Da Cunha Leme Filho et al. Journal Of Cannabis
Journal of Cannabis Research (2024) 6:16

https://doi.org/10.1186/542238-024-00214-2 Research

e . : ®
Effect of organic biostimulants on cannabis @

productivity and soil microbial activity
under outdoor conditions

Jose F. Da Cunha Leme Filho!"®, Bee K. Chim?®, Cameron Bermand?, Andre A. Diatta*® and
Wade E. Thomason?

Abstract

In 2019 and 2020, we investigated the individual and combined effects of two biofertilizers (manure tea and bioinocu-
lant) and one humic acid (HA) product on cannabis biochemical and physiological parameters and soil CO, evolu-
tion under outdoor conditions. Our hypothesis was that HA would increase the microbial activity in the biofertilizers
and synergy of both compounds would promote better plant performance and stimulate soil microbial activity. In
2020, the individual and combined application of biofertilizers and HA increased cannabis height, chlorophyll content,
photosynthetic efficiency, aboveground biomass, and bucked biomass by 105, 52,43, 122, and 117%, respectively.
Impacts were greater under suboptimal growing conditions caused by planting delay experienced in 2020. In 2019,
planting date occurred in-between the most favorable period and chlorophyll content and photosynthetic efficiency
were the only parameters influenced by the application of biostimulants. The discrepancies between the two growing
seasons reinforce the evidence of other studies that biostimulants efficacy is maximized under stress conditions. This
study could not conclusively confirm that the combined use of biofertilizer+HA is a superior practice since affected
plant parameters did not differ from application of the compounds singly. Similarly, only one biofertilizer + HA treat-
ment increased soil microbial activity. More research is needed to define optimum rates and combinations of bioferti-
lizer and stimulants for cannabis.
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Significance to the Journal of Cannabis Research
Cannabis (Cannabis sativa L.) cultivation has increased
recently due to changes in legislation and regulatory pro-
tocols. Research and production recommendations are
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Introduction

The term cannabis is associated with two geneti-
cally different biotypes known as industrial hemp and
marijuana (Small 2016). According to the regulations
in most countries, the delta-9-tetrahydrocannabinol
(THC) levels is the baseline to differentiate between
biotypes, where 0.3% of THC or lower characterizes
industrial hemp and marijuana is in any range above
this threshold (Small and Cronquist 1976). Therefore,
“cannabis” refers to a taxonomic genus, and before
non-italicized, “cannabis” is a generic term that can
compass the species diversity (Cherney and Small
2016). Narcotics regulations enacted after the Second
World War resulted in drastically decreased cannabis
cultivation (Callaway 2004), and consequently, scien-
tific research, environmental impacts, and legal human
experience also faded with time (Eisenstein 2015).
Knowledge regarding cannabis water use, fertilizer and
disease control requirement, cropping systems, and
yields are outdated due to the legal status (Butsic and
Brenner 2016).

Recently, interest in cannabis has resurged because
of its potential as a multi-purpose crop (Fike 2016) and
potential profitability (Fortenbery and Bennett 2004).
Cannabis is a versatile plant that can be grown for fiber,
seed, or oil (Kaiser et al. 2015), fuel (Finnan and Styles
2013), and pharmaceutical properties (Zuardi 2006).
Particularly, the cannabidiol (CBD) industry is evaluat-
ing this cannabinoid as a treatment for epileptic seizures
(Detyniecki and Hirsch 2015), pain (Jensen et al. 2015),
and anxiety (Hagerty et al. 2015). The desire to produce
cannabis secondary metabolites including cannabinoids,
terpenes, and flavonoids (EISohly and Gul 2014; Gore-
lick and Bernstein 2017; Hanus et al. 2016) increases the
need for research addressing ways to maximize canna-
bis development and yield. Plant biostimulants may help
cannabis producers increase crop yield and quality (Lyu
et al. 2019). Biostimulant products are commonly used
in other agricultural crops and are derived from a num-
ber of biological or organic sources (Calvo et al. 2014).
Biofertilizers and humic acid (HA) are under the overall
category of “biostimulants” and these products promote
plant growth through nutrient mobilization, hormone
production, disease control, and improved stress toler-
ance (Brown and Saa 2015; du Jardin 2015; Kauffman
et al. 2007). Some of the positive outcomes of biostimu-
lant products might be interchangeable; for instance,
more phytohormones production can enhance drought
stress tolerance (EL Sabagh et al. 2022; Ullah et al. 2018).
Considering the benefits previously cited, the positive
effects of biostimulants on soil structure, root develop-
ment, and nutrient uptake might contribute to higher
productivity on cannabis.
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Humic acid (HA) is an organic biostimulant compound
known to increase overall plant growth (El-Ghamry
et al. 2009; Pena-Méndez et al. 2005), root growth, and
nutrient uptake (Tattini et al. 1990). Biofertilizers can be
used to increase plant nutrient availability, crop growth
and yield, and minimize negative environmental impacts
(Singh et al. 2016). Compost and manure teas are exam-
ple of biofertilizers (Laila et al. 2015; Ronga et al. 2018),
and bioinoculants composed of many different microor-
ganisms (Fuentes-Ramirez and Caballero-Mellado 2006)
are among the biofertilizer products. There is substantial
work demonstrating the positive effects of biostimulants
on biomass production of many crop species (Chen and
Aviad 1990; Mabood et al. 2014), and research addressing
the response on cannabis is still developing. There are far
less studies testing the use of biostimulants on cannabis
when compared to other plants. Humic acid application
on cannabis presented positive results in terms of canopy
uniformity (Bernstein et al. 2019) and higher plant height,
chlorophyll content, and photosynthetic efficiency (Da
Cunha Leme Filho et al. 2020a, b). According to Turner
et al. (1978), cannabinoid compounds are present in all
aerial parts of the cannabis plant, and thus, the research
to validate the responses of cannabis to the application
of biostimulants can be very important because biomass
increase can potentially lead to higher cannabinoids pro-
duction, which is the most valuable sub-product. More
biomass can contribute to improved performance overall
or yield.

The addition of plant biostimulants, especially humic
acid products, is often aimed at improving the nutritional
status of the plants. There is a growing body of informa-
tion available regarding the effects of nutrients on the
cannabis plant growth and secondary metabolite produc-
tion. The literature shows that cannabis plants present-
ing the highest cannabinoid levels were obtained under
N, P, and K deficiency (Saloner and Bernstein 2021, 2022;
Shiponi and Bernstein 2021). The potential cause of this
trend is consistent with a yield dilution effect in the final
analysis when more biomass decreases the cannabinoid
concentration (Shiponi and Bernstein 2021). Further-
more, the optimal application dose of organic fertilizer
(Caplan et al. 2017), NO4/NH, supply (Saloner and Bern-
stein 2020), and NPK ratios (Bevan et al. 2021) are highly
impacting cannabis development and secondary metab-
olite profile. Thus, it is crucial to learn more about how
plant biostimulants interact with nutrients so that pro-
duction will likely be affected.

Studies have shown that HA stimulates microbial activ-
ity as an important ion exchange and metal complex-
ing systems using its chelating properties (Puglisi et al.
2009). Also, it increases the production of micelium by
mycorrhizal fungus (Gryndler et al. 2005). Therefore, we
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hypothesize that when applied in combination, the HA
will increase microbial activity of the microorganisms
carried in biofertilizers, improving the overall perfor-
mance on plant and soil parameters. In order to evaluate
this premise, we assessed biochemical and physiological
responses of cannabis and soil CO, evolution to the com-
bined and individual application of HA, manure tea and a
bioinoculant under field conditions.

Materials and methods

Design of experiment and management

Field trails were conducted at Urban Horticulture Center
(UHC) of Virginia Tech in 2019 and a private farm
located near Blacksburg VA in 2020. The two locations
presented similar soil characteristics: Silt loam, pH rang-
ing from 6.2 to 6.5 in the soil surface and 2-6% slope.
Planting date for the first growing season was July, 03,
2019, but due to delayed transplant availability associ-
ated with the COVID-19 pandemic, planting date in the
second growing season was August, 01, 2020. The trans-
plants were originated from cuttings of monoecious
plants (all females). Twenty-one-day-old transplants
of the variety Hawaiian Haze were planted in 1-m wide
white plastic strips with drip irrigation installed under-
neath the plastic. Hawaiian Haze is a variety used mainly
for CBD production due to its high CBD and low THC
ratio. The space between plants was 1.5 m with 1.8-m row
spacing for a total of 3590 plants per ha. Three biostimu-
lant products from different resources did not contain
any significant amount of plant macro or micronutrients
and were applied in six treatments including control (no
biostimulants). The humic acid product was MicroLife
Humic Acid Complex® and the two biofertilizers were
Microgeo® and Microgro Supreme Bioinoculant®. The
MicroLife Humic Acid Complex® is constituted of 2%
humic acid / 1% organic carbon and 15% humic acid
/1% fulvic acid. One of the two biological fertilizers was
Microgeo® which is a Brazilian patented product cat-
egorized as a manure tea. This biofertilizer is composed
of organic compounds, active and dormant cells from

Table 1 Products components and full description
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various microorganisms (bacteria, yeasts, filamentous
fungi, and algae), metabolites and organo-mineral che-
lates and it is produced through continuous anaerobic
fermentation in a liquid media (D’andrea 2002). Accord-
ing to the technical manual, the preparation is using the
CLC® (Continuous Liquid Composting) process, where
5% of the commercial biological fertilizer Microgeo ®,
15% of ruminal content and water are mixed in a tank
exposed to sunlight. After 15 days, the biofertilizer is
ready to be applied. The Microgro Supreme Bioinocu-
lant® is a water-soluble powder containing 76 strains of
bacteria and fungi including 11 Mycorrhizal species and
microbial food (sugars, humic acid, kelp, amino acids,
and yeast extract). Detailed product descriptions are pro-
vided in Table 1. All three biostimulant products did not
present any significant nutrient content.

Preplant fertilization followed the Virginia Tech Exten-
sion tomato production guide for nutrient requirement
and soil pH (O’Dell et al. 1989). Biostimulants were the
only products to be applied after preplant fertilizer. Pes-
ticides were not applied, and weeds were mechanically
controlled. The experiment employed a randomized com-
plete block design with 6 treatments and four replications
with a plot size of 1.8 m X 9.1 m. The experimental unit
was 5 plants/plot and the application rates of the HA and
biofertilizer compounds were consistent with the label
recommendation of each product. A detailed descrip-
tion of the treatments and application rate is shown in
Table 2. Biostimulant applications were conducted as one
drench application to the base of the transplants at 5 leaf
pair (compound) (Mediavilla et al. 1998) while they were
being established in the soil. A second drench application
occurred at 8 leaf pair (compound) growth stage. A third
and fourth application was performed as foliar treat-
ments at 13 and 15 leaf pair (compound), respectively.

Data collection

We measured cannabis height at the tallest shoot apex,
photosynthetic efficiency/OS-5011 fluorometer (Opti-
Sciences, Tyngsboro, MA), atLEAF chlorophyll meter

General Definition  Category Subcategory Name Components
Biostimulants Humic Fulvic Microlife Humic Acid Complex® 15% humic acid and 1% fulvic acid derived from leonardite
Biofertilizers ~ Manure tea Microgeo® Recancitrant substances, biodynamic preparations,
pentoses, minerals and brans and the microorganisms
produced in the manure tea fermentation
Bioinoculant Microgro Supreme Bioinoculant® 76 different strains of bacteria and fungi planced on dry

milk carrier loaded with microbial food. The microorgan-
isms included are species of genus Bacillus, Pseudomonas,
Streptomycetes, Trichoderma, and endo and ectomycor-
rhizal fungi
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Table 2 Treatments description and application rate
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No. Treatments 2019-2020

Category Product name and abbreviation Label Drench (ml/plant) Foliar (ml/plot)
1 Control (C) 0 0 0
2 Humic acid Microlife Humic (LH) 14 L/ha? 65 390
3 Biofertilizer Microgeo (M) 150 L/ha 41 249P
4 Microgro Supreme Bio (B) 6.1 kg/ha? 65 390
5 Humic + biofertilizer Microlife Humic+Microgeo (LH+ M) 14 L/ha and 150 L/ha 65 and 41 390 and 249
6 Microlife Humic +Microgro Supreme Bio (LH +B) 14 L/ha and 6.1 kg/ha 65 and 65 390 and 390

@ Microlife Humic and Microgro Supreme Bioinoculant are diluted in 234 L of water per ha

b Microgeo foliar applications were performed using 3% strength of the product or 4.5 L diluted in 150 L of water per ha

value (FT Green LLC, Wilmington, DE), greenness
(ranked from 0 to 10, personal visual evaluation where 0
was less green and 10 was darker green) and vigor (visual
assessment from O to 10, with 0 showing extreme poor
vigor and 10 indicating greatest vigor). Vigor ratings
were defined based on visual growth rate, steam diam-
eter and leaf size. The measurements were collected
from the latest fully developed leaf at the growth stages
corresponded to 13 and 17 leaf pair (compound) and 2
weeks post flowering. The conversion of atLEAF units
to chlorophyll content in mg/cm?* was performed using
the tool provided in the device website (atleaf.com). At
maturity all aboveground biomass was clipped, and plot
weights recorded. The harvest area was 16.3 m? per plot.
Dry weight was measured after 20 days drying in a barn
at ambient conditions. The drying period also allowed
us to measure the cannabis bucked biomass which is the
total biomass minus the stem. The flowers and leaves
were manually separated from the stem and the bucked
biomass material was weighed. After all the plants were
harvested, a representative soil sample (3 cores at 10 cm
depth) was collected from each plot for soil CO, evolu-
tion analysis.

Soil CO, evolution

Soil samples were air dried for 2 weeks, then ground to
pass through a 2-mm sieve. Soil pore space, particle den-
sity, and bulk density were determined via displacement in
a solution of 0.05 molar Calgon (sodium hexametaphos-
phate). The soil pore space in a disturbed samples was esti-
mated following the techniques by Franzluebbers (2016)
and Franzluebbers et al. (2000), where the soil was gently
compacted in graduated bottles and water added to fill 50%
of the available soil porosity, assuming a particle density
of 2.65 Mg m 2. The volume of water used to re-wet soil
samples was equivalent to 50% total porosity. The 236-ml
mason jars were used as the incubation vessel. Lids were
modified to include a self-sealing injection port to allow for

gas sampling, while maintaining the conditions of incuba-
tion. Each jar was filled with 50 g of sieved, air-dried soil
(Franzluebbers 2018). The sealed lids were installed, and
the jars were flushed of CO, using a canister of CO,-free
air. After flushing for 3 min, 12 ml of deionized water was
injected via syringe through the self-sealing injection port.
Re-wetted soils were placed into a Fisher Scien-
tific Isotemp Incubator at 25°C for 72 h (Franzluebbers
et al. 2000). After 3 days, these samples were removed from
the incubator, and a 5 ml gas sample was collected from
the headspace using a 10-ml gas sampling syringe. This
sample was injected into a LI-COR Soil Gas Flux System
(IRGA/infra-red gas analyzer) (Haney et al. 2008). The data
recorded was compared to a calibration of known stand-
ard samples to determine CO, concentration in the head-
space of the incubation jar. This was reported as ug CO,
produced/g soil. All soil samples were run in duplicate.

Data analysis

The univariate distribution for each variable was deter-
mined with outliers evaluated and removed when studen-
tized residual was greater than 2.5. Statistical analyses were
performed using the GLM procedure in SAS 9.4 (SAS Insti-
tute 2013) with all variables except replication considered
fixed effects. Treatment effects on cannabis height, photo-
synthetic efficiency, atLEAF chlorophyll meter, greenness,
vigor, aboveground biomass, bucked biomass, and soil CO,,
evolution were assessed. Mean separations were performed
using the Tukey-Kramer command within the LSMEANS
statement when F-tests indicated that significant differ-
ences existed (p<0.05) for all plant parameters and (p<0.1)
for soil CO, evolution.

Results and discussion

Cannabis height

In 2019, we found no significant differences in cannabis
height at any of the three data collection periods. Simi-
larly, there are studies showing limited or no responses
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in terms of plant height when applying biofertilizer on
chili pepper (Capsicum chinense) (Moreno-Salazar et al.
2020) and rice (Oryza sativa L.) (Naher et al. 2016) and
HA on wheat (Triticum aestivum) (Ulukan 2008). Aver-
age height at the latest measurement was 95.4 cm in 2019
and 102.2 cm in 2020 despite the different planting dates,
however a greater degree of branching was visually noted
in 2019.

In 2020, plant height was lowest at all measurement
times for the control which did not receive any biostimu-
lant product (Fig. 1). One treatment combining HA and
biofertilizer products (Humic+ Microgeo) generally had
the greatest cannabis height compared to control and
the other treatments receiving one or more biostmulant
products. Biostmulant treatments receiving one or more
products were taller than the control for every individual
comparison or data collection period. As studies have
shown that biostmulants can be more effective when
plants are under stress (Bulgari et al. 2019; Romero et al.
2014), the reduction of solar illumination due the late
planting could be a causative stress promoter resulting
in higher biostimulant effectiveness in 2020. The appli-
cation of HA compounds has increased plant height of
as canola (Brassica napus L.) (Sani 2014), wheat (Tahir
et al. 2011), and cotton (Gossypium hirsutum L.) (Basbag
2008). Similarly, the use of biofertilizer increased plant
height on pomegranate (Punica granatum L.) (Aseri et al.
2008) and sunflower (Helianthus annus L.) (Akbari et al.
2009). On cannabis, Conant et al. (2017) and Da Cunha
Leme Filho et al. (2020a, b) reported greater cannabis
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height due to biostimulant applications under indoor
conditions.

The fact that cannabis height responded differently
to the biostmulants application in two growing seasons
and different locations might be due the plant stress
intensity throughout the seasons. This is not uncommon
event, considering that two studies addressing the use
of biostimulants on corn (Zea mays L.) also found con-
trasting plant height response depending on the growing
season and location (Da Cunha Leme Filho et al. 2021;
El-Mekser et al. 2014).

Chlorophyll content and photosynthetic efficiency
Chlorophyll content and photosynthetic efficiency can
be indicators of plant stress, however this not always
the case. Based on similar response trends we report
both measurements in the same section (Figs. 2, 3, 4,
and 5). Previous studies have shown a strong relation-
ship between between photosynthetic efficiency and total
chlorophyll content (Hazrati et al. 2016; Khaleghi et al.
2012; Sharma et al. 2015). According to Basra (1997), the
reduction of chlorophyll pigments will prejudice the pho-
tosynthetic mechanisms and consequently lower efficie
ncy.

In 2019, the chlorophyll content and photosynthetic
efficiency presented very similar trends, where almost
all biostimulant treatments produced numerically
higher values than the control at the three data collec-
tion periods (Figs. 2 and 4). However, no statistical dif-
ferences were detected among biostimulant treatments.

Cannabis height - 2020
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Fig. 1 Cannabis height readings collected in 2020 at three growing stages (13, 17, and 2 weeks post flowering). Mean within a column followed
the same letter by the same growth stage is not significantly different at the 0.05 probability level
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Chlorophyll content measured with atLEAF (2019)
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Fig. 2 Cannabis chlorophyll content readings collected in 2019 at three growing stages (13, 17, and 2 weeks flowering). Mean within each dot
above the treatment followed the same letter by the same growth stage is not significantly different at the 0.05 probability level

Chlorophyll content measured with atLEAF (2020)
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Fig. 3 Cannabis chlorophyll content readings collected in 2020 at three growing stages (13, 17, and 2 weeks flowering). Mean within each dot
above the treatment followed the same letter by the same growth stage is not significantly different at the 0.05 probability level

In 2020, both plant chlorophyll content and photo-
synthetic efficiency again performed similarly at each
of the three measurements. The control values were
lower than the rest of the treatments. When compar-
ing among the biostimulant treatments the Micro-
geo + Humic had the highest values in most of the cases
(Figs. 2 and 5). The second season (2020) had higher
contrast between control and biostimulants and among

the biostimulant treatments. The non-optimal plat-
ing date linked to limited vegetative growth in 2020
could be an explanation for this discrepancy as can-
nabis plants might have faced more stress due certain
environmental conditions such as shorter days. Vargas-
Hernandez et al. (2017) stated that biostimulants can
enhance plant performance or induce plant tolerance
to biotic and abiotic stresses, thus biostimulants were
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Photosynthetic efficiency - Fluorometer (2019)

a a a a a
0.8 b
0.7 a a . T a
0.6 a A -0 e
a = —
Eos gl n a a a
Z 04 b
03 —o— 13 leaf pair
02 —e—17 leaf pair
01 2 weeks flowering
0
> & N X X3 &
O > Q) > > D
& & N D & &
CPQ Q»Q -\é q}o QQ Qvo
@ ‘0 X X
é\t Qg‘e 6\0
<° o
& <°Q}
Treatments

Fig. 4 Cannabis photosynthetic efficiency readings collected in 2019 at three growing stages (13, 17, and 2 weeks flowering). Mean within each
dot above the treatment followed the same letter by the same growth stage is not significantly different at the 0.05 probability level
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Fig. 5 Cannabis photosynthetic efficiency readings collected in 2020 at three growing stages (13, 17, and 2 weeks flowering). Mean within each
dot above the treatment followed the same letter by the same growth stage is not significantly different at the 0.05 probability level

more valuable in the second growing season as the
plants were potentially under stress. The application
of HA increased chlorophyll content on common bean
(Phaseolus vulgaris L.) under salinity stress (Meganid
et al. 2015) and photosynthetic efficiency on rapeseed
(Brassica napus L.) plants growing under moderate
and severe water limitation (Lotfi et al. 2018). Biofer-
tilizers can also affect the level of those plant param-
eters, mainly when plants are not in optimal conditions

(Giri and Mukerji 2004). Two different categories of
biofertilizers enhanced chlorophyll density on triticale
(X Triticosecale) (Younes et al. 2016) and auri (Aca-
cia auriculiformis) (Giri et al. 2003) when comparing
to control under salinity stress. The photosynthetic
efficiency and drought tolerance were also positively
affected by the use of biofertilizers on date palm (Phoe-
nix dactylifera L.) (Anli et al. 2020). Therefore, similarly
to these previous studies, the less favorable conditions
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of 2020 could have maximized the effects of the
biostimulants on chlorophyll content and photosyn-
thetic efficiency of cannabis.

In 2020, Microgeo+Humic had greater chlorophyll
content and photosynthetic efficiency than other treat-
ments (Figs. 3 and 5). This aligned to our hypothesis that
the integration of both compounds would maximize can-
nabis performance, however only one of two treatments
receiving biofertilizer + HA presented statistically higher
values. According to Abou-Aly and Mady (2009), the
complementary application of biofertilizer + HA remark-
ably increase nutrient uptake, total carbohydrates, and
thereby photosynthetic pigments on wheat. The inte-
grated application of biofertilizer and HA also increase
chlorophyll levels on safflower (Carthamus tinctorius L.)
(Yadollahi et al. 2015) and basil (Ocimum basilicum var.
thyrsiflorum) (Boveiri Dehsheikh et al. 2017).

Greenness and vigor

Scores of greenness and vigor were lower for the control
that any treatment at the first two measurement times in
the 2020 growing season. Generally, greenness and vigor
in the last data period (2 weeks flowering) were similar
throughout all the treatments and the values collected
at 13 and 17 leaf pair showed the control lower than the
biostimulant treatments (Figs. 6 and 7). The late planting
date occurred in the 2020 growing season exposed the
cannabis plants to less favorable conditions to achieve
high plant quality scores, thus the biostimulants might
had more possibilities to show their effects on mitigat-
ing plant stress when comparing against control. Two
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comprehensive reviews addressing fruits and horticul-
tural crops confirmed the action of biostimulants not
only on stress attenuation, but also improvements in
appearance, chemical and physical attributes (Drobek
et al. 2019; Rodrigues et al. 2020).

Aboveground biomass

Average aboveground biomass from all treatments in
2019 was 2673 kg ha™! while the average in 2020 was
936 kg ha™!. Therefore, the delay of 1 month in the plant-
ing could be the cause of 65% decrease in cannabis bio-
mass due to vegetative growth limitation. According to
Cazenave et al. (2019), twenty cannabis varieties were
sensitive to three planting dates in Virginia and the earli-
est planting date generally presented the highest biomass,
explained by greater branching.

Similar to cannabis height and greenness and vigor,
aboveground biomass and bucked biomass were only dif-
ferent due to treatments in 2020 (Fig. 8). Both treatments
receiving the combination of biofertilizer + HA products
produced more biomass than the control and the treat-
ments receiving only one biofertilizer or HA. The Micro-
geo+ Humic treatment generally resulted in the highest
aboveground and bucked biomass. These biomass results
closely approximate to our hypothesis, where the com-
bined use of biofertilizer and HA products would maxi-
mize the overall plant performance. However, taking into
consideration all the plant parameters evaluated in this
study, the synergy of biofertilizers and HA did not have
a clean-cut effect as the alone and combined application
showed efficacy in different magnitudes throughout the
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Cannabis vigor (2020)
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experiment. A study addressing bell and chili pepper
(Capsicum annuum) under progressive soil salinity gra-
dient presented similar inconsistencies in terms of the
individual and integrated application of biofertilizer and
HA depending on the plant parameter analyzed (Bacilio
et al. 2016). Olivares et al. (2015) tested the applica-
tion of biofertilizers and HA products in tomato (Sola-
num lycopersicum L.) at seedling (greenhouse) and field

condition, which was comparable to this study where the
cannabis transplants/plants received the treatments via
drench and foliar application. Then, the integrated use of
biofertilizer and HA increased tomato seedling shoot dry
matter (greenhouse) and leave area (field) in parallel to
what occurred with cannabis biomass in this study. Fur-
thermore, fresh and dry corn biomass were significantly
increase by the foliar application of biofertilizer + HA
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(Canellas et al. 2015). The interaction of HA with the
development of plants and microbes (biofertilizers) is
related to various functional groups as enzyme and hor-
monal activity (Nardi et al. 2016), plasma membrane
permeability (Canellas and Olivares 2014) and photosyn-
thesis and respiration (Nardi et al. 2002).

Soil CO, evolution
The results of 2019 growing season did not present statis-
tically significant differences. In 2020, the soil CO, evo-
lution results progressively increased as biofertililzers,
HA and the combination of both resources were added in
the treatments (Fig. 9). However, only Microgeo +Humic
produced soil CO, evolution values greater than the con-
trol and the independent application of each biostimu-
lant, but was not different from Microgro Bio+ Humic.
Once again, biofertilizers and HA applied in combi-
nation presented the highest value but the synergy evi-
dence were not thoroughly clear when analyzing all the
treatments. The control did not show statistically sig-
nificant differences when comparing to biofertilizers/HA
applied alone and one of the treatments combining the
two resources. Literature has shown more straightfor-
ward results of the synergy between biofertilizer and HA
on soil microbial activity, particularly in adverse condi-
tions as dry, heat and high salt (Abdelrahman et al. 2021;
Aswathy et al. 2017). The soil CO, evolution increased
significantly when biofertilizer was applied with two HA
doses, and the treatments with the highest HA concen-
tration presented the greatest CO, evolution against
lower and no HA addition (El-Sayed and El-Sayed 2020).
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As soil CO, evolution is directly related to soil microbial
activity (Frankenberger Jr and Dick 1983), the application
of HA positively affects microbial growth due enzymatic
function (Visser 1985) and carbon source (Flaig 1964). A
review evaluating the effects of HA on microbial activity
indicated that HA dose and bacteria and fungi species
have an important influence on whether or not the activ-
ity measurement will be increased (Da Cunha Leme Filho
et al. 2020a, b).

Conclusion

The combined and individual use of biofertilizers and HA
affected cannabis biochemical and physiological param-
eters as height, chlorophyll content, photosynthetic
efficiency, greenness, vigor, aboveground biomass, and
bucked biomass mainly when the growing conditions
were not optimal as occurred in 2020 when the plants
had fewer days of vegetative growth. In 2019, when the
crop was planted in the optimum window, chlorophyll
content and photosynthetic efficiency were the only
parameters influenced by the application of biostimu-
lants. The discrepancies among the two growing seasons
reinforce the evidence of other studies that biostmulant
efficacy is maximized under stress conditions. Hawaiian
Haze is a photoperiod sensitive variety, and the earlier
flowering stimulation could harm the plants as the veg-
etative growth should be prolonged. However, we recog-
nize the shortfalls of not having unstressed treatments in
order to precisely assess and compare how much stress
were endured by the cannabis plants in each growing
season. Regardless the potential stress exposure that any
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crop might endure under field conditions, those biostim-
ulants could be an option to improve cannabis yield
and quality, as currently, few products are authorized
to be applied and the grower have limited alternatives.
Moreover, growers might take advantage of biofertiliz-
ers and HA as a preventive tool against biotic and abi-
otic elements. The data gathered in this study could not
conclusively confirm that the combined use of bioferti-
lizer + HA is a better practice than individual application
considering that both methods affected plant parameters
in different magnitudes throughout the growing seasons.
This is also valid for soil CO2 evolution, because only
one among two treatments in the category of bioferti-
lizer + HA showed to be affective, so not a clear evidence
of superiority.
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