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Abstract. Genetically female seed is sought for cannabidiol (CBD) hemp production
because CBD is extracted from the flowers of female hemp plants. The production of all
female seed requires masculinization of female plants to produce genetically female
pollen that reliably generates female seed. Of the five female hemp genotypes that we
masculinized using foliar sprays of silver thiosulfate (Abacus, Cherry Wine, Mountain
Mango, Youngsim10, Wife), all genotypes produced fewer large and more irregular or
misshapen pollen grains than genetically male plants. Themasculinized female genotypes
Wife and Cherry Wine produced pollen with germination rates similar to those of the
male genotype Kentucky Sunshine. Female hemp genotypes vary in their ability to
produce usable pollen that disperses well, is easily collected, and germinates as well as
pollen from genetically male hemp plants.

Hemp is an annual dioecious species with
separate male (XY) and female (XX) plants
(Moliterni et al., 2004). Dioecious hemp seed
will generate �50% male and 50% female
plants (Schaffner, 1921). Female plants are
preferred overmales for CBDhemp production
because female inflorescences accumulate sig-
nificantly greater cannabinoid content than
male inflorescences (Small, 2015). Monoe-
cious plants, which have both male and female
flowers, occur occasionally in hemp, and cul-
tivars have been selected for use in the produc-
tion of industrial hemp fiber and grain. Male
and monoecious plants are problematic for
CBD production because of their pollen, which
is produced in copious quantities because hemp
is a wind-pollinated species (Small and Nar-
aine, 2016). A single male hemp flower can
produce hundreds of thousands of pollen grains
(Faegri et al., 1989), and hemppollen can travel
long distances by wind (Clarke, 1977).

Although female plants produce greater
CBD content than male plants, pollination
and subsequent fertilization of female plants
lead to seed development, which significantly
reduces the CBD content and, thus, the CBD
yield, of female plants (Meier and Media-
villa, 1998). Therefore, CBD hemp growers
must be vigilant when scouting for and re-
moving male or monoecious plants from
production fields before the plants release

pollen (DeDecker, 2019). Scouting and re-
moving males are highly labor-intensive for
growers and result in the loss of �50% of
harvestable land area per production cycle.

In an effort to eliminate male plants in
production, growers can use feminized
hemp seed, which contains only female
embryos (Soler et al., 2017). However, fem-
inized hemp seed is currently difficult to
source and prohibitively expensive for many
growers (Lee, 2019). Feminized seed is
more labor-intensive to produce than non-
feminized seed because it requires the mas-
culinization (induction of male flowers) of
female plants. Male flowers induced on
genetically female plants will produce pol-
len grains that contain only X gametes that,
when crossed with eggs from female plants,
result in all-female seed (Mohan Ram and
Sett, 1982). Female plants can be masculin-
ized by treatment with silver nitrate or silver
thiosulfate (STS). Lubell and Brand (2018)
demonstrated that foliar sprays of STS at 0.3
to 3 mM concentrations are effective for
inducing male flowers on female plants.
They noted that pollen output for masculin-
ized female plants may be reduced com-
pared with pollen output from genetically
male plants. We have observed that some
female hemp strains make better pollen
parents than others following masculiniza-
tion with STS. The objective of this study
was to evaluate differences in germination
of pollen from five masculinized female
hemp genotypes.

Materials and Methods

In vitro pollen germination was evaluated
for five masculinized female hemp genotypes,
Abacus, CherryWine,MountainMango,Wife,

and Youngsim10, and two male hemp geno-
types, Kentucky Sunshine and Youngsim10.
Plants were grown in a greenhouse with set
points of 21 �C/17 �C day/night. They were
well-established in 3-gallon containers and
between 1 and 1.5 m tall, depending on the
strain when the flowering stage was initiated.
Plants were potted in a peatmoss-based grower
mix (ProMix BX; Premier Tech Horticul-
ture, Quakertown, PA) and top-dressed with
controlled-release fertilizer (Osmocote Plus
15N–3.9P–10K 5- to 6-month formulation;
Everris NA, Dublin, OH) at 64 g/container.
During the vegetative stage, plants received a
soluble fertilizer (Peters 20N–8.7P–16.6K;
Scotts, Marysville, OH) providing 100 ppm
nitrogen at every irrigation as needed. Begin-
ning on 26 Sept. 2019, plants were provided
short-day conditions of 12 h using a blackout
curtain to initiate the flowering stage. Silver
thiosulfate solution at a concentration of 3 mM

was prepared according to Lubell and Brand
(2018). Female plants were sprayed to runoff
(�400 mL/plant) on three occasions, 7 d apart,
on 26 Sept., 3 Oct., and 10 Oct. 2019. During
the flowering stage, plants received a soluble
fertilizer (Peters 15N–12.9P–12.5K; Scotts)
providing 100 ppm nitrogen at every irrigation
(8 L/day).

Pollen grains were collected in 2-mL cen-
trifuge tubes from male plants on 14 Oct. 2019
and frommasculinized female plants on 21Oct.
2019, except for Abacus, which was collected
on 28 Oct. 2019. Immediately after collection,
pollen was spread on petri dishes containing a
gelled medium using a soft bristled brush. The
germinationmedium, described by Zottini et al.
(1997), was composed of 17% sucrose, 30
mg·L–1 Ca(NO3)2, 100 mg·L–1 H3BO3, and
0.7% agar, with pH adjusted to 6.4. Three petri
dishes were prepared per genotype. Petri dishes
with pollenweremaintained for 18 h at 24 �C in
a growth chamber with a 16-h photoperiod (25
umol·m–2·s–1). Pollen grains were visualized
using a compound microscope (Microphot-
FXA; Nikon Instruments, Melville, NY) and
microscopy camera (Infinity3; Teledyne Lume-
nera, Ottawa, ON). For each petri dish, up to
200 pollen grains formale plants and 200 to 700
pollen grains for masculinized female plants
were scored for germination. Pollen grainswere
counted as germinated if any organized tip was
observed emerging from the pollen wall. Non-
germinated spherical pollen grains were
counted as large if their diameter was larger
than 35 m and small if their diameter was

Fig. 1. Terminal inflorescences consisting of male
flowers for masculinized female genotypes (A)
Abacus, (B) Cherry Wine, (C) Mountain
Mango, (D) Wife, and (E) Youngsim10.
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smaller than 34 m. The pollen grain diameter
was measured for the longest axis using ImageJ
(National Institutes of Health, Bethesda, MD).
Nonspherical irregular pollen grains were also
counted. Data were subjected to an analysis of
variance (PROC ANOVA) and mean separa-
tion using Fisher’s least significant difference
test (P # 0.05) using SAS software (version
9.2; SAS Institute, Cary, NC).

Results

All five female genotypes produced male
flower buds following treatment with STS.
Figure 1 shows terminal inflorescences with
male flowers for the five masculinized female
genotypes. Flowers on male genotypes began
opening and releasing pollen 18 d after short-
day conditions were initiated. Male flowers
on all masculinized female genotypes, except
Abacus, required 25 d of short-day conditions
before opening. Nearly all flowers on male
genotypes opened and released pollen; how-
ever, many flowers on masculinized female
genotypes did not open, and few flowers
opened on Abacus.

Of the fivemasculinized female genotypes,
Wife produced the most visible pollen, which
was similar in consistency to pollen frommale
genotypes.MountainMango andYoungsim10
also produced visible pollen. Cherry Wine
flowers did not produce visible pollen as
consistently as the other masculinized geno-
types, and Abacus did not produce visible
pollen. Wife, Mountain Mango, and Young-
sim10 pollen was easy to collect in centrifuge
tubes for storage or use in hand pollinations.

Masculinized genotypes Wife and Cherry
Wine had pollen germination rates similar to
those of genetically male Kentucky Sunshine
(Table 1). Wife had the greatest pollen germi-
nation percent compared with the other four
masculinized female genotypes. Plants pro-
duced large-diameter (average 40 m) and
small-diameter [average 26 m; P = 0.0001
(n = 30)] pollen grains (Fig. 2). Male geno-
types produced significantly more large pollen
grains than did masculinized female geno-
types (Table 1). All masculinized female ge-
notypes produced a significant number of
irregular or misshapen pollen grains (Fig. 2;
Table 1), whereas male strains produced none.
Abacus produced the greatest percent of irreg-
ular pollen grains at 83% (Table 1). No pollen
germination was observed for Abacus.

Discussion

We observed two different pollen grain
sizes, large and small. The difference in pollen
grain size could indicate that large grains had
undergone microspore mitosis I, which can
result in increased grain diameter, and that
small grains did not (McCormick, 1993).
Irregular or misshapen pollen grains were
commonly observed for masculinized female
genotypes. Irregular pollen grains could be the
result of many things, including abnormal
meiosis, improper exine formation, and prob-
lems with the tapetal cells (Baghali et al.,
2011; Small, 1972). The pollen germination

Fig. 2. Freshly collected pollen of masculinized female Wife (A) and 18-hr germinated pollen of
masculinized female Wife (B), Cherry Wine (C), Mountain Mango (D), Youngsim10 (E), and Abacus
(F), and male Wife (G) and Kentucky sunshine (H). SM = small pollen grain; LG = large pollen grain;
IR = irregular pollen grain; GE = germinated pollen grain.

Table 1. Percent of pollen grains germinated, of large and small diameter, and of irregular shape for five
masculinized female strains and two male strains of hemp.

Percent of pollen grains

Hemp genotypes Germinated Large Small Irregular
Masculinized female
Abacus 0 dz 0 d 17 e 83 a
Cherry Wine 5 cd 12 bc 46 ab 37 b
Mountain Mango 4 d 9 cd 48 a 38 b
Wife 13 b 18 b 24 de 44 b
Youngsim10 2 d 3 cd 45 abc 50 b

Male
Kentucky Sunshine 10 bc 57 a 33 bcd 0 c
Youngsim10 19 a 49 a 32 cd 0 c

zMean separation within columns indicated by different letters according to Fisher’s least significant
difference at P # 0.05.
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rates we observed were less than those re-
ported for hemp by Zottini et al. (1997) using
the same germination media. This contrast
may be attributable to differences in genotype
and growing conditions. Zottini et al. (1997)
evaluated pollen germination for the fiber
variety Carmagnola, which was grown out-
doors in the field. Our pollen germination rates
for CBDhemp are similar to those reported for
five cultivars of tea hybrid rose (Voyiatzi,
1995).

Overall, those interested in masculinizing
female plants to produce all female pollen
should generally expect to see lower produc-
tion of usable pollen than is found with
genetically male plants. Pollen output from
masculinized females can range from com-
plete failure of some genotypes to other
genotypes that yield usable pollen, which is
comparable to that from a genetic male. For
example, female Abacus did not produce
obvious viable pollen, but Wife produced
pollen that was essentially equivalent to male
pollen because it could be collected and had
similar germination percentage. Production
of viable pollen from female Cherry Wine,
Mountain Mango, and Youngsim10 plants
was intermediate. Masculinized female
plants can be expected to produce fewer large
pollen grains and more misshapen pollen
grains than male plants. Pollen from mascu-
linized plants will not disperse as well, will

be more challenging to collect in bulk, and
may not germinate as well as pollen from
genetically male plants.
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