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inflorescence) or not (indeterminate inflorescence). In contrast, 
in the cymose inflorescence, the main axis has no more than 
two second-order branches and no more than two extrafloral 
leaves (phyllomes). The number of branching orders is not 
limited. In a cymose pattern, the main axis is commonly 
terminated by a flower. In both racemose and cymose patterns, 
the plant can produce variable number of flowers per 
inflorescence. Two additional inflorescence types, thyrse and 
panicle, are intermediate between cymose and racemose patterns 
(Endress, 2010).

Terminology for phenological stages of Cannabis 
development and flowering has been recently proposed by 
several authors (Farag and Kayser, 2017; Mishchenko et  al., 
2017; Raman et  al., 2017). In horticultural practice, Cannabis 
is propagated by rooted cuttings, with two bracts and a 
solitary flower primordium developing in the axil of each 
stipulate leaf (Cervantes, 2006; Caplan et  al., 2018). 
Development of these solitary flowers is the first visual 
indication of the plant’s sex, and in horticultural practice, 
they are used to discriminate between female and male plants 
at relatively early developmental stages.

While the nomenclature of female flowers is abundantly 
presented on non-scientific websites1, the flowering terminology 
is often controversial and confusing. Therefore, the present 
study focused on a morphophysiological analysis of female 
cannabis plants. Plant architecture and timing of initiation and 
differentiation of the inflorescence and individual flowers of 
three cultivars are described and illustrated. This research 
provides a basis for further molecular genetic investigations 
of the cannabis flowering system.

MATERIALS AND METHODS

Plant Material and Growth Conditions
Three medical cultivars of Cannabis sativa L., NB130, NB140, 
and NB150 (Canndoc Ltd., Israel), were used as model 
systems in this study. “NB130” is a ~7%/7% Δ9-
tetrahydrocannabinol (THC)/cannabidiol (CBD) cultivar with 
sativa dominant phenotype; “NB140” and “NB150” are high 
THC cultivars (~15%/0.03% THC/CBD) with indica dominant 
phenotype and sativa-indica mixed phenotype, respectively. 
The plants were propagated from cuttings of a single female 
mother plant in a coconut fiber mixture. Rooted cuttings 
were transferred to 200-ml pots for 14  days and then 
transferred to 2-L plastic pots, one cutting per pot, in a 
coconut/perlite growing mixture (Tuff Merom Golan, Israel) 
and cultivated in a controlled environment for an additional 
1  week under long photoperiod (16/8  h light/dark), which 
is referred to in the literature and by cannabis growers as 
vegetative growth conditions. MH bulbs (1,000 W) provided 
a light intensity of 600  μmol  m−2  s−1 (GrowLite Tru Blue, 
GrowLite Inc., Glendale, AZ, USA). Thereafter, the plants 
were transferred to a short (12/12  h) photoperiod under 

1 https://www.cannabisbusinesstimes.com/article/the-nomenclature-of- 
female-flowers/

1000  W HPS bulbs (Grow lite Real Red HPS) with a light 
intensity of 1,000 μmol m−2 s−1. Light intensity was confirmed 
using an Apogee MQ-500 PAR meter (Apogee Instruments, 
Logan, UT, USA). Temperature in the growth room was 
25°C, and relative humidity was 40 and 60% day/night, 
respectively. Temperature and humidity were continuously 
recorded using an EC850A MicroLog Pro (Fourtec-Fourier 
Technologies, Orland Park, IL, USA). Irrigation was supplied 
via 1 L h−1 discharge-regulated drippers (Plastro-Gvat, Kibbutz 
Gvat, Israel), 1 dripper per pot (Bernstein et  al., 2019). 
The volume of irrigation was 500–800  ml/pot/day, set to 
allow 35–40% of drainage. Fertilizers were supplied by 
fertigation, i.e., dissolved in the irrigation solution at each 
irrigation event in the concentration of 85  ppm  N (with 
1:2 ratio of NH4

+/NO3
−), 40  ppm P2O5 (17  ppm P), and 

108  ppm K2O (90  ppm  K). Micronutrients were supplied 
chelated with EDTA in the concentrations of 0.4  ppm Fe, 
0.2  ppm Mn, and 0.06  ppm Zn. On each sampling date, 
three individual healthy plants and/or apical and lateral 
meristems were randomly picked for macro- and 
micromorphogenetic analyses.

Microscopy
Plants of each cultivar were sampled for meristem analysis every 
5–7  days. Analyses were conducted with three replicate plants 
per cultivar on each sampling day. Sampled plants were carefully 
stripped of their leaves, and leaves were also removed from 
the developing floral buds. Isolation of meristems or developing 
inflorescences was performed under a stereomicroscope (Olympus 
model SZX10, Japan).

For scanning electron microscopy (SEM), the excised 
meristems were fixed in ethanol (70%) and dehydrated in a 
graded ethanol series (90 and 100%). Tissues were then 
immediately dried using liquid CO2 in a K-850 critical point 
dryer (Quorum Technologies, Laughton, UK). Samples were 
mounted on SEM stubs with double-sided tape, sputter-coated 
with about 10  nm of palladium in a SC7620 mini sputter 
coater (Quorum Technologies), and studied in a Jeol JCM-6000 
scanning electron microscope (Akishima, Japan) with an 
accelerating potential of 15  kV.

RESULTS

Growth and Development Under  
Long Photoperiod
During growth under long photoperiod, the main shoot of 
the cannabis plants branched monopodially, producing alternate 
branching shoots (Figure 2A). The monopodial plant consisted 
of numerous phytomers, each of which included an internode 
with one large photosynthetic palmately compound leaf (foliage 
leaf or fan leaf) and axillary shoot secondary phytomer. Two 
bracts were located on each side of the leaf petiole base, each 
subtending a solitary flower (Figures 2B,C). Production of 
subtending bracts and flower primordia by main and axillary 
meristems under long photoperiod growth conditions strongly 
indicated that the plants were in a reproductive stage 
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FIGURE 2 | Growth and development of Cannabis under long photoperiod. (A) Young rooted cutting of cv. NB140 2 weeks after rooting. Bar = 10 cm.  
(B) Internode of cannabis plant. Axillary shoot, two bracts, and two solitary flowers are located in the axil of a foliage leaf. Bar = 0.2 cm. (C) Schematic 
representation of the basic phytomer, including internode, foliage (fan) leaf, two bracts, and two solitary flowers. (D) Scanning electron photomicrograph of cannabis 
apical meristem. Bar = 100 μm. (E) Stereoscope image of cannabis apical meristem producing leaves, solitary flowers, and bracts. External leaves removed to 
expose the meristem. Bar = 200 μm. b, bract primordium; f, flower primordium; l, leaf primordium; m, meristem; r, perigonal bract.
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(Figures 2B,D,E). It should be noted that during growth under 
long photoperiod, solitary flowers were observed in the leaf 
axis of all three cultivars (Figure 2B, Supplementary Figure 1). 
These flowers reached anthesis under long photoperiod in 
“NB130” and “NB150” (Supplementary Figure 1). In “NB140,” 
the solitary flowers were not fully developed and stigmata 
were not visible (Figure 2B).

Growth and Development Following 
Transition to Short Photoperiod
Three weeks after rooting, young plants were moved to short 
photoperiod conditions (Figure 3A). After 5  days of short 
photoperiod, solitary flowers of “NB140” at the leaf axis 
were fully developed and stigmata were visible (Figure 3B).  
Since stigmata of solitary flowers in the apical zone might 
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FIGURE 3 | Growth and development of Cannabis following transition to short photoperiod conditions. (A) Cannabis plant “NB140,” 5 days after transition to short 
photoperiod conditions. Bar = 10 cm. (B) Apical part of main shoot of “NB140,” 5 days after transition to short photoperiod conditions. Bar = 0.5 cm. (C) Scanning 
electron photomicrographs of apical meristem after 7 days of growth under short photoperiod conditions. Bar = 200 μm. (D) and (E) Shoot apex of “NB140” after 
11 and 12 days of growth under short photoperiod conditions. (E) Apex phase determined as first day of visible inflorescence. Bars = 0.5 cm. b, bract primordium; 
f, flower primordium; arrowheads, stigmata.
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