
Getting  all  the  data  to
evaluate  a  problem  in  a
hydroponic crop
Problems are an inevitable part of being a hydroponics grower.
Even  experienced  growers  will  sometimes  face  issues  when
moving between environments or plant species as things change
and new challenges arise. A big part of being a good grower is
to be able to think about these obstacles, find out their
causes and successfully respond to them. In this post I want
to share with you some information about the data you should
gather  in  order  to  properly  diagnose  a  problem  in  your
hydroponic crop. This is important as not having enough data
often makes it impossible to figure out what’s going on, while
simple measurements can often give a very clear view of what’s
happening with the plants.

Take detailed, well documented pictures. What you see is a
very important portion of what describes a plant’s status and
issues. The first thing you should do is document what you’re
seeing – take pictures of the plants showing the problem – and
write down the symptoms you are observing. This documentation
process  should  be  organized,  give  each  plant  an  ID,  take
pictures under natural light or white light of the new leaves,
old leaves and root zones (if possible). Take pictures across
different days showing the evolution of symptoms. Have all
this information so that you can then better interpret what is
going on. Also remember that symptoms do not necessarily mean
deficiencies and deficiency symptoms does not necessarily mean
more of a nutrient needs to be added to a nutrient solution
(for  example  a  P  deficiency  can  show  under  low  nutrient
solution temperature even if P in the solution is actually
very high).
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Taking detailed pictures can help assess whether a nutrient
deficiency is present by gauging the changes in a plant as a
function of time. However these should be confirmed with leaf
tissue analysis as some of these symptoms can have causes not
related with a nutrient deficiency.

Record all environmental data. When a problem happens, it is
often related to the environment the plants are in. Having
recorded data about the environment is a very important part
of evaluating the issue and figuring out what went wrong here.
Getting a good view about the environment usually involves
having  measurements  for  room  temperature,  temperature  at
canopy,  relative  humidity,  carbon  dioxide  concentration,
nutrient solution temperature, PPFD at canopy, and root zone
temperature. All of this data should be recorded several times



per day as they are bound to change substantially between the
light and dark periods.

Get nutrient solution analysis. Diagnosing a problem is all
about having a complete view of what’s going on with the
plants.  The  nutrient  solution  chemistry  can  often  be  a
problem, even without the grower knowing a problem is brewing
there. Sometimes nutrient solution manufacturers might have
batches with larger errors than usual, or the input water
might have been contaminated with something. There is also the
potential of human error in the preparation of the solutions,
which means that getting an actual check of the chemistry of
the solution can be invaluable in determining what’s going on.

Get  leaf  tissue  analysis.  Even  if  the  nutrient  solution
analysis does not reveal any problems, there are often issues
with plants that are related with interactions between the
environment  and  the  solution  that  can  go  unnoticed  in  a
chemical analysis of the solution itself. Doing a leaf tissue
analysis will show whether there are any important nutrient
uptake issues within the plant, which will provide a lot of
information about where the problem actually is.



Expected nutrient ranges for leaf composition of different
species. Leaf tissue can often help tell whether there are
some important abnormalities in progress and may help the
grower assess which causes to look at.

Take  well  documented  pictures  of  tissue  samples  using  a
microscope.  A  microscope  can  be  important  in  determining
what’s going on with plants, because it can show developments
in  roots/tissue  that  cannot  be  seen  with  the  naked  eye.
Microscopes can often reveal very small insects or fungal
structures that would have otherwise gone unnoticed. For this
reason, a microscope and the taking of microscopy images can



be of high value when dealing with a problem in a hydroponic
crop.

With  all  the  data  mentioned  above,  most  hydroponic  crop
problems will be much easier to diagnose. Some of the biggest
failures in dealing with problems in hydroponic crops come
from not gathering enough data and just guessing what the
problem might be given how the plants look. Sadly plants can
show similar responses to a wide variety of problems and – in
the  end  –  nothing  replaces  having  the  data  to  actually
diagnose what’s going on in order to deal with the issue
appropriately. Lacking an evidence-based picture is often the
biggest  difference  between  success  in  diagnosing/fixing  an
issue and failure or even worse problems caused by taking
actions that have nothing to do with the real problem at hand.

Building  a  DIY  control
infrastructure  for  a
hydroponic crop: Part one
Controlling an entire hydroponic crop using electronics is not
a trivial task. This includes everything from the automated
control  of  things  like  relative  humidity  and  ambient
temperature, to other variables, such as lights, solution pH,
conductivity and temperature. Many paid solutions exist in the
market,  but,  in  my  experience,  none  of  them  offer  enough
flexibility to accommodate all potential environments, as all
the ones I know are closed source and do not allow users to
readily modify the firmware/software used to fit the user’s
particular  needs.  Through  the  past  5  years  I  have  setup
control  infrastructures  across  several  different  crops  and
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have usually done so using an entirely DIY infrastructure that
focuses on flexibility and power for the end user. In this
post I want to talk about how this setup usually works and why
I came to these design choices.

Usual  network  configuration  I  used  to  built  electronic
monitoring/control infrastructures for hydroponics

In general the infrastructure I setup relies on the use of
wifi for the communication of the devices. This is because
it’s usually the easiest to setup, although it might not be
the most power efficient or the most desirable in all cases. I



generally divide devices into three camps. There is a main
device – which is usually a capable computer – which serves as
the “central hub” for the entire setup. This computer contains
the main database that stores all information about devices,
sensor readings, calibration variables, alarms, etc and is in
charge of deciding which control actions to take given the
sensor reading it is receiving and the control devices it has
access to. This central computer usually hosts a website as
well, where the user can easily modify things, issue manual
control actions, add new devices, set up alarms, etc. The
computer can be duplicated as well, to prevent this from being
an important point of failure. In several cases we have used a
raspberry pi to play this role.

The second and third group of devices are usually Arduinos
whose  main  role  is  to  either  take  readings  (measuring
stations) or execute control actions (control stations). Some
arduinos might actually serve both purposes as an arduino can
often be fit with things like pH/EC probe readings as well as
relays that control peristaltic pumps that are used to push pH
up/down or nutrient solution into a solution tank. It is worth
noting that the decision of what to do for control is never
taken by any control station but all they do is interpret
control messages from the computer and then try to execute
those actions and then give back some response of what’s going
on. Measuring stations, on the other hand, are only trusted
with the task of taking some measurement from the environment
and broadcasting it to the network, the only thing they might
listen for are messages issued by the computer to modify their
calibration, whenever this is required.

The arduino nano includes wifi capabilities and offers a very
convenient low-power core for measuring stations that do not
require high power to operate sensors

Measuring stations can be fully customized to have as many
reading as the user desires and can be implemented to do all



sorts of things, from measuring temperature and humidity, to
measuring air-flow, to measuring media water content. This
allows  for  dozens  of  different  temperature  and  humidity
reading spots using different kinds of sensors, to monitoring
things such as irrigation flow and solution ORP and dissolved
oxygen values.

The entire setup relies on the use of the mosquitto (mqtt)
protocol in order to have each device brodcast a specific
topic with a specific reading that other devices can subscribe
to. The computer will listen to all the devices it sees within
its database and it is therefore easy for a new device to be
added by a user, since it only requires the inclusion of the
device into the database. The measure/control stations can
subscribe  to  the  specific  topics  their  interested  in  for
calibration  or  control  actions  and  can  act  whenever  they
receive  these  messages.  All  the  devices  are  automatically
added to a web platform and alarms can easily be set for any
of the measurements carried out by the measuring stations.

A big advantage of this approach is that control actions can
be made as complex as the user desires. This includes doing
things like implementing reinforcement learning based controls
for things like temperature/humidity allowing the computer to
use a wide array of measurements in order to take control
actions, not relying solely on the measurement of one limited
sensor to make these decisions. This allows a computer to use
information such as outside temperature to decide how much air
it wants to get into the facility for control, or how long it
wants to turn on humidifiers in order to allow the desired
level of humidity within a grow room.

With all this said, DIY control is definitely not the easiest
route to take. Implementing something like the above will
require the purchasing of a lot of different electronics –
which are sometimes expensive depending on what the user wants
– and does require a lot of time programming firmware and
deploying  software  so  that  the  desired  outcome  can  be



achieved. With that said, the unparalleled level of control is
often worth it and can be accompanied by substantial gains in
the information available to the user, which often leads to
improvements in yields and the significantly quicker catching
of potentially important problems.

On the next part of this post, I will talk about some of the
practical aspects of this project, such as which arduinos and
sensors I usually use and how these are setup to communicate
with the central computer. If you want to learn more about how
I can help you set this up for your crop please feel free to
contact me using the website’s contact form.

Five  common  misconceptions
around nutrient management in
hydroponics
After  many  years  of  experience  as  a  consultant  in  the
hydroponic industry and interacting with dozens of different
customers  growing  different  plants  with  different  systems,
there are some common misconceptions that become apparent as
time goes by. As a chemist, the ones I remember the most are
related  with  the  management  of  nutrient  solution  and  the
diagnosis and treatment of nutritional problems in plants. In
today’s  post,  I  want  to  talk  about  some  of  these
misconceptions and hopefully shine light into what the more
accurate interpretation of these phenomena actually is.

The EC is increasing, my plants are not feeding! One of the
concerns  I  most  commonly  address  is  that  plants  are  “not
feeding”  because  the  electrical  conductivity  (EC)  of  the
nutrient solution is not decreasing, but actually increasing
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after the solution goes through the plants. Many growers think
that EC measures nutrients in a solution, so if a plant feeds
on nutrients, then the EC should naturally decrease as the
plant feeds. This is wrong because the plant consumes both
nutrients  and  water  and  EC  is  a  proxy  for  nutrient
concentration and not for the absolute amount of nutrients in
the water. As a plant feeds it will absorb both nutrients and
water but significantly more water than nutrients. Remember,
plants are mostly made out of water and also use water to
regulate temperature, humidity and nutrient uptake, so they
will take way more water than nutrients, increasing the EC as
they feed. As a plant grows larger it’s nutrient and water
demands grow, but the water demand grows significantly more
than the mineral nutrient requirements, meaning the plant will
progressively increase the EC more and more as it feeds more
and more aggressively.

The plants are yellowing, there must be a nutrient deficiency.
As  soon  as  plants  start  to  show  signs  of  yellowing,  a
significant amount of growers will immediately look and try to
interpret  this  as  a  sign  that  there  is  some  form  of
nutritional deficiency. Most that subscribe to this belief
will look for pictures of deficiencies online and do their
best to match what they see with a deficiency and then proceed
to supplement the solution with some fertilizer that contains



the “missing element”. More often than not, this is actually
not caused by the composition of the solution at all but by
some environmental factor that is not being properly managed.
In run-to-waste systems this is most commonly related with a
significant pH drift in the media – reason why it is always
necessary to measure pH/EC of the run-off – but it can also be
related to unnecessarily harsh VPD conditions or even a lack
of  enough  air  circulation.  I  would  say  that  5/10  times,
problems with the plants have virtually nothing to do with the
nutrient solution at hand.

If you want more X, then increase X in the nutrient solution.
The relationships between the concentration of elements in a
solution and the concentration of nutrients in plant tissue is
not  linear.  Sometimes,  increasing  the  concentration  of  an
element in solution can actually lead to less of that nutrient
being present within plant tissue. An example of this can be
phosphorous, a plant can suffer from a phosphorous deficiency
due to the formation of insoluble iron phosphate compounds in
tissue  that  appear  when  the  concentration  of  these  two
elements  goes  above  some  threshold.  As  more  of  either  is
added, more of these insoluble compounds are formed and less
of P and Fe actually gets to the plant. Another example can be
Ca, where the amount of Ca in tissue is more dependent on VPD
than on the concentration of Ca in solution, changing the VPD
by 20% will affect Ca in tissue significantly more than adding
20% more Ca to the solution in some plant species. In these
cases you might add 20% more Ca but your VPD drops 20% and you
actually  see  a  decrease  of  Ca  in  tissue.  Sadly  nutrient
dynamics are not simple and often a more holistic picture
needs to be used to approach nutritional management!

Plants need aggressively more phosphorous when they flower.
Most commonly used fertilizers in soil tend to have higher P/K
values when they target “flowers”, this is because, in soil,
phosphorous is not highly available and the supplementation of
highly available phosphorous during flower can be very useful



to plants. However, flowering plants in hydroponics always
have  access  to  significant  amounts  of  soluble  P  and  most
actually do not require an increase from this base level when
they  go  into  their  flowering  periods.  Many  commercial
hydroponic solutions used for tomatoes will – for example –
keep their P values at 50 ppm through the entire growing
period, only increasing K during the flowering period, but not
P.  Experiments  across  various  commercially  grown  flowering
species have shown that levels in the 50-65ppm range are ideal
for many plants during their entire life cycle, this matches
the  experience  of  growers  in  the  horticultural  hydroponic
industry.

There is a perfect nutrient solution. Many growers go on a
“holy grail” quest to find the “perfect” nutrient solution
that  will  give  them  the  absolutely  best  yields.  Many
commercial  fertilizer  producers  also  call  me  asking  to
formulate “the best possible formulation” to grow a given type
of plant or – even worse – to grow a wide variety of plants.
The truth is that the ideal solution to feed a plant will
depend  on  the  genetics,  the  environment,  the  irrigation
system, the growing media, etc. Due to the large amount of
variability between growing setups, plant genetics and growing
methodologies, more often than not, the nutrient optimization
process needs to be carried out for every grower. Don’t get me
wrong, a base formulation will probably get you 80% of the way
to your maximum potential yields – nutrient solutions are not
miracle generators, they are just food – but conquering that
final 20% will require a lot of additional effort that will
most likely be limited to your particular conditions. This is
because most environments are limited by different factors and
using the nutrient solution to help overcome some of these
limitations will modify the solution in a way that’s probably
detrimental for other environments.

I  hope  the  above  misconceptions  show  that  the  world  of
nutrient solutions and plant management is not so simple and



that there is a lot that goes into understanding how nutrients
interact within a plant and how a given growing environment
needs to be modified in order to improve crop results. My goal
is to help you expand your knowledge about hydroponics and
better  reach  your  goals  by  overcoming  some  of  these
misconceptions and tackling some of the true problems within
your hydroponic crops.

Five  tips  to  successfully
manage your nutrient solution
in a recirculating hydroponic
setup
Although a significant portion of hydroponic growers use run-
to-waste setups – where the nutrient solution is ran through
plants and then lost – the industry is now moving towards the
implementation of recirculating hydroponic systems in order to
reduce  both  water  usage  and  the  unnecessary  dumping  of
fertilizers into sewage systems. A recirculating setup has
many advantages and can provide better yields than run-to-
waste setups, provided the solution is properly managed and
changed through the growing cycle. In this post I’m going to
talk about five tips that will help you successfully manage
your nutrient solution when using this type of system.

Ensure the volume of the reservoir is at least 10x the volume
necessary  for  a  single  irrigation.  The  total  volume  of  a
reservoir is key in a recirculating setup because you want the
bulk of the solution to be unaffected by whatever nutritional
changes are caused by the plants during each feeding. This
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means that you want most of the solution to be inside your
tanks and not inside the media when every irrigation is done.
A simple rule of thumb is to make the volume of your initial
reservoir at least 10x the volume that it would take to carry
out a single irrigation of your entire crop. If you do this
the water and nutrient absorption effects will happen slowly
and will give you time to manage your solution without any
harm coming to the plants.

A recirculating hydroponic tomato system using dutch buckets

Circulate your solution until your pH and EC are constant.
After an irrigation cycle starts, the solution will first mix
with the remnants of the last irrigation cycle within the
media, which will make the pH and EC of the return different
from those of the main tank. In order to ensure that the
plant’s root system is being subjected to the desired nutrient
concentrations,  make  sure  you  carry  out  the  recirculating
process until the EC and pH of the tank remains constant and
matches the return pH and EC. Once this happens you know that
the conditions within the media have now been equalized with
the larger body of solution and you can stop the irrigation
process. Constant monitoring of the pH and EC within the tank
are therefore necessary within this type of setup.

Add water and not nutrients when the EC increases with every
irrigation. In a normal recirculating setup the EC of the
solution in the main tank will tend to increase with every
irrigation  while  the  total  volume  of  the  solution  will
decrease. This happens because healthy plants always absorb
more water than nutrients, which means any measure that’s
proportional to concentration – such as the EC – will tend to
increase as the amount of water goes down. You want to add
enough water to bring the EC down to the desired EC but you do
not want to add nutrients with this water and this would
increase the EC or contribute to nutrient imbalances within
the solution. Note that you will need to add less water than



the amount that was absorbed by the plants, because the plants
also take some nutrients with them, meaning that the amount of
water needed to reestablish the EC to what it was before will
be lower. If an initial solution has 1000 gallons, the volume
might go down to 950 gallons on the first irrigation but you
might only need to add 20 gallons to bring it back to the
original EC, making the total in the end around 970 gallons.
Make sure the pH of the tank is also corrected after every
irrigation and water addition.

Replenish water with nutrients when volume is down 40%, use
this as an opportunity to shift the solution. As discussed in
the last tip, the volume of solution will go down with time,
even if some water is added to return to the original EC. At
some point more than 40% of the volume will have been spent
and it is at this point where you should fill the tank back to
its full volume with water plus nutrients. You can also use
this opportunity to change the nutrient ratios and skew them
in  the  direction  that  you  want  your  plants  to  follow
nutritionally. For example in a flowering crop it is common to
increase the amount of potassium during the blooming stages of
the  plant,  so  this  can  be  done  as  nutrient  solution  is
replenished after it’s consumed by the plants. Note that this
process  cannot  be  carried  out  indefinitely  because  both
nutrient imbalances and plant exudates will accumulate within
the main solution. Most recirculating crops will fully change
the solution every 3-4 weeks to avoid these problems although
the life of the solution can be extended further when chemical
analysis is done – to customize nutrient replenishing – and
adequate  filtering  is  implemented  to  remove  substances
contributed by plants.

Add in-line UV filters and carbon filters. It is fundamental
to  ensure  no  microorganisms  contaminate  your  nutrient
solution. For this reason, online UV-filters are necessary to
keep the nutrient solution as sterile as possible. Carbon
filters are also very useful as they remove plant exudates



that can contaminate the solution and cause problems within
the  crop  itself.  Many  of  these  exudates  are  food  for
microorganisms, others are plant hormones that might cause
unwanted  responses  in  the  plants.  However  both  carbon
filtration and UV filters can cause some issues – such as the
destruction and adsorption of heavy metal chelates – so it is
important to use chelates that are more resistant to UV and
have  less  affinity  for  carbon  filters  to  alleviate  these
problems.

There  is  certainly  a  lot  more  to  the  management  of
recirculating hydroponic solution than what I have detailed
above, it is important to note that some of these tips are
simplifications  and  much  better  tailor-made  solutions  are
possible with a proper analysis of each situation. These are
just some simple tips to hopefully make your change towards
the  use  of  recirculating  systems  a  lot  easier  and  should
greatly  increase  your  chances  of  success  in  the  world  of
recirculating hydroponic setups.

A new conductivity model in
HydroBuddy
On my previous post you can read about how I ran experiments
to develop a conductivity model using empirical data in order
to  improve  our  ability  to  predict  EC  values  from  the
concentration of individual nutrients in a hydroponic nutrient
solution. In this post I will now talk about how this was
finally implemented in HydroBuddy, what form it took and what
kind of result can be expected from it. The implementation
discussed  in  this  post  has  already  been  updated  to  the
HydroBuddy github along with all the experimental data used to
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derive this empirical EC model.

Given the amount of data and the nature of the problem at
hand, the easiest and most accurate way to build a model was
to use a simple linear regression algorithm. As previously
shown this model was able to give great results within the
data, even when performing random training and testing splits.
I have added a jupyter notebook to the github repository,
along with all the data we measured in order to allow you to
see how all the calculations were done, how the model was
created and the sort of accuracy the model got within the set
of experimental results. You can also play with this notebook
to develop your own models or analyse the data any further if
you wish. You can also try to reproduce our experiments and
help verify our results. The linear model was translated into
FreePascal and added to HydroBuddy although the program still
retains  the  ability  to  estimate  conductivity  using  the
previously available LMC based model.

New hydrobuddy implementation now including the ability to
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choose between LMC and empirical EC models.

The fact that we were able to create a model to accurately
determine conductivity within this experimental space does not
mean that this model will work to magically determine the
conductivity of any hydroponic formulation. These experiments
were designed using five salts – calcium ammonium nitrate,
ammonium  sulfate,  potassium  sulfate,  magnesium  sulfate  and
monopotassium phosphate – which means that although our model
is able to greatly describe conductivity in this space, the
model  is  likely  to  run  into  trouble  when  attempting  to
describe  a  space  that  deviates  too  strongly  from  the  one
described above. This will be most evident whenever there are
some cations or anions that are not present at all within
these experiments. For example when silicates, chlorides or
other such salts are used or when strong acids or bases are
added to the solution.

Another important issue is the way these ions are paired. In
our experimental process the concentration of Ca and N as
nitrate always increased at the same time, meaning that the
linear model implicitly carries this assumption. A setup were
magnesium nitrate or potassium nitrate are used as well, will
contain deviations from the current model that it is likely
not very well prepared to deal with. A similar problem might
happen when salts such as ammonium monobasic phosphate are
used, since our model only contained a single example of a
phosphate salt (monopotassium phosphate). While it is not easy
to predict how much accuracy will be lost in these cases, we
do expect the model to be significantly more inaccurate as
other salts are used.

Additionally,  our  experimental  setup  did  not  contain  any
corrections of pH values, so the conductivity values described
include a pH drift related with the amount of acid contributed
by  the  potassium  monobasic  phosphate,  which  was  not
neutralized by a base. This will also cause differences with
conductivity, if the conductivity is measured after the pH of



the solution is corrected to the proper range used within the
hydroponic process. Although at the concentration values used
in hydroponics this should not be a big issue, it is still
something worth considering.

As I mentioned above, the model is already implemented within
the github repository – if you want to compile the program
yourself – but the binaries won’t be updated to v1.8 until
later this week. I look forward to your feedback about the
model and hope it can help – at least some of you – to
dramatically improve the estimations of conductivity of your
hydroponic nutrient solutions.

Keeping  plants  short:  Using
day/night  temperature
differences (DIF)
In this article series about “keeping plants short”, we have
explored the reasons why short plants are desirable and how
this can be achieved using gibberellin inhibitors. However
this is not the only effective way to control plant height and
several other ways – some using no chemical means – can be
used to keep plants short. In this article I will be talking
about the use of day/night temperature differences in order to
control plant height, what the research about this says and
how  it  can  be  effectively  applied  by  growers  to  achieve
shorter plants.

The idea of using day/night temperature differences to control
plant height can be traced back to the late eighties and some
research done by people at Michigan State University (1). This
research  in  easter  lilies  showed  how  plants  grown  at  a
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constant night temperature (68F, 20C) but subjected to even
lower  day  temperatures  or  simply  drops  in  early  morning
temperature  could  grow  drastically  shorter.  The  results
surprisingly showed that a 14F temperature drop during the
beginning of the day – first two hours – could actually cause
the  plants  to  receive  the  same  effect  as  if  the  day
temperature was lower during the entire day, yet the plants
remained  highly  productive.  This  technique  of  reducing
temperature during a few hours during the way was referred
from this point on as “DIF”.

Taken from this 1986 article.

Experimenters then began testing across other plant species
and  found  the  results  to  be  mixed.  In  this  paper  (2)
chrysanthemum,  poinsettia,  begonia  and  kalanchoe  were  all
tested in a -6 C DIF experiment and while chrysanthemum and
begonia both responded in the expected manner, the kalanchoe
actually responded in the opposite way and showed stronger
elongation of the flower stems. In all of these cases the use
of growth regulators – gibberellin inhibitors – was still
needed to ensure plants stayed at the required height. This
was one of the first studies that pointed to the fact that the
DIF technique is tremendously crop dependent.

https://www.researchgate.net/publication/328758854_The_basics_on_Easter_lilies_light_and_temperature
https://www.actahort.org/books/327/327_3.htm


During the nineties it was established that DIF did work for
several common crops, for example cucumber and tomatoes showed
to be sensitive to the DIF effect, particularly when the first
two hours of the day showed a temperature drop. In this case
the  effect  reduced  both  the  inter-node  distance  and  was
directly proportional to the difference in temperature. It was
also  established  that  some  plants  prefer  pulses  of  cold
temperature during the end of the day, while others might
prefer this pulses even in the middle of the night. It was
also  showed  that  strong  negative  DIF  treatments  caused
negative  effect  related  with  a  reduction  in  chlorophyll
production, resulting sometimes in even plants showing signs
of chlorosis. Plants grown in negative DIF were also shown to
have  lower  total  dry  weights  although  depending  on  the
magnitude  of  the  DIF,  limited  or  sometimes  even  positive
effects on weight and yields could be seen. You can read more
about the above in this review from the late nineties which
also contains a lot of literature references for early DIF
research (3).

Stem  elongation  effects  of  DIF  in  peas,  taken  from  this
article

More recent research from 2013 on tomatoes, eggplant and sweet
pepper (4) has shown that a variety of different day/night
temperature  treatments  can  be  effective  in  minimizing
vegetative growth while having a limited effect on yields. In
this  case  the  strongest  effect  was  seen  for  a  15C/25C
day/night  temperature  cycle.  This  paper  also  looked  at
nutrient absorption and noticed that Ca/Mg/K concentrations
were actually highest in the 15C/25C temperature treatment,
which suggests that changing the day/night temperature did not
adversely affect nutrient absorption. The conclusions of this
research were then reproduced and matched when looking at
cucumber, melon and watermelon (5). However other research
using positive as well as negative differences in temperatures
has shown that for tomatoes, the ideal day/night temperature

https://journals.ashs.org/horttech/view/journals/horttech/8/4/article-p535.xml
http://www.plantphysiol.org/content/138/4/2344
http://www.plantphysiol.org/content/138/4/2344
https://link.springer.com/article/10.1007%2Fs13580-013-0106-y
https://europepmc.org/article/med/26031022


difference is positive and in the order of +6C if yields and
plant growth are given the highest priority (6).

The DIF method has shown to be a reliable way to control the
height and vegetative growth of many different plant species,
although for some it does not work very well. In general the
researchers  who  apply  negative  DIF  methods  for  reducing
stretch tend to have the most success with a -10C (-18F)
increase in night over day temperatures. If testing on a new
plant the recommendation would be to start with a 2 hour
temperature drop in the day temperature of this magnitude for
the first 2 hours of light – starting the drop 30 minutes
before sunrise – and see which results you can get. This is
likely going to be the cheapest in terms of both climate
control and potential disruptions in yields caused by this
technique.

Monitoring  the  quality  of
fertilizer stock solutions
Hydroponic concentrated nutrient fertilizer manufacturers are
not  held  to  any  routine  quality  standards  by  regulatory
authorities in most countries. Although fertilizers need to be
properly registered and their intended minimum compositions
are shared with the public, the manufacturer never guarantees
that each batch of the product will comply with any sort of
quality standard and it’s therefore possible for hydroponic
nutrients to come out of a factory with compositions that
significantly deviate between batches. People who make their
own fertilizers are also not free from problems either, as
issues further down the chain – with the fertilizer raw inputs
– or issues related with human error, can and will still

https://www.tandfonline.com/doi/full/10.1080/00380768.2016.1224449
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happen.

Because of these problems, a very important part of every
hydroponic  grower’s  process  should  be  to  establish  some
quality  guidelines  to  evaluate  whether  a  given  batch  of
nutrients – either bought or self-made – complies with what is
expected and can therefore be used in the hydroponic crop. In
today’s post I will talk about the properties that you can
measure in order to ensure that the quality of your inputs is
sustained through time and how these measurements should be
done.

These are two measurements that should always be done whenever
you receive or prepare a new batch of hydroponic nutrient
stock solution:

Density of the stock solution: The density of a hydroponic
stock solution should always be measured and recorded. The
density needs to be measured accurately, using a pycnometer
and  an  accurate  enough  balance  (+/-  0.01g).  A  5  or  10mL
pycnometer would be recommended and the balance should be able
to measure up to at least 50g, to ensure that the measurement
of the final weight of the pycnometer will be in range. You
should first weight the empty and dry pycnometer, then fill it



with liquid to the brim, place the stopper – some liquid will
spill, this is how it’s intended to work – then wipe any
spilled liquid and weight the full pycnometer. The difference
in weight divided by the pycnometer volume will give you the
density. Make sure you also record the ambient temperature
when the measurement is made.

pH of the stock solution: You can use a pH meter to determine
the pH of a sample of the stock solution. You can use the
regular pH tester you use to measure the pH of your hydroponic
nutrient solutions, however make sure the pH meter does not
remain for too long in the stock solution – more than what’s
necessary to make the measurement – and wash it with distilled
water and store it in pH meter storage solution as soon as the
measurement is done. Also make sure the pH meter is calibrated
right before making this measurement.

If any compounds are added incorrectly or the composition of
the raw inputs was in anyway wrong, the above two parameters –
pH and density – will tend to change, as they depend very
strongly  on  the  composition  of  inputs  being  the  same.  Of
course, there are mistakes that can go undetected in these two
domains but a stock solution that always records the same
across batches will tend to be the same chemically. Every time
you  receive  or  prepare  new  solution  record  the  above  and
ensure you never use any solution that deviates more than -/+
5% from the median you have on your record. The deviation of
the above two parameters also serves as a way to control how
reproducible the manufacturing process of the stock solution
actually is.

If  there  is  a  strong  mismatch  in  these  measurements  when
compared with the median of all past values, then you need to
continue  to  actual  chemical  analysis  of  the  nutrients  to
figure out what’s wrong.

If  you  prepared  the  fertilizer  yourself  then  it  becomes
important to check notes – always keep records of weights that



are added when preparing solutions – and see if there were any
changes in the chemical suppliers of any of the used inputs.
Sometimes the quality and composition of certain chemicals can
change dramatically between suppliers, so making changes from
one to another can often require chemical analysis to ensure
that the composition stays the same. A good example can be
potassium silicate, where the exact grade and potassium to
silicon ratio of the raw material can change a lot depending
on the exact fabrication process used by the company making
it.

Another important point is the accuracy of the instruments
used for the preparation of solutions. Sometimes the problem
is that a scale or a volume measuring device lost calibration
and generated errors in a previously unseen range. This can be
particularly problematic if different instruments are used to
measure different inputs, which can make some inputs subject
to bigger errors that others and can therefore change the
ratio between different nutrients in the hydroponic solution.

Why  red  and  blue  LED  grow
lights never took off
Anyone who has been growing plants for a while has probably
seen a chart showing the absorption profile of chlorophylls A
and B, as shown in the image below. From this it seems that
most of the light absorbed by plants has a wavelength below
500 nm or above 650nm so it seems incredibly straightforward
to hypothesize that plants can be effectively grown just using
light  in  these  regions.  The  commercial  answer  to  this
hypothesis came in the form of the red/blue growing LED light,
which give the plant energy that it is “best suited” to absorb
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and avoids “wasting” any energy in the generation of light
that will not be absorbed anyway (but just reflected away by
the plants). However these grow lights have been an overall
failure so far – with the vast majority of the industry now
shifting onto full spectrum LED lights – why has this been the
case?

Image showing the absorption spectra of Chloropyll A, B and
carotenoids

When the cost of red/blue lights dropped enough, there was a
significant move to evaluate them in the scientific community
to  figure  out  how  they  affected  plant  growth.  It  quickly
became clear that plants could be grown with these new lights
and that the products could be as healthy as those produced
under normal full spectrum lights. However some issues started
to become noticeable when these red/blue lights started to
move  onto  larger  commercial  applications.  Although  the
commercial  application  of  these  lights  in  large  fruiting
plants is practically non-existent due to the high cost of
supplemental lighting, their use was feasible for some small
leafy crops – for example lettuce and spinach – which could be
grown under high density conditions in urban settings. Their
main use however, was in the cannabis growing space, which is



one of the only high-cost crops that is grown largely under
supplemental lighting when far from the equator.

Most people who tried this soon realized that the growing of
plants  wasn’t  equal  to  that  obtained  when  using  fuller
spectrum lights, such as HPS or even metal halide lamps, even
at  equivalent  photon  flux  values.  Although  scientific
publication in cannabis are scarce, this 2016 report (1) shows
that white lights in general did a better job at growing the
plants compared to the blue/red lights. Other research (2)
shows that the blue/red lights can also affect the chemical
composition of secondary metabolites, which makes the decision
to move to red/blue LED grow lights affect the quality of the
end-product.

It has also been shown that green light is not entirely unused
by plants, but can actually have important functions. This
review (3) goes into many of the important signaling functions
of green light and why it can be important for healthy plant
growth. Some researchers also started doing experiments with
red/blue/green grow lights, showing the positive effects of
including some green light in the composition (4). It has also
been shown that other regions of the spectrum, such as the
far-red  (5)  can  also  contribute  substantially  to
photosynthesis  and  the  regulation  of  plant  biological
processes.  Ultra-violet  light  can  also  contribute
substantially  to  the  expression  of  certain  molecules  in
plants. A paper evaluating cannabis under several different
light regimes shows how the composition of the light spectrum
can manipulate the secondary metabolite makeup of the plants
(6).

https://www.plantgrower.org/uploads/6/5/5/4/65545169/lalgeetal_2017b_mendelnet.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0926669019301086
https://link.springer.com/article/10.1134/S1021443715060084
https://journals.ashs.org/hortsci/view/journals/hortsci/39/7/article-p1617.xml
https://www.sciencedirect.com/science/article/pii/S0005272805001192
https://www.karger.com/Article/FullText/489030


Image taken from this study (7) showing the effect of far-red
light in the growth of pepper plants.

Finally,  the  last  problem  in  the  grow  light  phenomenon,
especially in the case of plants like cannabis, came from the
fact that plants look black under this red/blue light. This
meant that growers were completely unaware of any potential
problems  that  developed,  as  the  plants  were  virtually
invisible to them through their entire lifetimes. This was one
of  the  main  reasons  why  these  lights  were  never  widely
adopted, as they made the diagnosing of nutrient issues and
insect issues – which are relatively easy to diagnose under
full  spectrum  lights  for  an  experienced  grower  –  almost
impossible  to  do  with  these  red/blue  growing  panels.  In
practice a large commercial operation relies heavily on the
experience and on-going evaluation of the crop by the on-site
personnel and failure to have this useful check in the process

https://journals.ashs.org/jashs/view/journals/jashs/120/5/article-p808.xml


is a recipe for disaster.

The LED industry learned from these problems and has since
gone into the development of full spectrum high efficiency
growing  panels  for  the  hydroponic  industry.  These  will
certainly  become  the  future  and  standard  in  the  in-door
hydroponic industry, especially if prices continue to come
down as a consequence of mass adoption. Having full spectrum
lights that are way more power efficient than HPS and MH lamps
will offer growers the chance to save a lot on costs while
maintaining, or even improving, the quality and yield of their
crops.

In-depth books to learn about
hydroponics  at  an  advanced
level
Growing plants without soil requires a lot of knowledge. As a
hydroponic grower, it is now your duty to provide the plant
with the needed chemical and environmental conditions that
nature  used  to  provide.  Acquiring  this  knowledge  can  be
difficult, as there are few well structured programs that
attempt to teach in-depth hydroponics to students and many of
these  programs  are  graduate  level  programs  that  are
inaccessible to the commercial or novice hydroponic grower.
Although  there  are  many  hydroponic  books  catering  to  the
novice – as this is the most accessible market – a lot of
growers want to get to the next level by digesting books that
can help them become true experts in the subject of hydroponic
culture. While novice books help people get around the basics
of  hydroponics,  true  higher  level  books  are  required  to

https://scienceinhydroponics.com/2020/07/in-depth-books-to-learn-about-hydroponics-at-an-advanced-level.html
https://scienceinhydroponics.com/2020/07/in-depth-books-to-learn-about-hydroponics-at-an-advanced-level.html
https://scienceinhydroponics.com/2020/07/in-depth-books-to-learn-about-hydroponics-at-an-advanced-level.html


understand the causes and solutions to many problems found in
this field.

In this post I am going to summarize some of my favorite books
in the more advanced hydroponic domain. Going from nutrition
to actual commercial and practical growing setups. I will go
through some of the reasons why I believe these books are
fundamental, as well as what the necessary prior knowledge to
understand the books would be.

The mineral nutrition of higher plants. This classic book is
used in almost all university level classes that teach mineral
nutrition in plants. It covers how the different minerals are
absorbed  into  plants,  how  this  absorption  works  from  a
metabolic perspective and how the toxicity and deficiency of
each  one  of  these  substances  works  from  a  chemical  and
biological  perspective  plus  a  ton  of  information  about
nutrient interactions. This is however not a book you want to
read “from start to finish”, it is meant to be a reference
book, that you can go through when you have specific doubts or
want to have a better understanding about a certain element
and how the plant interacts with it. It also requires a strong
chemistry and biochemistry background, so it is not a book
that  you  want  to  get  if  you  don’t  find  these  domains
interesting. Ideally you would go to this book to answer a
question  like  “Why  does  ammonium  compete  with  potassium

https://amzn.to/2C7IKp8


absorption  but  potassium  rarely  competes  with  ammonium
absorption?”.

Soilless Culture: Theory and Practice. This book covers a lot
of important topics in practical hydroponics. It talks about
root systems, physical and chemical characteristics of growing
media,  irrigation,  technical  equipment,  nutrient  solutions,
etc. It is one of my favorite “well rounded” hydroponic books
as it covers almost all topics you could be interested in at
significant technical and scientific depth, giving the user a
ton of additional references for study at the end of each one
of its chapters. It also focuses on giving the user a grasp of
fundamental concepts that affect a given topic before going
deeper into it. It will for example attempt to give you a very
good explanation of why and how certain properties of media
are measured before it even starts to explain the different
types of media available in hydroponic culture. This book
requires a good understanding of basic chemistry and physics
but is way lighter in biochemistry and botany. This is a
perfect book to answer questions like: “what different types
of irrigation systems exist? What are their advantages and
disadvantages?”.

Hydroponic Food Production: A Definitive Guidebook for the
Advanced Home Gardener and the Commercial Hydroponic Grower.
Howard Resh was one of the first people who produced a book
for hydroponics that put together the combined experience of a
lot of actual, commercial, hydroponic growers. The book is
written  in  an  easier  way  to  read  and  gathers  a  lot  of
experience  from  the  commercial  growing  space,  with  useful
references placed at the end of every chapter. It can be
especially useful to those who are within actual commercial
production operations, as the book goes into commercial crop
production in a way that none of the other books here does.
This makes this book more pragmatic, specifically addressing
some  concerns  of  larger  scale  applications  of  hydroponic
technology. High school level chemistry and physics should be

https://amzn.to/31I9eIM
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enough to understand what this book has to offer. A question
this  book  might  help  answer  is:  “How  do  I  adjust  the
conductivity  of  a  hydroponic  solution  in  a  commercial
setting?”.

Controlled  Environment  Horticulture:  Improving  Quality  of
Vegetables and Medicinal Plants: This book goes more onto the
botany side and explores how a grower can manipulate a plant’s
growing  environment  in  order  to  guide  its  production  of
secondary metabolites. The book goes into some of the basics
of horticulture but goes deeper into drought stress, thermal
stress,  wounding,  biostimulants,  biofortification,  carbon
dioxide and other such manipulation techniques available to
modern growers. As all the ones before, this book also gives
you a lot of useful literature references at the end of every
chapter, allowing you to continue to explore all these topics
on your own, by going to the academic literature. A question
this book might help you answer is: “Which plant hormones can
I  use  to  increment  the  production  of  oil  in  spearmint
plants?”.

The above are some of the books I will go to when I want to
answer  a  question  in  hydroponics.  These  books  will  often
provide me with a solid starting point for the topic I’m
interested in – like some clear scientific references I can go
to – or can even show me some interesting paths to explore.
Usually  I’ll  go  into  the  scientific  literature  to  get  an
updated view of the subject, but going into the literature
with a base view has proved to be invaluable almost every
time.

https://amzn.to/3ivP6ja
https://amzn.to/3ivP6ja


Keeping plants short: Why is
it important?
Plants  have  evolved  to  grow  vertically  –  to  reach  more
sunlight – and horizontally – to increase their surface area
and capture more sunlight. However, vertical growth is almost
always  undesirable  because  of  the  many  problems  it  can
generate. With this article I am starting a series of posts
about “keeping plants short” which will cover a lot of the
practical methods that have been developed in order to stop
and modulate the vertical growth of plants. In this first post
I want to look at the reasons why keeping plants short is
desirable in almost all plant species and growing conditions
and give you some hints about the methods that I will be
discussing in future posts about the practical actions we can
take to keep our plants small, yet highly productive. So why
is it important to keep plants short?

A picture of severe lodging in cereal crops (taken from this
article)

Lodging  prevention.  Mechanical  stability  is  very  important
when growing plants. Tall plants are mechanically less stable
because the upper parts of the plant can apply a lot of
leverage  to  the  base  of  the  plant.  If  enough  weight  is
accumulated and force is applied – through wind for example –
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the plant can easily break or the stem be displaced for the
vertical position, leading to huge losses in the crop. Plants
that  are  shorter  are  naturally  more  resistant  to  lodging
because there is less mechanical advantage to apply leverage
on the base of the plant, the plant is therefore less likely
to move from its vertical position, even if some force is
applied.

Ease of harvesting. The taller a crop, the more inconvenient
it is to harvest the product. For fruiting crops it becomes
more inconvenient to pick fruits from higher positions while
for crops like potatoes more material from above the ground
needs to be removed. This difficulty to harvest the fruits is
the main reason why some perennial crops, like African palm,
become unproductive. At some point in time the fruits are so
far up that it is no longer feasible to mechanically harvest
them. In hydroponic crops like tomatoes the height of the
plant  is  limited  by  the  mechanical  constraints  of  the
greenhouse, if a plant is shorter and more trusses per meter
can be grown, then this immediately leads to an increase in
potential productivity.



Lodging in wheat heavily affects yields and quality. Taken
from this review.

Ease of transport. When a plant is shorter, the movement of
nutrients and water from the roots to the leaves is easier, as
the distance is smaller. Plants that are shorter need to fight
gravity less and will therefore be able to transport nutrients
more efficiently to their fruiting bodies. This is why the
first flowers of all plants are usually the most productive –
because they are the closest to the root system – and why the
further away you go from the ground the smaller and smaller
the fruits tend to become. Having short crops means that the
top  fruits  and  flowers  will  receive  a  higher  degree  of
nutrition than they would if the crop was taller.

More homogeneity. Related with the above, when plants are
shorter  the  distribution  of  nutrients  among  the  plant  is
better because leaves, flowers and roots are all in closer
proximity.  Taller  plants  with  larger  inter-nodal  distances
will tend to have more distance between leaves and fruits,
which will decrease homogeneity as the difference in light
irradiation and root-to-leave transport between the nodes will

https://onlinelibrary.wiley.com/doi/full/10.1002/9781119312994.apr0541


be greater. A plant with the same number of leaves and flowers
with  lower  inter-nodal  distances  will  have  much  more
homogeneous  products  for  this  reason.

The above are some of the most important reasons why it is
usually desirable to have plants that are short. However, we
do not want plants that are just short, but we want plants
that are short but preserve the same yield as taller plants.
This means we must get creative and use solutions that can
manipulate the plants to give us the best of both worlds.
There are a potential array of solutions to this problem. For
example  we  can  attempt  to  directly  interfere  with  the
chemistry  of  stem  elongation  (synthetic  gibberellin
inhibitors), to indirectly interfere with the chemistry by
trying to stimulate other processes, to do genetic selection
of plants that are naturally shorter, to provide mechanical
stimulation  to  prevent  elongation,  to  change  light
characteristics  to  inhibit  elongation  or  to  use  day/night
manipulations to achieve this same goal. We will explore many
of these potential solutions within subsequent posts.


