Peptide Biostimulants 1in
Plants: What They Are and
What They Actually Do

Peptide biostimulants have gained significant attention in
horticulture and hydroponics, with claims ranging from modest
growth improvements to dramatic yield boosts. In this post, I
want to examine what the peer-reviewed science actually tells
us about these products. The evidence shows that peptide-based
biostimulants can deliver measurable benefits under specific
conditions, but their mechanisms remain incompletely
understood and results vary considerably depending on source
material, application method, and growing environment.

Example of a peptide containing product for plant use

What exactly are peptide
biostimulants?

Peptide biostimulants are products containing short chains of
amino acids, typically 2 to 100 amino acids in length. Most
commercial products fall under the broader category of protein
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hydrolysates, which are mixtures of free amino acids,
oligopeptides, and polypeptides resulting from partial protein
breakdown (1). These products come from animal-derived
materials (leather by-products, blood meal, fish waste,

chicken feathers, casein) or plant-derived materials (legume
seeds, alfalfa, vegetable by-products) (2).
The production method matters significantly. Chemical

hydrolysis using acids or alkalis tends to produce more free
amino acids and smaller peptides, while enzymatic hydrolysis
preserves more intact peptides and a broader range of
molecular sizes (1). Plant-derived protein hydrolysates
produced through enzymatic processes generally show higher
biostimulant activity in research settings compared to
chemically hydrolyzed animal-derived products (3).

Why this pattern exists remains incompletely explained. Is the
advantage due to specific peptide sequences unique to plant
proteins? The 1lower free amino acid content reducing
phytotoxicity risk? Larger average peptide size? Lower salt
content from avoiding harsh chemical hydrolysis? The research
establishes the trend but does not conclusively identify the
causal mechanism. This matters because without understanding
why plant-derived products work better, predicting which
specific formulations will perform well becomes more guesswork
than science.

Source Tvpe Common Raw Hydrolysis Typical
ye Materials Method Composition

Legume seeds, Higher peptide
Plant-derived soybean, Enzymatic content, broader
alfalfa amino acid profile
Fish meal, Higher free amino

Animal-derived feathers, Chemical acid content,
blood meal narrower profile
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How do they work in plants?

The honest answer is that researchers are still piecing
together the full picture. As one comprehensive review puts
it, knowledge on their mode of action is still piecemeal (1).
That said, several mechanisms have been demonstrated in
controlled experiments.

Hormone-like activity is among the most frequently cited
mechanisms. Studies using corn coleoptile elongation tests and
gibberellin-deficient dwarf pea plants have shown that certain
protein hydrolysates exhibit both auxin-like and gibberellin-
like activity (3). In one study, application of a plant-
derived protein hydrolysate increased shoot length in dwarf
pea plants by 33% compared to untreated controls.

However, these bioassays deserve scrutiny. Coleoptile
elongation tests and dwarf mutant responses are extremely
sensitive screening tools designed to detect minute hormonal
activity. They tell us that something hormone-like is present,
but they do not predict whether those effects translate to
meaningful outcomes in production systems with normal hormone
homeostasis. A compound can show auxin-like behavior in a
coleoptile assay yet have negligible impact on a mature plant
with intact hormone synthesis and transport. The research
demonstrates hormone-like activity, but the operational
significance for commercial growing remains largely assumed
rather than proven.

The auxin-like activity appears connected to both the
tryptophan content in these products (a precursor to the plant
hormone IAA) and specific bioactive peptides like the 12-
amino-acid root hair promoting peptide isolated from soybean-
derived hydrolysates (2).

Enhanced nitrogen metabolism represents another documented
pathway. Gene expression studies show that protein hydrolysate
application upregulates key nitrogen transporters (NRT2.1,
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NRT2.3) and amino acid transporters in roots and leaves (4).
The enzymes involved in nitrogen assimilation, including
nitrate reductase and glutamine synthetase, also show
increased activity following treatment (1). Additionally,
peptide biostimulants can improve micronutrient availability
through chelation effects (2).

What does the experimental evidence
actually show?

When examining controlled experiments, the reported
improvements require careful interpretation. The frequently
cited studies show percentage gains that look impressive on
paper but come with important caveats about baseline
conditions.

In greenhouse tomato trials, Llegume-derived protein
hydrolysates increased shoot dry weight by 21%, root dry
weight by 35%, and root surface area by 26% in tomato cuttings
(3). However, these cuttings were grown in substrate culture
with suboptimal nutrient availability. The 35% root dry weight
increase translated to an absolute gain of roughly 0.3 grams
per plant over 12 days on plants with small initial biomass.
Whether this scales to mature plants in optimized systems
remains unclear.

Studies reporting 50% yield increases in baby lettuce (2) used
reduced nutrient conditions (50% of standard nitrogen). This
is a common pattern: the largest percentage improvements
appear when baseline nutrition is deliberately limited. The
tomato fruit quality improvements showed smaller changes,
typically 10-15%, in field-grown plants (2).

For stress tolerance, protein hydrolysates have shown
measurable effects through activation of antioxidant systems,
osmotic adjustment, and modulation of stress-related hormones
(1). Research on drought stress recovery in tomato found that
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certain plant-derived protein hydrolysates were 62-75% more
effective at enhancing recovery compared to untreated controls
(5), though again these were substrate-grown plants under
deliberately induced stress conditions.

The hydroponic data gap

Here is an uncomfortable truth: nearly all the research cited
above comes from soil-based or substrate culture systems, not
true hydroponics. The tomato studies used peat-based growing
media. The lettuce trials were conducted in soil with modified
nutrient solutions.

I found no peer-reviewed studies testing peptide biostimulants
in nutrient film technique, deep water culture, or aeroponics
under controlled conditions. The extrapolation from substrate
culture to recirculating hydroponic systems rests on
assumptions about peptide stability in solution, interactions
with synthetic nutrient salts, and whether root uptake
mechanisms differ without substrate.

Hydroponic systems have fundamentally different dynamics
around root exudates, microbial populations, oxygen
availability, and nutrient contact time. As a hydroponic
grower, you are essentially conducting your own experiment
when using these products, because the research has not caught
up to your growing method yet.

The caveats you need to know

Here 1s where I need to pump the brakes on any excessive
enthusiasm. Not all studies show positive effects, and some
show no significant benefit at all.

Several studies on animal-derived products found minimal or
non-significant effects on crops including endive, spinach,
carrot, and okra under field conditions (2). The variability
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depends heavily on protein source, production process, crop
species, application timing, concentration, and environmental
conditions.

There 1is also the phenomenon called general amino acid
inhibition. Excessive uptake of free amino acids through
foliar application can cause phytotoxicity, intracellular
amino acid imbalance, and growth suppression (2). This occurs
more commonly with animal-derived products that contain higher
proportions of free amino acids.

Most research has been conducted with specific commercial
formulations under controlled conditions. The impressive
percentage improvements often come from comparing treated
plants to completely untreated controls, not to plants
receiving optimized nutrition programs.

Practical recommendations for
hydroponic growers

If you want to experiment with peptide biostimulants, plant-
derived products from legume sources using enzymatic
hydrolysis show more consistent results in available research
(3), though remember this research was not conducted in true
hydroponic systems. Start with manufacturer-recommended
concentrations, as more is not better. Research suggests
foliar applications at 2.5-5 ml/L have shown benefits without
phytotoxicity (4).

Be realistic about what you are testing. If your system is
already optimized, you are operating in the regime where these
products show the smallest benefits. Research shows more
pronounced effects under nutrient limitations, drought stress,
or other challenges (6). A 30% improvement in a stressed plant
may still leave it performing worse than an unstressed
control.
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Do not expect peptide biostimulants to replace proper
nutrition or mask fundamental problems. They work alongside,
not instead of, a well-designed nutrient program (5).

Most importantly, treat any trial as an actual experiment. Run
side-by-side comparisons with untreated controls. Measure
actual outcomes, not subjective impressions. The absence of
hydroponic-specific research means you cannot simply apply
published percentage improvements to your situation.

The bottom line

Peptide biostimulants represent a legitimate category of
agricultural inputs with demonstrated effects on plant
physiology in controlled research settings. The science
supports claims of hormone-like activity in sensitive
bioassays, enhanced nitrogen metabolism at the gene expression
level, improved root development in substrate culture, and
stress tolerance mechanisms under laboratory conditions.

The evidence base has three major limitations. First, the most
impressive percentage gains come from experiments using
suboptimal baseline conditions. Second, nearly all research
has been conducted in soil or substrate systems rather than
true hydroponics. Third, the mechanisms explaining why certain
formulations outperform others remain poorly understood.

For hydroponic growers, these products deserve consideration
as experimental tools, not proven solutions. The physiology 1is
real, but the operational benefits in optimized recirculating
systems are unknown. If you trial peptide biostimulants,
design proper experiments with controls and measured outcomes.
Treat manufacturer claims with skepticism. Recognize that you
are working ahead of the research, not following it.

Have you tried peptide biostimulants in your hydroponic
system? What results did you observe? Let us know in the
comments below!
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Thiamine as a biostimulant in
hydroponic and sollless
systems

Vitamin B1 (thiamine) 1is one of those additives that has
circulated through the hydroponic community for decades, but
the science behind its actual effects on plant growth has
remained somewhat murky for most growers. Many products
marketed for hydroponic use contain thiamine as part of their
formulation, yet few growers understand when and how pure
thiamine applications can genuinely benefit their crops. After
reviewing the peer-reviewed literature on this topic, I want
to share what the science actually tells us about using
thiamine as a biostimulant in soilless cultivation.
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Model representation of the thiamine molecule (vitamin Bl).

What makes thiamin work in plants

Thiamine functions as an essential cofactor in central plant
metabolism. The active form, thiamine diphosphate,
participates directly in the tricarboxylic acid cycle, pentose
phosphate pathway, and amino acid biosynthesis (1). Plants can
synthesize their own thiamine, but research has demonstrated
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that exogenous application of pure thiamine can enhance
growth, particularly when plants face environmental stress.
This is not simply a case of feeding plants something they
lack. Rather, thiamine appears to act as a signaling molecule
that upregulates stress-responsive genes and activates calcium
signal transduction pathways in plant cells.

The most pronounced effects of thiamin application occur under
abiotic stress conditions like drought and salinity. Under
these circumstances, thiamine triggers the antioxidant defense
system, helping plants manage reactive oxygen species that
would otherwise cause cellular damage. This stress-protective
role explains why many of the most impressive results in the
scientific literature come from studies conducted under
suboptimal growing conditions rather than ideal environments.

Foliar applications show the
strongest yield effects

The bulk of the peer-reviewed research on thiamine as a
biostimulant has focused on foliar spray applications rather
than root-zone delivery. I would suggest growers interested in
experimenting with thiamine consider foliar application as
their primary method based on the current evidence.

One particularly well-designed study on pea plants tested
foliar thiamine at concentrations of 250 ppm and 500 ppm under
both normal and drought conditions (2). The results were
impressive: 500 ppm thiamine increased the number of pods per
plant by 37 to 63% depending on variety and stress level. Root
length improved by 55 to 62% compared to untreated controls.
The researchers found that 500 ppm was more effective than 250
ppm across most parameters measured.

An older but highly cited field study from 1993 examined maize
response to foliar thiamine at 100 ppm applied during the
vegetative stage at 30 and 45 days after sowing (3). This
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treatment increased grain yield by 20.2% over untreated
controls. The researchers attributed the yield boost to
improved photosynthetic efficiency and delayed leaf
senescence. This study is notable because it demonstrated
yield improvements under normal field conditions, not just
under stress.

Research on coriander and fenugreek in controlled greenhouse
conditions tested three thiamine concentrations: 250, 500, and
750 ppm (4). For coriander, 500 ppm proved optimal for
vegetative growth, while 750 ppm produced the highest 1000-
grain weight and elevated nitrogen and phosphorus content in
the tissue. Fenugreek showed maximum vegetative response at
750 ppm, with improved chlorophyll, carotenoid, and phenolic
content across all thiamine treatments.

Concentration o Application
Cro Key Findin
P (ppm) y g Method
37-63% more pods
Pea 500 P Foliar spray
per plant
Maize 100 20.25 grain yield |Foliar spray at
increase 30 and 45 DAS
Best vegetative
Coriander 500-750 growth and grain Foliar spray
weight
Maximum growth
Fenugreek 750 g Foliar spray
response
Best yiel Foli t
Faba bean 100 est yield under |Foliar spray a

salt stress 30 and 45 DAS

Improved biomass

Cauliflower 16000-33000 o
and antioxidants

Foliar spray

Evidence for root-zone applications
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in soilless systems

Root-zone thiamine application in true hydroponic or soilless
systems has received far less research attention than foliar
methods. This is an important point for hydroponic growers to
understand. Most of what we know about thiamine comes from
foliar studies or soil-based experiments, not from nutrient
solution applications in recirculating systems.

One relevant study examined both root and shoot application of
thiamine on sunflower grown in sand culture with nutrient
solution (8). The researchers tested concentrations of 5 and
10 ppm added to the root zone under salt stress conditions.
Root-zone thiamine improved potassium uptake, maintained leaf
water content, increased chlorophyll levels, and enhanced
shoot and root dry mass. Both root and shoot applications were
effective, with root application showing comparable benefits
to foliar spray. This suggests that adding small amounts of
thiamine directly to hydroponic nutrient solutions may provide
stress protection for crops growing in challenging conditions.

For growers running hydroponic systems, I would recommend
starting with concentrations in the 5 to 10 ppm range for
root-zone applications based on this evidence. Higher
concentrations used in foliar studies may not be appropriate
for continuous nutrient solution application.

Stress mitigation versus yield
enhancement

One critical distinction that emerges from the literature 1is
the difference between stress mitigation effects and yield
enhancement wunder optimal conditions. Most studies
demonstrating dramatic improvements from thiamine applications
were conducted under some form of abiotic stress, typically
drought or salinity.
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Research on cauliflower under water deficit stress found that
foliar thiamine at 16,864 to 33,727 ppm substantially improved
plant biomass, photosynthetic pigments, and inflorescence
quality (5). The treatment enhanced the antioxidant defense
system and reduced hydrogen peroxide accumulation in stressed
plants. Field trials on faba bean under salt-affected soil
conditions showed that 100 ppm thiamine caused the highest
increases in growth and yield parameters, with significant
improvements in carbohydrates, free amino acids, and proline
content (6).

A recent 2024 study on faba bean under 100 mM NaCl salinity
stress compared thiamine at 50 and 100 ppm (7). The 100 ppm
treatment promoted seedling fresh weight by 4.36 g and dry
weight by 1.36 g versus controls. Total antioxidant capacity
reached 28.14% at 50 ppm thiamine under saline conditions.
Chlorophyll b content increased by 209% relative to controls
with 100 ppm thiamine treatment.

Stud Stress Thiamine Key Quality
y Type Concentration Improvement
Increased
Pea 2023 Drought 500 ppm antioxidants and
proteins
Cauliflower Water 16,864-33,727 Enhanced phenolics
2022 deficit ppm and ascorbic acid
Higher
Faba bean
Salinity 100 ppm carbohydrates and
2019 . :
amino acids
209% chlorophyll b
Faba bean o increase, 28%
2024 >alinity >0-100 ppm antioxidant
capacity

For growers running well-optimized systems without significant
environmental stress, the benefits of thiamine supplementation
may be less pronounced than these studies suggest. The maize
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study showing 20% yield improvement under normal field
conditions represents one of the few examples of substantial
benefits without imposed stress. However, examples like these
are not common in the literature.

Practical recommendations for
hydroponic growers

Based on my review of the available peer-reviewed research,
here are my suggestions for growers interested 1in
experimenting with thiamine in their systems:

For foliar applications, concentrations between 100 and 500
ppm appear most effective based on the literature. Applying at
the vegetative stage and repeating applications at 2 to 3 week
intervals follows the protocols used in successful studies.
Adding a surfactant like 0.1% Tween-20 to foliar solutions
improves leaf coverage and uptake.

For nutrient solution applications in hydroponic systems,
lower concentrations of 5 to 10 ppm are more appropriate based
on the sand culture research. Be aware that thiamine can
degrade in solution, particularly in the presence of light and
at higher pH values. The stability of thiamine 1in
recirculating nutrient solutions has not been well
characterized, which represents a gap in the current research.

The strongest case for thiamine supplementation exists when
crops face environmental stress. If your growing environment
experiences temperature extremes, salt buildup in the root
zone, or other suboptimal conditions, thiamine may provide
meaningful protection. For well-optimized controlled
environment systems running under ideal conditions, the
benefits may be more modest.

Thiamine hydrochloride is the most commonly available and
tested form. It dissolves readily in water and is relatively



inexpensive compared to many specialty biostimulant products.
This makes it an accessible option for growers who want to run
their own trials.

The bottom line on vitamin Bl

The peer-reviewed evidence demonstrates that pure thiamine
applications can improve plant growth, yield, and quality,
particularly under stress conditions. Foliar applications at
100 to 500 ppm have shown the most consistent positive results
across multiple crop species. Root-zone applications 1in
soilless systems remain less studied but appear effective at
lower concentrations around 5 to 10 ppm.

Growers should approach thiaminee with realistic expectations.
It is not a magic yield booster that will transform mediocre
results into exceptional harvests. Instead, it functions as a
stress protector and metabolic support compound that can help
plants maintain performance when conditions are challenging.
The most significant benefits will likely be seen by growers
dealing with environmental stress factors that are difficult
to fully control.

For anyone interested in testing thiamine in their hydroponic
or soilless systems, the research provides a solid foundation
for experimental protocols. Start with the concentrations and
application methods validated in the scientific literature,
keep good records, and run proper controls. This is an area
where thoughtful experimentation can help fill gaps in our
understanding of how thiamine performs in recirculating
hydroponic systems.

A practical note on foliar
applications

One thing worth mentioning for growers planning to use
thiamine as a foliar spray is the distinctive odor that



develops as thiamine degrades. After application, particularly
as the spray solution ages or when thiamine breaks down on
leaf surfaces, you may notice a sulfurous smell. This 1is
normal and results from the thiazole ring structure in the
thiamine molecule, which contains sulfur. The smell is not an
indication of any problem with the treatment, just a
characteristic of thiamine chemistry. Some growers find it
unpleasant, while others barely notice it. If you are working
in an enclosed growing space, be aware that this odor may be
noticeable for a period after spraying. This 1is simply
something to factor into your application timing and
ventilation planning.

Have you experimented with thiamine or other B vitamins in
your hydroponic system? What results did you observe? Let us
know in the comments below!

Exogenous Sugar Applications:
A deeper look

The application of external sugars (sucrose, glucose,
fructose) to adult plants has generated interest as a
potential biostimulant strategy, with research revealing
complex concentration-dependent effects that range from
beneficial to detrimental. While some studies demonstrate
legitimate applications in stress tolerance and disease
resistance, the evidence for routine commercial use in
hydroponic production systems remains unconvincing. This
review provides a deeper look complimenting my previous blog
posts on the matter, it examines peer-reviewed research on
exogenous sugar applications in mature plants, highlighting
both promising findings and significant physiological
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constraints that limit practical implementation.
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A model representation of thee sucrose molecule, the most
widely available commercial sugar source

Hydroponic Research Limitations

A fundamental challenge in evaluating sugar biostimulants 1is
the near-complete absence of peer-reviewed studies
investigating exogenous sugar effects on yields in commercial
hydroponic environments. (1) This research gap reflects
established plant physiology principles showing that sugar
transport from roots to shoots is extremely inefficient,
making external contributions negligible compared to
photosynthetic production. Any observed benefits 1likely
operate through indirect mechanisms such as rhizosphere
modification or stress tolerance enhancement rather than
direct nutritional supplementation.

Research <confirms that plants invest 20-40% of
photosynthetically fixed carbon in root exudates, with most
estimates ranging from 5-21% depending on species and
environmental conditions. (2) These exudates consist primarily
of metabolites that are passively lost and rapidly consumed by
rhizosphere microorganisms rather than reabsorbed by the
plant, indicating limited potential for root-mediated sugar
uptake in mature plants.
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Concentration-Dependent
Physiological Effects

Recent research reveals that exogenous sugar applications
produce dramatically different effects depending on
concentration, with narrow windows between benefit and
toxicity. A comprehensive study on Andrographis paniculata
grown 1in hydroponic conditions demonstrated that sucrose
concentrations of 0.5-5 mM promoted plant growth, enhanced
nitrogen metabolism, and increased root activity. (3) However,
10 mM sucrose caused growth retardation, increased oxidative
stress markers, and induced plant senescence, illustrating the
critical importance of precise concentration control.

Similar concentration sensitivity was observed in tomato
plants under controlled greenhouse conditions, where 100 mM
sucrose applications enhanced leaf area, chlorophyll content,
and growth rates under suboptimal light conditions. (4) Lower
concentrations (1-10 mM) produced intermediate effects, while
concentrations above 100 mM were not tested due to osmotic
stress concerns. These findings suggest that optimal
concentrations may vary significantly between species and
environmental conditions.

.. Detrimental )
i Sugar Beneficial Primary
Plant Species Tvoe Range Effects Response
yp g Above P
Enhanced
Andrographis
, Sucrose 0.5-5 mM 10 mM growth vs.
paniculata
senescence
Tomat I
omato 100 mM ncreased
(Solanum Sucrose , Not tested leaf area,
: (optimal)
lycopersicum) chlorophyll
Stress
Wheat (salt
( Glucose| 0.1-50 mM Not tested tolerance
stress) .
improvement
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Photosynthetic Downregulation: A
Major Constraint

A critical limitation of exogenous sugar applications is their
potential to trigger photosynthetic downregulation through
sugar sensing pathways. Research on green algae reveals that
glucose applications can completely shut off photosynthesis
through hexokinase-mediated signaling, with cells switching
from autotrophic to heterotrophic metabolism. (5) While this
mechanism is most pronounced in algae, similar pathways exist
in higher plants and represent a significant physiological
constraint.

Conversely, research on Brassica juncea demonstrated that
foliar glucose applications at 2-8% concentrations enhanced
photosynthetic parameters including stomatal conductance,
transpiration rate, and net photosynthetic rate. (6) This
apparent contradiction highlights the concentration-dependent
and species-specific nature of sugar effects on photosynthetic
processes, with optimal concentrations potentially enhancing
performance while excessive levels trigger suppression.

Exogenous sugar applications can either enhance or suppress
photosynthetic processes depending on concentration,
application method, and plant species. This dual nature
represents a fundamental constraint requiring precise
optimization for each application scenario.
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Stress Tolerance Applications

The most promising applications of exogenous sugars appear to
be in stress tolerance enhancement rather than routine
production use. Research on wheat plants under salt stress
demonstrated that glucose applications at concentrations from
0.1 to 50 mM significantly improved germination rates and
growth under saline conditions. (7) The mechanism involved
enhanced antioxidant enzyme activities and improved osmotic
adjustment, suggesting legitimate stress mitigation effects.

Similar benefits were observed in melon plants exposed to cold
stress, where root-applied glucose (0.5-1% concentration)
proved more effective than foliar application in improving
cold tolerance in melon seedlings. (8) The treatment enhanced
photosystem II efficiency, reduced membrane damage, and
accelerated photosynthetic recovery following cold exposure.
Notably, the study found that glucose applications were more
effective for cold-sensitive genotypes than cold-tolerant
ones, suggesting targeted applications may be most beneficial
for very young plants.

Field Crop Applications: Limited
Academic Evidence

Academic field trials consistently show minimal or
statistically insignificant yield responses to sugar
applications in major crops. Multi-state university studies on
soybeans and corn using various sugar sources (dextrose,
sucrose, molasses) at 3-4 lb/acre showed no statistical yield
differences compared to untreated controls (P=0.60 for soybean
studies). (9) These results held across multiple years and
environments, suggesting that field conditions do not support
the theoretical benefits observed in controlled laboratory
studies.
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Long-term university research conducted over 10 years at 117
locations in Michigan evaluated foliar fertilizer applications
that included sugar additions to soybeans. The 3-16-16
fertilizer containing micronutrients was applied with 1
gt/acre of sugar at R1 and R3 growth stages. (10) Results
showed yield increases at only 2 of 27 sites (7% success
rate), with the majority of locations showing no significant
response to sugar-containing treatments. Additionally, foliar
sugar applications carry the risk of enhancing foliar pathogen
growth by providing readily available carbon sources on leaf
surfaces, potentially increasing disease pressure rather than
providing the intended benefits.

Sugar Application Yield Statistical
Study Crop . s
Source Rate Response | Significance
Multi-state Various No P=0.60 (not
_ _ Soybeans 3 lb/acre _ . (
University sugars difference| significant)
Variable Not
Nebraska/0Ohio Dextrose, .
, / Corn 4-7 1b/acre (0-6 consistently
Trials sucrose L.
bu/acre) significant
Michigan Positive
Sugar + 1 qt/acre % success
State (27 Soybeans o at 2/27
, fertilizer sugar , rate
sites) sites
Foliar
North Dakota o , No Decreased
_ _ Soybeans | fertilizer| Variable _ . N
University + sugar increase |profitability

Disease Resistance and Sugar
Content Relationships

Research has established a clear relationship between
naturally high sugar content in plant tissues and enhanced
disease resistance, though this does not necessarily translate
to benefits from exogenous sugar applications. Studies across
multiple plant-pathogen systems demonstrate that plants with
elevated endogenous sugar levels show enhanced resistance
through several mechanisms 1including oxidative burst


https://www.canr.msu.edu/news/foliar_fertilizer_applications_to_soybeans_are_rarely_profitable

stimulation, defense gene activation, and pathogenesis-related
protein induction. (11) This *“high-sugar resistance”
phenomenon appears to function through priming of plant immune
responses rather than direct antimicrobial activity.

The mechanistic basis involves sugars interacting with
hormonal signaling networks that regulate plant immunity, with
endogenous sucrose, glucose, and fructose levels influencing
expression of defense-related genes. (12) However, the
critical distinction is that these benefits are associated
with plants that naturally accumulate high sugar
concentrations through their own metabolic processes, not
necessarily through external sugar supplementation.

Recent advances in understanding sugar-defense signaling
reveal that glucose-6-phosphate acts as a critical coordinator
of plant defense responses, with cellular sugar levels
determining the amplitude and types of defense outputs against
bacterial and fungal pathogens. (13) While this mechanistic
understanding provides insight into plant immunity,
translating these findings 1into practical exogenous
applications faces the challenge that external sugar additions
may not effectively raise intracellular concentrations or may
trigger negative feedback responses that counteract any
theoretical benefits.

Academic Economic Analysis

University research consistently concludes that economic
justification for sugar applications remains questionable even
when modest biological effects are observed. Academic studies
demonstrate that foliar fertilization applications in fields
without known nutrient deficiency do not increase yields but
decrease profitability due to application and material costs
without corresponding yield benefits. (11)

The economic analysis from university trials indicates that
other management strategies should take precedence over sugar
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applications, with researchers noting that opportunity costs
typically exceed any realized benefits. For hydroponic
operations, the economic threshold becomes even more
challenging due to higher baseline production costs, the need
for precise concentration control to avoid negative effects,
and substantial additional costs associated with contamination
prevention and system sanitation. The risk of biofilm
formation and pathogen enhancement requires increased
monitoring, more frequent system cleaning, and potential crop
losses that significantly impact the economic viability of
sugar applications.

Practical Constraints in Hydroponic
Systems

Academic research identifies several critical constraints for
hydroponic applications of exogenous sugars that limit their
practical implementation. The primary concern involves
microbial proliferation, as external sugar additions stimulate
both beneficial and pathogenic microorganisms
indiscriminately. This creates oxygen demand around roots
while potentially establishing anaerobic <conditions
detrimental to plant health.

Research demonstrates that sugar concentrations must remain
below critical thresholds to avoid osmotic stress and
microbial contamination in recirculating systems. The
concentration-dependent studies on Andrographis and tomato
plants indicate that effective ranges are narrow, with
beneficial effects at low concentrations (0.5-5 mM) rapidly
transitioning to detrimental effects at higher concentrations
(10 mM and above). At the conservative concentrations required
for hydroponic safety, the likelihood of measurable biological
effects diminishes substantially.

Critical Pathogen Risk: Sugar applications to leaves or
growing media provide readily available carbon sources that



can enhance the growth and virulence of foliar and root
pathogens. This includes bacterial pathogens, fungal diseases,
and opportunistic microorganisms that may outcompete
beneficial microbes for the supplemented carbon source.

Biofilm Formation Hazard: Sugar additions to hydroponic
nutrient solutions significantly increase the risk of biofilm
formation in irrigation lines, pumps, reservoirs, and growing
surfaces. Biofilms create protected environments for
pathogenic microorganisms, reduce system efficiency through
flow restriction, and are extremely difficult to eliminate
once established. The sticky nature of biofilms can trap
additional pathogens and organic matter, creating persistent
contamination sources throughout the production system.

Future Research Directions

The current state of academic research on exogenous sugar
applications reveals significant knowledge gaps that limit
evidence-based recommendations for commercial hydroponic
production. Priority areas include systematic dose-response
studies across multiple crop species, long-term effects of
chronic sugar exposure, and comprehensive analyses that
account for full production costs including contamination
management and system complexity.

Academic reviews emphasize that future hydroponic research
should focus on controlled studies with proper statistical
design, multiple growing cycles, and careful attention to
microbial dynamics. (12) Research on carbohydrate applications
in plant immunity suggests that understanding sugar perception
mechanisms and signaling pathways may lead to more targeted
applications, though practical implementation remains
challenging. (13)
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Evidence-Based Recommendations

Based on available peer-reviewed academic research, routine
application of exogenous sugars |l be recommended as
standard practice in commercial hydroponic production. While
some studies demonstrate concentration-dependent benefits in
stress tolerance enhancement under controlled conditions, the
evidence for disease resistance benefits through exogenous
applications is very limited, as most research focuses on
naturally occurring high sugar content rather than external
supplementation. The concentration-dependent nature of
effects, potential for photosynthetic downregulation, pathogen
enhancement risks, biofilm formation concerns, and economic
considerations documented in wuniversity studies make
widespread adoption inadvisable. Evidence for mass gain
benefits of exogenous sugar supplementation are basically non-
existent.

Academic research suggests that growers considering sugar
applications should recognize that resources would be better
directed toward proven management strategies including
optimized nutrition, environmental control, and integrated
pest management. The risk-benefit analysis from university
studies does not support sugar supplementation as a reliable
yield enhancement or disease management strategy in hydroponic
systems, particularly given the potential for negative effects
including enhanced pathogen growth and system contamination
that could offset any theoretical benefits.

Future developments in understanding sugar signaling pathways
and stress tolerance mechanisms may eventually lead to more
targeted applications, but current academic evidence does not
justify implementation in routine hydroponic production
systems. The narrow concentration windows, species-specific
responses, potential for photosynthetic interference, pathogen
enhancement risks, biofilm formation hazards, and gap between
endogenous sugar benefits and exogenous application efficacy



documented 1in peer-reviewed research present substantial
barriers to practical application. The additional costs and
management complexity associated with contamination prevention
make sugar applications economically and operationally
impractical for most commercial hydroponic operations.

Ascorbic Acid as a
Biostimulant: Alleviating
Stress to Improve Yield and
Quality in Hydroponic Systems

The search for sustainable biostimulants to enhance crop
productivity has led researchers to investigate ascorbic acid
(vitamin C) as a promising alternative to synthetic growth
regulators. This natural antioxidant compound has shown
remarkable potential in improving both yield and quality
parameters in hydroponic and soilless cultivation systems.
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Understanding Ascorbic Acid as a
Biostimulant

Ascorbic acid functions as a (1) multifunctional non-enzymatic
antioxidant that plays crucial roles in plant physiology
beyond its traditional vitamin C function. In hydroponic
systems, ascorbic acid applications can modulate several key
physiological processes including photosynthesis, antioxidant
defense mechanisms, and stress tolerance responses (2).

Recent research has demonstrated that exogenous ascorbic acid
applications can significantly improve nutrient use efficiency
and enhance plant growth under stress conditions. The compound
acts as a signal molecule that (3) activates antioxidant
defense systems and helps maintain cellular redox homeostasis
during periods of environmental stress.
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Application Methods and Optimal
Concentrations

Foliar Applications

Foliar spraying represents the most widely studied application
method for ascorbic acid in hydroponic crops. Research on
lettuce cultivation has shown that (4) foliar applications of
100-400 ppm ascorbic acid can significantly improve growth
parameters and yield under saline conditions. The optimal
concentration appears to be crop-specific, with 400 ppm
showing the most pronounced effects on lettuce fresh weight
and antioxidant enzyme activity.

Root Zone Applications

Direct addition to hydroponic nutrient solutions has shown
promising results at Llower concentrations. Studies indicate
that 200 ppm ascorbic acid applied through the nutrient
solution can enhance Rhizobium activity in leguminous crops,
leading to improved nitrogen fixation and protein synthesis
(5).

Application Timing and Frequency

Foliar Applications: Apply during early morning or late
afternoon to minimize photodegradation. Frequency of 7-14 day
intervals has shown optimal results.

Nutrient Solution: Continuous 1low-level supplementation
(50-100 ppm) or periodic higher doses (200-300 ppm) every
10-14 days.

Quantitative Effects on Yield
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Parameters

Multiple studies have documented significant yield
improvements with ascorbic acid applications across different
crops (note that these studies the yield improvements are over
crops under stress conditions). In pea
production, (6) treatments with 10 mM (approximately 176 ppm)
ascorbic acid increased pea pod yields 40%.

Yield
} ) ) Increase over
Concentration Application
Crop stressed Reference
(ppm) Method _
conditions
(%)
Lettuce 400 Foliar 25-35 (4)
Nutrient
Pea 200 HErie 16-40 (5)
Solution

Antioxidant System Enhancement

The primary mechanism behind quality improvements involves the
strengthening of plant antioxidant systems. (6) Ascorbic acid
treatments significantly increased superoxide dismutase,
peroxidase, and catalase activities, leading to improved
stress tolerance and better maintenance of cellular integrity
during growth and post-harvest storage.

Stress Tolerance and Environmental
Benefits

One of the most significant advantages of ascorbic acid
applications in hydroponic systems 1is enhanced stress
tolerance. (2) Research has demonstrated that ascorbic acid
pretreatment can help plants better cope with various abiotic
stresses 1including salinity, drought, and temperature
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extremes.

In saline conditions, which are particularly relevant for
hydroponic systems using recycled water or high-EC nutrient
solutions, ascorbic acid applications at 200-400 ppm have
shown (4) significant protective effects. Treated plants
maintained higher growth rates and better physiological
function compared to untreated controls under stress
conditions.

Stress Tolerance Benefits:

= Improved salinity tolerance in nutrient film technique
systems

 Enhanced temperature stress resistance in greenhouse
environments

 Better adaptation to fluctuating nutrient concentrations

» Reduced oxidative damage during transport and storage

Integration with Hydroponic
Management Practices

Compatibility with Nutrient Solutions

Ascorbic acid demonstrates good compatibility with standard
hydroponic nutrient formulations. However, care should be
taken regarding solution pH, as ascorbic acid stability
decreases significantly at pH levels above 7.0. Most
hydroponic systems operating at pH 5.5-6.5 provide optimal
conditions for ascorbic acid stability and effectiveness (3).

When 1integrating ascorbic acid into nutrient management
protocols, consider the following stability factors. Light
exposure can rapidly degrade ascorbic acid, making it
essential to prepare fresh solutions or use opaque reservoirs.
Temperature also affects stability, with cooler reservoir
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temperatures (15-20°C) helping maintain compound integrity
longer than warmer conditions.

Economic Considerations

The cost-effectiveness of ascorbic acid applications compares
favorably to synthetic growth regulators and specialized
biostimulant products. (5) Economic analysis of pea production
showed that the 16-40% yield increases achieved with 200 ppm
applications provided substantial return on 1investment,
especially when considering the additional quality premiums
for enhanced nutritional content. Again, note that this is to
alleviate stressful conditions.

Application Cost per
ppé;te]- 100;1 Expected ROI Best Use Case
Preventive stress
100 ppm $2-4 200-300% ventiv
management
Optimal yield
200 ppm $4-8 300-400% ptimat yie
enhancement
Stress recovery and
400 ppm $8-16 250-3505% > Fecovery
quality improvement

Practical Implementation Summary

Ascorbic acid represents a scientifically validated,
economically viable biostimulant option for hydroponic growers
seeking to enhance both yield and quality when stressful
conditions are present. The optimal application strategy
involves foliar sprays at 200-400 ppm concentrations, applied
every 7-14 days during active growth periods. For continuous
systems, nutrient solution supplementation at 50-100 ppm
provides baseline benefits with periodic increases to 200-300
ppm during stress periods. The documented improvements in
antioxidant content, stress tolerance, and overall plant
health make ascorbic acid a valuable addition to sustainable
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hydroponic production protocols.

If you use ascorbic acid in root applications make sure to
control biofilm formation and properly clean your irrigation
lines. Test foliar applications first, root applications carry
important risks of biofilm formation inside lines. Clogging
can happen if application rates and times are not properly
controlled or if irrigation lines are not properly maintained.

Using Glycine Betalne as a
Biostimulant

Glycine betaine is a biostimulant that has been explored for
stress mitigation and quality enhancement in hydroponic and
soilless culture. However, there is substantial confusion
about effective concentrations, application methods, and which
crops actually benefit. In this post I want to address the
most common questions about using glycine betaine, based on
what the peer-reviewed literature actually shows for different
crops and growing systems.
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Effect of glycine betaine on rice plants subjected to water
stress, taken from (11)

What 1s glycine betaine and why use
it?

Glycine betaine is a quaternary ammonium compound that acts as
a compatible solute in plants. Most agronomic crop species do
not synthesize adequate amounts naturally, which 1is why
exogenous applications have been studied (1). When applied to
plants, glycine betaine functions as an osmoprotectant,
maintaining cellular water balance and protecting
photosynthetic machinery under stress (2). It stabilizes
proteins and membranes, reduces oxidative damage, and can
enhance photosynthetic efficiency.

In controlled environment hydroponics, glycine betaine offers
benefits beyond basic stress protection. Studies show it can
modify nitrogen metabolism, reduce nitrate accumulation 1in
leafy greens, and alter mineral uptake patterns (3). However,
responses are highly dose-dependent and crop-specific.
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Application parameters need to match your production goals or
you risk reducing yields instead of improving them.

Should you apply glycine betaine to
leaves or roots?

Application method determines both efficacy and risk. Foliar
applications are lower risk but require repeated treatments.
Root applications in recirculating hydroponics can deliver
specific quality benefits but require precise dosing and
timing.

For foliar work, concentrations between 500 and 2,500 ppm are
common in the literature, with timing adjusted to crop growth
stage and stress exposure. In lettuce under water stress, 700
ppm applied three times during the growing cycle (at 20, 35,
and 45 days after transplant) improved yield and water use
efficiency compared to controls (4). For peppers experiencing
combined low temperature and low light stress, 2,340 ppm
improved photosynthetic parameters and reduced oxidative
damage (5). Lower concentrations in that same pepper trial
were less effective, showing a clear dose threshold.

Root application through nutrient solutions requires more
precision but offers different advantages. In commercial NFT
lettuce production, adding glycine betaine at 1,170 ppm to the
nutrient solution reduced leaf nitrate content by more than
29% while increasing dry matter and improving amino acid
profiles (3). The treatment was applied during the final 6
days before harvest, with a second application needed 4 days
after the first to maintain effective concentrations. The
glycine betaine disappeared from solution within 3-5 days as
plants took it up or microorganisms metabolized it.

An important Ulimitation of root applications is growth
reduction. While nitrate control and quality improvements were
achieved, fresh weight was lower at certain sampling points.
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If your production system is optimized for maximum fresh
weight yield, root applications need careful consideration.

What works for specific crops?

Lettuce

Lettuce shows reliable responses to both application methods.
For foliar applications targeting stress mitigation, 700 ppm
at 20, 35, and 45 days after transplanting improved yields
under both normal and deficit irrigation (4). Water use
efficiency increased and quality was maintained even under
stress.

For root applications focused on nitrate reduction in NFT
systems, you need higher concentrations than you might expect.
Single applications at 470 or 880 ppm showed weak responses.
The effective protocol uses 1,170 ppm applied twice at 4-day
intervals, which reduced nitrate substantially and increased
total amino acid content (3). Fresh weight was slightly
reduced at certain harvest times but dry matter percentage
increased, which can extend shelf life. If your market
discounts product for high nitrate content, this treatment has
commercial validation.

Tomato

Tomato responses depend heavily on the stress type and
application method. Foliar application of 1,170 ppm applied at
2 and 6 weeks from transplanting increased marketable fruit
yield by about 13% under deficit irrigation in field
trials (6). The treatment improved chlorophyll content and
leaf water status under water stress.

However, the picture is not entirely positive. Some studies
found foliar glycine betaine reduced tomato growth under salt
stress instead of improving it (7). This suggests variety-
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specific responses or fundamental differences in how glycine
betaine interacts with different stress types. The evidence is
stronger for water stress applications than for salt stress in
tomato.

Pepper

Pepper seedlings under combined low temperature and low light
stress responded to foliar glycine betaine at 2,340 ppm. This
concentration improved photosynthetic parameters, reduced
membrane damage, and enhanced antioxidant defenses (5). Lower
concentrations in the same study were less effective, showing
a threshold effect.

For cotton (relevant as a reference for other crops) under
salt stress, 585 ppm proved optimal for maintaining stomatal
function and photosynthesis, with 880 ppm showing diminishing
returns (8). This demonstrates that more is not always better.
Finding the optimal concentration requires testing for your
specific crop and conditions.

Strawberry

In soilless strawberry production, 1,170 ppm increased fruit
weight and yield per unit area (9). Crown diameter, crown
number, and antioxidant activity also improved. Higher
concentrations at 2,340 ppm showed benefits for vegetative
parameters but did not improve yield as effectively as the
1,170 ppm treatment.

Under salinity stress 1in substrate culture, foliar
applications at 2,340 ppm maintained potassium to sodium
ratios and improved chlorophyll content, providing protection
against salt-induced damage (10). The treatment reduced the
need for proline accumulation as a stress response.
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Cucumber

Cucumber showed positive responses under salt stress. Foliar
applications improved photosynthetic efficiency by enhancing
primary photochemical reactions and reducing energy
dissipation as heat. Calcium and potassium concentrations
increased while sodium accumulation decreased under saline
conditions (11). Concentrations used in greenhouse trials
ranged from 5,850 to 11,700 ppm for salt stress mitigation,
which is substantially higher than rates used for other crops.
This wide range suggests the optimal dose for cucumber under
salt stress has not been precisely defined.

Practical dose ranges for
hydroponic growers

Table 1. Glycine betaine application parameters for major
hydroponic crops

Application|Concentration| Timing and )
Crop ppticatd * Hming Primary effect|Reference
method (ppm) frequency
Three
applications
Zi 50 35 Improved yield
Lettuce Foliar 700 ' " | and water use (4)
45 days ..
efficiency
after
transplant
Double
application,
Reduced
4 days nitrate b
Lettuce Root (NFT) 1,170 apart, final ) y (3)
29%, increased
6 days . .
amino acids
before
harvest
Two
applications Increased
ield by 13%
Tomato Foliar 1,170 at 2 and 6 yt y (6)
under water
weeks from
stress
transplant
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Improved
Applied P .
durin photosynthesis
Pepper Foliar 2,340 stresg under low (5)
. temp/light
period
stress
Applied
Substrate ;ﬁlin Increased
Strawberry 1,170 -g fruit weight (9)
drench growing .
and yield
season
Maintained
Applied photosynthetic
Cotton Foliar 585 during salt | activity and (8)
stress stomatal
function
Table 2. Response characteristics by application route in

hydroponic systems

) ) Typical .
Application ) Primary ) . . )
concentration Key benefits Limitations
route targets
range (ppm)
Stress i Requires
mitigation Lower risk, reqeated
iti ion, ,
uglit flexible a l;lations
Foliar spray | 500-2,500 q , y timing, well- PP o '
traits, sensitive to
. documented
yield spray
across crops oy
enhancement conditions
) Can reduce
Nitrate } .
. Direct uptake, |fresh weight,
Root reduction, , )
application drv matter sustained requires dose
PP . 1,000-1,500 , y effect in precision,
(nutrient increase, _ _ _
_ _ , recirculating disappears
solution) amino acid ,
systems from solution
enhancement o
within days
Less research
Long-term ,
¢ 0 5 in pure
_ stress ne-time .
Substrate Variable by _ _ _ hydroponic
_ , protection,| application,
incorporation crop systems,
growth gradual release
harder to
enhancement _
adjust
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When should you apply glycine
betaine?

Timing determines success as much as concentration. For foliar
applications targeting stress, apply before or during stress
exposure. In lettuce, applications at active growth stages
(20, 35, and 45 days after transplant) aligned with periods of
potential stress and delivered consistent benefits (4). This
timing catches plants when they are actively building biomass
and most responsive to treatments.

For root applications in NFT focused on quality rather than
stress, the final week before harvest works. The 6-day
exposure period used in commercial lettuce trials reduced
nitrate without devastating yields (3). This short window lets
plants accumulate glycine betaine and shift nitrogen
metabolism while limiting growth penalties.

In fruiting crops like tomato and strawberry, applications
timed to early vegetative development or flowering gave the
most consistent yield benefits (6), (9). These are critical
growth stages where stress protection translates directly to
final production.

What doesn’t work

Not all glycine betaine applications deliver value. In tomato,
foliar applications under salt stress sometimes reduced growth
instead of improving it (7). The compound accumulated more in
salt-sensitive varieties but this did not correlate with
improved tolerance. Variety selection and stress type matter
more than growers often assume.

Low-dose root applications often fail. Concentrations below
940 ppm in lettuce NFT showed weak or inconsistent nitrate
reduction. Single applications of 470 ppm failed to reduce
nitrate significantly (3). There is a threshold effect where
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you either need multiple applications or higher initial
concentrations to see the outcomes you want.

The compound disappears rapidly from recirculating systems.
Within 3 to 5 days plants take it up or system microorganisms
metabolize it. Single applications fail to maintain effective
concentrations unless timed very close to harvest (3). This
short persistence means you cannot apply glycine betaine at
transplant and expect effects at harvest.

How to use glycine betaine properly

Start with foliar applications at documented concentrations.
For lettuce under normal or moderate stress, 700 ppm in 2-3
applications provides a tested baseline (4). For tomato
targeting water stress, 1,170 ppm at 2 and 6 weeks post-
transplant has field validation (6). These are starting
points, not guarantees.

If using root applications in NFT or recirculating systems,
use this method for specific quality targets like nitrate
reduction. A concentration of 1,170 ppm applied twice at 4-day
intervals during the final week before harvest has been
validated at commercial scale (3). Monitor fresh weight
carefully because growth reduction can occur at effective
doses.

Test on a small section first. Measure the actual outcome that
matters to you, whether that is stress tolerance, nitrate
content, or amino acid profiles. Do not assume benefits based
on marketing materials or general claims. Glycine betaine can
work in hydroponics but the response depends on matching dose,
application method, and timing to your specific crop and
production goals. If you cannot measure the outcome you care
about, you cannot determine if the treatment is worth the
cost.
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Triacontanol Foliar Sprays in
Soilless Culture: Formulation
and Application

Triacontanol is a naturally occurring long-chain fatty alcohol
found in plant cuticle waxes that can act as a growth
regulator at very low concentrations. Below I focus on peer-
reviewed evidence for triacontanol in hydroponic and soilless
systems, with attention to preparation methods, yield effects,
and quality outcomes in tomatoes, cucumbers, strawberries, and
lettuce.

CH

Above you can see a representative model of triacontanol.
Chemically triacontanol is a long-chain fatty alcohol, very
hard to dissolve in water and apply effectively to plants.

Evidence for Yield and Quality
Effects

Hydroponic lettuce. Foliar application of triacontanol at
107-7 M (approximately 0.043 mg/L) to 4-day-old hydroponically
grown lettuce seedlings increased leaf fresh weight by 13-20%
and root fresh weight by 13-24% within 6 days. (1) When
applied at both 4 and 8 days after seeding, leaf area and mean
relative growth rate increased by 12-37%. There was no
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additional benefit from repeating applications beyond two
sprays in this short-cycle crop.

Tomato in hydroponic systems. Weekly foliar applications of 70
MM triacontanol (approximately 21 mg/L) on tomatoes grown in
hydroponic drip systems significantly increased flower number
by 37-50% and total fruit number by 22-57%, resulting in a 28%
higher total yield at harvest. (2) Individual fruit weight
decreased by 16%, but the net effect on total productivity
remained positive. The treatment advanced blooming without
affecting plant height or internode number, demonstrating a
specific effect on reproductive development.

Cucumber under soilless conditions. Foliar application of
triacontanol at 0.8 mg/L on cucumber genotypes under salt
stress improved photosynthesis, stomatal conductance, and
water use efficiency. (3) The treatment enhanced antioxidant
enzyme activities and maintained better membrane stability.
Yield traits, including fruit number and average fruit weight,
improved in response to triacontanol application. Salt-
tolerant genotypes (Green long and Marketmore) showed greater
responsiveness than sensitive genotypes.

Strawberry. Triacontanol has shown promise in improving
drought tolerance in strawberry plants by enhancing growth,
productivity, and physiological performance, though most work
has been conducted in soil rather than true soilless systems.

(4)

Formulation: Creating a
Concentrated Stock Solution

Triacontanol has extremely low water solubility (less than 1
mg/L at room temperature), which makes proper formulation
critical. The most reliable approach combines an organic
solvent with a surfactant to create a stable concentrate that
can be diluted into spray solutions.


https://www.nature.com/articles/s41598-024-62398-0
https://www.nature.com/articles/s41598-021-04174-y
https://www.mdpi.com/2223-7747/11/14/1913

Stock Solution Protocol

Materials needed:

= Triacontanol powder (90%+ purity)

= Ethanol (95% or higher)

» Tween-20 or Tween-80 (polysorbate surfactant)
» Distilled or deionized water

» Glass or high-density polyethylene containers

Preparation of 1000 mg/L (1000 ppm) stock:

1. Weigh 1000 mg of triacontanol powder using an analytical
balance.

2. Dissolve the triacontanol in 100 mL of 95% ethanol in a
glass beaker. Warm gently (35-40°C) while stirring with
a magnetic stirrer for 15-20 minutes to ensure complete
dissolution. Do not exceed 50°C.

3. Add 5 mL of Tween-20 to the ethanol solution and mix
thoroughly for 5 minutes. This surfactant concentration
(0.5% v/v in final volume) ensures proper emulsification
and leaf surface wetting.

4. Transfer the ethanol-triacontanol-surfactant mixture to
a 1000 mL volumetric flask.

5. Bring to final volume with distilled water while mixing
continuously. The solution will appear slightly cloudy
due to micelle formation, which is expected and
desirable.

6. Store the stock solution in an amber glass bottle at
room temperature. The stock is stable for 3-4 months
when protected from light and heat.

Alternative solvent systems: Some studies have successfully
used isopropanol or acetone as solvents. (5) However, ethanol
provides the best combination of triacontanol solubility,
plant safety, and ease of handling for growers.


https://link.springer.com/article/10.1007/BF00024217

Working Solution Preparation

Dilute the 1000 mg/L stock to achieve target concentrations
based on crop and growth stage:

Lettuce: Dilute 1:10,000 to 1:20,000 for final concentrations
of 0.05-0.1 mg/L. For a 1-liter spray bottle, add 0.05-0.1 mL
of stock solution.

Tomato: Dilute 1:50 for final concentration of 20 mg/L. For a
1-liter spray bottle, add 20 mL of stock solution.

Cucumber: Dilute 1:1250 for final concentration of 0.8 mg/L.
For a 1-liter spray bottle, add 0.8 mL of stock solution.

Add an additional 0.1% v/v Tween-20 (1 mL per liter) to the
final spray solution to ensure maximum leaf coverage and
absorption. This additional surfactant enhances uptake without
phytotoxicity when concentrations remain below 0.2%. (3)

Application Timing and Frequency

Seedling stage: Apply once at 4-8 days after emergence for
leafy greens in short-cycle production. A single early
application is often sufficient for lettuce. (1)

Vegetative and reproductive stages: For fruiting crops like
tomato and cucumber, apply weekly starting 4 weeks after
transplant and continuing through flowering and early fruit
set. Three to five applications total are typically used. (2)

(3)

Application method: Apply using a hand sprayer or backpack
sprayer with a cone nozzle, ensuring complete leaf coverage
including undersides. Apply in early morning or late afternoon
to maximize absorption and minimize evaporation. Spray until
runoff just begins.
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Reported Effects Across Crops
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Mechanisms and Considerations

Triacontanol acts
involving 9-L(+)-adenosine,

MgZ+)

(Ca®, K,

through a

and modulates gene expression

secondary messenger
which triggers rapid ion influx

system

related to

photosynthesis, hormone balance, and stress responses. (2) The

compound enhances photosynthetic rate,

and nutrient uptake at very low doses.

Concentration matters.

stimulation at low concentrations,
higher doses. The optimal range is crop-specific but generally

falls between 0.05-20 mg/L for foliar applications.

stomatal conductance,

Response curves show classic hormesis:

no effect or inhibition at

Lettuce

seems to respond to much lower concentrations than tomatoes.
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Environmental and genetic factors influence response
magnitude. Tolerant cucumber genotypes showed larger yield
improvements than sensitive ones. (3) Season, light intensity,
and nutrient status affect outcomes.

Triacontanol enhances stress tolerance, particularly to
salinity and drought, by improving antioxidant enzyme
activity, maintaining membrane integrity, and regulating
osmotic adjustment. (3) (4) This makes it especially valuable
in recirculating hydroponic systems where EC can drift upward.

Practical Guidelines

» Test on a small number of plants before scaling to full
production.

- Keep application rates within published ranges. More 1is
not better with triacontanol.

= Maintain consistent spray timing rather than irregular
high-dose applications.

»Store stock solutions away from light and heat to
preserve activity.

»Use analytical-grade triacontanol from reputable
suppliers (minimum 90% purity).

= Combine with sound nutritional management; triacontanol
is not a substitute for balanced feeding. Triacontanol
is not a replacement for proper nutrition, irrigation,
environmental conditions or media management.

Properly formulated and applied, triacontanol provides
measurable improvements in productivity and stress tolerance
across major soilless crops. The citations above offer
detailed protocols and results for those wishing to implement
this growth regulator in commercial or research settings.
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Moringa extract as a
biostimulant in hydroponics

Moringa leaf extract (MLE) is a rather recent addition to the
biostimulant market. Below I focus on peer-reviewed work in
hydroponic or soilless systems, with attention to yield,
quality, toxicity, and dose timing.
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Moringa plant leaves, commonly used to create extracts

Evidence and discussion

Hydroponic lettuce. A greenhouse hydroponic study applied MLE
at transplant via root dip, then three foliar sprays at 10-day
intervals. Marketable yield increased around 30% vs control,
leaf area rose, and leaves were less susceptible to Botrytis
after harvest. The paper characterized MLE chemistry but
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treated it mainly as a formulated extract; the schedule, not
just the material, clearly mattered (1).

Tomato in soilless culture. In cherry tomato, four
applications of 3.3% w/v MLE, given every two weeks as either
foliar or root drenches, improved biomass and increased fruit
yield and quality metrics like soluble sugars, protein,
antioxidants, and lycopene. 3.3% equals ~33 000 ppm. The same
trial compared MLE to cytokinin standards and found MLE
competitive when applied on a schedule, not just once (2).

Pepper and tomato under protected cultivation. A peer-reviewed
study in a protected environment tested weekly foliar sprays
from two weeks after transplant until fruit set. Tomato and
pepper showed higher chlorophyll index and fruit firmness,
with cultivar-dependent yield gains (3). A separate field-
protected trial in green chili parsed delivery method and
concentration: seed priming plus foliar MLE at 1:30 v/v (3.3%)
delivered the most consistent improvements in growth and a
~46% rise in fruit weight per plant; vitamin C in fruit
climbed up to ~50% with foliar 1:20 v/v (5%) (4).

Quality and nitrate in leafy greens. Lettuce grown under
glasshouse conditions responded to 6% MLE foliar sprays with
higher vitamin C and polyphenols in one season, and Llower
nitrate accumulation in another. Six percent equals ~60 000
ppm. Effects were season and cultivar dependent, which should
temper expectations (5).

Reviews for context. Two recent reviews summarize MLE's
biostimulant activity and mechanisms, with repeated emphasis
on dose and frequency dependence and the reality that
extraction protocol changes outcomes. They also highlight
hormesis and allelopathic risks at higher doses or with
sensitive species (6), (7).

Responses are real but system-specific. Yield and quality
gains show up most consistently when MLE is scheduled
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repeatedly at moderate concentrations and aligned with crop

phenology.

Reported effects on yield and quality in
hydroponic/soilless crops
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Practical dosing windows
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Toxicity and limits

Reviews document allelopathic and inhibitory effects at higher
doses, with hormesis explaining the switch from stimulation to
suppression as concentration increases. Sensitive species and
young tissues are at greater risk. Use consistently timed
foliar applications for best results, these have been studied
much more thoroughly across many more crop species. MLE has
inhibitory effects on seed germination and seedling growth for
some plants, so refrain from using in very early crop stages
unless the species isn’t sensitive (6), (7).
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Conclusions

If you want to test MLE in hydroponic or soilless production,
use the following guidelines:

1. Use moderate concentrations in the 3-5% range for foliar
applications (safer than root applications).

2. Time applications with vegetative growth and preflower
phases, repeating at weekly intervals.

3. Expect cultivar and season effects, especially regarding
quality.

4, Lookout for toxicity symptoms if wusing higher
concentrations (>5%).

5. Test carefully before using on seedlings or recently
rooted cuttings.

Do the basics right and you can get measurable gains in yield
and quality with less risk of phytotoxicity. The citations
above should help guide your use of this new biostimulant.

Iodine 1in Hydroponic Crops:
An Emerging Biostimulant

Introduction

Iodine sits in a weird spot in plant nutrition. It 1is
essential for humans, not officially essential for higher
plants, yet low, well chosen doses often push crops to perform
better in controlled systems. The key is dose and form. Get


https://scienceinhydroponics.com/2025/09/iodine-in-hydroponic-crops-an-emerging-biostimulant.html
https://scienceinhydroponics.com/2025/09/iodine-in-hydroponic-crops-an-emerging-biostimulant.html

either wrong and you tank growth. Get them right and you can
see yield and stress-tolerance gains that are economically
meaningful. Recent reviews lay out both the promise and the
pitfalls, so let’s cut through the noise and focus on
agronomically relevant hydroponic and soilless work only. (1)

Potassium iodide, one of the most common forms used to
supplement iodine in hydroponic culture.

Why 1odine can behave 1like a
biostimulant

Mechanistically, iodine at trace levels appears to influence
redox balance and stress signaling and can even become
covalently bound to plant proteins. Proteomic evidence has
shown widespread protein iodination, and plants deprived of
iodine under sterile hydroponics grow worse until micromolar-
range iodine 1s restored. That does not make iodine
“essential” in the strict sense, but it explains why tiny
doses can trigger outsized responses. (2)
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Form matters

Across multiple hydroponic tests, iodide is absorbed faster
and 1s more phytotoxic than iodate. In basil floating culture,
growth was unaffected by roughly 1.27 ppm iodine as KI or
12.69 ppm iodine as KIO,;, but KI above about 6.35 ppm iodine

cut biomass hard, while KIO; needed far higher levels to do the

same. That is a practical takeaway for nutrient solution
design. Favor iodate when you are exploring a new crop or
cultivar. (3)

Evidence from hydroponic and
sollless crops

Lettuce

A classic water-culture study ran 0.013 to 0.129 ppm iodine in
solution and saw no biomass penalty while leaf iodine rose
predictably. Iodide enriched tissue more than iodate at equal
iodine, which is useful if your target is biofortification,
not just a biostimulant effect. (4)

Under salinity, iodate becomes more interesting. In hydroponic
lettuce with 100 mM NaCl, about 2.54 to 5.08 ppm iodine as KIO;

increased biomass and upregulated antioxidant metabolism,
which is exactly what you want in salty recirculating systems.
Push higher and the benefits fade. (5)

Strawberry

Hydroponic strawberry responded to very low iodine. Iodide at
or below 0.25 ppm and iodate at or below 0.50 ppm improved
growth and fruit quality, while higher levels reduced biomass
and hurt fruit quality metrics. You do not have much headroom

here. (6)


https://pmc.ncbi.nlm.nih.gov/articles/PMC6930681/
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Basil

Greenhouse floating culture trials on sweet basil showed
cultivar-specific tolerance but the same pattern every time.
KI starts biting growth above single-digit ppm iodine, while
KIO, is far gentler at comparable iodine. Antioxidant capacity

trends are cultivar dependent, so do not generalize “more
phenolics” as a guarantee of better growth. (7)

Tomato

Tomato is where yield effects get real. In growth-chamber
work, fertigation with iodate at roughly 6.35 to 12.69 ppm
iodine increased fruit yield by about 30 to 40 percent in a
small-fruited cultivar. In a greenhouse trial with a
commercial hybrid, much lower iodine in solution, around 0.025
to 1.27 ppm as KIO;, still improved plant fitness and mitigated

part of the salt penalty. Dose tolerance depends on the system
and the genotype, so copy-pasting numbers between cultivars 1is
a bad idea. (8)

Cabbage

Hydroponic Chinese cabbage tested 0.01 to 1.0 ppm iodine as KI
or KIO,. Uptake and partitioning behaved differently by species

and form. The practical read is that both forms work for
biofortification within that band, but I would still lean
iodate first for safety. (9)

Working ranges seen in hydroponic or
soilless trials
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Practical setup that does not wreck
a crop

Start with iodate. It is consistently less phytotoxic in
solution culture than iodide at the same iodine level. Use
iodide later only if you have a clear reason. (7)

Leafy greens

Conservative exploratory band: 0.03 to 0.10 ppm iodine 1in
solution during vegetative growth. If you are running saline
conditions, you can test up to about 2.5 to 5.1 ppm as iodate
for stress mitigation, but do not do this blind outside a
salinity trial. (4) (5)

Strawberry

Keep solution iodine low. Try 0.05 to 0.25 ppm as iodide or
0.10 to 0.50 ppm as iodate. Expect quality shifts alongside
biofortification, and expect penalties if you push higher. (6)

Basil

If you work with KI, do not exceed about 1.3 ppm iodine
without a reason and tight monitoring. With KIO3, you have
more headroom, but benefits are not guaranteed at the higher

end. (7)

Tomato

In substrate systems, exploratory fertigation bands that have
shown positive responses run roughly 0.025 to 1.27 ppm iodine
as iodate for commercial cultivars. Higher doses around 6.50
to 12.50 ppm have improved yield in small-fruited genotypes
under controlled conditions, but those are not starting points
for a commercial house. (8)

Cabbage and other Brassicas
0.01 to 1.0 ppm works for biofortification trials in solution
culture. Track form-specific uptake. (9)
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Common failure modes

1.

4,

Using iodide when you should have used iodate. Iodide is
more phytotoxic in water culture. If you switch to
iodide, cut the ppm accordingly and watch plants
closely. (7)

. Copying doses between crops or between stress contexts.

Lettuce under salt stress tolerated and benefited from
multi-ppm iodate that would be overkill in non-saline
runs. (5)

. Chasing biofortification at the expense of growth.

Strawberry is very sensitive; the window for improvement
is narrow and easy to overshoot. (6)

Assuming universality. Tomato shows real yield gains,
but the best range depends on cultivar and system.
Validate locally. (8)
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Final word

Iodine can behave like a biostimulant in hydroponics and
soilless systems, but only if you respect its razor-thin
margin between helpful and harmful. Start small, prefer
iodate, and validate on your own cultivars and systems instead
of trusting a one-size-fits-all recipe. If you need a broader
framework for running precise biofortification trials 1in
soilless production, recent reviews are clear about why
controlled systems are the right place to do this work._(9)


https://pmc.ncbi.nlm.nih.gov/articles/PMC9576840/

