
DIY Warm white LED lamp PAR
measurements, not so exciting
after all!
If you read my last few posts about DIY LED lamps built using
150W warm white LED cobs (which do not require an independent
driver) you might have been excited by some of my claims. I
previously stated that you could probably get around a 1000W
HPS equivalent using just two of these lamps, which meant an
energy saving of around 60% relative to the HPS equivalent.
However to really verify these claims I wanted to get new PAR
and lux meters to perform proper PAR and lux measurements. The
results my friends, are disappointing.

Previously I thought that these lamps were close to half of an
HPS equivalent based on initial lux measurements. At the same
distances, directly below the lamp, I could get around half
the lux equivalent of your average HPS lamp, I thought from
the warmer spectra of these white warm cobs that the PAR
contribution would be significantly higher than that of a
regular HPS but it seems that – due to the inefficient use of
a white phosphor to produce the spectra – basically the PAR
efficiency is equal to that of an HPS lamp.

The  PAR  (Photo-synthetically  Active  Radiation)  basically
measures  the  number  of  photons  that  can  be  used  in
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photosynthesis that you get per square meter per second off a
given light source. I will write a more in-depth post about
PAR in the future, but it basically tells you the plant-usable

photon flux you get. It is therefore measured in umol*s-1*m-2.

I  performed  classic  PAR  measurements  with  a  150W  lamp  15
inches above a target center with measuring points around a 4
square  feet  area  (to  compare  with  the  variety  of  HPS
measurements you can find here). The results, in the first
image in this post, show you the map of PAR values across the
2 feet by 2 feet area. This shows that the lamp is basically

giving you 1466 umol*s-1*m-2   per 1000W at its highest point,
which is below the PAR/watt of even the poorest HPS models.
With this lamp model using 150W cobs you will therefore need
at least 7 lamps to reach the same equivalent of a 1000W HPS
in terms of actual photo-synthetically active radiation.

Not only that but without any focusing or dispersing elements
the PAR decay as a function of light distance is much more
dramatic than for regular, reflector mounted HPS lights. With
all these information it now seems clear that these warm white
light LED cobs are NOT a good HPS replacement.

However the idea of the zip tie lamp is not dead! I found out
that there are actually “full spectrum” LED cobs that are

http://growace.com/blog/the-best-hps-grow-bulb-test-comparing-6-brands-on-par-output/


specifically  designed  to  be  grow  lights  (so  basically  a
combinations of red and blue LED lights). These cobs come in
20, 30 and 50W formats and they should have a much more
favorable PAR than the 150W warm white LED cobs. I have now
ordered some of these cobs (here) to rebuild my zip tie lamp
and  see  if  I  can  indeed  get  a  much  better  PAR/watt  and
watt/dollar compared with normal HPS lights.

Cheap DIY high power LED grow
lights: Introducing the Zip-
tie lamp
Make sure you also read this post, where I studied the PAR of
these lamps and realized they are not as good as I thought!

Several months ago I wrote a post about using high power LED
cobs that do not require an external driver in order to build
a high power DIY LED lamp. However I hadn’t built a practical
lamp using these cobs at that particular point in time so I
just gave a general idea of why I would use these diodes and
how the particular lamp setup would work. Today I want to talk
about how to build one of these lamps in practice using an
aluminum heat sink, a 150W warm white LED cob, a fan and some
zip ties. The setup lacks the use of any adhesives and should
provide you with roughly a 40-50% equivalent of a 1000W HPS.
With  two  of  these  lamps  you  should  be  able  to  run  the
equivalent setup to 80-100% of a 1000W HPS in terms of PAR
with around 60% less power consumption.
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The idea of this post is to help you build a very affordable
DIY lamp. However please note that this lamp involves work
with mains voltages which are dangerous. Please familiarize
yourself with all the precautions needed when working with
high voltages. All the information herein in is provided as-is
for educational purposes with absolutely no guarantee, either
expressed or implied.

To build this lamp – showed above – you will need these
materials (note that if your country uses another voltage you
will need to buy the appropriate pieces for the voltage in
your country):

Warm white 150W LED cob
200x60x30mm aluminium heat sink (2 needed)
110V-120V AC fan
Nylon zip ties 30cm
Cable and wall connector
Thermal compound (optional)

Initially I wanted to build a lamp using a high power warm
white LED cob by gluing the cob to the heatsinks using a
thermally conductive glue. However the problem with this is
that these glues very permanently bind the cob to the heatsink
so  if  for  any  reason  the  cob  fails  you  would  lose  the
heatsinks because the cob would be bound to them. For this
reason I decided to use zip ties instead, which provide an

https://www.ebay.com/itm/252819101776
https://www.ebay.co.uk/itm/401331528986
https://www.ebay.de/itm/262613296014
https://www.ebay.com/itm/Black-Nylon-Cable-Ties-40-pcs-30-cm-Flexible-Zip-Fastening-Flat-Strap-Office-NEW/272719193799?epid=1539844269&hash=item3f7f54a6c7:g:p4EAAOSwLsBZQokg


easy way to secure the entire ensemble and allow you to easily
replace any failing part rather quickly. I used nylon zip ties
but you can also use stainless still ones if you want the
setup to be more resilient (although things will be harder to
cut if you make a mistake).

To assemble the lamp I basically used 4 zip tie lines two
horizontal and two vertical. For the lines that go the width
of the heat sink I just had to use one zip tie but for the
other two lines – that also go above the fan – I had to use
two zip ties for each line (you can connect one zip tie to
another to have a larger zip tie). You need to tighten the zip
tie very hard to ensure the cob is in direct contact with the
aluminum along all its length, you can also use some thermal
compound (like the one you use for CPUs) between the cob and
the aluminum heat sink for maximum heat transfer. The pictures
below  show  you  a  bit  better  how  I  performed  the  entire
assembly. When putting the fan on top of the heat sinks make
sure the airflow is towards the heatsink (flow arrow in the
case pointing down) and that the fan can spin freely).



Finally  I  connected  the  cob  directly  to  the  AC  line  by
soldering  the  appropriate  live/neutral  cables  to  the
connectors at the left size of the cob (in the above picture).
I then covered the soldered spots with silicon glue to ensure
that  the  connections  were  as  electrically  isolated  as
possible. Make sure you solder as small portion of wire as
possible and make sure the wire makes absolutely no contact
with the aluminum heat sink or you will have a short. I also
soldered the fan cables to the live/neutral as well since the
fan can be driven directly by AC as well.

Since you have the zip ties you can also use them to hang the
lamp, you can also add screws to the fan screwing ports and
use those to hang the lamp from the ceiling. When I turned on
this lamp its power consumption was around 220W – measured
directly from the wall – meaning that it consumed a bit more
power than what was advertised (which is not uncommon for
these cobs). Since my voltage is a bit higher than 110V –
which is the minimum rating for this cob – I actually get a
slightly higher light/heat output than someone using it at a
lower voltage. The fan – which takes around 12-15W on its own,
also contributes to this consumption level.



When you power on this lamp – image above (sorry about the
camera not being able to handle the light intensity) – you’ll
immediately notice how the heat sink starts to heat up. I have
tested the lamp through 2 hours of continuous operation up
until now and the heat sink reached a stable temperature of
around the 120°C (~ 250F), the final temperature you reach
will of course depend on your ambient temperature and how well
you assemble the components. It is however very important for
you to test each one of these lamps for 12/24 hours to ensure
that they don’t heat up excessively. Nylon will melt at around
220°C so you definitely don’t want your lamp to ever reach
even  close  to  that  temperature  (to  be  safer  you  can  use
stainless steel zip ties). However it is very likely that the
LEDs will burn out way before this happens if your temperature
rises too far. You can also add a second fan or use a larger
heat sink if your temperature is too high.

In the end the setup is extremely simple to build and you can
get roughly 40-50% of a 1000W HPS with one of these lamps.
With two of these lamps you will run at around 450W which is
55% less power than an equivalent HPS setup. Although heat
generation is no joke here, it is indeed much less than the
comparable heat output of a 1000W HPS. With a cost of less
than 80 USD per lamp you will be able to build these lamps at
a far lower cost than the very expensive grow lights you can
get online (which can often go for thousands of dollars for a



single 1000W HPS equivalent). If you read my earlier post you
will notice that I previously thought you needed 4 cobs to
reach the equivalent of a 1000W HPS, turns out you only need
two 110V cobs running at 120V!

I have made some PAR,  lux and temperature measurements but I
want to keep those for a future post where we will look at
some of the spectral and thermal characteristics of this lamp
vs other lamp types.

Potassium  concentration  and
yields in flowering plants
From the different nutrients that are needed by plants we have
known for more than 4 decades that potassium is of critical
importance to flowering/fruiting plants. Potassium is one of
the most highly limited nutrients in soil due to its high
mobility and great increases in yields have been achieved with
both potassium fertilization in soil and the use of properly
balanced  nutrient  solutions  containing  enough  potassium  in
hydroponics. But how important is potassium and what is its
ideal  concentration  in  hydroponic  nutrient  solutions  when
growing flowering plants? Today we are going to take a look at
the scientific literature about potassium and what the optimum
levels of potassium for different flowering plants might be in
order to maximize yields.
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There are many studies in the scientific literature dealing
with the effect of potassium on various flowering plants.
Earlier  evidence  from  the  1980s  pointed  to  optimum
concentrations of potassium being close to the 160-200 ppm
range.  The  book  “mineral  nutrition”  by  P.Adams  (here)
summarizes a lot of the knowledge that was available at the
time and shows that for the growing techniques available at
the time using greater concentrations of K was probably not
going to give a lot of additional benefit.

However newer evidence from experiments carried out within the
past 10 years shows that optimum potassium concentration might
depend on a significant variety of factors, from which media,
other nutrient concentrations and growing system type might
play critical roles. For example study on strawberries in 2012
(here) showed optimum concentrations of K to be around 300 ppm
for strawberries and the optimum media to be a mixture of
peat+sand+perlite (image from this article included above).

https://link.springer.com/chapter/10.1007/978-94-009-3137-4_7
https://www.researchgate.net/profile/Mostafa_Ahmadizadeh/publication/266461315_Growth_and_Yield_of_Strawberries_under_Different_Potassium_Concentrations_of_Hydroponic_System_in_Three_Substrates/links/55a70a7408aeb4e8e646cd05.pdf


Evidence from experiments on tomatoes (link here and image
from this article above) also shows that for tomatoes the
actual optimum concentration of K might actually be larger
under some condition with the optimum in this study in terms
of fruit quality and yields being 300 ppm. In this last case
the tomatoes were grown using a nutrient film technique (NFT)
setup.  However  there  have  also  been  studies  under  other
growing conditions – like this one on reused pumice – which
shows that increasing K concentrations to 300ppm can actually
have detrimental consequences. In this case tomatoes fed at
200, 290 and 340ppm of K had very similar results when using
new substrate but the old substrate heavily underperformed
when high K concentrations were used.

Papers published on the effect of different K concentrations
in melons (here) and cucumbers (here) also point to optimal
concentrations in the 200-300 ppm range and for the optimum
N:K ratio to be between 1:2 and 1:3 for these plants. This is
probably  the  reason  why  you  will  often  find  suggested
nutritional guidelines for flowering plants – like those below
taken from here – mostly suggesting K concentrations in the
250-350ppm  range.  However  you  will  often  find  that  they

http://www.tandfonline.com/doi/abs/10.1080/19315260903271526
http://www.actahort.org/books/548/548_61.htm
http://www.sciencedirect.com/science/article/pii/S0304423804000275
http://www.scielo.br/scielo.php?pid=S1983-21252017000400818&script=sci_arttext
https://www.greenhousecanada.com/structures-equipment/water-and-irrigation/fertigation-applications-for-hydroponics-30622


directly  contradict  research  papers,  like  this  guideline
suggesting K of 150 ppm for strawberries while we saw in a
recent  paper  that  300ppm  might  be  better.  This  is  most
probably due to differences in the sources used which might
have used different growing systems or plant varieties which
responded to other conditions better.

All in all the subject of K concentration in hydroponics is no
simple one. Using low K will limit your yields tremendously
but increasing your K very high can also harm your plants,
especially depending on the type of media you are using. In
general aiming for a K concentration between 200-250 ppm is
safest but in many cases increases to the 300-400ppm range can
bring significant increases in plant yields. A careful study
of the available literature and the actual growing conditions
that  the  plants  will  be  subjected  to  will  be  key  in
determining what the best K concentration to use will be.
Alternatively  carrying  out  adequately  designed  experiments
under your precise growing environment will help you carry out
an evidence-based decision about what K concentration to use.



Five reasons why a dedicated
hydroponic testing room is a
great idea
Most  commercial  hydroponic  setups  completely  lack  testing
environments.  The  most  common  reason  for  this  is  that
commercial crops are meant to produce revenue and a testing
environment  means  dedicating  space,  time  and  money  into
something that might not be as productive as the rest of the
production facility. Furthermore a testing room implies that
you will need to create a completely independent setup and
hire someone who knows how to do research in order to ensure
it is both adequate and fruitful. Although many people believe
this not to be worth it today I want to talk about the five
most important reasons why I consider that a testing room is
something  incredibly  useful  to  have  as  a  part  of  your
commercial growing facility and why getting one will probably
pay off greatly for you going forward.

Testing product changes. Perhaps the first and most direct
benefit to having a testing room is to ensure you can test
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product changes. It may be the case that your supplier for
some particular fertilizer product or additive has ran out and
you now want to test a new product to replace it. It may also
be that you want to test how a product does compared to what
you generally use but you don’t know if it does better or
worse.  Most  growers  are  afraid  of  change  because  making
facility-wide  changes  that  won’t  work  could  have  huge
financial consequences. A testing room ensures you can test
safely and then roll-out changes slowly without having to risk
your entire crop cycle to find out.

Optimizing what you currently have. Change is very rare across
commercial facilities because growers understandably want to
preserve their current results, even if some better results by
making some change would be possible. This constraints growers
from making incremental changes that might make their crops
significantly more productive. By having a testing room you
can optimize the setup you already have by making adequate
research  into  optimizing  things  such  as  environmental  or
nutritional factors.

Trying potentially game-changing modifications from academic
research papers. There are many papers published each year on
how to increase the yields of hydroponic crops. Some of these
papers offer somewhat risky and controversial changes that
might not transfer well across species. However if something
gives you the potential to increase your yields by say, 50%,
it might definitely be worth trying across a testing setup.
Obviously these things are too risky to try across an entire
facility but a testing room would be perfect to help you try
these new and exciting modifications, potentially giving you a
huge edge versus all the other people who will never try this.

Try  new  plant  varieties.  Usually  growers  try  new  plants
without having a clear idea of how productive they are going
to be under their growing setup. This means that you introduce
a  new  variety  with  a  huge  question  mark  regarding  its
productivity  and  potentially  financial  benefit  or  cost.  A



testing room provides you with a risk-free way to test how a
particular  plant  variety  will  perform  under  the  exact
conditions in your facility, potentially allowing you to make
far less risky decisions when it comes to making planting
changes in your facility.

Research new ideas. A final benefit you can get from a testing
room  is  that  you  can  research  your  own  new  ideas.  With
adequate experimental design even a small room with just 10
plants can be used to test some ideas to see how they affect
plant growth. This means that you can develop your own in-
house growing modifications that will make it much harder for
others to compete with you. For example if you developed a
secret foliar additive in your growing facility it would allow
you  to  only  use  this  for  your  own  crops,  without  the
industrial  secret  ever  being  used  by  your  competitors.

Of course there are many other advantages to testing rooms but
the above are just some of the wonderful things you’ll be able
to do if you have a testing room and someone trained in
scientific research who can help you design experiments and
get the most out of it. A testing room also doesn’t need to be
huge and even starting out with 10 plants can be a huge step
in taking your commercial growing facility to the next level.

The  use  of  phosphites  in
plant culture
Plants normally get most or all of their phosphorous from
inorganic phosphorus sources. Most commonly these sources are
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monobasic or dibasic phosphate ions (H2PO4
– and HPO4

-2), which
are naturally formed from any other phosphate species at the
pH values generally used in hydroponics (5.5-6.5). However
these are not the only sources of inorganic phosphorous that
exist. Phosphite ions – which come from phosphorous acid H3PO3

– can also be used in plant culture. Today we are going to
talk about what phosphite does when used in hydroponics and
why  it  behaves  so  differently  when  compared  with  regular
phosphate sources. In research P from phosphate is generally
called Pi, so I will follow this same convention through the
rest of this post. A good review on this entire subject can be
found here.

The role that phosphite (Phi) plays in plant nutrition and
development has now been well established. Initially several
people claimed that Phi was a better P fertilizer than Pi so
researchers wanted to look into this to see if Phi could
actually be used as an improvement over Pi fertilization.
However research was heavily disappointing, studies on lettuce
(here) , spinach (here), komatsuna (here) as well as several
other plants showed that Phi fertilization provides absolutely
no value in terms of P nutrition, meaning that although plants
do absorb and process the Phi it does not end up being used in

http://onlinelibrary.wiley.com/doi/10.1111/j.1747-0765.2009.00365.x/full
http://onlinelibrary.wiley.com/doi/10.1002/jpln.200800192/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1747-0765.2008.00290.x/full
https://link.springer.com/article/10.1007/s11104-008-9598-0


plant tissue to supplement or cover P deficiency in any way.
Furthermore there are some negative effects when Phi is used
in larger concentrations (as those required for Pi) so it
quickly became clear that Phi is not a good fertilizer at all.

Why should anyone use Phi then? Well, research started to show
that some of the earlier positive results of Phi fertilization
were not because it was covering Pi deficiencies but mainly
because  it  was  offering  a  protective  effect  against  some
pathogens. Research on tomatoes and peppers and other plants
(here and here) showed that phosphites had some ability to
protect plants against fungi with plants subjected to Phi
applications  showing  less  vulnerability  to  the  pathogens.
However the evidence about this is also not terribly strong
and a few papers have contested these claims.

http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS.1998.82.10.1165
http://www.actahort.org/books/917/917_21.htm


Those who say that Phi is not mainly a fungicide claim that
positive results are mainly the effect of Phi acting as a
biostimulant (here). These groups have shown through research
across several different plant species, including potatoes,
onions, lettuce, tomatoes, wheat, oilseed rape, sugar beet and
ryegrass  that  foliar  or  sometimes  root  applications  of
phosphites consistently yield some positive effects, meaning
that there is a strong biostimulant effect from the Phi that
is not related to either P nutrition or a fungicidal effect. A
recent review looking at the overall biostimulant effects of
Phi (here) shows how researchers have obtained evidence of
biostimulation  in  potatoes,  sweet  peppers,  tomatoes  and
several other species (the images in this post were taken from
this review). The different studies mentioned in the review
show  increases  in  quality  and  even  yields  across  these
different plant species (see tables above).

While we know that Phi is not a good source of P nutrition and
we know it can help as a fungicide in some cases it is clear
now  that  under  enough  Pi  nutrition  Phi  can  provide  some
important biostimulating effects. Negative effects from Phi
seem to be eliminated when enough Pi nutrition is present so
rather than be thought of as a way to replace or supplement P
nutrition it should be thought of as an additive that has a

http://www.actahort.org/books/1148/1148_7.htm
http://www.sciencedirect.com/science/article/pii/S0304423815301990


biostimulating effect. Phi may become a powerful new tool in
the search for higher yields and higher quality, while not
serving as a replacement for traditional Pi fertilization.

Five things you should know
when  mixing  your  own
hydroponic liquid nutrients
Many hydroponic growers – especially large scale ones – can
benefit greatly from mixing their own custom nutrients. Not
only can this save money in the thousands of dollars per month
but it can also give you an unprecedented degree of control
when compared with store-bought nutrients. On today’s post I
am going to write about five important things you should know
when mixing your own nutrients so you can avoid many common
problems that can arise when you start preparing your own
stock solutions.

https://scienceinhydroponics.com/2017/09/five-things-you-should-know-when-mixing-your-own-hydroponic-liquid-nutrients.html
https://scienceinhydroponics.com/2017/09/five-things-you-should-know-when-mixing-your-own-hydroponic-liquid-nutrients.html
https://scienceinhydroponics.com/2017/09/five-things-you-should-know-when-mixing-your-own-hydroponic-liquid-nutrients.html


More concentrated solutions are not always better. When you
prepare a concentrated liquid you would usually want to go
with the highest possible concentration factor so that you can
prepare as much final nutrient solution as possible with as
little stock solution as possible. However trying to get into
higher concentration factors (1:400-1:500) can cause important
issues  due  to  the  solubility  of  the  salts  used  and  the
temperatures the stock solution will be exposed to. It can
also cause high inaccuracies with variable injector setups
since the dilutions will be much smaller. For starters go with
a 1:100 concentration factor and only start going higher when
you get more experience. If you’re using injectors I would
generally avoid a range higher than 1:250 unless you do more
extensive calibration procedures with your injectors.

Impurities can cause important problems. Some salts can come
with  significant  levels  of  impurities  –  sometimes  mainly
additives – that can cause substantial issues when preparing
your nutrient solutions. Lower quality grade salts – mainly
those  used  for  soil  fertilization  or  those  that  are  OMRI
listed and come straight from mining with no refining – can
generate problems within your mixing process. These problems
range from insoluble left-overs in tanks to toxic amounts of
some  micro  elements.  To  ensure  you  get  the  best  possible
results use greenhouse grade fertilizer salts and try to avoid
sources of salts that are OMRI listed. Synthetic sources that
have been heavily purified are your best bet in ensuring the
best possible results.

Use slightly acidic deionized water to prepare the solutions.
Most water sources in Europe and the US are very heavy in
carbonates an therefore inappropriate for the preparation of
concentrated nutrient solutions as these ions can cause salts
to precipitate when preparing concentrated solutions. To fix
this issue the best thing would be to use distilled water but
– since this is often not an option – the next best thing is
to use reverse osmosis water and add a bit of acid (0.5mL/L of



nitric acid, other acids may cause other problems) per gallon
of concentrated solution. This will ensure that everything
gets dissolved and will eliminate the carbonates that can be
naturally present within the water. Of course never, ever use
tap  or  well  water  to  prepare  concentrated  hydroponic
solutions.

Salts take up volume, take that into account. A very common
mistake when preparing solutions is to just add the salts to
the final volume of desired stock solution to prepare. This is
a mistake since the salts also take up volume. If you want to
prepare 1 liter of concentrated solution and you need to add
say, 100 g of potassium nitrate,  adding 100g of potassium
nitrate to 1L of water would generate a solution with a final
volume greater than 1L. To avoid this problem always add the
salts to half the volume of water and, after the salts have
dissolved, complete to the final volume of desired solution.

Add salts from the smallest to the largest quantities. When
you  prepare  hydroponic  solutions  it  is  often  better  –
especially  when  you’re  starting  –  to  add  salts  from  the
smallest to the highest amounts needed. If you make a mistake
at some point then you will minimize the amount of mass of
salts that has been wasted due to this fact. If you make a
mistake adding a micro nutrient you will only lose a small
amount of the other micro nutrients instead of losing a huge
amounts of macro nutrients due your order of addition. It is
also  true  that  the  substances  that  are  added  in  largest
quantities  are  commonly   nitrates  and  these  salts  have
endothermic dissolutions – meaning they cool solutions upon
addition – so it is better to add them last so that they can
benefit a bit from the heat generated by the dissolution of
the other salts.

The above is not an exhaustive list of pointers but it should
save you from some important trouble when preparing your own
initial nutrient solutions.Although some of these points may
seem obvious to those that have experience preparing their own



solutions they may prove invaluable to those who are just
starting their journey in concentrated nutrient preparation.

Humic  acids  in  hydroponics:
What is their effect?
Plants and microorganisms affect the substrates in which they
grow in many ways. If you start growing plants in an inert
substrate – with nutrient applications of course – you will
notice that the substrate’s chemical composition will start to
change with time and it will start to get enriched in carbon
containing  substances.  As  plants  and  microorganisms  grow,
thrive and die, some of the chemicals that made up their cells
end up enriching the substrate they grow on. This process –
whereby organic materials from living organisms become part of
a substrate – is what generates the soils around us. One of
the  most  prevalent  class  of  components  in  this  organic
material, is what we call humic acids.

Humic substance chemical properties.

https://scienceinhydroponics.com/2017/09/humic-acids-in-hydroponics.html
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Humic acid is not a single substance but a wide range of
substances  that  are  created  as  a  product  of  plant  and
microorganism decomposition. This is why you often hear people
talk about “humic acids” instead of simply “humic acid”. They
are  called  “acids”  because  the  humic  substances  contain
molecules that have groups that resemble those found in phenol
and vinegar. They are also differentiated from fulvic acids in
the fact that they are only soluble at basic pH values while
fulvic  acids  are  generally  small  enough  molecules  to  be
soluble across most of the pH spectrum. Since humic acids are
a very important component of enriched soils and can be used
in  soiless  culture,  people  have  started  using  them  as
supplements  in  soiless  and  pure  hydroponic  culture.

When talking about the effects of humic acids it is worth
mentioning that since we’re talking about a group of molecules
– not a single substance – effects are generally dependent on
the source of the humic acid used. For example you can find a
study on tomatoes here where two different sources of humic
acids – from peat and leonardite – were used to grow tomatoes.
The study shows a clear difference between both with the first
only stimulating root growth while the second stimulated both
roots and shoots. However in both cases there was an increased
iron availability to plants, although the mechanism for this
was not established.

Tomato  plants  inoculated
with root rot at different
humic acid application rates

http://www.tandfonline.com/doi/abs/10.1080/01904169809365424


In plants like gerberas humic acids applied at 1000 ppm can
offer increases in harvested flowers of up to 52% (see here),
somewhat positive effects can also be seen in tomatoes across
the literature with most studies showing increases in yields
and mineral contents (see here), reports of positive effects
on gladiolus have also been published (here). Since the 1990s
there has been a somewhat established understanding of some
general beneficial effects for humic acid applications, it is
well established that they can prevent and eliminate micro
nutrient deficiencies due to their abilities to increase their
availability(see  here).  The  literature  is  also  quite
consistent in that the largest effects are often seen on root
growth rather than on shoot growth or mass. There are however
some types of humic acids that have showed higher increases of
shoot  mass,  for  example  in  an  article  studying  humic
substances derived from municipal waste on barley this was the
observed  effect.  For  some  plants  however  –  despite  these
beneficial effects – increases in yields in hydroponic culture
are not evident (see here and here). A look at the effect of a
humic acid source on several different plant species can be
found here.

Effect  of  humic  acid,  bacteria  and
lactate applications on tomato plants.

http://www.tandfonline.com/doi/abs/10.1080/01904160802462819
http://www.actahort.org/books/469/469_38.htm
https://www.researchgate.net/profile/Imran_Khan222/publication/305277973_HUMIC_ACID_APPLICATION_IMPROVES_THE_GROWTH_FLORET_AND_BULB_INDICES_OF_GLADIOLUS_Gladiolus_grandiflorus_L/links/57863f4208ae3949cf555107.pdf
https://dl.sciencesocieties.org/publications/books/abstracts/acsesspublicati/humicsubstances/161
http://www.sciencedirect.com/science/article/pii/S0960852496000648
https://dl.sciencesocieties.org/publications/sssaj/abstracts/65/6/1744
http://horttech.ashspublications.org/content/8/4/564.short
http://www.tandfonline.com/doi/abs/10.1080/01904167.2011.531358


It is worth noting that humic acid applications are also not
limited to the root zone. Since humic acids can enhance the
absorption  of  some  nutrients  they  can  also  be  applied  in
foliar sprays. Experiments on strawberries (here) showed that
an application of 1.5-3ppm of humic acids led to an increase
in the quantitative and qualitative properties of the fruits.
 Combinations of humic acids with other biostimulants are also
common. For example a combinations of lactate, humate and
beneficial bacteria was tested on tomatoes (here) but the
experiments showed that the effect could be stimulating or
inhibiting depending on the particular conditions, even though
most combinations were beneficial.

With the high variability between humic substance origins,
application rates and effects it is very hard to say whether
humic acid applications will definitely help your crops in
terms of yields. For almost all humic acid sources it is
probably  warranted  that  micronutrient  absorption  will  be
somewhat  augmented  due  to  their  ability  to  chelate  these
nutrients,  but  only  if  the  nutrients  are  not  efficiently
chelated  already.  This  sole  ability  might  lead  to  crop
improvements if deficiencies are present but improvements in
yields will strongly depend on humic acid substance origin and
particular properties. However humic acids do seem to lead to
general  product  quality  improvements  and  since  negative
effects are rare there seems to be no harm in carrying out
field tests to determine if their use is worth it for your
particular crop.

How to prevent problems with

https://s3.amazonaws.com/academia.edu.documents/33507528/Agri._Commun._1_1_3.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1505249254&Signature=sUxda186qBmEkcefGbN0DSKHgT0%3D&response-content-disposition=inline%3B%20filename%3DFoliar_Application_of_Humic_Acid_on_Quan.pdf
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powdery mildew in hydroponic
crops
One of the worst problems you can get in a hydroponic crop is
mildew. Year after year I see growers lose significant amounts
of  production  due  to  this  disease  within  a  variety  of
different crops. Powdery mildew reduces yields, stunts plants
and – if contracted early on – will possibly cause a complete
loss of your crop. It is generally hard to control once it
gets  in  and  it  will  expand  like  wildfire  through  any
commercial growing operation. Today we will be discussing how
to actually prevent mildew from ever appearing – without using
toxic fungicide applications – and why prevention can play a
huge role in ensuring you never have to face this problem in
the first place.

Fungal  spores  are  generally  carried  by  the  wind  and  by
insects, making it very hard for a crop to avoid ever coming
into contact with the pathogen. Wild plants or plants from
other commercial crops close to you will most likely have the
disease  and  millions  of  spores  will  get  in  the  air  and
eventually reach your plants. It is only a matter of time till
the powdery mildew reaches your crops – almost impossible to
prevent – so you must make sure that your plants are strong

https://scienceinhydroponics.com/2017/09/how-to-prevent-problems-with-powdery-mildew-in-hydroponic-crops.html
https://scienceinhydroponics.com/2017/09/how-to-prevent-problems-with-powdery-mildew-in-hydroponic-crops.html


enough to prevent the pathogen from taking hold.

There are two main factors that affect whether powdery mildew
will infect your plants. The first is plant strength and the
second is the environment. If one of these two is not at its
best then your plants will fall prey to this fungal disease.
Neither strong plants under bad environmental conditions nor
weak plants under ideal environmental conditions will be safe
from the disease. So what can we do to ensure our plants are
healthy and our environmental conditions are safe?

One of the proven methods to make plants strong against fungi
is silicon. Potassium silicate applications – as soil drenches
or foliar sprays – have proven to increase disease resistance
across several studies (see here and here for examples). But
other innovative approaches using other forms of silicon – for
example nanometer sized silica crystals – have also yielded
good results. In this and this studies it was clearly shown
that other forms of silicon – besides silicate – could also
help in preventing fungal disease. This might be preferred in
some cases as these forms of silicon can be far more stable
and easier to store/apply compared with options like potassium
silicate.

https://link.springer.com/article/10.1007/s10327-005-0270-8
http://journal.ashspublications.org/content/117/6/902.short
https://search.proquest.com/openview/23f38c0badfff41ac505f127798106cf/1?pq-origsite=gscholar&cbl=886351
https://link.springer.com/article/10.1007/s11738-017-2426-5


However  silicate  applications  are  no  miracle.  If  your
environmental conditions are not set properly the silicate
applications will be useless. This is the reason why some
growers  say  that  silicate  does  nothing  against  disease,
because  an  environment  that’s  favorable  for  fungi  can
basically  nullify  the  protective  action  of  supplemental
silicon. This was demonstrated by cucumber growers who had a
lot of success with Si supplementation in Canada to prevent
fungal  diseases,  but  failed  to  reproduce  this  success  in
Florida.  A  study  about  this  difference  revealed  that  the
higher temperatures in Florida negated a large part of the
benefits from silicon supplementation. If you want silicon to
work against disease better stay in the 20-25°C range.

Other microorganisms can also be of great help in preventing
powdery mildew. If a leaf is already colonized by beneficial
fungi or bacteria it will be much harder for a pathogen to get
in. Several species of microorganisms have been studied in
this regard. Fungi like Tilletiopsis have shown to prevent and
control the disease (see here), other microbes have also been
studied  in  conjunction  with  silicon  (see  here  and  here),
showing beneficial effects. Fungus like Trichoderma harzianum
and bacteria like bacillus subtilis have also shown induction
of systemic resistance against fungal diseases (see here, here
and here).  The two images above were taken from this study.

http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS.2003.87.2.177
http://admin.apsnet.org/publications/phytopathology/backissues/Documents/1994Articles/Phyto84n04_341.pdf
https://www.researchgate.net/profile/Habtom_Tesfagiorgis/publication/277244862_Studies_on_the_use_of_biocontrol_agents_and_soluble_silicon_against_powdery_mildew_of_zucchini_and_zinnia/links/56db464f08aebabdb412e413.pdf
http://siliconconference.org.za/fotos/Habtom%20PhD%20Thesis%20Final.pdf#page=158
http://www.sciencedirect.com/science/article/pii/S1049964412002551
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS.2003.87.4.380
http://www.jstor.org/stable/43228999
http://www.sciencedirect.com/science/article/pii/S1049964414000620


Friendly  chemical  solutions  are  also  available  for  the
prevention  of  powdery  mildew.  Plant  derived  extracts,  for
example neem seed oil at 1% has shown to be a good agent for
powdery mildew prevention in okra (see here). Substances like
salicylic  acid  have  also  shown  to  trigger  resistance  to
powdery mildew in plants like peas (see here).

There  are  also  additional  alternatives  dealing  with  the
environment that can make it difficult for fungi to colonize
plants by attempting to make the environment more hostile for
fungi. Spraying ozonated water has shown positive results in
experiments with tomatoes (see here) as well as electrolyzed
water  in  strawberries  (see  here).  Keeping  the  environment
conditions within a proper range is also important, this paper
shows you how environmental conditions affect powdery mildew
disease severity in sunflower but the general features are
applicable to most higher plants. As you can see in the image
above – taken from this paper – disease severity increases
with relative humidity. In general you will want to keep your
relative humidity below 70% to avoid making the environment
extremely friendly for fungi.

In the end there are many things you can do to keep your
plants free of foliar fungal disease like powdery mildew. Use
lower  temperatures,  control  your  relative  humidity,  do
silicate and salicylic acid applications and use beneficial
microbes.  If  you  follow  these  steps  you  will  forget  that

https://search.proquest.com/openview/06f6c227f9487bbd91d2d3e5948ddae3/1?pq-origsite=gscholar&cbl=1246352
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0434.1998.tb04685.x/full
http://www.tandfonline.com/doi/abs/10.1080/01919512.2014.913473
http://www.actahort.org/books/559/559_111.htm
https://www.researchgate.net/publication/304355169_Epidemiology_and_management_of_powdery_mildew_of_sunflower?_sg=tQ8nv8PZEfxLKPfvKatpvzHFsuiDLwWBdRNdHxDURxJS_40oaodQODr38II4JBSE1PPIIRaHMztvxAuVZQkZB4R-yDpAxQXu-Pbfwc9r4pl5vQ


powder mildew ever existed!

 

 

Five  important  things  to
consider  when  doing  foliar
spraying
Foliar spraying is a true and tested way to increase yields
and prevent issues in plant culture. Both soil and hydroponic
growers have used foliar fertilizer applications to increase
yields  and  prevent  problems  due  to  nutrient  deficiencies
during the past 50 years. However there is a lot of mystery
and  confusion  surrounding  foliar  fertilizer  applications,
reason why this technique is often applied incorrectly or sub-
optimally.  Today  I  want  to  talk  about  5  key  pieces  of
information to consider when doing foliar fertilization so
that you can be more successful when applying it to improve
your crop results and reduce deficiency problems. If you want
to learn more about these factors I suggest you read the
following reviews on foliar feeding (here, here and here).
Second table in this post was taken from this study on wheat.

Foliar  fertilization  is  not  root  fertilization.  A  usual
problem when doing foliar fertilization is to think that the
same products can be used for leaves and roots. When you want
to increase your crop yields using foliar fertilization you
should definitely not use the same products and concentrations
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https://link.springer.com/article/10.1007/BF01048783
http://www.tandfonline.com/doi/abs/10.1080/07352680902743069
https://www.researchgate.net/publication/228499056_Response_of_wheat_to_foliar_and_soil_application_of_urea_at_different_growth_stages


you  use  for  soil.  There  are  for  example  some  chemical
substances that you would never want to apply to the roots
that have actually shown to give better outcomes in leaves. A
good example is calcium chloride which is a huge mistake in
root  fertilizers  but  a  great  choice  when  doing  foliar
fertilization.

Foliar fertilizers should generally be much more concentrated.
When people apply foliar fertilization they usually apply much
lower  concentrations  because  they  are  afraid  of  burning
leaves.  Although  this  can  certainly  happen  if  the  foliar
fertilizer is badly designed research has shown that the best
results are obtained with much higher concentrations than what
you generally use for the roots. For example when you apply an
iron  foliar  fertilization  regime  you  generally  use  a
concentration of 500-1200 ppm of Fe while in root applications
you only very rarely go beyond 4-5 (most commonly 1-3 ppm).
Usually  concentrations  in  foliar  fertilizers  will  be  much
higher and if the fertilizer is correctly designed this will
give much better results. The graph below (taken from the
first review linked above), shows some of the most commonly
used fertilizer concentrations.

Surfactants are very important (don’t use dish washing soap!).
Leaf coverage is very important in foliar applications because
you want the fertilizer to be evenly spread across the entire



leaf not “clumped” into drops due to surface tension. Many
people have trouble with nutrient burn due to bad fertilizer
design  that  causes  inadequate  leaf  coverage.  However  all
surfactants are not created equal and ionic fertilizers are
very undesirable for this task due to their interaction with
leaf tissue and fertilizers. Due to this reason you should NOT
use something like dish washer liquid soap but a proper non-
ionic surfactant like a polysorbate. The surfactant will be a
very important part of your foliar fertilizer formulation.

Timing is also critical. The time when you do your foliar
sprays  applications  is  also  very  important  for  optimal
results. In general you want the leaf stomata to be open and
the vapor pressure deficit to be lower so the best time to do
foliar  spraying  is  usually  during  the  afternoon  after
temperatures have dropped significantly. For most time zones
this  usually  means  sometime  after  3PM.  Doing  foliar
applications sooner can lead to much larger stress due to a
higher vapor pressure deficit – risking burns as well – while
doing it later leads to less efficient absorption due to the
stomata being closed. If applying the spray at this time is
not possible then early morning often works as well. Make sure
you measure your daily temperature/humidity fluctuations to
ensure you don’t do foliar sprays at a high VPD.

Couple adequate additives for yield increases. Research has
shown that while nutrient foliar spraying can enhance yields
significantly under sub-optimal root feeding conditions if the
root concentrations are already optimal – as in a well managed
hydroponic  crop  –  it  is  hard  for  simple  nutrient  foliar
spraying  to  provide  a  lot  of  benefit.  However  there  are
several biostimulants that are poorly absorbed through the
root zone that can give you much better results when used as
foliar sprays. Additives like salicylic acid and triacontanol
can  make  sure  that  your  nutrient  foliar  spray  gives  you



maximum additional benefits.

As you can see there is a lot to the design of an adequate
foliar spray. You must consider that the substances you use
need to be fit to the purpose – not necessarily the same as
for  root  applications!  –  and  that  your  concentrations,
surfactants, additives and application times are adequate. Now
that you are aware of these factors you should take them into
account when designing your next round of foliar spraying for
your crops.

Creating  a  robust  pH/EC
monitor for hydroponics using
Atlas probes and an Arduino
A few months ago I talked about how you could build a simple
sensor station for your hydroponic projects using an arduino
(see here). However this small project used the relatively
cheap – but I have found not very robust – pH/EC probes and
boards from gravity which makes it a poorer choice for a more
professional project aiming to constantly monitor the pH/EC of
a production hydroponic setup. Today I am going to tell you
how you can build a dedicated pH/EC monitor using the robust
pH  probes  from  Atlas,  which  also  have  several  important
advantages we will be discussing within this post. I would
also like to point out that Atlas is not paying me anything to
write this post, I write just because of my experience using
their probes.

–
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–

The  pH/EC  probes  from  gravity  have  several  problems  when
looking for a robust sensing setup. The first issue they have
is that the probes are not rated for constant immersion, so
they are damaged if you place them within solution the whole
time which is probably what you want to do within a production
hydroponic setup. The second issue is that the boards require
cable  connections  to  the  Arduino  which  introduces  a
significant amount of noise that can causes problems with
measurements. Due to poor isolation there can also be issues
with the gravity boards when measuring EC/pH at the same time.
To overcome these issues we can use probes and boards from
atlas which have the advantage of having no cable connections
to the Arduino – connections are through pins directly – plus
the probes are rated for constant immersion and are much more
robust. These are the things we would need to build this
project:

Arduino UNO R3 – 23.90 USD
LCD 12864 screen shield – 24.05 USD
Mini tentacle shield – 85.00 USD
pH kit from Atlas – 149.15 USD

https://www.amazon.com/Arduino-Uno-R3-Microcontroller-A000066/dp/B008GRTSV6
https://www.dfrobot.com/product-1084.html
https://www.atlas-scientific.com/product_pages/components/tentacle-shield-mini.html
https://www.atlas-scientific.com/product_pages/kits/ph-kit.html


EC kit from Atlas – 195.71 USD
Arduino headers – 12.99 USD

As you notice this sensor project is much more expensive than
the sensor station I had discussed before, with a price tag of
around 490 USD (not including shipping). However when looking
for a robust setup you definitely should favor the additional
expense as this will likely be paid off with much longer
service times.

When you get the pH/EC kits the first thing you want to do is
change your EZO boards (the small circuit boards that come
with them) to i2C mode so that you can use them with your mini
tentacle shield. To do this follow the instructions here,
follow the instructions in the “Manually switch between UART
and I2C” section, use female jumpers to make this process
easier. Note that you can use your LCD shield analogue 5V and
ground pins when you need power within the process.

//Libraries
#include <U8glib.h>
#include <stdio.h>
#include <Wire.h>
#include <Arduino.h>

#define TOTAL_CIRCUITS 2

///---- variables for pH/EC tentacle shield ------- //

#define TOTAL_CIRCUITS 2

char sensordata[30];
byte sensor_bytes_received = 0;

byte code = 0;
byte in_char = 0;
int channel_ids[] = {99, 100} ;
// ------------------------------------------------ //

//  EC  values  //  CHANGE  THESE  PARAMETERS  FOR  EC  PROBE

https://www.atlas-scientific.com/product_pages/kits/ec_k1_0_kit.html
https://www.amazon.com/Hilitchi-2-54mm-Arduino-Stackable-Assortment/dp/B01IPA8JZY/ref=sr_1_4?s=electronics&ie=UTF8&qid=1502890467&sr=1-4&keywords=arduino+headers
https://www.whiteboxes.ch/tentacle/#switch-i2c
https://www.amazon.com/40pcs-Female-2-54mm-Jumper-Wires/dp/B007MRQC1K


CALIBRATION
#define EC_PARAM_A 0.00754256

//pH  values  //  CHANGE  THESE  PARAMETERS  FOR  PH  PROBE
CALIBRATION
#define PH_PARAM_A 1.0
#define PH_PARAM_B 0.0

#define XCOL_SET 55
#define XCOL_SET2 65
#define XCOL_SET_UNITS 85

//--------------------------

U8GLIB_NHD_C12864 u8g(13, 11, 10, 9, 8);
float pH, EC;

//--------------------------

void draw() {
  u8g.setFont(u8g_font_04b_03);
  u8g.drawStr(0,11,"pH:");
  u8g.setPrintPos(XCOL_SET,11);
  u8g.print(pH);
  u8g.drawStr(0,21,"EC:");
  u8g.setPrintPos(XCOL_SET,21);
  u8g.print(EC);
  u8g.drawStr( XCOL_SET_UNITS,21,"mS/cm" );
}

void read_tentacle_shield(){

  for (int channel = 0; channel < TOTAL_CIRCUITS; channel++) {
    Wire.beginTransmission(channel_ids[channel]);
    Wire.write('r');
    Wire.endTransmission();
    delay(1000);

    sensor_bytes_received = 0;
    memset(sensordata, 0, sizeof(sensordata));



    Wire.requestFrom(channel_ids[channel], 48, 1);
    code = Wire.read();

    while (Wire.available()) {
      in_char = Wire.read();

      if (in_char == 0) {
        Wire.endTransmission();
        break;
      }
      else {
        sensordata[sensor_bytes_received] = in_char;
        sensor_bytes_received++;
      }
    }
    if (code == 1){
      if (channel == 0){
        pH = atof(sensordata);
        pH = pH*PH_PARAM_A + PH_PARAM_B;
      }
      if (channel == 1){
        EC = atof(sensordata);
        EC = EC*EC_PARAM_A;
      }
    }
  }
}

void setup()
{
    pinMode(13,OUTPUT);
    Serial.begin(9600);
    u8g.setContrast(0);
    u8g.setRot180();
}

void loop()
{

  digitalWrite(13, HIGH);
  delay(800);



  digitalWrite(13, LOW);
  read_tentacle_shield();

  u8g.firstPage();
    do  {
      draw();
    }
      while( u8g.nextPage() );
}

Once you have changed the EZO boards to i2C you can now plug
everything into the arduino and upload the code into your
arduino. Plug the EZO boards into the mini tentacle shield and
then plug that shield into the arduino. You’ll notice that the
EZO boards make it impossible to plug the LCD screen directly
on top – as the EZO circuits make the shield too tall – so you
should use stackable headers to extend the connections so that
you can plug the LCD screen on top without any problems. Make
sure  you  download  and  install  the  U8glib  library  in  your
arduino IDE before uploading the code.

As with the previous code you’ll notice there are variables
called  PH_PARAM_A,  PH_PARAM_B  and  EC_PARAM_A  within  the
beginning of the code that you should change in order to
calibrate  your  probes.  Follow  the  instructions  about
calibration I gave in the previous post in order to figure
this out. Using the calibration solutions that come with your
kits you’ll be able to perform this calibration procedure.
Whenever you want to calibrate your probes you should reset
these variables to their original values, reupload the code
and retake measurements.

Following this guide you will have a very robust sensor setup
using very high quality probes. These probes are also coupled
with a board that has no wire connections with the arduino,
offering very high quality readings with very small amounts of
noise. Additionally the LCD shield opens up the possibility to
add more sensors to your station so that you can monitor,
temperature, humidity, and carbon dioxide potentially from a

https://github.com/olikraus/u8glib
http://scienceinhydroponics.com/2017/05/a-simple-arduino-based-sensor-monitoring-platform-for-hydroponics.html


single place.


