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ABSTRACT

Evaluation of Mascuization Treatments to Produce
Feminized Hemp Sl (Cannabis sativa L.)

Ted Matthew Fitzgerald

Cannabis sativa L. (hemgdgvelopsplants with either male or female flowers, and
growers of hemp greatly prefer feméli@vers which bear the glandular trichomes that
contain cannabinoids. Feminized (all female) seeds are highly deshietiare
producedy crossing a female plant withmasculinized female plant. Masculinization
is achieved through the inhibition of ethylene and/or addition of gibberellins before
flower initiation in female plants. The hemp industry uses silver thiosulfate (STS) to
masculinize hemp, bipraying siler posesnvironmentatoncerns This study
compared STS to three other ethylemieibiting agents: aminoethoxyvinylglycine
(AVG), cobalt nitrate (CBN), and-thethylcyclopropene ¢éMCP). Treatments of STS
and CBN also included gibberellic acid as a sgigtr Plants treated with STS exhibited
superior masculinization and pollen dispersal comparethtas treated with AVG, CBN
or -MCP. Only plants treated with STS or AVG produced pollen in sufficient quantities
for collection. This pollen was assayfed germination potential initially and after
storage for up téive weeks at 22.2, 7.2, or 1.1°@ollen from plants treated with AVG
remained viable fofour weeks at 1.1°Cwvhereas STSreated plants produced pollen that
was viable for threeveeks at 1.1°C. Due to phytotoxicity problems with AVG, STS
remains the best treatment to masculinize female hemp plants when breeding for
feminized seedsln a separate studyipiver tissues of hemp had considerably higher
total cannabinoid concentrati® compared to leaf tissues but significantly lower ratios of
cannabidivarin (CBDV) to cannabidiol (CBDJ.o reduce variabilityat least 1 g samples
of fresh leaf or flower tissughould be extracted with0 mL of methanol.Rapid
throughput testing ofamnabinoids as part of a breeding program should use flower
tissue, preferably at the time typical of harvest

Keywords:Dioecious, Feminized, Masculinization, Ethyldngibition, Cannabinoids
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Chapterl

INTRODUCTION

Hemp Cannabis sativa..) is a crop that has been cultivated for millennia, yet there is
limited scientific understanding of the species. The nutritive content of the seed, medicinal
properties of the cannabinoids in the flowers, and the strength of thediberske hemp an
ideal crop for a multifaceted production model. Breeders of hemp have developed diverse
germplasms with many different forms, functions, phenotypes, and purposes. Various
methods to bree@Gannabishave evolved from clandestine practitespplied horticultural
techniques as legalization, for both marijuana and hemp, continues.

Recently, there has been an increasing demand for the terpenophenolic substances found
predominantly in female flowers of hemp. These chemicals, called canrhia unique
to Cannabisand exhibit a wide array of medicinal properties. A cannabinoid of particular
interest tchempplant breeders is cannabidiol (CBDut many other cannabinoidach as
cannabidivarin (CBDVare generating interest

Hemp is naturally dioeciousAs CBD content is highest in female flowers, hemp
breeders have developed techniquasdace masculinized female plants which enable the
production offeminized seedsHoweverthese techniques poscalability and environmental
concerns. Itis crucial to investigate the problems associated with feminized seed production
so that breeders produce feminized seeds utilizing sustainable practices. The objectives of
this research were to 1) evaluatei®as masculinizing agents, 2) assess pollen viability after
storage at various temperatures, and 3) characterize the cannabinoid préédesotind

buds of hemp as well @hangein cannabinoid content durimgolongedextraction.



Chapter 2
LITERATURE REVIEW

Cannabis sativd.. (hemp) is normally dioeciougvith male and female reproductive
organs on separate plants (Sakamoto et al., 1995; Man@odlalg 1999). It is naturally
diploid (2n = 20) with homogametic XX chromosomes found in female plants and
heterogametic XY chromosomes found in male plants (Sakamoto et al., 1995; Mandolino et
al., 1999; Divashuk et al., 2014; Razumova et al., 20$6xual expression in heng
controlled primarily by genetic makeup but can be influenced by both environmental (Heslop
Harrison, 1956) and hormonal factoas research has shown that plant growth regulators can
induce both male and female characteristiahe plant (Galoch, 1978; Mohan Ram and Sett,
1982). In hemp, ethylene biosynthesis increases in meristematic tissues prior to the initiation
of female flowers and, conversely, male flowers form when ethylene is suppressed in
meristematic tissues (Adat al., 2021).

Inhibiting ethylene (@H4) synthesis or action, and high levels of gibberellic acidsjGA
are known to promote masculinization of hemp, whereas auxin, ethylene, and kinetin promote
female flower formation (Ram and Jaiswal, 1972; GalocA8L9When silver thiosulfate
(Ag($203)2), an ethylenaction inhibitor, is applied to developiggneticallyfemale hemp
plants before flowering is initiated, it causes the plants to produce male flowessritaih
pollen grains (Mohan Ram and Sett, 29Bubell and Brand, 2018). Afemale (feminized)
seeds are produced when this pollen fertilizes other female flowers. This technique also
allows for selfpollination when developing inbreds to produce F1 hybrids, though inbreeding
depression becomesancern when seed is produced through selfing (Kurtz et al. 2020).

Feminized seeds are highly desired by growefSasfnabis both for the psychoactive



and norpsychoactive forms, since the production of cannabinoids in female flower clusters
(cal kokesd i n)ihsegmfigantly higher than in male clusters (Small et al., 1975;
Clarke and Merlin, 2013). Female flowers possess abundant glandular trichomes on their
surfaces (Small and Cronquist, 1976). These secretory trichomes serve as biochemical
manufacturingsites for numerous resinous cannabinoids, flavonoids, and terpenes that have
purportedtherapeutic effects (Joy et al., 1999; Onaivi et al., 2005). Unpollinated female
flowers are preferred in a cannabinoid cropping syssemee pistillate flowers redeche
production of secondary metabolites when seeds begin to form (Clarke and Merlin, 2013).
The creation of feminized seeds through the conversion of hemp female to male flowers
has not been fully developed for largeale operations, nor has it begrimized to maximize
the production of female seeds. Additionally, current practices for feminized seed production
are heavily dependent on silver, which can be toxic to the environment. Silverinitfaieh
is the source of silver in silver thiosukamixtures is considered one of the most toxic silver
compounds, but silver complexed by thiosulta&s been considered to hdve
environmentatoxicity (Ratte, 1999). Nevertheless, other forms of masculinization are

needed to decrease the hempindusy 6 s dependency on silver for

Botanical Classification

Hemp is an herbaceous, annual plant indigenous to Central Asia and belongs to a small
family of flowering plants, Cannabaceae, which also inclitlesulus(hops) andCeltis
(hackbery) (Small, 1972. The taxonomic status of the ger@tmnnabishas been debated
since it was originally classified by Carl Linnaeus, but the most commonly agreed upon
delineation is a monotypic genuSgnnabi3 with only one representative specisativg

(Rana and Choudary, 2010; Small 2015). However, many other species and subspecies have



been postulated, suchiaslicaandruderalis due t o the plantds pheno
adaptive behavior (Hill i g, dvtlirotte)samegefiusleas pl an't
resulted in a lack of speciation (Small, 1972; Small, 2015)adiéptiveability to acclimateto

a variety of environmental stresses has also resulted in a wide range of physiological and
phenotypic characteristics. Althoutlite plant is taxonomically a single species, it has a

unique ability to express polymorphic attributes that yield multiple forms with multiple uses.

Flower Expression

The ability to manipulate sexual expression in hemp is an important tool in the
developmat of new cultivars (Moliterni, 2004). Hemp has a malleable, polymorphic sexual
phenotype (Galoch, 1978; Small 2015), and many plant growth regulators have been shown to
influence its sexual expression (Mohan Ram and Sett, 1982; Lubell and Brand, 204.8)
possible to obtain complete or partial sexual conversion (male to female; female to male)
using exogenoustgpplied compounds. In addition, the appearance of bisexual (or
hermaphroditic) flowers can occur in stressful environments where the pamjésted to
unfavorable growing conditions (Bear, 2020), a phenomenon referred to as rodelization.

Pollination is anemophilous and xenogamous, i.e., pollination is by wind and occurs
between two distinanhdividuals(HeslopHarrison & HeslopHarrison, 69; Cruden, 1977,
Small and Antle, 2003; Rana and Choudary, 2010). Flowers are typically imperfect, either
staminate or pistillate, and incomplete. Staminate flowers consist of loose panidevand
actinomorphic perianths with five tepals (Rana ahduwlary, 2010). Within the tepals lie
oblong anthers attached by short flaments. Male plants typically grow faster and reach
anthesis earlier than female plants.

Female plants typically are shorter, bushier, and reach maturation later than male plants



(Rana and Choudary, 2010). As photoperiod gets shorter, female flowers form and produce
dense clusters of racemes at the apical meristem, exposing the style and stigma for pollination.
The stigmatic surfaces of female flowers contain skegléed, haitlike filaments which

collect airborne pollen.

Photoperiodism

Photoperiodism is defined as the physiological response of plants to night length (period
of darkness)although plants are commonly referred to as stowtong-day,or dayneutral in
their responses (Jarillo et al., 2008annabiss naturally a shortlay plant, but some
accessions can initiate flowering in continuous light (Borthwick and Scully, 1954; Heslop
Harrison, 1969). Plants that initiate flowering irrespes of daylength (i.e., nighéngth) are
knownasdaan eut r al plants, colloquially referred
Autoflowering lines initiate flowering after a prescribed amount of time328ays in most
cases). Thesday-neutrd responseare believed to be adaptions that developed in extreme
northern latitudes (to avoid the frost of early winter), or in equatorial regions where

fluctuations in daylength are relatively minor (Small, 2015).

Chromosomal Makep

Research has indital that sexual determination@annabiss regulated by an
X:autosome equilibrium based on a X chromosome counting system without an active Y
chromosome (Faux et al., 2014). Even though hemp is naturally dioecious, monoecious
varieties have been cultitez, which has led to research on the mechanisms driving sexual
determination (Hall et al., 2012; Razumova et al., 2016). Recent evidence has supported the
idea that monoecious cultivars have a quantitative XX chromosomalupafeeaux et al.,
2013). Sewnal determination and expression in hemp, however, rerpaoiy understood

5



and requiresdditionalinvestigation.

Chemotypes

A chemotype refers to the chemical phenotype of specific lineages Witlsiativa Five
chemotypes of. sativahave been described, comprised of undomesticated, landrace, and
cultivated varieties (Meier and Mediavilla, 1998). These chemotypes arateepay their
accumulation ofetrahydrocannabinolfHC), cannabidiol CBD), andcannabigerol@BG) as
well as the ratioamongthose cannabinoids. Chemotype | refers to fligiC, low-CBD
accessions; chemotype Il refers to RIGHC, highCBD accessionshemotype Il refers to
low-THC, highCBD accessions; chemotype IV refers to{6iHC, low-CBD and highCBG
accessions; and chemotype V refers to accessions seldom containing cannabinoids but instead
having increased production of terpenes and otblatiles (Mandolino and Caroni, 2004;

Pacifico et al., 2008). All hemp varieties are from the chemotype Ill, IV, or V lineages.

Cannabinoids

Cannabinoid content in henmgp primarily influenced by chemotype but also by variety,
growing practices, environamtal factors, and density of trichomes on female inflorescences.
Over 113 cannabinoids have been identjfathough the exact composition and levels of the
cannabinoids varies between lineages and varieties (Krizek et al., 2018).

Cannabinoids are prasein the plant as acidic molecules and may biosynthesize into other
cannabinoids via gene expression or spontaneous decarboxylation when exposed to light or
heat (Krizek et al., 2018). The initial cannabinoid in the biosynthetic pathway is
cannabigeroli@acid (CBGA). CBGA is the precursor to cannabig€é@BG)1 the

decarboxylated form which can then convert to either tetrahydrocannabinolic acid (THCA),



cannabidiolic acid (CBDA), or cannabichromenic acid (CBCA), depending on the presence of
specific sythase genes (Reekie et al., 2018; Toth et al., 2020).

To extract cannabinoids from plant materials, various organic solv@néziominantly
methanol have been used. Historically, cannabirexdracting solvents included
chloroform mixed with methangbut recently there has been a push to exclude chloroform
because of toxicity and oncogenic concerns (Krizek et al., 2017). Explicit protocols for
cannabinoid extraction are lacking in the literatiog in a recent study by Patel et al. (2018),
200 mg & dry, groundCannabisflower were extracted in 20 mL of methanol:chloroform
(9:1) with homogenization. Drgannabissamples would be expected to have higher

cannabinoid concentrations on a wetgiitveight basis compared to fresh samples.

Pollen Viability

Plant breeders store pollen to facilitate variety development and to preserve germplasm
(Choudary et al., 2014). Hemp pollen is very delicanel its ability to fertilize ovaries
rapidly declines after anthesis. Storage must preserve its vialdéfined as the ability of a
pollen grain to produce an actively lengthening pollen tube (Gaudet et al., 2020)

A variety of technigues to assess pollen viability have been developkaling staining
pollen grains with fluorescein diacetate (FDA) to assess enzymatic activity, germinating
grains on an agasucrose germination medium to observe pollen tube growth, or releasing
airborne grains onto live receptive pistillate flowersoofirm seed set (Choudary et al.,

2014; Gaudet et al., 2020). Assessing viability using FDA does not necessarily indicate the
ability for a pollen grain to germinate. FDA may indictite presence anzymatic activity
within the grain even when the gras unable to produce a pollen tube. Therefore,

germination on culture medium is a preferred method (Zottini et al, 1997; Engelmann and



Takagi, 2000; Gaudet et al., 2020).
Gaudet et al. (2020) found thaannabispollen from a genetically male plant che
stored for up to three weeks at 4°C. The pollen had an initial viability-6038 and the
viability was 22% after three weeks. The pollen was collected 64 days after seed sowing.
This study also found that pollen could remain viable up to 4 masthg cryopreservation
coupled with vacuum desiccation. After 4 months, pollen viability was 14.6%.
Masculinized pollenwhichcontain homogametigXX) chromosomes as opposed to
pollen withheterogameti¢XY) chromosomess invaluableas it is a neceasy precursor to
feminized seed productiorOptimizing the storage conditions for masculinized pollen is
necessaryas these grains have been shown to have numerous irregularities (DiMatteo et al.,
2020). It was postulated that the irregularities weeetduabnormal meiosis, improper exine
formation, or problems with tapetal cellg a recent experiment iMatteo et al.(2020)
the germination rate of pollen grains from 5 masculinized hemp genaotymgsd fron0 to
13% Pollen irregularities gregtaffect pollen viability and, as a result, can lead to reduced
fertilization, seed set, and seed formation (Baghali et al., 201 pollen from
masculinized hemp plants is highly valuable, and pollen preservation trials must occur to

understand short and lotgrm usage of storage practices.

Feminized Seed
Growers producing hemp for cannabinoid content desire seeds or other propagules that
only produce female flowers. Increased expenditures and decefasiescy ofspace
utilization can be expected when growing normal,-feminized seed. Roguirigthe process
of eliminating male plants is very timeconsuming and labeantensive, especially at large

scale production sites (Reel, 2019). Additionally, evidence has indicatecttrag seeds in



the female flowers can lead to lower cannabinoid yields (Meier and Mediavilla, 1998). Itis
therefore greatly preferable to use feminized seed®ther forms of female plants, i.e.,

clones- to avoid unwanted pollination.

Summary

Since the legalization of hemp production for research purposes in the United States in
2014, there has been ongoing breeding by growers and horticulturalists to develop varieties
with high cannabinoid (especially CBD) content. A seed production techwigjob
produces all female seed has been developed to meet the defrhangpgrowersfor
maximizingcannabinoid and terperententas well agthe number ofmokable flowes.
During Afeminizedo seed producti oamt, breeder s
producing viable pollen to another female plant with pistillate flowers. Techniques to produce
feminized seed have been shared an@agnabisbreeder through both hearsay and
published articles, but the methods and procedures have yet to undergghthemd rigorous
scientific testing.Silver thiosulfate readily induces masculinization in female hemp plants
and is extensively used by the hemp induskgditional research is needed to investigate

alternatives to silver thiosulfate, an expensive and potentially environmetateltychemical



Chapter 3
MATERIALS AND METHODS

Hemp plants were grown in an outdoor research field located in Goleta, CAa@and in
greenhouse located in Sebastopol, CA. The field study consisted of two replications staggered
three weeks apart, whereas the subsequent greenhouse trial was a single replicate to further
evaluate the most efficacious treatments as indicated by thetiielg. In all trials, a
feminizedday-neutral hemp varieyp Aut o Bl ubé (Beacon,wAdsemp, Sant
subjected to ethylene inhibition treatments. Sieoeinizedday-neutral hemp initiatealmost
exclusively femaldlowers irrespective oflaylength, the first application of the treatments
occurred 30 days after segowing, with two more applications occurring a week apart on

days 37 and 44.

Field Trial

The control consisted of silver thiosulfate (STS) prepared from stock solutions of silve
nitrate (Fisher Chemical, Cambridge, MA) and sodium thiosulfate (Science Company,
Lakewood, CO) prepared in a 1:4 ratio per Cameron and Reid (a88applied at a
concentration of 500 ppm, per industry practice (Stromberg, 2020). Additional treatments
were 250 or 500 ppm STS in combination with 25 ppm GB80 ppm cobalt nitrate
(Co(Ns)2), alone, 250 ppm Co(N{R in combination with 25 ppm GA
aminoethoxyvinylglycineAVG, ReTair?, Valent Biosciences, Libertyville, IL) at 500 or 250
ppm, andl-methylcyclopropene (MCP, EthytBloc®, SmithersOasis, Kent, OH) at 396
ppm (Table3-1).

The experiment wasfactorialrandomized complete block design (RCB) with 8 blocks

and 8 treatments. Treatment solutions were made using reverse osmosis watduded a
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Table 31. Treatments used to masculinize female hemp plants in a fielthtadleta, CA.

# of
Treatment Rate Applications N
STS (controh 500 ppm 3 8
STS w/ GA at 25 ppm 500 ppm 3 8
STS % rate w/ GAat 25 ppm 250 ppm 3 8
Co(NGs)2 500 ppm 3 8
Co(NGs)2 Y2 rate w/ GA at 25 ppm 250 ppm 3 8
AVG full rate 500 ppm 3 8
AVG Y rate 250 ppm 3 8
1-MCP spray 396 ppm 3 8

¢ STS = silver thiosulfate; AVG = aminoethoxyvinylglycine;

1-MCP = EmethylcyclopropeneCo(NQs)2 = cobalt nitrateGAz = Gibberellic acid
surfactant spreader, NuFiln? BMiller Chemical & Fertilizer, Hanover, PA), at 200 pL per
1L solution. Amberglass spray bottles were used to hold the solutions to reduce possible
chemical degradation from UV light. TheMCP spray was prepared by dissolving 0.396 g
and applying the solution within 5 minutes of preparatisithe solution would rapidly

release as a fumigant

Greenhousérial

The greenhouse study wafaatorial RCB design with 6 blocks and 4 treatments. Based
on the results from the field study, only STS at 500 ppm, and AVG at 250 ppm or 500 ppm,
were used in this trial (Tab®2). As before, applications were made every 7 dayshfee
weeks total except fdahe treatment of 250 ppm AV.@&hich was applied twice weekly for a

total of 6 applicationg an attempto decrease AVG phytotoxicity while maintainiaghigh

11



Table3-1. Treatments used to masculinize female hemp plantgieemhouse trial in
Sebastopol, CA.

# of
Treatment Rate Applications N
STS (controf 500 ppm 3 6
AVG full rate 500 ppm 3 6
AVG Y rate 250 ppm 3 6
AVG Y rate 250 ppm 6 6

¢ STS = silver thiosulfate; AVG aminoethoxyvinylglycine

hemp masculinization rate.

Experiment 1 The degree of masculinization (DoM) of treated hemp plants was assessed
at one and two weeks after the last application of the treatments. The conversion ratio,
staminate induction propetys and relative pollen abundancestimated by pollen quantity
and outpui were determined. A categorical scale (Lulagltl Brand, 2018) was used which
separates the percentage masculinization into 5 distinct groupings where haso%tinized
flowers, 2 = 130% masculinized flowers, 3 = &0% masculinized flowers, 4 = @B0%
masculinized flowers, and 5 = 100% mascukdilowers (Fig3-1).

Experiment 2 Once anthers had begun to shed pollen, which occurred on'tiiag0
after sowing in both the field and greenhouse trials, pollen grains were collected and assessed
for viability initially and after subsequent storaige up tofive weeks at 1.1°C, 7.2°C, or
22.2°C. Only the hemp plants treated with STS and AVG produced pollen in sufficient
guantity to be collectable.

To assess viability, 2,000 to 3,000 pollen grains from each treatment were incubated in a
germinationsolution which consisted of 170 g sucrose, 300 mg CadNGO0 mg HBOs,

12



31-60 %
Masculinized Masculinized Masculinized
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61-99 %
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4 5

Fig.3-1. Degree of masculinization scale adapted from Lubell and Brand (2018)

and 7 g agar in 1 liter of deionized water adjusted to pH 6.4 (Zettali 1997). The solution
was autoclaved then continuously stirred when subsequently cooling. Testiimgtiases

when the incubation solution reached 32°C, at which point 60 pl was addées$hollen
sample which had been placed in a 1.5 ml vial. The vial was vortexed at high speed for 10
seconds to distribute the pollen in the solution. The solwampoured onto a Pepiate and

covered with a glass slip. The Petri plates were then wrapped in parafilplaaed in an
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incubation chamber for 18 hours at 24°C. A DM IRBE microscope (Leica, Allendale, NJ)
with a 506W mercury lamp was used to asspsben viability. A pollen grain was considered
viable if a pollen tube had emerged from the pollen exine and had extended to twice the
diameter of the grai(Zottini et al., 1997; DiMatteo et al., 202@ig. 3-2). The appearance,
shape, and any otheotable characteristics of the pollen grains were also recorded. The

stored pollen was tested for viability every 7 days.

Fig. 32. A micrograph showing viable (v), nonviable (nv), and irregular
(ir) pollen grains.

Statistical Analysis:Data was analyzed using the PROC MIXED procedure of the
Statistical Analysis System (SAS Institute, ver. 9.4). In addition, multiple comparisons for
proportions, and Tukeyods significffarantesdi f f er e

between treatments within cultivar for the female to male conversion rate. A survival rate
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analysisi Cox regression proportional hazards mqd#®iP, ver.14, SAS Institute) was
utilized to assess the pollen storage data.

Experiment 3 Breeding lines of hempere evaluated to determine the overall content of
seven cannabinoids within the flower buds and leaf tissues. The cannabinoids evaluated were
cannabidiol (CBD), carmb i di v ar i Hhtetrah@dBobavinbinol (GHC),
tetrahydrocannabivarin (THCV), cannabigerol (CBG), cannabigerovarin (CBGV) and
cannabichromene (CBC).

Sample PreparatianAutoflowering plants were sampled by collectagerminal bud on
a lower, primary, lateral branch e&chplantas the primary apical buds had been treated with
silver nitrate, a masculinizing compoun8hortday plants were much slower to flower than
the dayneutral plants, so newdiprmed leaf tissuerather than a terminal bud, was sampled
from the apex of primary lateral braresh Samples 00.5 g 1.0 g, or 1.5 @f flower or0.25¢g
or 1 g samplsof leaf tissue wreput into a 15 mL polypropylene tube to which was added 10
mL of HPLC-grade methario The extract was filtered through a 0.45 um nylon syringe filter
before injection. All samples, both filtered and unfiltered, were stored &€7.2

Chromatographic AnalysisSamples were characterized using a Shimadz2@®@ gas
chromatograph equigol with a flame ionization detector (FID) and an AOCi autosampler.
The cannabinoids were separated using ar3B&il MS, 0.53 ID, 30 m, widbore column.

The carrier gas was hydrogen held at a flow rate of 3.97 mL(lraimd, 2020)

Foranalyses, the column temperature was ramped per the following protocol: 190°C for
0.1 min followed by an increase of 10°C per minute up to 225°C for 8 minutes, then 5°C per
minute to 250°C followed immediately by 25°C per minute to 315°C. The columheids

at 315°C for 1 minute before it was cooled to 19(cénd, 2020) To avoid degradation of
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chromatographic peaks, HPLgPade acetone was injected after every 10th sample. The
injection port septum was replaced every 75 injections, and the injectitimpo was
replaced every 150 injections, to maintain peak resolution.

The cannabinoid standards CBC, CBD, CBDV, THCV, and CBG were obtained from
Millipore Sigma (St. Louis, MO). Theg?-THC standard was obtained from Cerilliant (Round
Rock, TX) while Cgman Chemicals (Ann Arbor, MI) was the source of the CBGV standard.
Calibration curves were developed using the following references concentrations: 500, 250,

100, 50, and 25 ppm (Fi§-3, 3-4). Injection volume onto the R:@5Sil MS column was 0.6

uV Max Intensity : 142,751,510
S(#T) Time 6.205 Inten 1,478
7000015550
5(#3)
60000 n
a2
4(#3
soooo-{: £2)
3(#7)
3(#6)
3i#s
20000254}
(1
2(%7)
30000-15,5)
204)
2(42)
200002 1)
1#5)
1023
10000-117#2)
FAW |f
[ " ”
6. 7.0 7 8.0 8 9.0 95 100 105 110 115 120 125 130 135 140 145 150 185 180

Fig. 3-3. Composite chromatogram indicating the relative elution of 7 cannabinoids and
peak size as affected by concentration (500, 250, 100, 50 or 25 ppm).
CBDV = cannabidivarinTHCV = tetrahydrocannabivarin,
CBGV = cannabigerovarin, CBC = cannabichromene, CBD = cannabidiol,
@-TH C  2tetghydrocannabinol, and CBG = cannabigerol.
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Fig. 3-4. Representative cannabinoidlibration curve
cannabichromengCBC).

LeafExtraction Study Hemp leaves from 2 individual plants were sourced from a
greenhouse in Sebastopol, CA and 0.25 or 1 g of tissue was submerged in 10 ml of HPLC
grade methanol for 1, 3, or 5 days. There were tle@eates per weigkduration
combination. Once the tissue was submerged in the solvent, all samples were stored at 7.2°C.
Extracts were filtered and analyzed per the protocol previously described.

Only two cannabinoids, cannabidiol (CBD) and cannalidiv(CBDV), were used in
the final data analysis. Data was subjecte@iN®VA and Tukey Kramer's means
comparison to determine differences in total cannabinoid content as affected by extraction
duration, as well as differences in CBDV:CBD ratio.

Flower Extraction Study Hemp flowers from 5 individual plants were sourced from a
greenhouse in Sebastopol, CA and 0.5, 1, or 1.5 g of tissue was submerged in 10 ml-of HPLC
grade methanol for 2, 3, 5, 7, or 10 days. There were five replicates per-digigtion
combination. Once the tissue was submerged in the solvent, all samples were stored at 7.2°C.

Extracts were filtered and analyzed per the protocol previously described.
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The quantities of seven cannabinoids (CBD, CBDV, THC, THCV, CBG, CBGV, and
CBC) inthe tissues were used in the data analysis. Data was subjected to Tukey Kramer's
means comparison to determine differences in total cannabinoid content as affected by
extraction duration and tissue quantity. Additionally, data was analyzed for differience

CBDV:CBD ratio.

18



Chapter 4

RESULTS

Phytotoxicity Overall

Noticeablephytotoxicresponses were observed 24fter masculinization treatments
were first applied to the hemp plants, especially for plants treated with AVG. Plants treated
with 250 or 500 ppm AVG exhibited phytotoxicityhich was characterized by chlorosis of
the apical meristem and associated Igegxpanding leaves (Fig-%). Hants treated with 500
ppm AVG tended to have a greater phytotoxic respandeecoveed less quickly from the
phytotoxicitythan plants treated with 250 ppm AVGor plants sprayed with 250 ppm AVG,
the phytotoxicity often diminished within 3 to 4 days after sprayaithough yellowing of
leaf tips could be present even after flower initiation. Se&®@ phytotoxicity at flowering
was observed as yellow banding on older leaves and dried, distortedsnéincef~ig. 4-2).

In the present study, there appears to be an association between the use of 25 ppm GA
and plant death. For both field trials, 12 out of the 13 plants that collapsed and died were
treated gher with 500 ppm STS + 25 ppm £ plants dead) or 250 pp8TS + 25 ppm
GAz (7 plants dead)Only one plant that died was treated with 500 ppm ST&itdtreated
with AVG developed phytotoxicity, but not to the lethal degree of plants treate@with
(Fig. 42). Plants treat withabalt nitrate developed slight tissue damaael there was an
incomplete conversion of female to male flowersmédthylcyclopropene treatments, applied
as both a fumigant and spray, did not cause any phytotoxicity but led to zero masculinization

(no fumigation results shown)
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Fig. 41. Hemp phytotOX|c responses to 500 or 250 ppm AVG, or
500 ppm STS, 24 hours after first application.

Field Study: Masculinization

Male flowers began to appear during the week afterthee® of sprays, especially for
plants treated with STSAfter 3 applications, the industry standard of 500 ppm STS resulted
in superior masculinization (Tablel) and pollen dispersal, compared to the other
masculinization agents. Plants treated with AVG tended to be more masculinized than plants
treated withSTS + GA. Treatments of CBN and-MCP resulted in inferior masculinization

and were effectively eliminated from subsequent experimentafolten dispersal was

20



Fig. 42. Hemp responses to masculinization treatments: a. stem elongation in response to
500 ppm STS + 25 ppm GAb. phytotoxic response to 500 ppm cobalt nitrate; c.
phytotoxic response to 500 ppm AVG.

observably higher in plants treated with 500 ppm STS compared to plants from the other
treatments. Plants treated with AVG at either the 250 or 500 ppm levels were able to produce
pollen in substantial quanties, but the quantities still tended to bihéesthafrom plants

treated with 500 ppm STS. Incomplete masculinizatiG@male bracts antlichromes still

present on the floweiiswas observed in some plants treated with either level of AVG.

However approximately 10% of plantseated with 250 or 500 ppm AVG were induced to

masculinize to the same extent as plants treated with 500 ppm STS-8Fig. 4
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Table4-1. Degree of masculinization of hemp plants as affected by masculinization sprays.

Masculinization Rating

Treatment Field Greenhouse Averagé€
500 ppm silver thiosulfate (STS) 4.67 d 4.33 a 4.57 a
500 ppm aminoethyoxyvinylglycine (AVG) 3.88Db 433 a 4.00b
250 ppm aminoethyoxyvinylglycine, once weekly 3.81 b 3.23b 3.65b
250 ppm aminoethyoxyvinylglycine, twice weekly 417 a

500 ppm silver thiosulfate + 25 ppm GA 3.45Db

250 ppm silver thiosulfate + 25 ppm GA 3.55b

250 cobalt nitrate (CBN) + 25 ppm GA 2.25¢

500 ppm cobalt nitrate 1.50d

396 ppm imethylcyclopropene (MCP) 1.00d

¢ Masculinization rating for the combined data from the field and greenhouse studies.
Y Means within a column with the same letter are not significantly different at the 95%
confidence level according to the Tukikyamer HSD test.

ed

Vol A e

Fig. 43. Masculinized feale Iants shortly bfore anthmeek after final
application of masculinization sprays: a. masculinized flowers induced by AVG
at 250 ppm; b. masculinized flowers induced by STS at 500 ppm.
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Greenhousé&tudy: Masculinizadn
The three most efficacious treatmefntsn the field study weekly applications of 500
ppm STS, 250 or 500 ppm AViGand a twiceweekly application of 250 ppm AVG, were
used in a subsequent greenhouse study. All plants successfully masculinizestandg
pollen in sufficient quantities for collection. Treatments of 500 ppm STS or 500 ppm AVG
applied weekly or 250 ppm AVG applied twice weekly masculinized plants more than weekly

applications of 250 ppm AVG (Table}.

MasculinizationOverall
When comparing the three treatments used in both the field and greenhouse, weekly
applications of 500 ppm STS induced superior masculinization as opposed to 250 or 500 ppm

AVG applied weekly or twice weekly (Table.

Field Study: Pollen Storage

Pollenfrom field-grown masculinized plants was collected at anthesis, germinated, and
the viability data was subjected to survival analysis. There was no effect of masculinization
treatment (p < 0.5102) on the germinability of pollen initially or after stoaadel, 7.2, or
22.2°C, nor was there an effect of temperature on the storability of the pollen from the field (p
< 0.2272). The pollen had amitial germinability of 2.2% and, aftemeweek at 1.1 or
7.2°C, germinability increased to 3.3% or 5.8%, eespely (Fig. 44). Pollen remained

viable forthreeweeks at 1.1 and 7.2°C.
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Fig. 44. Germination rates of pollen from the Goleta field study,
stored at 1.1°C, 7.2°C, or 22.2°C. Week 1
germinability meanseparated by the Tukd{ramer
HSD test.

Greenhouse Study: Pollen Storage

The germinability of pollen collected from hemp plants grown in a greenhouse was
similar to that of pollen from fiekdyrown plants (p < 0.0001). The initial germination rate of
thepollen was 3.3%. Afteoneweek, pollen stored at 1.1°C had a germination rate of 4.9%
whereas the pollen stored at 7.2°C had a germination rate of 5.8%. Masculinizing treatment
in the greenhouse had no effect on pollen germinability (p < 0.9355), but storage temperature
had an d&ct on pollen viability (p < 0.0045). Pollen stored at 1.1°C remained viableuor
weeks whereas pollen stored at 7.2°C was viable for three weeks ¢Big. Rollen stored at

22.2°C remained viable for only one week.
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Fig. 45. Germination plot of pollen from the Sebastopol
greenhouse study stored at 1.1°C, 7.2°C, and 22.2°C
with pollen. Weelonegerminability means separated
by TukeyKramer HSD.

Survival Analysis

A survival analysis was conducted on the combined pollen viability data from both field
and greenhousgrown plants.Temperature had a significant effect on the survivability of
stored pollen (p = 0.0021)'he survivability of polleriended to béigher in the pollen
samples stored at 2@ with the pollen having the capacity to germinate until wWeek
These results were followetbselyby pollen stored at 7°€, where pollen retained the
ability to germinate until weetour. When pollen wastored at 22.Z, its capacity to
germinate ended by weéhree(Fig. 46). A steady weekly decline in germinability was

noticeable for pollen stored at any of the temperatures (Ff6g44).
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Fig. 4-6.  Survivability of hemp pollen as affected by storégmmperature.
Differences assessed by the Wal dos

Fig. 47.  Micrographs of pollen grains fro®TSinduced masculinized plants, stor
at 1.1°C for up to five weeks. If viable, the grains produced pollen tube
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