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ABSTRACT 

Induced etraploids in P. yfhides were obtained by treatment with 0.25% aqueous col 

chicine solution. Their morphological and cytological studies were made in comparison to 

diploid plants of this species. Induced tetraploids showed thicker stem with shorter internodes, 

deeper green and larger leaves having larger stomata, bigger mesophyll cells, polen grains, spi 
kelets etc, but plant height, nunber of tillers per plant, yicld of secds, number of stornata per 

unit surface area ctc, decreased and fowering was delayed in them. They showed sonatic chro- 

nosomes in groups of four and several meiotic irregularities such as formation of univalents, multi- 
valents, unequal separation of chromosomes at anaphase I, bridges, layging chromosones, nicro- 

nuclei etc. Seed setting was very poor in them. 

INTRODUCTION Sent paper which deals only with produc-

tion of colechitctraploids forms the first 

step in this programmes. Polyploidy has been induced in many 
forage grasses. Mehta and Swaminathan 
(1955, 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. Hence his studies could 
not be of great economic importance. 
But they may be important for raising
triploids by crossing with diploids and 
triploid may have some economic inpor- 
tance. Triploid sugarbeets yielded nore 

sugar than diploid (Peto and Boyes, 
1940). The present work has been taken 
up by authors in P. yphoides with this 
aim of improvement of crops and the pre- 

MATERIALS AND METHODS

i) Seed treatmentHealthy seeds of 
Pennisetum typhoides var. T-55 were immer 

sed in 0.1%,0.2, 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. (ii) Seedling treatment- 

Growing tips of one week old secdlings 
leading toward were immersed in above colchicine solu- 

tions in capillary tubes for 4 to 12 hours. 

Morphological 
were made in treated plants (mitotic stu- 

dies fron root tip 

and cytological studies 

squash and meiotic 
studies from yo:ng anther squash). Root 

ups were pretreated with 

aqueous solution of alpha-bromonaph- 

thalane for 30 to 45 minutes at room tem- 

saturated 

perature. Materials were fixed for 48 

hours at low temperature in acetic alcohol

i Accepted for publication on February 19. 1985. 
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inhibition of growth and swelling ofeo. 

leoptile just bencathh apical region. The 
colcoptilc formed callus like thickening 

The cffect of colchicine trcatment was 

dctcrmincd by making morphological and 

cytological investigations. 

Morphological 
studies of morphological characters in 

dipioid and colchitetraploid plants have 
becn dctailed in the following table 

(1: 3) with a few drops of ferric chloridc 

(mordant) and stained in acetocarmine. 

OBSERVATIONS 

The mortality rate was very high in 

colchicine treated scedlings. Out of 200 

seedlings 20 survived to matuity and only 
4 turned out to be tetraploid by treatmcnt 

with 0.25% colchicine solution. The imm- 

ediate effect of colchicinc treatment was

studies-Comparative 

TABLE I 

MORPIHOLO;ICAL CiIARACTERS OF DIPLOIDS AND INDUCED TETRAPLOIDS 

Diploid Tetraploid Characters 

Plant heigàt (cin) IC6.30+4,32 152.00+1.54 

No. of tillers 4,000.08 3.50+0.07

Diameter of stem (cm) 1.50+0.09 1.90+0.12 

Length of Leaf blade (cm) 48.00+2.42 56.00+3.49 

Width of leaf blade (cm) 3.20+0. I1 3.80 0.14 
Surface of leaf bladec Somewhat coriace- Coriaccous, hairy. 

Ous, very sparsely hairy. 

Colour of leaf blade Light grcen Dark grern 

Length of spike (cm) 15.50 E0.70 16.20+0.74 

Dianeter of spike (cm) 2.50 +0.09 3.000.11 
Length of spikelet (mm) 5.00+0.15 6.20+0.17 

Length of anther (mn) 2.20+0.09 3.000.11 
No, of stomata per ficld (10< 15) on lower epidermis 13.50+0,35 9.80t0.38
Lcagth of guard cells (m) 20,30-0.30 26.60+0.38 
Breadth of guard cells (um) 9,00 0.20 12.50+0.25 

Length of stomatal ap:rturc (Lm) 12.20 0.22 16.50t:0.29
Breadth of stomatal aperturc (n) 4.50+0. 10 5.800.12 
Diameter of pollen grains (un) 32,30+0.46 46.20+1,82 
Pollen fertility (%) 96.00 76.0 

Seeds set per carhead 450,0018.00 142.006.00 

Weight of 100 secds (gm) 0.56-+0.02 0.89+0.02 

Days to flower 75.00-+2.50 91.00-3. 10 
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(ytologiael studies Mitosis In dip- 
ploid plants 2n=14 and in induced tet 
traploid plants 2u-28 (Figs. 7 and 8). 
Somatic chromosones are in groups of 
four in treated An plants and their total 

chromatin length is 86.96ju and T. F. *% 

is 44.84(42.74e and 45,01 respectively in 

2n plants 

Meiosis Diploid plants showed 7 
ivalentsat metaplhase I and normal 
eparation of chronosomes at anaphase I. 

nduced tetraploicds, on the other hand, 
howed univalents, trivalents and qua- 
lrivalents besiles bivalents at metaphase 
Figs. 9 and 10). Oue qualrivalent or 

wo bivalents were invariably asssociated 

with nucleolus. The chiasm frequcncy and 
frequency of univalents bivalents, trivale- 

nts and quadrivalents are summaiised in 

Tables II n IIL 

Quadrivalent 
ring, chain Y, frying pan 

shaped tyLes. But ring quadrivalents were 

coulll not be incorporated in daughter 

nuclei. In some PMs morc than 4 

polar groups of chromosomes were olb 

served. "This resiultel in the formation of 

pentads. 

Pollen grains of inluced tctraploids 
Were bigger in sizc than thosc of diploids 

(l'igs. 2 anl 3). Pollen grains also showeel 

variation in size and pollen fertility was 

reduced in 4n plants. 
Secds obtained from induced tctra- 

ploids by sclfing 
and plants of C generation werc also 

found to be tetraploicd on being cytologi-
cally investigate. Their morphological 
and cytological behaviour was like te- 

traploid plants of C gencration. 

Werc sown in thc soil 

DISCUSSION 

T'wo features of induced tetraploids 
onfigurations are of nced examination. The first is their di- 

and shovel fferential performance in the morphologi 

cal and reproductive behaviours and the 

second thcir economic potentiality in the 

crop breeding programme. 
aspcct i.e. 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 inluced tetraploids

this appears to be the trend as is evident 

from the literatures (Newcomer, 1941 ; 

Tandon, 1950, and 1953; Bali and 
Tandon, 1957, an:l 1959, Tandon and 

Bali, 1957; Celarier and Mehra, 1958; 
Jauhar, 1970; Roy's PL 480 report, 

1972). At carlier stage slow rate of gro- 

wth and less number of tillers have also 

very common. 

In 4n PMCs, at anaphase I, normal 
separation of 14-14 chromosomes to both 

poles occurred in 15% PMCs while un- 

equal separation was observed in 35% 

PMCs (Table IV). Univalents reached 

the poles either divided or undivided, or 

they lagged behind. 50% PMCs 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 

The first 

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 

at telophase I. Divided or undivided uni- 

valents which failed to be 

been reported in large number ofinduced 

tctraploids (Magoon, el al., 1958 ; Dyck 

and Rajhathy, 

1967). Several types of explanations such 

as lowering down of physiological acti- 

vities, unbalanced nature of modifying 

included in 
1965 and Ahlowalia, daughier nuclei formed micronuclei 

At metaphase II and also at anaphase 
TI and telophase II, a few chromosomes 
mained scattered in the cytoplasm and 
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TABLE 

CHROMOSOME PAIRING AND CHIA5MA 

No. of trivalents No. of bivalents per PMC 
No. of univalents per 

PMMC
No. of 

per PMC 
Name of th: spcciCs PMCs 

Rod Ring analyscd 

Mcan Range Mean Range Mean Range Mean 
Range 

8 10 
3 

100 0-2 0.24 2-4 2,33 3.5 4.55 
P. yphoides (diploid) 
2n =14 

P. typhoides (induced 
0.30 

50 0-3 .98 2-3 2.40 5-12 6.54 0-1 
tetraploid) 2n -28 

Perfect bivalent forma- genetic control. 

tion as occurs in sexual species is the opi- 

cal stage in the evolutionary adaptiveness 
of the species. Even duplication of the 

genes etc. have been adduced or advanced 

for delayed growth and poor tillering 
(Magoon, el ai., 1958). 

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. 
valent configurations and their irregular 

seggregation lead to unbalanced gametes 

resulting in poor fertility. 

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 ulgare (Schertz, 1962), Melilotus 

indica (Mehta et al., 1965), Cyamopsis psora- 
lioides and P. aconitifolius (Mishra, 1968) 
and also in a number of cucurbits (Roy, 

1972). Even in the case ofP. yphoides, 
Jauhar(1970) reported very high frequency 
of multivalents in induced tetraploids. In 

the present investigations only 4% of PMCs 

had only bivalents but the rest of the 

PMCs showed a mixture of bivalents, tri- 

The poor re- 

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 The various types of quadri- 
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 

pairing and its 

Hence, it is not at all surprising that the 

induced tetraploid displays a series of cy-

tological irregularities at meiosis leading

ultimately 
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 

Due to hose 

of chromosome
subsequent behaviour. 

to reproductive deficiency. 

valents, quadrivalents, univalents, etc. 

(Table III). It has been established 

wherever critical studies have been made, 
that the chromosome pairing is under 

strains may show the opposite effecis. 

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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FREQUENCY AT METAPHASE I 

Terminalised Chiasmata Chiasma per Terminalisa- No. of quadrivalents Chiasmata per PMC 

per PMC chromosome tion co-cfficient per PMC 

Range Mcan Range Mean S.E.t Range Mcan S.E. 

12 13 14 15 16 17 18 19 20 

0.21 0.8 .982 9-12 11.50 0.22 9-12 11.30 

18-24 21.20 0.27 18-24 20.60 0.35 0.757 0.971 0- 2.06 

TABLE Iil 

FREQUEXCY OF TYPES OF CHROMOSOME CONFIGURATIONS IN 

INDUCED TETRAPLOIDS 

No. of PMCs Chromosome conligurations Percentage 

16 8 'IV III $II+ °I 

12 

12 6 

12 6 

10 

6 

IV *II1 A 

Average per PMC 2.06+0.42 0.3t0, 16 8,94 + 087 0.98+0.20 
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TABLE IV 

DISTRIBUTIO OF CHROMOSOMES AT ANAPHASE I IN INDUCED TETRAPLODS 

No. of PMCs Distribution Percentage 

15 1-14 15 

10 15-13 0 

16-12 

17-11 

18-10 

199 

20-8 

50 Laggards, bridges & lagging 30 
bivalents 

TABLE V 

FREQUENCY OF LAGGARDs, BRIDGES AND LAGGNG BIVALENTS IN PMCS OF INDUCED TETRAPLOIDS 

Total no. of PMCs analyscd Number of Lagging chromosomes Bridges Lagging biva-
100 lents 

3 

No. of PMCs 50 10 9 10 3 3 

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 

competing with the diploids either as a 

strain or as a brecding material. In poly-
ploid breeding, therefore, one 
pitch high hopes on induced tetraploids 
unless the plants are used for leaves, fo 
dder, other vegetative parts, seedless fruits 
etc. No wonder induced tetraploid has 

a good future in forage and fodder crops 
and horticultural plants like Vines, guava, 
water melon cte. Taking this clue Mehta 
and Swaminathan (1955) produced the 

etraploid barscem which proved for su 

perior to the diploid counterparts as a 

forage crops. 

can not 

of chiasma frequencies in the tetraploids 

(Table II). Similar observations have 
been made in Brassica (Howard, 1936). 
Scale cereale (Chin, 1946), Primula (Upcot, 
1939), Soghum (Magoon and Tayyab,
1968, Tradescantia (Anderson and Sax, 
1936 and Skrim, 1942) and Plantago mari- 

lima (Earnshaw, 1942). 
Thus, it is evident that in any econo- 

Similarly triploids sugar- 
bect has become commercial because or 

nomic plant where reproductive parts are 

ued, has comparatively poor chance of 

tuberous roots (Peto and Boyes, 19* 
Among the cereals, only the autotetraplo1d 
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TABLE IV 

DTRBTION OP CHROMOOMS AT ANAPIIA$K IIN DCD 
TTRAPLODSs 

Percentage Distribution 
No, of PMCs 

15 
11-14 5 

15-13 0 

16-12 

17-11 

18-10 

2 
2 19-9 

3 20- & 

Laggards, bridges & lagging 

bivalents 

TABLE VV 

FREQUENCY OF LAGGARD, RDGES AND LAGGING BIVALENTS IN PMCS OF INDUCED TETRAPLOIDS 

Bridges Lagging biva-

lents 
Total no. of PMCs analyscd Nuinber of Lagging chromosones 

100 
4 

No. of PMC 50 10 9 10 3 4 3 2 

competing with the diploids either as a 

strain or as a breeding material. 

ploid brceding, thercfore, one can not 

pitch high hopes on induced tetraploids 
unless the plants are used for leaves, fo- 

dder, other vegetative parts, secdless fruits 

No wonder induced tetraploid has 

a good fiuture in lorage and fodder crops 

and horticultuural plants like Vines, guava. 
waler melon ete. T'aking this clue Mehta 

and Swaninathan (1953) produced the 

tctraploid barseem which proved for su- 

perior to the diploid counterparts as 

lorage crops. Sinilarly riploids sugar- 

is less than 2/3rd whercas in the laller, it 

is more than 2/3rd. Probably in the for- 

Imer species a certain genctic control re- 

duces quadrivalent frequencies and in- 

creases diploidisation. This type of gene- 

tic control is also refected in the direction 

In poly 

of chiasma frequencies in the tetuaploids

(Table II). Similar obscrvations have 

been made in Brassica (Howard, 1936). 
Scale cereale (Chin, 1946), Primulu (Upcott, 

1939), Sorghum (Magoon and 

1968, 7radescantia (Anderson and Sax, 

1936 and Skrim, 1942) and Plantago mari- 

ctc. 

Tayyab, 

ma (L.arnshaw, 1942) 
Thus, it is evident that in any econo- beet has hecome commercial because ol 

nomic plant where reproductive parts are 

used, has Comparatively poor chance of 

tuberous roots (Peto and Boyes, 19H0). 

Among the cereals, ouly the autotetraplod
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A 

10 

Figs. 1-11. Fig. 1. Diploid and etraploid spikesof the natural size. 

F'ig. 2. Diploid pollen grains. 
Fig. 3. T'etraploid pollen grains. 
Fig. 4. Diploid stomata. 
Fig. . T'etraploid stonata. 
Fig. . 1Diptoid and tetraploid graius. 
Fig. 7. Sornatic mctajphase (colehiploicd, 2==28) <2000 
Fig. 8. Karyotype, 
Fig. 9. A PMC at metaphase I showing 11+3IV 1250 
Fig. 10. A PMC at mnetaphase I showing *I+ Il + IVx 1250 
Fig. 11. A PMC at anaphase I with a bridge aud a laggard X 1250 
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CHLARILR, R.P. AVD K.1. NMtnRA 198. Detrmina. 
tion of poiyploidy from herbau1 spreimens. 

rye (Ahloowalia, 1967) has proved to be 

promising perhaps due to iapid nature of 

diploidizatioa in thhe sprces (Muntzing, 

1954). But in other crop plants, ploy- 

ploids are on thc whole inferior to dip- 

loids due to unstable cytology, non-via- 

ble gametes and poor lertiity. It needs 

not however mcan that jpolyploid brec-

ding has no prospect. The very indica- 

tion that chromosome pairing and be- 
haviour is under genctic control opens up 

Rhodora 60: 89-97. 

CuIN, T.C. 19146. T'he cytology of polypioid Sorghun, 
Amer. 7. Bot. 33: 61I-611 

DAKER, M. 1967. Cytological studies on a liaploid 
cultivar of Palargonium and it colehicine 
induced diploids. Chomosama 21: 250-271, 

1DyCK, P. . AND T. A. RajLaIIY 19). Desyneptie 
mutant in Avna slrigova. Cauad. 7. Genet. Gytol, 
7:418-421 

EARXSIAw, F. 1912. Experimnental taxonomy, V. 
Cytological studies in sta plantains allied to 
Plantago maritima. .Nee Phytol. 1 151-16t. 

HowaRD, H. \W. 1936. The eytology of autotetra 

ploid kale, Brassica olertce1. (vlologia 10 

a bright future in chromosome engnee- 
Ting. Chromosones or sequence of chro- 

mosomes can be identified which control 
77-87. 

normal paring and subscquent meiotic 
JAUHAR. P. P. 1970. Chromosonme behaviour and 

fertility of the raw and evolved svtbetic tetra 
ploids for Pearl millet, Pnniselun poides Stapf 
et Hubb. Geretia 41: 407-12 

MAR, L. S. S. aND A. ABRALu 1912. Induction 

stages. Such chromosonmes can be added 
to make the species tar more ctiicient 

Therefore, in reproductive behaviour. 

stable aneuploids or tetrasomics with spe- ol polyploidy in crop plants. Cur. Sci., i1 
112-113. 

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. ty- 
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. 

MaGoox, L. L. AND M. A. TavYA 1958. Siudies 
on induced polyploids in the geuus Sorghun. 
Nucleus 1! : 19.33. 

MAGOON, M. I., D. C. KoorER AND R. W. HouGAS 

1958. Induced pelyploids ol Solanuns and their 

crossability with S. tuberoswn Bot. Gaz. 119: 
224-231. 

MEHTA R. K. AND M. S. SwaMINATHAN 1955. 
Pusa Giant Berseem. Indian Farming, Sept. 

MEHTA, R. K. AND M. S. SwamtNATHAN 1957. 
Studies on induced polyploids in forage crops. 
bndia J. Genet. 17 : 

MiSHRA. U. N. 1968. Ph.D). Thesis, Patna Uni- 
27-57. 

versity. 
MUNTZING, A. 195t. An analysis of hybrid vigour in 

tetraploid rye. Heriditas 40 265-277. 
NewcoMER, E. H. 1941. A colchicine induced tetu a- 

ploid Cosmos. J. Hered. 32 : l61-16t. 
PETo, F. H. AND J. W. Boves 1910. Comparison of 

diploid and tetraploid sugarbeets. Canad. J. 
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