
How to prevent problems with
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
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the powdery mildew reaches your crops – almost impossible to
prevent – so you must make sure that your plants are strong
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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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.

Comparing the conductivity of
two different solutions
Conductivity is perhaps the most misunderstood and erroneously
used measurement in hydroponic culture. This has a lot to do
with  conductivity  also  being  called  a  “totally  dissolved
solid”  (TDS)  measurement  and  the  conductivity  scale  being
expressed in “ppm” units, concentration units which only cause
confusion  in  this  area.  Today  I  want  to  talk  about  an
important consequence of this confusion that happens when you
try  to  compare  the  conductivity  of  different  nutrient
solutions. I’ll talk about a recent case I encountered and how
it  generated  significant  problems  due  to  a  natural
misunderstanding  of  how  conductivity  works.

–

–

A grower wanted to run a side by side trial of two nutrient
formulations using identical growing conditions. This grower
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then decided that the best way to do this was to ensure that
the conductivity and pH of the two solutions were identical
after preparing the nutrient solutions, then they would both
be equivalent in terms of their strength and differences in
results would be entirely due to the differences in ionic
ratios between both of them. The media was the same, the
environment was the same and plant genetics were the same.

However there was a small problem with this thinking. The same
conductivity across two different solutions is not the same
thing. You might think that using a conductivity of 2.0 mS/cm
across two different nutrient solutions might mean that their
“strength” is the same, but in reality the strength of a
solution  –  as  per  what  a  plant  really  experiences  –  is
determined by its osmotic pressure and osmotic pressure –
although proportional to conductivity within the same solution
– cannot be extrapolated when the composition of the solution
changes. This confusion is further expanded when people see
the conductivity numbers in ppm because the expression in mg/L
makes them think there is the same “amount of stuff” in the
two solutions. This is not the case.

All the ppm does is tell you that your solution has the same
conductivity  as  a  reference  with  that  ppm  concentration
(commonly NaCl or KCl) but it tells you nothing about how many
dissolved  solids  are  really  present  within  your  nutrient
solution. Given that non-conductive substances also affect the
osmotic pressure of a solution it can happen that a nutrient
solution with the same conductivity as another one in reality
has  a  lot  more  dissolved  solids,  making  it  far  more
concentrated  in  real  terms  compared  to  the  other  one.

–



–

In the above mentioned particular case one solution had a
chelating agent that effectively made a significant number of
ions  neutral  in  charge  (effectively  making  them  non-
conductive) reducing the measured conductivity by around 20%
at the same osmotic pressure as the other solution. So while
the grower was feeding the two solutions at the exact same
conductivity,  the  second  solution  was  around  20%  more
concentrated in real terms – osmotic pressure terms – compared
to the other one. Plants responded very negatively to this –
as the conductivity was already quite high – so the grower
erroneously assumed that this was due to the ionic ratios
instead  of  it  simply  being  due  to  an  error  in  judging
concentrations. The second solution was a lot stronger in real
terms, although the conductivity was the same.

When comparing two nutrient solutions you should therefore
resort to measurements different than conductivity because the
conductivity of two different solutions with different ion
compositions  cannot  be  compared,  the  same  level  of
conductivity will result in two completely different osmotic
pressure values. Their strengths will not be the same. If you
want  to  compare  two  different  solutions  at  the  same  real



strength then you need to use an osmometer to determine this
point and sadly osmometers are neither cheap nor practical to
use.

However another possibility is to simply compare at a constant
concentration of a given element. Have a lab analysis of the
two fertilizers made – remember you cannot trust labels to
give you the real composition values – calculate how much of a
given  element,  for  example  N,  is  present  at  a  given
application rate and then dial in the other fertilizer to
match  that  N  concentration.  The  osmotic  pressures  will
probably be different but at least under this sort of A/B test
you will be comparing apples to apples in the sense that the
only variable will be the N:X ionic ratios between the two
solutions. Total strengths will differ but this will be due to
differences in ionic ratios, which is probably what you want
to test.

 

Controlling  aphids  in  a
hydroponic crop. Part 1.
Without  a  doubt  aphids  are  one  of  the  most  common  pests
affecting  crops  worldwide.  There  are  both  root  and  leaf
aphids, the former which generally live only around plant
roots – producing winged offspring only to infest new plants –
while the later live generally in plant stems, leaves and –
when infestations are bad enough – even within plant flowers
and  fruits.  Today  we  are  going  to  talk  about  several
alternatives  to  deal  with  aphids,  from  traditional
insecticides to more natural alternatives such as biocontrol
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options. We are not going to discuss mechanical options here –
we’ll leave that to part two – as we’ll focus only on chemical
and biological control within this first part.

–

–

There is one clear winner when controlling aphids. At the
present  time  nothing  will  beat  neonicotinoids  in  fighting
aphids as these insecticides are very effective against a wide
range of sucking insects (which are insects that suck material
out of plant tissues). Originally made during the mid 1980’s
and  massively  popularized  during  the  1990’s  (see  here)
insecticides like imidacloprid have been huge winners in the
fight against aphids. They are applied via soil applications –
no need for foliar applications – where they are absorbed by
the roots and effectively make plant tissue completely toxic
for aphids, affecting their nervous system.

However  everything  is  not  rosy  with  insecticides  like
imidacloprid.  Neonicotinoids  affect  beneficial  insect
populations – bees in particular (see here) – so they are not
good for the environment in general. As a secondary problem
they also remain within plants for a really long time so they
should only be used when plants are a significant time away
from harvest (at least 60 days is usually recommended). When

http://agris.fao.org/agris-search/search.do?recordID=DE92U0152
http://www.sciencedirect.com/science/article/pii/S0147651303001477


using on edible crops make sure you get a formulation that has
been specifically designed for this purpose (like this one).
However  some  legislations  require  no  imidacloprid  to  be
present in plant tissue meant for human consumption so it is
important to check with regulatory guidelines regarding its
use. There are several studies showing how imidacloprid can
accumulate in fruits and flowers (see here for an example in
maize, here for an example in tomatoes).

Perhaps we can resort to less damaging alternatives but still
control  aphids  effectively.  Predatory  insect  applications
don’t work very well (another post about this coming soon!).
But one of the best alternatives I have found so far is to use
Lecanicillium Lecanii – and other Lecanicillium species – as a
parasitic  fungus  to  attach  the  aphids.  Not  only  are  they
effective in attacking aphids but they can also be used as a
two-for-one control against powdery mildew and other pathogens
as well (see here, here and here). I have had a few recent
experiences with customers that have had good success using
such fungi to control aphids in several crop types, including
parsley and tomatoes. I have had great personal success in
parsley, basil and mint plants. These two are the products
that I have seen used containing this fungi (here and here).
Image below taken from this paper and first image in this post
taken from this paper.

–

https://www.bayeradvanced.com/find-a-product/insects-pests/fruit-citrus-vegetable-insect-control
http://pubs.acs.org/doi/abs/10.1021/jf0479362
https://repository.najah.edu/handle/20.500.11888/7724
http://link.springer.com/article/10.1007/s10526-009-9218-9
http://www.sciencedirect.com/science/article/pii/S1049964406003100
http://www.sciencedirect.com/science/article/pii/S0022201108000670
http://www.nutri-tech.com.au/products/microbial-products/myco-force
https://www.koppert.com/pests/thrips/product-against/mycotal/
https://www.researchgate.net/publication/225581199_Characterization_and_virulence_of_Lecanicillium_lecanii_against_different_aphid_species
https://www.researchgate.net/publication/5430180_Potential_of_Lecanicillium_spp_for_management_of_insects_nematodes_and_plant_diseases


–

There are also some naturally occurring insecticides that can
be used, such as neem oil based products. The problem with
these insecticides is that they do work – sort of- depending
on the plant and aphid specie you are trying to tackle (see
here). Generally 0.2-0.5% emulsions of the oil are effective
against  aphid  populations  with  such  application  generally
killing  most  aphids  when  they  work  (see  here  and  here).
Although neem oil applications shouldn’t be considered as a
stand-alone solution they can provide a strong head-start when
dealing with aphid infestations since they can kill a large
portion of the population – if they are susceptible – without
harming beneficial insects that might be predating on the
aphids already. Last image in this post taken from this paper.

For root aphids the option to use beneficial nematodes also
exists. These worms enter the insect bodies and feed on their
internal  fluids,  killing  them  in  the  process.  However  in
contrast with fungal spores nematodes do actively seek their
pray, so they will hunt the aphids down within the media while

https://academic.oup.com/jee/article-abstract/86/3/864/2216051
https://www.cabdirect.org/cabdirect/abstract/19850528181
http://pubs.acs.org/doi/abs/10.1021/bk-1994-0557.ch007
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-204X2004001100003


a  fungal  spore  needs  to  meet  the  aphids  randomly.  Single
nematode species like Heterorhabditis bacteriophora can attack
aphids although combinations using other nematode species are
usually  more  effective  since  different  nematodes  usually
attack  different  species  with  different  efficiencies  (see
here). Mortality rates when using nematodes are usually at
most  around  80%  so  they  need  to  be  effectively  used  in
combination with other methods to provide effective control.

–

–

As you can see there are several options for aphid control in
your  crops.  Although  using  synthetic  insecticides  like
imidiacloprid might be the most effective alternative there
are in fact other options that can also be used successfully
if the use of a neonicotinoid is not desired. Application of
Lecanicillium species has shown to be most effective in peer
reviewed studies while nematode and neem applications can help
compliment this approach and provide a defense against other
insects and pathogens. On the next post in this series we’ll
talk  a  bit  more  about  additional  aphid  control  using
mechanical means that are neither chemical nor biological.

 

http://science.org.ge/newsite/bnas/t11-n1/16_Mikaia.pdf


Five  ways  to  increase  your
seed germination rates
When you start plants from seeds one of the most important
things you want to achieve is a very high and fast germination
rate. However if you try to do seed germination without any
additional  effort  you  will  most  likely  reach  sub-optimal
results since there are some natural factors that hinder seed
germination that need to be eliminated in order to achieve the
best possible results. Today we are going to talk about five
things you can do in order to provide the best conditions for
the germination of your seeds.

–

–

Temperature is very important. When doing seed germination one
of the most critical factors is seed temperature. Some plants
require cold temperatures to germinate – for example spinach’s

https://scienceinhydroponics.com/2017/07/five-ways-to-increase-your-seed-germination-rates.html
https://scienceinhydroponics.com/2017/07/five-ways-to-increase-your-seed-germination-rates.html


germination rate drops to about half when you go from 15 to
25°C – while other plants require higher temperature – for
coriander  it’s  basically  the  opposite.  For  your  seedling
emergence rate to be as high as possible ensure that you are
giving them the temperature they ideally want, which depends
on  the  plant  species.  Below  you  can  see  a  table  with
germination  temperatures  for  several  plant  species.

–

–

Pretreat seeds with PEG-6000. Polyethylene glycol treatments
can dramatically increase seed germination rates (see here).
We have known this since the mid 1970’s and we have also known
that the optimum treatment duration and air-drying effects
change according to plant species. Applying a general PEG-6000
treatment, as a I described here a few years ago, might or
might not work depending on the plant you’re trying to work
with.  For  best  results  you  need  to  search  the  scientific

http://www.actahort.org/books/83/83_29.htm
http://scienceinhydroponics.com/2010/08/improving-seed-germination-the-science-of-seed-priming.html


literature  for  the  best  PEG-6000  treatment  or  –  if  this
information is not present – design your own experiments to
figure this out.

Seed disinfection. Seeds are usually covered in microorganisms
that can seriously impair seed germination rates. In order to
eliminate this issue seeds need to be disinfected prior to
germination  with  a  chemical  agent  (most  commonly  either
hydrogen peroxide or sodium hypochlorite solutions). For this
purpose solutions in the order of 0.1-2% NaClO are generally
used with different soaking times varying between different
papers. You can read more about this sort of process here.
Treatments are usually quick with disinfection lasting only a
few minutes with subsequent plain water baths to eliminate any
excess oxidant.

Introduce some good guys. In the same way that there are
pathogens that can hinder seed germination there are some
“good guys” that can stimulate seed germination. In particular
there are trichoderma species that have been known to increase
germination rates for some plant species. For example in this
paper using okra (see here) there was an important increase in
germination rates when using T. harzianum as a beneficial
fungi.  You  should  look  for  some  scientific  literature
surrounding the species that interest you or – if that’s not
available – apply a product that contains a few trichoderma
species.

Using GA3 for stimulation. The final trick in your arsenal to
increase  germination  rates  is  to  use  Gibberellic  acid  to
stimulate  your  seed  germination.  Optimum  concentration  of
gibberelic  acid,  treatment  lengths  and  effects  depend
fundamentally  on  the  plant  species  used  but  this  is
acknowledged  to  be  a  quite  universal  stimulant  for  seed
germination rates in the general scientific literature. You
can read this paper to see the effects of gibberelic acid on a
wide variety of species found in western Australia (so that

https://www.apsnet.org/publications/phytopathology/backissues/Documents/1986Articles/Phyto76n07_745.PDF
http://111.68.103.26/journals/index.php/mycopath/article/viewFile/185/90
http://onlinelibrary.wiley.com/doi/10.2307/3236393/full


you can grasp how different its action can be). For particular
species you can find articles like this one – for tomatoes –
where different GA3 concentrations are tested to figure out the
best application rate. The effect can be quite dramatic as in
the image below (taken from this paper).

–

–

In the end there are many things we can do to improve seed
germination and the above is by no means an exhaustive list.
For particular plant species there can be other tricks – for
example  things  like  scarification  –  which  can  lead  to
important improvements in germination rates as well. However
the above advice is quite general and can probably help you
increase  germination  rates  for  a  wide  variety  of  plant
species.

Making  your  own  DIY  plant

http://www.actahort.org/books/821/821_15.htm
https://www.researchgate.net/publication/264629865_Effects_of_GA3_Pregerminative_Treatment_on_Gentiana_lutea_L_var_aurantiaca_Germination_and_Seedlings_Morphology
https://scienceinhydroponics.com/2017/07/making-your-own-diy-plant-rooting-gel.html


rooting gel
Cloning is a very common technique used by a large variety of
plant growers. When growing plants from seeds there is an
important unpredictability factor in what you might get so
cloning ensures that you get a clear genetic copy of the
parent and therefore removes a lot of the variability inherent
to the growing process when starting from seed. To perform the
cloning process most growers use the aid of rooting hormones
which are usually sold in the form of a gel at high prices.
Today we are going to learn how to make our own DIY plant
rooting gel using ingredients that can be easily bought online
for a fraction of the cost.

–

–

Rooting  gels  have  basically  four  ingredients.  A  rooting
hormone  (active  ingredient),  a  gelling  agent  (usually  an
acrylic  acid  polymer),  a  base  (needed  to  increase  the
viscosity  given  by  the  gelling  agent)  and  a  preservative
(because fungi eat anything). Today we are going to talk about
making  a  rooting  gel  without  any  preservative  –  which  is
simpler – so don’t make very large quantities because it can
spoil after some time (probably will last for a month or so).

https://scienceinhydroponics.com/2017/07/making-your-own-diy-plant-rooting-gel.html


To make this you will need the following:

Distilled or RO water
Indole-3-butyric acid (you can get it here)  0.69 USD/g
Carbopol 940 (you can get it here) 0.09 USD/g
Potassium hydroxide (you can get it here) 0.02 USD/g
Two containers for mixing (one around 60% of the volume
you want to make, the other around 120%)
A scale that can weight with enough precision according
to the amount you want to prepare (for 1L you will need
a +/- 0.1g scale).

Warning: Potassium hydroxide is a very strong base. Handle
with a lot of care wearing protective eye wear and nitrile or
PVC gloves. Do not agitate it before opening it since KOH
powder is very caustic.

Once you get these ingredients the process is quite simple.
For  a  one  liter  preparation  add  500  mL  of  water  to  one
container (we will call this one A) and 500mL to another
container (which we will call B). Add 3.0g of the Indole-3-
butyric acid to the A container along with 0.6g of potassium
hydroxide and mix until both are dissolved. Heat the water in
container B to 120-140F (48-60°C), stop heating and add 9.0g
of Carbopol 940. Mix the water in container B thoroughly, the
Carbopol 940 might take a long time to get hydrated and get
into solution, stir it until there are no visible clumps (this
can take around 15-60 minutes).

Once this process is done wait for B to cool to ambient
temperature, then mix A and B slowly (in whichever has the
largest container). When you do this the viscosity of the
mixture will start to increase exponentially and you will have
your rooting gel preparation. The amount of money it takes to
prepare 1L is around 3 USD while the most popular rooting gel
products online are charging you around 16 USD for 100mL of
basically the same thing. This means that you will be saving
98% of your rooting gel costs if you make your own.

https://www.amazon.com/Indole-3-butyric-Acid-IBA-98-100g/dp/B01LZC90XW/ref=sr_1_3?ie=UTF8&qid=1499954701&sr=8-3&keywords=indole-3-butyric+acid
https://www.amazon.com/Carbopol-940-1-Pound/dp/B00PJ7UC8O/ref=sr_1_1_a_it?ie=UTF8&qid=1499954755&sr=8-1&keywords=carbopol+940
https://www.amazon.com/PURE-Potassium-Hydroxide-Flakes-Anhydrous/dp/B019FSPV88/ref=sr_1_1?ie=UTF8&qid=1499954781&sr=8-1-spons&keywords=potassium+hydroxide&psc=1


There are some other additives – including preservatives and
biostimulants – that we could add to make a better product,
but that’s a topic for another blog post.

Building  your  own  DIY  high
power LED lamp: Part One
It  is  no  mystery  that  LED  technology  has  evolved  greatly
during the past several years. We are now up to the point
where anyone can buy LED lamps to replace HPS fixtures, with
full spectrum LED configurations that have showed to be just
as good – or sometimes even better – at growing crops (see
here for a post about LED lights Vs HPS). However these lamps
are often very expensive – most commonly around thousands of
dollars to adequately replace a 1000W HPS. Within these series
of posts I am going to talk about how you can build your own
LED lighting to replace HPS lights for pennies on the dollar
compared to commercial LED fixtures.

WARNING: Mains voltages (110-220V) can be extremely dangerous.
Please make sure that you know what you’re doing if you’re
going to follow these instructions. All of this information is
provided “as-is” with educational purposes only. Make sure you
follow  all  safety  precautions  when  working  on  mains
electricity.  

–

https://scienceinhydroponics.com/2017/07/building-your-own-diy-high-power-led-lamp-part-one.html
https://scienceinhydroponics.com/2017/07/building-your-own-diy-high-power-led-lamp-part-one.html
http://scienceinhydroponics.com/2017/06/are-high-pressure-sodium-hps-lamps-better-than-leds.html


–

There are several ways in which you could build your own LED
lamps. This usually involves building an aluminium case with
fans, putting an LED driver inside and then using that driver
to power rows of different light emitting diodes. A driver is
basically a transformer not unlike a computer PSU that takes
voltage from the mains and dials it back down to a lower
voltage that you can use across a row of diodes. Most commonly
commercial lamps use combinations of 3W diodes with narrow
focusing elements with sometimes higher wattage elements with
wider focusing elements. Building a configuration like this
can be done but it is a laborious that we can avoid using some
of the latest advances in LED technology.

To make a simple high power LED lamp we should absolutely
forget  about  putting  together  LED  elements  of  different
colors. This involves a lot of wiring and makes the lamp
fundamentally more expensive. To replace them we can use white
diodes instead which although far less efficient – as they are
basically blue diodes whose light is absorbed and re-emitted
by a phosphor – can give us all the different colors we need
in the proportions we need them. The image above shows you the
spectrum of different white diodes, as you can see we don’t
want the 5000-8000K or 3700-5000K LEDs – which emit a lot of
blue light we don’t need – but we need the much “warmer”
2600-3700K diodes which produce a lot of light in the red



region of the spectra, with enough blue to provide us with
close to a 1:3 ratio. Although this light spectra is still not
ideal compared to what plants absorb it will easily able to
replace a 1000W HPS.

–

–

To make things very simple and avoid using a separate driver
we can use 150W LED cobs that include their own driver and are
fed directly with 120/240V electricity (like the ones here).
As I mentioned we want the lower temperature spectra white
diodes  so  go  for  the  “Warm  white”  and  make  sure  the
temperature description says it is at least 3200K or lower (if
you’re  looking  at  another  source).  The  publication  above
contains 150W cobs that can do 2500-3200K so they can be
considered ideal for this application. For every 150W cob you
install you should also install a 2A AC fuse for that cob only
to ensure that if anything bad happens the power will be cut
almost instantly. Since these cobs are wired directly to mains
electricity you should be specially careful with having proper
safety precautions (proper soldering of the wires, solders
protected with isolating material (like silicon) fuses for
each cob, etc). 

http://www.ebay.com/itm/110V-220V-30W-50W-100W-150W-LED-Floodlight-COB-Chip-Integrated-Smart-IC-Driver-/252819101776?var=551826539887&hash=item3add315850:g:mWcAAOSwo4pYHKrE


Of course the cobs are only half the setup. We need to place
these cobs on top of an appropriate heatsink and then also
ensure we have fans for it. You can buy a properly sized
aluminium heat sink here. Since cobs measure 16×40 we can
comfortably glue two cobs to the bottom of a heat sink of
profile A (146x22mm) with a length of 400mm. To glue the cobs
to the heatsink you should use proper arctic silver thermal
adhesive (you can find it here). For fans you can place 2 12cm
Fans on top of the above. There are several fans that work
with 120-240AC that you can use, for example these fans work
with 120V. This setup will give us a 300W LED lamp, with 2
fans that should be able to keep the heatsink temperatures in
check. All of this for a total of around 83 USD, let’s call it
100 USD after adding fuses, cable and other parts you might
require.

The above lamp will not replace a 1000W HPS on its own, for
this you will need at least 4 cobs – meaning two of the above
lamps – which should give you 600W of LED power that should be
close to the PAR of a 1000W HPS light. This for the cost of
only 200 USD (far less than the commercial LED replacement
lights). I am in the process of making my own so I will be
able to give you some additional details as soon as I get the
parts and finish building my own setup. In part No.2 of this
series of posts I’ll show you the results of my work and what
it does in terms of photon flux and PAR.

What  is  the  ideal  nutrient
solution  temperature  in

http://www.ebay.com/itm/Aluminum-Heatsink-Cooling-for-LED-Power-Memory-Chip-IC-Transistor-various-length-/131535356625?var=&epid=1860602546&hash=item1ea01e42d1:m:mUmeObwN4TYRKRW3C5qYtlQ
http://www.ebay.com/itm/Arctic-Alumina-Premium-Ceramic-Thermal-Adhesive-5g-/142171104811?epid=2062944987&hash=item211a0ee62b:g:LisAAOSwB09YHc2E
http://www.ebay.com/itm/AC-110V-120V-12cm-120mm-x38mm-Metal-Industrial-Lufter-cooling-fan-2wire-heatsink-/262613296014?hash=item3d24f8e38e:g:-j0AAOSwknJXz9fb
https://scienceinhydroponics.com/2017/06/what-is-the-ideal-nutrient-solution-temperature-in-hydroponics.html
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hydroponics?
One of the simplest variables that can make a substantial
difference in crop yields in hydroponics is the temperature of
the nutrient solution. Nutrient absorption by plants is mainly
controlled by chemical processes within their roots and the
efficacy of these processes is determined in an important part
by the temperature the roots are subjected to. Since plants
don’t have a mechanism for active temperature regulation they
just react to changes in temperature in order to best adapt to
the environment that surrounds them. Today I will be talking
about the optimum solution temperature in hydroponics, what
influences this value and what factors we must consider when
deciding what temperature to use in our hydroponic system.

–

–

Solution  temperature  affects  several  important  variables.
Oxygen  solubility  changes  as  a  function  of  temperature  –
decreasing as temperature increases – so as you increase the
temperature the availability of oxygen to plant roots starts
decreasing. As you increase temperature however the speed of
the chemical reactions in plant roots increases, so there is
an increase in respiration rates as temperature increases. The

https://scienceinhydroponics.com/2017/06/what-is-the-ideal-nutrient-solution-temperature-in-hydroponics.html


ideal temperature is therefore always a compromise between
this  decrease  in  oxygen  availability  and  the  increase  in
metabolic  rate  that  is  given  by  higher  temperatures.  For
almost all commercially grown plant species optimum solution
temperatures will be in the 15-30°C (59-86F) range due to this
reason.

However  there  is  no  rule  of  thumb  for  optimum  solution
temperature selection in hydroponics. It should be clear that
since  different  plants  evolved  across  different  conditions
some of them perform better at lower temperatures and some
others do better at higher temperatures. We know for example
that the optimum nutrient solution temperature for potatoes is
in the 20-25°C range (see here) while the optimum temperature
for plants like cucumbers is higher, at 28°C (see here). For
some plants like onions the best solution temperature can
actually be a bit higher, even in the 26-30°C range (see
here). Others like lettuce and baby leaf crops actually prefer
much lower temperatures, with optimum results near 20°C (see
here and here).

–

–

It is then clear that picking a random number between 15-30°C
is not enough, a careful study of the plant specie being grown
has  to  be  carried  out  in  order  to  select  an  adequate
temperature.  It  is  also  important  to  note  that  higher

http://www.actahort.org/books/548/548_62.htm
http://www.actahort.org/books/458/458_40.htm
http://digitalknowledge.cput.ac.za/xmlui/handle/11189/648
http://hortsci.ashspublications.org/content/46/12/1619.short
http://file.scirp.org/pdf/AJPS_2015091616560642.pdf


temperature choices do not come without problems. We know for
example that pythium and other infections are associated with
increases in temperature since pathogen metabolism is also
enhanced under warmer conditions (see here and here). This
shows how even though the optimum temperature for tropical
flowering  plants  is  usually  in  the  25-30°C  range,  it  is
usually  not  common  to  see  optimum  results  at  these
temperatures  due  to  the  potentially  higher  prevalence  of
diseases. This is most probably why growers usually go with a
lower temperature in the 20-25°C to avoid risking diseases at
a higher temperature.

If you want to try higher temperatures it is therefore better
to go with sterile type hydroponic systems where microbes
don’t play an important role and to implement measures – such
as silicate additions to the nutrient solution, UV filtration
and constant oxygenation – to ensure that disease prevalence
is as low as possible. Also avoid adding any source of organic
carbon (like sugars) as these can play an important role in
feeding incoming pathogens. Big gains can be obtained with a
better solution temperature control, provided that diseases
are controlled and a temperature adequate for the plant being
grown is selected.

 

Are  High  Pressure  Sodium
(HPS) Lamps better than LEDs?
Growers  who  use  artificial  lighting  usually  prefer  high
pressure sodium (HPS) lamps to do the job. Not only do HPS
lamps have a very high photon flux but compared to metal

http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS.2000.84.3.289
http://www.jstor.org/stable/43215561
https://scienceinhydroponics.com/2017/06/are-high-pressure-sodium-hps-lamps-better-than-leds.html
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halide (MH) lamps they have a much more prominent red spectral
component  and  therefore  a  significantly  larger  dose  of
photosynthetically active radiation (PAR) per watt. However
during recent years light emitting diode (LED) lamps have
become much more efficient and have started to compete for the
artificial lighting domain. However is there any advantage to
using LED lights over HPS lamps? Are HPS lamps always going to
be the winners? Today we are going to look at the science
comparing HPS and LED lamps to see if there is currently a
winner between the two.

–

–

The above graph shows you the PAR spectra. Basically this
tells you which wavelengths of light are most prominently
absorbed by plants. From this diagram it is clear that plants
have peak absorptions around the blue and red parts of the
spectra while the green section of the spectra is absorbed
much less intensely and instead reflected (the reason why most
plants look green). Ideally we would want lamps that have
peaks in the regions of the spectra where the PAR peaks as
well and we would like to have the highest peak in the red
which is the region where we get the most efficient photons
for the photosynthesis process.

In HPS lamps our spectra is basically fixed by the nature of



the light source while in LED lamps we can tune the light
source a lot. This is one of the reasons why there is such
confusion when comparing HPS and LED lamps. Since LED lamps
can be tuned so much it isn’t surprising that there are a
large variety of cases where growers have experienced worse
results from LED lamps compared with their HPS counterparts.
With HPS lamps you basically buy one 1000 W lamp and you’re
done  while  with  LED  lamps  things  such  as  the  color
distribution  of  the  diodes  being  used  and  the  focusing
elements they have installed can make a tremendous different.

–

–

Checkout  this  study  comparing  LED  and  HPS  lights  to  grow
lettuce and radishes. The picture above shows you the results
they had with HPS lamps compared with 3 different experiments
using different LED distributions. A person running setups 2
or 4 would have thought that LEDs are worse than HPS lights
while someone using setup 1 would have concluded that LED
lamps are simply much better. This is why some growers will

http://iopscience.iop.org/article/10.1088/0022-3727/38/17/S20/meta


tell you that LED lamps are the greatest thing on earth while
others will tell you they are never as good as HPS — they
simply have used different lamps. Notice that in setup 3 a
complete breakdown of the photosynthetic process happened.

In  the  above  experiment  growers  used  4  LED  types,  455nm,
640nm, 660nm and 735nm LEDs in a roughly 10:120:10:1 ratio. In
setup 2 the 640nm LED intensity was reduced by a factor of
1.5,  in  the  setup  3  the  735nm  component  was  changed  to
nighttime only and in setup 4 the 735nm LED was changed to
only two hours during nighttime. You can see how the decision
to change a light source that contributed less than 2% of the
total light flux to nighttime had a very important effect.
This is because the 735nm wavelength has a circadian rhythm
effect that can substantially change how the plant responds.
Just turning on 2% of the LEDs at the wrong time completely
turned around the results.

–

–

With the above it is not surprising that we find contradictory
evidence  in  the  scientific  literature.  Articles  like
this paper on cucumbers find that HPS provides better growing
efficiency compared to LED lamps in line with other articles
like this one on lettuce. However we should bear in mind that

http://hortsci.ashspublications.org/content/50/3/351.abstract
http://hortsci.ashspublications.org/content/50/3/351.abstract
http://hortsci.ashspublications.org/content/47/4/477.short


the LED lamps used are always different and the fact that a
LED array provides worse results compared to HPS does not mean
that this is true for all LED lamps overall. Since LED lamps
can be tuned so much it is almost certain that for a given
plant specie you will always find an LED combination that
gives you at least the same results as an HPS lamp.

Nonetheless the power savings from LED lamps also need to be
considered. In experiments where comparable photon fluxes are
used LED lamps tend to provide savings of at least 30-40% in
terms  of  power  consumed  from  the  lamps  only  while  these
savings can reach even higher values when considering the
additional cooling needs of HPS lamps (that are often much
lower for LED lamps).

Per the above LED lamps are definitely worth considering as a
replacement for HPS lamps. However you need to properly build
your  LED  lamps  such  that  the  photon  flux  and  spectral
composition does provide you with results that can surpass
those of regular HPS. Building a lamp that is underpowered or
that  has  an  inappropriate  spectral  composition  can  indeed
cause you to get results inferior to those of HPS lamps. This
is  most  probably  the  reason  why  so  many  growers  are  so
reluctant to move to this type of solutions when using either
only artificial or supplemental artificial lighting.


