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Session 5 

Gardenbot 
The cornerstone of society is agriculture, without which we would still be nomads hunting and 

gathering.  It is through technological innovation that we can produce goods with little effort, granting 

time and energy to the arts and sciences.  This freedom to explore returns the favor, as advances in 

technology can be applied to greater resource management, and resources that are more abundant 

gives opportunity for greater technological advance. 

In homage to this cycle, we will be creating automated gardening robots.  Our simple Arduino-

controlled sensors will aid us in the maintenance of our plants, which will in turn lead to better growth 

and productivity.  By sowing our knowledge, we can reap a larger harvest. 

Moisture Detection 

 Ensuring our plants receive enough moisture is vital to their livelihood.  A fairly simple and 

effective method of doing this is to detect the resistance in the soil, as water is an electrical conductor.  

Using two galvanized nails and a 10kΩ resistor (to create a baseline), the Arduino can measure the 

electrical resistance.  Just add a couple LEDs to indicate water level, and the connections look like this:  

 

 

 

 

 

 

 

 

 

 

 

 

 

+ + 
-  -  

10kΩ 

220Ω 



4H Robotics Beginner Group 2015-2016 

 
54 

 

For our moisture detectors, we will use nails 

embedded in Plaster of Paris, which will help ensure 

the moisture detected and distance between the nails 

will be consistent.   Using a short line of plastic tubing 

(a hose will do) filled with the wet plaster, just insert 

nails so they are not touching each other, and let dry. 

Technically gypsum (plaster) measures soil 

water tension.  When gypsum is dry it is not possible 

for electricity to pass between the probes, essentially 

making the probe an insulator with infinite resistance. 

As water is added to the plaster more electrons 

can pass between the probes effectively reducing the 

amount of resistance between the plaster to the point 

when it is fully saturated where the probe has virtually 

zero resistance.  By using this range of values you can 

determine the amount of water than exists in your soil. 

 

Take your utility knife and cut the tubing 

slightly longer than your galvanized finishing nails.  

Optional: Make the cut diagonally to prevent a 

potential vertical fracture line. 

Mix Plaster of Paris and carefully fill with to the 

top.  The friction between the tubing should keep a 

watertight seal where you made the cut (though tape 

can help). 

Take your two galvanized nails and push them 

through a small piece of wax paper or tape.  You may 

also allow the plaster to setup for a few minutes and 

then float the nails in the plaster. 

http://i1.wp.com/lh6.ggpht.com/_Xcv0VbxbRcc/Svd01VBdMrI/AAAAAAAABVk/4KH6ALpNVUA/s1600-h/IMG_4581[2].jpg
http://i1.wp.com/lh5.ggpht.com/_Xcv0VbxbRcc/Svd0xzu2EqI/AAAAAAAABVc/WqR6JKy8jJ8/s1600-h/IMG_4580[2].jpg
http://i2.wp.com/lh3.ggpht.com/_Xcv0VbxbRcc/Svd0sgrpIpI/AAAAAAAABVM/V3S-jSb_GBI/s1600-h/IMG_4578[2].jpg


4H Robotics Beginner Group 2015-2016 

 
55 

 

Make sure the nails are not touching each other! 

 

After allowing the sensor to cure for about an hour remove it and gently pull back the plastic tubing.  

Now you have a nice clean soil sensor! 

 

Lay them out to dry for 24 hours to cure completely and their construction is complete.  Attach wires 

from the Arduino to the nails using alligator clips.  

http://i2.wp.com/lh5.ggpht.com/_Xcv0VbxbRcc/Svd1L9JW6BI/AAAAAAAABWM/TW8KKMh4jVI/s1600-h/IMG_4586[2].jpg
http://i0.wp.com/lh6.ggpht.com/_Xcv0VbxbRcc/Svd1PGaygxI/AAAAAAAABWc/y2qHKh2kVQk/s1600-h/IMG_4588[2].jpg
http://i1.wp.com/www.cheapvegetablegardener.com/wp-content/uploads/2009/11/IMG_4589.jpg
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LED Grow Lights 

LEDs cost less to operate than fluorescent or other traditional grow lights, and are perfect for 

low-cost long-term plant care.  A somewhat controversial idea involves the targeted coloration of LED 

grow lights, where instead of white light, the LEDs only produce specific color wavelengths of light that 

aid in plant growth.  Not only is this is supposed to further reduce wasted energy, but it also should 

allow for higher plant yields.  The science isn’t complete here, but organizations like NASA have been 

using this method in experiments, so there could very well be reason to believe this to be accurate. 

The colors we will be using in our LED grow lights are 450-470nm Blue and 640-670nm Red.  The 

claim for these colors related to plant growth is as follows:  For better vegetative growth, blue LEDs are 

preferred, where the light has a wavelength in the mid-400 nm (nanometer) range.  For growing fruits or 

flowers, a greater proportion of red LEDs is considered preferable, with light very near 600-640 nm. 

Light Detection 

To control our grow light so that it only 

comes on at night, we will use a 

photoresistor module.  Simply connect it 

to our circuit as shown:  

 

+ + 
-  -  



4H Robotics Beginner Group 2015-2016 

 
57 

 

Relays 

 To control our lights (advanced: and water pumps), we will need a way to turn on and off a 

power outlet.  For this, we will be using solid state relays.  A relay is simply an electrical switch, though 

most relays use an electromagnet to move a physical switching mechanism.  A solid state relay uses no 

moving parts, and usually consists of a thyristor, which works like a combination of several transistors.  

What is more interesting is that many solid state relays, such as the ones we’re using today, are 

comprised of photothyristors; this means that inside the casing are LEDs that turn the circuit on and off. 

 

Outlet Control Box 

So, let’s give our Gardenbot something to control!  

Start with a power cord (this computer cable will do 

nicely). 

 

Cut the end off the wire (the part with the holes, not 

the plug side!). 

 

Strip the wires so the metal is exposed about ½ an 

inch or so.  
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Thread the wire through the power box and tie a knot in the cord (leaving a few inches free). 

This is where the wires really matter; double-check your work, and make sure to get a second person 

to check your work.  Messing this up can lead to dangerous results.  

 

Note: the brown/black/left hot wire connects to the yellow brass screws on the right, the 

white/blue/right neutral wire connects to the silver grey zinc screws on the left, and the green ground 

wire connects to the green screw at the bottom.  Don’t do it yet; we still need to connect the relay! 
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In our case, the computer cable we have isn’t color coded, but rather the hot side is smoother 

and the neutral is bumpier.  If you’re unsure which is which, follow the cable from the plug down and/or 

use a multimeter. 

 

 

 

 

 

 

 

 

 

 

Attach the hot (brown/black/left/smooth wire) to the 1 position on the AC side of the relay. 

HOT 

Rounded, Smooth 

NEUTRAL 

Ridged, Bumpy 
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Attach the control wires to the relay.  Note positions 3 and 4 have a + and – sign, indicating the DC 

connection, and need longer wires to connect to the Arduino.  The 2 position with the ~ sign will connect 

to the outlet, and needs a short wire. 

 

Attach a 1-inch Velcro or double sided tape to the back of the relay. 
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Fit the control wires through the opposite hole on the box, and use the Velcro/tape to secure the relay 

in the box.  Make sure everything is snug and room is left for the outlet. 

 

Attach the neutral (white/blue/right/bumpy) wire from the plug to the silver grey zinc screws on the left 

side of the outlet.  Secure the green ground wire to the green screw on the outlet. 
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Attach the hot wire from the 2 ~ position on the relay to the yellow brass screws on the right of the 

outlet. 

 

Wrap the screws on the outlet in electrical tape (don’t cover the long mounting screws that connect to 

the box).  
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Screw the outlet in place and attach the cover plate. 

 

 

 

 

Funny problem: Solid State Relays, 

especially less expensive ones, need 

a minimum amount of pull to fully 

turn off.  Since the LED bulbs we are 

using don’t use much electricity, we 

can solve this by simply plugging a 

night light in the empty socket on the 

light control circuit. 

 

 

Parts List: 

Arduino 

prototype shield 

wires 

galvanized nails 

Plaster of Paris 

alligator clips 

photoresistor module 

solid state relay 

outlet box 

outlet 

outlet cover plate 

night light 

10 watt led grow bulb 

clip on lamp 

10k resistor 

220 ohm resistor 

green and red leds 

Velcro 

power cord 

1/2" tubing  
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Final Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        To Relay (-)                       To Relay(+) 

 

 To Moisture Detector 

 (Connect to Nails Using Alligator Clips) 

  

+ + 
-  -  
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Code 

int moisturePin = A0; 
int lightRelay = 6; 
int moistureLED = 8;  
int photoresistor = 9;  
int dryLED = 10; 
int darkTime = 3000; 
long previousDarkMillis = 0; 
long previousDryMillis = 0; 
 
void setup() { 
  pinMode(moisturePin, INPUT); 
  pinMode(photoresistor, INPUT); 
  pinMode(lightRelay, OUTPUT); 
  pinMode(waterRelay, OUTPUT); 
} 
 
void loop() { 
  unsigned long currentMillis = millis();      //current time 
 
  if(digitalRead(photoresistor) == LOW){      //if light detected 
    previousDarkMillis = currentMillis;        //reset counter to 0 
  } 
 
  if(currentMillis - previousDarkMillis > darkTime) {  //if counter greater than darkTime 
    digitalWrite(lightRelay, HIGH);                     //lights on 
  } else { 
    digitalWrite(lightRelay, LOW);                      //else lights off 
  } 
 
  if(analogRead(moisturePin) < 400) {       //if water detected 
    digitalWrite(moistureLED, HIGH); 
    digitalWrite(dryLED, LOW); 
  } else { 
    digitalWrite(moistureLED, LOW); 
    digitalWrite(dryLED, HIGH); 
  } 
}  
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Sources 
http://www.cheapvegetablegardener.com/how-to-make-cheap-soil-moisture-sensor-2/ 

https://en.wikipedia.org/wiki/Grow_light 

https://www.hackster.io/makerguide/diy-relay-outlet-arduino-ce3653 

http://lifehacker.com/5579086/build-an-arduino-powered-tweeting-self-watering-garden-system 

http://hackaday.com/2010/07/02/tomato-irrigation/ 

http://www.inventgeek.com/arduino-automated-nursery 

http://makezine.com/projects/make-18/garduino-geek-gardening/ 

http://www.instructables.com/id/Garduino-Gardening-Arduino/ 

http://biolapse.com/2014/05/biolapse-control-module/ 

http://www.gardenbot.org/ 

http://www.fastcoexist.com/1681422/robots-can-now-tend-your-garden-for-you 

Internet of Farming: Arduino-based, backyard aquaponics - 

https://www.youtube.com/watch?v=X2wWTadsBDA 

DIY Relay Outlet Build - Maker Guide Episode 6 - 

https://www.youtube.com/watch?v=5yWVdmGb960 

How Astronauts Grow Plants In Space - 

https://www.youtube.com/watch?v=bIc51VuEPng 

Planting The Urban Kitchen Garden - 

https://www.youtube.com/watch?v=hyULBJr_9vo 

Urban Kitchen Garden- Short Version - 

https://www.youtube.com/watch?v=Zmja3pfGn80 

Click & Grow Robot Garden - 

https://www.youtube.com/watch?v=bFqYbUCl_O4 

Kitchen Counter Garden - 

https://www.youtube.com/watch?v=S8jAHfYaprE 

http://www.cheapvegetablegardener.com/how-to-make-cheap-soil-moisture-sensor-2/
https://en.wikipedia.org/wiki/Grow_light
https://www.hackster.io/makerguide/diy-relay-outlet-arduino-ce3653
http://lifehacker.com/5579086/build-an-arduino-powered-tweeting-self-watering-garden-system
http://hackaday.com/2010/07/02/tomato-irrigation/
http://www.inventgeek.com/arduino-automated-nursery
http://makezine.com/projects/make-18/garduino-geek-gardening/
http://www.instructables.com/id/Garduino-Gardening-Arduino/
http://biolapse.com/2014/05/biolapse-control-module/
http://www.gardenbot.org/
http://www.fastcoexist.com/1681422/robots-can-now-tend-your-garden-for-you
https://www.youtube.com/watch?v=X2wWTadsBDA
https://www.youtube.com/watch?v=5yWVdmGb960
https://www.youtube.com/watch?v=bIc51VuEPng
https://www.youtube.com/watch?v=hyULBJr_9vo
https://www.youtube.com/watch?v=Zmja3pfGn80
https://www.youtube.com/watch?v=bFqYbUCl_O4
https://www.youtube.com/watch?v=S8jAHfYaprE

