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1 | INTRODUCTION
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Abstract

The illegal status of cannabis (Cannabis sativa L.) post-World War II resulted in
a lack of research on agricultural practices. However, there is a resurgence of
interest in cannabis due to diverse uses such as a rich source of cellulosic/woody
fiber and construction uses, seed oil, bioenergy and pharmaceutical properties.
The principle of an integrated plant nutrition system (IPNS) is to enable adapta-
tion of plant nutrition and soil fertility management to local site characteristics,
attempting to optimize use of inorganic, organic and biological resources. This
project investigated the individual and combined use of inorganic, organic and
biological fertilizer resources on cannabis before and after a period of moderate
water stress. We evaluated the individual and combined effects of commercial
synthetic fertilizer, humic acid (HA), manure tea and bioinoculant as inorganic,
organic and biological resources, respectively on cannabis growth and physiolog-
ical parameters. Our hypothesis was that the synergetic effects of HA + biofertil-
izers would improve cannabis growth. When compared to the control, the appli-
cation of HA and biofertilizer alone, or in combination, increased plant height,
chlorophyll content and photosynthetic efficiency by 55, 8 and 12%, respectively,
after water stress. Cannabis biomass of treated plants was rarely different from
the control. The combined application of HA + biofertilizer resulted in additive,
but not synergistic, increases in measured parameter. Future research should
focus on the effects of biostimulants on CBD/THC content due to the potential
impact on the production of secondary metabolites in plants under stress.

industrial, food and medical sector (Fike, 2016). However,
after the Second World War cannabis cultivation decreased

Cannabis is classified into the family Cannabaceae and
has three main types: C. sativa, C. indica, and C. ruder-
alis (Stearn, 1970) and has various prospective uses in the

Abbreviations: CBD, cannabidiol; HA, humic acid; IPNS, Integrated
Plant Nutrition System; PE, post-emergence; THC,
9-tetrahydrocannabinol
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significantly (Callaway, 2004) and research, environmen-
tal impacts and legal human experience with this plant
lost its importance (Eisenstein, 2015). According to But-
sic and Brenner (2016) this lack of research on cannabis
agricultural practices caused by the illegal status of the
plant resulted in a lack of information related to water use,
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fertilizer and disease control requirement, cropping sys-
tems and yields.

Generally, cannabis agriculture has been underempha-
sized in terms of its potential to compete with other
crops and, therefore, to become a regular source of
income (Weisheit, 2011). However, hemp is receiving
renewed interest due to its multi-purpose application as
a rich source of cellulosic/woody fiber and construc-
tion uses (Andre, Hausman, & Guerriero, 2016), seed
oil (Kriese et al., 2004), bioenergy (Finnan & Styles,
2013; Sausserde & Adamovics, 2013) and pharmaceutical
properties (Zuardi, 2006). Regarding the pharmaceutical
utilization, there is expanding industry using cannabis
extracts, specially cannabidiol (CBD), to minimize anxi-
ety (Hagerty, Williams, Mittal, & Hutchison, 2015), epilep-
tic seizures (Detyniecki & Hirsch, 2015; Rosenberg, Tsien,
Whalley, & Devinsky, 2015) and pain (Jensen, Chen, Fur-
nish, & Wallace, 2015). The cultivar ‘Cherry Kandy’ is a
strain with high CBD/THC ratio, mostly used for CBD
extraction. Currently, there are a huge number of cannabi-
noids substances and the most abundant are cannabid-
iol (CBD), 9-tetrahydrocannabinol (THC), cannabigerol
(CBG) and cannabichromene (CBC) (De Zeeuw, Malingre,
& Merkus, 1972; Holley, Hadley, & Turner, 1975).

Some cannabis products are considered high value and
the cultivation of this plant may be an alternative for
small-scale farmers (Butsic & Brenner, 2016) or those
looking to improve profit per area. According to Werf
(1994), cannabis can be a suitable crop for alternative
agricultural practices such as organic agriculture, due
to natural resistance to many pathogens and herbivores.
However, cannabis is known to be susceptible to com-
mon diseases of other crops, such as Tobacco Mosaic
Virus (Shivprasad et al., 1999). The popular belief is that
cannabis as a relative low input crop (Seleiman, Santa-
nen, Kleemola, Stoddard, & Mikeld, 2013) and adaptable
to marginal soils, however several studies have shown
that cannabis production requires adequate fertilizer sup-
ply to optimize yields (Adamovics, Ivanovs, & Stramkale,
2016; Ivanyi, 2011). Therefore, the cannabis growers need
an effective fertilization strategy to reach higher yields.
According to the Food and Agriculture Organization of the
United Nations (FAO) (Shand, 2007), the definition of an
Integrated Plant Nutrition System (IPNS) is “the adapta-
tion of the plant nutrition and soil fertility management in
farming systems to site characteristics, taking advantage of
the combined and harmonious use of inorganic, organic
and biological nutrient resources to serve the concurrent
needs of food production and economic, environmental
and social viability”.

Essential plant nutrients such as N, P and K from syn-
thetic fertilizers are commonly used by conventional farm-
ers, however there are other potential fertilizer products

Core Idea

» Cannabis height, chlorophyll and photosynthe-
sis were affected by biofertilizer/humic acid.

* Cannabis biomass was rarely affected by the
application of biofertilizer and/or humic acid.

* Not clear evidence found of additional benefits
from the combined application of biofertilizer +
HA.

* Biostimulants may contribute for cannabis
stress mitigation.

originating from organic and biological sources. Humic
acid (HA) compounds are categorized as an organic
resource and there are many studies showing the effects
of HA on plant development. El-Ghamry, El-Hai, and
Ghoneem (2009) tested the application of different HA
and amino acids on faba bean (Vicia faba L.) and found
that the adequate rate significantly increased plant height,
yield components, micronutrients adsorption and chloro-
phyll concentration. The proper HA rate also significantly
increased root growth and nitrogen uptake of container-
grown olive (Olea europea L.) plants (Tattini, Bertoni,
Landi, & Traversi, 1991). Studies addressing biofertilizer
products originating from biological resources such as
compost / manure teas and bioinoculants, have shown
various benefits for plants. Wang, Radovich, Pant, and
Cheng (2014) found that chicken manure-based vermi-
compost tea suppressed the abundance of plant-parasitic
nematodes on zucchini (Cucurbita pepo L.) plants. Vermi-
compost extract stimulated seed germination, hypocotyl
and radicle growth as well as increased chlorophyll con-
tent in cannabis (Ievinsh, Vikmane, Kirse, & Karlsons,
2017). Conant, Walsh, Walsh, Bell, and Wallenstein (2017)
tested a bioinoculant on cannabis and in addition to greater
bud yield bioinoculant application also led to significant
increases in plant height and basal steam area.

Plant biomass increase has been documented in
response to the application of humic acid (Chen & Aviad,
1990) and biofertilizers (Bashan & de-Bashan, 2010;
Pereg, de-Bashan, & Bashan, 2016). According to Turner,
Hemphill, and Mahlberg (1978), cannabinoid compounds
are present in all aerial part of the cannabis plant, mainly
in bracts and leaves. Thus, the utilization of this IPNS
method with humic acid and biofertilizers can increase
cannabis biomass and it might be beneficial for higher
cannabinoid concentration on plants or even increment of
fiber yield (Sausserde & Adamovics, 2013) depending on
the intention of each grower. Furthermore, in an online
survey, Werse (2016) found that 43% of cannabis growers
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from Germany, Austria and Switzerland confirmed to
have ecological ideology and/or activist reasons to grow
cannabis. Therefore, cannabis growers might be willing
to accept more environmentally friendly agricultural
methods such as IPNS when compared to conventional
farmers. Previous research demonstrating beneficial
outcomes of the use of HA and biofertilizers on various
plants and the inclination of cannabis growers to embrace
more sustainable practices created the interest to conduct
this study. Therefore, this study evaluated the effects of
an IPNS with the combined and individual use of HA
and manure tea and bioinoculants along with inorganic
fertilizer on cannabis development including plant height,
chlorophyll amount (atLEAF), photosynthetic efficiency
and biomass under greenhouse condition. Our objectives
were to access cannabis plant growth effects from the
selected biostimulants and whether or not combining
various types of biostimulants can result in a synergistic
effect. We hypothesized that biostimulants will increase
cannabis plant growth and that there would be syner-
getic effects of the combination of HA + biofertilizer on
cannabis growth compared to each substance alone or the
control.

2 | MATERIALS AND METHODS

In this greenhouse study, humic acid (HA) was used as an
organic resource and manure tea and bioinoculants were
used as biological resources along with conventional inor-
ganic fertilizer resources (N, P, and K) in an IPNS.

2.1 | Products description

Four products, including inorganic, organic and biologi-
cal resources, were used in this study. The inorganic fertil-
izer was Osmocote Plus; the organic product was MicroLife
Humic Acid Complex; and the biological products were
Microgeo and Microgro Supreme Bioinoculant. Osmocote
Plus (15-9-12) is a slow release synthetic fertilizer con-
taining 11 essential nutrients for plants. The humic cat-
egory was represented by MicroLife Humic Acid Com-
plex which was constituted mainly by 15% humic acid and
1% fulvic acid. One of the two biological fertilizers was
Microgeo which is a Brazilian patented product catego-
rized as a manure tea. This biofertilizer is composed of
organic compounds, active and dormant cells from vari-
ous microorganisms (bacteria, yeasts, filamentous fungi,
and algae), metabolites and organo-mineral chelates and
it is produced through continuous anaerobic fermentation
in a liquid media (D’andrea, 2002). According to the tech-
nical manual, the preparation uses the CLC (Continuous

Liquid Composting) process, where 5% of the commercial
biological fertilizer Microgeo, 15% of ruminal content and
80% water are mixed in a tank at sunlight. After 15 days,
the biofertilizer production is complete. The Microgro
Supreme Bioinoculant is a water-soluble powder contain-
ing several strains of bacteria and fungi including 11 differ-
ent Mycorrhizal species and microbial food (sugars, humic
acid, kelp, amino acids and yeast extract). Products derived
from humic acid and biological sources are broadly catego-
rized as biostimulants. Products descriptions are summa-
rized in Table 1.

2.2 | Experimental design and
management

The experiment was conducted under controlled condi-
tions in a greenhouse in Blacksburg, Virginia, USA to
investigate the individual and combined effects of humic
acid (HA), manure tea and bioinoculant application on
cannabis (Cannabis sativa L.) cultivar ‘Cherry Kandy’
growth including plant height, chlorophyll amount, pho-
tosynthetic efficiency and biomass under greenhouse con-
dition. Polyethylene pots (19 cm tall, 19 cm outside diam-
eter, 37,850 cm? volume and 314 cm? surface area) were
lined with plastic bags to avoid water loss. Soil media
and sand (50% Metro-mix 360 and 50% playground sand,
respectively) were placed in a polyethylene pot 22 g of
inorganic fertilizer (Osmocote Plus) was equally added
to each pot, following the recommended application rate
of 9.8 kg/100 m? and blended thoroughly with media by
hand. According to the bulk density provided in the phys-
ical/chemical characteristics data sheet of each compo-
nent, we added 0.425 kg Metro-mix 360 and 3 kg sand to
each pot to have an equal volume. Separately, the cannabis
feminized seeds were planted in a seedling transplant tray
filled with soil media (Pro-mix general purpose) at 3 cm
depth. Seedlings were transplanted to pots at 12 days post-
emergence at which time the growth stage was three true
leaf pairs on the BBCH scale (Mishchenko et al., 2017).
There was a total of 9 treatments with each individ-
ual product applied at 1x and 2x the label rate (Table 2).
The treatments combining biofertilizers + HA received
only the label rate of each product (Table 2). The trial
utilized a completely randomized design (CRD) with five
replications. The application of each treatment occurred
at cannabis growth stages 4, 6, 7 and 9 true leaf pairs
(compound). The treatments were previously prepared in
the laboratory and applied to each pot using an electronic
pipette. Solid materials were dissolved in water and the
appropriate rate applied to respective pots. According to
the label of each product, the dilution rates were: Micro-
geo, 150 L/ha; Microgro Supreme, 6.1 kg/ha diluted in 233 L
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TABLE 1 Product description and components
Resource Category Subcategory = Name Components
Inorganic Sinthetic Osmocote Plus Polymer-coated: Ammonium Nitrate (15%), Ammonium
Phosphate (9%), Potassium Sulfate (12%), Magnesium
Sulfate (1.4%), Sodium Borate (0.02%), Iron Phosphate
(0.045%), Manganese Sulfate (0.06%), Sodium
Molybdate (0.02%), Aibc Sulfate, Copper Sulfate
(0.05%) and Zinc Oxide (0.05%)
Organic Humic Fulvic Microlife Humic 15% Humic Acid and 1% Fulvic Acid - Natural acidic
Acid Complex organic polymer extracted from leonardite
Manure Microgeo Recalcitrant Substances, Biodynamic Preparations,
tea Pentoses, Minerals and Brans and the microorganisms
produced in the manure
tea fermentation
Organic + Microgro Different strains of bacteria and fungi placed on dry milk
Biological Biofertilizer Bioinoculant Supreme carrier loaded with microbial food. The
microorganisms included are:
Bioinoculant Bacillus azotofixans (3 strains), Bacillus azotoformans

of water and Microlife Humic, 14 L/ha diluted in 233 L of
water. The application of each treatment followed the dilu-
tion rate of the products and the proportions were properly
adjusted according to the size of the pot.

2.3 | Water regime and data collection
The field capacity of the soil media + sand was determined
by saturating the media until water was observed dripping
from the bottom of the pot. One day later, the weight of
the wetted pot was used to estimate field capacity threshold
(Kirkham, 2014).

The pots were maintained at 60% field capacity during
most of the experiment to ensure adequate moisture for
cannabis growth. Between 35 and 42 days post-emergence

(3 strains), Bacillus megaterium (2 strains), Bacillus
polymyxa (6 strains),

Bacillus thuringiensis (6 strains), Bacillus licheniformis
(6 strains), Bacillus pumlis (3 strains), Bacillus subtilis
(10 strains), Bacillus firmus (2 strains), Bacillus
amyloliquefaceins (2 strains), Nematicidal Bacillus
coagulans (3 strains), Pseudomonas aureofaceans
(2 strains), Psuedomonas putida (2 strains),
Psuedomonas fluorescens (2 strains), Streptomycetes
lycidus (2 strains), Streptomycetes griseus (3 strains),
Streptomycetes coelicolor (2 strains), Trichoderma
harzianum (2 strains), Trichoderma hamatum
(2 strains), Trichoderma reesei (2 strains), Glomus
intraradices, Glomus mossae, Glomus aggregatium,
Glomus etunicatum, Rhizopogon villosulles,
Rhizopogon luteolus, Rhizopogon amylopogon,
Rhizopogon fulvigleba and Pisolithus tinctorius

(PE), watering was reduced to 30% of field capacity to
induce mild to moderate drought stress. The watering
procedure was conducted manually using the gravimetric
water content method and the water status checked each
day. Plant height at the last shoot apex, atLEAF chlorophyll
meter value (FT Green LLC, Wilmington, DE) and pho-
tosynthetic efficiency/OS-501I fluorometer (Opti-Sciences,
Tyngsboro, MA) measurements were collected from the
latest fully developed leaf at 33, 42 and 55 days PE. At
55 days PE, aboveground plant material was clipped at the
soil surface and dried at 70 °C until a constant weight was
achieved, and plant dry matter yield calculated. Cannabis
growth stages corresponding to 33, 42 and 55 days post-
emergence were 7, 9 and 11 true leaf pairs (compound),
respectively. Prior to sampling at 55 days PE (11 true
leaf pairs) plants were still receiving applications. After
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TABLE 2 Treatments and application rates
Treatments
Product name and
No. Subcategory abbreviation
1 Biofertilizer Microgeo (M)
2 Microgeo (M)
3 Microgro Supreme
Bioinoculant (MB)
4 Microgro Supreme
Bioinoculant (MB)
5 Humic Microlife Humic (H)
6 Microlife Humic (H)
7 Humic + Microgeo + Microlife
Biofertilizer Humic (M + H)
8 Microgro Supreme
Bioinoculant
+ Microlife Humic
(MB + H)
9 Control (C)

aboveground biomass harvest, roots were separated from
the soil media + sand by shaking and root dry matter cal-
culated in a similar manner to the shoot.

2.4 | Data analysis

A univariate distribution for each variable was deter-
mined with outliers evaluated and removed when stu-
dentized residual was greater than 2.5. Statistical analy-
ses were performed using the GLM procedure in SAS 9.4
(SAS Institute, Cary, NC, USA) with all variables except
replication considered fixed effects. Treatment effects on
plant height, atLEAF chlorophyll meter, photosynthetic
efficiency, plant root and shoot, and total plant biomass
were assessed. Mean separations were performed using the
Tukey-Kramer command within the LSMEANS statement
when F-tests indicated that significant differences existed
(p < .05).

3 | RESULTS AND DISCUSSION

3.1 | Plant height

In general, the biostimulants which include the treat-
ments with biofertilizers, HA and the combination of
both, referring to all the treatments of this study except
control, produced taller plants at all three timings. Plant
heights collected at 33 days PE and after the water stress
period (42 days PE) were more frequently greater than
the control (Table 3) than at 55 days PE which had the

Rate/pot (each

Rate Label application)

1x 150 L/ha 0.47 ml

2X 150 L/ha 0.94 ml

1x 6.1kg/ha 19 mg

2Xx 6.1kg/ha 38 mg

1x 14 L/ha 0.043 ml

2X 14 L/ha 0.086 ml

1x, 1x 150 L/ha and 0.47 ml + 0.043 ml
14 L/ha

1x, 1x 6.1kg/ha and 19 mg + 0.043 ml
14 L/ha

0x 0 0

fewest treatments that were different from the control
(Table 3).

Cannabis sativa treated with Mammouth-P biofertilizer
containing several beneficial bacteria culture grew signif-
icantly taller than the control and had a 16.5% increase
in bud yield, mostly likely due its effects on plant height
and basal stem area (Conant et al., 2017). Pagnani et al.
(2018) reported that addition of plant growth-promoting
rhizobacteria (PGPR) and nitrogen promoted significantly
greater cannabis stem length compared to the control.
These authors attributed differences among treatments to
the density of bacteria in the solution. In this sense, the
two biofertilizer rates tested in this current study could
theoretically lead to a different density of bacteria applied
in the pot but we measured no effect on plant height
(Table 3). Studies have shown that the use of biofertilizers
containing one or more beneficial microorganisms allevi-
ate the imposed water stress in a greenhouse environment,
increasing shoot and root growth of corn (Casanovas,
Barassi, & Sueldo, 2002) and asparagus (Asparagus offic-
inalis L.) (Liddycoat, Greenberg, & Wolyn, 2009). In our
studies, the application of biofertilizers alone increased
cannabis height compared to the control, mainly during
the post water stress period measured at 42 days PE.

Humic acids are known to minimize drought stress
effects. However, our data collected immediately follow-
ing the water stress period (42 days PE), showed that only
half of the treatments that received HA had significantly
taller plants. When comparing all data collection periods,
the treatments containing HA (alone and in combination)
at 42 days PE were more frequently different from the
control than at 55 days PE but less frequent than 33 days
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TABLE 3
Group Category Treatment
None None Control
Biostimulant Biofertilizer Microgeo (M) 1x
Microgeo (M) 2x
Microgro Bio (MB) 1x
Microgro Bio (MB) 2x
Humic Microlife Humic (H) 1x
Microlife Humic (H) 2x
Humic + M+ H
Biofertilizer
MB + H

Effects of biostimulant treatments on cannabis plant height at 33, 42 and 55 days post-emergence (PE)

33 days PE 42 days PE 55 days PE
Plant height

cm
15.2 b’ 22.86 b 37.6 b
24.9 a 35.6 a 51.3 ab
27.9 a 40.1 a 60.5 a
22.4 a 351 a 52.3 ab
21.8 ab 35.1 a 54.4 ab
22.8 a 351 a 58.4 a
22.4 a 335 ab 52.8 ab
239 a 34.5 a 47.2 ab
234 a 34.0 ab 49.8 ab

“Means within a column followed by the same letter are not significantly different at the .05 probability level.

FIGURE 1

PE. Similar to what we observed with cannabis, appli-
cation of HA increased growth of bluegrass (Poa praten-
sis L.) (Xungzhong Zhang & Schmidt, 1999) and rice (Oryza
sativa L. cv. IACUB-30) (Garcia et al., 2012) under water
stress conditions.

The biofertilizer + HA treated plants were not different
in plant height from independent application of biofertil-
izers or HA at data collection periods (Figure 1).

3.2 | Chlorophyll amount (atLEAF)

The physiological status and stress conditions of plants
are often accessed through non-destructive measures such
as estimating chlorophyll content (Jaleel et al., 2009) and
photosynthetic efficiency (Ruiz-Sanchez, Aroca, Mufioz,

Plant height visual contrast between Microgeo 2x treated plants (left) and control (right) at 55 days post-emergence

Polén, & Ruiz-Lozano, 2010). The atLEAF value provides
an indirect estimation of the actual chlorophyll content of
the leaves.

The atLEAF values for humic acid products were higher
than the control at 33 and 42 days PE, while only the
values for humic + biofertilizer were higher at 55 days
PE (Table 4). While atLEAF values were inconsistently
affected by treatment, only the two rates of Microlife
Humic were not statistically greater than the control at
55 days PE. Similar to our work, cannabis plants fertilized
with two different rates of a PGPR had significant higher
SPAD (chlorophyll meter) values when comparing with
the control (Pagnani et al., 2018). Russo and Berlyn (1991)
also reported that HA + marine algae (MA) application on
rye grass (Lolium perenne L.) yielded 74% more chlorophyll
than the control.
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TABLE 4 Effect of biostimulants treatments on cannabis atLEAF values collected at 33, 42 and 55 days post-emergence (PE)

Group Category Treatment
None None Control
Biostimulant Biofertilizer Microgeo (M) 1x
Microgeo (M) 2x
Microgro Bio (MB) 1x
Microgro Bio (MB) 2x
Humic Microlife Humic (H) 1x
Microlife Humic (H) 2x
Humic + M+ H
Biofertilizer
MB + H

33 days PE 42 days PE 55 days PE
atLEAF

mg cm?
0.0524 b’ 0.0600 d 0.0636 e
0.0680 a 0.0718 ab 0.0725 abc
0.0693 a 0.0698 abc 0.0728 ab
0.0670 a 0.0659 c 0.0686 bed
0.0680 a 0.0655 c 0.0696 bed
0.0680 a 0.0672 be 0.0677 cde
0.0686 a 0.0653 c 0.0674 de
0.0749 a 0.0740 a 0.0758 a
0.0658 a 0.0682 be 0.0708 abed

“Means within a column followed by the same letter are not significantly different at the .05 probability level.

TABLE 5
(PE)
Group Category Treatment
None None Control
Biostimulant Biofertilizer Microgeo (M) 1x
Microgeo (M) 2x
Microgro Bio (MB) 1x
Microgro Bio (MB) 2x
Humic Microlife Humic (H) 1x
Microlife Humic (H) 2x
Humic + M+ H
Biofertilizer
MB + H

Effect of biostimulant treatments on cannabis photosynthetic efficiency values collected at 33, 42 and 55 days post-emergence

33 days PE 42 days PE 55 days PE
Fluorometer, F,/F,

0.526 b 0.624 € 0.675 c
0.642 a 0.707 b 0.753 ab
0.657 a 0.710 b 0.766 a
0.622 a 0.685 b 0.717 bc
0.608 a 0.685 b 0.725 ab
0.601 a 0.678 b 0.727 ab
0.594 ab 0.685 b 0.723 ab
0.664 a 0.748 a 0.756 ab
0.637 a 0.696 b 0.753 ab

“Means within a column followed the same letter by sites are not significantly different at the 0.05 probability level.

The atLEAF values for treatments combining Humic +
Biofertilizers were greater than the control, however they
were statistical similar to the treatments receiving only
HA or biofertilizer. Following the analogous approach of
biofertilizer + HA integration, Ferrini and Nicese (2002)
assessed the influence of two commercial biostimulants
products on English oak (Quercus robur L.). Both prod-
ucts containing HA and different types of biofertilizers had
greater SPAD values in two consecutive years in compari-
son to control (no biostimulant).

The atLEAF readings collected at 42 days PE (post water
stress) likely indicate that biostimulants increased chloro-
phyll content relative to the control (Table 4). The HA are
natural soil constituents and can positively affect water
retention due their high exchange capacity (Kelting, 1997).
Biofertilizers are also known to mitigate water stress of
several plants (Berruti, Lumini, Balestrini, & Bianciotto,
2016; Ruiz-Lozano & Azcdn, 1995). Considering that water

stress reduced chlorophyll content in many studies and
that biostimulant application generally maintained greater
atLEAF readings that the control in this study, it might
infer another effect of these compounds.

3.3 | Photosynthetic efficiency (F,/F,,)
Photosynthesis-related parameters were measured to test
physiological responses of cannabis plants to additional
input of biofertilizers and/or HA. According to Chandra
(2003), the ability of plants to be successfully resilient in
different environments, including under stress conditions,
is associated with an ability to maintain high photosyn-
thetic efficiency.

At 42 and 55 days PE was consistently greater in treat-
ments receiving biostimulants in comparison to control
values (Table 5), as was the case with atLEAF readings
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(Table 4). According to Jat and Ahlawat (2006), inocula-
tion with biofertilizers such as Rhizobium, can increase the
development of photosynthetic organs in plants and con-
sequently maximize the accumulation of photosynthates.
Veres et al. (2009) specifically addressed the changes
of photosynthetic efficiency (F,/F,,) under biofertilizer
application and found that F,/F,, was higher in the treat-
ments containing reduced N supply + biofertilizer. Thus,
the use of biofertilizer could compensate for the N defi-
ciency. The photosynthetic efficiency was also signifi-
cantly higher on passion fruit (Passiflora edulis) tested
with biofertilizers derived from cattle manure (de Oliveira
Freire, Dias, Cavalcante, Fernandes, & Lima Neto, 2014).

Like the biofertilizer treatments, PE values for the two
application rates of HA and the combination with biofer-
tilizers were generally greater than the control but very
few differences existed among them. The application of
HA alone and in combination with seaweed extract (SWE)
was tested on creeping bentgrass (Agrostis stolonifera L.)
during two years (Xunzhong Zhang, Ervin, & Schmidt,
2003a). In the first year, they found 18% and 15% increases
in F,/F,, values, when HA or HA + SWE were applied,
respectively. In the second year, the F, /F;,, values increased
by 11% and 12%, respectively. A foliar application of HA
+ SWE also significantly increased F,/F, values on field-
grown tall fescue (Festuca arundinacea Scheb.) (Xunzhong
Zhang, Ervin, & Schmidt, 2003b). Interestingly, the pres-
ence of HA prevented the reduction of F,/F, values in
duckweed (Lemna gibba L.) exposed to anthracene pho-
toinduced toxicity (Gensemer, Dixon, & Greenberg, 1999).
In fact, photosystem II (PSII) is anthracene’s site of action
(Huang, McConkey, Babu, & Greenberg, 1997) and PE is a
measurement of PSII activity (Oxborough & Baker, 1997).

Shortly after drought stress was imposed (42 days PE)
we observed that F,/F,, values were greater than the con-
trol for all biostimulants treatments (Table 5). According to
Richmond (1999), photosynthesis is the first plant physio-
logical attribute to react to stress. There are a vast num-
ber of studies where the use of biofertilizers and/or HA
improved photosynthetic efficiency values on plants under
stress (Hassanpanah, 2009; Lotfi, Gharavi-Kouchebagh, &
Khoshvaghti, 2015).

Water stress can increase secondary metabolites
(Gorelick & Bernstein, 2014). Secondary metabolites are
linked with the production of cannabinoids which can
affect final yield of CBD or THC depending on the goals
of the producer. Therefore, if the objective is to increase
CBD or THC production, exposing cannabis plants to
stress might be considered beneficial and the application
of products reducing stress could harm CBD or THC
production. There is evidence that moisture stress is
linked with higher tetrahydrocannabinol content (THC)
on cannabis (Paris, Boucher, & Cosson, 1975). A similar

phenomenon was reported by Murari, Puccini, Sanctis,
and Lombardi (1983), where drier continental environ-
ments promoted the production of THC in cannabis
plants naturally lacking in THC. Sharma (1975) reported
a positive correlation between trichome density and low
humidity environments in cannabis plants. Trichomes are
important sites of CBD storage (Mahlberg & Kim, 2004),
so this could affect final CBD yield.

Mechanistic evidence of how biofertilizers, HA and
the combination of both sources maximize photosynthetic
efficiency or even chlorophyll content is still develop-
ing. However, we speculate that the hormonal-like effects
and antioxidant status of these compounds might have a
causative role, especially under stress. External input of
man-made hormone substances such as Indole-3-acetic
acid (IAA) (Aldesuquy, 2000) and cytokinin (Noodén &
Leopold, 2012) has increased photosynthetic rates. Vessey
(2003) mentioned the presence of phytohormones or the
precursor of hormones in many biofertilizers, including
IAA produced by PGPR (Barazani & Friedman, 1999). It
is unclear whether HA liberates locked hormonal com-
pounds (chelating capability) or stimulates the produc-
tion of hormones by microorganisms (du Jardin, 2012). As
mentioned above there are studies reporting that plants
exposed to stress will increase the production of secondary
metabolites and potentially CBD or THC, so the use of bios-
timulants that minimize stress would decrease the produc-
tion of these cannabinoids. There are also studies showing
that biofertilizers and HA stimulate plant hormone pro-
duction and consequently higher secondary metabolites,
which is linked to greater cannabinoid concentration in
plants. The application of biostimulants on cannabinoid
concentration could be either positive or negative. More
studies specifically addressing the effects of these biostim-
ulants on cannabinoids would help to identify the pros and
cons of biofertilizer and HA on CBD and THC production.

3.4 | Shoot, root and total biomass

Generally, shoot, root and total biomass at the end of the
experimental period were similar between biostimulant
treatments and the control (Table 6). Previous research has
also reported that application of AMF and PGPR biofer-
tilizer to cannabis plants did not increase shoot biomass
compared to the uninoculated treatments (Gryndler et al.,
2008). The less frequent increased cannabis biomass
growth in response to biofertilizer application in our study
might be due a plant etiolation, thus the biofertilizers
promoted taller plants but biomass did not follow the
same trend. Also, the biofertilizer effects on cannabis
height were more evident in the two earlier data collection
periods (33 and 42 days PE), then at 55 days PE, the height



DA CUNHA LEME FILHO ET AL.

TABLE 6
Group Category Treatment
None None Control
Biostimulant Biofertilizer Microgeo (M) 1x
Microgeo (M) 2x
Microgro Bio (MB) 1x
Microgro Bio (MB) 2x
Humic Microlife Humic (H) 1x
Microlife Humic (H) 2x
Humic + M+H
Biofertilizer
MB + H
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Effects of biostimulant treatments on cannabis shoot, root and total biomass values collected at 55 days post-emergence (PE)

Shoot Root Total
Biomass

g
6.34 b 218 b 8.52 b
9.78 a 4.08 ab 13.86 a
9.38 ab 3.50 ab 12.88 ab
8.12 ab 3.38 ab 11.50 ab
8.12 ab 3.78 ab 11.90 ab
9.64 ab 4.34 ab 13.98 a
8.28 ab 4.64 a 12.92 ab
8.80 ab 3.62 ab 12.42 ab
10.34 a 4.50 a 14.84 a

“Means within a column followed by the same letter are not significantly different at the .05 probability level.

values were more similar to control which may explain
fewer statistically significant values of biomass. Studies
have tested the effectiveness of biofertilizers containing
different strains of microorganism and the responses are
variable depending on the active strains, harvest date,
environment and growth parameter evaluated (Germida
& Walley, 1996; Requena, Jimenez, Toro, & Barea, 1997).

Only the application of Microgro Bio + Microlife Humic
(MB + H) consistently produced greater shoot, root and
consequently total biomass than the control (Table 6).
Olivares, Aguiar, Rosa, and Canellas (2015) reported that
the combined use of biofertilizer + HA promoted greater
tomato (Solanum lycopersicum L.) shoot, root and fruit
biomass compared to either product applied alone. How-
ever, in our study only one of two treatments combining
biofertilizer + HA had greater biomass than the control.
Plant biomass in response to Microgeo + Microlife Humic
(M + H) did not differ from control.

4 | CONCLUSIONS

Application of biofertilizer and HA alone, or in combi-
nation, generally increased cannabis plant height, chloro-
phyll content and photosynthetic efficiency, especially
immediately after a period of water stress (42 days PE).
Cannabis biomass was generally not different from the
control. However, total plant biomass at 55 days PE was
greater than the control for application of Microgeo 1x,
Microlife Humic 1x and 2x and Microgro Bioinoculant +
Microlife Humic. Applying twice the labeled rate gener-
ally did not result in differences from the recommended
rate. A range of rates would need to be tested in order to
validate that the label rate is in fact the most appropri-
ated application rate. Similarly, this study was not designed
to be a test of all possible biostimulants products or even

one within a single class, but to assess the impacts of
the selected products as representatives of their various
classes. There was not clear evidence of additional bene-
fits from the combined application of biofertilizer + HA.
However, the potential biostimulant effects of these com-
pounds that improve cannabis stress tolerance could prove
important as it could impact CBD content. Further studies
addressing the entire cannabis cycle should be conducted
to validate these findings and confirm if these plant bios-
timulant effects extend to the end of the cannabis season.
Moreover, the next step for this research would be testing
the effects of these biostmulants and stress conditions on
CBD/THC content.
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