
Bio-stimulants:  Which  Pure
Compounds  Have  Reproducible
Effects
If you have been exploring ways to improve crop performance in
your hydroponic system, you have likely encountered the term
“bio-stimulants.” The market is flooded with products making
bold claims, but separating marketing hype from reproducible
science can be challenging. In this post I am going to focus
exclusively on pure chemical compounds that have demonstrated
consistent  effects  in  peer-reviewed  research.  I  am
deliberately excluding mixtures, proprietary blends, polymeric
substances, and commercial formulations to help you understand
which individual substances actually work.

After reviewing the scientific literature extensively, I have
identified  several  categories  of  pure  bio-stimulants  with
strong evidence from multiple independent studies: specific
amino acids, silicon compounds, plant hormones, melatonin, and
thiamine. Each compound discussed below has at least five
peer-reviewed  studies  demonstrating  consistent  positive
effects in controlled greenhouse or hydroponic systems.
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Taken from this article, it shows the effect of some bio-
stimulants, including melatonin, on calendula officinalis (one
of my favorite plants). A layout of the experiment. Salinity
levels  (S),  S0 = Tap  water,  S1 = 42.8  mM,  S2 = 85.6  mM,
S3 = 128.3 mM, Melatonin (M), M0 = 0 µM, M1 = 50 µM, M2 = 100
µM,  Bacterial  inoculation  (B),  B0 = non-inoculation,
B1 = inoculation

What about humic and fulvic acids?
Before diving into the compounds that made the cut, I want to
address a common question. Humic and fulvic acids are popular
in hydroponics, but they do not qualify as pure substances.
According to the International Humic Substances Society, these
are  “complex  and  heterogeneous  mixtures  of  polydispersed
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materials” containing thousands of distinct organic compounds
(1). Modern analytical chemistry has identified 5,000 to 7,000
unique molecules in typical humic extracts. While they can be
effective bio-stimulants, they fall outside the scope of this
article  because  their  variable  composition  makes
reproducibility  difficult  to  guarantee  across  different
sources.

Amino acids with extensive research
support
Two amino acid compounds stand out for having robust evidence
across multiple independent studies: glycine betaine and L-
proline.

Glycine betaine functions as an osmoprotectant, stabilizing
protein structure and protecting photosystem II under stress
conditions  (2).  Commercial  greenhouse  hydroponic  lettuce
production  in  Finland  demonstrated  reduced  nitrate
accumulation while maintaining yield (3). Hydroponic trials in
chickpea showed significant improvements in chromium stress
tolerance at 11715 ppm (4). Field applications at 700 ppm
improved  lettuce  performance  under  water  stress  (5).  Pot
studies  with  maize  demonstrated  enhanced  growth  and
chlorophyll content under drought at concentrations of 3650 to
3840 ppm (6). Hydroponic maize trials with 11.7 ppm showed
improved  salt  tolerance  through  Na+  homeostasis  regulation
(7). Field trials in winter wheat at 5858 ppm demonstrated
improved water use efficiency under limited irrigation (8).

L-proline operates through similar osmoprotective mechanisms
while also acting as a reactive oxygen species scavenger.
Greenhouse  hydroponic  studies  in  maize  showed  significant
drought tolerance improvements at 576 to 1151 ppm application
rates (9). Field trials conducted in Egypt during 2017-2018
demonstrated  that  foliar  proline  at  230  to  461  ppm
significantly improved maize yield under drought stress with
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both  surface  and  drip  irrigation  systems  (10).  Greenhouse
tomato  trials  showed  that  100  ppm  proline  application
alleviated heat stress damage and increased fruit yield per
plant (11). Tomato seedling studies demonstrated that 1151 ppm
foliar  proline  provided  protection  against  chilling  stress
through  enhanced  antioxidant  enzyme  activities  (12).
Hydroponic NFT tomato trials with 1151 ppm foliar proline
application  alleviated  salinity  stress  effects  on  cell
ultrastructure  and  photosynthesis  (13).  Multiple  greenhouse
studies  confirmed  proline  improved  stress  tolerance  across
various crops at concentrations between 576 to 2878 ppm (14).

Silicon:  the  most  extensively
validated bio-stimulant
Potassium silicate (K₂SiO₃) is the most practical option for
nutrient solution supplementation. At hydroponic pH levels, it
hydrolyzes into monosilicic acid and potassium ions. Plants
absorb the monosilicic acid through specialized aquaporin-type
channels and deposit it as amorphous silica in cell walls
(15). This creates physical barriers against pathogens while
improving structural integrity.

An important point to understand about silicon sources: at the
pH  where  plants  are  fed  in  hydroponics,  acid-stabilized
silicon products and potassium silicate sources generate the
exact  same  monosilicic  acid.  Stabilized  monosilicic  acid
products are not more plant available than potassium silicate.
The  advantage  of  stabilized  products  is  that  they  remain
stable longer in recirculating systems and do not require pH
adjustment,  while  potassium  silicate  polymerizes  relatively
quickly at typical hydroponic pH values.

Multiple greenhouse trials demonstrated pronounced resistance
to  powdery  mildew  in  cucumber  at  477  ppm  Si  (16).  Melon
greenhouse  studies  showed  65  to  73  percent  reduction  in
powdery mildew disease progress with root application (17).
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Hydroponic barley trials at various concentrations confirmed
growth  improvements  (18).  Greenhouse  cucumber  studies
demonstrated  that  silicon  addition  to  nutrient  solutions
significantly  reduced  powdery  mildew  severity  (19).  Recent
lettuce research showed silicon extended shelf life by 40 to
80 percent (20). Zucchini greenhouse trials confirmed silicon
effectiveness against powdery mildew when applied both foliar
and through roots (21).

Melatonin:  an  emerging  bio-
stimulant with strong evidence
Melatonin  has  emerged  as  a  promising  bio-stimulant  with
extensive  research  support  across  multiple  crops.  This
compound  functions  as  both  an  antioxidant  and  growth
regulator.

Hydroponic tomato trials demonstrated that 11.6 to 46.5 ppm
melatonin improved growth and photosynthetic characteristics
under saline-alkali stress (22). Greenhouse cucumber studies
at 23.2 ppm showed enhanced nitrogen metabolism and growth
(23). Tomato fruit quality studies confirmed that 23.2 ppm
melatonin promoted accumulation of sugars, amino acids, and
secondary metabolites (24). Hydroponic wheat trials with 23.2
ppm  enhanced  drought  tolerance  through  jasmonic  acid  and
lignin bio-synthesis pathways (25). Cucumber seed priming with
melatonin improved antioxidant defense and germination under
chilling stress (26). Greenhouse tomato trials demonstrated
that 116 ppm melatonin improved salt tolerance when applied as
foliar spray (27). Multiple studies confirmed melatonin at
11.6 to 116 ppm enhanced photosynthesis, antioxidant systems,
and stress tolerance across various crops (28).

Thiamine  (Vitamin  B1):  disease
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resistance activator
Thiamine has a unique position among bio-stimulants due to its
role  in  activating  systemic  acquired  resistance  in  plants
rather than direct nutritional effects.

Greenhouse  studies  demonstrated  that  foliar  application  of
5772  ppm  thiamine  induced  systemic  acquired  resistance  in
rice,  Arabidopsis,  tobacco,  and  cucumber  against  fungal,
bacterial, and viral infections (35). Wheat pot trials showed
that 100 ppm thiamine improved growth, chlorophyll content,
and yield under water stress (36). Research confirmed thiamine
functions as an activator of plant disease resistance through
salicylic acid and calcium-dependent signaling pathways (35).
Greenhouse trials on multiple crops demonstrated that thiamine
treatment at 50 to 100 ppm protects plants against biotic and
abiotic stresses (37). Studies showed thiamine enhanced stress
tolerance  by  improving  thiamine  bio-synthesis  pathway
regulation under osmotic and salt stress (37). Research on
various  plant  species  confirmed  thiamine  involvement  in
primary  metabolism  and  stress  response  mechanisms  (38).
Soybean trials demonstrated that 50 to 100 ppm thiamine favors
plant development and grain yield as a bio-stimulant (39).

Important note: Thiamine does NOT stimulate root growth or
reduce  transplant  shock  in  whole  plants  despite  common
marketing  claims.  Its  beneficial  effects  are  limited  to
disease resistance and metabolic enhancement.

Plant  hormones  with  consistent
small-scale validation
Gibberellic acid (GA3) has extensive greenhouse and laboratory
validation  across  multiple  crops.  Hydroponic  lettuce  and
rocket  floating  system  trials  established  tested
concentrations around 0.35 ppm for enhanced growth and yield
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(29). Hydroponic lettuce studies with 20 to 100 ppm GA3 showed
improved  morphological  characteristics  and  yield  (30).
Greenhouse tomato seed treatment studies demonstrated that 300
to 900 ppm GA3 increased germination percentage and seedling
vigor (31). Greenhouse trials on yellow cherry tomatoes showed
that  25  to  75  ppm  GA3  foliar  applications  increased  stem
diameter, branch number, and fruit biomass by up to 93.8%
(32). Hydroponic cucumber studies confirmed that 1.7 ppm GA3
reversed  growth  inhibition  caused  by  low  root-zone
temperatures  (33).  Greenhouse  tomato  seedling  trials
demonstrated that GA3 treatment improved growth and reduced
heavy metal accumulation under stress conditions (34). The
compound decreased nitrate accumulation in leafy vegetables
while increasing dry weight. Concentrations around 0.35 ppm
are widely used in research settings for various crops, though
higher concentrations cause excessive elongation that reduces
marketability.

Salicylic  acid  shows  consistent  benefits  across  greenhouse
trials.  Hydroponic  cucumber  studies  demonstrated  yield
improvements at 69 ppm (40). Greenhouse tomato trials showed
positive  effects  on  plant  growth  and  yield  at  69  ppm
applications  (41).  Greenhouse  tomato  trials  with  250  ppm
salicylic  acid  enhanced  drought  tolerance  through  improved
antioxidant  enzyme  activity  (42).  Field  tomato  studies
demonstrated 40 to 45 percent yield increases at 138 to 207
ppm  under  water  stress  (43).  Greenhouse  cucumber  trials
confirmed improved phenolic compounds and yield at 10.4 to 69
ppm (44). Hydroponic maize studies showed protection against
chilling injury at 69 ppm (45).

Suggested  test  application  rates
and practical suggestions
Based on the evidence reviewed, here are some suggestions if
you want to try pure compound bio-stimulants. As always, make
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sure to try on a small number of plants before making large
scale applications:

For silicon supplementation, potassium silicate at 20 ppm Si
(approximately  40  ppm  SiO₂)  offers  excellent  disease
resistance  and  yield  benefits.  Add  it  to  your  nutrient
solution at each reservoir change and adjust pH accordingly.
Remember that low cost potassium silicates can provide readily
available  monosilicic  acid  when  used  properly.  For  more
details  on  silicon  use  in  hydroponics,  see  this  previous
article.

For stress tolerance, glycine betaine at 700 ppm in nutrient
solution or L-proline at 575 ppm as foliar application can
significantly improve crop performance under salt or drought
conditions.  For  comprehensive  guidance  on  glycine  betaine
applications, see this previous article.

For melatonin applications, use 25 ppm as foliar spray or in
nutrient  solution.  This  concentration  has  shown  consistent
benefits across multiple crops for stress tolerance and growth
enhancement.

For disease resistance, thiamine at 100 ppm as foliar spray
activates systemic acquired resistance. This is particularly
useful for preventive disease management rather than direct
growth  promotion.  For  detailed  information  on  thiamine
applications, see this previous article.

For specialized applications, gibberellic acid at 0.35 ppm or
salicylic acid at 30 ppm offer targeted benefits, though these
require  more  careful  application  timing  and  concentration
control. For more information on salicylic acid use, see this
previous article.

Summary table: Pure compounds with
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reproducible effects

Compound
Number of
Studies

Tested
Concentration

Primary Benefits

Glycine
Betaine

7 studies
(2, 3, 4,
5, 6, 7,

8)

12–5900 ppm
Osmoprotection, salt
tolerance, reduced

nitrate

L-Proline

6 studies
(9, 10,
11, 12,
13, 14)

230–2900 ppm
(foliar)

ROS scavenging,
drought tolerance,

salt stress

Potassium
Silicate

7 studies
(15, 16,
17, 18,
19, 20,
21)

14–42 ppm Si
Disease resistance,

shelf life,
structural integrity

Melatonin

7 studies
(22, 23,
24, 25,
26, 27,
28)

11–116 ppm

Antioxidant
activity, stress
tolerance, growth

regulation

Gibberellic
Acid

6 studies
(29, 30,
31, 32,
33, 34)

0.35–1.7 ppm
Fruit development,
reduced nitrate,
cell elongation

Thiamine
(Vitamin B1)

5 studies
(35, 36,
37, 38,
39)

50–100 ppm
(foliar)

Disease resistance
activation, stress

metabolism

Salicylic
Acid

6 studies
(40, 41,
42, 43,
44, 45)

70–250 ppm
Stress tolerance,
yield enhancement,
disease resistance
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The  key  advantage  of  using  pure  compounds  rather  than
commercial blends is reproducibility. When you know exactly
what  you  are  applying  and  at  what  concentration,  you  can
systematically optimize your system and troubleshoot problems
effectively. Each of these compounds has been validated across
multiple  independent  studies,  giving  you  confidence  that
results can be consistent across different growing conditions.

However,  keep  in  mind  that  crop  conditions  can  be  very
variable and, while these bio-stimulants have been validated
across various scenarios, effects can vary depending on the
particular circumstances of each crop.

Have you tried any of these pure compound bio-stimulants in
your hydroponic system? What were your results? Let us know in
the comments below!


