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STUDIES IN COLCHICINE-INDUCED TETRAPLOID OF
PENNISETUM TYPHOIDES STAPY I'T HUBB!

R. P. JHA AND R. R. P. SINHA
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ABSTRACT

Induced tetraploids in P. fyphoides were obtained by treatment with 0.23% aqueous col-
chicine solution. Their morphological and cytological studies were made in comparison to
diploid plants of this species. Induced tetraploids showed thicker stern with shorter iul(:rrw'l‘f".a
deeper green and larger leaves having larger stomata, bigger mesophyll cells, pollen grains, spi-
kelets ete, but plant height, number of tillers per plant, yicld of seeds, number of stomata per
unit surface area etc. decreased and flowering was delayed in them.  They showed somatic chro-
rmosomes in groups of four and several meiotic irregularities such as formation of univalents, multi-
valents, unequal separation of chromosomes at anaphase I, hridges, lazging chromosomes, micro-

nuclei etc. Seed setting was very poor in them.

INTRODUCTION

Polyploidy has been induced in many
forage grasses. Mehta and Swaminathan
(1933, 1977, induced polyploidy in Tri-
folium alexandrium and other forage crops,
Ahloowalia (1967, in rye grass, Magoon
and Tayyab (1968) in Sorghum species,
and many other workers in many more
species of grasses. Jauhar (1970, raised
synthetic tetraploids in  Pennisetum typh-
oides, but polylploid effect receded in
subsequent generations
diploidisation.

leading toward
Hence his studies could
not be of great economic importance.
But they may he important for raising
triploids by crossing with diploids and
triploid may have some economic impor-
tance. Triploid sugarbeets vielded more
sugar than diploid  [Peto and Boyes,
1940,. The present work has been tuken
up by authors in P, Lyphoides with this
aim of improvement of crops and the pre-
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sent paper which deals only with produc-
tion of colechitetraploids forms the first

step in this programimes.

MATERIALS AND METHODS

(1) Seed treatment —Healthy seeds of
Pennisetum typhoides var. 'T-55 were immer-
sedin 0.19,0.29,0.25,0.4" and 0.5%,
colchicine solutions for 4 to 8§ hours, wa-
shed thoroughly with water and sown in
well manured soil. (1) Seedling treatment—
Growing tips of one week old seedlings
were immersed in above colchicine solu-
tions in capillary tubes for 4 to 12 hours.
Morphological — and cytological studies
were made in treated plants (mitotic stu-
dies from root tip squash and meiotic
studies from yoang anther squash). Root
saturated

tups  were pretreated  with

aqueous  solution of alpha-bromonaph-
thalune for 30 to 45 minutes at room tem-
Materials
hours at low temperature in acetic aleohol

perature, were fixed  for 48

51y I{ P. I{(/},'. :')!!!LT i["&ld ()f!h:j l)n'g);ﬂ[:;;pn[ v,(. Bl,f_&ny, P"“na l‘!ni_

COUras®mient 11 o N o~ . ) 5
“auragement in course of the present mpvestugations



R. P. JHA AND R. R. P. SINHA

142

(1 :3) with a few drops of ferric chloride
\m(»rdzmt, and stained in acetocarmine.

OBSERVATIONS

The mortality rate was very high i
colchicine treated seedlings.  Out of 200
seedlings 20 survived to matuity and only
4 turned out to be tetraploid by treatment
with 0.25%, colchicine solution. The imm-
ediate effect of colchicine treatment was

inhibition of growth and swelling of .
just benes wth apical region.  The
formed callus like lhul\(mng
trecatment wyg

Jeoptile
coleoptile
The effect of colchicine
determined by making morphological an(
cytological investigations.

Um/;/m/nwm/ studies—Comparative
of morphological characters in
colchitetraploid plants have
the following table ;

studies
L, o
(ll])l()l(l ans
heen detailed 1n

TABLE 1

MOPRPHOLOGICAL CITARACTERS OF DIPLOIDS

e s et e et et et e e et e et e et et e =

Characters

AND INDUCED TETRAPLOIDS

Diploid

Tetraploid

Plant height (cin)

No. of tillers

Diameter of stem (cm)
Length of Leaf blade (cm)
Width of leaf blade (em)
Surface of leaf blade

Colour of leaf blade

Length of spike (cm)

Diameter of spike (cm)

Length of spikelet (mm)

Length of anther (mm)
No, of stomata per field (10 <15) on lower epidermis
Length of guard cells (Mm)
Breadth of guard cells (m)
Length of stomatal aperture (m)
Sreadth of stomatal aperture (pum)
Diameter of pollen grains (pm)
Pollen fertility (%)

Seeds set per earheacd

Weight of 100 seeds (gm)

Davys to flower

166.3044.32
4.0040.08
1.50-40.08

152.004+4.54

3.50-40.07
1.9040.12

56.0043.19
3.80 +0.14

42,0042 .42
3.2040.11

Somewhat coriace-  Coriaccous, hairv.

ous, very sparsely hairy.

Light green Dark green

15.50 4+0.70 16.20-+0.74
2.50 £0.09 3.00+0. 11
5.00-40.15 6.2040.17
2.2040.09 3.00+0,11
13.50-40.35 9.8010.38
20.30-4-0.30 26.6040.38
9.00 10.20 12.50-4+0.25
12.20 +0.22 16.5040.29
4.504-0. 10 5.680 10,12
32304016 16,20-H1.82
96.00 76.00
450,004 18.00 142.00+6.00
0.5640.02 0.8910.02

75.004-2.50 91.001+3.10

et
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Mitosis
plotd plants 2ne= 1 and i induced et

aplowd plants 2028 (s, 7 and 8).

Crtologtacl studies In dip-

Somate chromosomes are in groups ol
four m treated A plangs and their total
chromatin length s 86,960 and ‘1. 19, 9
s RS (2.7 and 4501 vespectively in
2n plants).
Meiosis

ivalents at metaphase 1T and  normal

Diploid  plants — showed 7
eparation of chromosomes at anaphase 1.
nduced  tetraplowds, on the other hand,
howed univalents, wivalents  and  qua-
lrivalents bestdes bivalents at metaphase
rgs. 9 and 10,
wo bivalents were nvariably asssociated
with nucleolus. The chiasm [requency and
frequency of univalents bivalents, trivale-
nts and quadrivalents are summarised in

Tables IT cn @ TIT.

One quadrivalent or

Quadrivalent conligurations are of

ring, chain Y, frying pan and shovel-
shaped types. But ring quadrivalents were
very comimon.

In 4n PMCs, at anaphase I, normal
separation of 14-14 chromosomes to both
poles occurred in 159, PMCs while un-
equal separation was observed in 359,
PMCs (Table IV). Univalents reached
the poles either divided or undivided, or
they lagged behind. 509, PMCGs at
anaphase I showed laggards, bridges and
lagging bivalents (Tables IV and V).

Chromatin  bridges with or without
fragment were also observed (Fig. 11).
In some PMCs certain bivalents did not
readily separate at anaphase I. The con-
figuration of such a belated separation of
chromosomes was quite distinet from that
of a bridge. Laggards were also observed
Divided or undivided uni-
included in
micronuclei

at telophase 1.
valents which failed to be
nuclei  formed

At metaphase [T and also at anaphase
'l and telophase II, a few chromosomes
“mained scattered in the cytoplasm and

daughter

could not he incorporated in danghter
nucler. In some PMCs more  than 4
polar groups ol chromosomes were ob-
served, This resulted in the formation of
pentads,

Pollen erains of incluced tetraploids
were bigeer in size than those of diploids
(Figs. 2 and 3). Pollen grains also showed
variation in size and pollen fertility was
recduced i dn plants.

Seeds obtained  from induced  tetra-
ploids by sclfing  were sown in the soil
and plants of €, generation
(ound to he tetraploid on being cytologi-

were also

Their morphological
was like te-

cally investigated.
/ b,

and  cytological hehaviour

traploid plants of (i} gencration.

DISCUSSION

Two features of induced tetraploids
need examination.  The first is their di-
flerential performance in the morphologi-
cal and reproductive behaviours and the
second their economic potentiality in the
crop breeding programme.  The first
aspect Le. in what way the induced poly-
ploids are superior or inferior to their
diploid counterparts may first be discu-
ssed. It has been observed that in general
tetraploid Pennisetum typhoids show robust-
ness of gigas habit in morphological cha-
racters.  In most of induced tetraploids
this appears to be the trend as is evident
from the literatures (Newcomer, 1941 ;
Tandon, 1950, and 1955; Bali and
Tandon, 1957, an'l 1959, Tandon and
Bali, 1957; Celarier and Mehra, 1958
Jauhar, 1970 ; Roy’s PL 480
1972). At carlier stage slow rate of gro-
wth and less number of  tllers have also
been reported in large number ofinduced
tetraploids (Magoon, el al., 1958 ; Dyck
and Rajhathy, 1965 and Ahlowalia,
1967). Several types of explanations such
as lowering down of physiological acti-
vities, unbalanced nature of modifying

1\’1)()1‘1.
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No.of  No. of univalents per
Name of the species PMGs PALG

analysed —— ——

Range Mean
1 2 3 1
P. typhoides ullpl id) 107 0—2 0.24
In =14
P. typhoides (inluced
=28 50 ()— ().98

tetraploid) 2n

genes etc. have been adduced or advanced
for delayed growth and poor tillering
(Magoon, et al., 1958). The poor re-
productive performance of induced tetra-
ploids has mostly been explained due to
a number of cytological situations that are
found in tetraploids and are absent from
diploids. The various types of quadri-
valent configurations and their irregular
seggregation lead to unbalanced gametes
resulting in poor fertility. Due to those
cytological irregularities induced tetra-
ploids were found to be inferior to diploids
in P.radiatus (Kumar and Abraham. 1942)
P. mungo (Sen and Cheddo, 1958), Doli-
chos biflorus (Sen and Vidyabhushan, 1960)
Soraghum vulgare (Schertz, 1962), Melilotus
indica (Mehta et al., 1965), Cyamopsis psora-
lisides and P. aconitifolius (Mishra, 1968)
and also in a number of cucurbits (Roy,
1972). Even in the case of . typhoides,
Jauhar(1970) reported very high frequency
of multivalents in induced tetraploids. In
the present investigations only 49/, of PMUs
had only bivalents but the rest of the
PMCs showed a mixture of bivalents, tri-
valents, quadrivalents, univalents, etc.
(Table III). It has been established
wherever critical studies have been made,
that the chromosome pairing is under

R.P. JHAAND R.R. P. SINHA

TABLE,

PAIRING AND CHIANMA

CHROMOSOMI

No. of trivalents
per PMC

of bivalents per PMCG

N\
NO.

Rod qu
Range Mean  Range Mean Range  Mean
3 6 7 8 9 10
2—4 2,33 3.5 4.55 - —
23 2.40 5—12  6.5¢4  0-—I 0.30

genetic control. Perfect bivalent forma-
tion as occurs in sexual species is the opi-
cal stage in the evolutionary adaptiveness
of the species. Lven duplication of the
chromosome set at one stage creates a
novel situation with the result that in the
limited time and space, four homologous
sets are not able to behave as normally
as the two sets do. Moreover, the occu-
rrence of asynaptic and desynaptic cases
induced diploid from haploid Pelargonium
(Daker, 1967 ; Riley and Chapman, 1958
and several others). It clearly indicates
strict genetic control of chromosome
pairing and its subsequent behaviour.
Hence, it is not at all surprising that the
induced tetraploid displays a series of cy-
tological irregularities at meiosis leading
ultimately to reproductive deficiency.
There are also reports that the rare fre-
quency of bivalents/multivalents in tetra-
ploids shows differences in the different
strains of the same species. Some strains
at the tetraploid level have more of biva-
lents and less of multivalents whereas other
strains may show the opposite eflects.
A situation of this type has been lucidly
explained in Sorghum nitens and sorghum
nitidum by Magoon and Tayyab, 1968.
In the previous species mean quadrivalent
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4

PREQUENCY AT METAPHASE |

No. of quadrivalents  Chiasmata per PMC
per PAIC

Terminalised Chiasmata  Chiasma per Terminalisa-

per PMC chromosome  tion co-efficient

——

—_——————— e ————— e ———

Range  Mecan S.E. -+

Range Mecan  Range Mean  S.E.+

11 12 13 €3 15 16 17 18 19 20
— — 9—-12 11.50 0.22  9—12  11.30 0.21 0.821 0.982
0 —t 2,06 18—24 21.20 0.27  18-—2+ 20,60 (.35 0.757 0.971

TABLE 11

FREQUENCY OF TYPES OF CHROMOSOME CONFIGURATIONS IN

INDUCED TETRAPLOIDS

No. of PMGCs Chromosome configurations Percentage
8 UV - O - SIT - 01 16
6 A S SR S SR T 12
6 UV A O - T e 12
6 OV o ML o= BID 1 12
5 IV - 1T A L 0 10
4 SV e ML o ST | 8 8
3 R AV S U R A S | 6
3 R AV S O B SO § B 6
4 B A T L B § O Pl G
i HV - M- sl - 8 [
2 0 S T R T Q] |
4 M T B A | 4

B e — e o i SPRS——

Average per PMC 2.06-00 .42 0 910,16 8,94+087 0,98+0,20

e L O

— e s . A S
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TABLE IV

DISTRIBUTION OF CHEOMOSOMES AT ANAPHASE 115 INDUCED TETRAPLOIDS

No. of PMCs Distribution Percentage
15 14—14 15
10 15—13 10

9 16—12 9
6 17—11 6
5 18—10 3
2 19— 9 2
3 20— 8 3
30 Laggards, bridges & lagging 50

bivalents

TABLE V

FREQUENCY Of LAGGARDS, BRIDGES AND LAGGING BIVALENTS IN PMCS OF INDUCED TETRAPLOIDS

—— e —. e —

Tetal no. of PMCs analvsed Number of Lagging chiromosomes Pridges ILagging biva-
100 lents
0 1 2 3 4 5 6 7
No.of PMCs 50 10 9 10 6 3 4 1 3 2

is less than 2/3rd whereas in the latter, it
is more than 2/3rd. Probably in the for-
mer species a certain genetic control re-
duces quadrivalent frequencies and in-
creases diploidisation.  This type of gene-
tic control is also reflected in the direction
of chiasma frequencies in the tetraploids
‘Table II,. Similar observations have
been made in Brassica (Howard, 1936,
Scale  cereale (Chin, 1946, Primula (Upcott,
1939), Sorghum (Magoon and Tayyab,
1968, Tradescantic (Anderson and  Sax,
1936 and Skrim, 1942, and Plantago mari-
tima (Earnshaw, 1942).

Thus, it is evident that in any  econo-
nomic plant where reproductive  parts are

noed, has comparatively poor chance of

competing with the diploids either as a
strain or as a breeding material. In poly-
ploid breeding, therefore, one can not
pitch high hopes on induced tetraploids
unless the plants are used for leaves, fo-
dder, other vegetative parts, seedless fruits
cte.  No wonder induced tetraploid has
a good future in forage and fodder crops
and hortcultural plants like Vines, guava.
water melon ete. Taking this clue Mehia
and Swaminathan (1955 produced the
tetraploid barscem which proved for su
perior to the diploid counterparts as 2
forage crops. Similarly triploids sugar
beet has hecome commercial because 0f
tuberous roots (Peto and Boyes, 1940_"'
Among the cereals, only the autotetraploid
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TABLE TV

DECPRIBUTION OF CHIOMO OMI

No. of PMCs

AT ANAIASE 1

Distribution

Laptiarp e AN LOTIS

Percentage

1 114 15
10 1513 10
9 16 =17 Y
0 1711 b
g 1310 9
2 19— 9 2
3 20— 8 3
50 Laggards, bridges & laging 50
bivalents

TABLL V

FREQUENCY OF LAGGARDS, BRIDGES AND LAGG

Tetal no. of PMCs analvsed

Number of Lagging chiromosomes

ING BIVALLNTS IN PMC5 OF INDUCED TETRAPLOIDS

Bridges  Lagging biva-
lents

100 -
0 I 2 3

4 5 ) 7

No.of  PMCs 50 10 9 10

is less than 2/3rd whercas in the latter, it
is more than 2/3rd. Probably in the for-
mer species a certain genetic control re-
duces quadrivalent frequencies and in-
creases diploidisation.  This type of gene-
tic control is also reflected in the direction
of chiasma [requencies in the teuaploids
(Table 1I,. Similar have
heen made i Brassica (Howard, 1936,
Seale cereale (Chin, 1946, Primula (Upcott,
1939, Sorghum  (Magoon and Tayyah,
1968,, Tradescantia {Anderson and  Sax,
1636 and Skrirm, 1942) and Plantago mari-
(Farnshaw, 1942).

Fhus, it is evident that i any  econo-

(;l’)m:x"vatium

lemmid

nomic plant where reproductive parts are

used, has f'f,m!mf'ativdy poor chance  of

competing with the diploids either as a
strain or as a breeding material.  In poly-
ploid breeding, therefore, one  can not
pitch high hopes on induced  tetraploids
unless the plants are wsed for leaves, lo-
dder, other vegetative parts, seedless [ruits
cte. No wonder induced etraploid has
a sood future in forage and todder crops
and hortcaliural plants like Vines, guava.
water melon ete. Taking this clue Mehta
and Swaminathan (1935, produced  the
tetraploid barscem which proved for su-
perior 1o the diploid counterparts as 2
Similarly wiplowds sugar-

beet has become commercial because ol

forage crops.

tuberous roots (Peto and  Boyes, 19401
Among the cereals; only the .mmu-tmplnh.l
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Figs. 1-11. Fig. 1. Diploid and tetraploid spikes < § of the natural size.
Fig. 2. Diploid pollen grams.

Fig. 3. Tewaploid pollen grains.

Fiz. 1 Diploid stomata,

Fig, 5, Tetraploid stomata.

Iz, 6. Diptoid and tetraploid grains.

Fiz. 7. Soruatic metaphase (colchiploid, 2n=28) <2000

Fig. 8. Karyotype,

Fig. 9. A PMC at metapbase 1 showing *I1 -+ 2LV 21250

Fig, 10. A PMC at metaphase I showing 21 - 711 |- *1V x 1250
Fig. 11. A PMC at anaphase I with a bridge and a laggard < 1250
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rye (Ahloowalia, 1967 has proved to lu‘l
plx‘mnisin«f perhaps due to rapid nature of
diploidization
1954). But in other crop plants, ploy-

in the species Muntzing,

ploids are on the whole inferior to ‘l.il)’
loids due to unstable cvtology., non-via-
ble gametes and poor I(‘lllht\ It needs
not innvowr mean that polyploid  bree-
ding has no prospect.  The very indica-
tion that chromosome pairing and  be-
haviour is under genetce control opens up
a  bright future in chromosome enginee-
ring.  Chromosomes or sequence of chro-
mosomes can be identified which control
normal pairing and subsequent meiotic
stages.  Such chromosomes can be added
to make the species far more eflicient
i reproductive behaviour.  Therefore,
stable ancuploids or tetrasomics with spe-
cific chromosomes can be established in
crop plants.  Polyploid breeding in se-
xually reproducing plants if indirected to-
wards evolving stable aneuploids or tetra-
somic appears to have a better future
So far as the induced tetraploid P. #-
phoides is concerned it has not shown any
promise either here or in case of Jauhar,
1970, as an economic crop. But because
of luxuriant growth and gigas habit, poly-
ploid type can be used for fodder or for
hay.  Tetraploid may be used for raising
useful triploids by crossing with diploids.
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