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ABSTRACT 

Presicion agriculture is a new field of research, especially in Morocco. It is used to               

optimize the use of resources, define and monitor the exact need of soil in terms of the                 

application of water, fertilizer, and peticide. This project represents a background on            

precision agriculture, and a way to adabt it into a small farm. In my research, I used a small                   

farm as a case study and focused on analyzing how an automatic drip irrigation system using                

sensors will optimize the use of water, and increase crop yield.  
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I. Introduction 
 

Agriculture in the Morrocan context is a very crucial sector. It represents 14% of the Gross Domestic                 

Profit, and employs up to 40% of the population, making agriculture an engine of economic growth [1]. The                  

agriculture reserved area is estimated at 8, 700, 000 hectares which represents 12% of the total area of the                   

country. Higher yields and higher quality products have led to an influx of investment in the agricultural                 

sector in Morocco; the kingdom hopes to increase the profits generated by agricultural production and               

increase exports.[1]  

The growth of the agricultural sector is an effective tool to fight against rural poverty, and it’s one of                   

the goals of the new Green Morocco Plan. Agriculture is really at the center of concerns for sustainable                  

development and Food Safety. In addition to its contribution to the economy of nearly 14%, its                

socioeconomic impact is much higher thanks, in particular, to its agricultural  inputs  and agro-industry[1]. 

The Green Morocco Plan was launched in April 2008. It Represents an ambitious strategy that aims to                  

make the Moroccan agricultural sector a real lever of socio-economic development in the Kingdom, through               

the acceleration of growth, the reduction of poverty and the consolidation of the integration of agriculture                

into national and international markets. This plan is based on two major pillars: modern and inclusive                

agriculture. The goal of this modern agriculture is to develop efficent agriculture, that would be adapted to                 

the rules of the market, thanks to a new wave of private investments, organized around new models of fair                   

aggregation. Concerning inclusive agriculture, the objective is to adopt an approach that will fight against               

poverty, by significantly increasing the agricultural income of the most vulnerable farmers, especially in the               

remote areas[2]. 
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One of the pillars of Morocco's economy is currently under pressure by the scarcity of water, which                 

threatens vast areas of agriculture The parched fields stretch as far as the eye can see along the plains                   

overlooking Agadir, in the southwestern Morocco. With the persistent drought, this large agricultural area is               

deprived of irrigation by dams, whose water is now reserved for the inhabitants. "These trees are almost 20                  

years old, they are dead, there is no more water", sighs Ahmed Driouch in front of the withered orange trees                    

of a farm near Agadir[3]. Faced with a drought that has lasted for three years and which weighs on water                    

resources, the authorities have found no other solution than to gradually divert water from the dams that                 

irrigated farms in the Agadir region (Souss- Massa) to ensure access to drinking water for nearly a million                  

Moroccans[3]. In my research, a small part will be dedicated to using clean energy for electricity                

consumption, and most impotantly I aim to find an applicable solution to decrease the use of water and avoid                   

its waste using smart farming and precision agriculture.  

II. Precision Agriculture And Smart Farming: 

Precision farming began in the mid-1980s in the United States and during the 1990s in               

France. By combining technologies (Geomatics, IT, Electronics) and agronomy, precision agriculture           

provides farmers with solutions that improve the economic and environmental performance of            

production. It facilitates the execution of the work thanks to a tailor-made intra-plot and              

non-standardized management. Controlling the consumption of resources (input, energy, water,          

finance, etc.) in order to produce better is the basis of this dynamic. Simply say it's the right dose, at                    

the right time and in the right place[5]. Precision farming adds value at every stage of the crop growth                   

cycle. Auto-steering technology allows cultivators to plow or harvest down to the centimeter, even at               

night and in the most adverse weather conditions. Geo-mapping makes it possible to map soils               

according to their composition. Each area then benefits from tailor-made treatment using programmed             

agricultural machinery. As soon as the crops emerge from the ground, sensors at the edge of the field                  
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transmit information about their health and their growth process ... These are just a few of the many                  

applications of precision agriculture, a technology that is in its beginnings[6]. 

1. Benefits of precision agriculture and smart farming: 

The expected benefits for farmers are: 

● c 

● Improving the image of the profession 

2. Limitations of Smart Farming and Precision agriculture:  

From all the scientific literature, it appears relatively clearly that the benefits of             

Precision Agriculture diverge significantly depending on where you are, the spatial contexts            

or the pedo-climatic conditions, among others (quite simply because these contexts and            

conditions are different). Hence the interest of clearly differentiating between global and            

local approaches. Also not always try to apply an approach that works perfectly in one               

context to another that is different. You have to compare two similar cases. It remains               

relatively difficult to estimate precisely whether someone who commits to a Precision            

Agriculture strategy will necessarily benefit from it. It is also seen that researshers should              

stop always putting Precision Agriculture in front of saving resources (water, fertilizers,            

pesticides, etc.). Under certain conditions, this can actually happen, but in others, Precision             

Agriculture will allow the inputs to be redistributed in space and / or time (differentiated               

application, higher efficiency) without necessarily reducing them. It is imperative to remain            

transparent and honest about the interests of this strategy. When we talk about economic gain               

(higher production or cost savings), we must also be transparent about the entire process              

(what is the cost of the service, the equipment, the time spent in addition ...). 

10 



 

III.         Case Study: Timdghas, Morocco  

1. Location and activities:  

 

Figure 1: A Google Earth of The Farm  

Timdghas is a smalll village 40 km from khenifra, where my client (my father) has a 24                 

hectares farm, with two wells, and two water reservoirs. It also contains 2.5 hectares of apple                

crops. During my interview with my client, he mostly mentioned thses issues: Huge electricity              

bills, a lot of water waste and need, and the expenses outweight the profit.  

My suggestions that will be mentioned in more details later on are:  

● Use solar panels to minimize the electricty bills and use clean energy. 

● Build a tomato greenhouse since tomatoes are expensive in that area.  

● Use an autonomatic drip irrigation system for a better use of water, better productivity and               

to reduce labor.  

2. Optimizing electricity consumption using: 

a. Electricity Consumption in The Small Farm: 

In this small farm the electricity bill ranged from 2000-2500 MAD, when my client used               

water pumps to get water from the well in order to use drip irrigation on the apple crops(All                  
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electricity bills will be down on the Appendix). Later on, they built a reservoir on an incline to                  

save water from the rain, and from a water source without any need for pumps since it was on an                    

incline, and thus save a lot of energy.  

 

Figure 2: Electricity Bill From April 2019 To May 2020 

The average amount is 978, 50 MAD. In order to cut these electricity bills by up to 50%, the use 

of solar panels to power the electricity would be a good alternative.It’s important that in this case, 

to make the use of clean energy accessible and affordable, we won’t use batteries to store energy 

during the night, and these solar panels will only be used during the day.  

b. Solar Panels Financial Study: 

In a previous study I conducted an Energy Audit, and I was able to contact a company 

named Unimagec. This latter was really helpful in giving me an estimation of the cost of 

installation of these solar panels, after providing them with the right informations about the pumps 

used and the house inthe farm.(Le Devis de paiement will be available in the Appendix).  
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Table1: Total Energy Used and Cost 

 

These are some information about the new solar panels that’ll be installed in the small farm: 

Table 2: Information About The Solar Panels Suggested  

Energy generated per month by the solar system: 410.4 Kwh/Month 

Cost of the Energy using this solar system: 

➔ (Total energy used per month - Energy generated by the solar panels)*1.61= 639.25MAD 

➔ 50% of the bill is reduced, This solar system saves almost 660.74 MAD every month, 

which is approximately 6000 MAD every year.  

➔ In this case the payback period is:  

Payback Period= Initial Investement(Cost)/ cash flow per year 

                                                 = 61 702/6000 

                         Payback Period= 10.28 years. 

➔ We conclude that the use of a solar system in this small farm has a positive impact on the 

long term. It makes sense that the payback period is long, since the initial investement is a 

big one. 
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 Total energy used Total cost 

Per day 26.91 Kwh 43.32 MAD 

Per Month 807.45 Kwh 1296 MAD 

Device Type Number of panels Energy generated per 
year (8 months) 

Total cost Lifespan 

PANNEAU 
SOLAIRE JINKO - 
285W MONO 

20 Panels 4924.8 Kwh/year 61 702 MAD 25-30 
Years 



 

3. New project tomato greenhouse:  

Since one of the main issues adressed to me by my client was the fact that the expenses 

outweight the cost, I suggested that it would be a good idea to build a tomato greenhouse and 

make profit out of it. Also, it’s a great opportunity to introduce my client to an automatic drip 

irrigation system, that will optimize the use of water, and reduce labour.  

This are the caracteristiques of the greenhouse[16]: 

● A 3500 m² greenhouse.  

● One line of tubing per row. 

● 23 100 liters/ greenhouse of 3500 m²/ day. ( It’s normally 19 600 liters/day for a 3500 m² 

greenhouse, but in this case the efficency of application is 85%) 

● On average it needs 3.3 liters/Plant.  

I was able to gather this data from owners of a greenhouse in Minnesota, USA, and this is 

a graph representing the need of water for tomatoes: 

 

Figure 3[16]: Needs of Water in a Tomato Greenhouse In Function of time 
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Another greenhouse is Missouri, USA, provided valuable information especially about the 

first weeks after planting:  

 

Figure 4[17]: Water Needs For Tomato In The First Few Weeks 

4. Problematic:  

 
Tomato watering schedules should be based on  the tomato needs. How can it be 

possible to devide the hours of drip irrigation (3 hours/day) without causing any loss of water, 

possible leaching of fertilizers and the risk of suffocation condiitions?  

This is where an automatic drip irrigation system that is controlled by the soil moisture can 

be applied. In order to find the eloquent system in this case, I decided to start with a system built 

for small scale irrigation.  

 

VI. Automatic Drip Irrigation System Analysis: 

1. Automatic Drip Irrigation Using Arduino:  

In order to know what the best method to follow, I decided to give it a try just on a small                     

scale, to analyze the efficency of this automatic drip irrigation system.  
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This automatic drip irrigation system will help provide water to the greenhouse            

automatically hen the plant needs it, and it includes:  

A soil moisture sensor: which is used to read the soil content, values depend on the resistance of                  

the soil, since it compares the sensor voltage with a supply voltage source which is 5V. The values                  

vary from 0 to 1023. (0 most wet, adn 1023 very dry) 

A temperature sensor: (LM35) which reads the ambient temperature(-55 ˚C to +120 ˚C) 

LCD Dsiplay: It is provided to monitor the status of the water supply, the soil, and its                 

temperature.  

Water Level switch: It contains a Reed Magnetic Switch surrounded by a floating magnet. that               

conducts when water is available. [19]  

And finally Arduino Uno which controlls this system, and is connected to the sensors and display                

devices.  

 

Figure 5 [19]: Components Used In This Arduino System 

This is a more detailed and explicit view of the system:  
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Figure 6 [19]: Block Diagram Of The System  

The Arduino reads the status of the soil provided from the soil moisture sensor and if the soil 

moisture is dry, it goes through these steps: 

1. It checks whether water is avalaible, using the water level sensor.  

2. If the sensor indicates that water is available, the pump is then turned on. 

3. Once the sufficient amount of water is provided,  the soil moisture reaches the wanted 

amount the water is automatically turned off.  

4. If the water is unvailable, then the speaker notifies the user with a sound.  

5. The status of the soil, whether it's dry, moist, or soggy, the temperature, and the avalability 

of water are displayed on the LCD screen.  

The Arduino code mentionned below is an open source code taken from Technocrat and it has all 

the necessary information on how the automation based on soil moisture works. The  3 values of 

the conditions of soil can be changed, Since the moisture wanted varies in function of different 

crops.  
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Figure 7[19]: Arduino Code Part 1 

 

 

  Figure 8[19]: Arduino Code Part 2 

● It’s a fairly long code, so i just included the parts with the if statements regarding 

conditions about the soil moisture. It is also not included in this code that the drip 
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irrigation should only go on for 3 hours a day(separated however the system sees fit), and 

then stop until the next day.  

2. Analysis of water saved using the automatic drip irrigation system: 

Since it was impossible to actually build the prototype and get real life data, I was able to 

use the IoT cloud Thingspeak, which is a platform tha stores and processes IoT data.  

It’s a free Platform that analyzes and visualizes data. It also executes Matlab codes, and 

gives an analysis of data on the spot. The most interesting feature I used, Thingspeak, is that it 

stores data about farms from all over the world.  

a. Thingspeak: 

I used my Matlab account to access this platform and create my channel that will store the 

data from the soil moisture sensor, and temperature sensor. The figure below shows my channel 

and its fields: 

 

Figure 9[20]: My Channel On ThingSpeak 
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In order to give an accurate analysis of the data from the soil moisture, and the                

temperature, I had to find Data registered from a similar environment i.e a tomato greenhouse in a                 

location where the temperature and soil status  is somewhat similar to Timdghas, Morocco.  

and this below is the data gathered from their greenshouse[14].  

These are just examples of graphs generated by Thingspeak using the data of a public channel:  

 

 

         Figure 10[20]: Average Temperature                   Figure 11[20]: Average Humidity  

 

 

  Figure 12[20]:  Temperature Over time                    Figure 13[20]: Humidity Over time  

 

One of the challenges I encountored whie doing my research is finding reliable data. I 

wanted to test my system in the field on a small scale. Since on campus we have all the equipment 
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needed, but these COVID-19 circumstances decided otherwise. Thus, I looked up data On 

thingspeak, but I wasn't able to find a reliable soil moisture dataset.  

Kaggle, an online community for machine learning and data storage[21], was very helpful 

in my case. I found a set of data of a soil moisture sensor that will help me with my analysis and 

comparaison between a basic and automatic drip irrigation system. The graph below represnts the 

registered soil moisture during the day for tomato crops[20]. These soil moisture values are 

compared to a voltage supply source of 5V.  

 

Figure 14[21]: Soil Moisture Over Time  

Depending on the voltage, the water circuit opens when V exceeds 3.6 V, which represents 

dry soil, and closes when V reaches 1.8 V which is humid soil[20]. Meaning that the water only 

gets used based on the needs of the plant and this helps avoid either excess of water or the lack of 

it. 

b. Discussion and analysis: 

The tomato plants are sensitive to both the deficit of water and its excess. Between the 

flowering, fruit set and fruit enlargements the range of water that it needs is critical. Since the 
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tomato crops need a total of 3 hours of irrigation per day, but not at the same time otherwise the 

plant is going to be suffocated. This developed automatic drip irrigation system splits the daily 

doses of water over time, without wasting water, or damaging the plant. It adjusts the duration of 

the drip irrigation according to the data given from the soil moisture sensor. Accroding to its 

users, in fairly bigger farms, it saves up to 20-25% of water, stablizes production from one year to 

the other, Decreases labour, and most importantly this type of drip irrigation system has a positive 

impact on the environment. In order to know exactly the amount of water saved especially in this 

study further research and applications are required.  

An automatic drip irrigation system that optimizes the spatial and temporal delivery of 

water is a well-managed irrigation method to support crop growth and yield and increase the 

economic performance of crop production. Irrigation that is automatically and specifically 

adjusted to the needs of plants and weather conditions eliminates over-watering significantly. For 

the measurement of moisture within the soil, a soil moisture sensor is designed to monitor and 

activate irrigation as needed by the crop[25]. 

 

V. STEEPLE analysis:  

 

1. Social: 

 The use of precision agriculture and new innovative methods in Morocco will benefit its 

farmers and society. Using these new methods will increase crop yields, and automatically 

increase their profit especially in small farms. These new technologies will also help create new 

job opportunities for technicians and specialts to give training to the farmers.  
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2. Technological: 

Using these new technologies means relying more on cutting edge technology. In fact, 

these techniques will help gather data and store it for future use, it also involves the use of new 

gadgets and devices.  

3. Economical:  

Using this automatic drip irrigation system in a small farm will significally increase their 

crop yields, and increase thei profitabiliy. Meaning that poverty will decrease and Morocco's 

economoy will improve to the better since agriculture is one of its pillars.  

4. Enviromental:  

This automatic drip irrigation system will play a big role in preserving nature, since it will 

mainly optimize the available resources, and work on decreasing the water waste, and most 

importantly decrease the pollution and issues that threaten the underground waters.  

5. Political:  

This new technique doesn’t have any political harm whatsoever, however it will help 

Morocco export big amounts of crops since the production will increase. Thus, its use will be in 

facor of Morocco and its competitors in the agricultural sector.  

6. Legal: 

The use of this system is legal, and doesn’t go against any law that is frawnd upon by the 

Morrocan authorities.  

7. Ethical:  

This project will not hurt the environment or the Moroccan community in any way, and 

follows the rules of ethics since it aims to preserve water and affect positivly the Moroccan 

agricultural community.  
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VI.  Conclusion and Future Work: 

 

As in any respected Projects, there have been a lot of challenges and obstacles to get the 

results I did. First of all, it was impossible to implement the actual Arduino part in order to test it 

on just a small scale, because of the lack of material since I wasn’t able to get to campus. Second 

of all, it was really hard to find an accurate dataset on the internet with the caracteristics I wanted.  

As for future work, there is more than one way to make this project more appealing, and 

profitible, and not only by my client but for the whole small farming community. The next step 

would be to use IoT to store and process the data gathered from the sensors. 

Moreover, the use of Iot will help the farmers digitilize their agriculture more, and also 

help them forecast results and get more insights based on collected data from similar conditions.  
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