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Cytological Study in Hybrids of Sorghum almum

(Gramineae)
s. P. SENGUPTA and D. E. WEIBEL

OIdahoma State University, Stillwater

Diploid and tetraploid parental combinations generally result in trip­
loid hybrids, but higher percentages of tetraploids were reported by En­
drizzi (19lS7) and McClure (1965) in hybrids of cultivated diploid sor·
ghum and tetraploid Sorghum almum. Vardi and Zohary (1967) noted
this phenomenon in hybrids of wheat and indicated it as diploid introgres­
lion into tetraploids. Associated with this phenomenon in sorghum were
some cytological behaviors such as: (1) formation of polyploid micro­
sporocytee observed by Damon (1961) in diploid sorghum and by Mc­
Clure (tealS) in hybrids ot 8. almum and diploid sorghum var. Martin, and
(2) asynapsis reported by Stephens and Schertz (1965). The polyploid
mlcrosporocytes were classified and named as syncytes after Levan by
Price (1956).

This report deals with the chromosome numbers of about 100 hybrid!
involving culUvated diploid sorghum and tetraploid Borghum almum and
their cytological behavior.

MATERIALS AND METHODS

The materials stUdied in this report were hybrids of F J generation
involving diploid cytoplasmic male-sterile varieties of sorghum, namely.
Combine Katir 60, Dwarf Redlan, Martin, Redlan, and Wheatland as
female parents and tetraploid Sorghum almum as male parent. The
cytological observations were made by studying pollen mother cells stained
with acetocarmine.

RESULTS

Hybrid combination Martin X S. almum yielded no triploids, while
hybrids in all other combinations yielded triploids and tetraploids ('fable
I). In trlploids chromosome associations showed high incidence ot uni'
valenta and trivalents averaging up to 3.8 and 3.0 respectively, and oc·
casional quadrivalenta (Fig. 1) . Bivalent associations averaged up to
10.9. Anaphase I was Irregular with laggards. One plant ot hybrid com·
bination Dwarf RedIan X 8. almum with regular chromosomes 2" = 30
showed syncytes with 2" = 60 chromosomes having an association of i
unlvalents. 22 bivalents, and 3 trivalents (Fig. 7). Syncytes with chromo­
80mes 2" = 60 were also observed in hybrids of Redlan X 8. almum and
Wheatland X 8. almvm. The triploids were usually male-sterile, tilt
flowering head appearing grassy with no seed-set.

The tetraploids with chromosome 2" = '0 were found mostly normal
with bivalenta up to 17.8 and a range from 0 - 20. In some tetraploidl
one quadrivalent was found to be conspicuously associated with the nucle­
olus (Fig. 2). Anaphase I was usually regular (Fig. '), but sometimes
irregular with laggards and occasional dividing univalents (Fig. 3) and
unequal distribution of chromosomes at the poles. Male fertility was]
evidenced by grain formation, sometimes with heavy seed-set. In thJ't!1
hybrid combinations few &Synaptic cells with 40 umvalents were ob8erYtcI

(FIg. G). Two or more nucleoli were occasionally observed in some ,~e1J'i
indicating syncyte formation (Fig. 6). One hybrid of Wheatland >: ~
tIlmtim combination showed syncytes with chromosomes 2" = 80, 1-
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Figure 1.

Figure 2.

Ftaure 3.
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LmEND TO THE FIGURES

Metaphase with Chromosome 2t. = 30 in hybrid Dwarf Red­
Ian X B. almum

Diakinesis with chromosome 2» = 40 and one quadrivalent

being associated with the nucleolus in hybrid Wheatland X
B. olm",",.

Anap'haae I with chromosome 2n = 40 showing laggards and
dlvtmDg unlvalents in hybrid Wheatland X B. almum.

ADapbaae I with 20 chromosomes toward each pole in hybrid
Martin X B. CIlm"",.

Aaynaptlc een With 40 univalents In hybrid Martin X S.
GlMtI-.

~ with three nucleoli In hybrid Combine Katlr 60 > s,
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trtcure 7. Syncyte with chromosome association 1 untvalenta, 22 biva­
lent&. 3 trivalents, " 0 quadrivalent at metaphaae in hybrid
Dwarf Redlan X 8. aimum.

~ 8. Syncyte with chromosomes, 2n = 160 at metaphase. spread­
ing in stellate fashion in hybrid Wheatland X 8. almum.

Figure 9. Syncyte with chromosome 211 = 160 at anaphase of the same
hybrid as in Figure 8.

Figure 10. Syncyte with chromosome 211 = 200 approximately at ana-
phase of hybrid Martin X S. almum.

(Figs. 8 It 9) and approximately 300 spread over large sporogenous area.
In hybrid combination Martin X S. almum syncytes with chromosomes
211 = 80, 160 in two plants, and approximately 200 in one plant (Fig. 10)
were observed. In one plant of the same hybrid combination semi-asyn­
aptic cells with univalents up to 16 and syncytes with chromosomes 211 =
160 spreading over large sporogenous areas were observed. Evidently
these tetraploid plants were male-sterile. A male-fertile tetraploid of
hybrid combination Redlan X S. almum showed only a few small syncyte8.

DISCUSSION AND SUMMARY

Asynaptic cells in three different hybrid combinations ranged trom
5 - 10% (Table ill. Stephens and Schertz (1965) noted that asynapsis in
Borghum vulgare was inherited 8S a sImple recessive and controlled by
a single gene giving a 3:1 segregation of fertile to sterile plants. Roy
and Jha (1958) studied a plant of Abolmo8chus esculentU8, which was
semi-asynaptic and produced large numbers of flowers and fruits. Genes
causing complete asynapsis and resulting in polyploid gametes and off­
spring in several plants were reported (Burnham 1964). These genes
might be introduced into any desired variety but would have to be re-

TABLE II. SUMMARY OF OBsERVATIONS
_. __ ........_.._~----

Hybrid. 0/0 of Total Plant. with % ot Total

TripJolclY TetrapJolcly Male A.ynapUc Sync,te. Tetraploid.
fertflity cell. A Pol,. Male-fertile

ploidy

Combine Kafir 60 17.6 82.4 47.1 0 5.9- 8X· 50.0

X Sorghum almum

Dwarf Redlan 13.6 86.4 68.2 9.0 4.5- ax 18.1

X Sorghum aJmum

Martin 0 100.0 M.O 10.0 10.0. 8X, 65.0

X Sorghum almum lax & 20X

Redlan 10.5 89.5 52.1 0 10.5- ex 62.9

X Sorghum aJmum 6SX

Wheatland .20.0 80.0 45.0 5.0 10.0- ex, 60.0

X Sorghum almum ax, lex,
6 SOX

• X designates sets of haploid chromosomes.
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moved trom the polyploidB produced. U these stocks were crossed with
tetraploid8, the full-sized seeds would have good chance of being tetra­
ploid. In the present stuly the plants with asynaptic cells were found to
be male-fertile tetraploids, the size of the asynaptic cells being apprecI­
ably 8maller, and no bigger than the normal meiotic cells. The plant
with aeml-asynapttc cells and syncytes of larger units (Chromosomes
2" = 160) was evidently male-sterile.

McClure (1966 )observed, in hybrids of Martin X 8. almum, polyploid
sporocyte.e (syncytes), with chromosomes 2n = 50, 80, 100, and 120. He
considered that the production of these syncytes might be controlled by
the same type ot mechanism that resulted in unreduced eggs and also by
the breakdown ot the cell walls ot the microsporocytes. In the present
study .yncytes were found with chromosomes 2n = 50, 80, 160, 200, and
300 in different combination hybrids. This might indicate that these
were cases of fusion syncytes, where fusion of cells in varying degrees
from smaller to larger units took place by dissolution of the cell walls
jult prior to meiosis. This was evidenced by the presence ot cells with
two or more nucleoli and also bigger syncytes with chromosomes of dif­
ferent cell units spread into stellate fashion (Figs. 6 and 8). This was in
agreement with the tindings of Price (1956), who considered the syncytes
in Saccharum and EnanthU8 to be cases of fusion syncytes. He suggested
that in 8acchamm and its relatives syncytes might lead to the formation
ot diploid pollen grains, and they might play a part in the male transmis­
lion of 2" chromosome numbers.

From the present study the evolutionary implication of the syncytes
in the IOrghum hybrids appeared to be two fold: (1) the bigger syncytes
Ipreading over larger sporogenous area might degenerate, and (2) the
Iyncytes ot smaller units might contribute male diploid pollen to fertilize
temale gametes of unreduced eggs giving rise to higher polyploids. A
certain balance between the asynaptic cells and the syncytes appeared to
be necessary to have favorable effect on the fertility of the tetraploids.
This was evidenced in the hybrid combination Dwarf Redlan X 8. almum,
where as high as 73.7% of the tetraploids were male-fertile, per cent of
plants with asynaptic cells being 9 and that with syncytes being only
4.'S (Table fi). In a hybrid combination, Wheatland X 8. almum, where
the syncytes were larger and covered more sporogenous area, and the
incidence of asynapsis was less, male fertiuty of the tetraploids came
down to lSO%. An intermediate stage could be noted in hybrid combina­
tion Martin X 8. Glmum where the male fertility of the tetraploids was
M%.

Hybrid combinations of cytoplasmic male-sterile diploid sorghum,
namely, Combine Katir 50, Dwarf Redlan, Martin, Redlan, and Wheatland
with tetraploid SorgAum almum constituted 0 - 20% male-sterile triploids
and 80 - 100% tetraploids, of which 50 - 73.7% were male-fertile as evi,
denced by grain formation. Meiosis of microsporogenesis of the male­
fertile tetraplold8 was mostly normal. Percentage of plants with asynaptic
cells in 3 hybrid combinations ranged from 5-10, and the asynaptic cells
appeared to be smaller in size as compared to normal meiotic cells. syn­
cytea were found in all combination hybrids with chromosomes 2n = 60,
80. 160, approximately 200 and 300. and they were considered to be fusion
lynCytes. It is suggested that the evolutionary implication of the
syncytea in sorghum hybrids could be two-fold: (1) syncytes of larger
size might develop nonfunctional pollen of very big size, and (2) syncytel
of amaller units might form functional diploid pollen contributing male
2. chromosomes and giving rise to higher polyploids. Asynaptic ceDI
appear to counterbalance the size effects of syncytes and favor tJlt
formation of male-fertile tetraploids as evidenced in a hybrid combiill'
tion of Dwarf Redlan X 80rgAum c&lm"m.
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