INTERGENERIC HYBRIDS OF SACCHARUM
By B, XK. JANAKT-AMMAL

John Innes Hortveultural Institutzon, Merion

(With Twenty-two Text-figures)

CONTENTS
. PAGT
. Part 1. Saccharum-Erianihus
1. Introduction 217
2. Methods . . . . . 218
3. General characters of parents and offspring 219
4. Morphology of 7, seedlings . . 221
5. Chromosome numbers in parents, 7y and B, 224
G. NMeiosis in the parent species 226
7. Meiosis in the F, hybrid 227
- 8. Meiosis in F, seedlings 229
9. Bucrose content of hybrids 229
10. Summary . 231
Part IT. Soccharum-Tmperata
i. Introduction 231
. 2, Methods . . . . . . 233
3. CUgtology of the Saccharum parent, POJ 2725 232
4. True and false hybrids 235
5. Buerose content of the seedlings 24)
6, Summary . . 249
Part IT1. Succharum-Zea
1. Imfroduction 243
2. Methods . . . . . . 243
-3. Ch¥omosome numbers in parents and offspring . 3.

4. Morphology of parents and hybrid
5. Summaery .

ST S o
Gt
=1

General discussion and snmmary | 52
Acknowledgement 252
References 252

Parr L. J4COHARUM-BRIANTHUS
1. InTrRODUCTION

1% the present series of papers 1 propose to deal with intergeneric hybrids
between Sacchorum and other grasses, .

" The genug Saccharum, consists of some ten species (Bews, 1929) digtri-
bated throughout the warmer parts of the world. The gpecies used in the
Present experiments are S. spontonewm and S. officinarum, both belonging
to the section Bu-Saccharum, and hybrids between them.
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8. spontaneum is a polymorplic species. T have collected clones in
India with 48, 56, 64, 72 and 80 chromosomes {(Janaki-Ammal, 1936,
1939). Others from Assam and Burma had 98 and from the Bagt Indies
112, while Bremer (1929) found forms with 80 in Celebes and the
Phifippines. S. officinarum, the cultivated sugar cane in its common
forms, is octoploid, 2n=80. Tike many important cultivated plants it is
ot known in the wild; its nearest wild relative is 5. vobustum (2n=80),*
discovered by Brandes in New Guines (1928).

The first successful cross between 9. officinarum and S. spontaneum
was made by Barber in 1914, Since that date a Iarge nuunber of hybrids
and hybrid derivatives have been evolved both in India and Java (the
so-called “noliilized” varieties). The first intergeneric hybrid of Sue-
charum was also made by Barber, in 1913 {Barber, 1916), when he crossad
the clone “Vellai® of 8. afficinarum with the grass Narenga narenga. In
1927 Rumlke (1934) crossed another clone “BK 28" with Brianthus sare.
Since then a number of intergeneric hybrids of S. officinarum have been
made (Venlatramam, 1938; Janaki-Ammal, 1938).

In 1934 T attempted a series of crosses hetween 5. spontaneum and
related grasses. Amongst the successful hybrids I described were those
between two types of this species with 56 and 112 chromosoines and
Erianthus vavennae, Sn =20 {(Fanaki-Ammal, Report, 1936). The first of
these did not flower; the present investigation is on the second, in which
the Java clone of S. spontaneum, “Glagah”, was used as the female
parent. This clone was obtained from the Pasoercean Experimental
Station and has been propagated vegetatively at the Imperial Sugar
Cane Station, Coimbatore, since its introduction in 1919,

The variety *“purpurascens” of Frianthus ravennce was used
-a3 the pollen parent. Tt was collected from +he Puanjab and was
designated “Saccharum munja, spiny” at Coimbatore until correctly
identified by Mr Hubbard at Kew in 1935,

2. MErEODS

Spikelets of 8. spontansum selected for crossing were emasculated a
day before their opening, and the rest of the spikelets removed from the
“arrows” which were bagged both befors and after pollination—a pro-
cess which is usually thought detrimental to seed-sefting in Succharum.
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
tive F, plants—"SG 48-1” and its selfed seedlings.

I Brandes says 2n =84; material examined by me had 2n =80,
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" Root tips for chromosome counts were fixed in Allen’s Bonin 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.
Pollen mother cells were fixed in 1:3 acetic aleohol. Acefocarmine
" smears were made both from fresh material and from pollen mother
. cells fixed in acetic alcohol and preserved in 70 %, alcohol. Material thus
preserved was rendered more suitable for staining in acetocarmine by
immersion for a few minutes In acetic alcohol or Carnoy’s fixative.
Smears were made permanent by the method of McChintock (1929).
Sections of root tips were cut at 10-124 and of pollen mother cells at 16;
all sections were stained in Heidenhain’s iron-alum-haematoxylin.

3. GENERAL CHARACTERS OF PARENTS AND OTFFEPRING

Hooker in his Flora of British Indic says of Brianthus: ¥ Habit and
character of Saccharum but glume 4-awned, rarely awnlese.” Erionthus
ravennae, however, differs from S. spontaneum 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 ¥;. The F,’s resembled S. sponteneum more

‘Table 1. Comparison of characters of Saccharum spontaneun,
Hrianthus ravennae and thew I

Characters . spontanewn F, seedlings E. ravennie
1. Btem: anatomy  Nodes and inter-nodes S Short rhizomes. Aerial
. present stem developed during
fHowering only
. 2. Stem: average = 093 cm. i3em. 1-1 om,
thickness .
3. Ligule Ovate; zene of articu- . Ciliate; zone of articu-
lation present lation absert
4.. Leaf sheath Hairy on side of ligule 5 Bearded ab insertion of
. leaf
9. Leaf length 40 cm, 51 em. del cam.
6. Leaf width 1% om. 1-8 em. 13 em.
7. Inflovescence Subsidiary Dbranches 8 Subsidiary branches
simple componngd
8. Primary rach Hairy . S Glabrous
9. Uallus hairs 44 times longer than 354 times Lqual or sub-equal
glme longer
) 10, Glume T Membranous with cori- S YVillous dorsally
) aceons base
L. Glume TV (@) Minute Long " Long
(6) Linsar y {Ovate
(c) Ciliate b Nem-ciliate
{) Awnleszs & Avwned
1Z. Lodicules Ciliate - s Glabrous

* & =character as in Saecharum parent,
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Fig. 1, Types of ligule in &, sporitaneum and Brianthus P, and their Fy and F, bybrids,
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closely than Erianthus, but they had slightly thicker stems and longer
' Jeaves than the Saccherum parent and theinflorescence was on the average
longer and denser. The hybrids produced abundant pollen. In the plant
4@ 481 selected for study the percentage of viahle pollen was about
829 as against 94 and 93 %, noted in the Saccherum and Brianthus
parents respectively. The plant set abundant seeds, even under bags.

4. MomPHEOLOGY OF I, SEEDLINGS
2

- Several hundred seltfed seedlings were raised from bagged inflorescences
of the 8. spontanewm x Erianthus ravennae hybrid SG 48:1 in 1937; of
these only fifty F, plants were grown for studv: Owing to the drought
conditions at 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
. ledves; 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 lignle 1n
these. The frequency distribution of the seedllings in six clags groups
according to leaf width is recorded in Table 2. The modal class of pro-

Table 2. Leaf width in parents and crosses

Leaf width in cenbimetres

1 15 2 2-5 3 b
Class of parents Erianthus  Succherwm
Class of I, ) £
Frequency of I, 11 ig 3 2 3 1
. [N — :
. Constitubion of £y~ 2, 8E -+ S, SSE ~ 4z, ASEE

plants examined

genies occurred in the 1-5 cm, group into which Erianthus ruvennaee 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 thic in-
ﬂ.m‘escenoe and spikelets in the parents F, and some of the F, seedlings.
(Class groups of stem diamcter of forty seedlings are shown in Table 3.
Plants with thicker stems had also larger inflovescences. In several indi-
viduals the subsidiary branches of the inflovescence were seen to be
compound as in Brienthus. An awned glume was fonnd to have segre-
gated in the . Where the awn was absent the fourth glume was generally
“longer than in 8. spontancum, as shown in Fig. 4. An important value m

Journ, of Genetics 41 .15

>
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comparing these hybrids is the length proportion of callus bhairs to
glumes. The range of this Vc’!.hlt, ¢ is shown in Table 4. The 7, distribu-
tion is ummodai and covers most of the range between the parental
species.

RN

i

Tig. 2. Va.rntzon in ster thickness in the F, generation of Saccharum-Erisnthus hy brids

Table 3. Stem dinmeter in parents and crosses

Stem diameter in centimetres
A

0-3 1 1-3 2 25
(lass of parents Brionthus  Saccharum
"Class of f 2y
I‘lequency of I, 2 31 3 3 1
[ e
Constitution of F, 2x, SF + 3z, 88K - do, SSHE

plants examinad

Table 4. Distrobution of HjG ratio in S, spontaneum
and B. ravéunae parents and Fybrids

Class ~ (Class : parents Frequency

Class value and Iy iy

G-8-1-2 1 E ravennae — 1
1-3-1-7 I-5 e 1

1-5-2.2 2 — 1

2-3-2-7 25 — [

2-5-3-2 3 — 4

3:3-3-7 3-5 I 15

3842 4 — 2
4 Seth-7 4-5 8. spontaneim. —

“lagalh’
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Fig. 3. «, the inflovescence of S. spontongwm (3), Erianthus (B) and their J hybri
b, velative size of arrows in 7, of tetraploid (SSER), triploid (S877) and diploid (85
+ ¢, spikelets of Saccharum (S), Brianthus (I, theiv F; hybrid (S£) and two F, plan

162
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The F, seedlings varied a great deal in the degree of anthesis. In at
least four of the seedlings that flowered there was total absence of
anthesis. This was generally associated with low percentage of viable
pollen.

Saccharum Spontaneum Erianthus ravennae

(Qingnhl(Br = 112) , (2a=20)

&3 Tr 83 Ga

CE] o3 oh

GA

5.G.10016 (Zn : 72) 5610030 (Zx.68) 5.6.10033 (2. 736)
Fig. 4 Types of glume in spilelets of Succkarum, Brionthus and their F, and F; hybrids.
‘The awned fourth ghume, though nov presens in the F,, appears in some of the F,
seedlings.
5. CHROMOSOMI NUMBERS IN PARENTS, F, aND K,

3]

Root tips of §. spontanewm “Hagah™ showed 112 chromosomes, as
- found by Bremer (1923). The soniatic niuniber of Brianthus ravennae is
20. In the variety “spiny” used in the present cross shere 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
B. ravernae is therefore a diploid species. '
All the five ¥, hybrids examined had 2m =068, the sum of the haploid
numbers of the parents. - :

’
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The following are the chromosome numbers of the sixteen F, seedlings
“examined: _
Chromosome no.... 67 68 69 70 7L 72 748 74 75 16 104 106 103 136

No. of plants r 1 — 1 1 2 5 1 — 2 i 1 1 i
E L—\,_._)
Presumed consti- S + 988 - S8BE -+
tution

Twelve of the sixteen seedlings examined had a chromosome number
between 67 and 76, that is, close to that of the F, 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 gingle plant had 2n=136 {Fig. 6) and wounld on the same evidence be
considered a “tetraploid”, SSHE. The higher chromosome numbers go
with the larger size of stem, leaves and inflorescence.

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

8. METOSIS IN THTE PARENT SPECIES

The 112 chromosomes of S. spontaneum ©(Hagah” associate as 56
bivalents at diplotene {(Fig. 6a). The number of chiasmata at this stage
varies fromw one to two per bivalent. Fig. 65 represents the 56 bivalents

¥
%“3"?”? P ?9
- &
S 5 SV
! g ®
3 2pr 1",.# & % % 4 9°
8 B qus 03 T3 9
4 B A "{i 9 @ doo
+¥a b 5@ o
a b
Tig. 6. Chromosome association in §. spontanewm **Glagah”. e, diplotene; b, metaphase.

x 1800.

at metaphase. Reduction division in this plant, which has alsc been
dealt with by Bremer, shows regular distzibution 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 hivalents, 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.
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c

avennge. «, diplotens; &, metaphase; ¢, telophase, with the
fragment excluded. x 2000,

Fig. 7. Meiosis in E?‘iquthm T
7. Mziosts 1w THE F) EYBRID

‘The If;1 Lybrid flowered abundantly. Pollen mother cells at diakinesis
showed that the 66 chromosomes associate into bivalents, trivalents and
quadrivalents (Fig. 8a). Table 5 gives the configurations noted in ten

Table 5. Degree of association of chromosomes i Fy

Configurations
— -
Y 111 11 1 Cells
1 1 26 7 5
1 2 24 8 1
1 2 26 G 1
2 2 23 6 1
2 2 22 § 1
2 1 24 7 1

cells in which all the chromosomes wore present. The large number of
bivalents (22 to 26) present in the hybrid shows that the chromosomes
dlerived from the haploid complement of the S. sponianeum are capable
of pairing amongst themselves (autosyndesis) like the Tripsocum
chiromosomes in the cross between Zen and the tetraploid form of Tripse-
cwin dactiloides (Mangelsdorf & Reeves, 1932).

" The number of univalents varied from six to eight. These univalents
probably represent the unpaived Brianthus ¢hromosgomes, The frequent
presence of seven univalents associated with a single quadrivalent and a
trivalent indicates that at least three of the chromosomes of Briamthus
pair with those of Saecharum, forming the multiple associations noted.
Not infrequently the nwmber of these multiple associations s greater

than one. An increase in their number is associated with a decrease in
the number of hivalents rather than with any appreciable change in the
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nember of univalents. We might infer from this that the gametic comple-
raent of 5. sponianewn present in the hybrid is capable of forming higher

Fig. 8. Meiosis in Saccharum-Erianthus hybrid, a. dizkinesis, b, first metaphase. ¢, telo-
phase of fivst division, showing univalents dividing at the equator. 4, telophase of
second division, showing lagging chromosomes. e, normal tetrad. 7, abnormal tetrad
with bipucleate dyad. (s, &, ¢ and d,- x 1500; g and £, » 1080,

configurations by autosyndesis than it does in the polyploid parent. In
this respect the S. spontanewm.x Eriamnthus hybrid is similar to the
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diploid-hexaploid hybrid Lolium perenne x Festuca arwndinaced in which
Peto (1934) found $rivalents, guadrivalents and quinguevalents.
Differential condensafion of chromosomes was noticed in some of the
cells. Fig. 8D shows a mebaphase plate in which two bivalents seem to be
at an earlier stage than the rest of the chromosomes. A variable number
of univalente ave seen to divide on the spindle, after the hivalents separate
to opposite poles (Fig. 8¢). Ab +he second metaphage a number of daughter
amivalents are seen o lag and segregate at random without splitting.
Some of these do not reach the poles hefore the nuclens is reconstrneted
(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 pormal in a large percentage of the cells esamined, bub
“occagionally tetrads with two-nucleate cells and dyads were found
(Fig. 8 f). These would give rise to unreduced pollen grains. The oceux-
rence of unteduced mother cells giving rise to unreduced embryo sacs is
o common feature in Seccharwn (Janaki-Avemal, 1939; 8. Narayana-
swamy, 1040). Fertilization of these diploid eggs by haploid and diploid
pollen grains accounts for the occasional “triploids™ and tetraploids”

found amongst the #, seedlings. :

8. MErosis v F, SEEDLINGS

Fig. 9@, b, ¢, represents 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 oceasional quadrivalent. In the “tripleid” with 108
chromosomes T fonnd occasional sexivalents hesides bivalents (Tig. 94).

Fig. 9¢ and f illustrates the chromosome confignration in pollen
mother cells of the single “tetraploid” plant 5 100-83 during diakinesis
" and metaphase. The chromosomes associate as bivalents, quadrivalents
and occasionally sexivalents. The number of nnivalents yas considerably
less than o the diploid plants, and both first and second meiotic divisions
were more regular than in these.

9. SUCROSE CONTENT OF HYBRIDS
 Crossing 8. officinarum with Hrianihus results- in hybrids with a re-
duced sugar content {Rumlke, 1934). The F, hybrid betiween S. spon-
tanewm ** Glagah” and Brignthus also showed congiderable veduction; the
-purity of the juice was also lowered. Table 6 gives the analysis of sugar
An P]J.e cross as well as in five of the F, hybzids, two diploid, two triploid,
and one tetraploid. It will be seen that, whereas the diploid hyhrids were
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approximately as sweet as the 7, 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 8. spontanewm examined
by the writer (Janald-Ammal, 1939). It can be inferred from these

Fig. 9. Association of chromosomes in F, seedling. o, b, ¢ “diploids’ with 67, 72 and 78
chromosomes. d, metaphase in triploid with 108 chromosomes. e, [, diakinesis and
metaphase in tetvaploid, 2n =136, showing gquadrivalents and sexivalenis, x 1800,

Table 6. Sugar analysis of Saccharum x Erianthus
hybrids and Sacchararm parent

Sucrose Purity

% %o
§. spontaneum “* Glagah ™ 7-93 60-5
8. spontanewm x Brionthus, o 364 36-5
Fy's, diploid: S.G. 100-3 . 351 345
8.G. 100-16 2:33 27 -
Fy’s, triploid: 8.G. 100-5 T 545 - 424
5.G 10035 §-30° 551
Ky, tetraploid: 8.Gi. 100-33 651 5588

observations that polyploidy results in an increase in sugar production
in both S. spontaneum 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,
8. officinarum.
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10. SUMMARY

1. The Javanese variety “ Glagah ” of Saccharum spontaneum, 2n =113,
when crossed with Erignthus ravennae, 2n=20+f, gave fertile hybrids
with 66 chromosomes.

2. The F, hybrids resembled the two parents in proportion to their
chromosome contributions (56 and 10). '
- 3. The F, seedlings fell into three groups in regard to their chromo-

- some numbers:
' Diploids, SE + 6876
Triploids, SSE — 104108
Tetraploid, SSEE + . 136

4. The dzplmd seedlings were the great majority. They showed
segregatmn of the Brianthus 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 leaves and a larger inflorescence than the diploids.

_ 5. The sugar content of the Saccharum parent was greatly reduced in
the diploid seediings and slightly reduced in the triploids and tetrap]oid
_ 6. In the F, hybrid the gametic complement of 5. spontancum is
~ capable of pairing by autosyndesis and may form higher configurations
than in ‘the parent. Some of the Brigntlus chromosomes join with those
" of Saccharwm 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. Chromo-
somes condense differentially in some of the pollen mother cells.

7. A% meiosis in the diploid I, hybrids, guadrivalents 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.

Panr II. SACCHARUM-IMPERATA
. IrTRODUCTION

The true DD’LO]Dloul species: ;S officinarum, when used as the female parent
in intergeneric crosses,. has given eco.uomwaﬂy disappointing results.
However, when Thomas and Venkatraman (1930) and Bourne (1936)
«crossed the hybrid cane of Java, “POJ 27257, 2n= 106, with Sorglhum
they obtained some seedlings of value, together with large numbers con-
sidered useless to ‘b_he sugar cane breeder. Since then, “POJ 2725 and
another Java cane, “POJ 2137, 21 =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 {Venlatraman, 1937). In the
present experiment [ have used the cane “POJ 27257 in crosses with
Imperata. '

The grass 1. eylindrica has a wide distribution in both the Old and
the New World. Tt is a troublesome weed of cultivated land. There are
several ecotypes, ranging from dwarfs of a few inches in height to swamp
forms over 9fh. tall with inflovescences ap to 20 in. in length. The form
T used for hybridization with the sugar cane was that kmown in Malay as
“alang-alang”, with a chromosome number of 20. It had a small jn-
Horescence (Fig. 10). Bremer, who examined pollen mother cells {1925),
found regular pairing and meiosis in the plant. Tts gametic complement is
therefore 10. The seed was supplied by the Department of Agriculture,
Kuala Lumpur, Malaya. ) - :

In 1935 [ pollinated an arrow of POJ 2725 with pollen of 1. eylindrica,
under a bag, and obtained thirty-five seedlings. All of these looked very
muceh like sugar canes, thongh a few were inclined to dwarfness. From
an unpollinated confrol arrow under a bag I obtained a gingle seedling in
1935 and four seedlings in 1936. The present investigation concerns some

- of the surviving seedlings. Only fourteen were examined ovtologically.

2. METHODS

Canes of POJ 2725 were transported from the field to & pollinating
shed when about to arrow. The arrows were bagged both before and after -
pollination. Root tips were fized in Bomin’s fixative and Ta Cour's
2BD after pre-treatment with ice. Pollen mother cells wore fixed in
acetie alechol 1: 3. '

3. Cvroroay or THE Sdcomarui pARENT, POJ 2795

The parentage of POJ 2725 is given in Table 7. It was produced at
the Pasceroean Station in Java by Jeswiet and has heen described as
“the product of the third nobilization of S. spontaneumn Glagah”,

When S. officinarum ¢ is crossed with 3. spontaneuwm &, the F, in all
cases examined is the result of the fertilization of an nnreduced egg of the
first species by a reduced pollen grain of the second (Bremer, 1929; Dutt
& Subba Rao, 1933). It has the composition GOS8 where 0 and § stand
for the complements of the swo species. In back-crossing the hybrid
“Kassoer”, of this constitution, as male to S, offictnarum Q, fertilization
- wag again confined to 2n eggs, so that POJ 2364, the female parent of the
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Lable 7. Origin of the clone

S afficingrum 9

- Intergeneric Hybrids of Saccharnm

POJ 2725

&, spondonem 3
“Glagah”, 2n =112
(QJ'!S)

8. officinarum 3
BK 28, 2n=80
(00)

b4
“Black Cheribon™, 2n =80 i
(00)
. offfcinaruan % * Kasgoer™ 7
POJ 100, 2n=80 i 2n =136
(00) (008
|
POJ 2364 b
2n =148
(000 +8/2)
. POJ 2735
- ot In =106

Fig. 11. Meiosis in POJ 2
univalent association of chromosomes x 2400, b
phase.in.pollen erain..

» anaphase of first division. ¢, meta-
with. G2, cheomosamas s 1R800 - N

b

745, @, pollen mother cell at diakinesis showing multivalent and
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" cane POJ 2795, may be considered as a triploid S. gficinarum plus about
half the gametic complement of S. spontancun.
~ As would be expected, meiosis in POJ 2364 1s “very irregular. When
. backerossed with S. offcinarum it produced seedlings having a variable
number of chromosomes, 106-120. According to Bremer (1928) POJ 2725
.. hag 106-7 chromosomes; I was able to count 106 only. The chromosomes
- in polien mother cells of POJ 2725 at diakinesis associate as hivalents,
trivalents and quadrivalents (Fig. 11a). 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 Vanable numbers; 62 were found at metaphase
.in a pollen grain (Fig. 1ic). Hence it seems unlikely that POJ 2725 will
dontribute 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 obtained under bag in 1936-8.

4, TRUE aND TALSE HYBRIDS

The following are the chromozome numbers of the fourteen seedlings:

Chromesome . No. of ) Presumed Pollen
_ ng. plants Origin constitution fertility
1 108 C 2 Vegetative embryony 88 - 23-35 9%,
1T %(1}8 g Sexual or diploid
) 112 - parthenogenesis 8BS+ 0-0-7 °
_ 190 1] '
17 e b Tree Ry S8 50-809
A134 2,’
w 156 1 Triploid self S8 Nouw-flowering

It will be seen that they fall into four groups, of which representative
type.§ are shown'in Fig. 12. Tirst, there are those that have the same
number as POF 2725, These also resemble it closely in vegetative
chai."i,‘a.cters and have the same pollen fertility, 23-35 %,. They are in all
probability vegetatively apomictic plant.é and could be considered as
- clones of the mother plant (Fig. 13, type A). |

To the seconid group belong plauts in which the chrompsome number

15 slightly greater thian im POJ 2725, They show segregation of characters
. and are very higlily sterile, the pollen Tertility beme; 0-T 9%. Trom the
_evidence of their chromosome number and morphelogy, they would appear
to be either true selfs o1 parthenogenetic plants developed from e
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|

Zn =706 Zr= 20

NS _
BUIBYE

P =106 2r=/72 L =7/56"

53 SS9 - €39

Fig. 12, Root tip metaphasey in POJ 2725, (49) Imperate cylindrice (IT) and types of
seedlings obtained in the cross. x 2040,
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daced gametes (types B and D in Fig. 13}, Bourne (1935) found that
~about 1 9% 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 chromoesomes {type H,
~Fig. 13). These numbers represent the sum of the chromosomes from un-
‘reduced gametes of POJ 2725 and from the haploid gamete of Imperata.

55{?('57!8 7 fmperafa.

7

A B D E

Trig. 13. Dmmam of the genetic composition of seedlings fmm ithe cross
' POJ 2795  Imperats.
- They fepresent the ouly true hybrids of Saccharwm and Imperote. These
sectllings 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 -
Imperata, but no importance was attached o these characters as they
appear in hybrid sugar canes also.

The spikelets of Imperata. differ from those of Sacc]zcm(m i havi g
fine halrs on the first and second glume. This character was found in
somte of the hybrids. The number of stamens also varied from three to
four i odd spikelets of an infiorescence. '

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

equator of the spindle after the bivalents had separated to the poles
Journ. of Genetics 41 16
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(Fig. 140), and were nearly always incorporated in the daughter nucles.
It is not possible to say whether they are unpaired chromesomes of
Imperate or of Saccharum. Second division was fairly regular. The

Fig. 14, Meiosis in a Saccharum-Imperata hybrid. o, diakinesis in pollen mother cell.
b, first anaphese. ¢, second anaphase. d, tetrad formation. = 2000. '

“divided univalents were segregated at random to the poles (Fig. 14ec),
and normal tetrads formed (Fig, 14.4).

All the hybrid #, plants were fertile, pollen fertility being as high as

80 % in some. An interesting series'of #,’s was obtained from this plant,

1
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TFig. 15. General habit of POJ 2725, Imperala cylindrice and their Fy and F; hybrids.
' 16-2

o
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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
Lmperaia, hybrids are produced through the agency of unreduced
embryo-sacs. This elimination of normally reduced eggs is responsible

Intergeneric Hybrids of Saccharum

(1) for the extremely few seedlings produced,

(2) for the sugar-cane lilee characters of the hyhrids.

801

70
N 50
N
:\\g 50 B
8, T
¥ | Ar S8/
Y
]\é -8
3
P .
200 P 2
5§+
10 —
Y
0 °?
100 108 f?ﬂ% 720
(, i/"ﬁ?ﬂ’iﬁs oe /Vm 456’1'5

Fig. 18, Graph showing relative pollen fertility of POJ 2725 {P)
parthenogenstic or selfed (88 +), and hybrid (S81)

The proportion of chromosomes of sugar cane o I'mperata in the
seedlings is 11 : 1 in the hybrids with the lowest number, and 194 : 1 in
that with the highest number, 134.

The single plant with 156 chromosomes in the population may be
considered as & “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 seadlings.

and its apomictic {4po),
seedling,
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5., SUCRCSE CONTENT OF THE SEEDLINGS
Table § gives the sugar analysis of twenty-eight out of the thirty-five
seedlings obtaived by peliinating 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 hlgh enongh to indicate the
economic valae of this cross.

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

Seedling no. Brix Buerose Purity
63-1 15-98 1527 83-00
63-2 19-99 1721 86-10
63-3 16-88 13-68 8100
3.4 -17-38 13-67 78-00
63-5 ) 16-19 16-08 83-80
.G3-§ 18-29 14-80 80-90
63.7 T 2140 16-14 75-40
63-8 1904 15-582 83-1¢
683-9 20-49 1779 87-00
63-10 1521 11-95 78-60
63-11 16-14 © 1349 8360
83-12 15-64 1218 79-50
63-13 15-67- 12-14 7750

6315 1807 15-19 84-10
63-21 17-27 - 1420 52-80
63-23 14-20 - 1712 89-20
63-24 1763 15-20 86-70
63:25 21:25 18:60 8560
63-26 18-75 17-63 86-20
63-27 18-14 -15-80 87-10
6328 1763 1479 - §3-7¢
63-28 19-04 17-28 - 9070
63-30 17-23 14-08 8170

. 6331 1593 12.97 80-30 -
63-82 v 19444 16-87 86-80
6333 1773 15-34 86-50
63-34 19-24 17-56 21-30
63-35 20-25 18-19 89-50

Further analysis of some of the more promising seedlings showed that
they were capable of still better performance. Thus the bybrid 6332,
2n =132, which has an excellent exect habhib and good tillering, had 1% %
sugar when fully mature. The percentage was even higher in some others,
but these were not so good from the agricultural point of view.

An interesting point is that the asexually produced seedlings SS with
106 chromosomes, whose genetic composition should be identical with
that of POJ 2725, had a lower sucrose content than the sexually and
subsexually produced SS 4+ type—probably because they are late in
maturing.



242 Intergeneric Hybrids of Saccharam

The level of performance reached by the true hyhrids SST 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 ir this cross (12 : 1),

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

w Pa
. E: |
£
@ -] @
-]
15 E @- L] E]
T
o -] 8
3
3 '
b~
L
g 10
1
® R
.
LS8 S5 -85/ 555
23 738 128 1o 2 7g JI0 732 1xe I [z Firs
C /zmmosome /Mtlﬂ[.gefé‘

Tig. 17. Chromosome numbers and percentage suerose in “true’ and “false” hybrids of
POJ 2725, The squares indicate maximum yield ab full madurity, the circles yield of
canes not yet fully mabured.

6. Svaary

1. By pollinating an arrew of the hybrid cane POJ 2725 with pollen
of Imperate cylindrics, thirty-five seedlings of fairly high sucrose content
were obtained. _ )

2. Cytological analysis of the seedlings showed them to be of four
types: , '
(1) Vegetative seedlings, SS, 2% =106,

(1) Belfed or diploid parthenogenetic seedlings, 9§+, 2n = 168-112,

(iir) Triploid self, SS8, 2n =156, ’

{iv) True Succharum-I mperate hybrids, 887, 95 —=120-134.

3. The vegetative seedlings resembled POJ 2795 in vegetative cha- "
racters and degree of pollen sterility; parthenogenetic and selfed seed-
lings were completely sterile and the true hyhrids highly fertile.
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4. Tlimination of all but unreduced eggs is responsible for the small
number of F, seedlings produced. The high proportion of Saccharum
chromosomes accounts for the predominance of Saccharum characters in
the hybrids, o

5. The “triploid” selfed seedling is mauch smaller than the parent,
and has not flowered. ‘

6. F, seedlings of the true Saccharum-Tmperala hybrids show segre-
gation of Imperats characters. :

Panr II1. SACCHARUM-ZEA
1. INTRODUCTION

(rasses described in Parts T and 1T of this paper involved 5. spontanewm
or its cultivated derivatives. We now turn to a cross involving §.

‘officinarum proper.

As mentioned ahove, Barber in 1913 produced a hybrid of S. gffici-
narum,. < Vellai” with the grass Narenga narenga. The clone ““Vellal” is
male sterile owing to the suppression -of anthesis, and this sterility is a
genotypic character not due to irregular meiosis. The same character 1s

- found in other clones, ncluding 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 accepied classification of Bews (1829). A wider cross would he

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 (Fanaki-Anmal, 1938«). Trepeated 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 crogs in Trinidad, but without success.

The vaziety of Zeo Mays used as male parent was a sweeb comn,
1 . i y M :
Golden Beauty”, 1t was grown for several generations without chance

of cross-pollination with other varieties, being the only kind of maize
grown in the neighbourhoed.

2. MeTmOoDS

Canes of the male sterile Sacoharum officinarum ““Vellai” which was

ahout to “arrow” were iransported from the field and planted Lori-

zorbally into a pollinating shed. The inflorescence, a large panicle, was
supported by bamboo stilts to raise it above the ground. The arrows were
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bagged as soon ag they emerged from the sheath, When stigmas started
o appear they were dusted with pollen of Zew M. ays. This was continued
daily for about ten days. Two arrows under bag were allowed to remnain
in the same shed as control, :

The seeds from the pollinated arrow were grown in the usual way
(Barber, 1916) aund 5 single seediing appeared. Seeds from unpollinated
arrows failed to germinate.

The obstacle in crossing Saccharum with Zea sesms to lie in the first
stage of the operation, viz. in the widely different sugar concentrations
required by the germinating pollen. Poller of Zea Mays was testod for
germination in different concentrations of sucrose in | % agar. Zeg
pollen germinates in tanaentrations ranging from 10 4o 18 % sucrose. This
18 much below the eoncentration needed for sigar cane pollen, which
demands the narrow range of 23-25 9/, presumably the percentage of
Sgar present in the stigmas,

The seedling in its early stages was of very weak growth, and special
treatment with nutrient solutions wag 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, Roats of S. officinarum were pre-treated
with ice.

T3, CHRQMOSOME 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
36 to 1-6u. Both primary and secondary constrictions were found, hut
in no case was I able to deteot, any chromosome with satellites (Fig. 18a).

Zea Mays “Golden Beauty” had besides the usugl 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 satellite of chromosome VI (Fig. 184).

The hybrid Saccharum-Zeg had 52 chromosomes, the sum of the
haploid complements of Sascharum and Zea, The two B chromosomes
seems 50 have heen transmitted to the hybrid. Tt was not possible to dis-
tinguish all the Zeg 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 considerahle, size re-
duction in the hybrid, indicating genotypic control of size {Darlington,
1937, p. B5). ‘

~
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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—s very prob-
ably the cane Lahaina of Hawail. It was known as early as 1766 when

Zea Moys Zn=20428

Saccharwm 2n =80

. . 2n="52
Fig:18. Root tip metaphase in a, Saccharum officinarum Vellai; b, Zeo Mays Golden Beauty:
. £, Suceharum-Lee hybrid. %4000, . ’

: _Bougfminvi.ﬂe mmtroduced it from Otaheite to Manritins and Lowrbon, now
Reumo'n. (Deerr, 1921}, In 1791 Captain Bligh brought it.from Otaheite
to Jamaica (Earle, 1928). It is known as the Otaheite cane, also as the
_}30111‘bo'11 or Uana Blanca. Tt hag s thick soft ghem, and iz still eultivated
Armany parts of the world as a chewing cane. A ful] description will he
?f'ound in Barber {1916} and Razle (1928}
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The Zed parent ““Golden Beanty” is a sweet corn sold in Poona as a
type suitable for cultivation in Tndia. Like all maize it varies enormously |
in size according to soil and eultivation. In the loamy soi! of Coimbatore
it attained a height of about 5 £5. The ear was 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 Ligh; during
bhe second season it put out a number of tillers (Fig. 19). After fonr years
it remains a dwarf bush, recalling in general appearance Tropsacum
dactyloides as illnstrated by Mangelsdorf & Reeves (1939). The growth of
the main axis iz very much retarded by the vigorous side branches. The

Tig. 19. Seschurum-Zea hyhrid during second year of growth.

perennial nature of the hybrid has made it possible $o propagaté it vege-
tatively. Hach tiller looks Like a diminutive sugar cane with_ small
Saccharwin-like stem and leaves and has & ligular process, as found in
Vellal but not in Zea (Fig. 20). The plant shows no sign of flowering.
The upper surface of the leaf is covered with long silicy hairs, similar
to but larger than those in Zaa {Fig. 21). These silky hairs are a feature I
have not found in any Seccharum except a freak cane “Troeboe” from
Java. “Troeboe” is of unknown origin, and I am tempted to consider it
as & possible hybrid hetween Succharum and s member of the Maydeae.
The possibility is strengthened by the fact that i does not hear perfect
flowers; its inflorescence is aborted and forms a caulifower-like mass in
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" the gheath. 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.

In Table 9 I have tabulated some anatomical and morphological
characters of the two parents and the hybrid. The piants have been com-
pared for twentyfour characters, fifteen qualitative and nine guanti-
tative. It will be seen that the hybrid resembles its Saccharum parent in
ten of the qualitative characters and Zes in three. Ome character is

Zea.

Saccharum.

Fig. 20. The ligule in Saccharum, Feq and the Iy hybrid.

intermediate and one is new in the hybrid—the depressed shape of the
bulhform -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 ¢ells. Excep-
tions are the length of the epidermal hairs and the number of vaseular
bundles in the stem of the hybrid plant. The concentration of vascdiar
buwifdles (Fig. 22, F,) can be explained as due to the extreme reduction
'Oftﬂl'i stem and the consequent entry of large numbers of leaf traces
1nto 1t. . :

The Lybrid was. not examined for ite sugar content, bub from the

_estreme woodiness of the sbem it is unlikely that it will prove to have

much sugar.

5. SuMmany

! - , . ¢ - .. .
1. Saccharum officinarum “Vellai”, 9n =280, when crossed with Zea

Mays, 2n=20+25, gave two seedlings, one of which survived and was

found to have B2 chromosomes.
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Zen, Mays

icng hair

lon hai
(=T
Bultiforw cells 5 hai;
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Mato
Sheaﬁf

assimilatin
il

h . .
Parenchyiatos Saccharum officinarum
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Fig. 21, Transverse sechion of teaf of Succharum, Fea and the £y hybrid.
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2- 22, Transverse section of internode of Saecharum (8}, Zen (Z) and the JF; hybrid.
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2. The difficulty in making the cross seems fo be that the concentra-
tion of sugar required by germinating raaize pollen is wuch lower than
that found in the Succharum stigma. '

3. The hybrid showed some of the detailed characters of sach

parent,

but in general the growth was depressed. In four years the plant has

Table 9. Cosnparison of characters of Saccharum cficinarum,
Zea Mays and ¥ hybrid

Saccharum Iy
Qualitative characters
1. Habit Perennial <
2, Root stalls Present —
3. Roob eyes, Present e
4. Tillering - Many 4
Leaf
7. Sheath Hairy —
6. Ligular process Present —
7. Upper epidermis Non-hairy e
8. Lower epidermis Asperiics ——
[present ]
9. Vaseular hundie Oval Imtermedinte
10. Sclerenchyma in bundle Preseni ——e
sheath :
11. Bulliform cells In line with Depressed
epidermis :
12. Bhape of bulliform cells Bound T e
' Stem
3. Cortex Present  ———
. Distribution of vaseular Diffuse -
bundles
15. Dizection of growth of Towards stem e
bundle sheath cantre
: Quantitative characters
18. Average height (em.) 600 75
17, Stem diameter {om.) 4 1
18. Length of internode (em.) g i-4
13, Leaf width (em.)’ -5 1-5
20, Leaf length (om.) 150 36
31. Number of bulliform cells 2-3 3k
23, Number of vascular bundies 10 30
per unit area
23. Avewage length of hairs — 075
mm, :
24, Diameter of ‘parenchyma 0-15 0-075

cells (mm.)

Zea

Ammual
Ahsent
Absent
Paw

Fabrous
Absent
Hairy

No asperites

Round
Absent

Raised

Linear

Ahsent

- Peripheral

Haually around
bundie

0-5

0-125

failed to flower, aithough it has grown freely and has been propagated

from tiliers.

£, The vegetative abnormality of the hybrid is attributed 4o the

remoteness of the parents.

8. The hybrid shows a hair character of the Maydeae which is also

found in the highly aberrant and sterile cane “Troeboe”,

may therefore be of similay

hybrid origin.

"

“Troehos ™
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GENERAL DISCUSSION AND SUMMARY
Table 10 gives a list of the recorded intergeneric hybrids of Saecharum,
including those described in the present paper.

It appears that in Swechorum high polyploidy has removed all
obstacles to hybridization with other groups of Gramineae except those
blat 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.
officinarusm and 8. spontanewm, which in this respect resemble polyploids
in Poa and Rubus. They are capable of producing from apparent hybridi-
zation with diploid species of other genera true diploid crosses, true
triploid crogses and diploids and triploids which are not crosses at 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 antosyndesis.
Systematic study of these properties will enable us in the fature o re-
combine the materials of plant improvement on a scale that has not
hitherto been realized.

-~
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