What 1s the ideal nutrient
solution temperature in
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.

Table 2. Fresh weight, dry weight, water content and SLA of red leaf lettuce grown at four different root zone temperatures.

HRoot-zone Top fresh Root fresh Top dry Root dry Top water Root water
temp. weight (g) weight (g) weight (mg)  weight (mg) content (%)  content (%)
1w 312:020b 061+004b 211+9a IBx2a 932+01b B2:02b 051 =002b
20°C 460028 a 098 +0.14 a 253+ 12a dd=ha 945+0.1a 955+01a 057 £002a
25°C 4510422 082 :007 ab 251 +20a Hz3a 944+0.1a 953zx01a 0.54 +0.01 ab
3w 411+035ah 075+011ab 233+ 19a I5x6a 943+01a 954+01a 0.56 + 0.02 ah

SLA

Values are mean = 5E (= 6). Different letters in the same column indicate significant differences by Tukey's multiple comparison test (p < QL05).

10°C 20°C 25°C nc

E
Figure 1. Effect of root-zone temperature on the morphology of red leaf lettuce.

Solution temperature affects several important variables.
Oxygen solubility changes as a function of temperature -
decreasing as temperature increases — sO0 as you increase the
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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 1in respiration rates as temperature increases. The
ideal temperature is therefore always a compromise between
this decrease in oxygen availability and the increase 1in
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).
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Figure 1. Water uptake and leaf area as affected by root temperature. CUChT—.
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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
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 1is
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 1is 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.
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Vapor pressure deficit (VPD)
in hydroponics

If you have read books or articles about greenhouse
environmental control you have probably heard about Vapor
Pressure Deficit, also known as VPD. This is an important
variable to measure as it helps us understand the conditions
our plants are facing, gauge their water use and even predict
whether we will be getting better or worse yields. Today I am
going to talk about vapor pressure deficit in hydroponics,
what this variable means, what it takes to control it and why
it is so important to understand and even change this value to
obtain better results.

Table 3. References VPD (kPa] for greenhouse production, recommended by Argus Lud, (2009]

TC) rH (%]

3s 40 45 50 55 &0 65 70 75 B0 85 o0 a5 100
15 111 10z 094 085 077 068 060 051 043 034 026 017 009 0
16 118 109 100 091 0B2 073 064 055 045 036 0IZ7T 0183 009 0
17 126 116 106 097 0BY OF7 068 058 048 039 029 019 010 0
18 134 124 113 103 003 0B3 072 062 052 041 031 021 010 0
19 143 132 121 110 o099 @B8 077 066 055 044 033 022 011 0
20 152 140 129 117 105 093 082 070 058 047 035 023 012 0
Z1 162 149 137 124 112 099 087 075 062 050 037 025 012 0
22 172 159 145 132 119 106 092 079 066 053 040 026 013 0
23 182 168 154 140 126 112 098 084 070 056 042 0283 014 0
24 1924 179 164 149 134 119 104 089 075 060 045 030 015 0
25 206 190 174 158 142 127 111 095 072 0463 047 032 016 0
26 218 202 185 168 151 134 118 101 084 067 050 034 017 0
27 237 214 19 178 160 143 125 107 080 071 053 036 018 0
28 246 227 208 189 170 151 132 113 094 076 057 038 019 0
20 260 240 230 Z00 180 160 140 120 100 080 060 040 020 0
a0 276 254 233 21z 191 170 148 127 106 085 064 042 021 0
31 292 260 247 224 202 180 157 135 112 090 067 045 022 0
a2 3oe 285 261 23R 204 190 166 143 110 095 071 048 024 0
33 3Z7 302 276 251 226 201 176 151 126 101 @75 050 025 0
a4 346 310 292 2466 239 213 186 159 133 106 ©OBOD 053 027 0
35 365 337 309 281 253 235 107 160 140 117 0B84 056 0.28 0

Vapor pressure deficit — measured in kPa — basically measures
how much water vapor pressure we would need to put into a room
with a certain humidity and temperature to get it to the point
where relative humidity would be 100%. The larger the VPD the
more water you need to put into the air to get it to saturate
while the lower the VPD the closer the air is to full
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saturation. Since air holds more water with increasing
temperature this means that at a fixed relative humidity the
VPD is directly proportional to the room’s temperature. This
simply means that the hotter the room, the higher the VPD and
the colder the room, the smaller the VPD if humidity remains
constant.

The problem with a very low VPD — room close to 100% humidity
— 1is two fold. First, it’'s difficult for any organism to
evaporate water and second, it’'s easy for water to condense on
any surface it temperature drops just a bit. For humans this
basically means having to wear a t-shirt soaked with your own
sweat but for plants this means both an inability to cool
their surfaces and an inability to transport nutrients to
their leaves. A low VPD generates a lot of stress because it
makes plants unable to properly transport water.

A high VPD is equally problematic as it means that the plants
need to transpire a lot. If air can hold a lot of additional
water vapor this means that plants will lose more water
through their stomata and this permanent loss puts pressure on
the roots to transport more and more water. If root mass is
not large enough or water availability is not high enough then
plants will face important problems and will simply tend to
wilt as the air takes away more water than what the plant can
effectively transport through its tissues. You can actually
often create models using VPD to predict a crop’s water usage
(see image below).
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Figure 7: Transpiration rate in Panicum (Panicum maximum cv. tanzania)
under VPD with different substrates in growth stage three.

The first graph in this post (which I took from this study on
tomatoes) shows the optimum VPD — in green — as a function of
humidity and temperature for greenhouse production of
tomatoes. In general a range between 0.5 and 1.1 seems to work
best but the window under which these conditions are possible
becomes narrower as temperature increases. Ideally we would
want to be somewhere around 20-25°C where we should sustain
humidity values between 65-70%. This would give us a VPD value
between 0.7-0.8 which is around what is commonly held to be
most beneficial for greenhouse crops under normal conditions.

However optimal VPD can also change depending on lighting
conditions and other sources of supplementation. For example
the optimal VPD during the day is usually higher than the
optimal VPD during the night. In general it’s better to have a
drop in VPD during the night relative to the VPD that 1is
maintained during the day. Declines in canopy carbon dioxide
exchange rates can be correlated with increases in the VPD
during this time (see here for a study about this on soy
bean). If you’'re supplementing carbon dioxide — which puts
further transpiration stress on the plants — the optimal VPD
is also likely to be lower than if you didn’t use any
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supplementation at all (you can see a practical application of
this here).

Changing the VPD can be a challenge but under closed
environments it is much easier to do. You can reduce the
humidity using a dehumidifier to increase your VPD and you can
use a humidifier to increase your VPD. Ideally you will want
to use an AC unit to keep your temperature at exactly the
value you want it to be and you can then use a
humidifier/dehumidifier to control the exact point where you
want your VPD to be by controlling the value of your relative
humidity at the fixed temperature provided by the AC unit.
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