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Dr. E K Janaki Ammal — A Brief Biography

Dr. E K Janaki Ammal, a renowned botanist and plant cytologist
who made significant contributions to genetics, evolution, phytogeography
and ethnobotany was born in Tellichery, Kerala, in a cultured middle class
family on 4® November 1897. Ammal’s father was a sub-judge in what was
then the Madras Presidency. She had six brothers and five sisters. After
schooling in Tellichery, she moved to Madras where she obtained the
Bachelor’s degree from Queen Mary’s College and her Honours degree in
Botany from the Presidency College in 1921. She then taught at the
Women’s Christian College (WCC), Madras (now Chennai), with a sojourn
as a Barbour Scholar at the University of Michigan in USA where she
obtained her Master’s degree in 1925. Returning to India, she continued to
teach at the WCC, but went to Michigan again as the first Oriental Barbour
Fellow where she obtained her D.Sc in 1931. On her return, she became
Professor of Botany at the Maharaja’s College of Science, Trivandrum and
taught there during 1932-34.

From 1934-1939 she worked as Geneticist at the Sugarcane
Breeding Institute at Coimbatore. During that period Sir T S Venkataraman
developed the internationally famous Coimbatore canes such as Co 419 with
qualities of drought- and disease resistance. The Co varieties were grown in
all parts of India and were also preferred for cultivation in other countries
where sugarcane was an important crop. It was in this scenario that Ammal
quit her teaching position in Trivandrum and joined the Institute at
Coimbatore. Ammal’s pioneering work at the Institute on the cytogenetics of
Saccharum officinarum (sugarcane) and interspecific and intergeneric hybrids
involving sugarcane and related grass species and genera such as Bambusa

(bamboo) is epochal. She made extensive studies on several intergeneric



hybrids notably Saccharum x Zea, Saccharum x Erianthus, Saccharum x

Imperata and Saccharum x Sorghum.

Ammal then left for England and during 1940-45 and worked as
Assistant Cytologist at the John Innes Horticultural Institution in London,
and as Cytologist at the Royal Horticultural Society at Wisley during 1945—
51. During the years (1939-1950) she spent in England, she did
chromosome studies of a wide range of garden plants. Her studies on
chromosome numbers and ploidy in many cases threw light on the evolution
of species and varieties. The Chromosome Atlas of Cultivated Plants which
she wrote jointly with C D Darlington in 1945 was a compilation that
incorporated much of her own work on the many species on which she
worked. The focus on polyploidy and evolution of plants which effervesced
then, continued on her return to India and Ammal worked on some of the
most important genera: Solanum, Datura, Mentha, Cymbopogon,and
Dioscorea, besides a range of medicinal and other plants too many for
mention here. Ammal was an original thinker and she attributed the higher
rate of plant speciation in the cold and humid northeast Himalayas as
compared to the cold and dry northwest Himalayas to polyploidy. Also,
according to her, the confluence of Chinese and Malayan elements in the
flora of northeast India led to natural hybridization between these and the

native flora in this region, contributing further to plant diversification.

Comprehending her innate scientific acumen, the then Prime
Minister of India, Jawaharlal Nehru, invited her to accept an assignment as
Special Officer to reorganize the Botanical Survey of India (BSI), she
returned to India in 1951. From then on, besides the reorganization of the
BSI, Ammal continued to be in the service of the Government of India in

various capacities including heading the Central Botanical Laboratory at
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Allahabad and Officer on Special duty at the Regional Research Laboratory
in Jammu and Kashmir. She worked for a brief spell at the Bhabha Atomic
Research Centre at Trombay and then settled down in Madras in November
1970, working as an Emeritus Scientist at the Centre for Advanced Study in
Botany, University of Madras. Following her retirement, Ammal continued
to work unabated, focusing special attention on medicinal plants and
ethnobatany and published original findings of her research. In the Centre
for Advanced Study Field Laboratory where she lived and worked she
developed a garden of medicinal plants with great zeal and dedication.
Though cytology was her forte all through, her work embraced genetics,
evolution, phytogeography and ethnobotany. She lived and worked in the
Centre’s Field Laboratory at Maduravoyal near Madras until her demise in
February 1984.

Ammal was elected as Fellow of the Indian Academy of Sciences in
1935 (the year it was founded by Sir C V Raman) and of the Indian National
Science Academy in 1957. The University of Michigan conferred an
honorary LLD on her in 1956. The Government of India conferred the
Padma Sri on her in 1957 and the Ministry of Environment and Forestry

instituted the National Award of Taxonomy in her name in 2000.

From a young age, she was endowed with the courage to make
choices and the versatility to change course and adapt where and when
required. With her passion for plants, she defined for herself her goals and
purpose, and her mission in life. Having done that, she kept her mission
above everything else and stuck to it till the end. Crop plants, garden plants,
plantation crops, medicinal plants, plants in the wild and plants of the tribals
— all species were interesting to her. She just worked on what was on hand

and within reach. And, there was much that was on hand and within reach.
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Her familiarity with British plants was matched by her familiarity with

tropical species.

She led a simple life of total dedication to her mission, remaining
single. Her physical needs were few and she was unostentatious and modest
to the core. Ammal was thoroughly Indian in attire and habits, and
Gandhian in her lifestyle. She was too selfless to seek favours or the
limelight and yet honours came to her unsought, something that is true of
many great women and men. The honorary LLD which the University of
Michigan conferred on Ammal in 1956 in recognition of her contributions
to botany and cytogenetics said: Blessed with the ability to make painstaking
and accurate observations, she and her patient endeavours stand as a model
for serious and dedicated scientific workers. When required, she did not
shirk fighting for a cause or for a right. Her integrity and professional ethics
are beyond doubt. She lived up to her own definition of greatness which
combined virtue in life and passion in the pursuit of her science. There is

thus much for us to emulate in her life and work.

Only Ammal can endow the above ‘cradle to cremation’ recount
with flesh and blood. However, one can look at the course of her life and
work in the context of her times, of her nature and upbringing, of challenges
and opportunities before her, and of her view of life and work reflected in her
own life and work. She will be ever and remembered by the scientific

fraternity for her immense contribution to cytogenetics and ethnobotany
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A PRELIMINARY NOTE ON A NEW
SACCHARUM x SORGHUM HYBRID

BY

E. K. JANAKI AMMAL,
Geneticist,
AND
T. 8. N. SINGH,

Botany Assistand, Imperial Sugarcane Staiion, Coimbalore
(Received for publication on 17th June 1936)
(With plates LXTT and LXIII)

In sugarcane-breeding it has been the custom to use as female parents canes
that are pollen-sterile. Such plants are also generally complex hybrids. Thus
in the successful intergeneric hybrids evolved at Coimbatore [Venkatraman and
Thomas, 1930] the female parent used, P. O. J. 2725, was a noble cane from Java
with a complex heredity. It has further about 106 chromosomes.

With a view to understanding the genetic relationship between the genus
Saccharum and Sorghum, a number of crosses were made in 1934-1935 in which the
female parents were simpler forms of Saccharum. Amongst such parents
employed was the wild species, Saccharum sponianeum L. which is being increas-
ingly used in Coimbatore for the breeding of disease and drought-resisting sugar-
canes. A number of chromosomal forms are found in this species [Janaki Ammal,
1936] and the hybrid reported is a cross between a form from Dehra Dun (2n=>56)
and Sorghum durra (Periamanjal of Coimbatore), the same parent used in the
intergeneric cross P. O. J. 2725 Sorghum. In Sorghum durra the chromosome

number 2n=20.

As the 8. spontaneum used was nearly 100 per cent pollen-fertile, pollination
with Sorghum was effected after emasculation of spikelets. The arrows were
bagged after dusting with Sorghum pollen. Thirteen seedlings were produced,
all of which are now in field. In appearance they resemble 8. spontaneum more
than Sorghum (Plate LXII). The plants arrowed five months after germina-
tion, i.c. four months before the usual time of flowering in Saccharum. This early
flowering habit is apparently inherited from Sorghum. It was however found
to be completely pollen-sterile.

( 1106 )
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Plate LXIII shows the nature of the spikelet of the parents and hybrid.

8. spontancum differs from 8. officinarum in having a rudimentary IV glume.
This IV glume, which is also present in Sorghum, is awned in this genus. The
presence of this awned IV glume in the hybrid as well as the callus hairs inherited
from Saccharum makes the validity of this new intergeneric cross unquestionable.
The number of chromosomes in root tip of the hybrid is thirty-eight which is the
sum of the haploid numbers of the Dehra Dun S. spontaneum and Sorghum. A
more detailed study of its cytology will appear elsewhere.

REFERENCES
Janaki Ammal, E. K. (1938). Ind.J. Agric. Sei. Vol. 6, 1-8.
Thomas, R. and Venkataraman, T. 8. (1930). A.J. L., 25, 2, P. 164.
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ORIGINAL ARTICLES

CYTO-GENETIC ANALYSIS OF SACCHARUM
SPONTANEUM L.

1.—CHROMOSOME STUDIES IN SOME INDIAN FORMS
BY
E. K. JANAKI-AMMAL,
Sugarcane Geneticist, Imperial Sugarcane Station, Coimbatore
(Received for publication on 15th August 1935)
(With Plates I-V)
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I. InTRODUOTION

The use of Saccharum spontaneum L. in sugarcane breeding has been fully
justified by the results obtained both in India and Java. Beginuning with Co” 205,
which 1s an inter-specific hybrid between the thick cane “ Vellai ” and the local
form of 8. spontanewm, most of the canes produced at Coimbatore have in them
traces of sponfaneum © blood ’. :

8. spontanewm is widely distributed in the Old World. It extends from
Africa through Southern Asia to Australia and is represented in India by a number
of distinct forms. vHackel classified the Indian varieties into,

Sub-species (a) Indicum with very narrow lamina and slender racemes ;
Sub-species (b) Oegyptiacum with broader lam¥ina and dense racemcs.

(1) B
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Ho mentions the prevalence of * intermediates > between these two sub-species.
Hole [1911], while recognizing these different forms, considers them as purely
scological types.

The method of approaching taxonomio problems has changed considerably
within the last decade and additional evidence of cytology and genetics is now
brought to bear on the purely morphological studies on which species wore hitherto
differentiated. Our concept of species has, therefore, been very much widened.

In the present study an attempt is made to bring together observations on
the chromosome behaviour c¢f some of the Indian forms of 8. spontaneum in the
hope that the cytological facts presented will help to throw light on the phylogeny
of this widely-distributed Linnean species.

II. MATERIAL AND METHODS

The material studied was grown at the Imperial Sugarcane Breeding Station,
Coimbatore. The different types are named after the places from which they
were collected. The following types were examined :—

Lahore,

Dehra Dun.

Coimbatore (Tank).

Godavari (Rellagaddi).

Dacca.

Bihar (S. H. 244 and S. H. 248).
Cochin.

Morphological deseriptions of the first five forms are included in Panje’s “ Studies .
in Saccharum spontameum [1933]. Excopt in the caso of Lahore, which does
not arrow at Coimbatore, both root tips and pollen mother-cells were studied.
Root tips were fixed in Allen’s modification of Bouin’s fixative, PFA 15b [McClung,
1929] and in La Cour’s 2 BD [La Cour, 1931]. Of these two fixatives, Bouin’s
was found more satisfactory for the study of metaphase plates. Freezing the
root tipe for about two to three minutes just before fixing, by surrounding them
with crushed ice, had the effect of spacing the chromosomes evenly, and fatilitated
their counting. This is very important in a genus like Saccharum where the
chromosomes are many.

Spikelets at the right stage were selected after preliminary examination of
anthers in aceto-carmine [Belling, 1923]. They were then fixed in Allen’s modifi-
cation of Bouin’s fixative (PFA 15b), and acetic alcohol in the proportion: of one
part acelic acid to three parts absolute alcohol. Materials fixed in acetic alcohol
and preserved in 70 per cent aleohol proved excellent for aceto-carmine smears,
even after a period of several months. An exhaust pump was used to hasten
penetration.
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Lahore

Dehra Dun

Some Indian types of Saccharum spontaneum.



SOMATIC METAPHASE IN SOME INDIAN TYPES OF
SACCHARUM SPONTANEUM L.
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Fia. 1. Dacca 2n==89.
Fic. 2. Bihar 2n=—64. .
Fig. 3. Rellagaddi 2n=64.
Fig. 4. Dehra Dun 2n=56.
Fic. 5. Lahore 2n=48,
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Ind. J. Agric. Sci., Vol. 6, Part 1. | PLATE III
CHROMOSOME ASSOCIATION IN THE DEHRA DUN AND GODAVARI FORMS
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Fia. 6. Bivalents from one P.M.C. of tha Dehra Dun form
n=328 (aceto-carmine smear).

Fra. 7. Diakinesis in the Dehra Dun form.

Fres.8 Prometaphase & metaphase stages in the Dehra
&9. Dun form showing “Secondary association.”

Fig. 10. Early anaphase in Rellagaddi (n=32).
Fie. 11. Diakinesis in Rellagaddi.
Fie. 12. Prometaphase in Rellagaddi,
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Sections were cut, 10 in the case of root tips and 12 to 15y in the case of
anthers. Iron alum. haematoxylin with picric acid as a de-stainer gave clearer
differentiation than Iodine gentian violet.

Drawings were made at bench level with a Spencer Abbe camera lucida, a
Leitz objective, 1-92 (N.A. 1-32) and a x25 eye piece, to give a magnification of
4000. For the study of aceto-carmine smears a water immersion objective (N. A.
1-2) was used.

III. THE CHROMOSOME COMPLEMENT IN SACCHARUM SPONTANEUM

Cytological studies in 8. spontaneum were first made by Bremer [1925] who
gives the chromogome number of the Java form (Glagah) n = 56 and of the Celebes
form “‘ Glagah Tabongo * n = 40.
~ Chromosome counts of some of the types examined have already been pub-
lished. Dutt and Rao [1932] were the first to point out that the Coimbatore
form of §. spomtameum differs from the Java and the Celebes forms in having
sixty-four chromosomes in its somatic cells. Singh [1934] reported thirty-two
bivalents in the Godavari form, twenty-seven bivalents in the Dehra Dun and
thirty-nine in Dacca. I find the following numbers in the types examined by
me :i—

Somatic
chromosomes

Lahore . . : . « ; < 5 : . . 48
Dehra Dun (Holes I) . 3 2 ‘ : E ; ’ . b6
Coimbatore (Tank) . . 5 ; i i . F . 64
Rellagaddi . s . . . . . . . . . 64
Bihar (S. H. 244) . ’ . A . . i . . . 64
Biher (8. H.248) . . . . . .« . . . . e
Cochin ; i j 3 4 . . . . . . 64
. ‘e . . . . + 80
ling from the Dacca form . . - 4 . . . 80

The above observations suggest that the different types of Saccharum spontaneum
represent a polyploid series with ¢ basic number eight. -

Plate IT, figs. 1 to 5 give the somatic metaphage plates of the  chromosal ’ types
studied. The chromosomes are found to vary both in size and morphology—at
least three types can be distinguished and possibly five in some of the varieties.
Both medium and secondary constrictions are found. There is indication of the
occurrence of trabants in a few chromosomes of some of the varieties examined.

IV. POLLEN MOTHER-OELL DIVISION

The general facts regarding meiosis are the same for all the types studied and
to avoid repetition the cytology of the Dehra Dun form is given in some detail,
as the one having the smallest number of chromosomes next to Lahore. This

B2
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form from Labore—which has little or no lamina—has not so far produced any
arrows in Coimbatore. It was, therefore, not possible to include in this study,
observations on its meiosis.

Early prophase studies have not been a.tbempted Observations herein

tecorded have been mainly on the stages from early diakinesis or diplotene to
metaphase.

(@) The Dekra Dun form

At zygotene, single threads are secen lying side by side in various grades of
proximity and at diplotene loops are formed with several points of contact which
are found to be ‘ chiasmata ’ or exchange of partners between the four chromatids.
An examination of early diakinesis shows the fifty-six chromosomes associated
into twenty-eight bivalents by means of chiasmata (Plate III, figs. 6 and 7).

Bivalents are of two kinds, some with one chiasmata and others with two.
In the case of bivalents with single chiasmata, the chiasma are localized and
medium. Terminalization seldom occurs in these. They have the appearance
of X’s even in late diakinesis. In those with two chiasmata, terminalization is
complete in the smaller chromosomes, which have the appearance of O,
Chiasmata observed at late diakinesis are never completely terminalized. Con-
traction of chromosomes is very intense in diakinesis. This may have been
intensified by the reagent used.

With the termination of diakinetic repulsion “there is a sudden convergence
of the bivalents to the centre of the nucleus. From a study of large numbers of
pollen mother-cells at this (pro-metaphase) stage the existence of *secondary
association ” of bivalents is very clear. The bivalents arrange themselves into
ten groups (Plate 111, fig. 8). Due partly to their close association and partly as an
artefact of fixation there is generally a thin strand of linen connecting the bivalents
of a group. These bivalents orient themselves to form the characteristic metaphase
plate (Plate III, fig. 9). In a polar view this ““ secondary association’ can be
clearly observed. The chromosomes are very much condensed at this stage and
look like spherical bodies. Inter-kinesis is short and at the second mata.phase, the
chromosomes are found to be still associated. Tetrad formation is normal.

(b) The Godavari form (Rellagaddi) 2n—=64

This is the form of §. spontaneum growing on the banks of the Godavari river.
Its chromosome number reported by Singh [1934] is »=32, which I have also
observed (Plate ITI, fig. 10). Plate III, fig. 11 shows a pollen mother-cell at late
diakinesis. Thirty-two bivalents are generally observed, but in a number of nuclei
examined at this stage, a single tetravalent could be observed. The number of
bivalents with single chiasmata are slightly less than those in the Dehra Dun form.,
As pairing fakes place not between chromosomes but blocks of chromosomes

11
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CHROMOSOME ASSOCIATION IN THE BIHAR AND DACCA FORMS
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Fre. 13. P.M.C. at diakinesie stage in the Bihar form show-
ing 28 bivalents (aceto-carmine smear).

Fic. 14. Metaphase in the Bihar form showing chromosome
association.

Fie. 15. Metaphase plate in the Coimbatore form.
Fia. 16. Diakinesie in the Dacca form.

Fic. 17. Metaphase in the Dacca form showing chromo-
some association.
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[Darlington, 1932], the increase in the number of chiasmata observed may be an
indication of structural changes in the two chromosomes of a bivalent. The
presence of a tetravalent is also noteworthy. Plate III, fig. 12 shows a pollen
mother-cell at prometaphase stage. The chromosomes associate in groups of two,
three and four which seems to be tbe prevailing type of secondary association
in this variety. The later stages of meiosis are normal.

(¢) The Bihar form (8. H. 244), 2x = 64

This is another form in which there are thirty-two bivalents in the pollen
mother-cell (Plate 1V, fig. 13). No tetravalents were observed. Secondary
association is more lax than in the Dehra Dun form. Ten groups were differen-
tiated in which, at least five were associations of two bivalents (Plate IV, fig. 14).

(d) The Coimbatore form (Tank), 2n = (4

Thirty-two bivalents are observed at metaphase (Plate 1V, fig. 15). Secondary
ascociation of bivalents is of frequent oceurrence. They are associated in groups
similar to the Bihar form (S. H. 244) and abcut ten groups could be traced. A
number of bivalents with single chiasma, which remain unterminalized, was
observed at diakinesis giving a configuration like X.

-

UL L. (e) The Dacca form 2n = 80 £

Plate IV, fig. 16 shows a reconstructed nuclei from two sections of a pollen
mother-cell at diakinesis. Variation in length of chromosomes is very marked in
this variety. In particular a number of very small chromosomes are found to
assceiate ir groups at pro-metaphase. ‘‘ Secondary association ”’ ia very marked
(Plate IV, fig. 17) and the groups are composed of two, four and five bivalents.
An analy-is of the groups shows that in a number of pollen mother-cells the
forvy bivalents arrange themselves into four groups of five, four groups of four
and two groups of two, making in all ten groups.

L3

V. EVIDENCE OF HYBRIDITY WITHIN THE SPECIES

Secondary polyploidy.—It would appear from the chromosome counts of the
various olones examined that the epecies S. sponfaneum represents a polyploid
series. The association cf more than two chromosomes &t metapha.e of meiosis
was fir. t observed by Kuwada [1910] in tetraploid Oryza sativa. This phenomenon
has since been observed in many polyploids. Except for the pingle tetravalent
observed in Rellagaddi, no-multivalents have been observed ¢ far in the Indiap
species. Tts abrence goes to prove that polyploidy in this species must have
occurred through hybridization ard not through somatic duplication of chro-
mosome sets, as in aubo-polyploids like Twlipa.

14
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Besides the formation of multivalents, which is the result of prophase pairing,
a secondary or post-synaptic association of bivalents, arising from a general affinity
of relatively homologous bivalents, was first observed by Darlington [1926] in
Prunus. It is generally observed in plants with small chromosomes. Lawrence
[1932] has shown that “ secondary association ™ iz of wide occurrence in many
species and provides ‘‘ valuable criterion for homology in hybrid polyploid: *
We have in 8. spontaneum strong evidence of this post-synaptic association. The
bivalents generally associate into groups of five or ten, which is the basic number
of other Andropogonae ke Sorghum, Erianthus, Imperata and 8. officinarum.

In 8. sjpontaneum (Dehra Dun) the gighteea bivalents arrange themselves
into ten groups as follows :—

Five groups of two bivalents
Two groups of three bivalents
Three groups of four bivalents

There is also an indication of a closer affinity between two of these ten groupe so
that in some nuclei & more compact association into five groups may be observed.
If A, B, C, D and E represent the basic chromosomes, we can consider the
gametes in the Dehra Dun form as being made up approximately of the
following chromosome complement :—

1. AAA +A.AAA.
‘2. B.B.B + B.B.B.B.
8. 00 <0000
& DD Db
5. E.E + E.E.

Wae thus ree that the twenty-eight bivalents are composed of two groups of sixteen
and twelve bivalents respectively. Since these numbers correspond to the haploid
number of the Peninsular forms with thirty-two chromosomes and the Lahore
form with, fgrty eight chromosomes, the Dehra Dun form may be a hybrid between
these two chromosome types.

The presence of five pairs of bivalents in the Peninsular form, which stand
apart from the rest, seems to indicate that this variety is also a produet of hybri-
dization, It is highly probable that the thirty-two chromosome form: have arisen
a8 natural crosses between a type like Dacea (n = 40) and a type like Lahore
(n = 24). In its morphological characters the Peninsular form is found to be
jntermediate between the wire-leafed ‘ Lahore "’ and the broad-leafed * Dacca .
The range of variation found in this group is also very wide which may be an
additional evidence for its being considered a hybrid,

15
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Chiasma behaviour.—The chromosomes of 8. spontaneum exammed fall
into two types frcm the point of chiasma behaviour.

Type I with a single uhis.sma. which is localized.
Type II with one or two chiasmata which are formed at random.

The latter have a fairly high frequency of terminalization.

The presence of bivalents with greater frequency of chiasmata in proportion
to their length is noteworthy (Plate III, fig. 6). This is in accordance with the
“ chiasma theory of pairing "’ of Darlington. If the frequency of pairing is propor-
tional to length, some of the shorter bivalents would be unpaired at metaphase
which would then lead to irregularity in germ formation and thus interfere with
gexual reproduction of the species. Thir property may thus be considered as &
genetic factor influencing the behaviour of chromosomes [Darlington, 1932].

This differential behaviour in the chiasma formation of the 8. spontaneum
may be taken as another evidence of its hybridity. This will be dealt with more
fully in a separate paper.

VI. CoNOLUSIONS

Barber, in his ' Studies of Saccharum ** [1918], found the broad-leafed form
from Dacea to rezemble cultivated canes more than any of the other Indian forms
examined by him. This form is now found to have the same number of 8hromo-
somes as Saccharum officinarum. The discovery of other types with n = 40
chromosomes, like S. robustum from New Guinea and Glagah Tabongo, from Celebes
points to this form having a wide distribution in the tropics. From a study of
its morphological characters, the Dacca form comes nearest to Hackel’s sub-
species, eegyptiacum.

Tt seems that the wire-leafed form from Lahore with 2n = 48 represents a
form of Saccharum spontaneum having a basic number six or twelve instead of
the usual five or ten found in other Andropogonae. There is strong indication
that the forms with thirty-two and twenty-eight chromosomes, which represent
the ** intermediate ’ forms of Hackel, are natural hybrids or their back-crosses,
between the two types (n = 40) and (n = 24). These intermediate forms, because
of their wide distribution, rightly represent the sub-species *indicum’, variety
“ genuinum ’ of Hackel. They show great variation in vegetative charactors
and are best suited for the study of the differentiation of the species from an
acological point of view. The wire-leafed form, which Hackel describes as sub-
species indicum, variety juncifolium, deservesto be classed as a separate species
perhaps ** Saccharum juncifolium ', because of its distir. ctive morphological charac.
ters and its unique chromosome complement.

It is highly probable that the more primitive types of 8. spontaneum
aro those with lesser number of chromosomes, These studies on Indian forms
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indicate that the primitive forms oocur in India. It is likely that a more com-
prehensive study of the species will lead to the discovery of more ‘‘ ecotypes ™
with chromosome number forty-eight and fifty-six than those hitherto examined.

VII. SuMMARY

The Indian types of 8. spontaneum form a polyploid series with the following
chromosome numbere :—

2n = 48
2n = 56
2n = 64
2n =80

2. The somatic chromosemes show primary and secondary constrictions. They
also vary in length.

3. Pairing of chromosomes at meiosis is by means of chiasmata. Chromo-
gomes are a'ways associated ae bivalents except in Rellagaddi in which a single
tetravalent was observed.

4. The number of chiasmata observed is not always proportional to length
of chromosomes.

5. “Secondary association” of bivalents is observed. The chromosomes
arrange themselves into five or ten gronps which is the basic number of the Andro-
pogonae.

6. There ic evidence of hybridity within the species. Of the Indian forms
examined, the type with forty-eight chromosomes represenis Hackel’s variety
“ juncifolium ” and the type with eighty the variety ¢ egyptiacum’. Those
with intermediate numbers seem to be natural hybrids between there two forms.
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CYTO-GENETIC ANALYSIS OF SACCHARUM
SPONTANEUM L.

9—A TYPE FROM BURMA
BY
| E. K. JANAKI-AMMAL,
AND
T. S. N. SINGH, B.Sc.,
I'mperial Sugarcane Station, Coimbatore
(Received for publication on 15th August 1935)
(With Plates VI-VIII)

According to Barber [1918] Saccharum spontanewm -in Burma represents a
series of forms ranging from a thick “ Land form ” to an aquatic type like the
Dacca form of India. The only Burma variety of S. sponfanewm in the collection
at the Imperial Sugarcane Station is from a clone from Mandalay collected in
1929. This variety is the most outstanding of the 8. spontaneums grown at
Coimbatore. It attains a height of fifteen to eighteen feet, propagates very
profusely by means of underground stems and has a splendid erect habit
(Plate VI). The stem has a much longer internode than any of the other
8. spontaneums. Papje [1932] notles a number of other morphological characters
in which this form differs from the Indian and the East Indies types studied by
him. The plant flowers very rarely in Coimbatore and only a single inflorescence
was observed in 1933.

Cytological observation.—As the plant did not arrow in 1934-35, only root
tips were available. These were fixed in Allen’s modification of Bouin's PFA-
15b after freezing, sections cut at 10y and stained with Iron Alum haematoxylin
with pieric acid as de-stainer. The metaphase plate of somatic division showed
ninety-six chromosomes (Plate VII, fig. 1). This is the first record of this
number for any type of 8. spontaneum studied. The chromosomes appeared
similar to those of the Indian S. spontaneum studied, in having both primary
and secondary constrictions. The prevalence in India of forms of 8. spontaneum
with chromosome 2n=64 [Dutt and Rao, 1933 and Singh, 1934] and the occurrence
in Sumatra of a * gigas *’ form with 2n =124 [Singh, 1934] points to the Burma
form being a triploid with basic chromosome number z=32,

(9)
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Triploids occur in nature either as the result of a cross between diploids and
tetraploids of the same species or as the result of the failure of reduetion in the
archesporium of one of two diploid parents and the consequent fusion of an
z with an unreduced 2z germ cell. According to Bremer [1929] doubling of
chrimosomes in the female parent is a common phenomenon in Saccharum. The
regionally intermediate Burma form might be either a natural cross between an
Indian form with 2=32 and a tetraploid form like the * gigas ’ form of Sumatra
(Plate VIII) or it may represent the product of fertilization of an abnormal diploid
gamete with a haploid one as noted by Bremer in many other Succharum specics.
Cytological evidence from pollen mother-cell studies is necessary to throw further
light on the origin of this interesting Burma form. Its possible position amongst
other 8. spontaneum is shown in the diagram.

Progeney of the Burma form.—The single arrow produced in 1933—and left
unbagged—yiclded a number of seedlings which showed marked difforences in
morphological characters. Many of these were thicker than the parent and looked
like very medium sugarcanes. Root tips of some of these were axamined and they
showed 96 to 124 chromosomes at somatic metaphase (Plate VII, figs. 2-6). As
the arrow was unbagged, and consequent possibility of cross-pollination, much
value cannot be placed on the variation observed in their chromcsome numbers.
However the numbers found fall within the expécted frequency of chromosome
distribution in a triploid with 2n=96.
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Burma variety of Seecharum sponfancrin.
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CHROMOSOME NUMBERS IN A BURMA
SACCHARUM SPONTANEUM L. & 1TS SEEDLINGS

P
A

PLATE VIL

\

Fra. 1. Somstic metaphase from the rool tip of the parent Burma
8. spontonewm Zn=—298,

Figs, 2. Somatic metaphases from the reot lip of some seedlings
of the Burma form., Mm=00;: Zn=I108-110; Lu=
112114 Snal 14 B 1247 raanoetivale
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DIAGRAMATIC REPRESENTATION OF THE
DIFFERENT TYPES OF SACCHARUM SPONTANEUM
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smaller molecule than that in the deproteinated
serum.
To the discussion of the view of Waldschmidt-

Leitz that the polarographically active subst in

NATURE
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It thus appears that many important chemical
reactions in the soil can be brought about by the
photochemical action of sunlight, independently of
bacteria.

carcinomatic deproteinated serum may be a sulphur-
free mueoid*, I would point out that this assumption
is not in accord with my experimental facts; the
hydrolysates of the deproteinated serum solutions in
question show clearly the presence of cystine and,
moreover, in the same relative content as found in
the warious non-hydrolysed deproteinated patho-
logical or normal sera; the cystine content in the
deproteinated serum is of the order of 10-* molar,
and is always higher in the carcinomatic case ;
against the necessity for a mucoid theory is also the
fact that an identical polarographic effect is evoked
by a deproteinated solution of pure crystalline
albumin, if the albumin is first degradated with the
alkali or pepsin®.

The experimental evidence thus shows convine-
ingly that the changes in pathological sera polaro-
graphically detected consist in a proteolytic degrada-
tion of serum proteins by which eystine containing
high molecular products, bearing the character of
albumose, are split off. The origin of this proteolysis
taking place in the blood must be sought in the
increase of some products of the pathological meta-
bolism, of the type of Abderhalden’s proteolytic
reactions.

R. BRDIOKA.
Physico-chemical Institute,
Charles University,
Prague.
Aug. 15,
1 Brditka, R., dcta Unio Internationalis contra Cancrum, 8, 13 (1938),

Benth (F

) Rmenl:ml H. G., Mikrochemie, 22, 233 (1937).
¢ Waldschmidt-Leitz, E., Angew. Chem., 51, 324 (1938).
* Brditka, R., to be published elsewhere.

H)enrtuues. 0. M., and Wolffbrandt, C. G., NATURE, 142,

Photo-ammonification of Organic Nitrogenous
Compounds in the Soil

IN recent years Gopala Rao and Dhar?, Gopala Rao?,
Dhar and co-workers® and Corbet* have shown that
nitrification in soils occurs partly as a photochemical
reaction under the influence of sunlight. Dhar and
co-workers® have also brought forward considerable
evidence to show that fixation of atmospheric nitrogen
is favoured by sunlight.

We have now found that the decomposition of
various nitrogenous compounds, the so-called am-
monification, occurs as a purely photochemical
reaction in the presence of photocatalysts like heated
soil or ignited ferric oxide. Aqueous solutions of
various nitrogenous compounds were exposed to
sunlight (for 30 hours) in ‘Pyrex’ glass flasks under
sterile conditions. The amount of ammonia liberated
in the decomposition process is estimated by Folin's
method. The resulte are as given below.

Milligrams of ammoniacal nitrogen
per litre
Ferric oxide as Heated red soil as
photocatalyst photocatalyst
M|20 g ycine 43-75 13:85
4 alanine . 6125 14-00
» aspartic acld 65-65 17-80
.+ Blutamic acid #:75 700
o Urea ¥ 28-00 12-72

Further work is in progress.
(. Gopara Rao.
Andhra University, CH. I. VARADANAM.

Waltair.

1 Soil Science, 31, 379 (1931).

* Soil Seience, 38, 143 (1034).

* NATURE, 183, 213 (1934); 137, 462 (1936).

¢ Biochem. J., 28, 1575 (1034) ; 29, 1086 (1935).

* NATURE, 137, 629, 1000 (1936) ; 188, 648, 1060 (1936).

Effect of Pyridine Compounds on the MNutrition of
Staphylococcus aureus

RECENT investigations have established the
necessity of nicotinic acid (or amide) for the growth
of Staphylococcus aurews'., In a previous report, it
was shown that the ability of this organism to utilize
compounds related to micotinie acid is limited. We
have since prepared several compounds of interest
in this connexion, and the determination of their
biological activity is herewith reported.

The synthetic amino acid - glucose medium of
Fildes et al.? was employed in testing the activity
of the series of compounds. The compounds were
tested in the presence of an excess of thiamine
(0-05 gamma per 10 c.c. of medium) using an 18-hour
culture of S. aureus.

Nicotinyl glycine exhibited growth-promoting
activity in the same order of concentration as nicotinic
acid. Trigonelline, pyridine betaine B-carboxylic
acid, «-amino pyridine, and «-amino pyridine
B-carboxylic acid, were completely inactive as growth
factors for S. aureus. It may be of interest to recall
that Ackermann® isolated nicotinyl glyeine and
trigonelline from urine following the administration
of nicotinic acid.

Mavrice Lawpy.

Research Division,

S.M.A. Corporation,

Cleveland, Ohio.
Aug. 25.
'Knlght B.C.J. G., Biochem. J., 31, 731 and 966 (1937). Koser,

A Finkle, R, D Dorfmm,.ll and Saunders, F., J
?5 L] (1933) Landb’. M., Proc. Sor. Exp, Biol, Med., ﬂ 504

* Fildes, P Richardson, G. M., Kn i ht,
G. P ‘Brit. J. Ezp. Path., '17, 4 1(038)

s Ackermann, D., Z. Bidl., 59, 1-‘ (1912).

J. G, and Gladstone,

A Saccharum - Zea Cross

Botr Saccharum and Zea are distinguished by the
readiness with which they cross with related genera.
For example, while Mangelsdorf and Reeves! have
crossed Zea Mays with Fuchleena and Trip
Venkatraman and Thomas® have crossed S. officinarum
with a species of Sorghum and even the remotely
related Bambusa®. I have also crossed S. officinarum
with Imperata Cylindrica Beaew. and S. spontaneum L.
with Sorghum Durra and Sorghum halepense. In
spite of Zea and Saccharum being in two different
sections of the Gramines—Andropogoneae and
Maydeae (Bews)—I thought it worth while to cross
them, and after several attempts using many thousands
of flowers of a male sterile variety (Vellai) of S. officin-
arum 2n = 80 = Bx as the female parent, and variety
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Golden Beauty of Zea Mays 2n = 20, 2B as the male
parent, I obtained a single seedling. This plant
has received the expected 40 chromosomes from the
Saccharum parent and 12 chromosomes from the male
parent Zea. Amongst these the VI nueleolar chromo-
some of Zen Mays is recognizable.

PHOTOMICROGRAPH OF THE CHROMOSOME COMPLEX

OF THE HYBRID BETWEEN 8. officinarum (VELLAI)
AND Zea Mays (GOLpeEN BEAUTY) SHOWING THE
SINGLE VI NUCLEOLAR CHROMOSOME AND THE B
CHROMOSOMES RECEIVED FROM THE MAIZE PARENT.

The hybrid resembles the Saccharum parent more
closely as we should expect from these chromosome
contributions, but it has the characteristic epidermal
hair found on the upper side of the leaf in Zea Mays
and related genera, The cross, however, is dwarf
in habit and although it has tillered freely, has not
produced flowering canes after twenty-two months.
It lacks the vigour and early maturity found in
Saccharum - Sorghum hybrids.

This cannot be due simply to the remoteness of
the cross since the Saccharum-Bambusa hybrids are
very vigorous. It must rather be due to the inequality
of the contribution of the polyploid and diploid
parents. The same consideration is likely to vitiate
the fertility of the hybrid. The occurrence of these
remote crosses in experiments indicates that the
degree of anastomosis in the ancestry of polyploid
species may be much greater than is commonly
suspected.

E. K. JANAKT AMMAL,

Sugarcane Breeding Station,
Coimbatore,
South India.

'![u&.;a!ﬂdorf P. C., and Reeves, R. **Hybridization of Maize,

ipeacum umi .Eudllmu:" -.F Hm ﬁ 327-&43 (1982}

* Thomas, R., and 8., i}
Hybrids, Agri. J. Jndlc.ﬂi 164 (1030)

* Venkatraman, T. 8., garcane—Bamboo Hybrids"”, Ind. J., Agri.
Sei., 7, Pt. ll] 513 (193?]

Vowel Vibrations and Vowel Production

Tre dark band in Fig. 1 is the reproduction of
the speech track of a vowel (@ in hateh) on a sound
film. The serrated upper edge is the registration of
the vibratory movement of the particles of air, that
is, it is the curve of vibration. It is seen to consist
of a series of portions—vibratory ‘bits’—each of
which begins strong and fades away to zero. Such

NATURE
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a curve is the registration of a free vibration aroused
by an impulse that is not a vibration. The glottal
action consists of the repeated opening and shutting
of the glottal slit. A puff of air is sent into the vocal
cavity at each opening movement ; each puff sets
the air in the cavity into vibration.

FRIE VIBRATIONS. OF THE VOCAL CRATICS

PUSFS OF AR FROM THE GLOTTIS
Fig. 1.

The ‘profiles’ in the vibratory bits are different
for the different vowels (Fig. 2). The vocal cavity,
therefore, has a different form in each case. The
progressive change in the profiles of a vowel indicates
that the vocal cavity changes its form constantly.

Fig. 2.

Every element in a vibratory bit has its char-
acteristic rate of fading (logarithmic decrement).
This is always large and never zero. Forced—or
resonance—vibrations do not fade ; their logarithmie
decrement is zero. The vowel vibrations are, as the
tracks show, not forced vibrations; they cannot
have been produced by resonance.

E. W. SCRIPTURE.
Phonetic Laboratory,
62 Leytonstone Road,
London, E.15.

A A020 Matira Duhlichins Rreann
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Chromosome Numbers in Sugarcane x Bamboo
Hybrids

TeE sugarcane X bamboo hybrids recently pro-
duced at this station (Venkatraman, 1937), provide
material for the study of the phylogenetic relationship
of the genus Saccharum with other grasses. The gap
covered by this cross is considerably wider than in
the case of the Saccharum x Sorghum hybrids®?, or
the Saccharum x Erianthus hybrids effected in Java®,

The fermale parents employed were the two Java
canes: P.0.J. 213—an interspecific hybrid between
S. offieinarum (Black Cheribon, 2n = 80) and .
barberi (Chunnee, 2n = 82); and P.O.J. 2725—a
rather complicated hybrid cane between a number of
‘noble’ types and the S. spontaneum (Glagah) of Java.
The male parent was Bambusa arundinacea Willd., a
species which is common in South India.

Root tips of P.0.J. 213 showed 124 chromosomes
at metaphase, somatic pairing of homologous chro-
mosomes being very apparent. Bremer has reported
62 bivalents at the reduction division of pollen
mother cell of this plant. He gives 2n = 106-107 as
the chromosome number of P.0.J. 2725%. Reduction
division is somewhat irregular in this cane, and like
a number of other hybrid sugarcanes, it has been
known to produce both diploid and haploid gametes.
Pollen sterility is very high in both the canes. As
the ovules, however, are fertile, these canes have
been used a great deal as fernale parents in the
breeding programme at Coimbatore. 72 chromosomes
were counted in the root tips of Bambusa arundi
Root tips of five of the hybrids between P.0.J. 213
and Bambusa arundinacea showed 96-100 chromo-
somes and one plant of the cross P.0.J 2725 x
Bambusa arundinacea examined had 90 chromosome.
These numbers represent approximately the sum of
the haploid numbers of the two parents.

All the Saccharum x bamboo hybrids so ~far
examined differ from the Saccharum x Sorghum
hybrids in the fact that whereas the chromosome
numbers of the latter indicate that viable embryos
are formed from fertilization of both haploid and
diploid gamates®, in the former only those derived
from fertilization of haploid gametes were found to
be viable. They also differ from the Saccharum %
Imperata hybrids (Janaki Ammal, unpublished), where
viability is limited to such embryos as are derived
from the fertilization of diploid gametes only.

E. K. Janaki AMMAL.

Imperial Sugarcane Breeding Station,

Coimbatore.

' Thomas, R., and Venkatraman, T. 8., “Sugarcane » Sorghum
Hybrids", dgri. J. Ind., 25,164 (1030) ; Venkatraman, T. 8., “Bugar-
cane x Bamboo Hybrids”, Ind. J. Agri. Sci., 7 (1937).

* Janaki Ammal, E. K., and 8ingh, T. 8, N., “A Preli Note
on a8 New Sacc x Borghum Hybrid”, Ind. J. Agric. Sei., 6,
1105-1106 (1936). -

* Rumke, jun., C. L., “Saccharum-Erianthus_Bastaarden”, Archief
toor de Suikerindustrie in Nederlandsche-Indie, Deel IT (1934). Mede-
ggg Unge frem het Proefstation voor de Java suikerindustrie, Jaargang

, No. 7.

¢ Bremer, “‘Remarks on the Cytology of Saccharum”, Fucls about
Sugar, 24, 926-7 (1920).

* Singh, T. 8. N., “Chromosome Numbers in & cane ¥ Sorghum
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Pedocalic Tendencies in Soils of Southern England

Tee late Dr. C. F. Marbut proposed the division
of the soils of the world into two primary groups,
namely, pedocals and pedalfers. Pedocals are soils
developed under climates which are too dry to
maintain a continuous downward movement of water

925

to the water table. They therefore contain a
horizon of accumulation of calcium carbonate (and
sometimes other salts also) in the soil profile, usually
in the B horizon. Pedalfers are soils developed under
more humid climates. They are completely leached
and contain no horizon of caleium carbonate accumu-
lation. Thus the steppe and desert soils of the semi-
arid and aridregions are distinguished from the podsolic
and lateritic soils of the humid temperate and humid
tropieal climates. It has been generally accepted
that the climate of Great Britain is too wet for
pedocals to develop. Under free drainage conditions,
therefore, horizons of secondary caleium carbonate
accumulation should not oceur.

Observations on the brown forest soils of Rumania,
developed from caleareous leess, were made by me,
through the courtesy of Dr. Cernescu of Bucharest, in
the spring of 1937. These showed calcium carbonate
concretions at the base of the B horizon, although
brown forest soils should belong to the pedalfer
group. This anomalous position led me to make
detailed observations of the soils in Berkshire de-
veloped from porous calcareous parent materials,
since it was thought that the deposition of secondary
calcium ecarbonate might be a function of the cal-
careous nature of the parent material.

Consequently, pits were dug on the Malmstone
(Upper Greensand) and Caleareous Grit formations.
The Malmstone soil, developed under mixed broad-
leafed woodland and free drainage conditions, re-
vealed small soft calcium carbonate concretions at a

.depth of 3 ft. 9 in. at the base of the B horizon and

in the top of the € horizon. The soil on the Calcareous
Grit, developed under very free drainage conditions,
under a stand of Scots pine at least a hundred years
old, revealed secondary deposition of caleium car.
bonate on the upper surface and in the cracks of
bands of shattered rock. These oceurred at a depth
of 15 in. and again at 37 in.

Analytical data showed that the Malmstone profile
was weakly podsolized, since some alumina had been
lost from the surface horizons. Iron oxide was
apparently stable, although exceptionally low in
amount. The Calcareous Grit profile showed lateritic
tendencies, since there was considerable loss of silica
from the soil horizons. The silica-sesquioxide ratio
is about 20 in the soil horizons and about 3-0 in the
parent material. It is suggested in this connexion
that all red-brown soils developed from - caleareous
parent material may show loss of silica from the soil
horizons.

Observations on shallow downland soils near
Wantage, developed from Upper Chalk, revealed
secondary deposition of caleium carbonate at a
depth of 6-8 in., the horizon being about 3 in. deep.
The profile was calecareous to the surface, high in
organic matter, with a good erumb strueture, and
showing the typical profile of an English rendzina.
Chalk rock fragments oceurred throughout the profile,
but whereas these are normally humus-stained and
therefore dark brown in colour in the soil, the
secondary calcium earbonate, which was structure-
less, showed up as a white layer. This layer was very
intermittent, frequently entirely absent, and in
places only represented by isolated spots. I consider,
however, that this profile strongly resembles the
Continental tshernosem (steppe soil). Its shallowness
is, of course, the result of erosion. In some localities
the surface horizon may be completely leached of
calcium carbonate and may be slightly acid in
reaction, but it does not lose its steppe-like character.

40292 Matura Duhklichina Craonn
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refractive index, ete.,, and (1 —z) and (x) the
mol. fractions of the solvent and solute respec-
tively. When P,,,. is plotted against con-
ceniration a remarkable similarity is observed
in the behaviour of all the curves (Figs. 1 and
2), which show breaks at definite points. viz,,

LOG CONCENTRATION

Fie. 2
0-1N. and 0-04N, indicating thereby that the
phenomenon observed is a genuine one.
Evidences from Raman spectra® have also
‘been obtained, which rule out the possible ex-
planation of the formation of hydrates.

Letters to the Editor

Current

Science
The following reactions ave suggested to

explain the various observations made:—

0-10N 0-04N

$HIOs): = YHIOy): = HIO,

. H'+10y’

The detailed paper will he published in
Zeitschrift fur anorganische wund allgemeine
Chemie.

M. R. Navar,

Chemistry Department,

Lucknow University,

February 8, 1939.
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1935, 2, 119; Shen, Ya and Wu, Phy~. Ree., 1937, 51,
235,

Triplo-Polyploidy in Saccharum
spontaneum L.
AN examination of a large number of clones
of Saccharum spontaneum collected from
various parts of India, Burma, and the East
Indies have shown that this species includes
a polyploid series with 2n = 48, 2n = 56, 2n = 64,
In="72 and 22 =280 in India and 2n =80,
2n =96, 2n=112 in further India and the
East Indies. One would be led to conclude
irom these chromosome numbers that 8 is the
basic number in this species and forms with
2n =056, 2n =064 and 2n =172 are Tx, Bx and
9r forms respectively. The presence of an odd
set of chromosomes in the 7z and 9x forms
would naturally lead one to expect univalents
or multivalents at meiosis in these types. A
study of the chromosome behaviour of a num-
ber of clones collected in India have shown,
however, that 28, 32 and 36 bivalents are form-
ed regularly at meiosis in these types. Con-
sideration of the above has led me to conclude
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that these forms of the apoeies are dibasic,
having aisen by hybridization of a form with
(= 10) and one with (@ = 6).

Of these two types 2n - 80, 8(x 10} avhien
is a wide=leafed form (variely wguptioenm of
Heekel) is found distributed in the wore toopi-
cal parls of Soulh-Bastern  Asin and  Mast
Indies, while the 2n 48, 8(r 8) which is
a thin-leafed form  (variely jancifolivm  of
Heekel, is contined to the sultrapical region of
Norvth-Western Asta and Southern Russioe. "The
form  very widely distributed in Peninsular
India is one with 3n
sidered ax o natural hybreid helween the 2a
48 and Zn B0 types Glanaki Anunal, 193631
Hs chromosome complement ean be vopresentio]
s Ar L At Lo

Plants with 66 and 72 chromosomnes  have
a more restricled  distribution being foumd in
i elhiromogome
forms  (varietios

G4, whivh 1 have con-

mixed populations: of the 2w
type and the (wo primary
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with the local Coimbatore form (2n =64)
(Janaki Ammal, 1936 b).® On this basis they
may be considered as true back crosses (Fig. 1).
Their chromosome complexes are, therefore, as
follows:
MM =356=6(x=6) +2(x=10)
M=T2=2z=8)+6(x=10).

In studying a population of 100 selfed seed-
lings of a form with 2n = 56 collected at Dehra
Dun, I noticed two giant plants which stoed out
amongst the rest by their greater height, thick-
ness of stem, width of leaves, size of inflores-
cence and increased sugar content "(Figs. 2, 3
& 4). Chromosome counts in root tips of these
plants showed 84 chromosomes which is thrice
the haploid complement of the parent (Figs. 5
& 6). The plants are therefore *triploids”,
having arisen by the fertilization of an un-
reduced (2n =56) gamete with a reduced one
(n=28). They are semi-sterile, but have
vielded a number of seedlings on selfing. A
study of meiosis in the “triploid” revealed the

|
.l
'!
1

F16. 3

Stem and leaves of “‘triploid” seedling of
8. spontaneum (Dehra Dun) by tie
side of its “diploid” parent

Lelters to the Editor

“‘Current
Science

Fic. 4

Inflorcseence of a ¥ triploid ™ and two “diploid”
8. sponlaneitm from the eulture of selfed
seedlings of the Dehra Dun form

presence of univalents and multivalents be-
sides a large .number of bivalents. As the
plant from which this “tripleid” has arisen is
already a compiex polyploid, I have used the
term *“triplo-polyploid” to designate this type
of derivation. In vegetative characters these
“triplo-polyploid” plants sland intermedialc
between the S. spontaneum of India and the

A
]
! W\
SE% S,
,‘_‘ _‘.tu — G
Ses Vi
Naloy )"W& >
AR AV

Fic. 5
Somatic metaphase in

8. &pontanesm, Delira Dun
(2 n = i)

Fic. 0
_ Somatic metaphase jn
“triploid " secdling of Lhe
Dehra Dun 8. spontanenm
(2n = 84)
indigenous cultivated sugarcanes which they
resemble. It is therefore not unlikely that

28
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some of the sugarcanes of India have arisen
from S. spontaneum as “triplo-polyploids™. If
it is-so,.there exists an interesting parallelism
between the chromosome history of a cultivat-
ed plant like the sugarcane and the triploid
mutants whose propagation as clones has like-
wise provided the best varieties of apples,
pears, tulips and hyacinths.

E. K. JaNakl AMMAL,

Imperial Sugarcane Station,
) Lawley Road P.O.,
Coimbatore,
January 19, 1939.

1 Janaki Ammal. B, K., /ad. Jour. Agri. Sei., 1936,
a3 L

2 _ Report of tha Sngareane Geaelicis!, from July 1933
to March 193¢,

Separation of Lac into Sclerolac and

Soft Lac Resin
Previous work! has shown that lac could be
separated into sclerolac, the hard lac resin, and
the soft lac resin. The superiority of sclero- to
ordinary lac? which consists in its higher
melting point, low water absorption value, low
acid value, better adhesive strength and its
capacity for thermo-hardening, has not only
extended the applications of lac but 1o a
considerable extent stabilised its position in
the varnish and electrical industries. Further,
this has provided the necessary impetus for
the manufacture of hard lac resin on a com-
mercial scale.

Letters to the Editoy
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There are three methods in vogue for the
preparation of sclerolac from lac: (i) direct
extraction with organic solvents which extract
the soft lac resin,® (ii) ‘cold polymerisation
process™ involving the addition of urea to an
acetone solution of lac whereby, the polymerised
hard lac is precipitated, and (iii) extraction
of lac with dilute alkali solutions or fractional
precipitation from dilute alkali solutions.%

The first two methods entail the employment
of rather expensive solvents and the extrac-
tions are accompanied by heat treatment which
is not very desirable in the case of a thermo-
hardening material like the hard lac resin.
The third method, though it does not yield
pure hard lac resin, is an economical process.
The small amounts of buffer salls employed
for the process, will have to be thoroughly
removed and the product dried before use in
varnish manufacture.

We carried out experiments to find out the
nature of the products yielded on precipitating
lac from an alcoholic solution with water.
This is analogous to the precipitation of lac
from an alcoholic solution with ether, although
the separation is not quite so distinet and
complete. By this method, the less acidic in-
gredients of lac separated out as a viscous
mass from the solution, the more acidic ones
remaining in the supernatant. A very import-
ant factor in favour of this method is that
it does not involve much extra cost when
adopted by manufacturers producing machine-
made shellac. Moreover, there is no likelihood

TasLE I
Soluble fraction Tnsoluble fraction *
T'reatment \

Acid Wi.in Acid Wt.in

value am, value o,
*33 o.e. aleoholie solution of lae |- 700 ¢.e. ethyl ether 1008 404 a0 28
s W o Sc.e.distilled water 88 3 7l.8 308
% W w W W 146 1-86 750 505
e - ) bR A 125.7 1.09 3.8 a8
o sf b = o 1311 0.82 6.7 G-10

25¢.c. alcoholie solution of hleached lae plus 12 e.c.

distilled water 4 = = = 107-6 1.39 70 333

* The original aleohalic solution of lac Lad an acid value of 81+8 and a solid content of 27,639,
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Vitamin C in Pulmonary Tuberculosis

PuySIOLOGICAL properties of Vitamin C such,
among others, as its action on vascular permea-
bility, its role in intoxication and in tissue
respiration and its action on formative cells,
suggest its application in Pulmonary Tubercu-
losis therapy. Some useful work has already
been done in this field. A comprehensive study
on the relation between Vitamin C and pulmo-
nary tuberculogis is being carried on in this
Department by Dr. S. K. Roy and the resulis
alrcady obtained are encouraging.

A study of the urinary excretion of Vita-
min C by the methed of Harris and Ray! as
later modified,” proved that the system is highly
unsaturated with Vitamin C in pulmonary
tuberculosis cases. Fig. 1 gives a picture of
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this state of unsaturation. Administration of
70 mg. of Vitamin C per kg. of body weight
for three consecutive days failed to saturate the
body in most cases of pulmonary tuberculosis.
In hezmoptysis, Vitamin C excretion falls rapidly
and rises with the stoppage of haemoptysis.

Lelters lo the Editor

[Current
Science

Administration of 350 mg. of Vitamin C daily
to pulmonary tuberculosis patients, makes a
decided improvement in the general blood pic-
ture, sedimentation rate, von Bonsdorfi's count
and Houghton’s index.

The investigation is being continued.

M. N. RuDgra.

Department of Medical Chemistry,

Prince of Wales Medical College,

Patna,
March 18, 1939.

1 Loucet, 1955, 1, T1.
2 Ibid., 1035, 2, 1399,

Supernumerary Chromosomes in Para-
Sorghum

A cvroLocicaL examination of a number of
plants of Sorghum purpuero-sericeum Ashers
et Schwenf, grown at the Imperial Sugarcane
Breeding Station, Coimbatore, from seeds re-
ceived from Kew as originally collected from
the Sudan, showed that the chromosome num-
ber in this species of Sorghum varies from
27 =10 to 2n= 14. The haploid set of 5 which
was also found in the two other para-Sorghums
examined, S. versicolor Anderss and S. dimidi-
atum Stapf. could be easily identificd in planis
of S. purpuero-sericeum with 10 chromosomes,
by their different lengths and the nature of
their attachment constrictions (Fig. 1). A pair

+

2
Ve
5 3
} 4 :
1 {I !
3 2
F1c. 1
Mitotic metaphase in 8. purpucro-sevicenm

=10 »% 2700

of nucleolar chromosomes possessing the char-
acteristic satellite could be easily distinguished.
The extra chromosomszs in plants having more
than 10 chromosomes are found to be identical
with the smallest or fifth chromosome in length
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and in having a sub-mwdian allachment con-
striclion  (Fig. 2, Al meiosis these extea

f):
43

Fic. 2
Mitotiv metiaphase in N, pyrpirpsorieonm
o 02 X 3700

chromosames vy Te seen s univadonts or they
naay e wmonpest themselves o with the irth
chromesone [o form hivalents, irivalonts o
e lravalends.

The plants in which (hese exbra chromosomes
aceur are Toumd o be in ne way dilferent from
these in which they ave absent. L is highly
probable that these supernumerary chromesomoes
Tike s fivst obsorved in Maize  (Longloy,
1027 andd i Pagpalum (Avdulov and  Titova,
19338 are impuaverishad of jenes, They, how-
over, thifer fromm the D" chiromosomes of maize
in baving a well=defined attachinent consteie~
1ion amd in being homolopous with one of the
chivomusomes of e normal haplaid sef.

Ten lis been conunonly veported a8 the hasie
nunber i the Awdropogronens gl the dis=
covery of the five-chrommsame speeies S, persi-
color [Karpee, 10300, hiax beon congidored ag
o diveel evidenoe for this,  However, multi=
wvialend aswiadions ave found in nearly all di-
ploid species of Sorplitnn, and  associations
higlher  than  quadeivalints  reported  in the
foteaploid 8. hatepease hy Tusking and Smith
C1O340).  These workers have not Found fewer
than 7 unils of associadion in the Sorghum
material examined by them,  This, and the fre-
cuency with which the chromosome wumber 7
and its mulliples cecur in Graminae, raise the
paossibilitivs of this number rather than 5 being
Lthe basiv number in Sorghum. The discovery of
types amongst S, perprero-sericoum with ehro-
mosomes ranging from 2=z 10 Lo 21 == 14 scoms
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to indicate that this species of Sorghum prob-
ably represents one of the stages in the process
whereby chromosomes are gradually eliminated
in the evolutionary fall in the basic chromosorne
number from 7 to 5.
E. K. JANAKT AMMAL.

Imperial Sugarcane Station,

Coimbatore,

May 1, 1939.

Avdulov, N, aned Titova, N.. “Additional (heomo-
suniox i Paspalim stolonifernm Bosen,™ Bull, A ppl. Bot.,
Laningrcl, 1933, Ber. 2 (8), 165-72,

Huskine, %, L., and Smith, 8, ti,, “A Uyiological
Slwly af the Ceaw Borghum,” Jour, (fon,, 1033, 28,

Lamdey, A, B, “Supernomerary (hromoromes in Zea
Hug™ Jone, Agri, Hex,, 1927, 85, T00-84,

Karper, R 8, “Inberilance in Cmin Sorghons,”
Pesnn. Agri. Krp, Sta, Reconds, 4300 Ann, Report, 1930,

How Mid-Rib Hardness affords Resistance
to the Sugarcane Top-borer Scirpophaga
nivella F., in India

THE sugarcanc top-borer, Scirpophaga nivella F.,,
is found almost all over Indiz where at pro-
sent about 4,500,000 acres are under sugarcane
owing to the recent rapid development of the
sugar induslry.

In some of the sugavcane {racls about 70%
of the sugarcanes at harvest time are found
altacked by the top-borer. Attacked canes
exhibit a drying shoot and become stunted and
oflen have a bunchy top owing to the upper
side buds developing into branches. Besides
this damuge, the attack by this pest kills oft
many young shoots and prevenis the growth of
many shoots into milluble cancs. At harvest
time millable cancs bored by this pest show an
average loss of 20% in weight. During some
years the loss is much more.

It has been found as a result of ficld obser-
valions carried out during 1937 and 1938 that
some varieties of sugarcanes arve definitely
more resistant to this pest than others. All
these resistant varieties have in common very
strong hard mid-ribs in their leaves. The varie-
tics that are badly attacked have rather weak
mid-ribs often with drooping leaves,

31
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6-2; 50; 2-5; ete,,and 16-8; 28-8; 17-2; 7-7; spontaneum in Assam and Orissa. 1 collected several
18:6; 5:0; 3-7; 1-7; ete. Here the fernale curve also  clones from both these loecalities in 1937, The

showed & high peak on the second day and another
but slightly lower peak on the fifth day of emerging.
This fifth day female peak was much more pronounced
than that of the criss-cross generation mentioned
above. The difference between the number of
females and males for the fifth day was consequently
not so large as in the case of the criss-cross generation.

Nuwber of files

O tive days of

D. melanogaster (y-w stock)
—— ¢ Q,----d3, n =243

Data treated on similar lines and obtamed from
observations on Drosophila melanogaster (wild) and
Drosophila simulans (wild) showed a pronounced
second day peak for both sexes but no fifth day pealk.
Hereafter there was an unarrested decline. The
females were in the majority, more or less to the
same degree for every day of emerging. The daily
percentages of the total of females and males re-

spoctively for Drosophila melanogaster were : 287 ;
409; 19-5; 9-2; 1-1; 0-27; 0-27; and 22-8:
357; 26-0; 12:5; 06: 0:3; etc. The corre-
sponding percentages for Drosophila simulans were :
18-6; 32-3; 15-7; 13-2; 8-4; 5-7; 2-8; 1-8;
etc., and 11-4; 35-8; 20-0; 14-3; 8-6; 3-9;
2:-6; 2:6; ete.

It is important to note that especially for the criss-
cross generations involving the sex-linked genes y
and w, and probably also other sex-linked genes, the
sex-ratio may be inherently different from the first
to the last day of emerging.

The percentage of females for the consecutive days
of emerging of the eriss-cross generation were : 68 ;
58; 51-5; 49-4; 36-1; 46-9; 18:7; 55-1; ete.,
the average being approximately 51-6.

G. ELoFF.
Department of Zoology,
University of the Witwatersrand.

Chromosome Numbers in Sclerostachya
fusca

Sclerostachya fusca A. Camus (Saccharum fuscum
Roxb.) is a grass closely related to Saccharum
spontaneum and similar to it in habit, It is dis-
tinguished from Saccharum by its rachis being
tough instead of fragile and by its pedicelled spikelets
being female instead of hermaphrodite. (The sessile
spikelets in both are hermaphrodite.)

This grass grows in association with Saccharum

peasants use it extensively for roofing and making
framework for their mud houses, as well as for
fencing. It goes by the names of yekkada and ikra
in these provinces.

The Orissa form proved to have 48 chromosomes,
and the Assam form, which was of larger habit, had
96 chromosomes.

Most of the Andropogones, including Saccharum
officinarwm, have 10 as their basic number. KExcep-
tions to this are Miscanthus with 36 chromosomes
and the dibasic Saccharum spontaneum in which
forms with = 6 and z = 10 bhave been found.

The doubling within the species is analogous to
the condition of Saccharum spontaneum with its
west-to-east transition from 48 to 112 chromosomes!.
The discovery of another genus, more closely related
to Saccharum than Miscanthus, with the basic
number of 6, makes it easier to understand the origin
of the dibasic cultivated sugar canes.

E. K. JANART-AMMAL.

John Innes Hortieultural Institution,

Mostyn Road,
Merton Park,
London, S.W.19.
Feb. 29.

! Janaki-Ammal, E. K., “Triplo- ml\ploid\ in Saccharum spontanenm
L.", Current Sei., B 74=76 (103

Ameeba lescheri (= Chaos leschert) : a New
Species of Ameeba

EarvLy in 1938 1 discovered a new species of Chaos
(better known as Ameba in Great Britain) which T
propose to name Chaos lescheri = Amaba lescheri, to
honour the memory of Mary Adela Lescher, founder
of Notre Dame College, Glasgow. A full account of
the life-history of this amceba will appear in the
Quarterly Jouwrnal of Microscopical Science. The
ameebe of the genus Chaos are large and form pseudo-
podia that are sub-cylindrical, blunt and filled with
granular endoplasm throughout. Conspicuous longi-
tudinal ridges and grooves are characteristic of the
ectoplasm. Awmeeba lescheri is readily distingunished
from the other species of Chaos by its crystals, which
are square prisms (maximum size 2p). Ovtsized
spherwa.l individuals attain a diameter of 525y,
creeping individuals a length of 600 p. The average
for the former is 350 p. and for the latter 400-500 p.

Translucency in amwbz is a factor of age and
physiological condition, depending to a large extent
on the cytoplasmic inclusions, Having regard to
these considerations, Amamba lescheri is more trans-
lucent, as it is also slightly smaller than A. proteus Y*.
The shapes assumed by the contrasting ameeba also
differ, more of the bulk of the eytoplasm being concen-
trated in the pseudopodia of A. lescheri. Normally
there is present one nucleus, discoid in shape. Altern-
ate aspects of the nucleus, ‘plan and elevation’, are
presented to the observer as the nucleus is aub;ected
to the streaming movements of the endoplasm.
Frequently the nucleus has the appearance of a
biconcave lens. Since it normally lies in the peripheral
endoplasm it is quickly found in a microscopical
preparation of the living animal., The chromatin is
distributed on an achromatic network and takes the
form of regularly arranged blocks under the nuclear
membrane distinct from, and slightly separated from,
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TABLE 1.
GROWTH FACTORS FOR CL acelobutylicum AND RELATED SUBSTANCES.
!Amoum. of substance per ml. of basal synthetic
. medium
210 2x10t 2x10- 2x10-! 2x10? 2
MOgM, g GO p RO g O p g, p g
1. Yeast concen-
trate - - + + + +
2. Yeast concen-
trate (after
ether extrac-
. T - - = -
. p-benzoyl amino)
benzoic acid
(from  yeast
concentrate) - + -+ + + =
4, p-amino benzoie
acid | + -+ ) + + -
5, m-amino benzoic
ac - = = = ] +
6, g-amino benzoic
acid - - 5ot - - +
7. Novocaine - + + s + -
8. Sulphanilamide | — - - - - -

Growth +, no growth —

A comparison of these results with the anti-
sulphanilamide tests of Woods reveals a remarkable
correlation. In this work the growth factor activity
is : p-amino benzoic acid 6-8 x 16-* M., novocaine
12 x 10-* M., ortho and meta amino benzoic acid
probably inactive. In regard to Weizmann’s statement,
it is presumed that his biotin, which stimulated
growth, contained p-amino benzoic acid.

The bacteriostatic action of sulphanilamide on
growth was determined by subculturing the organisms
in the basal medium containing varying quantities
of ‘p.a.b.’ and constant amounts of sulphanilamide.
The results recorded in Table 2 confirm Woods’s
findings® on the anti-sulphanilamide action of ‘p.a.b.’
They also illustrate how it is possible to titrate the
two antagonists using growth as the end point.

TABLE 2,
TITRATION OF P-AMINO BENZOIC ACLD AGAINST SULPHANILAMIDE,
Concen- | Amount of p-amino benzoie acld per ml. | Molecular
tration of of basal medium nt‘ijo_
iy ‘p.a.b.
amide | 5x10- 1x10" 2x10°' 3x10°" 4x10" | sulphanil
Mgm, pgm. Egm. pgm. pgm. amide
.
1,;3!50 = o = - - 28,000
g;m' - - + + + 23,000
= - + 23, |
5 + + + ,000 |

Growth +, no growth —

On the basis of the above figures one molecule of
‘p.a.b.’antagonizes 23,000 molecules of sulphanilamide.
This tremendous disproportion between these two
antagonistic reagents makes it diflicult to conceive
how the growth activator ‘p.a.b.’ can overcome the
offect of the growth inhibitor (sulphanilamide) if the
two molecules are destined towards the same re-
ceptor site on the organism. The chances of the
activator making first contact seem fairly remote
when considered from a physico-chemical pointof view.

Syo~eEY D. RuBso.

University of Melbourne. J. M. GILLESPIE.

Oct. 22.
! Fildes, Laneet, 1, 955 (1940).
* Stamp, Lancet, 11, 10 (1939).
3 Green, Brit. J. Ezp. Path., 21, 38 (1940).
* Brown, Wood and Werkman, J, Bact,, 88, 631 (1939).
% Weizmann, Biochem. J., 33, 1376 (1939).
*Woods, Brit. J. Exp. Path., 21, 74 (1940).
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Chromosome Diminution in a Plant

Tue genus Sorghum consists of two groups.
Eu-Sorghum includes the tetraploid millet species and
an octoploid fodder species'. Para-Sorghum includes
only diploid species (» = 5) which are not cultivated.
One of these is 8. purpureo-sericeum, from the
Sudan, in which T have described plants with varying
numbers of extra chromosomes. These chromosomes
1 supposed to be inert?,

I now find from meiosis in the pollen mother cell
that, amongst a wild 1931 colleetion of seeds given
me by Mr. C. E. Hubbard of Kew, 40 out of 100 had
these extra chromosomes (Table 1).

TABLE 1.
PLANTS WITH B CHROMOSOMES IN Sorghum purpureo-sericeum,
No. of B's 0 1 2 3 4 b &  Total
Total plants 80 12 20 5 1 1 1 100
Tested in roots — 8 7 2 1 1 1 20

Thus there appears to be the same kind of distribution
of extra B chromosomes in the natural population of
this species as occurs in certain cultivated varieties
of maize?. Again as in maize, these B chromosomes
do not pair at meiosis with the five ordinary members
of the complement. They have, therefore, lost all
effective relationship with the active chromosomes,
alongside which they must have maintained a
separate existence for a great time.

That these chromosomes are in some respects
active, and disadvantageously active, is shown by
the proportion of healthy pollen (from 500 grains
each) in plants having different numbers of B’s
(Table 2). Their long maintenance in the species
therefore demands that they have certain com-
pensating advantages for the plant.

TABLE 2,
ErrECT 0F B'S O8N AVERAGE POLLEN FERTILITY.
No. of B's 0 1 2 3
No. of Plants L] 3 a 2
Good pollen 93-6% 83-0% 3% 11-59%

I'rom mitosis in the root-tips, however, a new
and remarkable property of these B chromosomes
appears. Twenty plants having B’s in the pollen
mother cells were examined. None had B's in the
roots. All had the ordinary chromosome complement
of 10 (second line, Table 1).

Re-examination of the flower-tissues of these
plants showed the presence of B’s at metaphase of
mitosis. The resting cells also frequently contained
small extra nuclei, which had doubtless arisen from
lagging B’s. Since these chromosomes are maintained
in the tissue, it seems that the extra nuclei must
rejoin their companions during mitosis in the flower
parts. In the early growth of the roots, on the other
hand, they must be lost.

Now irregularities (attributed to a deficient cen-
tromere) have often been found in the mitotic move-
ments of extra chromosomes, but never before has a
regular loss of such chromosomes been recorded in a
particular tissue of a plant. The case at once recalls
the well-known diminution of chromosomes in
Ascaris and, still more foreibly, the exclusion of
certain ‘sex-limited’ chromosomes from the somatic
line in Sciara®.

The further study of these highly controlled
chromosomes is therefore likely to throw light on

A AQAN Mabisra Dihlichina MReann
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the physiology and mechanics of the more elaborate
and more abstruse systems of chromosome diminution
found in animals. E. K. JANART-AMMAL.
John Innes Horticultural Institution,
Merton Park, London, S.W.19.
Nov. 26.

1 Hunter, A. W. 8., Canad. J. Res., 11, 213-241 (1934).
* Janaki-Ammal, E. K., Curr. Sei., (1939).
3 Darlington, C. D., and Upcott, M.B. (1940). J. Genet. (in the Press).
¢ Metz, C. W., Amer. Nat., 72, 485-520 (1938).

Compression of Cylinders of Soft
Materials

SoMe time ago, we proposed an equation! to
describe the behaviour of soft bodies under com-
pression, with special reference to the compression
of cylinders. Whereas for a true fluid we have
n = sc-14%, and for an elastic solid n = soc-14%; we
proposed for ‘intermediate’ materials

Y = so -1tk

where s is shearing stress, o is shearing strain cal-
culated by the logarithmic formula, ¢ is time of
compression, 7 is viscosity, n is shear modulus, and
¢ was described as the ‘‘firmness’” and &k as “‘a
measure of elasticity”, though we should no longer
care to use the latter expression, since such properties
as work-hardening and dilatancy would reduce k
without increasing the elastic recovery.

This equation obviates the difficulties, both prac-
tical and theoretical, involved in attempting to divide
o into two parts, recoverable and non-recoverable, in
order to calculate 7 and n for such materials.

In a later paper2, psychological experiments were
described which we believe to justify the use of ¢
as a criterion of firmness, in spite of, or rather because
of, its peculiar physical dimensions. In neither paper
was it possible to give any data to test the equation,
nor was it claimed that ¢ and & would be expected
to be constants for all materials independent of stress
and strain conditions. It was, however, hoped that
the new treatment would prove simpler than the
classical analysis, in which very complex variations
in  and » with varying stress and strain conditions
and histories are to be found?.

A direct test of the equation has now been made
possible as a result of the design and construction
by Dr. P. White and Mr. J. Cotton of an apparatus,
to be described shortly, in which cylinders can be
loaded in such a way that the load increases propor-
tionally to the change in cross-section of the cylinder,
the value of s thus remaining constant throughout
the compression.

Under these conditions, the equation may be
written :

log ¢ = k log ¢t — log 6 4 const. ;
or, in the case where the log ¢/log ¢ curves are linear :
log ¢ =% — log oy + const.,

where 614 is the strain produced in 10 sec.

In view of the principle underlying Fechner’s law,
it seems not unlikely that ‘firmness’ as judged sub-
jectively may be related directly to log ¢, and for
this reason as well as because the logarithmic values
are easier to handle, we prefer to keep the data in
the logarithmic form.

The new instrument was designed for experiments
with cheese and butter, so that the stress range
available is somewhat limited, but it has been possible
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No. Material Radius Shearing stress Logy k
1. Worked butter 1-5 cm. 58,260 dyne cm.=®  5-61 035
2.  Wet clay soil 10 131,100 5-53 0-035
3.  Rested butter 15 58,260 5-67 0-28
4, Cake 10 102,500 5-89 0-14
5. Acrylic acid
polymer 10 192,600 618 006
6. Mod, wet clay :
soil 10 131,100 6-17 0-055
7. Cheddar cheese 1-0 131,100 6-47  0-20
8,  Stale bread 15 58,260 640 0-325
9.  Apple (flesh) 10 192,600 6-66 0-055
10.  Potato 1-0 192,600 6-66 0-035
11.  Plasticine-rub-
ber Vaseline
mixture 10 192,600 6-93 0-14
12. Dry clay soil 10 131,100 6-86 0-07

to test, at a constant temperature of 60° F., a number
of very varied materials, curves for some of which
are shown in the accompanying graph. The log o/log ¢
curves are remarkably linear, except perhaps at very
small strains, where measurements are, in any event,
decidedly inaccurate.

Experiments with cylinders of Californian bitumen,
which approximates very closely to truly fluid be-
haviour, indicate that the instrument is compensating
correctly for the change in cross-section, unless
exceptionally small loads are used. The only case
where this error is likely to be just mgmﬁcant is for
No. 4, but the curve is shown because of its intrinsic
interest.

Our views as to the significance of & have altered
in the light of experience with the apparatus. This
will be discussed when the experiments are described
more fully elsewhere.

G. W. Scort Bram
F. M. Varpa CoPPEN.
National Institute for Research in Dairying,
University of Reading. Nov. 25.

1 8cott Blair, G. W., and Coppen, F. M. V., Proc. Roy. Soc., B, 128,
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2 Scott, B]?ir G. W., and Coppen, ¥F. M. V., Brit. J. Psychol., 81, 61
(1940).
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s Schofleld, R. , 138
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The Breakdown of Meiosis in a Male-Sterile
Saccharum

BY

E. K. JANAKI-AMMAL
(Fohn Imnes Horticultural Institution, Merton)

- With twenty-one Figures in the Text

INTRODUCTION

N many hermaphrodite plants individuals occur with defective anthers.

This defect arises in many ways, but it is always genetically determined
(cf. Lewis, 1940), and may sometimes play an important part in the evolution
of the genetic system (Frankel, 1940). Studying the precise means of break-
down, however, is of importance from an entirely different point of view.
Beadle (1933) has shown that in maize there are some dozen genetically
distinct determinants of male sterility, and these determinants act in many
different ways. Some of them, such as the polymitotic gene, are already of
great physiological interest and others await more exact interpretation.

Types of male sterility may be conveniently subdivided into those which
act through the intermediacy of the chromosome-development and those
which are seen directly to affect the spindle. Of the first the asynaptic gene in
Crepis capillaris (Richardson, 1935) is an example; of the second, the break-
down of tetrad formation in Kniphofia (Moffett, 1932). Physiologically, a
more obvious means of classification is that depending on the onset of
‘breakdown. Abnormalities which in Chrysanthemum affect premeiotic
divisions (Shimotomai, 1931) are at the one end of the scale; at the other
extreme might be placed those types of pollen in hybrid species of Oenothera
which although externally normal fail to germinate.

The types of male sterility which affect the development of the spindle are
of particular interest for comparison with the results of experimental treat-
ment and of non-pairing of chromosomes, which has always of course a
secondary effect on spindle development. In a recent account Darlington and
Thomas (1937) have been able to show in a Festuca-Lolium derivative that a
failure in the combination of the separate spindles developed by the centro-
meres of each chromosome leads to a splitting of the spindle at anaphase and
the formation at telophase of three nuclei instead of two. They also found that
at the second division spindles could be developed which ran round the
apparently quiescent nucleus and were developed, therefore, without any

[Annals of Botany, N.8. Vol. V, No. 17, January 1941.]



84 Janaki-Ammal—The Breakdown of Meiosts
relationship to the centromeres, from which the first division spindles were
most palpably derived.

In the present study I am concerned with another grass, a derivative of

Saccharum officinarum with 110 chromosomes. The individual concerned was
pu[len-sterile. Its ovule fertility has not been tested by cross-pollination.

It arose by diploid parthenogenesis from the

r Java cane PO]J 2725 (2n = 106) after pollination

’ “l‘, ‘ with Imperata cylindrica, as 1 have recorded
J‘

elsewhere (Janaki-Ammal, 1940).

METHODS

J -n Root-tips were fixed in Allen’s Bouin after
J’ (‘!} -:}ff immersion in ice, and stained in Heiden-
W hein’s iron-alum-haematoxylin (Fig. 1). Pollen
-:,\ N\ N mother-cells were fixed in 1:3 acetic alcohol
g I ‘ and transferred to 70 per cent. alcohol, in
1 which they were left for several months.
Fic. 1. Somatic metaphase in Material thus preserved was stained in aceto-
;:’:'t:'lplz.f '(P;n;ig_';fm“ PIANT.  armine after immersion for a few minutes
' in acetic alcohol. Smears were made per-

manent according to McClintock’s method.

OBSERVATIONS

Meiosis follows a uniform course until the first anaphase. There are a
variable number of unpaired chromosomes and multivalents (Figs. 2-5), but
these do not seem to hinder spindle development seriously. Even after this
stage, in rare instances, telophase, second division (Fig. 6), and tetrad forma-
tion may succeed one another to give separate pollen grains with separate
nuclei. These, however, when formed rapidly degenerate. Alternatively, the
second division may be omitted, and irregular dyads formed which after-
wards degenerate (Figs. 7—9).

The great majority of cells show abnormalities, which fall sharply into two
classes. In both the first telophase nuclei lose contact with the spindle before
a cell plate can be formed. The loss of contact is not merely a visible relation-
ship in the fixed material. It is correlated with a loss of relationship in move-
ment. The two courses that may follow are quite simple. In the one case,
as in Figs. 11-15, the two nuclei leave the ends of the spindle and move
towards one another, one on each side. They fail, however, to meet, and
produce, when the spindle has disappeared, a single, ill-formed, binucleate
pollen grain. In the second case, which is even more surprising (Figs. 16—
21), the two nuclei move towards one another through the spindle. They meet
inside the spindle, and having met fuse to form a single nucleus from which
a single pollen grain develops.
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Fics. 2—-5. Diskinesis to first telophase in pollen mother cell.
Fic. 6. A rare case of second division (see text). (X 1,200.)

Fics. 7—9. Formation of irregular dyad pollen grains through omission of second division.
(x 1,200.)
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Fics. 10-15. First telophase to formation of binucleate pollen grains. (X 1,200.)

20 D 21

Fics. 1621, Formation of uninucleate pollen grains by fusion of the first telophase nuclei.
(X 1,200.)
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What is significant about this behaviour is that nuclei, which are dis-
tinguished by the accidents of their position and movement, in one course
of development fuse and in another fail to do so. They fuse when they are
within the spindle; they fail to fuse when they are within the cytoplasm. A
second point of interest is the loss of contact of nucleus and spindle, which
recalls the absence of contact of the second division in the Lolium derivative.
This loss of contact is of course associated with the loss of function in the
deposition of the cell plate. We should therefore describe the spindles, for
all their apparent structure and strength, as dead spindles.

SUMMARY

Sterility in a parthenogenetically derived seedling of the sugar-cane
POJ 2725 is due to inactivity of the spindle after the first telophase.,

The two nuclei formed either move down the sides of the spindle or pass
through it. In the latter case a restitution nucleus results.

In rare cases tetrad and dyad grains are formed; these degenerate,
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Papr . SACCHARUM-BERIANTHOS

1. INTRODUCTION
Ix the present series of papers I propose to deal with intergeneric hybrids
between Saccharwm and other grasses,

The genus Saccharum consists of some ten species (Bews, 1920) distri-
buted throughout the warmer parts of the world. The species used i the
present experiments are S. spontaneum and S. gfficinarum, both belonging
to the section Bu-Saccharum, and hybrids between them.



218 Intergeneric Hybrids of Saccharum

8. spontaneum is a polymorphic species. -I have collected clones in
India with 48, 56, 64, 72 and 80 chromosomes (Janaki-Ammal, 1936,
1939). Others from Assam and Burma had 96 and from the Dast Indies
112, while Bremer (1929) found forms with 80 in Celebes and the
Philippines. . officinarum, the cultivated sugar cane in its common
forms, is octoploid, 2n=80. Like many important cultivated plants it 1s '
not known in the wild; its nearest wild relative is S. robustum (2n==80),
discovered by Brandes in New Guinea (1928).

The first successful cross between S. officinarum and S. spontaneum
was made by Barber in 1914. Since that date a laxge number of hybrids
and hybrid derivatives have been evolved both in India and Java (the
so-called “nobilized” varieties). The first intergeneric hybrid of Sac-
charum was also made by Barber, in 1913 (Barber, 1916), when he crossed
$he clone “Vellai” of 8. officinarum with the grass Narenga narenga. In
1927 Rumke (1934) crossed another clone *EK 28” with Brianthus sara.
Since then a number of intergeneric hybrids of 8. gfficinarum have been
made (Venkatramam, 1938; Janaki-Ammal, 1938).

In 1934 I attempted a series of crosses hetween S. spontaneum and
related grasses. Amongst the successful ];ybricls I described were those
between two types of this species with 56 and 112 chromosomes and
Erionthus ravennae, 2n=20 (Janaki-Ammal, Report, 1936). The first of
these did not flower; the present investigation is on the second, in which
the Java clone of S. sponianeum, “ Glagah”, was used as the female
parent. This clone was obtained from the Pasoeroean Experimental
Station and has been propagated vegetatively at the Imperial Sugar
Cane Station, Coimbatore, since its introduction in 1919.

The variety “purpurascens’ of Erianthus rovennae was used
as the pollen parent. It was collected from the Punjab and was
designated “Saccharum munja, spiny” at Coimbatore until correctly
identified by Mr Hubbard at Kew in 1935.

2. METHODS

Spikelets of 8. spontaneum selected for crossing were emasculated a
day before their opening, and the rest of the spikelets removed from the
“;rrows” which were bagged both before and after pollitation—a pro-
cess which is usually thought detrimental to seed-setbing in Saccharum.
Five seedlings were obtained from this cross. The reciprocal cross set no
seeds. All the Fy’s were alike. My observations were made on one of the
five 7, plants—SG 48-1” and its selfed seedlings.

1 Brandes says 2n=284; material examined by me had 2n=80.
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E. K. JANART-AMMAL 219

Root tips for chromosome counts were fixed in Allen’s Bouin to con-
tract the chromosomes and thus facilitate their counting. Root tips were
immersed in crushed ice for several minutes before fixation, as this was
found to give metaphase plates with the chromosomes well spaced.
P'olleu mother cells were fixed in 1:3 acetic alecohol. Acetocarmine
smears were made both from fresh material and from pollen mother
cells fixed in acetic alcohol and preserved in 70 9, alcohol. Material thus
preserved was rendered more suitable for staining in acetocarmine by
immersion for a few minutes in acetic aleohol or Carnoy’s fixative.
Smears were made permanent by the method of McClintock (1929).
Sections of root tips were cut at 10-12u and of pollen mother cells ab 164
all sections were stained in Heidenhain’s iron-alum-haematoxylin.

3. GENERAL CHARACTERS OF PARENTS AND OFFSPRING

Hooker in his Flora of Britash India says of Erianthus: “* Habit and
_character of Saccharum bub glume 4-awned, rarely awnless.” Erianthus
‘ravennae, however, differs from S. spontanewn in a number of characters,

of which the clearest is the absence of regular internodes.

Table 1 summarizes the general characters of taxonomic value noted

in the two parents and the F,. The F,’s resembled S. spontoneum more

'Talﬂé 1. Comparison of characters of Saccharum spontaneum,
' Erianthus ravennae and thenr F

Charasters S. sponfaneum F, seedlings E. ravennie
1. Stem: anatomy Nodes and inter-nodes  S* Short rhizomes, Aerial
present stem deve]oped during
Howering onl
. 2. Stem: average 0-93 em. 13 em. 11 em.
thickness -
8. Ligule Ovate; zone of artiecn-  § Ciliate; zome of articu-
Jation present lation ahsent
4.. Leaf sheath Hairy on side of igule S Be::fded' at insertion of
1 [
5. Leaf length 40 cm, 51 cm. 44 em.
"6. Leaf width 1-9 om. 1-8 cm. 13 cm.
7. Inflorescence Subsidiary branches § Subsidiary branches
: simple compound
S. Primary rach Hairy S Glabrous
- 9. Callus hairs 4-5 times louoer than  3:5-4 times  Tqual or sub-equal
ghune - longer '
10, Glume 1 Membranous with cori- & Villous dorsally
) aceous base
11. Glume IV (@) Minute Long Long
(b) Linear & Ovate
(c) Ciliate 5 Non-ciliate
) {d) Awnless 8 Avwned
12, Lodicules Ciliate - g Glabrous

* §=character as in Saccharum parent.
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Fig. 1. Types of ligule in S. spontaneum and Erianthus P, and their Fy and Fy hybrids.
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_closely than Erianthus, but they had slightly thicker stems and longer
leaves than the Saccharum parent and theinflorescence was on the average
longer and denser. The hybrids produced abundant pollen. In the plant
SG 48-1 selected for study the percentage of viable pollen was about

.82 9%, a8 agdinst 94 and 93 %, noted in the Saccharum and Erienthus
parents respectively. The plant set abundant seeds, even under bags.

4. MorraOLOGY OF F, SEEDLINGS

Several hundred selfed seedlings were raised from bagged inflorescences
of the 8. spontanewm x Erianthus ravennae hybrid 8G 48:1 in 1937; of
these only fifty F, plants were grown for study: Owing to the drought
conditions gt Coimbatore in 1937 and 1938, and the salinity of the soil
in which they were grown; several of the seedlings died. The remainder.
showed great variation in height and thickness of stem and width of
leaives, some of them being much thicker and taller than any variety of
- 8. spontameum. The average width and length of the leaves was measured
in the thirty-nine plants that survived. Fig. 1 shows the type of ligule in
‘these. The frequency distribution of the seedlings in six class groups
according to leaf width is recorded in Table 2. The modal class of pro-

Table 2. Leaf width in parents and erosses

Leaf{ width in centimetres
1 5 - 2 26 3 25
Class of ?renta Erianthus Saccharum
Class of F, i 1
Frequency of T, 1 19 3 2 3 1
- \ '
. Constitution of- I, 2z, SE + 3z, SSK - 4%, 85EE

plants examined

genies occurred in the 1-5 cm. group into which Brianthus ravennae also
falls. Four plants stood out from the others by their great height. Their
leaves, which exceeded 3 om. in width, resembled those of sugar canes
more than they did those of either parent or of the F,. Fig. 2 illustrates
the difference in the.thickness of the stem, Fig. 3 the size of the in-
florescence and spikelets in the parents F, and some of the F, seedlings.
Class groups of stem dismeter of forty seedlings are shown in Table 3.
Plants with thicker stems had also larger inflorescences. In several indi-
viduals the subsidiary branches of the inflorescence were seen to be
compound as in Frienthus. An awned glume was found to have segre-
‘gated in the Fy. Where the awn was absent the fourth glume was generally

longer than in 8. spontaneum, as shown in Fig. 4. An important value in
lourn. of Genetics 41 15
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222 Intergeneric Hybrids of Saccharum

comparing these hybrids is the length proportion of callus hairs to
glumes. The range of this value H/@ is shown in Table 4. The F, distribu-
tion is unimodal and covers most of the range between the parental
species. '

Fig. 2. Variation in stem thickness in the P, generation of Saccharwm-Erianthus hybrids

Table 3. Stem diameter 1n parents and crosses
Stem diameter in centimetres
A

0-5 1 . 1-5 2 2.5
Class of parents Brignthus  Saccharum
‘Class of Iy Fy
Frequency of F, 2 . 31 3 3 1
5 e |
Constitution of 2%, SE+ 3z, §8F - - 4z, SSEE

plants examined

Table 4. Distribution of H/G ratio in S. spontaneum
and B. ravennae parents and Aybrids

) Class (lass : parents Frequency
Class value : anf%*l; : qu
0-8-1-2 1 I ravennae e
1-3-1+7 1-5 — 1
1.8-2-2 2 — 1
2-3-2-7 25 — 6
2:8-3-2 3 - 4
3-3-37 3-6 Iy 15
3-8-42 4 — 2
4347 4-5 8. spontanewm =

119 Glmah i
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Fig. 3. @, the inflorescence of 8. spontaneum (S), Brianthus (F) and their ) {]’ngrid-

b, relative size of arrows in F, of tetraploid (SSER), wriploid {(SSE) and diploid (SF +)-
E}’hl‘jd (SE) and two I, plants.

16-2

¢, spikelets of Saccharwmn (S), Brianthus (IF), theiv ¥,
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The 7, seedlings varied a great deal in the degree of anthesis. In at
least four of the seedlings that flowered there was total absence of
authesis. This was generally associated with low percentage of viable
pollen.

Saccharum Spontaneum Erianthus ravennae

(Qina s} (@ = 142)

[=F 8

Ei

L G2 63 Gk

3 (=28

5.6.100:16 (Zp = 7,?) g S.6.100-3) (zmé-g) 5.6.10033 (25 . 136)
Fig. & Types of glume in spikelets of Succharum, Brianthus and their F, and F, hybrids.

The awned fourth glume, though not present in the F,, appears in some of the I,
seecllings. .

5. UHROMOSOME NUMBERS IN PARENTS, F; AND F,

Root tips of 8. spontaneum “(#lagah” showed 112 chromosomes, as

- found by Bremer (1923). The somatic ntmiber of Brianthus ravennae is

20. In the variety “spiny” used in the present cross there was-a small

extra fragment. Four selfed seedlings of this plant showed: the 20

chromosomes only. The basic number in the genus Brianthus is 10, and
E. ravennae is therefore a diploid species.

All the five F; hybrids examined had 2n=66, the sum of the haploid
numbers of the parents.
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The following are the chromosome numbers of the sixteen I, seedlings
examined:
Chromosome no.... 67- 68 69 70 71 72 78 74 75 76 104 106 108 136

No. of plants 1 1 — 1 1 2 3 1 —- 2 1 1 1 1
- s A - J
Presumed consti- SE .+ S8 - SSEBE +
tution

Twelve of the sixteen seedlings examined had a chromosome number
between 67 and, 76, that is, close to that of the #, hybrids. Three plants
had 104-108 chromosomes and are therefore ““triploids”, SSE, in rela-
tion to those in which the chromosome number ranged from 67 to 76.
A single plant had 2n =136 (Fig. 6) and would on the same evidence be
considered a “tetraploid”, SSEE. The higher chromosome numbers go
with the larger size of stem, leaves and inflorescence. -

The chromosomes of the parents, ¥, and three types of F, are shown
in Fig. 5.

8, MEIOSIS IN THR PARENT SPECIES

The 112 chromosomes of S. spontanewm “Glagah” associate as 56
bivalents at diplotene (Kig. 6a). The number of chiasmata at this stage
varies from one to two per bivalent. Fig. 6b represents the 56 bivalents

G W,
$ T g k}f}% tg'oo
¥ Xy xn' P +*®o o9
"Vggr ak ? %% 0®
R % 99, ® £

_ ® .9 Ho
#$‘6+§ ’Q'...:..
'9' ¥é ....’ ': : :
'iht - @
4.?,5"’-6“ 0c%ee
a b
Tig. 6. Chromosome association in 8. sponfaneum “Glagah”. a, diplotene; b, metaphase.

x 1800.

at metaphase. Reduction division in this plant, which has also been
dealt with by Bremer, shows regular distribution of the 56 bivalents
during anaphase.
Fig. 7 a—c represents the stages of meiotic division in the male parent
Erianthus ravennae. The chromosomes associate as 10 bivalents, the
number of chiasmata varying from two in the short chromosomes to
three in the longer ones. The single centric fragment is not included in
the metaphase plate and is lost in the eytoplasm. It is probably elimi-
nated in gamete formation.

49



E. K. JANARI-AMMAY 227

Fig. 7. Meiosis in Eriantus ravennce. a, diplotene; b, metaphase; ¢, telophase, with the
) fragment excluded. x 2000.

7. Mmoszs IN THE ¥, HYBRID

‘The F, hybrid flowered abundantly. Pollen mother cells at diakinesis
showed that the 66 chromosomes associate into bivalents, trivalents and
quadrivalents (¥ig. 8a). Table b gives the configurations noted in ten

Table 5. Degree of association of chromosomes wn Fy

Configuretions

— e
IV IIx II 1 Cells
1 1 26 7 5
4 2 24 8 1
1 2 25 G 1
2 2 23 6 |
2 2 22 § 1
2 1 24 7 1

cells in which all the chromosomes were present. The large number of
bivalents (22 to 26) present in the hybrid shows that the chromosomes
derited from the haploid complement of the S. sponlaneum are capable
of pairing amongst themselves (autosyndesis) like the Tripsacum
chromosomes in the cross between Zew and the tetraploid form of Tripsa-
cum dactiyloides (Mangelsdorf & Reeves, 1932).

The number of univalents varied from six to eight. These univ alents
probably represent the unpaired Erianthus chromosomes, The frequent
presence of seven univalents associated with a single quadrivalent and a
trivalent indicates that at least three of the chromosomes of Frianthus
pair with those of Saccharum, forming the multiple associations noted.
Not infrequently the number of these multiple associations is greater
than one. An increase in their number is associated with a decrease in
the number of bivalents rather than with any appreciable change in the
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number of univalents. We might infer from this that the éa.mebic comple-
ment of S. spontaneum present in the hybrid is capable of forming higher

Fig. 8. Moiosis in Saccharum.Erianthus hybrid. a, dinkinesis. b, first metaphase. ¢, telo-
phase of frst division, showing univalents dividing at the equator. d, telophase of
second division, showing lagging chromosomes. e, normal tetrad. f, abnor tetrad
with binucleate dyad. (s, b, ¢ and d,- x1S00; e and f, x 1080.)

configurations by autosyndasis than it does in the polyploid parent. In
this respect the S. spontamewm.x Eriamthus hybrid is similar to the
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diploid-hexaploid hybrid Lolium perenne X Festuca arundinacea in which
Peto (1934) found trivalents, quadrivalents and quinguevalents.
Differential condensafion of chromosomes was noticed in some of the
cells. Fig. 8b shows a metaphase plate in which two bivalents seem to be
at an earlier stage than the rest of the chromosomes. A variable number
of univalents are seen to divide on the spindle, after the bivalents separate
to opposite poles (Fig. 8c). At thesecond metaphase a number of daughter
univalents are seen to lag and segregate at random without splitting.
Some of these do not reach the poles hefore the nucleus is reconstructed
(Fig. 8d). This variable segregation is responsible for the occurrence of
F, seedlings with numbers ranging from 67 to 76. The development of the
pollen grain was normal in a large percentage of the cells examined, but
‘occasionally tetrads with two-nucleate cells and dyads were found
(Fig. 8f). These would give rise to unreduced pollen grains. The occur-
rence of unreduced mother cells giving rise to unreduced embryo sacs is
a common feature in Saacharum (Janaki-Ammal, 1939; S. Narayana-
swamy, 1940). Fertilization of these diploid eggs by haploid and diploid
pollen grains accounts for the occasional “triploids” and ““tetraploids™
found amongst the F, seedlings. J

8. Mgzrosis 1N F, SEEDLINGS

Fig. 9 a, b, ¢, Tepresents the association of chromosomes in three of
the “diploid” seedlings. The number of univalents was variable in all
the plants studied: Chromosome association was chiefly in the form of
. bivalents with an occasional quadrivalent. In the “triploid” with 108
chromosomes I found occasional sexivalents besides bivalents (Fig. 9d).

Fig. 9¢ and f illustrates the chromosome configuration in pollen
mother cells of the single “tetraploid” plant SG 100-33 during diakinesis
and metaphase. The chromosomes associate as bivalents, quadrivalents
and. occasionally sexivalents. The number of univalents was considerably
less than in the diploid plants, and both first and second meiotic divisions
were more regular than in these.

9. SUQROSE CONTENT OF HYBRIDS

Crossing S. officinarwm with Erianthus results in hybrids with a re-
duced sugar content (Rumke, 1934). The F, hybrid betiween S. spon-
tanewm * Glagah” and Brianthus also showed considerable reduction; the
purity of the juice was also lowered. Table 6 gives the analysis of sugar
in the cross as well as in five of the F, hybrids, two diploid, two triploid,
and one tetraploid. It will be seen that, whereas the diploid hybrids were
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approximately as sweet as the F,, the triploid and tetraploid plants
showed a considerable increase in the percentage of sugar present. This is
analogous to the findings in an autotriploid of S. spontaneum examined
by the writer (Janaki-Ammal, 1939). It can be inferred from these

Fig. 9. Association of chromosomes in F, seedling, «, b, ¢, “diploids” with 67, 72 and 76
chromosomes. d, metaphase in triploid with 108 chromosomes. e, f, diakinesis and
metaphase in tetraploid, 2n=136, showing quadrivalents and sexivalents. x 1800.

Table 6. Sugar analysis of Saccharum x Erianthus
laybrids and Saccharum parent

Suerose

%

8. spontaneum * Gagah” 7-93
8. spontanewm x Brianthus Fy 3-84
Fy's, diploid: 8.G. 100-3 3-51
S.G. 100-16 2-33

Fy’s, triploid: 8.G. 100-5 545
S.G. 10035 6-30

Fy, tetraploid: S.G. 100-33 6-51

observations that polyploidy results in an increase in sugar production
in both S. spontanewm and its hybrids. The tetraploid Fy’s, however, still
lack the content of the Saccharum parent and can be used for commercial
purposes only through further crossing with the cultivated sugar cane,

S. officinarwm.

53

Purity
e} i

%o
60-5
365
345
27
424
557
58:3
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10. SUMMARY

1. The Javanese variety * Glagah ’ of Saccharum spontaneum, 2n =112,
when' crossed with Erianthus ravennae, 2n=20+f, gave fertile hybrids
with 86 chromosomes. '

9. The F, hybrids resembled the two parents in proportion to their
chromosome contributions (66 and 10).

3. The F, seedlings fell into three groups in regard to their chromo-

- some numbers: -
Diploids, SE + 68-76
Triploids, SSE— - 104-108
Tetraploid, SSEE + . 136
, 4. The diploid seedlings were the great majority. They showed
segregation of the Erianthus characters—presence of awn and compound
inflorescence—and a unimodal distribution of the length proportion of
~callus hairs to glumes. The triploid and tetraploid seedlings had thicker
stems, wider iea.vgs and a larger inflorescence than the diploids.
" 'B. The sugar content of the Saccharum parent was greatly reduced in
the diploid seedlings and slightly reduced in the triploids and tetraploid.
'_ 6. In the F, hybrid the gametic complement of S. spontaneum is
~ capable of pairing by autosyndesis and may form higher configurations
-than‘in the parent. Some of the Erianifus chromosomes join with those
"‘of Saccharum to form trivalents and quadrivalents. The others are un-
_paired, and are lost or distributed at random in meiosis. Binucleate
tetrads and dyads are formed by suppression of one division. Chromeo-
somes condense differentially in some of the pollen mother cells.

7. At meiosis in the diploid F, hybrids, quadrivalents and many uni-
valents are present and the division is irregular. In the tetraploids,
though a few quadrivalents and even sexivalents are present, there are
fewer univalents and the division is more regular.

Pant II. SACCHARUM-IMPERATA

1. INTRODUCTION
The true octoploid species-S. officinarum, when used as the female parent
‘In intergeneric crosses, has given economically disappointing results.
However, when Thomas and Venkatraman (1930) and Bourne (1935)
~erossed. the hybrid cane of Java, “P0OJ 27267, 2n=106, with Sorghum
they obtained some seedlings of value, together with large numbers con-
sidered useless to the sugar cane breeder. Since then, “POJ 2725 and
another Java cane, “POJ 2137, 2% =124, have been extensively used in
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breeding and spectacular results have been obtained with widely differing
genera of grasses, including the bamboo (Venkatraman, 1937). In the
present experiment I have used the cane “POJ 2725” in crosses with
Imperata.

The grass I. cylindrica has a wide distribution in both the Old and
the New World. It is a troublesome weed of cultivated land. There are
several ecotypes, ranging from dwaxfs of a few inches in height to swamp
forms oyer 9°ft. tall with inflorescences up to 20 in. in length. The form
T used for hybridization. with the sugar cane was that known in Malay as
“alang-alang”, with a chromosome number of 20. It had a small in-
florescence (Fig. 10). Bremer, who examined pollen mother cells (1925),
found regular pairing and meiosis in the plant. Its gametic complement is
thelefore 10. The seed was supplied by the Depmtmen{: of Agriculbure,
Kuala Lumpur, Malaya.

In 1935 I pollinated an arrow of POJ 2725 with pollen of 1. cylmdﬂ.ca,
under a bag, and ohtained thirty-five seedlings. All of these looked very
much like sugar canes, though a few were inclined to dwarfness. From
an unpollinated control arrow under a bag I obtained a single seedling in
1935 and four seedlings in. 1936. The present investigation concerns some
* of the surviving seedlings. Only fourteen were examined cytologically.

. 2. METHODS

Canes of POJ 2725 were transported from the field to a pollinating
shed when about to arrow. The arrows were bagged both before and after -
 pollination. Root tips were fixed in Bouin’s fixative and La Cour’s
- 2BD after pre-treatment with ice. Pollen mother cells were ﬁ.xed in
acetic alcohol 1 : 3.

3. CYTOLOGY OF THE SAC'CHARUM PARENT, POJ 2725

The pazentage of POJ 2725 is given in Table 7. It was produced at
the Pasoeroean Station in Java by Jeswiet and has been described as
“the product of the third nobilization of S. spontaneum Glagah”.

When S. officinarum Q is crossed with S. sponianeum &, the I, in all
cases examined, is the result of the fertilization of an unreduced egg of the
first species by a reduced pollen grain of the second (Bremer, 1929; Dutt
& Subba Rao, 1933). It has the composition 0OS where O and S stand
for the complements of the two species. In back-crossing the hybrid
“Kassoer”, of this constitution, as male to S. ofictnarum @, fertilization
* was again confined to 2n eggs, so that POJ 2364, the female parent of the
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Table 7. Origin of the clone POJ 2725

N, oficingrum 9 % S. sponignewm 5

“Black Cheribon™, 2n =80 “Glagah”, 2n=112
(00) (S8)
8. officinarwm Q X “ Kansoer™
POJ 100, 2rn=80 {- In=136 4
(00) (008)
POJ 2364 @ P 8. officinarum G
ﬁ-n =148 EK 23. 2n =80
(GO0 +8/2) - {00)
POJ 2725
2n=106

b

Fig. 11. Meiosis in POJ 2725. a, pollen mother cell at diakinesis showing multivalent and
univalent association of chromosomes x2400. b, anaphase of first division. ¢, meta-
nhase,in.nollan_n:\:a.m_miﬁh.ﬁﬂ.,r:hmmmommxlsnn_
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" cane POJ 2725, may be considered as a triploid S. offcinarum plus about
half the gametic complement of . sponianeua.

 As would be expected, meiosis in POJ 2364 is very irregular. When

backerossed with S. officinarum it produced seedlings having a variable
number of chromosomes, 106-120. According to Bremer (1928) POJ 2725
has 106-7 chromosomes; I was able to count 106 only. The chromosomes
in-pollen mother cells of POJ 2725 at diakinesis associate as bivalents,
trivalents and quadrivalents (Fig. 11¢). A number of univalents were
also regularly observed, and many divided at first anaphase (Fig. 115).
Meiosis is consequently irregular. The irregular distribution of chromo-
somes gives gametes with variable numbers; 62 were found at metaphase
‘in a pollen grain (Fig. 11¢). Henoce it seems unlikely that POJ 2725 will
contribute its exact haploid number, 53, to any of its hybrids.

_The percentage of viable pollen was about 21 %, Anthesis was poor
-and variable. In a sample from one arrow 2 9, of the anthers had de-
‘hiscence pores.. Selfing or parthenogenesis is therefore responsible for the
few seedlings obtmed under bag in 1936-8.

4. TRUE AND FALSE HYBRIDS

T_Ihe_follo.wing are the chromosome numbers of the fourteen seedlings:

_G];u‘omcaﬂme . No. of i Presumed Polien
o no. plants Origin consbitution . fertility
1 106 "3 Vegetative embryony S8 . 923-359%
1T %(l}(s) g Sexual or diploid
1112 "1 parthenogenesis S84 0-0-7 %
_ 120 1 _
111 15 : Troe F, ST . 50-809%
134 2 J
v 156 1 " Triploid self 888 Nou-flowsring

It will be seen that they fall into four groups, of which representative
types are shown'in Fig. 12. First, there are those that have the same
1111_1:111391‘ as POJ 2725. These also resemble it closely in vegetative
characters and have the same pollen fertility, 23-85 %, They are in all
probability vegetatively apomictic plants and could be considered as
- clones of the mother plant (Fig. 13, type A).

To the second group belong plants in which the chromosome number
is slightly greater than in POJ 2725. They show segregation of characters
and are very hig]lly sterile, the pollen fertility being 0-7 %. From the
_ evidence of their chromosome number and morphology, they would appear
to be either true selfs or parthenogenetic plants developed from unre-
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Fig. 12. Root tip metaphases in POJ 2725, (SS) Imperata cylindrica (I1) and types of
seedlings obtained in the cross. 3 2000.
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duced gametes (types B and D in Fig. 13). Bourne (1935) found that
about 1 % of the seedlings produced by pollinating this cane with Sorghum
are of a maternal type. Venkatraman & Thomas (1930) have made no
reference to the existence of these types amongst their POJ 2725 Sorghum
hybrids.

~+In the third group are plants with 120-134 chromosomes (type B,
- Fig.' 13). These numbers represent the sum of the chromosomes from un-
-;:eduéed gametes of POJ 2725 and from the haploid gamete of Imperata,

Sugarcane —  Irperais.

S lg 13. Dna,gra.m of the genstic composition of seedlings froin;the cross
L POJ 2725 » I'mperato,

- They repre:%ent the only true hybrids of Saccharum and Imperaia. These
‘'seedlings were highly fertile; they resembled sugar canes very closely,
though they are more of the medinm-cane type than the mother plant.
A few showed. multiple bud formation and the characteristic tillering of -
I mperaia, but no nnportance was attached to these characters as they

appear in hybrid sugar canes also. :
" . The spikelets of Imperata. differ from those of Saccharum in having
: _fme hairs on the first and second glume. This character was found in
“some of the hybrids. The number of stamens also varied from three to .
f{)lll an Dd({ splheleta (Jf an lnﬂorescen_ce

‘Meiosis in- pollen mother cells of one hybrid with 120 chromosomes
showed no configurations higher than hivalents (Fig. 14¢). A variable
number of univalents were present. These generally divided at the

equator of the Spmdle after the bivalents had separated to the poles
Journ. of Genetics 41 16
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(Fig. 145), and were nearly always incorporated in the daughter nuclei,
It is not possible to say whether they are unpaired chromosomes of
Imperata or of Saccharum. Second division was fairly regular. The

Fig. 14. Meiosis in a Saccharum-Imperate hybrid. a, diakinesis in pollen mother cell.’
b, first anaphase. ¢, secw::zgJ anaphase. d, tetrad formation. x%2000. :
“divided univalents were segregated at random to the poles (Fig. 14c),

and normal tetrads formed (Fig. 14.d).
All the hybrid F, plants were fertile, pollen fertility being as high as
80 9% in some. An interesting seriessof F,’s was obtained from this plant,
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Fig. 15. General hahit of POJ 2725, Imperala cylindrice and their 7, and J, hybrids.
' ‘ 16-2
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some of which were similar to Imperata in grass habit and size of leaf
(Fig. 15). It will be seen then that when POJ 2725 is crossed with
Imperata, hybrids are produced through the agency of unreduced
embryo-sacs. This elimination of normally reduced eggs is responsible

(1) for the extremely few seedlings produced,
(2) for the sugar-cane like characters of the hybrids.

501 ®
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Fig. 16. Graph showing relative pollen fertility of POJ 2725 (P} and its aponuctic (Apo),
parthenogenetia or selfed (SS +), and hybrid (S81) seedling,

The proportion of chromosomes of sugar cane to Imperata in the
seedlings is'11 : 1 in the hybrids with the lowest number, and 12-4 : 1 in
that with the highest number, 134.

The single plant with 156 chromosomes in the population may be
considered as a “triploid” POJ 2725 (type C in Fig. 12). Unlike other
triploids it is much smaller than the parent. It probably suffers from the
disadvantage of having too many chromosomes for the size of the cell.
So far it has not flowered. .

Fig. 16 gives the pollen fertility of the three classes of seedlings.
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5. SUCROSE CONTENT OF THE SEEDLINGS .

Table 8 gives the sugar analysis of twenty-eight out of the thirty-five
seedlings obtained by pollinating POJ 2725 with Imperata. The canes
were analysed before they were fully mature, but the percentage of sugar
‘present in the seedlings even at this stage is high enou.gh to indicate the
economic value of this cross.

. Table 8. Sugar analysis of twenty-eight seedlings produced by
pollinating POJ 2725 with Imperata

Seadling no. Brix Sucrese Purity
631 15-88 15-27 83-060
632 19-99 17-21 86-10
633 16-88 - 13-6G8 81-00
634 17-38 13-67 78-00
63-5 19-19 16-08 83-80
G3:6 18:29 14-30 80-90
63-7 21-40 16-14 75-40
63-8- 1904 15:82 83-1¢
639 20-45 17-79 B7-00
6310 1521 11-95 7860
6311 16-14 13-49 83-60¢
63-12 - 15-64 12-18 79-50
63-13 1567 12:14 7750
6315 1807 15:19 84:10
63-21 17-27 14-29 82-80
63-23 1920 17-12 89-20
63.24 17-83 15-20 86-70
6325 21:25 1860 89-60
63-26 18-75 17-6¢ 89-20
63-27 18-14 15-80 8710
63:28 17-63 14479 83-70
63-29 19-04 17:28 9070
63-30 1723 14-08 8170
63-31 15-93 12-77 80-20
6332 19-d4 16:87 B6-80
63:33 17-73 1534 86-50
63-34 19-24 17-56 81-30
63-35 20:25 18-19 B9-80

Further analysis of some of the more promising seedlings showed that

‘they were capable of still better performance. Thus the hybrid 63-32,
2n=132, which has an excellent erect habit and good tillering, had 19 %,
- sugar when fully mature. The percentage was even higher in some others,
but these were not so good from the agricultural point of view.
_ Axn interesting point is that the asexually produced seedlings SS with
- 106 chromosomes, whose genetic composition should be identical with
that of POJT 2725, had a lower sucrose content than the sexually and
subsexually produced S8 4 type—probably because they are late in
maturing.
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The level of performance reached by the true hybrids SS7 is as good
as that of the selfed or diploid parthenogenetic seedlings, which is
certainly due to the high proportion of sugar cane to Imperata chromo-
somes in this cross (12 :1).

In Fig. 17 T have correlated the sncrose percentage with the genetic
constitution of seedlings examined cytologically.

2 P g 6332
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Tig. 17. Chromosome numbers and percentage sucrose in “‘true’” and “false” hybrids of
POJ 2725. The squates indicate maximum yield at full maturity, the circles yield of
canes not yet fully matured. :

6. SUMMARY

1. By pollinating an arrow of the hybrid cane POJ 2725 with pollen
of Imperata cylindrica, thirty-five seedlings of fairly high sucrose content
were obtained. ; ;

2. Cytological analysis of the seedlings showed them to be of four
types: ' _ ' '

(i) Vegetative seedlings, S8, 2n=106. _

(i) Selfed or diploid parthenogenetic seedlings, S8+, 2n=108-112.

(iii) Triploid self, SSS, 2n=156. ’

(iv) True Saccharum-Imperata hybrids, SSI, 2n=120-134.

3. The vegetative seedlings resembled POJ 2725 in vegetative cha-
racters and. degree of pollen sterility; parthenogenetic and selfed seed-
lings were completely sterile and the true hybrids highly fertile.
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. 4. Elimination of all but unreduced eggs is responsible for the small
number of F, seedlings produced. The high proportion of Saccharum
chromosomes accounts f01 the predominance of Saccharum characters in
the hybrds. ;

5. The “triploid” selfed seedling is much sma}ler than the parent,
and has not flowered.

6. F, seedlings of the true Sacchar um-Impemm hybnds show segre-
gation of I memta characters.

Parr I]I. SACCHARUM-ZEA

1. INTRODUCTION

Crosses described in Parts I and II of this paper involved S. spontaneum
or its cultivated derivatives. We now turn to a cross involving S.
- officinarum proper. '

As mentioned above, Barber in 1918 produced a hybrid of S. offici-
narum. “Vellai” with the grass Narenga narenga. The clone “Vellai” is
male sterile owmg to the suppression of anthesis, and this sterility is a
genotypic character not due to irregular meiosis. The same character is
found in other clones, including the Black Cheribon of Java. “Vellai”

- has_been crossed with two species of Sorghum and with Erianthus
arundinaceus at Coimbatore (Venkatraman, 1938).
' These grasses are all within the group Andropogoneae according to
‘the. accepted classification of Bews (1929). A wider cross would be
expected to succeed less readily. In 1936 T crossed several inflorescences
_of “Vellai” with pollen of Zea Mays, and obtained a single seedling,
- which proved to be a true hybrid (Janaki-Ammal, 1938¢). I repeated the -
cross in 1938 and obtained another seedling, which, however, died early.
Dr 8. C. Harland tells me that, using a different type of sugar cane, he-
attempted a similar cross in Trinidad, hut without success. :
' The variety of Zea Mays used as male parent was a sweet corn,
“Golden Beauty”. Tt was grown for several generations without chance

~ of cross-pollination with other vanetles being the only kind of maize
grown in the newhbourhood

2 MzTaODS

_ Canes of the ma.le sterile Saccharum officinarum Vella.l which was
ahout to “arrow™ were transported from the field and planted hori-
- zontélly into a pollinating shed. The inflorescence, a large panicle, was

supported by bamboo stilts to raise it above the ground. The arTOWs were
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bagged as soon as they emerged from the sheath. When stigmas started
to appear they were dusted with pollen of Ze« Mays. This was continued
daily for about ten days. Two arrows under bag were allowed to remain
in the same shed as control.

The seeds from the pollinated arrow were grown in the usual way
(Barber, 1916) and a single seedling appeared. Seeds from unpollinated
arrows failed to germinate.

The obstacle in crossing Saccharum with Zea seems to lie in the first
stage of the operation, viz. in the widely different sugar concentrations
required by the germinating pollen. Pollen of Zea Mays was tested for
germination in different concentrations of sucrose in 19, agar. Zea
pollen germinafes in concentrations ranging from 10 to 18 %, sucrose. This
is much below the concentration needed for sugar cane pollen, which
demands the narrow range of 23-25 %, presumably the percenta.cre of
sugar present in the stigmas.

The seedling in its early stages was of very weak growth, and special
treatment with nutrient solutions was used-to keep it alive.

Root tips of the two parents’and the hybrid were fixed in Allen’s
Bouin and in La Cour’s 2BD. Roots of S. gfficinarum were pre-treated
with ice.

© 3. CHROMOSOME NUMBERS IN PARENTS AND HYBRID

S. officinarum “Vellai” showed 80 chromosomes, as was found by
Dutt & Subba Rao (1933). The length of the chromosomes varied from
3-6 to 1-6u. Both primary and secondary constrictions were found, but
in no case was I able to detect any chromosome with satellites (Fig. 18a).

Zea Mays “Golden Beauty” had besides the usual 20 chromosomes
two B chromosomes, which could be distinguished by their deeper
staining. The different chromosomes of the haploid complements of
maize were recognizable by their sizes, the position of the centromere and
the satellibe of chromosome VI (Fig. 185).

The hybrid Saccharum-Zes had 52 chromosomes, the sum of the
haploid complements of Saccharum and Zea. The two B chromosomes
seem to have heen transmitted to the hybrid. It was not possible to dis-

“tinguish all the Zea chromosomes in the hybrid, but a single satellite

“chromosome was seen (Fig. 18¢) as well as one of the B chromosomes.
The Zea chromosomes appear to have undergone considerable, size re-
duction in the hybrid, mdlca.tmg genotyjpm control of size (Da.rhngton
1937, p. 55).
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4. MORPHOLOGY OF PARENTS AND HYBRID

The parent plants are too well known to need detailed description.
The cane “Vellai”—the name means “white” in Tamil—is very prob-
ably the cane Lahaina of Hawail. It was known as early as 1766 when

Saccharum 2a =80 Zea Mays 2n=20 +28

- An=52
Fig: 15. Root t}ip metaphase in a, Saccharwm officinarum Vellai; b, Zea Mays Golden Beauty:
‘ - o, Saccharum-Zea hybrid. %4000, '

.Bougfs'mviﬂe introduced it fiom Otaheite to Mauritius and Bourbon, now
Reunion (Deerr, 1921). In 1791 (aptain Bligh brought it-from Otaheite
to.J amaica (Earle, 1928). Tt is known as the Otaheite cane, also as the
'.Bourbon or Cana Blanca. Tt has a thick soft stem, and is still cultivated
An many parts of the world as a chewing cane. A full description: will be
found_ in Barber (1916) and Earle (1928).
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The Zed parent “Golden Beauty” is a sweet corn sold in Poona as a
type suitable for cultivation in India. Like all maize it varies enormously
in size according to soil and cultivation. In the loamy soil of Coimbatore
it attained a height of about 5 ft. The ear wag 6-7 in. long.

The hybrid Saccharum-Zea in the young seedling stage resembled a
small Saccharum. After a year the plant was barely a foot high; during
the second season it put out a number of tillers (Fig. 19). After four years
it remains a dwarf bush, recalling in general appearance Tripsacum
dactyloides as illustrated by Mangelsdorf & Reeves (1939). The growth of
the main axis is very much retarded by the vigorous side branches. The

Tig. 19. Saccharum-Zea hybrid during second year of growt.h._

perennial nature of the hybrid has made it possible to propagats it vege-
tatively. Hach ftiller looks like a diminutive sugar cane with small
Saccharwm-like stem and leaves and has a ligular process, as found in
Vellai but not in. Zea (Fig. 20). The plant shows no sign of flowering.

. The upper surface of the leaf is covered with long silkcy hairs, similar
to but larger than those in Zea (Fig. 21). These silky hairs are a feature I
have not found in any Saccharum except a freak cane.“Troeboe” from
Java. “Troeboe” is of unknown origin, and I am tempted to consider it
as a possible hybrid between Saccharum and a member of the Maydeae.
The possibility is strengthened by the fact that it does not bear perfect
flowers; its inflorescence is aborted snd forms a caulifiower-like mass in
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" the sheath. Incidentally, this malformation seems to have led to the
plant’s survival in cultivation, as I am told the inflorescence is eaten as a
salad by the peoples of the East Indies.

Tn Table 9 I have tabulated some anatomical and morphological
characters of the two parents and the hybrid. The plants have been com-
pared for twenty-four characters, fifteen qualitative and nine quanti-
tative. It will be seen that the hybrid resembles its Saeccharum parent in
ten of the qualitative characters and Zea in three. Ome character is

| l

Fig. 20. The ligule in. Seccharum, Zea and the I, hybrid.

Saccharum.

- intermediate and one is new in the hybrid—the depressed shape of the
bulliform or motor cells.

"In all measurements the hybrid is found to be smaller than either of
the parents. This was noticed especially in the size of the tells. Excep-
tions are the length of the epidermal hairs and the number of vascular
bundles in the stem of the hybrid plant. The concentration of vascilar
burfdles, (Fig. 22, F,) can be explained as due to the extreme reduction
of the stem and the consequent entry of large numbers of leaf traces
into it. .

The hybrid ‘was not examined for its sugar content, hut from the

extreme woodiness of the stem it is unlikely that it will prove to have
much sugar. .

5. SuMMaRY

1. Saccharum officinarum ““Vellai”, 2n=80, when crossed with Zea
Mays, 2n=20+28, gave two seedlings, one of which survived and was
found to have 52 chromosomes.
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2. The difficulty in making the cross seems to be that the concentra-
tion of sugar required by germinating maize pollen is much 10W81 than
that found in the Saccharum stigma.

3. The hybrid showed some of the detailed characters of each parent,
but in general the growth was depressed. In four years the plant has

Table 9. Comparison of characters of Saccharum officinarum,
Zea Mays and ¥y hybrid

Saccharum Iy Zea
Qualitative characters
1. Habit Perennial — Annual
2. Root stalks Present e Absent
3. Root eyes. Present: — Absent
4. Tillering - Many ——— PFew
Leaf
5. Sheath Hairy - Glabrous
6. Ligular process Present — Absent
7. Upper epidermis Non-hairy e Hairy
8. Lower epidermis Asperities e No asperites
present
9. Vascular bundle Oval Intermecliate  Round
10. Seclerenchyma in bundle  Present e Absent
sheath
11. Bulliform cells In line with Depressed Raised
epidermis :
12. Shape of bulliform cells Round - — Linear
: Stem
18. Cortex Present e Ahsent
14. Distribution of vascular  Diffuse o - Peripheral
bundles
15. Direction of growth of  Towardsstem — Equally around
bundle sheath centre bundle
Quantitative characters
16. Average height (cm ) 600 5 180
17. Stem diameter (om.) 4 1 2
18. Length of internode (cm.) 9 14 18
19. Leaf width (em.)’ 6-5 1-5 4-3
20. Leaf length (cm. ) 150 . 36 45
21. Number of bulliform cells 2-3 3-4 3-5
22, Number of vascular bundles . 30 ; 20
per unit area - )
23. Average length of hairs —_ 075 0-5
{ram.) _ ’
24, Diameter of 'pamnchyma. - 015 0-075 0-125
cells (mm.) :

failed to flower, although it ha,s grown freely and has been propagated
from tillers.

4. The vegetative abnormality of the hybrid is attributed to the
remoteness of the parents.

5. The hybrid shows a hair character of the Maydeae which is also
found in the highly aberrant and sterile cane “Troeboe”. “Troeboe”
may therefore be of similar hybrid origin. '
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GENERAL DISCUSSION AND SUMMARY

Table 10 gives a list of the recorded intergeneric hybrids of Saccharum,
including those described in the present paper.

It appears that in Saccharum high polyploidy has removed all
obstacles to hybridization with other groups of Gramineae except those
that depend upon the simply ascertainable conditions of pollen germina-
tion. The mode of action of high polyploidy is fully displayed in the
versatile method of reproduction of the “nobilized” hybrids of S.
officinarum and . spontanewm, which in this respect resemble polyploids
in Pog and Rubus. They are capable of producing from apparent hybridi-
- zation with diploid species of other genmera true diploid crosses, true
triploid crogses and diploids and triploids which are not crosses ab all. The
fertility of the progeny depends not so much on the remoteness of the
cross as on the internal pairability of the chromosomes derived from the
polyploid parent, in other words on their capacity for autosyndesis.
Systematic study of these properties will enable us in the future to re-
combine the materials of plant improvement on a scale that has not
htther[;o been realized.
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24 Intergeneric Hybrids of Saccharum

2, MATBRIAL AND METHODS

Narenga porphyrocoma Hance (Bor.), until recently known as Sac-
charum Narenga, is a tall perennial grass found widely in north-east
India. I collected many clones of it in 1937 from Assam, where I have
seen it flowering profusely on the banks of the Brahmaputra. According
to Barber (1916) the male parent he used for crossing with S. officinarwm
was raised from seeds.collected ‘in north Bihar, This plant was being
propagated from cuttings at Coimbatore, so that I was able to examine
the identical clone used by Barber in 1913. I have also examined clones
I collected in Assam, as well as the herbarium sheets at Kew. Six of .
these clones proved to have 30 chromosomes.
~ The 8. gfficinarum clone studied was the clone used by Barber in his
cross. It was the same clone of Vellai which I used for crossing with
Zea Mays. N _ X :

Material for cytological studies was grown and collected at Coim-
batore. The technique was the same as that described in previous papers. °
Permanent acetocarmine smears were used for meiotic studies.

3. GENERAL UHARACTERS OF PARENTS AND F; HYBRIDS

According to Bor (1940) the retention of ‘Saccharum Narenga’ in the
genus Saccharum was anomalous, owing to its possessing morphological
characters quite distinct from those species accepted as members of that
- genus. The glumes are more coriaceous, there are no non-flowering stems;
the general appearance of the plant is flimsier; the inflorescence, which
in 8. officiharum is a large panicle, is very reduced in Narenga (Fig. 1),
and only the lowest lateral axis bears secondary branches. There is a
fourth glume which is absent in Saccharum officinarum. '

All the hybrids between Saccharum and Narenga are very cane-like.
Unlike the Saccharum-Zea cross they are extremely vigorous, and Barber
(1916) reported that they flowered at 10 months from germination.
~In quantitative characters such as diameter of stem, width of leaves,
size and branching of inflorescence and length of _ca.l]ué hairs, the F,
plants were mostly intermediate between the parents (Figs. 1, 2). But
it would appear from Barber’s analysis of 100 seedlings that they showed
consicderable variation among themselves. This is especially marked in
his photograph ‘of stems (1916), where he has a class of seedlings which
equalled the Saccharum parent in stem diameter (Fig. 3). This type was
not represented in the hgbrids I examined cytologically. Barber’s
analysis also shows considerable variation in the percentage of sucrose
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present in the 100 seg-c]'l‘iﬁg.s._’l‘he maiOrit'y had about 11 %, though some
had '

listle a5 6%
- 'Tn Table 1 T have summarized the general qualitative characters of
taxonomic value noted in the parents and the hybrids. It will be seen

2r-80 2n.55 2n:30

Inflorescence of Stccharum officinaruim (Vellai), Narenga -jlorp[&yrasonm,and Tl <

Saﬂ‘.'ecmar m (Yé{[a;) *y Aﬁrﬂg& ﬁwp@mﬂ?&' .

R . Fig:2, Spikelets of Succharum, Narengs and Fy.
tha.t the hybrids resembled Sacchorum in five and Narenga in five of the
contrasting characters, one character, the shape of the nodal buds, being
_Iln_’oErmediatg,- One character is not intermediate: the minute cilia on
‘..t-h.a lodicules, lacking in Saccharum bu present in Narenga, were very
‘much exaggerated in all the F, hybrids. In the dominance of the
-epidermal hairs on the leaf and the ligular process (Fig. 4) the
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Stem widths

cm ..

30

SSN?

=

201

104

\ [T

=
=
=
=
&

\-""-\-_.

d _“v-_
Narenga, £, Hybrids Saccharnm

Fig. 3. Relative stem widths of Nurenga, Saccharum and theix Fy hybrids
{measurements after Barber).
Table 1. Comparison of characters of Saccharum offcinarum {Vellaz),
Narenga porphyrocoma and I, hybrids

Saccharum Fy Narenga
1. Habit Perennial Perennial Perennial
3. Stem anatomy Nodes and inter- L Short rhizome
nodes present Aerial stem de-
velops during
. flowering only
3. Root eyes Present e Absent
4. Bud Ovate Lanceolate Elliptical
5. Ligular process Present e Absent
6. Leaf blade Non-fluted e Fluted
7. Upper epidermis Non-hairy r—— Hairy
8. Main axis of inflorescence ~ Non-hairy — Hairy
9. Fourth glume Absent; — Present
10. Glumes Membranous e Coriaceous
11. Callus hairs Longer than glume — Equal to glume
12. Lodicules Non-ciliate — Ciliate

\ Ny

5& (‘ff%c? U /K’f gl g‘a

I‘ig. 4. The ligule in ‘Vellai’, Narenge and ¥, hybrid.
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1m11m:tothe Zea, hy’bxid (Janalki-

eous glumes in Narenga was modified

~D F; EYBRIDS

80 (Fig. ba), has been re-
Saccharum officinarum is
osomes of Vellai could be broadly
 Jength. Secondary constrictions

I{oottlpmcfu :phésfé in (a) St@:haﬁm o_i[Tch'-na.ﬁm. (Vellai) (2?:-#80}, {b) Narenga
orphyrocoma (2n=30), (c) Saccharum-Narenga hybrid (2n=55). x 2000.

1 the clones: of Narenga porphyrocomae examined had
ey (Fig. 55). This number verifies the count of Bremer
16 hivalents seen in pollen mother cells of this plant.
genus in the Andropogoneae with this number. Its sepa-
accharum on morphological grodnds by Bor (1940) can
cytologically. ' "
strictions were seen in the long chromosomes as im
Saccharum ingle pair of chromosomes have trabants.
ot bips ofssixteen of the hybrids I found 55 chromosomes (Fig. 5¢).
ber represents the sum of. the haploid numbers of Vellai and
., Iiéif_i}ﬁﬁe_Vella-i when crossed with Sorghum Durra produces
d_‘[l)lo}.d&nd triploid hybrids (21=50, 90; Janaki-Ammal, 1941), it
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is to be presumed that only haploid egg cells of Vellai are fertilized by
Narenga. In this respect the Saccharum-Narenga hybrids are similar to
Saccharum-Zea. Such selective fertilization, or selective survival of
fertilization types, seems to be characteristic of sugar-cane hybrids
(Janaki-Ammal, 1941). '

(b) Meiosis and male sterility vn S. officinarum ({Velluz)

Pollen mother cells of Vellai at diakinesis showed that the 80-chromo-
somes assoclate to form 40 bivalents (Fig. 6a). They form one or two
chiasmata only. Oeccasionally two of the chromosomies are seen unpaired
at metaphase. They then fail to congress on the metaphase plate, and

- Fig. 6. (a) Pollen mother cells at diakinesis in Vellai. -x1800. (b) Polar view of meta-
phase IT in pollen mother cells of Vellai. x 1800. (¢) Prometaphase in pollen mother
cells of Nareﬂgﬂ x 2000, -

tlus'may be requnmble for the unequal numbers observed at meta-
phase T by Dutt & Subba Rao (1933). Except for this abnormality
metaphase I is regular. As a rule 40 chromosomes were also counted at
-metaphase 11 (Fig. 65). Tetrad formation is regular, though occasionally.
I came across triads in which one of the cells is binucleate. Anthers after
tetrad formation showed a progressive deterioration in the pollen grains,
" generally beginning before the first division in the pollen gram. At this "
stage there is normally a change in the cytoplasm of the pollen grains,
-and starch grains are developecl. In the degenerating pollen grains of
Vellai starch is either poorly developed or-totally absent. All such cells
abort. About 999%, of pollen grains in open spikelets weze found to be
aborted. As less than 29, of the anthers in an inflorescence burst, the
pollen fertility is finally reduced to zero. That viability of the embryo-
sac is not impaired is shown by the 200 seedlmas obtained by Barber
in this cross.
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\ ewszs in Narenrra. porphyroeoma. _

nies of Nareﬂgm form 16 bivalents. (Fig. 6¢), as 16
el (1925) ~Reduction, division"is regular, ‘and po]len
‘ iﬁ:ed in the- normal Wa.y Pollen fertility is
denice it is regarded a5-a hexaploid plant with
\stead of '10 . Diploids ‘of ‘this basic number in the
mMongst: the pa.rs, Sorghnms

'u u_'mF hyfmds i

_atwn m thg t?m ee F1 kybmds A B and C‘

S L No ofceﬁsm K
I ' A_ =N B' " ¢ .  Total
3 SRy 1 7
4 .5 5 . 3 . 13
5 2 1 4 y
3 - 3 . 2 0. 5
4 6: " 4 2 8
3 Q 0 2 2
o 0 - -3 5
S - 45 cells
4
13-4
7 7(‘5 14-6
779 15-2-

Siifgh (1934), who has recorded only bivalents and uunivalents in one
‘plant he examined. The Jarge number of bivalents present in the hybrid
(19 ‘23)_.shows that the chromosomes derived from the haploid comple-

of Saccharum officinarum are capable of pairing amongst -themselves
(by utosyndems) like the S. spontaneum chromosomes in the cross with
;f__-Erwn.*:frus (Janaki-Ammal, 1941). The percentage of conﬁgura.tmns is
:fairly uniform for the th_ree plants-studied.

(e) Behaviour of unwaiems
T]_:n_e unpa.lred chromosomes in the hybrid, 3-5 in nu.mber , appear to
v 08 the: mgﬁst of the complex. They probably belong to the Narenga
5 pa.rent These chromosomes tend to be pushed towards the periphery
£, the nucleus even at the diakinesis stage. They are therefore at a
osﬂ:mna.i d.tsn.dva.ntage when the spindle is formed. They are always
:‘..';_found on the edge of the spindle, where the forces of congression are
-jv-;ﬂ.ppa.rently not so. eifectwe (Fig. 7b). The fate of the univalents during
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meiosis cepends on the degree of congression at metaphase 1. Those
univalents that are able to reach the plate in time divide ab metaphase [
(Fig. 7¢) and generally lag at the second division. These lagging uni-
valents move only through the agency of tle stretching spindle, and
not all of them reach the daughter nuclei of the tetrad stage.

Those univalents which are outside the effective sphere of action of
the spindle at metaphase I either remain at the poles and become in-
corporated in the daughter nuclei, or may remain undivided at the plate.

In the first case they will divide normally at the second division,
while in the second case they are seen to form a separate nucleus
(Fig. 7d). -Development is somewhat slower in these extra nuclei .than
in the main nucleus. They may form their own spindles at the second
civision (Fig. Te), and then dyads with two micronuclei are seen (Fig.7f).

There are usually five chromosomes—the maximum number of uni-
valents observed—in these extra nuclei, indicating thatthey are formed
when the general congression is weak: . ‘

. The bebaviour of the haploid chromosomes in Narenga in the hybrid
is thus similar to that in a txiploid plant with 5T and 5.

Pollen sterility is very high, over 909, in the hybrids. The few’
_ viable pollen grains seen in the anthers are not available as the anthers
do not dehisce. The hybrids are also female-sterile. ,

The close resemblarice between Barber’s hybrids and the wild cane
Hitam Rokhan ( hitam meaning réd) indicates the same origin. This cane,
described by Bremer in 1925, was collected by J. B.-Haga in 1916 on
- the banks of the river Rokhan in eastern Sumatra. It ha§ the same

chromosome number, 2% =55; as Barber’s hybrids. It differs from them
in the degree of autosyndesis of the chromosomes (Bremer, 1925). This
is probably due to its being a hybrid of a different clone of Saccharum
officinarum. The red colour of the cane points to one like Black Cheribon
as the possible female parent. . _

‘Similarly the mosaic-resistant cane Kassoer, also found in the East
Indies, is a natural hybrid between S. officinarum Black Cheribon and
S. spontaneum (Bremer, 1923). Thus the two hybrids made by Barber
in 1913 reproduce. types occurring naturally. While the interspecific
hybrids, both natural and artificial, proved of immense importance to
“the sugar-cane industry of Java and India, the intergeneric hybrids
because of their sterility had to be discarded from all breeding pro-.
grammes. It is to be hoped that the use of colchicine and other drugs
for the production of amphidiploids will make even the sterile hybrids
of some use. : -
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E‘g"'-?‘-'f'MBiOSis in Sascharum-Narenge hybrid. (z) Chromosome agsoolation at diakinesis
in‘-pollen, mother cells. (b) Metaphase I showing position of univalents. - () Telo-
phase I with univalents at equator of plate. (d) Metaphase II with micronucleus of
five univalents. (e) "Telophase IT with extra spindle formed by dividing micronucleus.

(f )Dyad with two micronuclei. x 1800.
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b, SuMMARY

1. The hybrids made by C. A. Barbéer in 1913 hetween Sa.cckamm
officingrum (Vellai), 2n= 80 and Narenga porphyrocoma, 2n=230, have
55 chromosomes.

2. They show detailed gualitative characters of each parent bnt in
general appearance are more like sugar canes.

3. In quantitative characters the hybrids are generally intermediate
~ between the parents; only the minute cilia present on the lodicules of
Narenga and absent in Saccharim officinarum were Ionger in the F,

hybrids. .

4. 'The 30 chromosomes of Nurenga por pkyracoma form 15 blvalents
and behave normally at meiosis.

5. The 80 chromosomes. of Saccharum officinarum (Vellai) form 40

- bivalents. Meiosis is generally regular, Male sterility 1 in this sugar cane
-is due to defects in pollen-grain division.

6. The chromosomes in the Saccharum-Narenga hybrids show auto-
syndesis and associate as .quadrivalents, trivalents and bivalents, while
a few (3-5) remained as univalents.

7. Univalents, which are probably derived from Narenga, divided at
metaphase I or IT according to the degree of congression at metaphase I.
Those outside the sphere of influence of the main spindle form extra
nuclei which divide as separate units.

8. Male and female sterility in the hybrids is presumably due to
autosyndesis of the chromosomes of both parents.

9. The wild cane Hitam Rokhan is evidently a natural hybmi
between Saccharum and Narenga.
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NOTES AND COMMENTS

FURTHER STUDIES IN SACCHARUM-ZEA HYBRID
I. MITOTIC STUDIES*
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and
D. JAGATHESAN and T. V. SREENIVASAN
Sugarcane Breeding Institute, Coimbatore-7, India

Heredity 28: 141-142 (1972) Becrived Zvil71

1. INnTRODUCTION

THE first intergeneric hybrid in Saccharum was made in 1913 by C. S. Barber
at Coimbatore. He crossed S. officinarum var. Vellai (2n = 80) with Narenga
porphyrocoma (2 = 30) and obtained two types of hybrids. One (2n = 95)
had a diploid gamete of S. officinarum (2n = 80). The other (2rn = 55) had
only the haploid gamete (n = 40).

The same variety of S. officinarum was pollinated with Jea mays var.
Golden Beauty which had two additional B chromosomes, by E. K. Janaki
Ammal in 1938. A single seedling was the outcome. It had 52 chromosomes,
being the sum of the haploid complements of Saccharum (n = 40) and of
Zea (n = 10) with the two B chromosomes of maize (Janaki Ammal, 1941).
Tillering was most abundant and the plant which was clonally propagated
survived 30 years but without producing any inflorescence. This failure to
produce “ arrows*’ was found to be due to the non-emergence of the
inflorescence out of the boot leaf which when dissected was found to be lying
within the flag leaf. Naidu and Ramakrishnan (1970) induced the in-
florescence to emerge by the application of gibberelic acid and it was found
to be similar to that of Saccharum (figs. 1 and 2). A fourth glume which does
not occur in either parent was present in the hybrid, though some of the
8. officinarum clones do have one. There were three stamens as in the parents.

2. MATERIALS AND METHODS

For the study of somatic chromosomes, root tips were treated with a
saturated solution of a-bromonaphthalene for 2 hours at 10° C. They were
washed in running water for 30 minutes and fixed in a fixative containing
60 ml. methanol, 30 ml. chloroform, 20 ml. distilled water, 1 g. mercuric
chloride, and 1 g. picric acid for 18 to 24 hours. They were then hydrolysed
in 1 NHCI for 13 minutes at 60° C., stained with leuco-basic fuchsin and
squashed in 45 per cent. acetic acid. For anaphase studies root tips were
fixed without pretreatment.

3. SOMATIC CHROMOSOMES

S. officinarum var. Vellai has 80 somatic chromosomes with median
centromeres (fig. 3). There is one pair of satellited chromosomes. The

* Memoir No, 100 from the Centre for Advanced studies in Botany.
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longest chromosome is about 3-20 microns in length (Jagathesan and
Ratnambal, 1967).

Maize has eight chromosomes with sub-median and two (chromosomes 1
and 5) with median centromeres. They can be distinguished by the presence
of knobs at pachytene (Rhoades, 1955).

In the hybrid we find the number of chromosomes varies in root tip cells
even of one cutting. In 23 metaphase plates, the number varied from 52 to
58 (figs. 4 and 5). The frequency of distribution of these extra chromosomes
isshown in table 1. By length we find that out of 56 chromosomes, 40 belong
to 8. officinarum and 16 (10A+6B) to Zea maps. All the B chromosomes of
Zea could be identified in the somatic plate (fig. 5 indicated by arrow). Two
types could be distinguished by length,

Tasre 1
Frequency of B chromosomes in 23 root tip cells of hybrid

No. of B chromosomes 2 3 4 5 6 7 8
No. of cells 1 2 4 4 8 — 4

Anaphase was seen in 133 cells and out of these 85 were normal. Others
showed abnormalities such as bridges in 40 cells, fragments and lagging
chromosomes. These abnormalities had disappeared by telophase, in
80 cells which were studied.

4. DiscussioN

The increase in chromosome number over the early observation is due
to the accumulation of B chromosomes in the course of 30 years of purely
vegetative propagation. The abnormalities observed at anaphase are pre-
sumably in the A chromosomes. Since the B chromosomes are of two kinds,
misdivision seems also likely to be occurring.

5. SUMMARY AND CONCLUSIONS

1. A hybrid between sugarcane and maize, perhaps the widest plant
cross ever made, was raised in 1938, It had the expected 40+ 10 chromo-
somes and in addition two B chromosomes.

2. The hybrid was induced to open its inflorescence by gibberellin
treatment in 1969 and 1970. The anthers, however, were sterile.

3. Growth was probably restricted by irregular mitosis. But the restric-
tion may have favoured the accumulation of B chromosomes which rose in
number to six or more in the course of the 30 years of vegetative propagation.
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Fic. 1.—Saccharum x Zea hybrid.

Fic, 2.—Inflorescences. Left: Enclosed in leafsheath. Ripht: After emergence by gibberellic
acid treatment. (Courtesy, Naidu and Ramakrishnan, 1970).

F16. 3.—Root-tip squash of S. officinarum showing 80 chromosomes. x4000.

Fig. 4—Root-tip squash of hybrid showing 56 chromosomes (six B chromosomes arrow-
marked). x3000.

F1e. 5.—Root-tip squash of hybrid showing 54 chromosomes (four B chromosomes arrow-
marked), x4000.

91






