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2. MATERIAL AND METHODS

Narengo porphyrocoma Hance {Bor.), mntil recently known as Suc-
charum Narenga, is a tall perennial grass found widely in porth-east
India. I collected many clones of it in 1937 from Assam, where T have
seen it flowering profusely on the banks of the Brahmaputra. According
to Barber (1918) she male parent ke used for crossing with . officinarum
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. T 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 DBarber in his
cross. It was the sams clone of Vellal which I nsed for crossing Wlth
Zea Mays. :

Material for L,ytoloﬂlcal studies was grown and collected at Comk
batore. The technique was the same as that described in previous papers. -
Permanent acetocarmine smears were used for meiotic studies.

3. GFNERAL CHAR »’.\CTERS oF PARENTS AND F HYBRIDS

Accorchnn o Bor (1940) the retention of ‘Saccharum Narenga’ in the
genus Sacc}'za,r wr 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. officiiarum 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.

ATl the hybnds between Sacai’mmm 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 leav es,
size and branching of inflorescence and length of callus hairs, the .
plants were mostly intermediate between the parents (Figs. 1, 2). But
it would appear from Barber’s analysis of 100 seedlings that they showed
considerable 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 bgbrids T examined cytologically, Barber’s
malysm also shows considerable variation in the percentage of sucrose
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nt in the 100 seedhncrs The maj onty had about 11 %,, though some

httie as 6%,
“Table: 17 have summanzed the Uenel‘al qualitative characters of

X0 omm va,lue noted in the parents and the hybrids. It will be seen

armga Lonph ymcom&f .

2n _‘5’5 2,1 50

B g ? 3p1kek|;s of Saccharum, Narenga md .

__that the hybnds l'esemlﬁcd Saccharwm in five and Narenga i five of the
_ contmstmg characters, one character, the shape of the nodal buds, being
~intermediate. - Ong chatacter is nob intermediate: the minute cilia on
Vthe lodicules, lackin g in Saechariem butb present in Narenga, were very
~much exaggerated i i all the F, hybrids. In the dominance of the
.'_._epldermal hairs on the leaf cmd the ligular process (Fig. 4) the
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Nar engo - ) F, Hyhbrids Saccharam

Fig. 3. Relative stem widths of Nar enga, Saccharum and then Fy hybnds
- (theasurements after Barber}.:

Table 1. Comparison of characiers of Saccharum ofﬁéinamm {Vellar),
Narenga porphyrocoma and Iy hybrids

b2 :—-‘

e
Femmasnse

Saccharwm ¥ Narengo
Habit . Perennial Perennial Perennial
. Stem anatomy Nodes and inter- = < Short ~ rhizome
nodes present - Aerial stem de-
velops during
‘ flowering only
Root eyes Present C Absent
Bud ) Ovate - Lapceolate - Elliptical - ‘
Ligular process Present — Absent . -
Leaf blade Non-fluted L e Fluted
. Upper epidermis Non-hairy e Hadry
. Main axis of inflorescence Non-hairy - — . Hairy
Fourth glume - - Absent — Present
Glumes : Membranous —— Coriaceous
Callus hairs - . Longer than glume e Egqual to glume
. Lodicules - Non-ciliate e Ciliate

| 5&0{%32‘5{72’2'

/waz g&

I‘lg 4. The ligule in * Vellai®, N tt,renqcn and hvbud
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'..'.s.iﬁ.;i‘ilm.r"{ao:_ﬂl'en Ze'(.ﬂ_ hyb_;’id (J apaki— :
eousglumes in Na.v'enga was modified

=80, (Fig. Sa); has been're- .
eries: Saccharum officinarum is
The 80 chromosomes of Vellai could bs broadly
o length: Secondary eonstrictions

Boct-tip Metaphase in (o) Saccharum aficingrum (Vellad) {2n=80), () Narenga
orpliyrocoma (25 .=30), () Saccharum-Nerenga hybrid {95 =55), % 2000.

p_s'. f afl the clones: of Navenga porphyrocoma examined had
0. chromosornes (Fig. 55). This number verifies the count of Bremer

19 1 the 15 bivalents seen in pollen mother celis of this plant.
_ theonly genus in the Andropogoneas with this number. Its sepa-

om-.'Sdc_c];a?'zam on morphological grodnds by Bor (1940) can
upported, cysologically. ' e
 Secondary don

nsbrictions were seen in the long chromosomes

j _ as 1
accharunt. “A single pair of chromosomes have frabants.

In root tips ofisixteen of the hybrids T found 55 chromosomes (Fig. 5¢).

mber represents the sum of. the haploid numbers of Vellai and
Yarenga. As the cane Vellai when crossed with
‘hoth diploid and #riploid hybrids

Serghum Durra produees
(2m =50, 90, Janaki-Ammal, 1941), 1t
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is bo be presumed that only haploid egg cells of Vellai are fertilized by
Narengu. Tu this respect the Succharum-Narenga hybrids are similar fo
Saccharum-Zea. Such selective fertilization, or selective survival of
fertilizabion types, seems to be characteristic of sugar-cane hybrids
(Janaki-Ammal, 1941}

(h) Meiosis and male sierdity o0 8. officinarum ({Vellas)

TPollen mother cells of Vellai at dinkinesis showed that the 80 chromo-
somes associafe to form 40 bivalents (Fig. 6a). They form one or two
chiasmata only. Occasionaily two of she chrornosomes are seen unpaired
at metaphase. They then fail to congress on the metaphase plate, and

. b : ,
Fig. 6. {z) Pollen mother cells at diakinesis in Vellai. . x 1800. (&) Polar view of meta-
phass 11 in pollen mother cells of Vellal. = 1560. (¢} Prometaphase in pollen mother
cells of Narenga. x2000.

this may be responsible for the unequal numbers observed at meta-
phase TI by Dutt & Subba Rao (1933). Except for this abnermality
metaphase T is regular. As a rule 40 chromosomes were also counted at
‘metaphase I1 (Fig. 65). Tetrad formation is regular, though occasionally-
T came across triads in which one of the cells is binucleate, Anthers after
- tetrad formation showed & progressive deterioration in the pollen grains,

" generally begirning before the first division in the pollen grain. At this
stage there is normally a change in the cytoplasm of the pollen grains,

and starch grains are developed. In the degenerating poller grains of

Vellai staxch is either poorly developed or totally absent. All such cells

abort. About 999, of pollen grains in open spikelete were 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 1s shown by the 200 seedlings obtained by DBarber
in this cross. ‘
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{o): Mewsw in Narengn porphpocomm . |
he: 30 ol omosomes of Nar efngo; form 15 bivalents {Fig. 6¢), as 1o~
by Bremer (1928). ' Reduction division is regilar, and pollen
dgraing. are. farmed: i the normai way. Pollen fertility is
Lon : hlS‘IVBVIdEH(Ze it is regarded- as & hexaploid plant with

' imnstead of 10.- Dlplmds of thls basic number in the
niy amonrrst the para Sornhums

hr nosome beimmow in F; b Jb? ids

a); Ta.ble gives the conﬁtrm:amons notecl in ﬁfteen ‘
is 'My observatmns do not agree with those of

Degreﬂ of_ assocmtwn, n the th; ee Fy i’z ybrids, A B and ¢

"No. of ceﬁs in

-
-

o
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‘Singh (1934), who has recorded only bivalents and univalents in one
plant he examined. The large number of bivalents present in the Lhybrid
(19~ ‘33) ‘shows that the chromosomes derived from the haploid comple-
~ment of Saecharum gfficinarum are capable of pairing amongst themselves
i (by autosyndesm) like the S. spontanewm chromosomes in the cross with
Erianthus (Janalki-Ammal, 1941). The percentage of configurations is
__-ffurly umform for the three plants studied.

(e) Behaviour of u%walmzts ,
The ‘deﬂfed chromosomes in the hybrid, 3-5 in numbcz, appear to
o P the largest of the complex. They probably belong to the Narenga
-parent These chromosomes tend to be pushed towards the periphery
:_of the nucleus e even ab the diakinesis stage. They ave therefore at a
positional dlsmdvan‘cage when the spindle is formed. They are always
_'.fmmd on the edge of the spindle, where the forces of CONgTession are
i__-a;p parently not so. effectlve (Fig. 786y The fate of the umvalents during
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meiosis depends on the degree of congression at metaphase 1. Those
univalents that are able to peach the plate in fime divide ab metaphaze [
(Iig. 7¢) and generally lag at the second division. These lagging uni-
valents move only through the agency of the 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 danghter nuclei, or may remain undivided at the plate.

In the first case they will divide norally at the second division,
while in the second case they are seen o form a separate nucleus
{Fig. 7d). - Development is somewhat slower in these extra nuclei than
i the main nuelens. They may form sheir own spindles at the second
division (Fig. Te), and then dyads with two micronuclei are seen (Fig.713.

There are usually five chromosomes—the maximum wamber of uni-
valents observed-—in these extra nuclei, indicating thas they are formed
when the general congression is wealk. '

. The behaviour of the haploid chromosomes in Narenga in the hybrid
(is thus similar to that in a triploid plant with 51 and 5L

Poilen sterility is very high, over 90%, 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 resemblaxice between Barber’s hybrids and the wild cane
Hitam Rokhan (hitam meaning red) 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 Sumasra. It has the same
chromosome number, %% =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 fenvale parent.. o

Bimilarly the mosaie-resistant cane Kassoer, also found in the Rast
TIndies, is a natural hybrid between S. officinarum Black Cheribon and
8. spontancum (Bremer, 1923). Thus the two bybrids made by Barber
in 1913 reproduce. types occurring naturally. While the interspecific
hybrids, both natural and artificial, proved of immense importance fo
‘the sugar-cane industry of Java and India, the intergeneric hybrids
becanse of their sterility had to be discarded from all breeding pro-.
grammes. [t is to be boped 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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Higl 7. Meivsis in Sacc.’em'um-Nwrenqn, hybrid. (a}
¢ n-pollen ‘mother cells, (5} Me'taphase T sho
pha.sg 1 with univalents ag equator of plate.

ive Univalents. {e) “Telo
F¥ Dya,d with two micronncle;.

% 1800,

phase IT with extra anind

Chromoszome association ab diakinesis
wing posibion of univalents, . () Telo-
(d) Metaphase IT with micronucleus of
le formed by dividing micronucleus.
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5. SUMMARY

1. The hybrids made by C. A. Barber in 1913 betu een, Sacchcmm)
officinaruin (Vellal), ~1E-—80 and Narenge porphyrocoma, 2n=230, have

55 chromosomes,
2. They show detailed gnalitative characters of each pcuunt bt 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
Narengo and absent in Seccharvm officinerum were Ioucrer in the #,
hybrids. :

4. The 30 chromosomes of Narenga por phzﬂ ocoma form 15 bzvmlents
and behave normally at meiogis,

5. The 80 chromosomes of Saccharum officinagrum (Vellai) form 40
bivalents. Meiosis is generally regnlar. Male sterility in this sugar cane

“is due to defects in pollen-grain division.

6. The chromosomes in the Saccharum-Narenga hybrids show aubo-
syncesis and associate as.quadrivalents, trivalents and bivalents, while
a few (3-0) remainad as univalents.

7. Univalents, which are probably derived from Narenga, divided at =

metaphase I or IT according to the degree of congression at metaphase .
Those outside the sphere of mﬂuence of the main spindle form extra -
nuelgl which divide as separate unibs. -
8. Male and female sterilify in the hybrids is presumably due to
autosyndesis of the chromosonzes of hoth parents.
9. The wild cane Hitam Rokhan is evidently a natural hybnd

between Saccharum and Narenga.
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