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MENZEL, MARGARET Y. (Agricultural Research Service, U.S.D.A.) . Meiotic chromo-
somes of monoecious Eentucky hemp (Cannabis sativa.) Bull, Torrey Bot. Club, 91: 193-
205. 1964. Staminate plants of dioecious ‘Kentucky’ hemp (KY-d) and of three other
dioecious strains had a heteromorphic pair of chromosomes at diakinesis and at meta-
phase I and were assumed to have the sex chromosome constitution XY. All analyzed
plants of female-habit (Ky- 9 m) and male-habit (Ky- $ m) ‘Kentucky’ monoecious hemp
and of a German monoecious strain lacked the heteromorphic pair as did a pistillate
plant of Ky-d, and hence were presumbly XX. Ky- $ m plants differed from other strains
in having a large extra piece of heterochromatin attached to the short arm of both
nucleolar chromosomes distal to the nucleolus organizer. The pachytene bivalents of hemp
are characterized by proximal blocks of heterochromatin flanked by faintly-staining
distal segments which terminate in deeply-staining telochromomeres. The short arms
of the nucleolar chromosomes and of one other pair terminate with heterochromatic
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segments. Comparison of pachytene idiograms of Ky-d males (XY) and G-m (XX) failed
to reveal differences which would identify the sex chromosomes at this sta.ge.

Cannabis sativa L. is normally a dioecious species in which staminate
and pistillate plants differ in habit and date of maturity. Pistillate plants
of the ‘Kentucky’ variety can be induced to produce some staminate flowers
under certain photoperiods (Borthwick and Scully, 1954). From the selfed
progeny of such plants, selection over several generations gave rise to a
uniformly late-ripening strain with female growth habit which, although
it produced predominantly pistillate flowers, had sufficient pollen-shedding
staminate flowers to maintain the line (Feaster, no date ; 1956 ; and unpub-
li.shed).  Female plants were rogued and the monoecious plants permitted
to intercross.

In 1955, in a field plot of female-habit monoecious hemp, four monoecious
plants were found which had the early-ripening, high-fiber male habit.
When selfed  or intercrossed, these plants bred true for male habit but
segregated widely for the proportion of pistillate to staminate flowers. In
1956 a cytological study was initiated to see whether chromosome morphol-
ogy could clarify the basis of monoecism and afford a rational basis for
further breeding.

Strasburger (1910) and McPhee  (1924) failed to find heteromorphic
sex chromosomes in hemp, but most other workers (Hirata, 1924, 1929 ;
Sinhto,  1929; Mackay, 1939; Yamada,  1943; Hoffman, 1947, 1952) agree
that dioecious hemp has heterogametic males with a heteromorphic pair
of X and Y chromosomes. The genetic and cytological basis of derived
monoecism, however, remains in dispute; the evidence has been summarized
and criticized by Westergaard (1958). The principal hypotheses are (a)
that monoecious plants are all XX, variation in sex expression being due
to heterozygosity of genes on X chromosomes and autosomes (Sengbusch,
1952), and (b) that monoecious plants may be XX, XY, and YY, the main
function of sex determination having been pre-empted by autosomal genes
(Hoffman, 1947, 1952).

Westergaard, noting that most of the available data stem from large-
scale breeding programs in which pollination was insufficiently controlled
for precise cytogenetic analysis, has clearly outlined the experimental pro-
cedures necessary to clarify the genetic basis of monoecism. The studies
reported here were far from meeting the rigorous requirements stipulated
by Westergaard. Field and garden facilities which met the security require-
ments of state and federal narcotics agencies were not available in Tallahas-
see and the plants did not thrive under local greenhouse conditions. Hence
it was not feasible to carry out controlled crosses or selfings or t,o grow
single-plant progenies. The study was confined to plants drawn from breed-
ing experiments of Dr. Carl V. Feaster at the Plant Industry Station,
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Beltsville, Maryland and to first-generation progeny of such plants. The
breeding program was terminated in 1955 before definitive answers could
be obtained to several cytogenetic questions. But since the--material ex-
amined included male-habit monoecious plants regarded by Sengbusch as
non-existent and by Hoffman as extremely rare, it seems worthwhile to
record the observations for the benefit of later students of the problem.

Materials and methods. In addition to Kentucky dioecious (KY-d),
female-habit monoecious (Ky-?m)  and male-habit monoecious (Ky-$m)  ,
three other strains of dioecious hemp (P.I.185021,  P.I.170264,  and Wiscon-
sin 37242) and a monoecious strain .said to have come originally from
Germany but otherwise of unknown origin (G-m) were examined cytol-
ogically. At first, plants were grown at Beltsville and shipped to Tallahassee
when almost ready to bloom. In a few instances, buds were collected from
Beltsville-grown greenhouse plants and shipped fixed to Tallahassee. Later,
plants of all seven strains were grown in greenhouse and garden in Talla-
hassee, Kentucky strains required artificial short-day treatment to induce
blooming if they were planted after about March 15 or before October 15.

Plants of the four dioecious strains were readily scored as male or
female, although on one occasion (May, 1956) five out of twenty female
plants of Ky-d produced a few staminate flowers at the end of the blooming
season when the plants were heavily loaded with seeds. The Ky-?rn  plants
all had female habit. In Tallahassee, the flowers were predominantly pistil-
late and many plants never produced staminate flowers. Consequently the
proportion of plants which could be analyzed was low. Of nine plants
analyzed in 1956, one had only staminate flowers, and three had mostly
staminate flowers and produced a few pistillate flowers only toward the
end of the blooming season. The other five plants had mixed pistillate,
staminate, and a few hermaphroditic flowers throughout the season.

The Ky-,$m plants were more variable in habit than Ky-d staminate
plants, but none of the plants was classified as having female habit. The
proportion of pistillate and staminate flowers varied widely from plant to
plant and on individual plants at different times during the season. Since
the two principal cytological features being scored appeared unrelated to
the ratio of pistillate to staminate flowers, it was not recorded in detail.

The G-m strain did not show a photoperiod response in Tallahassee. The
plants were dwarfed and so variable in habit and flower type that classifica-
tion was impracticable. Analyzed plants ranged phenotypically from strict
female to strict male habit, and produced 5-100s  staminate flowers, but no
variation in chromosome morphology was noted.

Buds for cytological study were fixed in 3 parts 95% ethanol: 1 part
glacial acetic acid, stored in a refrigerator at about 3°C and examined
in standard temporary aceto-carmine squashes. A phase contrast micro-






















