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What  is  hydroponics?


Growing	
  plants	
  hydroponically	
  means	
  that:	
  	
  
Plants	
  grow	
  without	
  soil…	
  
…in	
  a	
  water-­‐based	
  nutrient	
  soluHon	
  
	
  …in	
  materials	
  that	
  give	
  plants	
  the	
  support	
  
they	
  need…to	
  thrive	
  in	
  a	
  growth	
  chamber	
  
with	
  a	
  delivery	
  system	
  that	
  gets	
  the	
  nutrient	
  
soluHon	
  to	
  the	
  plant	
  roots…	
  
…with	
  either	
  natural	
  or	
  arHficial	
  lighHng.	
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Hydroponics  has  been  around  for  over  2000  years…  
but  technologies  give  it  a  new  spin  today!


PLANTS,	
  LLC	
   3	
  



Hydroponic:  Advantages  &  Disadvantages

1.  Healthier	
  plants	
  –	
  having	
  

a	
  near-­‐perfectly	
  balanced	
  
diet	
  

2.  Healthier	
  consumers	
  –	
  
less	
  need	
  to	
  use	
  
herbicides,	
  fungicides,	
  
and	
  pesHcides	
  

3.  Higher	
  Yields	
  –	
  without	
  
water	
  and	
  nutrient	
  
stresses,	
  plants	
  grow	
  
faster	
  and	
  can	
  be	
  grown	
  
more	
  compactly	
  

4.  ConservaHon	
  –	
  prevenHng	
  
evaporaHon	
  and	
  runoff	
  

5.  Year-­‐round	
  producHon	
  
schedule	
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1.  IniHal	
  set	
  up	
  costs	
  can	
  be	
  
high	
  

2.  Because	
  plants	
  share	
  
nutrient	
  fluids,	
  diseases	
  
and	
  pests	
  can	
  quickly	
  
move	
  from	
  plant	
  to	
  plant	
  

3.  Maintenance	
  
requirements	
  can	
  
increase,	
  depending	
  on	
  
the	
  system	
  used	
  and	
  crop	
  

4.  A	
  power	
  outage	
  can	
  
destroy	
  a	
  crop	
  

5.  IniHal	
  set	
  up	
  requires	
  
technical	
  knowledge,	
  
Hme,	
  and	
  commitment	
  



Types  of  Hydroponic  Systems


• Passive	
  
• Water	
  Culture	
  

• AcHve	
  
• Media-­‐Based	
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Passive  System
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Image	
  Credit:	
  hZp://tlc.peoriaud.k12.az.us/Enviromental%20and%20Agriculural/Hydroponics/lesson6.htm	
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AcHve  System




PLANTS,	
  LLC	
   9	
  

Source:	
  KidsGardening.org	
  



Wick-­‐based  Systems
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Ebb  &  Flow  System
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Credits:	
   	
  hZp://hydroponicsgrower.org/introducHon-­‐to-­‐different-­‐types-­‐of-­‐hydroponics-­‐systems/	
  

	
  hZp://gardenious.com/tag/ebb-­‐and-­‐flow-­‐hydroponic-­‐system-­‐Hming/	
  	
  



Drip  System
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Source:	
  hZp://doctorgardening.com/building-­‐hydroponic-­‐system/ 	
  	
  



Drip  system
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Bubbler  Bucket  System
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NFT	
  System	
  
AcHve	
  Rac	
  System	
  



How  much  would  it  cost  to  set  up  
a  hydroponic  system?

•  Low	
  cost:	
  $	
  

• Moderate	
  cost:	
  $$	
  

• Modest	
  cost:	
  $$$	
  

•  Large	
  investment:	
  $$$$	
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What  to  know  to  be  successful  
with  your  hydroponic  system
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LighHng  –  Most  CriHcal  Factor


Choose	
  lighHng	
  based	
  on	
  	
  
•  Type	
  of	
  plant	
  	
  
•  Stage	
  of	
  plant	
  culHvaHon	
  
• Photoperiod	
  required	
  (or	
  tolerance	
  range)	
  
• Range	
  of	
  light	
  spectrum	
  preferred	
  by	
  plant	
  
• OpHmum	
  lumen	
  &	
  color	
  temperature	
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Kelvin  Temperature  Chart
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Source:	
  	
  Grow	
  light	
  -­‐	
  Wikipedia	
  



Common  types  of  arHficial  lighHng


High	
  Intensity	
  Discharge	
  (HID)	
  lights	
  	
  
Metal	
  Halide	
  (MH)	
  	
  
Ceramic	
  Metal	
  Halide	
  (CMH,	
  CDM)	
  	
  
Combina7on	
  MH	
  and	
  HPS	
  ("Dual	
  arc")	
  	
  
High-­‐Pressure	
  Sodium	
  (HPS)	
  	
  
Conversion	
  bulbs	
  	
  
Switchable	
  ballasts	
  	
  

	
  	
  
LEDs	
  (Light	
  Emikng	
  Diodes)	
  	
  
	
  	
  
Fluorescent	
  	
  

Tube-­‐style	
  fluorescent	
  lights	
  	
  
Compact	
  Fluorescent	
  Lights	
  (CFLs)	
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For  example
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Select  seed  varieHes  that  do  best  
in  a  hydroponic  culture
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Maintain  opHmum  condiHons  for  
your  plants

Consider	
  plant’s	
  ideal…	
  
•  Temperature	
  
•  Light	
  intensity	
  
•  Spacing	
  
InvesHgate	
  your	
  plant’s	
  	
  
•  life	
  cycle,	
  	
  
•  structural	
  needs,	
  	
  
• pollinaHon	
  and	
  reproducHon	
  processes,	
  and	
  	
  
• disease/pest	
  vulnerabiliHes/resistances	
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Explore  plant  mineral  requirements


•  The	
  primary	
  mineral	
  nutrients	
  plants	
  require	
  are	
  
nitrogen	
  (N),	
  phosphorus	
  (P),	
  and	
  potassium	
  (K).	
  
•  Secondary	
  mineral	
  nutrients	
  include	
  calcium	
  (Ca),	
  
magnesium	
  (Mg),	
  and	
  sulfur	
  (S).	
  	
  
•  Plants	
  also	
  need	
  these	
  micronutrients	
  boron	
  (B),	
  
copper	
  (Cu),	
  iron	
  (Fe),	
  chloride	
  (Cl),	
  manganese	
  
(Mn),	
  molybdenum	
  (Mo),	
  and	
  zinc	
  (Zn).	
  	
  
•  See	
  interacHve	
  periodic	
  table	
  of	
  plant	
  nutrients	
  at:	
  
hZp://www.cropnutriHon.com/nutrient-­‐
knowledge	
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Explore	
  using	
  
different	
  
materials	
  to	
  
support	
  
plant	
  
growth.	
  
For	
  example,	
  
compare	
  
Vermiculite	
  
and	
  Perlite	
  
as	
  materials	
  
for	
  seed	
  
germinaHon.	
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LeUuce  Seedlings


Romaine	
  
Outredgeous	
  (red	
  leaf)	
  romaine	
  
Bambi	
  

Arugula	
  
Nashes	
  Green	
  OG	
  Kale	
  

Summer	
  Crisp	
  
Red	
  Russian	
  OG	
  Kale	
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Explore	
  
water	
  
quality	
  
analysis	
  
using	
  
simple	
  and/
or	
  more	
  
complex	
  
technology	
  
tools.	
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Temperature,  EC,  pH  Meter,  
Programmable  Timer
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You	
  may	
  want	
  to	
  
design	
  your	
  own	
  
Arduino	
  controls	
  to	
  
monitor	
  hydroponic	
  
system	
  funcHons	
  and	
  
processes	
  such	
  as:	
  
•  pH	
  
•  Temperature	
  
•  Electrical	
  
conducHvity	
  

•  Water	
  level	
  
•  Data	
  logging	
  	
  



Compare	
  &	
  
contrast	
  the	
  
characterisHcs	
  
of	
  different	
  
plant	
  species	
  
and	
  varieHes.	
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OUTREDGEOUS  Romaine  LeUuce  
Lactuca  saHva
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ARUGULA  -­‐  Arugula  Rocket  
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NASA  supports  humans  in  space  with  
the  Veggie  Machine  on  the  ISS


Image	
  credit:	
  NASA	
  Space	
  StaHon	
  Research	
  



Outredgeous  LeUuce  on  ISS
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Track  Hydroponic  Plant  Growth
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Enjoy  your  harvests
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Technical services include workshops, demonstration training, online 
professional development, research, and program evaluation.

Laurie F. Ruberg, Ph. D.
PLANTS, LLC

22 Maple Ave., Wheeling, WV 26003
2650 University Ave., Morgantown, WV 26505

Email: lfruberg@gmail.com   Cell: 304-639-3894   Web: http://e-learningtalk.com

Promoting science, technology, engineering, art & 
math (STEAM) education and sustainability practices.
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Plant	
  Lessons	
  And	
  ENgaging	
  Technology	
  Systems	
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