
Maximizing yields per area in
hydroponics
Since the 1940’s hydroponics – which I use to talk about a
broad variety of soilless growing methods – have promised to
deliver better plant yields than soil culture with less water
usage and higher fertilizer efficiency. However there are many
different  types  of  soilless  cultures  that  vary  in  their
initial cost, media used, irrigation method used and potential
for yield. Today I want to talk about the decisions that need
to be made if you want to maximize yields in a hydroponic crop
and the compromises that you may have to make in order to get
there.

–

–

There are mainly two ways in which yields can be increased in
crops. The first is to increase the amount of production you
can achieve per plant and the second is to increase the amount
of plants you can have per area. Maximizing crop production
requires  using  methods  that  allow  you  to  reach  the  best
compromise between these two, maximize the product of plants
per  area  with  production  per  plant.  This  often  means  not
having the largest amount of plants you could possibly grow
per square meter and not having the largest possible yields
you could have per plant.

Assuming that plants are getting adequate lighting and carbon
dioxide there are two things that can be done to maximize the
amount of yield per plant. The first is to ensure that plants
can get optimum contact with nutrient solution as often as
possible. This means that nutrient solution should always be
saturated with oxygen and that irrigation should happen as
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often as possible. This ideally means that the media should
not allow for any waterlogging but should allow the solution
to flow freely and constantly. The second is that the nutrient
solution should contain adequate amounts of all nutrients –
all within the plant’s sufficiency ranges – with adequate
temperature, pH and EC values. The optimum nutrient ratios in
solution depend on the plant being grown and they can play a
substantial  role  in  getting  better  yields  per  plant,
especially  in  flowering  crops.  Here  are  some  scientific
articles with some experiments about some of the above (1, 2,
3, 4, 5, 6).

A typical problem when maximizing yields per plant is that
this immediately means larger energy expenditure. It often
means  close  to  constant  irrigation  systems  with  highly
efficient  oxygen  pumps.  It  also  means  potentially  more
expensive media – such as expanded clays or rockwool – with
closed systems where solutions need to be closely monitored.
Systems of this sort are more vulnerable to power outages and
they are much less forgiving with grower mistakes. Plants are
much more dependent on the ideal conditions being created
around them and deviations from these conditions can eliminate
any potential advantages that were obtained when going for
this system class.

Our next area of yield maximization is to increase the number
of plants per area. To do this we basically need to increase
two things: light and ventilation. The main limiting factor in
having more plants is the light that they can receive so
either  changing  to  systems  where  light  can  be  better
distributed – such as growing towers – or using more lights
can alleviate this problem. Some growers have even used high
power  LED  strips  between  plants  to  fix  this  issue.  Since
plants also absorb carbon dioxide around their leaves we also
need to ensure we have stronger ventilation to ensure none of
our plants are getting starved. Increasing plant density also
increases the propensity of our plants to catch and transmit

https://www.researchgate.net/publication/284315856_Effects_of_oxygen_super-saturated_nutrient_solutions_on_greenhouse_tomato
http://www.actahort.org/books/548/548_66.htm
http://www.actahort.org/books/614/614_102.htm
http://www.sciencedirect.com/science/article/pii/0304423883900663
https://link.springer.com/article/10.1007/BF02358003
http://www.actahort.org/books/396/396_3.htm


diseases so environmental manipulations like lower humidity
are often coupled with increases in density to decrease these
risks.  See  these  articles  for  more  on  yields,  light  and
density (1, 2, 3, 4).

–

–

Increasing  plants  per  area  automatically  decreases  yields
after one point but it is often the case that you can get
larger final yields per area by compromising some yield per
plant in the process. Even if plants yield 10% less this might
be worth it if you can include 2 more plants for every 10
within your hydroponic crop. The key to maximizing yields per
area is to find how far you can push this before getting
substantial  issues  that  may  dramatically  decrease  plant
yields.

It is worth noting that steps taken to maximize yields are
also often steps taken in making the crop more susceptible to
problems. While lower yielding setups, like for example run to
waste setups with sparse plant density, are often easy to
manage and very forgiving, more technical setups like closed
loop constant irrigation systems at high plant densities can
be  much  better  yielding  but  much  more  prone  to  problems,
requiring much closer monitoring and attention. This is why
many growers might get better yields with setups with lower
yielding potential, because their mistakes are punished much
less harshly under these conditions.
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A  Simple  Home-Made  PVC
Hydroponic Growing System
When I moved into my new apartment I wanted to build a small
hydroponic system I could use to grow basil just next to a
window. Since I absolutely love to cook Italian food and fresh
basil is a key ingredient this seemed like the best solution
to enjoy my cooking to its fullest and practice the building
of a new hydroponic system. I finally decided to build a very
cheap and simple PVC system which currently hosts 6 beautiful
basil plants that give me more than enough basil for all the
Italian cooking I could possibly want. On todays post I want
to share my system’s design and description with you as well
as some picture of my basil plants, showing you how they are
doing under this great – yet very simple – PVC hydroponic
growing system.
The system I built can be classified as a continuous Ebb and
Flow  system.  It  basically  has  a  2  inch  PVC  pipe  with  a
horizontal cut on top, a reservoir, an air pump, a water pump
and a 1 inch PVC framework that also acts as a secondary
reservoir for the nutrient solution. The system is filled with
river bed gravel as a growing media and it can be used for the
growth of almost any type of plant. Of course, any rocky media
that easily allows nutrient solution flow can be used and a
larger pipe diameter can be used to grow other plants such as
tomatoes, cucumbers, etc. For larger plants a 4 inch diameter
PVC pipe and a 2 inch frame work would be required. A diagram
of the system is shown below (sorry for the poor drawing
skills ;o) ).
– –
As you can see, the pump constantly sends solution from the
reservoir below to the gravel bed inside the 2 inch PVC pipe
located above it. The solution recirculates and goes down to
reenter the reservoir. Even though the actual passage of the
solution may seem “biased” towards once side, the truth is
that a small part of the solution actually flows through the
whole pipe and ends up draining through the other side as I
have not noticed any difference in development between plants
in opposite sides of the tube. Since there is a level that has
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to be filled within the tube before a return of solution is
established there is a constant feeding of aerated solution
for the plants.
This system is very cheap to build and it can be made with 6 –
90º elbow joints, 3 – T joints, 2- 2′ to 1′ adapters, 5 feet
of 2 inch PVC piping and about 10-15 feet of 1 inch PVC
piping.  You  also  need  a  container  that  can  hold  enough
nutrient solution volume, a water pump and an air pump. The
system provides very good growing conditions for plants and
the gravel media provides adequate support for a wide host of
vegatable  varieties.  This  system  is  also  great  for
strawberries and similar crops. Several improvement over this
design are obviously possible and many will be featured on
future blog post articles as I implement and test them.

– –
The above picture shows you my setup with the basil plants
currently  growing  vigurously  (they  are  currently  about  60
centimeters high). Above the system you can have a small look
at the high power LED fixture I built myself to provide these
plants enough light (as hardly any light gets through the
window). I hope you have enjoyed this article and decide to
build your own simple home-made PVC hydroponic growing system.
Make sure you leave any comments with questions or suggestions
you may have :o).
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