the field.  

 

Field work for January includes a plant inventory for the area. Adjustments were made to the 

original irrigation design based on the loss of several trees. The new design is expected to provide 

water up to approximately 600 plants after the transplant of 200+ plants early July. The decline in 

cacao trees is due to lack of water, pests, and diseases. Below is a table of the living cacao trees 

within the irrigated area, followed by a description the different clones and tree varieties. 

 

Table 1. Current number of cacao trees in the investigation area 

 

Plants in Plot 
Rows Total living To be planted Total 

25 370 230 600 

 

 

 



 

 

 

Table 2. Trees species found within the plot area 

 

 

 

 

 

 

 

 
Fig 5. Number of living cacao trees in investigation area during the years 2014 & 2016 

 

 

Table 3. Breakdown of clone types found in the plot during 2014 

 

Clone Type # of Clones (2014) 
CCN 51 48 

CNN 51 49 

FSA 11 46 

FSA 12 92 

FSA 13 41 

FT1 88 

FTA 2 44 

ICS 95 40 

 

 

Ortiz 2016 compared conventional and agroforestry management systems carbon footprints and 

found that they were in the same order of magnitude. Of the two, the agroforestry system had a 

larger carbon footprint. Although this is contrary to what would be expected, it is important to note 

higher yields are produced as a result of this management system, 3x more than conventional 

production; in addition to other environmental benefits, such as increased carbon sequestration and 

habitat (Ortiz 2016). The establishment phase for agroforestry management contributed to the 

majority of environmental impact, while conventional management impact was a result of the 

production phase.  

448

370

2014 2016

Cacao Trees

Species Quantity 

Cacao 

Acacia 

370 

49 

Plantain 69 

Native 4 



 

 

 

 

 
 

Photo- Qualitative observation of drought stress on a young cacao tree 

 

Although surrounded by taller trees for shade, there is still a problem with providing adequate water 

to the entire plantation, especially during the dry season, and when the students are away during 

vacation.  
   

 
 

Photo- Utopia and NMSU students working together to measure the flowrate of a water pump 

 



 

 

 

Soil  

 
Characterizing soils is fundamental step to consider for irrigation design and scheduling. General 

soil tests were completed in the university laboratory. Agroforestry system soils sandy loam 

textured entisols comprised of 65.65 % sand, 20.2 % silt, and 14.14 % clay. Soil nutrients will be 

monitored after fertigation treatments and foliar analysis is expected to take place to determine 

future treatments.  

 

 

 
 

Fig 6. Relative abundance of soil nutrients reported as indices 

 

Table 4. Breakdown of soil nutrients 

 

Sulphur (S) 4.53 ppm 

Boron (B) 0.98 ppm 

Phosphorus (P) 17.05 ppm 

Iron (Fe) 80.4 ppm 

Magnesium (Mn) 2.85 ppm 

Copper (Cu) 0.18 ppm 

Zinc  (Zn) 0.47 ppm 

Calcium (Ca) 1.49 meq/100g 

Magnesium (Mg) 0.8 meq/100g 

Sodium (Na) 0.4 meq/100g 

Potassium (K) 0.19 meq/100g 

Total Nitrogen (N) 0.10 % 

 

 



 

 

 

Table 5. List of soil characteristics as of January 2016 

 

 

Soil Characteristics 
 

Characteristic Value Unit Method 

Organic Carbon 2.29 % Walkley Black 

Exchangeable Aluminum 2.63 meq/100g 1N KCl extraction 

pH 4.15 - 1:1 (soil/water) Potentiometric Relation 

Electrical Conductivity 89.37 μs/cm Saturation extract  

Cation Exchange Capacity 31.69 meq/100g 1N Ammonium acetate, Ph7,0 IGA method 

 

Table 6. Field Parameters 

 

                                       Cacao Field Description  
%FC 25.92 25.92 25.92 

%PWP 14.2 14.2 14.2 

BD (gr/cm3) 1.45 1.45 1.45 

RD (mm) 30 60 90 

AWC (mm) 51 102 153 

 

(%FC Field Capacity, %PWP Permanent Wilting Point,  

BD Bulk Density, RD Root Depth, AWC Available Water Content) 

 

Table 7. Soil Humidity 

  

 

 

 

 

 

 

 

The table above represents soil water content reported in percent humidity. Composite samples 

taken across the field, three representative samples measured for a total of 100 grams each. They 

were then placed in oven at 105oC for 24 hours and reweighed. Representative soil samples were 

gathered during field visits. There is an evident increase in humidity during the rainy season. These 

values serve as baseline information to compare with future soil moisture sensor data. 

 

 

 

 

 

Sample % Humidity 

1/18 11.48 

3/18 10.25 

6/17 23.08 



 

 

 

Climate  
 

Villegas 2012 study predicts that by 2050, climatic change in Colombia will likely impact 3.5 

million people, through agriculture, agro-industries, food, and national security. Villegas states that 

“If no adaptation measures are taken, 80 % of crops would be impacted in more than 60 % of their 

current areas of cultivation, with particularly severe impacts in high value perennial and exportable 

crops.” This prediction includes impacts to our crop of interest, Theobroma cacao. In order to move 

towards a management strategy that considers current climatic conditions and climate change 

projections, one must adopt principles of climate smart agriculture. The FAO (2013) defines 

climate-smart agriculture as, “agriculture that sustainably increases productivity, resilience 

(adaptation), reduces/removes greenhouse gases (mitigation), and enhances achievement of 

national food security and development goals.”  

 

Site specific weather data was collected by a HOBO relative humidity and temperature data logger; 

the campus is situated at 5.32° N, -72.29°.  Regional climate data was collected at the Yopal airport 

and requested from the Institute of Environmental and Meteorological Studies (IDEAM). The 

airport sits at l5.19° N, -72.23°. As defined by Lozano et al 2013 using the Koeppen classification 

system, the Colombian llanos, or oriental plains are defined as intertropical, humid, and warm. Dry 

season takes place from December throughout March, where monthly rainfall is below 50mm. The 

highest rains occur in May followed by the month of July. February temperatures are the highest, 

while July is the lowest, temperatures generally do not exceed 36o or go below 19o.  

 

A separate HOBO rain gauge/temperature data logger was installed to ensure consistent data 

logging occurs year-round. The school currently uses a Davis Vantage Pro2 meteorological station, 

which unfortunately has experienced missing data points due to technical difficulties resulting from 

a wireless system. The HOBO provides a rugged system to augment the current weather data, this 

information will help complete evapotranspiration calculations throughout the year. 

 

 

Photo- Pasture Meteorological Station (Davis Vantage Pro2 / Hobo) and evaporation pan 



 

 

 

 

 
Fig. 7 Meteorological data collected for 2015 at the Utopia campus. 

 

 
 

Fig. 8 Projected climate data from aWhere for the year 2015  
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Table 8. 2015 yearly summary provided by aWhere 

 

2015 aWhere Summary 

Attribute Min 

Temp 

(°c) 

Max 

Temp 

(°c) 

Precip 

(mm) 

Min 

Relative 

Humidity 

(%) 

Max 

Relative 

Humidity 

(%) 

Morning 

Wind 

Speed 

(m/s) 

Max 

Wind 

Speed 

(m/s) 

Solar 

Radiation 

(wh/m2) 

Average 23.03 31.05 4.52 53.59 95.48 3.83 4.79 4872.05 

Max 24.96 34.94 59.72 74.51 100 5.69 7 7444.63 

Min 15.79 26.38 0 34.27 79.82 

 

2.34 3.56 2583.52 

StdDev 0.91 1.57 9.82 7.09 3.05 0.61 0.59 1083.47 

 
The results from the aWhere simulation displayed a similar trend to the actual weather data 

collected. However, it did underestimate the yearly precipitation. The Yopal airport showed 

significantly different results from the Utopia campus. This can be due to the long range of averaged 

values and the influence of mountains near Yopal. 

 

 
 

Fig. 9 Meteorological data collected from the Yopal airport as reported by the IDEAM.  
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Table 9. Water Balance 2013-2015 based on campus precipitation and evapotranspiration values  

 

The table above highlights the water balance for the Utopia campus over the past 3 years. These 

values take into consideration the difference between input, in the form of precipitation (mm), and 

output due to evapotranspiration, reported in mm. The months that display the highest deficit are 

consistently December through March, which is considered the regions dry season. September 2013 

through March 2014 was the longest consecutive chain of months demonstrating water deficit.  

This comparison supported the need to collect data within the agroforestry system to determine the 

conditions directly experienced by the cacao trees. 

 

Reference Evapotranspiration calculations were completed internally by the Davis Vantage Pro2 

meteorological station using the following modified Penman-Monteith formula. 

 

Eto = W * (Rn /λ) + (1-W) * (ea-es) * F 
 

W = weighting factor that expresses the relative contribution of the radiation component 

Rn = average net radiation over the hour as described in the next section. Watts per square meter 

λ = latent heat of vaporization. Used to convert net radiation in Watts per square meter into the 

amount of water evaporated in mm 

ea = saturation water vapor pressure in kPa 

ed = actual water vapor present 

F = the wind function indicates the amount of energy that the wind contributes towards ET. There 

are two functions, one for day (solar radiation > 0) and one for night. 

 

2013-2015 Water Balance at Utopia Campus 

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

2013 -148.9 -127.9 -12.0 47.9 58.4 68.4 29.7 18.0 -80 -28.6 -3.2 -101.7 

2014 -146.4 -50.7 -117.0 160.2 63.2 169.8 173.6 62.0 -65.6 238.0 -16.7 -63.1 

2015 -86.5 -83.6 -96.3 124.9 56.7 240.7 256.5 71.2 56.0 -16.1 27.2 -70 



 

 

 

 
 

Fig.10 March-April relative humidity and temperature in pasture and agroforestry land 

 

The figure above represents month long comparison of daily relative humidity and temperature 

variations at two different locations on the Utopia campus. This has guided the project to consider 

the agroforestry system as a microclimate, thus regulating temperature and relative humidity. 

Values were gathered at 15 minute intervals, 24 hours a day. Data demonstrates daily climate 

oscillations, which are unique for each location. Generally the agroforestry system exhibits larger 

fluctuation ranges for both temperature and relative humidity. Consequently resulting in both 

extreme highs and lows a majority of the time (<70%). The highest temperature, 47.6o Celsius, was 

recorded on 4/07 at 12pm during this time relative humidity dropped to 31.7%. 

 

 

 

Fig.11 March 3/30-3/31 relative humidity and temperature in pasture and agroforestry land 

 



 

 

 

The graph above demonstrates a 6 period moving average of climate data for March 30th and 31st 

collected in both the pasture land and agroforestry system. This fine scale graph displays daily 

variations, with relative humidity remaining the highest in the agroforestry system until 

temperatures reaches about 290 C. Thereafter it rebounds, remaining near 90% or greater a majority 

of the time. Each day displays a unique set of values, but the agroforestry system usually displays 

larger fluctuation ranges, although they appear to happen during hours of peak temperature. 

 

 
 

Photo-HOBO Relative Humidity and Temperature Data Logger 

 

 
 

Photo-Installation of HOBO Relative Humidity and Temperature Data Logger 

 

 

 



 

 

 

Conclusions and recommendations for further research. 

 
The university agroforestry system serves as a classroom with the potential to train young leaders 

in the technical skills necessary to manage natural resources. Drip irrigation provides a management 

strategy to help alleviate the challenges brought about by climate change but has unique challenges 

in regards to design, installation, and maintenance. Meteorological data taken at the Utopian 

campus can help with future irrigation scheduling. The dry season occurs during the months of 

December-March and creates a water deficit that is evident in the water balance based on 

precipitation (inputs) and evapotranspiration (outputs). The agroforestry system also serves as a 

microclimate and is shown to display larger fluctuations in regards to temperature and relative 

humidity. Future research will include a longer time frame of weather data comparison. 

 

 

Reflection on project difficulties and successes 
 

 

 

 

 

 

Difficulties Successes 
 

Time was limited for the project due to other responsibilities for the 

crop and coursework at the university. 

 

 

Important learning experience for the students involved. 

 

There was a slow administrative response between universities and 

companies. 

 

Collection of several new environmental variables. 

 

 

This was a short term project with limited support. 

 

Opportunity to create an international and interinstitutional 

collaboration. Teamwork was displayed between students and 

professors in both universities. 

 

 

Animal life (capybaras) damaged system hoses. 

 

The project provided a cultural exchange opportunity, 

including working across language differences.  

 

These were limitations in the laboratory for complete soil analysis.  

 

Irrigation system is expected facilitate more investigations in 

the agroforestry system. 

 

Installation of the system was physically a difficult task. There were unique opportunities to display creativity 

throughout the installation and design process. 

 

 The project supported additional environmental initiatives on 

campus, such as the standard for sustainable agriculture.  

 Student involvement was reliable, including voluntary help 

outside of productive practice. 



 

 

 

Related Projects 

 
Water quality of the irrigation canal 

 

 
 

Fig. 12 Irrigation canal weekly temperature readings February-June 

 

 
 

Fig.13 Irrigation canal weekly Dissolved Oxygen readings February-June 

 

The figures above represent weekly temperature and dissolved oxygen readings taken from the 

irrigation canal. Current knowledge about the water quality of the canal surrounding the 

agroforestry system is limited. This program is expected to expand in the near future, including 

variables such a TDS and pH. Understanding water quality and hydrology of the landscape will be 

essential moving forward with water management on campus. It will also provide an opportunity 

for students to work with instruments and methods that can serve them in the future. Water level 
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will also be taken to keep track of yearly fluctuations. This information will be readily available for 

other community members interested in this research, and open up opportunities for further 

collaboration between the universities.  

 

Effect of fertilizer treatments on pest abundance 

 

The trial will take place in the Utopia university agroforestry systems SAF with a random 

experimental design. The plot will be divided into two lots, one with fertigation and the other with 

regular soil fertilization. Leaves will be collected as explained in the figure below. 

 

 
 

The objective of this research is to make a preliminary assessment of the richness of mites present 

in the cacao crops. We assume that the abundance of mites will be high. The agroforestry system 

is expected to provide optimal conditions for integrated management, in relation to pests and 

diseases, because chemical applications are seldom made.  

 

5 leaves will be 

collected from top 

of tree and packed 

in a Ziploc bag 

with their 

respective tag. 
 

 

5 leaves will be 

collected from 

bottom of tree and 

packed in a Ziploc 

bag with their 

respective tag. 
 

 



 

 

 

After collecting field samples the will be placed in a Polystyrene fridge, this guarantees that the 

samples will not dehydrate quickly. They will then mounted in the university’s entomology 

laboratory; each plate will be labeled, including the clone number and the collector's name. Each 

plate will be sent to Dr. Nora Cristina Mes Cobo at the National University of Colombia-Palmira, 

(The number one expert in Colombia in mites) for identification.  

 

Project Details (Work completed, travel dates, etc.) 

 
The first phase of this work, took place from October 2015 - December 2016 and included 

coordinating the first field visit and purchase of irrigation supplies in Colombia. This was a lengthy 

process due to the logistics of an international purchase. A research poster was also presented at the 

Water Resources Research Institute 60th Annual New Mexico Water Conference, Coloring Outside 

the Lines: Can Science Help Us Be Creative and Innovative in Managing Our Water, in Taos, NM. 

 

 
 

Photo- Utopia students and NMSU research team  

 

The second phase of the project included installation of sensors, the irrigation system, and three 

visits to the field site. Two weeks during the months of January and March, and an extended three 

month trip from June - August. During the first field visit, one student researcher and artist were 

invited to join the excursion. Having an artist as part of the research team, which opened up the 

opportunity for a unique collaboration. The mural above, titled “Consilience”, was completed 

during the team’s final afternoon at the campus. It represents what we must bring to the table in our 

roles as agriculturalists and future water managers; that is an understanding of ourselves and the 

science that explains phenomena. The students enjoyed watching Mr. Velazquez while he painted, 

and it added a dynamic not normally seen during a traditional week of field work.  



 

 

 

 

Student Engagement and Unique Collaborations 
 

        
 

The Utopia campus is currently working towards obtaining “Rainforest Alliance” Certification for 

agricultural products produced on campus. Projects and activities currently taking place will be 

considered towards the certification. The criteria is based on relationship to environmental 

conservation and best management practices.  

 

Not only does the agroforestry support a variety of plant species, it also hosts a considerable 

quantity of avian species, butterflies, and mammals. A group of students is currently working on an 

inventory of bird species found in the agroforestry plot and around the campus. These efforts will 

further document the complexity that exists within the agroforestry system and support long term 

environmental monitoring. 

  

Student engagement and participation has been a fundamental part of this project. It has inspired 

further collaboration and student led projects. The data collected is readily available for students to 

use for their term projects and related investigations. I am incredibly grateful for their help and 

cooperation throughout this entire process, and I look forward to continuing this unique effort. 
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WRRI Grant Funds Breakdown 
 

WRRI Conference Registration  $ 50.00  

Conference Hotel & Gas  $ 557.67  

Nalgene Storm Water Sampler  $ 68.57  

Onset (HOBO and software)  $ 610.00  

Cole Palmer (mounting kit)  $ 152.10  

Irrigation Supplies  $ 2,796.62  

DO Meter and Probe  $ 468.10  

Poster Printing  $ 35.00  

Extra supplies for installation   $ 327.23  

Field Supplies  $ 36.59 

Soil Moisture sensors $ 417.00 

Solar Radiation sensor and accessories $ 481.12 

Total  $ 6,000.00 

 

* Support for supplies was obtained through a travel scholarship and fundraising 

 

 



 

 

 

Presentations Made Related to the Project 
 

 
 

 Cruz, S., Carroll K.C., Castro G.,and Sosa M.D (2016) Utopiense: Experiential Learning 

in Colombian Agroforestry System Encourages Teamwork, New Mexico State University 

Undergraduate Research and Creative Arts Symposium Las Cruces, NM, April 29. 

 

 Cruz, S., Collin A., and Velazquez S., (2016) Aportes para Futuros Lideres del Agua en la 

Agricultura, Universidad De La Salle Utopia Campus Seminar, Yopal, Cassanare, 

Colombia, January 18-23. 

 

 Cruz, S., Carroll K.C., Castro G. and Sosa M.D, (2015) Implementation of Drip Irrigation 

System Facilitates Collaboration Between Future Agricultural Leaders. NM WRRI’s 60th 

Annual New Mexico Water Conference, Coloring Outside the Lines: Can Science Help Us 

Be Creative and Innovative in Managing Our Water, Taos, NM, October 7-9. 
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