
What  is  the  effect  of
chloride in hydroponics?
I recently wrote a post about the effect of sodium ions in
hydroponics and how it is important to keep an eye on sodium
levels due to the potentially negative effects they can have
on plants. However you may have noticed that sodium is never
added alone into nutrient solutions and there is always a
counter-ion that accompanies sodium, which is – more often
than not – chloride. This ion is very special and it has some
clear effects in hydroponic culture. Today we are going to be
talking about chloride, how it can dramatically affect plants
and why it does so in such a special way.
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Chloride – not to be confused with chlorine – is a reduced
form of the element Cl, an ion with negative charge (Cl-).
Unlike elemental chlorine, which is a strong oxidant, chloride
is extremely inert in terms of its chemical reactivity and
does  not  appreciably  react  with  anything  in  a  hydroponic
nutrient solution. This however does not mean that it is inert
when you put it in contact with plants, as a matter of fact
chloride is a micro-nutrient – essential for plant life – but
it plays such a small role that any important increase in
concentration can be detrimental. Usually there is no need to
add chloride but simply the chloride present in the water – or
as impurities within the other salts – will be more than
enough.

But what effect does chloride have? Chloride is special in
that it behaves chemically in a similar way to ammonium when
in contact with plants, that is, chloride can go through plant
cells very easily. This means that whatever chloride you put
in  solution  is  very  readily  absorbed,  meaning  that  it
counteracts the absorption of other anions very strongly. This
is why the expected effect of plants dropping a solution’s pH
due  to  the  addition  of  ammonium  is  completely  negated  if
instead of ammonium sulfate you add ammonium chloride. This is
because you add both an anion and a cation that are absorbed
very fast, hence you do not affect the cation/anion absorption
balance of the plant and the pH will continue to drop or
increase in exactly the same manner as before.

This anion absorption of chloride implies that it readily
competes with anion absorption. This means that if you have
chloride and nitrate in solution plants will tend to absorb
the chloride instead of the nitrate and you will see symptoms
of nitrogen deficiency – not because you don’t have enough in
solution – but because nitrogen absorption is being hindered
by the presence of a very competitive anion. Not only this but
other anions, particularly phosphates, will also suffer and
therefore  you  will  also  start  seeing  problems  with  P



absorption as well. If you’re interested in reading more about
this I recommend this chloride replacement study showing the
dramatic effect it has on nutrient absorption.

–

–

In many cases, deficiency problems in salinity studies can be
attributed to the action of chloride and not so much the
direct action of sodium ions. See here for a study that does a
direct  comparison  on  seedlings.  However  since  sodium  and
chloride are very often present in equimolar ratios it is
important to always search for both to know what type of
problems you are dealing with. Chloride can cause problems at
much  lower  concentrations  than  sodium,  with  just  chloride
concentrations  above  20-30  ppm  already  causing  very
substantial issues for a wide variety of plants. If you have
chloride  it  is  wise  to  consider  this  when  gauging  the
concentration  of  the  other  anions  in  solution  as  their
concentration will need to be increased to account for the
presence of this ion.

As in the case of sodium there is not much you can do to
decrease the amount of this ion in solution since almost all
chlorides are soluble. Some zeolites – like clinopitolite –
might be able to remove some of these ions from solution but
the most effective method if your water contains an important
concentration of chloride is to use a reverse osmosis machine.

https://link.springer.com/chapter/10.1007/978-94-009-0047-9_313
http://scienceinhydroponics.com/wp-content/uploads/2017/03/download.jpg
http://www.sciencedirect.com/science/article/pii/S0176161705000398
https://www.google.com.co/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwibk9-flvnSAhUBTCYKHatPCpMQFggjMAE&url=http%3A%2F%2Fijfas.com%2Fwp-content%2Fuploads%2F2015%2F02%2F50-54.pdf&usg=AFQjCNGU2GIzgxZRQAW8ZQJPFoD5AbgtdQ&sig2=5Nj778Kab63mAH4wS4jtiw


If this is not possible – due to costs or water availability –
then the best chance you have is to try to increase anion
concentrations to try to compensate for chloride absorption.
However this will not work if the Cl concentration is very
high as the osmotic pressure will be too high for the plants
to handle after compensating.

Some things you should know
about sodium in hydroponics
Sodium is a ubiquitous element, you can find it in your tap
water, in the sea and in most eatable foods. It is also
necessary for animal life where it plays a key role in many
biological  processes.  However  –  despite  its  overwhelming
abundance – sodium is in fact not required for plant life in
general (although some species, like C4 plants, do require it
in small measure), meaning that it can act in a detrimental
manner when present in significant quantities in hydroponic
culture. Today I want to talk about what problems sodium can
cause, how they can be attenuated and how we can deal with it
in hydroponic crops.
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So what is the problem with sodium? Sodium in its cation form
(Na+) is an extremely soluble ion with an ionic radius that is
intermediate between those of lithium and potassium. Being
from the same group it chemically behaves in a similar way to
these two elements and can therefore act in a similar manner
when in contact with plants. Sodium – when present in large
enough  quantities  –  will  enter  plants  in  significant
quantities and replace potassium in some biological roles.
Although  this  might  work  in  your  favor  when  potassium  is
scarce it does not replace it very well and ultimately costs
you dearly in terms of plant growth when compared to plants
grown without sodium. You can read this 1976 review for some
good  information  about  some  general  effects  of  sodium  on
plants.

Since sodium is so ever-present it is a significant concern in
agriculture. This is a reason why there are so many salinity
studies – which is what the abundance of salts like sodium
chloride is usually called – often aimed at finding ways to
attenuate  the  effects  of  sodium  to  make  plants  grow
effectively  under  high  salinity  conditions.  This  is  not
because people will add things like table salt to agricultural
crops but because many areas around the world simply don’t
have  a  choice  and  need  to  deal  with  higher  salinity

http://scienceinhydroponics.com/wp-content/uploads/2017/03/4.jpg
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-185X.1976.tb01064.x/full


conditions.  Things  like  additives,  substrates,  irrigation
cycles and light treatments are investigated to figure out how
they affect plant behavior under these conditions. For example
this recent study sought to find out if silica nano-particles
could help with this problem (and they do!).

In your hydroponic crop sodium might be an important concern
in two main ways. The first is if your water source contains a
significant amount of sodium. In general sodium starts to be
worrisome above 5 mM which is around 120 ppm which is the
point where it can start to significantly affect yields and
growth. However sodium even at 12 ppm can start having some
micro-nutrient  like  effects,  but  these  can  be  mostly
beneficial in flowering plants like tomatoes and peppers, even
increasing fruit quality when given in moderation (see here).
However many plants are resistant to even moderate levels of
sodium if these are not kept for too long so if your source
water has something like 20-60 ppm of sodium (common in the
US), you shouldn’t really worry too much about it. In reality
huge problems usually start at around 75mM  of NaCl which is
closer to 1725ppm of Na, although with some Na sensitive crops
this might be much lower (like lettuce where 100ppm is already
very detrimental to growth).

–

http://www.sciencedirect.com/science/article/pii/S0925857416306899
http://www.tandfonline.com/doi/abs/10.1080/00103624.2016.1269803
http://scienceinhydroponics.com/wp-content/uploads/2017/03/Selection_999623.jpg


–

The second problem you might face only happens if you have a
system that recirculates nutrient solution. Since sodium is
not absorbed so readily by plants it can easily accumulate in
a nutrient solution that is recirculated for a significant
period of time. During one month of operation a 1 gallon per
plant deep water culture system can increase the concentration
from tap water 5 fold. This presents a problem since this
implies that a hydroponic system that initially had 50 ppm of
Na can easily end up with 250 after a single month of solution
recirculation. This poses a limit to the life of a nutrient
solution, even if other nutrient concentrations are adequately
controlled through routine lab analysis. This means that if
you want to keep solutions for longer than a few weeks you
probably  need  to  use  reverse-osmosis  water  to  avoid  this
problem — although more about the issue of solution life in a
future post.

In the end sodium is an element that might be good to have in
small measure in most cases, if you are growing C4 plants –
like maize or sugar cane – then it is essential in a small
amount (20-60 ppm) but you will want to avoid having sodium in
any bigger amount or it can start to affect your growth. For
plants where sodium isn’t biologically necessary it can still
provide some useful supplemental roles but in this case it
might be best to keep it close to micro-nutrient levels, at
5-15 ppm. However if you are growing a halophilic plant – like
say swiss chard – then you might want to have even more than
1000ppm of sodium to increase your growth (see here).
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