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INTRODUCTION

The Indian sub-continent 1s unique in that
its North-Western parts from Punjab, North-Western Province
in Pakistan, Kashmir and Afghanistan upto Central Asia
happen to be one of the most important centres of origin
of a large number of important crop plants, the most importe
ant being the wheats, Similarly, the North-Eastern part of
India extending from Assam, Sikkim and Meghalaya to Burma
and Malayasia is another important centre where several
cultivated plants including rice, orange, mango, banana
and some tuber crops originated. Meghalaya State falls
within this region. It has a wide range of altitudes from
100 metres to approx. 2000 metres and is covered by variable
climatiec conditions and soil types. Hills are also isola-
ted from one another geographically giving rise to lmportant
ecological niches. It is exceptionally rich in germplasm
of a large number of plants, viz., cereals, fruits, tubers,
etc. The Agricultural Scientists and Institutes quite often
organise collections of wild relatives of rice, oranges,
bananas, dloscorea, etc. from time to time as these accesslons
are essentlal for their studies/improvement programme, but
even then inestimable stock of the great variability remains
to be explored. It may be stated that Vavilov (1931) while
describing Chinese centre of origin of plants mentioned -



"If we take into account the enormous number of wild plants
besides the cultivated ones used for food in China, we may
better understand how hundreds of millions of people manage
to exist on its soil." Similarly, in the North-Eastern
reglon where organised agriculture and cultivation 1s a
recent feature, the original inhabitants sustained them-
selves on the natural tubers, fruits, cereals and other
crops. As an 111ustrétion one has to see to belleve how
hillsides after hillsides in the Assam region wild bananas
grow from which through clonal selection or natural hybridi-
sation and polyploidy cultivated varieties could have

evolved.

While sustained efforts are being made for the
collection, conservation and assessment of the germplasm of
major crops llke rice, Clcer, Phaseolus, Cucumis, sugarcane,
mango, cotton, orange, etec., no worthwhile attention is
being pald to spot out and assess the existing variability
of lesser lmown tuberous plants. As mentioned above the
role of these tuberous plants in the food chain of the local
population cannot be underestimated. It would, therefore, be
very useful and rewarding i1f the locally cultivated tuber
crops and thelr wild relatives be extensively collected and
suitably assessed. Such efforts can be of considerable
importance for their improvement and wider cultivation so as
to contribute substantially to the food granary of the

country.



Tuber crops in fact constitute the major
staple food for the people in the tropics. Most of these
tuber crops are arolds which grow both in plains and hills,
and show an array of variable habits. It i1s with this aim
that a number of specles of the tuberous crops have been
selected which commonly grow in Meghalaya regions. Their
cytogenetical aspects and food value need to be properly
determined.

A cursary glance at the literature reveals
that some attention has been pald to the cytogenetics of
tubers growing in other parts of this country as well as
in other parts of the world, but there is complete lack of
information on the tuberous plants that are found in Northe
Eastern hills of Indla.

The whole range of variability with respect to
cyto-types, clones, polyploids, natural hybrids, etec. may
be expected which could be utilised later in a meaningful

manners.

There are a large number of tuberous crops,
but for an indepth and fruitful informetions the investiga-
tion will be restricted to some of the common and cultiva-
ted aroids and their wild relatives. The arolds - a monoco-
tyledonous group of plants, comprise of 1400-1600 specles
belonging to 105 genera (Lawrence, 1961). Vegetative propa-
gation 1s the primary mode of reproduction in this family,



even if a few of them may be sexually fertile. The genera

locasia, Gonatanthus, Xanthosoma, Arigsema, Steudpera and
Amorphophallug are common in the hills and plains of Megha-
laya. Of thess, the first three genera belong to the tribe
Colocasieas and the remaining three to the tribe Areas,
Diffenbachieae and Pythionieae respectively (Hutchinson,
1044).

The genus Colocasla, commonly known as 'Taro’
and Iin West Africa as 'Cocoyam'’, grows luxuriantly in Megha-
laya. The corms and cormels are economically important as
they have store of carbohydrate and starch. The starch is
amylagse and amylopectin and is readily digestible, hence,
they are greatly priced as food. Even in protein content
it 1is better than sweet potato or Cassava (Mannihot), The
plants propagate vegetatively, hence, there is continuous
gradation of characters. The taxonomy of Taro, therefore,
presents complications. According to Plucknett (1976) there
may be more than 1000 cultivars of Taro. £, @gculents is
considered as the most widely cultivated taxon. Mookerjea
(1955) studied a number of taxa of the Araceae including
Coloeasgia and reported 2p = 28, However, a great number
of morphological strains/types growing in the plains and
hills of Meghalaya were not covered in this study. Similar-

ly, the taxon Gopatanthus sarmentosug which showed 2g = 32



by the same author, was not collected from Meghalaya.

Sharma and Sdrcar (1963) reported various
cytotypes with different chromosome numbers in North Indian
specles (not Meghalaya) of Colocaglig antiduorum. Another

mitotic studies in ¢, antigquorum and C, ggculents were
carried out by Magoon et al. (1971) with a view to bdbring

out the nature and trend of chromosomal variations in
Colocagla. These cytologlcal reports on materials collect-
ed from another area than Meghalaya confirm that the varie
ous specles of Colocaglg growing in North-East Hlll region
have not been touched and, therefore, need critical cyto~
logical investigation from both basic and applied stand-
points to bring out the mechanism of variations and thus
may be helpful in selecting sultable clones and cytotypes
for multiplication and cultivation.

Similarly, the other genus Amorphophallug come
prising of about 90 specles of which 14 are reported in
India (Wealth of India, 1948) has not been collected to
any extent from Meghalaya. Two specles, A, companulatug
and A, riverl, are cultivated and greatly valued for their
edible corms. Two species of Amorphophallus, A. bulbifer
and A, titznum were reported to possess 2 = 36 and 23 = 26
respectively by Chandler (1943). .

Magoon et al. (1970) and



Krishnan ¢t al. (1970) studied the pachytene chromosomes
in Amorphophallug. But in recent years Ramachandran (1977)
prepared the karyotypes of the 4 South Indian species of
Amorphophallug, namely, A, bohepackeri, A. companulatum,

A. bulbifer and A, gubius. The reported 2p numbers in
these are 26, 28, 39 and 28 respectively. These studies

and reports indicate the variation in chramosome numbers,
existence of cytotypes, polyploids, etec. within the genus.
It is, therefore, worthwhile to explore the materials
groving in Meghalaya to determine the extant of variability
in them.

The other important aroid genus Xanthogoma is
commonly known as 'Tannia'’ or 'Cocoyam'. It is generally
considered a tropical American genus and was brought in
use by the American-Indian of the Carribean Islands (Pluck~
nett, 1976€). During the middle and late 1l9th and early
20th centuries 'Tannia' spread throughout the Pacific and
Indo~Asla where it achieved the status of minor crops
because of its high resistance to diseases and pests
(Massel and Barrow, 19565). Superficially Xanthogoma resem-
bles Colocasia, but as detailed later they differ from
each other in important morphological features. Nutrition-
ally it is similar to Colocasig. In fact, the corm of
'Temnia' 1s composed of 77-86% edible materials. It is



also richer than 'Taro' in mineral elements. Onwueme
(1978) reported that between 1965 and 1974 'Tannia' was
grown on 6,89,000 hectares of land in the world. Even in
Asia 61,000 hectares of land was under 'Tannia' cultivation
during this period. The most common cultivated form is

X, sagittifolium which appears to have numerous morphologi-
cal forms (Onwueme, 1978). The specles, therefore, is
polymorphic. The other specles of the genus like X, atro-
vireng, X. garcau and X. yviolaceum are grown in West Indies
and Philippines. Uptill now the improvement of the group
has been limited to the genetic variability present in
small numbers of cultivars (Warrid, 1970). It is evident
that there is vast scope for collections from the varlous
regions and ecological habitats so as to fully and sultably

agsess them for selection and cultivation.

The studles in the other genera like Arjisaema
and Steudnera are equally sketchy.

Thus the importance of these tuberous crops
which are used as food can be better and properly appreci-
ated only when it would be recalled that large part of the
Horth-Eastern regions, full of mounteins and forests and
inhabiting various tribes of local populations whose assured
means of food supply through cultivation is of recent intro-
duction, The tubers seen in this light assume speclal
importance. Therefore, from the point of view of the food



values of these tuberous crops and also to explore the
rangé of variations in them in this region of the centre
of their origin where most of the dominant genes are expec-
ted to be present, form the basis of their inclusion in
the present investigation.

The other common cereal, besides rice, which
form the favourite crop of the hill tribes, is maize. So
much work on malze, both of fundamental and applied nature,
has been done throughout the world that even to review
them will form a solid book. Why was then malze selected
for the present investigation, 1s the consideration that
there 1s a strong school of thought that the secondary
contre of origin (even primary centre) of malze is the
North-Eastern Indla. The relationship of Zea with Iripsacum
and Euchlaena may be reviewed and also 1ts relationship
with Coix and Sorghum as mentioned by Anderson (1945) and
Mangelsdorf (1947) need to be investigated. What 1s surpri-
sing is that some of the primitive types of malze grow in
the hills of Sikkim and Meghalaya. These strainsg still
bear 5-6 cobTs per plant, the character commonly inherited
from Irlpsagum. A number of composites and hybrid maize
varieties have been evolved in the plains and been exported
to the hills for higher yileld that many of these primitive

varieties are gradually being replaced. It would be a



misfortune if the primitive maize germplasms which could
provide important clues to the Asian origln of malze and
its relationship with Colx and Sorghum vis-a-vis Iripsgacum,
are totally replaced by modern hybrid composits. An attempt
has, therefore, been made to collect some of the yellow and
white kernnel malze types grown in remote areas of Meghalaya
and to study their inheritance with a view to know if they
throw 'off-types'/‘recessive genotypes' which may provide
valuable evidence about the origin and development of these
primitive hill strains. It is also to stress that more
intensive effort is needed to collect on large scale all the
available strains of the primitive maize grown in various
inaccessible hill areas where improved varietlies of maize
from the plains have not yet iavaded.

In view of this some of the malze varietles
grown in the hills were selected for investigation of thelr
inheritance behaviour, growth pattern and cytogenetlcs so as
to utilise these informations to discuss their importance
in evolution and breeding.

In addition to the cytogenetlcal aspect of the
tuberous crops and the primitive varleties of maize, another
approach, namely, electrophoresis, has been employed to
study the carbohydrate and protein profiles in some aecess-

ions collected from various regions. Electrophoretic
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which
studies/are greatly helpful in cases where taxa/varieties

which have same chromosome number and behaviour, and very
similar morphological traits, would reveal different types
of protein and carbohydrate profiles. The dlfference of
bands in electrophoretic studies thus bring out the cryptilec
structural differences in the genetic make-up of the taxa
which are otherwise non-dstectable in cytological prepara-

tions.

Coupling of morphological, cytological, geneti-
cal and electrophorstic studles are thus expected to provide
very useful information on the variasbility pattern and
phylogenetic relationship in these groups of plants.



MATERIALS
ARD
METHODS
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MATERIALS AND METHODS

The present investigation was carried out on
the following species :

Specles Sources
1. Amorphophallus bulbifer Bl. Forests of Meghalaya
2. Arlsaema mmggﬁ.m L. Schott. "
3. Gopatanthus ormatus Klotz. "
4. Steudnera golocasioideg Hook. £. "
6. Xanthosoma gagittifolium L. Schott. Thiruvalla (Kerala)
“var. Plain.
6. X, sagittifolium L. Schott. var, Eill.Khasi Hills(Meghalaya)
7. Cologasia esculepnta L. Schott.
Strain 1 Shillong (Meghalaya)
2 "t
3 L]
4 "
5 n
8 "
” "
8 tt
9 "

10 "
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Strain 11 Ludhiana(ngjab)

12 Shillong

13 Thiruvalla

14 "

16 Forests of Meghalaya
8. Zea mays L, var, Yellow Shillong Shillong
9. Z. mays L. var. Garo White Garo Hills
10. Z, mayg L. var. Sikkim Yellow Sikkim
11, Z, mays L. var. Sikkim White Siklim

The Meghalaya strains of 'Taro' were categorised
on the basis of size and shape, and the level of ploidy.

Amorphophallug 3

A perennial stemless herb. Tubers depressed -
globose, brown or dark brownish. Flowering before leafing.
Leaves 3-partite; segment pinnatlsect. 8padix exserted or
included; appendage large, short or longj inflorescence
c¢ylindrical} neuters absent.

Arlgagma

Herbaceous tuberous plant. Leaves pedatisect;
leaflets whorled; spathe deciduousj tubes convolute; limb
often accuminate or tailed usually in curved; spadix included
or exserteds appendages long and filiform.
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Gonatenthug ¢

Tuberous herb with branched bulbiferous shoots.
Spathe has slender, elongate and convolute 1limb. Absence
of neuters between male and female inflorescences; ovules

nunerous asnd basillar,

Steudnera :

Herbs, caudex stout; leaves ovate, long petio-
led, poltate; spathe shortly convolute at the basej limb
ovate - lanceolate, expanded, reflexed, marcescent; spadix

very short, dense flaccid.
Zanthosoma 3

Rhi zomatus herbaceous herb; leaves hastate,
dentate; leaf lamina 1s heart-shaped, lobed. Often seen in
the vegetative phase only. Spathes brownish. Spadix longer
than sgpathe,

Colocagla :

An erec¢t rhizomatus herb; leaves are peltate,
long petioled; flowering rare; spathes petaloid, pale-brown-
ish, yellow; caudate - accuminate, erect; spadix shorter

than spathe, cream-coloured.



14

Zea mays

An erect, robust, monoecious grass; leaves are
broad lanceolate; spikelets in pairs, one sessile and one
pedicelled. Female spikes are axillary, enclosed in the
sheath of the leaf and surrounded by bracts.

Tubers and seeds of all varieties were grown in
the experimental fields of Botany Department of North-Eastern
Hill University, Shillong. Morphological measurements were
made from five plants of tuber crops. Ten plants of each
varieties of maize were subjected for morphological observa-

tions.

For stomatal studles, peels were taken out by
the method employed by Roy and Singh (1968). The leaves
were cut into pleces and kept in ether for an hour and then
in methanol till they became colourless. They were then
transferred to the solution of 1.6 gm ammonjum oxalate and
0.4 gm of oxalic acid in 100 cc of distilled water, and
kept in it for 24 hours. The peels were separated after
warming and shaking the solution and were mounted in 1.0%
aceto-carmine solution for study. Stomatal index values
have been calculated according to the formula given by
Meidner and Mansfield (1960).

No. of stomata x 100
No., of stomata + No. of epldermal cells

Stomatal index =



Moisture content of the tubers were determined
on dry weight basis.

MITOTIC STUDXI

Ere-treatuent *

For studying the somatic chromosomes of tuberous
plants roots were collected from the plants grown in pots.
They were thoroughly washed in water with a brush in order
to remove the root cap before subjecting them Into a satura-
ted solutlion of 0,002 M 8-hydroxyquinoline for pre-treatment.
The pre-treatment was given for four hours, the first two
hours at room temperature (20 * 2°C) and the remaining two
hours in refrigerator (8 *+ 2°C).

Seeds of different varietles of maize were germi-
nated on a moist filter paper in petridishes kept in an incu-
bator at 22 * 2°C. The roots were collected from the seeds
germinated on the moist filter paper and the root caps were
removed with the help of a brush and sublected them to a
saturated solution of alpha«bromonaphthalene for four hours

at room temperature (20 * 2°C) for pre-treatment.

Fixation : The fixation procedure was common for the tuber
crops as well as the malze varieties. The pre-treated roots

were thoroughly washed in distilled water for few minutes.

V®QQ¥
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Then they were soaked in folds of a filter paper and fixed
in ethyl alecohol 3 acetic acid (1:3) mixture with ferric:
chloride as mordant and kept for 48 hours in the refrigera-

tor.

Staining + After fixing the root tips for 48 hours, roots
were taken out from the fixative and hydrolysed in N HCl
for 10 minutes at eooc. The hydrolysed roots were washed
in distilled water and soaked in folds of a fllter paper
and then transferred to the szggn. A small portion of the
root tip was taken on a slide/squashed in 1.0% aceto-orcein.
Destaining : Acetic acid (45.0%) was used to remove the

over-staining of thc eytoplasm.

MEIOTIC STUDY

The intact tassels of maize plénts were taken
out at the booting stage and fixed in Carnoy's fluid, which
comprises of ethyl alcohol : chloroform: acetic acid (6:3:l)
between 10 and 11.30 A. M. in the months of June-Jduly.

Ferrie chloride was used as nordant.

Aceto-carmine (1.0%) was used to stain the

meiotice chromosomes.



Pollen fertility :

The fertility of the pollen grains was deter-
nined based on their stainabillity in aceto-carmine.

Microphotographs were taken from the temporary
preparations. Metaphase chromosomes were measured from the

photographic enlargements.

The homologous chromosomes were found on the
basls of their length, nositions of the constrictions and
arm ratio. The chromosomes were categorised following the

nomenclature proposed by Levan et al. (1964).

iXplanationg o b 3
= median point
m = mnmedian region
Sm = subsmedian

8t = sub-terminal

]

above 6.0 /u
= 4,5 to 6,0 /u
3.0 o 4.5 /u

]

1.5 to 3.0 /u
= \mtO 1.5 Ilu

H o Q W >
it
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The chromosome types have been designated
arbitrarily. T. F. % value has been calculated as given by
Huziwera (1986).

Total sum of short arm length x 100

T.F.% =
Total sum of chromosome length

INTERVARIETAL HYBRIDIZATION

Intervarietal hybridization was carried out
between the varieties of Yellow Shillong (female) x Sikkim
Yellow (male) and Sikkim VWhite (female) x Garo White (male)
based on Poehlman and Borthalur (1972). Crosses could not
carried out between 2ll the varletles because of the none-
uniformity in flowering at higher 2ltitudes of Meghalaya,
Shillong. The tassels of the male plants were bagged with
a paper envelope (15" x 6") in order to collect viable
pollen grains Just before the opening of the flowers. The
anthesis has taken place between 11.30 to 12.0 A.M,. at
Shillong conditions. The ears have emerged generally at
fourth and fifth internodal region wilthin three to four
days after the opening of thc male flcwers. The tips of
the ears were cut with the help cf a pair of sclesors so as
to bring forth uniformity in the emerging silks. The silks
were bagged with a butter paper envelope (8" x 6") before
it emerges out. The tips of the ear bags were cut with the
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help of a pair of scissors in order to dust the pollen
grains, As soon as the dusting was over, the bags were
stapled and care was taken to prevent the entrance of
forelgn pollen grains. The seeds were collected from the

crosses for further study.
ESTIMATION OF TOTAL PROTEIN AND CARBOHYDRATE

Tubers and seeds of the same age were collected
for electrophoretic studies and determination of total
protein and carbohydrate contents. Fresh samples were chopped
and crushed in a pestle and mortar to which an adequate
amount of acetone was added. The supernatant was dlscarded.
This was followed by mixing the crushed sample with an equal
amount of acetone and ether and ultimately by ether alone.
Again the supernatant was discarded and the sample was kept
for drying. The dry powdered sample was used for the deter-
mination of protein following the method of Lowry et. al.
(1957). The stock solution A was composed of 2.0 g sodium
hydroxide, 10.0 g sodium carbonate and 0.1l g sodium potassium
tartarate per litre of distilled water. The solution B was
preparad_by dissolving 0.1 g of copper sulphate in 100 ml
of distilled water. Solution C was made at the time of
analysis by mixing 10 ml of solution A with 0.2 ml of solu-
tion B, The sample (0.5 mg) was mixed with 5 ml of solution
C and shaked well. This mixture was kept for 15 minutes at
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room tempersture. Thiswas followed by the addition of

0.5 ml of folin-phenol reagent (1 ml of folin-phenol reagent
4+ 2 ml of distilled water) and this mixture was shaken well
and kept at room temperature for 30 minutes. The intensity
of the colour was measured in a spectrocolorimeter at a
wvave length 750 nm. Bdvine serum albumin was used as

standard.

For carbohydrate, 0.5 mg of the dry powdered
sample was boiled with 5 ml of distilled water. One ml of
this solution was used for analysis according to Anthrone
method (ef. Practical Blochemistry by Plumm{er). The sample
solution was mixed with 5 ml of freshly prepared anthrone
solution (lgm of anthrone reagent in 100 ml of 90% sulphuric
acld was dissolved). This mixturs was kept in a boiling
vater-bath for 10 minutes. Marbles were used in order to
prevent the evaporation. The mixture was then taken out
of the boiling water-bath, cooled and measured the optical
density in a spectrocolorimeter at a wave-length of 620 nm.

Glucose was used as standard.
ELECTROPHORESIS

For electrophoretic analysis, chilled fresh
tuber samples were erushed with 0.2 M phosphate buffer (pH 7)
In a chilled pestle and mortar. The solution was centrifuged
for 50 minutes at 10,000 rpm. The supernatant was used for
analysis,
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The polyacrylamide gels (pH 8.9) were prepared
following the formulation given by Davis (1964). Each batch
of gels were prepared by mixing one part of stock solution
A (composed of 48 ml 1 N HC1l, 36.6 g TRIS, 0.23 ml TEMED,
made upto 100 ml in distilled water), two parts of stock
solution C (composed of 28.0 g acrylamide, 0.735 g Bis-
acrylamide, made upto 100 ml in distilled water), one part
of distilled water and four parts of 1.4 g/litre ammonium
per sulfate (freshly prepared) solution. Tris-glycine
(pH 8.4) buffer was used as an electrolyte.

Protein samples were mixed with freshly prepared
40.0% sucrose solution and the mixture was applied to the
colum. Bromophenol blue (0.1%) was added to the cathode
chamber to act as tracking dye. The gels were electrophore-
sised for 1.5 hours at 2 mA per tubs in the remaining time.
This allowed the tracking dye to reach the bottom of each
gel and resulted in the optimal resolution of bands.

The gels were fixed in 10.0% trichloroacetic
acid for 30 minutes and stained in a mixture of (13l) amido
black(l,0% in 7.0% acetic acid) and commassie blue (1.0% in
7.0% acetic acid) for one hour and destained by washing with
7.0% acetic acid and stored in distilled water.
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For the staining of poroxldases, hydrogen
paroxide (3.0%) was used as a substrate and benzidine as
stain., Bengidine solution was prepared by mixing 1l g benzi-
dine powder in 9.0 ml of acetlc acid at 45°C and 36 ml of
distilled water. The hydrogen peroxide and benzidine were
nixed in the ratio of 1l:1l and poured on the gels. The
1sozymes of peroxidases appeared in blue coloured bands.

The bands were categorised as dense, medium
and light depending on the intensity of the colour and the

gel patterns were compared visually.

Zymograms were made for proteins and peroxi-
dases. Rf values of proteln and peroxidase bands were calcu-

lated employing the following equation 3

Distance travelled by each band
Distance travelled by the tracking dye

Rt =

The mean Rf values from five replicates of each of the
varieties/strains for proteins end peroxidases were tested
by 't' test at 5.0% level.
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Statisti :

- X
Mean : x = - where x = number of bands

n = number of observations

t(x - 3)2 , where,
n-1

Standard Deviation, S.D. =

x = number of bands

X = mean number of bands

't'=test -~ (In the case of two samples)

t = - where,
S/1 ., .1
/ nl + nz

X = mean of sample 1
¥ = mean of sampls 2
n,= size of the sample 1 (Rf)

n,= size of the sample 2 (Rf)
S = pooled standard deviation

- 2 2
-/ S, (n-1) + 8o (ng-l)

+ -
nln 2

vhers,
2

Sl = standard deviation of
sample 1

82 = gtandard deviation of
sample 2

Test criterion
If (t) tnl +n, - 2 (X/2), then the samples

1 and 2 are said to be significantly different at x 100% level.



OBSERVATIONS



9 4

OBSERVATIONS

Amorphophallus bulbjifer Bl.

Tuberous herbs, flowering before leafening.
Leaves 3-partite, segments pinnatisect, spathe various,
1imb companulate infundibular convolute or open. Spadix
excerted or included. Inflorescences cylindrical, neuters
absent. It is a wlld speciles characterised by bulbills
borne at the fork of the leaves. The petiole and peduncle
are green streaked with green and black. Ieaflets are
obovate or lanceolate (Fig. 1).

Somatic counts showed 2 = 26 chromosomes (Fig. 2).
Different chromosome numbers have been reported earlier in
the case of A, bulbifer. According to Chandler (19483) the
chromosome number is 23 = 36, whereas, Remachandran (1977)
reported 2p = 39, Chromosome length varied from 3.17 to
6.86 /u and the total chromatin length was 129.56 ak Secon-
dary constriction was observed in the 12th chromosome pair
(Ramachandran, 1977). However, no such constriction was
found in the present study. The detalls of the karyotype
analysis are recorded in Table 1 and the chromosome palrs
have been represented in the i1diogram (Fig. 3). Eleven pairs
are median and the remaining two pairs are sub-median with

respect to the position of the primary constriction.



Figs 1-6. Amorphophallus bulbifer and Arissems conssnguienum
1-4 plznt of Amorohonhailus bulbifer
2-Somztic Chromosomes (2n = 26) of A.bulbifer(X 2134)
3-Keryot, pe of AJbuibifer
k.A plent of Arisaseme conssnguienum

5-Comatic chromosomes (2n = 23) oi A.consanguienum
( X 218% )

6-Karyotyoe of A.consanguienum
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Figs 7-12. Gongtaenthus ornatus and Steudnera colocesioides
7-A plint of Gopatanthus ornatus.
8-Somatic chromosomes(2n = 30) of G.ornatus(X 2134)
9-Ksryotype of G.ornatus:
10-A plant of Stendpnera gologcasioides.

11-Somatic chromosom:s (2n = 28) of S.colocasioides
(X 2184)

12-Keryotype of S.golocs
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Table 1 : Chromosomes of Amorphophallus bulbifer.

(=26 )
Chramo=- Chramo- Position of cons- Am Length of the Total
sane scme t on ratio coamponent arms length
pairs type Secondary in }1 in )1
1l A n 1.29 299 3.87 6.86
2 B n 1.13 2,82 3.17 5.99
3 B n 1.5k 2,29 3.52 5.8
b B n lib 2,29 3.34 5.63
5 B n 1.38 2.9 3.17 5.46
6 B m .50 21 3.17 5028
7 B n l2 2,11 2.9 5410
8 B n 1.45 194 2.82 476
9 B m 1.60 1.76 2.82 he58
10 ¢ n 1.67 1.58 2.64 he22
n c Sm 2,83 1l.06 2.99 4.05
12 ¢ Sm 1.75 141 246 3.87
13 c m 1.57 1l.23 1.9 3.17

'r. Fo % - 101032
Total chromatin length - 129.56 f

Karyotype formla -~ 1(Am) + 8(B m) + 2(C m) + 2(C sm).
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Table 2 + Chromosomes of Arisaems gonsanguiif im.

(:m=28)
Chramo- Chramo- Position of cons~- Am Length cmpo- Total
some same t ratio length
pairs type Secondary in P
1l D n 1.13 1.4l .58 2.99
2 D M 1.0 l.l 1.4 2,82
3 D Sa 2,2 0.88 1.94 2,82
I D n 1.1 1.23 1l. 2.64
5 D Sm 2,0 0.88 1.76 2.64
6 D Sm 1.80 0.8 1.58 2,46
7 D m L.l 1.05 1.4 2.46
8 D m 1.60 0.88 1l.41 2.29
9 D n 1.0 0.88 l.23 2,11
10 D n 1.2 0.88 1.06 1.94
bk D Sm 1.75 0.0 1l.23 1.93
12 D M 1.0 0.88 0.88 1.76
13 D m 1.25 0.7 0.88 1.58
14 E M 1.0 0.7 0.70 1.40
Te Fo § =~ U4lobh

Total chromatin length « 63.68 )1

Karyotype formula = 2(D 4) + 7(0m) + 4(D Sm) + 1(E M),



Table 3 : Chromosomes of Gonantantlus ornstus.

(a=3)

Chromo- Chramo- Pozition of Arms Length of the campo= Total
;::a :;; ﬁ% ratio nent ams in a inen;lbh
1l A M 1.0 3.52  3.52 704
2 B m 1.25 214 2.64 he78
¢ 3 c Sm 2,13 1.4l 2.99 Lol
L ¢ St Sm 3.0 106  1.76 + leld be23
5 c n Sm 1.30 176 194 4+ 0.35 4.05
6 c n 1.33 1.58 2,11 3.69
7 c m 1. 1.58 1.7 334
8 c n l.25 141 1.76 3.17
9 D m 43 1.3 1.76 2,99
10 D m .13 1.4 1.58 2,99
11 D M 1.0 1.0 l.1 2,82
12 D m 1.1, 1.23 l.41 2.64
13 D Sm 1.8 0.88  1.58 2.46
71 D n 1.6 0.88 1.4 2,29
15 D Sm 2.0 0.78 l.4d 2,19

Te Fo 8 =~ 409N

Total chramatin length - 106.16 /u

Karyotype formula - 1(A M) +1(Bm) +3(Cm) + 1(C Sm) +
1(Cm am) + 1(C St Sm) +1(D M) + 4(D m) +
2(D sm).
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Tablo 4 ¢+ Chromosomes of Steudneng golocasioides,
(m=28)

Chromo- Chromo~ Position of cons~- Arm Length of compo=- Total

;::' :ona on ratio nent amms in /1 length

ype Prim. Second, in P

1 A M 1.0 334 334 6.68
2 A n 1.53 2,64 4,04 6.68
3 A m 1.12 2.99  3.34 6433
I B M 1.0 2,99 299 5.98
5 B n 1.43 2,46  3.52 5.98
6 B n 1.06 2,82 2,99 5.81
7 B n 146 2.29 334 5.63
8 B m 1.06 2,64 2,82 5.46
9 B n l.23 2.29 2,82 5.1
10 B Sn 2.5 1.41 3.52 b 93
1 B n 1.6 1.76 2.82 Le58
12 c n 1.27 1e9h 246 hell0
13 c m 1.67 1.58 2.64 he22
1 c m 1.20 1.76 2.11 3.87

Te FQ }"v - ‘[3.26

Total chromatin length =~ 151.32 fx

Earyotype formla « 1{AM) +2(Am) +1(BM) +6(Bmn) + 1(B Sm) +
3(C m).
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Tsble 5 : Karyoiypic data on dmorphophallus, Arisssms, Gonstantius

and Steudnera.

Species Range of chro- Mean length Ratio of the Total T.F.
mosoms length  of chromo=  longest and  compli- %
in /u sames in /u shortest chro- ment leng~

nosanoin}t thin/u

As bulbifer 3.17 - 6486 5.02 2.16 129.56 4132
As M@ 140 = 2,99 2.20 1.64 63.68 4164
G, grnatus 2.19 - 7.04 he62 3.2 106,16 40.94
S, golosasioides 3.87 - .68 5.28 1.72 151,32 43.26
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Arisaema ggggggggiagm Schott.

Tuberous herbs, leaflets whorled, spathe deci-
duous, tube convolute, limb often acuminate or talled
usually incurved. Spadix included or excerted. It is a
wild specles commonly found in the shady places in the
forests. Leaves are borne at the tip of the long petioles

and 1t possesses characteristic filiform tips (Fig. 4).

The somatic chromosome number was found to be
twentyeight (Fig. 5). This is the first report of somatic
number in the specles. The chromosome length ranges from
1.40 to 2.99 /u. The total chromatin length is 63.68 /u.
Secondary constrictions are absent. The detalled chromosome
measurements are summarised in Table 2, and the chromosome
pailrs have been represented in the idiogram (Fig. 6). Ten
palrs are median and the remaining four pairs are sub-

median with respect to the position of the centromers.

Gonatanthus ornatug Schott.,

It is a herb growlng wild. Leaves are lanceo-
late, a fine coppery purple colour i1s visible betwoen the
green nerves and broad green margin (Fig. 7). Absence of

neuters between the male and female inflorescence.
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The somatic chromosome number was found to be
2p = 30 (Fig. 8). The somatic count was made for the first
time. The chromosome length ranged from 2.19 to 7.04 /u.
The total chromatin length was 106.00 /1. Secondary cons-
trictions are present on the fourth and fifth chromosomes
of the complement. The details of the karyotype analysis
is given in the Table 3 and the chromosome pairs have been
represented in the idiogram (Fig. 9). Eleven pairs are
median, three sub-median and remaining one is sub-terminal

with respect to the position of the centromeres.

Steudnera colocasioides Hook. f.

It is a wild specles with a rhizome at the base.
leaves are peltate, broadly ovate and acute at the apex
(Fig. 10), light green above and glauous beneath. Petioles

are green,

Root tips cells showed 28 chromosomes (Fig. 11).
Somatic count was made for the first time. The length of
the chromosome varies from 3.87 to 6.68 Vot Secondary cons-
trictions are absent. The detalls of the karyotype analysis
are given in the Table 4. The chromosome pairs have been
represented in the idiogram (Fig. 12). The total chromatin
length is 151.32 /u. Thirteen pairs are median and the
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remaining one is sub-median with respect to the position
of the primary constriction.

Xanthosoma segittifolium L. Schott. - Plain Variety.

» It 1s cultivated in plains. Leaves are smaller,
hastate, leaf-lamina 1s heart-shaped(Fig. 13). Tubers are
smaller in size. Sprouts absent (Fig. 14). Detailed
morphological measurements are recorded in Table 6 and the
stomata is represented in Fig. 15. The average height =nd
yield of the plants are comparatively lower than that of
the hill variety.

Root tip cells showed 2p = 26 (Fig. 16). Chro-
mosome counts agree with the earlier reports of Jos and
¥agoon (1970), Marchant (1971), Magoon g% al. (1971). The
slze of the chromosomes varies from 1.23 to 3.25‘/1- The
total chromatin length is 60.18 /u. Secondary constrictions
are absent. The measurements of the chromosomes are summa-
rised in Table 7 and the chromosome pairs have been represent-
ed in the idiogram (Fig. 17). Ten pairs are median and the
remaining three pairs are sub-median with respect to the
position of the primary constriction. It has a protein
value 5.1 mg/g dry wt. and the number of protein and iso-

peroxidase bandsg are 7 and 5 respectively.



Figs- 13-17 Xinthosoma sagittifolium var.plain,
13-A plant of X.sagittifolium var.nlain
14-Tubers of X.segittifolium ver.plain
15-Stomate of X.sagittifolium var.plain

16-Som:tic chromosomes (2n = 26) of Xe.sapsittifolium
( X 2184)

17-Keryotype of X.sagittifolium ver.plain
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Figs 13-22. Xenthosema scgittifolium var.hill
18-A plent of X.ssgittifolium var.bill
19 #Tubers of X.szgittifolium vir.hill
20-Stomate of X.ssgittifolium var.hil:

21-Sometic chromosomes (2n = 26) of X.s5o
var.hilli (X 21

22-Keryotype of X.grgittifolium ver.hill
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Fig.23 Electrophoretic banding pattern of prot:.(in of
the two varieties of Xanthosome

Fig.24 Electrophoretic pattern of peroxidase of the
two varieties of Xanthosoma
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Xanthogoma sagittifolium L. Schott. - Hill Variety

It 18 cultivated as a tuber erop in the higher
altitudes of Meghalaya. Leaves are blgger in size, hastate
and leaf lamina 1s heart-shaped (Fig. 13). Tubers are
bigger in size. Sprouts present throughout the tubers
(Fig. 19). The average height of the plants and yleld/plant
are higher than that of the plain variety and the stomata
i1s represented in Fig. 20. \

Somatic counts showed 2g = 26 (Fig. 21) which
confirm the earlier reports of Jos and Magoon (1970),
Marchant (1971), Magoon ef al. (1971). The length of the
chromosomes ranges from 1.84 to 3.87 /u. The total chromatin
length 1s 79.36 /u. Secondary constriction is present on
the fourth chromosome of the complement. The detailed
anaiysis of the somatic chromosomes are sunmarised in Table 8
and the idilogram is presented in the Fig. 22. Six pairs
are medlan, five pairs are sub-median and the remaining two
pailrs are sub-terminal with respect to the position of the
centromere. The total protein content is 8.4 mg/g dry wt.
and the number of protein and isoperoxidase bands are 12

ard 7 (Figs. 23 & 24) respectively.



Table 6 :

Morphological measurements in Tammiae.

Variety Ploidy  Height of the HNo. of Leaf areaé Range of Mean Stomatal Moisture !’ield/ylm
plant (cm) leaves plant (em*) stomata index content (gms
4+ S.D. + S.D. «)
Plain 2 30.90 + 4.58 hely 1:23.? + =7 5.9  9.18 53.8 806. 6
BN 2x 50.1 + 10,56 5 3112.16 + 19 6e5 8,75 60.8 1960.0

18.54

K g
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Table 7 :+ Chromosomes of X. sagittifolium var. Plain.
(3!."%)

Chromo- Chromo- Position of Armm Length of the Total
some soms e%detion ratio ocomponent arms length
palrs  type Second. in 2 ‘ in /u

1l c n 1.30 l.41 1.8 3.25
2 c m 1.25 1l 1.76 3.17
3 c n 1.57 1.23 1.88 3.1
4 D M 1.0 1.1 1.4 2,82
5 D -] l.28 l.18 .52 2.0
6 D Sm 2.0 0.82 1.72 2,54
7 D Sm 1.85 0.82 1.52 234
8 D Sm 237 0.64 1l.52 2,16
9 D A 1.6 0.76 l.23 1.99
10 D n 1.3 0.76 1.02 1.7
n D n 1.59 0.64 1.02 1.66
12 B n 1.39 0.56 0.78 1.34
13 E n l.41 051 0.72 1.23

To Fc x - w-w
Total chromatin length - 60.18/1
Karyotype formula = 3(Cm) + 1(D M) + 4(D m) + 3(D Sm) + 2(E m).
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Table 8 : Chromosomes of X, sagittifolium var. Hill.

(2p=26)

Chramo- Chramo- Position of Am Length of the Total
some some gonstrictl ratio component arms length
pairs type Prinm. ond, in /u in /u
1 c ] 1.36 1.58 2.29 3.87
2 c Sa 175 L4l 246 3.87
3 C n 1.3 1.58 2.11 3.69
h c Sn St 1485  0.62 2.2840.62  3.52

5 c Sm 2.2 1.06 2.36 3eh2

6 ¢ Sm 2,16 1.06 2.28 334

7 c M 1.0 1.58 1.58 3.16
8 D St 3.5 0. 2.28 2.98
9 D St 3.25 0.0 211 2,81
10 D Sm 2.0 0.88 1.76 2,64
1n D m 1.l .16 1.2 2.37
12 D n 1.4 0.88 1,29 217
13 D n 1.3 0.78 1.06 1.84

Te F'o § =~ 38.48

Total chromatin length - 79.36 n +1(C Sm St)

Karyotype foarmula -~ 1(C M) + 2(Cm) +3(C Sm)/+3(D m) +
1(D Sm) + 2(D st).



Table 9 ¢ Karyotypic data on two varieties of
X._ sagittifolium,

Variety Range of chiro- lMean length Ratio of the Total

mosome length  of chromo-  lomgest and complemcnt TJF.%
in/u saies In u shortest chro- length

Pladn 1.23 - 3.25 2.2, 2.4 60.18 0.T7
B 1.84 - 3.75 279 2.1 79436 38.48




Fige.25-28 Colocasia esculinta

25~ Stomata of
26~ Stomzta of
27 ~ iHorpholog:

23~ Mornhology

diplinid plents ol C.gsculenta
triploid plants of C.esculente

of diploid »lants of C.csculents

of trijsloid nlants of C..sculents
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Fige.29-32, Strain 1 of Taro, Colocisia esculenta
29~ Tubers of the strain 1 of Paro
30- Plantc of the strain 1 of Taro

31- Somatic chromosomes (2n = 4+2) of the strain 1
( X 2134)

32-Zaryot se of the strain 1
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Figs 33~ 36 Strain 2 of Tara
33 Tubers of the strain 2 of Taro
34 Plants of th strain 2 of T.ro

35 Somatic chromosomes (2n = 42) of the strain 2 of Taro
( x 2184)
3c Baryotype of strain 2 of Taro
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Fig.37-40 Strain 3 of Taro
37 Tubers of the strain 3 of Tazro
38 Morohology of the plants of strain 3
39 Somatic Chromosomes (2n = 42)of ths strain 3 (X 2184)

40 Karyotyps of the strain 3
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Colocasia esculenta L. Schott.

It 18 a herdb, cultivated mainly for its starchy
corms both in hills and plains. Leaves are peltate.
Absence of heart-shaped leaf lamina. Cologcagls strains
are categorised on the baslis of size and shape of tubers
and level of ploidy. Detailed morphological observations
on all the strains are summarised in Tables 10 and 1l.

The stomata of both diploids and triploids are represented
in Figs. 26 & 26. The average yleld/plant is higher in
triploids than that in the diploids (Figs., 27 & 28). The
diploids are morphologlcally inferior to triploids and

all the strains are diverged from each other morphologically.

The root tip cells of the strains 12, 13, 14 and
15 had 2 = 28 (Figs. 75, 79, 83 & 86) and all the remain-
ing strains showed 2 = 42 (Figs. 31, 35, 39, 43, 47, 51,
65, 69, 63, 67 & 71) chromosomes. These counts agree with
the earlier reports of Maeda (1932), Sharma and Das (1954),
Mookerjea (1955), Sharma and Sdrcar (1963), Yen and Wheeler
(1968), Jos and Magoon (1970), Plucknett gt gl. (1970),
Marchant (1971), Magoon et al. (1971), Kawhara (1978),
Ramachandran (1978), Subramanian (1978). The average length
of the chromosomes varied in all strains (Table 27). Second-

ary constriction 1s absent in the well contracted metaphase.
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Therefore, 1t 1s not considered as a consistent feature

in the karyotypes of Taro. Sharma and Das (1954), Moolher-
Jea (1965) observed secondary constrictions and satellites
in the allied species, Colocaaia antiduorum. The total
protein, carbohydrate and number of protein bands of all

the strains are summarised in Table 28. The electrophoretic
banding pattern for proteins are represented in the Zymograms
(Fig., 88). The maximum number of protein bands was 12 in
Strain 1 (triploid), whereas the minimum of 7 was discovered
in Strain 15 (diploid & wild). The Rf values of the charac-
teristic bands of the diploid strains ranged from 0.32 to
0.38 but in the triploids the range was 0.65 to 0.70. Hlsto-
grams were made to compare total protein and carbohydrate

of 2ll the strains (Figs. 89 & 920). The characteristic

features of each strain are described as follows :

Strajn 1 (2g = ax = 42)

Tubers are small, cylindrical, broad at the
base, Absence of ring like structures on the tubers (Fig.29).
Petioles and veins are pale green in colour. Yellowlish mark
present on the leaves (Fig. 30). Stolon 1s absent.

The chromosome length ranges from 1.80 to 3.63 /u.
The total chromatin length is 117.00 /u. The detalled measur-

ements of the somatic chromosomes are summarised in Table 1l2.
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The chromosomes have basen arranged in a set of three and
are represented in the idlogram (Fig. 32). Thirteen sets
are median and the remaining one set is sub-medlan with

respect to the position of the primary constriction.

It has a total protein content value of
11.0 mg/g dry wt. and the value of carbohydrate content is
17.76 mg/g dry wt.

Strain 2 ( 2p = 3x = 42)

Tubers are slightly bigger than that of the
Strain 1, not cylindrical, broad at the base. Secondary
corms are produced at the base. Rings are very conspicuous
at the base (Fig. 33). Petioles and veins are pale yellow
In colour. Stolons are absent. Yellowish mark is present

on the leaves (Fig. 34).

The chromosome length varles from 2.20 to 4.11 e
The total chromatin length is 133.60 /u. The detalled
measurements of the somatic chromosomes are summarised in
Table 13 and the chromosomes have been represented in the
idlogram (Fig. 36). Nine sets are median, fouse sets are
sub-median and the remaining dmwe sets are sub-terminal with
respect to the position of the primary constriction.
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The protein and carbohydrate values are 10.2
and 21.36 mg/g dry wt. respectively.

Strain 3 (2n = 3x = 42)

Tubers are small, globose 1a shape. Rings are
prominent at the apical part of the tubers. Secondary corms
are produced at the base (Fig. 37). Petioles are long,
purplish at the base. Yellow mark i1s present on the leaves.

Stolons are absent (Fig. 33).

The size of the chromosomes varles from 2.05 to
4,17 /u. The total chromatin length is 131.70 /u. The
measurements of the somatic chromosomes are summarised in
the Table 14 and the chromosomes have been represented in
the idlogram (Fig. 40). Nine sets are median, three sub-
median and the remaining two are sub-terminal with respect

to the position of the centromere.

The protein content 1s 8.6 mg/g dry wt., whereas
the carbohydrate value is 17.52 mg/g dry wt.

Strain 4 (2g = 3x = 42)

Tubers are round, rings are prominent at the
apex where sprouting takes place. Scales are preseat on the

newly produced secondary corms (Fig. 41). Veins and petioles
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are pale-gren in colour, Yellovish mark is present on

the leaves. Stolons are absent (Fig.42)

The size of the chromosome varies from 1.70 to
3.70/u . The total chromatin length is 115.65/u. The
measurements of the somatic chromosomes are given in the
Table 15 and idiogram is presented in Fig.uh, T%inq@ets
are median and remaining five sets are sub-median with
respect to the position of the centromere., The protein
value is 8.4 and carbohydrate is 14,44 mg/g wt. respect-

ively.,

Strain 5 (2n = 3x = 42)

Tubers are oval in shape., Rin.s are prominent
at the base, Secondary corms are produced towards the base
(Fig.45.) Petioles are long, purplish at the base.
Yellow mark 1s present on the leaves. Stolons are absent

(Fig.46).

The chromosome length ranges from 1.94% to 3.75/p .
The total chromatin length is 122.%6‘? . The detalled karyotype
analysis is given in the Table 16 end the chromosome pairs have
been represented in the idiogram (Fig. 48). The number of
median chromosomes zre ten, three are submedian and remaining

one set is subterminzl with respect to the position of the
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centromere. The protein and carbohydrate contents are

10.4 and 19.22 mg/g dry wt. respectively.

Strain 6 (2 = 3x = 42)

Tubers are round, rings are prominent at the
apex. Secondary corms are produced at the base (Fig. 49).
Petloles and veins are pale-green in colour and yellow

mark is present on the leaves. Stolons are absent (Fig. 50).

The chromosome length ranges from 1.99 to 3.87 /1
and the total chromatin length i1s 125.67 /1. The measure-
ments of the chromosomes are summarised in the Table 17 and
the idlogram is presented in the Fig. 52. Elght sets are
median =2nd the remaining six sets are sub-medlan with
respect to the position of the eentromere. The carbohydrate
and protein content is 22.08 and 8.0 mg/g dry wt. respecti-
vely.

Strain 7 (2g = 3x = 42 )

Tubers are big with tapering ends. Apical part
is broad vhereas the base is narrow. Rings are present on
the tubers except in the base. Coloured pigments are present
on the tubers. Secondary corms are produced at the base

(Fig. 63). Petioles and veins are purplish. Leaves are
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dark coloured. Yellowish mark is absent on the leaves

(Fig. 54). 8Stolons are absent.

The size of the chromosome ranges from 2.06 to
4,40 Pl The total chromatin length 1s 137.43 /n. The
detalled analysis of the chromosomes are summarised in
Table 18 and the chromosomes have been represented in the
idiogram (Fig. 56). Protein content and carbohydrate
content is 6.2 and 36.0 mg/g dry wt. respectively.

Eleven sets are median and the remaining three
sets are sub-median with respect to the position of the

centromere.

Strain 8 (2g = 3x = 42)

Tubers are bigger in size with tapering ends,
elongated and cylindrical but broad at the base. Rings
are prominent at the apex. Secondary corms are produced
at the base (Fig. §7). Long petioles and veins are pale-
green in colour. Yellowish mark is prominent on the

leaves. Stolons are absent (Fig. 58).

The size of the chromosome varies from 1.76 to
3.69 /u. The total chromatin length is 113.46 /u. The
measurements of the chromosomes are summarised in Table 19

and the 1dlogram is presented in the Fig. 60. Ten sets of
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chromosomes are medisn and the remaining four are cub-
median with respect to the position of primary constrice
tion. The protein and carbohydrate content is 11l.4 and
26.4 mg/g dry wt. respectively.

Str 9 (2p = 3x = 42)

Tubers are very big compared to all other
straing studied. They are in aggregate form. Rings are
prominent. Coloured pigments are absent (Fig. 61).
Petioles and veins are pale-green in colour. Yellowish
mark is present on the leaves (Fig. 62). Stolons are

absent.

The shortest chromosome has the length of
1.76 M, whereas the longest one has 3.06 /n. The total
chromatin length 1s 98.70 /1- The detalled karyotype analy-
8ls 1s given in the Table 20 and the chromosomes are repre-
sented in the idiogram (Fig. 64). Twelve sets of chromoso-
mes are median and the remaining two sets are sub-median
with respect to the position of primary constriction. The
protein and carbohydrate content is 6.2 and l4.4 mg/g dry
wt. respectively.



Figs 41-44 Strain 4 of Taro
41 Tubers of the sirain 4 of Taro
42 Morphology of the plents of strain 4
43 Somatic chromosomas (2n = 42) of the strain 4 (X 2184)

44 Karyotype of the strain 4 of Taro.
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Figs.45-48 Strain 5 of Taro
45~ Tubers of thz strain 5 of Taro
46— Morphology of the plants of strain 5
47~ Somatic chromosomcs (2n = 42) of strain S(XfQIQA)

48 -~ Karyotype of the strzin 5 of Tero
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Figs 49-52 Strcin 6 of Tare
49 Tubers of the strain 6 of Taro
50 Morphology of the plants of strain 6 of Taro
51 Somatic chromosomes (2n = 42) of the strain 6 (X 2184)

52 Karyotype of the strain 6 of Tarc



" 0l bﬂ- ‘On ‘ﬂv .G— ¢s

—_

ey 395 100 €08 $¢¢ €30 42 €10 131 §3)

67

— m— = = — — -
)



Figs 53~ 56 Strsin 7 of Taro
53 Tubers of the strein 7 of Tarc

54 Morphology of the plants of stroin 7
55 Somatic chromosomes (2n= 42) of the strain 7 (X 2184)

56 Karyotype of th: strazin 7
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Table 10 : Morphologlcal measurements on different strains of Taro =
Colocasia esculenta.

Strain Ploidy Moanlengthof Mean mumber of Leaf size (cm®) Range of Mean mumber of  Stomatal
Soles + S.De havaa + S.D. + SeDe stomata stomata :"_ SeDe index
1l 3% 7206 + .23 3.8 "“ 0.45 1252.2 :!'_ 383.66 L8 573 + 1.22 6045
2 3x 50.5 + 5458 3.6 + 0.55 1227.5 + 312,47 =9 6.60 + 1.57 3.91
3 3x 106.6 * 1477 Lely ¥ 0.55 2380.1 + 335.73 5=10 7.60 + 1.57 5.96
I 3x 113.0 + 17-16 Le2 “" O.45 212.8 + 220.2 5-8 50& "" 1.07 5.76
5 3x 109.7 + .41 4.6 + 0.89 2860.8 “3“ 673-08 L=l 8.53 + l.88 6.93
6 3}: 131.9 "" 7010 6.8 " lom 139‘0..8 ‘*‘ %3099 6—10 7.w “3 1;’(1 8061
7 3x 405 + 282 34 + 0.55 28l.7 ;,'; 36.7T0 3~-7 51D + 1.25 4e39
8 I 1241 ¥ 9.80 7.2 ¥ 0.84  1484.1 ¥ 235.8, 6=12 8,73 % 2.47 5.29 =
9 3x 130.5 £ 9.68 6.0 ¥ 1,22 l3.4 + 289.06 5-8 6433 * 111 6.05 :
10 3x 15648 ¥ 15.55 5.6 + 0.54  3083.5 % 501L.70 812 10,7 + 1.33 7.27
1 3Ix 62.3 + 6446 3.4 4' 1.15 1063.2 + 164.08 6-12 3093 + 1.72 Teld
12 x 149.8 + 12,96 S5¢4 + 0.55 1983.5 + 516.11 R2m28 22,66 + 3.01 8.73
13 2x L4.8 "' 927 ’6-25 1+ 095 54645 + 150.23 12-17 102 "" 1.54 9.87
14 2 Q.3 + 3.72 3.2 4 “0lds 240 + 50.23 11-2j, 17.33 + 346 9.27
15 P 3 Dy + O.7T1L 3075'!’ 0.50 111.7 i 2‘}0110 1117 13.90 + 2013 8.27




Table 1l : Molsture content and yield of different strains

of Taro,

Strain Ploidy Maiatéx)'e content xie:cé/“pl).anb
1 3x 515 683,33
2 3x L8.0 130.3
3 3x 1.5 1375.0
4 3x 35.0 1382.5
5 3x 43.7 1870.0
6 3x 37.0 895.0
7 3x 1.0 1165.0
8 3x 34.0 685.0
9 3x 61.4 1710.0

10 x 39.0 920.0
1 3x k2.0 543.83
12 2x 4.0 1090.0
3 2x 2.0 92.0
1 2x 2640 40.0
15 2x 2.0 -




Figs 57-60 Strain 8 of Taro
57 Tubers of tie strair 8 of Taro
&8 Morpholony of the plants of strain 8
59 Somatic chro osomes (2n = 42) of ths strain 8 ( X 2184)

60 Karyotype of the strain 8 of Taro
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Figs 61-64 Strain 9 of Turo
61 Tubers of the strzin 9 of Taro
62 Morphology of the plants of strain 9
63 Somatic chromosome (2n = 42) of the strain 9 ( X 2184)

64 Karyotype of the strain 9
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Figs 65-68 Strain 10 of Taro
65 Tubers of the strain 10 of Taro
66 Morphology of the :slants of Strain 10
67 Somatic chromosomes (2n = 42) of the strokn 10 (X '2/,94)

68 Karyotyse of the strain 10
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Figs 69-72 Strain 11 of Taro
69 Tubers of the strzin 11 of Taro
70 Morphology of the plants of strain 11
71 Somatic chromosomes (2n = 42) of the strain 11( x 2184)

72 Karyotype of the strain 11
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Strain 10 (2n = 3x = 42)

Tubers are cylindrical, elongated with a
tapering end. Scales and rings are present. Secondary
corms are produced at the base (Fig. 65)3} Coloured
plgments absent; Long greenish petioles. Yellow mark 1is
absent on the leaves. Stolons are produced at the base

(Fig. 66).

The slze of the chromosomes vary from 1.82 to
3.87 /u. The total chromatin length 1s 119.5 /u. The
chromosome palrs have been represented in the ldlogram
(Fig. €8). The measurements of the chromosomes are summa-
rised in the Table 21. Seven gets are medlan, Six. sub-
median end the remaining ¢ne are sub-terminal with respect
to the position of the centromere. The protein and carbo-
hydrate values are 9,0 and 16.8 mg/g dry wt. respectively.

Strain 11 (2g = 3x = 42)

Tubers are small, cylindrical with blunt ends.
Rings are absent. ©Secondary corms are produced at the
apex (Fig. 69). Coloured pigments are absent. Petioles
and veins are purple in colour. Yellow mark 1s absent on

the leaves. Stolons are absent (Fig. 70).
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The size of the chromosomes ranges from 1.94
to 3.87 /n. The total chromatin content is 122.46 /u. The
detalled karyotype analysis 1s given in Table 22 snd the
chromosomes have been represented in the idiogram (Fig. 72).
Twelve sets are median and the remaining two are sub-median.
The protein content is 9.8 mg/g dry wt. whereas the carbo-
hydrate value is 28.8 mg/g dry wt.

Strain 12 (23 = 2x = 28)

Tubers with tapering ends, broad middle portion.
Secondary corms are produced mainly in the centre. Rings
are very prominent (Fig. 73). Petioles and veins are light
purple. Yellowish mark is absent, but purple mark is

present on the leaves. Stolons are absent (Fig. 74).

The length of the chromosomes varies from 2,24
to 4.34=/u. The total chrometin length is 98.97 /u. The
measurements of the chromoscmes are summarised in Table 23,
and the 1diogram is presented in the Fig. 76.  Ten pairs
are median and the remaining foms are sub-median with
respect to the position of the primary constriction. The
protein content is 4.8 mg/g dry wt. whereas the carbohydrate
value is 22,0 mg/g dry wt.
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Strain 13 (on = 2x = 28)

Tubers are small., Rings and secondary corms
are aksent (Fg77)Purplish mark is present on the leaves.
Coloured pigments and stolons are absent (Fig. 78).

The length of the chromosomes vafies from 1.93
to 3.98 e The total chromatin length 1s 86.40 Vol The
chromosomeé palirs have been represented in the idiogram
(Fig. 80). The measurements of the chromosomes are record-
ed in Table 24. Ten pairs are median and the remaining
four pailrs are sub-medlan with respect to the position of
the centromere. The protein and carbohydrate values are

8.6 and 21.12 mg/g dry wt. respectively.

Strain 14 (2 = 2x = 28)

Tubers are small, elongated with blunt apex and
narrow base. Rings are absent, Small secondary corms are
produced on the tubers (Fig. 8l). Coloured pigments are
absent. Petioles and velns are pale-green in colour.
Characteristic marks absent on the leaves. Stolons are

absent (Fig. 82).

The chromosome length ranges from 2.24 to 3.88 /1-
The total chromatin length is 84.40 /u. The chromosome
pairs are represented in the idlogram (Fig. 84). The detalls



of karyotype analysis is given in the Table 25. The
number of median chromosomes are 12 and the remaining two
are sub-median with respect to the position of the centro-
mere. The proteinand carbohydrate values are 4.2 and
17.76 mg/g dry wt. respectively.

Strain 15 (op = 2x = 28)

It 1s growing as wild in the forests of Megha-
laya. Characteristic tubers are absent whereas the root
system is well developed. Coloured pigments are absent.
Petioles and veins are light green. Leaves are small with
an yellowlish mid-rib. Absence of yellowish mark on the

leaves. Stolons are present (Fig. 85).

The chromosome size ranges from 2.056 to 3.98 Mo
The total chromatin length is 86.23 /1- The measurements
of the somatic chromosomes are summarised in Table 26 and
the chromosome pairs have been represented in the idlogram
(Fig. 87). Nine pairs are median and the remaining five
pairs are sub-median with respect to the position of the

primary constriction.

It has the lowest protein and carbohydrate (4.2
and 12.6 mg/g dry wt. respectively) values among all the
strains studied.
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Table 12 : Chranosomes of Strain 1 of Taro.

(Zp=3x=42)

Chro=- Chro-  Position of Am Lengt,h of campo~  Total length
I T gEEpEdm, o wmaming
1l c n 1.1 1.7 1.87 3.63
2 c n 134 152 2,05 3457
3 c M 1.0 1.68 1.68 3.36
4 c n 1.55 1.26 1.96 3.22
5 c mn 1.26 1.38 1.7 3.12
6 c m 1.6 l.12  1.80 2,92
7 D n 1.04 l.41 1.48 2.89
8 D M 1.0 1.4 1.1 2.82
9 D n 1l.27 18 1.5 2,68
10 D Sm 2.2 0.78 1.7 2,52
n D m 1.3 .06 1.38 2eLily
12 D m .16 0.98 1l.12 2,10
13 D r .51 0.7 1.8 1.96
7 D m 1.4 0.58 l.22 1.80

To F. ,‘g - 2'5033
Total chromatin length «~ 117.04 /u
Karyotype formula = 1(C 1) + 5(Cm) + 1(D M) + 6(Dm) + 1(D sm).
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Table 13 : Chromosomes of Strain 2 of Taro.

(p=3x=42)

Chro- Chrow- Position of Arm Length of the Total length
m :;;eme contt.riction? ratio cmpir;‘m arms in /u
1l c n 1.20 1.76 2,35 L.11
2 c ¥ 1.0 l.98 1.98 3.96
3 c n 1.2 1.76 2.06 3.82
4 c st 3.0 0.92 2,76 3.68
5 c n 49 ldd 2.1 3.52
6 c Sm 2,24, 1.06 2,38 3.44
7 c m 1.25 1.1 1.76 3.17
8 c Sm 1.83 106 1.9, 3.00
9 D Sm 2,28 0. 2.28 2,98
10 D n 1.25 1l.23 1.58 2.81
n D n .19 1..23 1.4 2,64
12 D n 1.33 1.06 1.58 2,64
13 D Sm 2.02 0.88 1.58 2.46
pFA D n 1.6 0.88 1.1 2,29

To Fo % - 390m

Total chromatin length - 133.

& p

Earyotype formula - 1(C M) + &4(C m) + 2(C Sm) + 1(C St) +

4L(D m) + 2(D sm).



Table 14 : Chramosomes of Strain 3 of Taro.

(m=3x=42)

SR oim mEmE, M. Smam
ssts type Prim. | Second. in P in P
1 G n 1.36 1.7 241 4ed7
2 c n 1.31 1.76 2.22 3.98

3 H S5t 3.7 0.94 2,82 3.76
L c m 1.16 1.68 1.96 3.64

5 c M 1.0 .76  1.76 3.52

6 ¢ Sm 1.93 L6 2.2 3.0

7 D m 1.12 1.56 1.76 3.32

8 D St 3.0% Cu76 2,29 3.05

9 D m 1l.20 1.32 1.58 2.9
10 D 1.87 0s9% 176 2.7
1n D m 1.49 1,06 1.58 2,64
12 D m 1.40 1,06 142 2.48
13 D Sm 1.63 0.87 l.42 2,29
1 D n .07 0.99 1.06 2.05

Te Fo 3 = 40,00

Total chromatin lengti -~ 131.70 P

Karyctype forrmla - 1(C M) + 3{(Cm) + 1(C Sm) + 2(C St) +
5(D m) + 2(D Sm) + 1(D St).
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Table 15 : Chromosomss of Strain 4 of Taro,

(n=3x=42)
Chro~ Chro-  Position of Arm Length of the Total
mosame - mosome onstrictions ratio camponent arme length
sets type md. in p in p
1l c n 1.3, 1.58 2,12 3.7
2 c m .15 l.68 1,9 3.62
3 c Sm 1.76 1.28 2,26 3.54
4 c n 1.38 L1 1.9% 3.35
5 D n le2h ldd  1l.76 3,17
é D n 1.43 .23 1.76 2,99
7 D Sm 27 0.7 21 2,89
8 D n 1,39 1.6 1,62 2,78
9 D Sm 2,0 0.88 1,76 2,64,
10 D Sm 2468  0.88  lois 2,36
n D m 1.3 0.94  1.23 2,17
12 D m 1,29 0.82 1.06 1,88
13 D Sm 2,33 0.53 1.23 1.76
1, D n L17 0.7 0,92 1.7

To Fo % - 141.50
Total chromatin length - 115.65 /x
Karyotype formula = 1(C Sm) + 3(C m) + 6(D m) + 4(D Sm).
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Ttble 16 ¢ Chromosomes of Strain 5 of Taro.

(m=3x=142)

Chro- Chro= Position of Am length of the Total
z:b.e?me :;Dem mﬁctsecioms. ratio comﬁn;b arms ]inen;th
1l 2 n l.28 1.64 2,11 3.75
2 S n 1.37 1.5, 2,11 3.65

3 c m 1.6 1.32 2,26 3.5
b ¢ n .49 1.0 221 3.52

5 c m 1,59 1.32 2,11 3.43

6 C S 2,28 0.99 2.26 3.25

7 ¢ n 1.2 1.1 1.72 3.13
8 Cc n 1.6 1.06 1.65 2.72
9 D m 1.12 1.23 1.41 2,64
1o D Sm 2,26 0.76 1.72 2.48
1 D n 1.6 0.88 1.48 2.36
12 D Sm 2.66 0.60 1.64 2.2,
13 D m 1,20 6.96 1.16 212
1 D St 3.0 048 1.6 1.94

T. Fo. § = 241.01

Total chromatin length - 122,46 p

Karyotype formula = 7(Cm) + 1(C Sm) + 3(D m) + 2(D Sm) +
1( st).



Figs 73=76 Strain 12 of Taro

73 Tubess of the strain 12 of Taro
74 Morphology of thz plants of sirain 12
75 Somatic chromosomes (2n = 28) of the strain ( X 2184)

76 Karyotype of the strain 12
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Figs 77 = 80 Strain 13 of Taro
77 Tubers of the strain 13 of Taro
78 Morphology of the ulants of strain 13
79 Somatic chromos me (2n = 28) of the strain 13 (X 7/54)

80 Karyotypse of the strain 13
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Table 17 ¢+ Chromosomes of Strain 6 of Taro.

(n=3x=42)
Chro-  Chro=-  Position of Arm Length of the Total
mosome mosome constrictions ratio component arme length
sets  type Prim. ] Second. in p in p
1 c n 1.4 1.58 2,29 3.87
2 c M 1.0 - 1.88  1l.88 3.76
3 c Sn 1.76 1.26 2.42 3.68
4 c n 1.37 1..8 2.04 3.52
5 c n 1.32 1.54 1.86 3.0
6 ¢ Sm 2.75 0.88 2,42 3.
7 D Sm 2,53 0.88 2.23 3.1
8 D n .12 l.0 .58 2.98
9 D m 1.6 1.06 172 2,78
10 D n 1.1 1.23 1.4 2.64
n D Sm 1.8 0.88 1.58 2.46
12 D Sm 2.2 0.7  1.58 2.29
13 D n 1.4 0.88 1.23 211
14 D Sm 1.75 0.7b .28 1.99

Te Fo & = 41.67

Total chromatin length - 125,67 p

Karyotype formula - L1(C M) +3(Cm) + 2(C Sm) + 4(Dm) +
4(D am).
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Table 18 : Chromoscmes of Strain 7 of Taro.
(2n=3x=42)

Chro- Chro~- Position of Arm Length of the Total
mosame mosome congtrictions ratio component arms length

sete type Prim.” ] Second. in P in P
1 c n .08 231 2,29 4ol
2 c n 1.02 1.8k 2.29 413
3 ¢ n 130 1.7 2.29 4405
b c sm 283 1.06 2.86 3.92
5 ¢ X 10 1.9 1.9 3.88
6 c n L5 14l 21 3.52
7 c n 1.3 152 L8 3.36
8 c n L2, L4l 1.7 3.17
9 ¢ . 1.67 116 1.9 3.0
10 c n 1.28 1.2, 1.58 2.82
n D = .5 1.2, L4 2.65
12 D n 13 106 1A 2,47
13 D n 1.6 0.88 1.4 2,29
1, D - 175 078 1.27 2,05

T. F. % - hl.l?
Total chromatin length - 137.43 P
Karyotype formila - 1(C M) + 7(Cm) + 2(C Sm) + 3(Da) + L(D sm).
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Table 19 : Chromosames of Strain 8 of Taro.

(2n=3x=142)

Chro=- Chro~ Position of Arn Length of the Total
mosome mosome _constiictions ratio component arms length
gat.s type Prim. ] Second, in P in /u
1 c m 1.05 1.80 1.89 3.69

2 c m 1.3 1.56 1.93 3.49

3 c n 1.3 l.41 1.93 3.34
b c n 1.6 1.23 1.98 3.4
5 c M 1.0 1.58 1.58 3.16

6 c Sm ‘2.9 0.76 2,23 2,99

7 D Sm 2,08 0.93 1.94 2.87

8 D n 1.8 1.23 1.4 2,64

9 D Sm 2,0 0.88 l.58 2.46
10 D M 1.0 l.12 l.12 2.2,
1 D n 1.4 0.88 1.23 .11
12 D n 1.4 0.76 1.23 1.99
3 D Sn 2,0 0.64 .23 1,87
15 D M 1.0 0.88 0.08 1.76

Te Fo B = U0.75

Total chromatin length = 113.46 b

Karyotype formula - 1(C M) + 4(C m) + 1(C am) + 2(D M) +
3@ m) + 3(D Sm).
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Table 20 : Cln'onpsunes of Straln 9 of Taro.
(3 =3x=42)

Chro= Chro=- Positiom of Arm Length of the Total
mosome mosame constrictions ratio component arms length

sets  type Prim. ) Second. in n in P
1 A n 1.07 l.48 1.58 3.06
2 c m 140 1.26 1.76 3.02
3 D n 1.49 1.18 1.76 2,94
L D M 1.00 1.36 1.36 2,72
5 D m 1,15 1.23 1.41 2,64
6 D Sm 2.2, 0.7h 1.66 2.0
7 D m 1.10 1.12 1.23 2,35
8 D M 1.00 1.12 1.12 2.2
9 D Sm 1,92 0.7 1.42 2,16
10 D n 1.40 0.88 1.23 2,11
n D n 1,26 0.84 1.06 1.90
12 D n 1.36 0.78 1.06 1.84
13 D M 1.00 0.88 0.88 1.76
17 D n 1.51 0.7 1.06 1.76

To Fo % - k2021
Totsl chromatin length - 98.7 }a
Karyotype foamla = 2(Cm) + 3(D M) + 7(D m) + 2(D Sm).
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Table 21 : Chranosomes of Strain 10 of Taro.

(2=3x=42)
Chro- Chro=- Position of Arms Length of the Total
mosome mosome gonstrictions ratio component arms length
sets  type  Prim, ] Second. in p in u
-1 c n 1.2 l.76 211 3.87
2 c n 1.33 1l.52 2.1 3.63
3 c M 1.0 1.76 1.76 3452
4 c st 347 0.76 2.64 3.0
5 c Sm 2.1 1.06 2.23 3.29
6 D Sm 2.48 0,94 2,23 3.17
7 D M 1.0 1.52 1.52 3.04
8 D n 1.1 1.33 1l.52 2,85
9 D Sm 1,83 094 1l.72 2,66
10 D Sm 2,88 0.64 1.8, 2.8
n D Sm 2,00 0,76 .52 2,22
12 D n 1.27 0.88 1l.12 2,00
13 D n 1.69 0.0 1l.18 1.88
1L D Sm l.84 0.64 1l.18 1.82

T. Fo & = 4163

Total chromatin length « 119.49 }1

Karyotype formula - 1(C M) + 2(C m) + L(C St) + L(C Sm) +
1(D M) +3(0m) + 5(D Sm).
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Table 22 : Chramosomes of Strain 11 of Taro.
(2=3x=143)

Chro= Chro~  Position of Arm Length of the Total
mosome mosame onstrictions ratio component arms length
sets type Prim. | Second. in P in fl

1l c n 1.2 1.76 2.1 3.87
2 ¢ m 1.34 1.58 2.11 3.69
3 Y m 1.02 1.76 1.80 3.56
[N ¢ m l.26 1.5, 1.9, 3.48
5 D n 1.19 1.48 1.76 3.2,
6 by M 1.00 1.54 154 3.08
7 D Sm 2.0 0.88 2,]11 2,99
8 D n 1l.28 1.23 1.58 2.81
9 D m 115 124 142 2.66
10 D Sm 2,77 0.0 19 2.64
1n D M 1.00 1l.23 1.3 2.46
12 D n 1.16 1.06 1.23 2,29
13 ) m 1.40 0.8 1.23 2,11
1 D m 1.0 0.8 1.06 1.94

To F. '7; - w037
fotal chromatin iength - 122.h6/’1
Karyotype fornula - 4(Cm) + 2(D M) + 6(D m) + 2(D Sm).



Table 23 : Chramosomes of Strain 12 of Taro.
(z=2)

Chro- Chro-  Position of arm Length of compo-  Total
mosome MOSOmMO ratio nenl:amin}x length

pairs  type Prim, in P
1 ¢ n 1.06 211 2,23 P TA
2 ¢ n YA 1.76  2.46 Le22
3 c Sm 1.96 141 2,7 47
L c n 1.2 1.76 2,35 41l
5 ¢ Sm 1.75 LAl 2.5 3.97
'3 ¢ n 1k 158 2,28 3.86
7 c M 1.0 1.86 .86 3.72
8 c Sm 1.2 L23 228 3.5
9 c n 1.37 Lh6 1.9 3.40

10 c n 1.25 158  1.66 3.2
n D M 1.0 1.58  1.58 3.16
12 D n 1.5 Ll 1.5 2,95
13 D n 1.3 1.09  1l.48 2.57
1 D Sn 2.2 0.0 1.5 2.2

T. F. £ « U43.15

Total chromatin length =~ 98.92 )1

Karyotypie formila = 1(C M) + 6(C m) + 3(C 3m) + 1(D M) +
2(0 m) + 1(D Sm).



Figs 81 ~ 84 Strain 94 of Taro

84 Tubers of the strain 14 of Tuero
82 fMorphology of the plants of strain 14
83 Somatic chromosomes (2n = 28) of the strain 14»(X,2ngh/

84 Karyotyne of the strein 14
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Figs 85 =~ 87 Stroin 18 of Taro
85 Morphology of the strain 15 of taxo
86 Somatic chromosome (2n = 28) of the strain 15 (X 2184)

87 Karyotype of the strazin 15
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Table 24 : Chromosomes of Strain 13 of Taro.
(m=28)

Chro- Chro= Position of Arm Length of the Total
mosome mosome gmatrigicns ratio component. arms langth
pairs type Prim. ] Secan in e in P

1l c n 1.3 1.76 2.22 3.98
2 c n 1.2 1.76 2.2 3.88
3 c n 1.5 148 2,28 3.76
4 c Sm 2,0 1.23 246 3.69
5 c Sm 1.85 1.3 2.9 3.52
6 c M 1.0 1.3 1.7 3e46
7 D n 1.5 1.23  1.86 3.09
8 D n 1.43 1.23 1.7 2,99
9 D n 1.6 1.05 1.76 2,81
0 D Sm 2.75 0.76  1.94 2,70
ph ] D n Llh 123 1l 2.6l
12 D Sm 1.8 0.88 1.58 2.46
13 D n 1.6 0.88 1.4 2,29
7 D n 1.2 0.88  1.05 1.93

T..Fo. & = 41.98

Total chromatin length - 86.40 )

Karyotype formla ~ 1(C M) + 3(C m) + 2(C Sm) + 6(Dm) +
2(D Sm).
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Table 25 : Chrogosomes of Strain 14 of Taro.
(2n=28)

Chro=- Chro- Position of Arm Length of the Total
nosoms  mosole %mstrictim' ratio camponent arms length
Sec »

pairs  type in p in p
1 c n 1.2 1.76 2,12 3.88
2 c M 1.0 1.86 1.86 3.72
3 C Sn 2,0 1.23 246 3.69
L c M 1.0 1.7 1.76 3.52
5 D n .12 1.56 1.76 3.32
6 D ] .24 1.4 1.76 3.17
7 D M 1.0 1.56 1.56 3.12
(3] D n 1.43 l.23 1.76 2,99
9 D n .26 | 1.23 1.56 2.7
10 D » 3.5 1.06 1.58 2.6
11 D n 1e3 1.06 1.1 247

12 D M 1.0 .18 1.8 2.36
13 D n 1.16 1.06 l.23 2,29
1L D Sa 2,2 0.66 1.58 22

T. Fo & =~ 43.07

Total ehromatin langth ~ 840 R

Karyotype formula - 2(CX) +1(Cm) + 1(C am) + 2(D ¥) +
7(® m) + 1(D sm).
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Table 26 : Chramosomss of Strain 15 of Taro.

(z=28)
Chro~ Chro=- Position of Am Length of the Total
mosohe mosome gmstr_r_tctlﬁ ratio caxponent arms length
. pairs type . o in }1 in )x
1 c n 2.2 1.80 2,18 3478
2 H n 1.33 1.58 2,12 3.7
3 c Sm 2.0 1.23 2.46 3669
L c M 1.0 1.76 1.76 Se52
5 ¢ n 1.5 L.a 21 3e52
6 ¢ m 1.3 1.2 1.93 334
7 c m 1.4 1.32 1.93 525
8 c Sm <40 1.05 2,12 517
9 D n 1.2 1.1 1.58 2.99
10 D Sm 2.2 .88 1.93 2,
11 D m 1.28 1.23 1.1 <o 64
12 B n 1.5 0.94 1.Jd 235
13 D Sn 2,0 0.70 1.1 AN
1 D Sn 2.3 0.64 1l 2.05

T. F. £ « 38.32

Total chranatin length - 86.2

Karyotype formula - 1(C M) + 5(C m) + 2(C Sm) + 3(D m) +
3(D &m),



Fig. 88 Elsctrophoraetic banding patterns of ths total
soluble proteins of different strains of taro.
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Figs. B9 Histogram representing the total soluble porgion

contents of taro,

90 Hist.grom representing the total carbd hydrate contents

of taro,



Strains

12}
- 10..
2
5
= 8-
B
£
&
o 6-
»E
{ o=
o 47
°
a
E 7
RS
0
1 34567891011121314
STRAINS OF TARO
30-0F
® 200}
S
2
o
S
[+7]
%
5
Z 100}
(o]
¥o ]
8
@
RS}
0
4 5 6 7 8 9 10 1N 12 13 14 15

15

Fig.89

Fig.90



Table 27 : Samatic chromosomes of differemt strains of Taro.

Strain Plaoidy Range of chromosame Mean length of Ratio of the longest Total chromatin T.F %

lmgthin/u cm'cuouanein}a and shortest chromo~- lngbhi.n)x
somes in /‘
1 h 1080 - 3.63 2.71 2001 n?.m ‘t5033
2 3x 2.29 - b.ll Bom 1079 133'& 390&
3 3x 2,05 = 4.17 3.1 2,03 131.0 40.00
l& 31 1.?‘0 - 3.” 20‘” 2021 115.& 151050
5 3x 194 - 3.75 2.85 1.93 122.46 41.01
6 = 1.99 - 3,87 294 1.9 125.67 41.67
7 3x 2,05 = L JD 323 215 137.43 .19
8 3x 1.76 - 3.69 2.73 2.09 13.46 40.75
9 3x 1076 - 3006 2.‘}2 1073 %OW 112.21
10 3x 1.82 - 3.87 2.84 2.12 119.50 11.63
n BX 109‘& - 3037 20% 1-99 122'146 ID-37
13 2x 1.93 - 3.98 3.00 1.67 86,40 41.98
1 ¥ S 2,2} -~ 3,88 3.06 1.7 84.10 L3.07
15 & 2005 - 30% Bccz lo?"t 86024 38032
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Taia 28 : Total carbohydrate, protein content and
protein bands of Taro.

Strain Ploidy Total protein Total carbohydrate No. of protein

mg/g dry wt.)  (mg/g dry wt.) bands
1 11,0 17.76 12
2 x 10.2 21,36 1
3 = 8.6 17.52 10
y o x 8l R THTA 9
5 3 20.4 19.2 n
6  x 8.0 22.08 1
7 6.2 36.0 20
& 1.4 2.l 9
9 3 6.2 Lhek n
0 9:0 16.8 10
noox 9.8 2.8 1
12 2 4.8 28,0 9
13 2 8.6 .12 10
1 2x 8.4 17.76 1
15 2x he2 12.6 4




Figse. 91-94 Z.2 mavg var.yellow $hillong
91-Zgg mays ~ Habit.

92-E£a: of Zeg ngys vore yellow Shillong

93-Somatic Chromos.me (2n = 20 ) of Z.mays
var. yellew Shillorg(X 2164)

94-Karyotype of Z.mgys v:sre yellow,Shilbeng
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Fige US-87 Baa wayg vere.jar. ubite
U5 L ¢ of Leuys Var. joaro wiita,
96 somotic chee - oo (20 o 20) of Zs BRyg var goro whito

(x 2184)
u? Hopyotype of Z. gacg worfe goro white
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Z¢a mayg

It 1s a monotypic genus, unique among all the
grasses, in that the staminate flowers borne in a tassel
are separated from the pistillate flowers borne in the
lateral position on the stem. Leaves are broad, lanceolate,
spikelets in palrs, one sessile and one pedicelled. The
female spikes are axlllary, enclosed in the sheath of the
leaf and surrounded by bracts. Suckers are produced from
the lower nodes of stem (Fig. 91). Detailed morphological

measurements were recorded in Table 29.

The root fip cells of all the varleties showed
the chromosome number as 2 = 20 (Figs. 93, 96, 100 & 104)
which confirms the earlier reports of Kuwada (1911, 1919),
Longley (1924), Kiesselbach and Peterson (1925), Fisk (1925,
1927), Humphrey (1933), Ono and Suzukl (1956), Chen (1969).
Varied number of B chromosomes were reported ln malze by
various workers (Randolph, 19283 McClintock, 1933). However,
extra chromosomes were not observed in the present investi-
gation. Cytologlcal marker and satellites were not observed
whereas secondary constriction was found on the 6th chromo-
some pairs of the Sikkim Yellow variety. Ono and Suzuki
(1856) and Chen (1969) reported the presence of satellites
on the Gth chromosomes of the somatic complement. The

average length of the chromosomes varied in all the varietiles
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(T able 34) N

In pollen mother cells, 10 bivalents were
observed both at dlakinesis (Fig. 106) and metaphase (Fig.
107) and occasionally © bivalents and two univalents were
also noticed (Fig. 108). Melosis was regular (Figs 109 &
110) and the chromosome distribution was equal at anaphase I
(Fig. 112). Spindle shaped chromosomes were noticed at
metaphase I (Fig. 111). Meiotic abnormalities like lagging,
stickiness, bridges, etc. were not observed. The second
anaphase was also regular with tetrads and pollen grains
(Fig. 113). The pollen fertility and chiasmata frequency
values are recorded in the Table 35, The characterlstle

features of all the varieties are described as follows :

1. Zea mays var. Yellow Shillong

Stem cylindricalj leaves are not compactly
arranged. Flag leaf 1s erect and glabrous. Anthers and
silks are white in colour. Kernels are yellowish, unshrun-
ken, compaetly arranged. Absence of sterile appendage at
the tip of the ear (Fig. 92). The number of kernel layer
is 9 and the mean length of the ear i1s 17.7 cm.
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The length of the chromosomes varies from 2.80
to 6.80 /n. The total chromatin length 1s 81.32 /u. The
measurements of the somatic chromosomes are summarised 1n
the Table 30 and the chromosome pairs have been represented
in the idiogram (Fig. 94). Six pairs are medlian and the
remaining four peirs are sub-median with respect to the
position of the primary constriction.

Protein and carbohydrate values are 8.4 and 8.7
mg/g dry wt. respectively.

2. Z, mayg var, Garo Vhite

Stem cylindrical, leaves are compactly arranged.
Flag leaf 1s not erect but glabrous. Anthers are purple
whereas the silk is white in colour. Kernels are small,
white coloured arranged regularly, unshrunken. Sterile
appendage is present. The number of kernel layers is 12
and the mean length of the ear is 11.2 cm (Fig. 95).

The «ize of the chromosomes ranges from 2.82 to
4,92 /u. The total chromatin lemngth is 74.94 /u. The
detalls of the karyotypic analysis are given in the Table 31,
and the chromosome pairs have been represented in the idiogram
(Fig. 97). Seven pairs are median and the remaining three
are sub-median with respect to the position of the primary

constricetion.



The values of total protein and carbohydrate
are 9.2 and 9.6 mg/g dry wt. respectively.

3. 4, mayg var. Sikkim Yellow

Stem cylindrical, flag leaf is not erect but
glabrous, Mid-rid is purple. A number of two ears were
noticed in the same internode (Fig. 98). Xernels are
yellowish, unshrunken, arranged regularly in 10 layers.
Sterile appendages are absent at the tipe of the ears.
The average length of the ear is 16.8 cm (Fig. 99).

The chromosome size varies from 1.76 to 3.16 /n.
The total chromatin length is 50.04 /u. Secondary constric-
tions are presont on the 6th chromosomes of the somatiec
complement. The detalls of the karyotype analysis is record-
ed in the Table 32 and the chromosome pairs have been
represented in the idiogram (Fig. 101). The number of
median chromosomes are eight and the remaining two are sub-
median with respect to the position of the primary constric-
tion.

Carbohydrate and protein values are 13.4 and
5.4 mg/g dry wt. respoctively.



4. 2, mayg var. Sikkim White

Stem cylindrical, leaves are not compactly
arranged. Flag leaf is erect but glabrous. Anthers and
sllks are white coloured. Kernels are whitish, unshrunken
and regularly arranged in 10 layers. Rudiments of sterile
appendage 1s present. The mean length of the ear 1s
15.7 em (Fig. 103).

The length of the chromosomes ranges from 1.76
to 4.22 /u and the total chromatin length is 57.94 /ﬂ- The
measurements of the somatic chrémosomes are summarised in
Table 33, and the chromosome pairs have been represented in
the idiogram (Fig. 108). Seven palrs are median and the
remaining three are sub-median with respect to the position

of the primary constriction.

The protein content is 6.0 mg/g dry wt. whereas
the carbohydrate content is 11.3 mg/g dry wt.



Table 29 : Morphological measurements on different varieties of maige.

Variety Aversge height Ko. of in- Length of the Flag leaf Tassel Weight/1000
of plants (cm)  ternodes 5th internode 1length (em) 1length grains (gm)
{mean) (cm) (cm)
Zea mays var. Yellow Shillong  353.32 13.0 2.7 36.72 K632 375.0
g_’_ mays var, Garo White 17':-58 1305 12043 35026 153053 20,0

. Zs mays var. Sikkim White 275.5 1hed 19.8 10,68 h6e68  439.5

L2



Table 30 : Chromosomes of Z. mays var. Yellow Shillong.

(=22
Chromo- Chro- Position of Arm Length of the Total length
some mosome constrictions ratio component arms in p
pair type Prinm, !Seemd. in /1
1 B m 1.2 2.6k 3.16 5.80
2 B n 1.33 2.11 2,81 he92
3 B M 1,00 2.22 2,28 L. 56
4 c m 1.27 1.93 246 Le33
5 c Sm 1.87 1.0 2,64 404
6 c m 1.20 1.76 2,11 3.87
7 c Sm 21 123 2.6, 3.87
8 c Sm 2.33 .05 2.4 3.46
9 D Sm 1.83 1.05 1.93 2.98
10 D M 1.00 1.40 1.0 2.80

Te Fo o = 36,33

Total chramatin length - 81.32 P

Karyotype fornula - 2B m) + 1(B M) + 2(C=m) + 3(C Sm) +
1(D ¥) + 1(D Sm).



Figs 96-101 Jon mgus ver. Stkidm ysllow
98 A plent of Z.ggya ver.Sikkim yollow

99 Ear of Z.pays var.Sikkin yellow

100 Somstic chromcsomes(2n « 20) of Z.ggys var.Sikiis yollow

( x 2104
101 Karyotype of J.paug ver.Sikide yellow.
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Figue 102-405-20.: poys var . Sikki white
103+ malee oluont shoulpn bogoed taessel

103-Ear of Loy, v r.Skkin whito

108~Somatic Clrumueonos (0 =» 20) of Z.qgyg vere Sikkdm whito.

(X 21¢4)
Wity ntype 04 _2_ oy s W.re Sikkinm uhlite



0l

Sl

la
-
-
i
5
B

i




figme 106-113 fledveia in Perental Jag payg plents
106--A PFC ghowing diokinesis with 4G 44
107-A PHC ehouing cotaphese 1 swlth 10y

108=-A H6 ahaowing dbskinesio with 9¢¢ 4 24
108 PHC ot diplotens

110-5 2D gt Vashyteno

111=2 550 gt mataphaar 1 shouving soe:idigwshased fivalnta,

13~ allen mothar euoll ghowing e usl distribstion of
chromog mes at wsashaso 1.

$13-Fertils ollon rTains.
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Table 3) : Chromosomes of Z. mays var. Garo White.
(=2)

Chro- Chro= Position of Arm Length of the Total length
mosame mosome _constrictions ratio component arms in 2
pairs type Prim. ] Second. in /u

1 B M 1.0 246 2,46 492
2 B a 1,36 194 2.6 458
3 c m 1. 1.76 246 he22
4 c m 1.55 1.58 246 4,04
5 c m 1.2 1.76 2.11 3.87
6 c Sm 2.33 1.06 246 3.52
7 c Sm 2,17 1,06 2.28 3435
8 c Sn 2.0 106 211 2.7
9 D a 112 140 1.58 2,98
10 D m 1.67 1.06 1.76 2,82

To Fo % - 39073
Total chromatin length = 74.94 )1
Karyotype formula - 1(B M) +1(Bm) + 3(C m) + 3(C Sm) + 2(D m).



Table 32 : Chromosames of Z, mays var. Sikiim Yellow.

(=)

Cro~  Chro~- Position of Am Length of the compo-  Total
mosome moscme ratio nent arms in }1 length

palire type P Secand. in /l

) 3 c Y 1.0 1.58 1,58 3.16

2 c n 1.25 1.0 1.76 3.16

3 D M 1.0 1.0 1.10 2,80

L D ] 1.6 1.05 1.7% 2.75

5 D n 1.5 1.05 1.58 2,63

6 D n Sm 1.33 0.35 + 0.75 140 210

7 D Sm 2,25 0. 1.58 2,28

8 D n l.4 0.88 1,23 2,11

9 D S 1.7 0. 1.3 1.93

10 D M 1.0 0.88 0.88 1.76

Te Fo § = 42275

Total chramatin length ~ 50.04 3

Karyotype formula - 1(C M) +1(Cm) + 20D M) +3(Dm) +
1D m am) + 2(D Sm).
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Iable 33 3 Chramosomes of Z, mays var. White Sikidm.

(2n = )
Chro- Chro-  Position of Arm Length of the  Total length
et pREygas. vl copmeems g
1 c M 1.0 21 21 he22
2 c n A 1.58 2,28 3.86
3 c Sm 1.85 1.3 2.28 3.5
4 c Sm 2,16 1.05 2.28 3.33
5 D n 1.28 1.23 158 2.8
é D 2.0 0.88  1.76 2.64
7 D n 1.33 .05 140 2.45
8 D n 1.60 0.88 1.0 2.28
9 D m 1.0 0.88 1.23 2.1
10 D M 1.0 0.88  0.88 1.76
To Fo 4 = 38.84

Total chromatin length -« 57.94 /1

Karyotype formila « 1(C M) + 1(Cm) + 2(C 9m) +21(D M) +

LD m) +1(D

&)o



Table 34 : Karyotypic data on different varieties of malze.

Variety Range of chromosame Mean length Ratio of the Total com=
length in P of chromoso~- longest and t T.F.%
mes in )x shortest chro~- Jlength in /x
noscmes in ,: '
Zs mays var. Yellow Shillong 2,80 = 5,80 he3 2,07 8l.32 36.33
Z. mays var. Garo White 2,82 = 492 3.87 1.7% T4 S 39.73
&mmo Sikkim Yellow 1076 - Le22 2-99 20‘!0 570% 380810
Z_._mvar. Sikicim White 1-76 - 3.16 2.‘56 1086 50.01.. 152075

AL



Table 35 : Msan chiasma frequency at diakinesis and metaphase I in
different varieties of maise.

Variety FPollen No. of Diakinesis 1
fertility PMCs ana- Range Mean 4+ S.E. Range {lean 4+ S.E.
(%) lysed
Zs mays var. Yellow Shillong 9020 i 19 - 28 23.02 0.33 17 - 23 .12 0.2
Z, mays var. Garo White 90.60 1w A =29 2450 0.33 19 -2, 22.13 0.9
4. mays var. Silkddm Yellow 87.39 W D - 27 22.55 0.25 17 - 23 20,37 Qe
&mvar. Sikkim Whi‘be 860% w 20 - 25 ﬂ..6l Del2 16 - 23 190” 0.26




Fige. 114~ 120 4 nybride of Zaygaya v r.yellow Shillung X Z.Ba¥@ vore
Sikim yellow

1%4= tgr of 4 hybeids of Zaaoyg voreyallow Shillong X Jemaye vare
S4kikim yallow.

115~ Someptic chroiosomes (21 = 2 ) of tho Fy hybrids of Z.ggyg vore
yelliw Shillong X ZJaavp vore Sivkim,

(x2184)
116~ Kazyotype of thy Fy hybrid of Z.ggyg vor.yellow Shil. n; X

&rBuxgver. Sikiaim.
117= £ pullen mothor eall showing 1044 et diokinesis g4
118~ 4 pollon mother cell shviulng Y0g, at mstpohigeo 1

118~ £ SO0 ghouing esual distribution of chromosom s at eng:hose 1

120~ F-ptile/iolier grodn
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Flge.121-128 Fy hybrids of Qeuuya v r.Sikkin vhite X Z.goyg vor Garo v ite
121~ Ear of Fy hybrids of Z.gaxs vor.Siklin whits X
L-Riya ver. Garo wito,
122~ Somctic chromo ones (2r = 20) of tha Fg hybreid: of Z.ogyg
var. Sildm wiite X Z.mays vars Caro vhite(X 2184)

123~ kapyoty o of the Fy the hybrids ¢ Z.pays vere Sikkim uhite
x.{.m v-re Garo whiie,

1284~ 1 sollon mothar eell showing 104y

128« /. polien mother esll showirg aqual dietribution of chromosomas
at anahase § .

128~ Fartile pollengrains.
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Intervarietal hybrids
1. Z, mays var, Yellow Shillong x Z, mayg var. Sikkim Yellow

The stem 1s cylindrical. Flag leaf is erect
and glabrous. Mid-rib purplish. Anthers and silks are
also purplish. Kernels are purplish, shrunken and regularly
arranged in 10 layers (Fig. 114) and the mean length of the
year is 12.8 ocm. The hybrlids are iantermediate to their
parents wlth respect to other morphological characters
(Table 36).

The somatic chromosome number was found to be
twenty (Flg. 115). The slgze of the chromosomes ranges from
l.40 to 2.99 /u. The total chromatin length 1s 46.32 /u.
Secondary constrictions 2are present on the fifth chromosomes
of the complement. The measurements of the somatic chromo-
somes are summarised in Table 37 and the chromosome pairs
have been represented in the idlogram (Fig. 116). 3Seven
palrs are median, two are sube-medlan snd the remaining one
1s sub-terminal with respect to the position of the primary

constriction.

In pollen mother cells, 10 bivalents were ohser-
ved both at dlakinesls and metaphase I (Figs. 117 & 118).
Occasionally 2 bivalents and two univalents were observed.

The course of melosls was regular. Melotic abnormalitiles
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were absent. Chromosome distribution was equal at ana-
phase I (Fig. 119). The second snaphase was also regular.
Pollen grains were normal and complete (Fig. 120).

The protein and carbohydrate values are 8.0
and 8.9 mg/g dry wt. respectively.

2. Z, mays var. Sikkim White x Z, mayg var. Garo White

Stem 1s c¢ylindrical, Flag leaf 1s not erect but
glabrous. Anthers and silks are whitish. Kernels are
whitish, comparatively bigger than the male parental ones,
irregularly arranged in 8 layers. Sterile appendage 1s
present (Fig. 121). The mean length of the ear is 6.8 em.
The hybrid plants are intermediate to their parents in all

other morphological parameters analysed.

The root tip cells showed the chromosome number
as 2 = 20 (Fig. 122). Chromosome length varies from 2.28
to 4.22 /u. The total chromatin length 1s 64.62 /u. Second-
ary constrictions are absent. The measurements of the
somatic chromosomes are summarised in the Table 88 and the
chromosome pairs have been represented in the idiogram
(Fig. 123). Eight pairs are median and the remaining two
are sub-median with respect to the position of the constric-

tion.



In pollen mother cells, 10 bivalents were
noticed (Fig. 124). The course of melosis was regular,
Melotic ahnofmalities were absent, and the chromosome
distribution was equal at anaphase I (Fig. 125). The
second anaphase was also regular. The pollen fertility
and chiasma frequency values are recorded in Table 40,

The pollen grains were normal and complete (Fig. 126).

The protein value is 7.8 mg/g dry wt. whereas
the carbohydrate content is 8.8 mg/g dry wt.



Table 36 s Morphological msasurements on the Fl hybrids of maise.

Hybrids Mean height No. of Length of Flag leaf Tassel Weight/1000
of the inter- the 5th langth (em) 1length grains
plats (au) nodes internode(cm) (em) (am)

Ze m var. Yellow Shillong
x %307 12,6 19.8 3803 52016 3”00
Z, mays var, Sikkim Yellow o
-
Z, maye var, Sikicim 1Mhiite

Z, rays var. Garo White
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Table 37 + Chramosomes ofthe?l hybrid
Z, mays var. Yellow Shillong x Z, mays var. Sikkim

Yellow. (m=2)
Chro-  Chro-  Position of Armm Length of the compo-  Total
1{1’:3:9 x;:;.ono < rj.:ms«md. ratio nent amms in )1 g.:;th
1 D n .42 1.23 1.76 2,99
2 D » 1.28 1.3 1.58 2,81
3 D n 1.1 1.23 1.0 2,63
N D M 1.0 1.3 1.23 2,46
5 D m S 133 0.M0.88 10 2.45
6 D Sm 225 0. 1.58 2,28
7 D n 1.40 0.88 1.23 2.11
8 D Sm 2.0 0.7 140 2,10
9 D n 1.2 0.88 1.05 1.93
10 E St 3.0 0.35 1.05 1.10

To Fo% - 10.91

Total chromatin length - 46.32 P
Karyotype fornula -« 1(D M) + 5(0Dm) + 1(Dm Sm) + 2(D Sm) +

1(E 8t).



Table 38 + Chromosomes of F. hybrid
Z, mays var. Sikidm White x Z, mays var.
Garo White.
(m=22)
Chro= Chro- Position of Arm Length of the  Total
mosome mosome _constristions ratio ecomponent arms length
pairs type Prim. [ Second. in p in p
1 c M 1.0 2,11 2,11 LeR2
2 c n 1.4 1.76 246 he22
3 c n 1.33 .58 211 3.69
A c m ' 1.5 .o 21 3.5
5 c n 1.57 1.23 193 3.16
6 D m 1.42 1,23 1.7 299
7 D M 1.0 1.0 1.0 2,80
8 D m 1.66 1.04 176 2.80
9 D Sm 2.0 0.88 1l.76 2.64
0 D Sm 2.25 0.0 1l.58 2.8

TOF.% - AZQOB

Total chromatin length - 6&.62}1
Karyotype formula - 1(C M) + 4(Cm) +1(D M) + 2(Dm) +

2(D Sm).



Table 39 Katyotypicdataon?ltwbridaofmise.

Variety

Range of chromosome Mean length Ratio of the Total compli- T.F.%
length in /1 of chromo= longest and ment length
sones in /.1 shortest chro- in /.1
mosomes in }z

Z. mays var. Yellow Shilleng .

x L0 = 2,99 2,0 2.16 46e32 LO.N
Z. mays var. Sikkim Yellow
Z. mays var. Slkkim White

Z. mays var. Garo White




Mean chiasma frequency at diakinesis and metaphase I
of intervarietal hybrids of maige.

Hybrid Pollen No. of Diakinesis Metaphase 1
fertility PMCs Range Mean + SeE. ‘Range  lMean + S.b.
(£) analysed
Z, mays var. Yellow Shillang
Z, mays var. Sikikim Yellow
Z, mays var. Sikkim White
x 82.46 4 A~27 23.08 0.25 16=22 19.75 0.

Z. mays var, Garo White

38



Iable 41 :+ Chromosome numbers in Amorphophallus.
Specles a % Authors
A - 36 Chandler (1843)
A, bulbifer - 39 Ramachandran (1977)
- 26 Present study
A. companulatus Bl. - 26 Asana & Sutaria (1939)
14 28 Krishnan gt al. (1970)
14 28 Ramachandran (1977)
A, dubiunm - 28 Ramachandran (1977)
A. hohenackeri Engl., - 26 Ramachandran (1977)
A, linumana - 26 Keshimoto (1941)
A. dusiapa - 26 Kishimoto (1941)
A, konjac - 26 Bo (1942)
== - o6 Nakejima (1955)
A, o - 39 Tjlo (1948)
A. satzumeensis - 26 Kishimoto (1941)
A, fitapum - 26 TJio (1948)
= - 26 Chandler (1943)




a Chromosome numbers in Arigaems.

Species oY 2a Authors
A, guinatum - 28 Bowden (1940)
A. Japonicum 14 28 Kishimoto (1941)
A. talholkensis - 28 "
A, Xlushiapum - 56 Ito (1942)
A, ov - 56 Ito (1942)
A. robugtup - 56 "
As pigens 14 28 Chuang et al. (1963)
A. cucullatup 14 28 Hotta (1963)
A. con % um - o8 Present study
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Table 43 : Chromosome numbers in Gonatanthus.
Speciles n 2n Authors
G, sarmentosug - 28 Sharma & Das (1954)
G, sarme - 32 MookerJjea (1955)
G, ornatug - 30 Present study
Iable 44 : Chromosome numbers in Sieudnera.
Speciles o en Authors
8, discolor - 32 Jos et al. (1971)

- 56 Ramachandran (1978)

S, gcolocagioldeg - 28 Present study.




Teble 48 : Chromosome numbers in Xanthosomsa.
Species B 2n Authors
X, sagittifolium - 26 Jos & Magoon (1970)
8 26 Magoon et al. (1970)
- 26 Marchant (1971)
- 26 Present study.
9
X, atrovirens 13 26 Pfiteer (Jf?)
- 26 Marchant (1971)
X, robustum 13
X, lindeinii 13 26 Pritzer (1957)
X. violaceum 13
X, garcay - 26 Marchant (1971)




Table 4€ ¢ Chromosome numbers in Cologasia.
Species n 2n Authors
C. antiquorum 14 28 Maeda (1932)
12 36y 48 Rao (1947)
- 48 Delay (1951)
- 28 Sharma & Das (1954)
- 28 Mookerjea (1955)
- 28, 42 Rattenbury (1957)
- 42 Fukushima et al. (1962)
- 28, 42 Bhattacharya (1971)
- 42 Kawhara (1978)
- 28, 42 Ramachandran (1978)
- 28, 42 Choudhari & Sharma (1979)
-~ 22, 36, 42, Subramanian (1979)
245846’ 82
C. esculenta - 28, 42 Yen & Wheeler (1968)
- 28, 42 Marchant (1971)
- 28, 42 Ramachandran (1978)

28, 42 Present study.




Table 47 : Chromosome numbers in Zea maysg.

Specles ggggli‘c g&gggghytic Authors
Zea mays 9, 12 - Kuwada (1911)
10 20 Kuwada (1919)
10 - Longley (1924)
10 - Kiegselbach & Peter-
son (1925)
- 20 Fisk (1927)
10 - Randolph (1927)
10 - McClintock (1929)
- 20 Humphrey (1933)
- 20 Ono & Suzukl (1953)
- ST
- 20 Chen (1969)
10 20 Present study.
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DISCUSSION

In the previous section detalled observations
on morphological variations, chromosome number, cyto-types
and,carbohydrate and protein profiles of some members of
tuberous species, both cultivated and wild, of the family
Araceae, have been embodled. It was stressed that the
investigation on these aroids was primarily taken up to
explore the range of varlations, both morphological and
cytological, among the common tuberous aroids of Meghalaya.
Informations about these plants are either sketchy or
almost non-existent, especlally the types growing in the
North-East region of the gountry. A systematic study of a
few of the species that have been carried out indicates
consliderable scope for the demestication of some of these
tuberous aroids either directly or through clonal selections,
spontaneous or induced. But any such programme of useful
exploitation of these natural food resources needs a
reliable inventory of the totality of the gene pool found
in the high and low altitudes of Meghalaya. The importance
of tuberous crops has a supplement or substitute of cereals
cannot be underestimated in a growing population of the
country. These considerations, namely, lack of knowledge
of the almost completely unexplored tuberous flora of
Meghalaya, and a systematic attempt to exploit them as minor
or subsidiary food crop justify a thorough investigation
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of these plants.

Similarly, one of the most common cereals
cultivated by the original population of the State, is
malze. It has been stated earlier that primitive strains
of malze are still cultivated in the hilly tract of Sikkim
and North-East regions. The existence of these strains in
thls area offers a suitable opportunity to study them in
depth with a view to determine the exchange of gene pool
in them and also to explore their relationship and origin
of this important cereal. Why this is necessary, has been
stressed earlier, in that there is a school of thought
that North-East India and South-East Agla may be the centre
of origin of maize beside; the American centre. Whether
North-East India or South-East Asia 1s the primary centre
of origin of maize or not is keenly debated, but the
existence of primitive strains in the area does offer
support to the view that at least this region may be the
secondary centre of its origin. Once the range of variabi-
1ity of this primitive malze 1s fully scregned they may be
utilized in the production of high ylelding hybrid synthe-
tics or composite strains. Therefore, the morphological
variations of the maize strains and their cytological
behaviour and the inheritance pattern have been included
in the investigation.
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For the sake of clarity, however, studles on
the aroids and that of maize strains and their hybrids
will be discussed separately.

To begin with, the six genera of the tuberous
aroids may be critically discussed in view of their morpho-
logical and eytological variations and behaviour.

The six gensera of the tuberous aroids are -
Amorphophallug, Arlseems, Gonatanthus, Steudnera, Xantho-
Soma and Colocasia. As mentioned earlier these materials
have been collected from various locations of low and
high altitudes. They exhibit considerable morphological
variations in regard to height of the plant, leaf slze,
number of stomata and yleld per plant, namely, the size of
the corm and cormels ete. (Tables 6, 10 and 11j Figs. 14,
19, 29, 33, 37, 41, 45, 49, 53, 57, 61, 65, 69, 73, 77 &
8l). For instance, in Xanthpsoma gagittifolium collec-
tlons from the plain and the hill, the morphological data
bring out clearly great variability. Similarly, in
Colocasia egculenta, 15 strains collected from various
locations show amazing array of variability in morphologi-

cal features. Out of the 15 aeccessions of this taxon,
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11 are triploids and 4 are diploids. But even within
triploild cyto-types the wide variations exist in respect
of the various morphologlcal features summarised in
Tables 10 & 11j Figs. 29, 33, 37, 41, 45, 49, 53, §7, 61,
65 & 69, Similarly, among its 4 diploid accessions
considerable variations have been scored (Tables 10 & 11
Figs. 73, 77, 81 & 85). These two examples fully Jjustify
that in this unexplored region very rich repository of
germ-plasms exists which needs systematic collection,
assessment and utilisation. If limited effort could

bring out so many strains exhibiting wide divergence

from one another, the extensive collections from different
ecological niches of the°*plains and the hills of the State
are bound to provide rich store of germ-plasm which through
clonal selection, spontaneous or induced, would greatly
add to the tuber wealth of the State.

In the other 4 genera, Amorphophallus, Arlssema,
Gonatanthng and Steudnera, only limited collections have
been made and it would be very profitable if these specles
are also collected from the whole range of their habitats
and thelr variabilities are suitably assessed.

For an objective evaluation of the evolutione
ary trends, its tempo and direction in any group of plants,

the chromosome numbers have proved to be a very valuable



tool. Not only the chromosome number is fairly constant
in a speciles, but even minor alterations in the individual
chromosome structure, through deletion, duplication, trans-
location, inversions, can be detected and their role in
speciation be ascertained. The addition or deletion of a
few chromosomes or whole sct of haplold number, thus
ralsing the ploldy of the species, can also be established
through the study of chromosome numbers. Even within a
specles intraspecific chromosome variations have been
detected in a number of plants, such as, in barley (Hagberg
& Tijo, 1950), Polianthug tuberogsa (Sharma & Ghosh, 1956),
Caladium bicolor (Sharma & Sarkar, 1964), QOrvze sativa

(Sharma & Mukhopadhyaya, 1965), Brassica campeatris (Moo-
kherjee, 1977), etec. Thus the alterationsin the chromosome

number and structure are looked upon as a very reliable
parameter in phylogenctic conslderations. Stebbins (1950)
stressed that "Studles of chromosome morphology often
provide to the students of evolution and phylogeny valuable
sign posts indieating the nature of evolutionary process

at work and trends which evolutlon has taken." It i1s gene-
rally accepted that primitive species are characterised by
symmetrical karyotype, 1.e., metacentric or sub-metacentriec
chromosomes, and advanced species have asymmetrical karyo-

types with sub-median to sub-terminal chromosomes.
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A number of workers have studied several
members of the famlly Araceae and reported the chromosome
numbers, namely, Bowden (1940), Darlington and Janaki-Ammal
(1945), Sharma and Das (1954), Mookherjea (1955), Ramachan-
dran (1978), Among the six taxa of the Araceae included
in the present investigation, 4 taxa - Amorphophallus
bulbifor, Arisaema consansuineum, Gonatanthus ornatug and
Steudners golocasioides, grow almost wlld in Meghalaya.
The previous work on these genera including the present
determination are summarised in Tables 41 to 44. The 2
numbers are 26, 28, 30 and 28 respectively and all are at
the diploid level. Among the 4 species, the chromosome

sizesin A, bulbifer =nd S, colocasioldes are almost similar
which range from 3.17 to 6.86 /u (Table §). In the other

two species, Arissema consanguineum and Gonatanthus orpatus,
the chromosomes are much smaller, 1.40 to 2.92 /u in the
former and 2.19 to 7.04 /u in the latter. A great varia-
tion in the size range of individual palrs in Gonatanthug
ornatus may be noted. The karyotype of Amorphophallusg
bulbifer (Tsble 1; Fig. 3), indicates that 11 pairs of
chromosomes of different sizes, A, B and C types, have
medien centromeres and only 2 pairs have sub-median centro-
neres, The T.,F. value ig 41.32. From these chromosome
measurements and karyotype the specles appear to have a
symmetrical karyotype. The other species Arlgaema



consangulneum has much smaller chromosomes, but in this
case also out of 14 pairs, 10 palrs have median centro-
meres and 4 palrs have sub-median centromeres with T. F.
value 41.64. On the whole, thié specles also has a
symmetrical karyotype. The third specles Gonatanthus
ornatug has 15 pairs of chromosomes, of which 10 pairs

of chromosores with A, B, C and D types have median centro-
meres and 5 palrs of different sizes have sub-median
centromeres. The 7. F. value is 40.94. This species tends
towards asymmetry although majority of the chromosomes are
still metacentric. Jteudnera golocasiojdes has 13 pairs
of A, B and C types of chromosomes wlth median centromeres
and only one pair has subemedien centromere with T. F.
value 43.26. Thus, this specles also has a symnmetrical
karyotype. Therefore, from the idiogram, T. F. value and
karyotypes of these four species which are at the diploid
level can be clessified as primitive types chromosomally.

From the determination of 2g nunber, the
haploid number in them is 13, 14 and 15 respectively. A
perusal of the basic chromosome number in the family (e¢.f.
Darlington & Wylie, 19855) indicates x = 7, 8, 9, 11, 12,
13, 14 and 17. The specles with a haploid nuuber 14 can
easily arise as a muitiple of 7. In fact, the haploid
number which 1s found in the largest number of specles, 1s

generally talken as the primary basic number. It is quite

AT



likely that 7 may be the basic number from which even 8

or 9 can be derived through duplication of one chromosome
by non-disjunction at anaphase. Thus, from the primary
mode of 7, 8 or 9 could arise. Similarly, 7 could give
rise to the number 14 by duplication from which 13 or 16
could arlse by addition or deletion of one chromosome at
anaphase. Once these numbers, 13, 14 or 15, are establish-
ed, thelr mere doubling would give rise to the 2g number
26, 28 and 30, Most of the specles are vegetatively propa-
gated and sexual sterility even 1f encountered, has no
relevance. The previous report of Mookherjea (1956) also
stresses the basic number as 7, 8 or 9 which are found

in several genera of Aracéae, such as, g = 9 in Acorus
(Darlington & Wylie, 1955) and g = 8 & 9 in Typhonium
(Sharma & Mukhopadhyaya, 1968). The ten species of Amorpho-
phallug listed in Table 41 have all 23 = 26 or 39, It is,
therefore, quite reasonable to assume that the secondary
stable basic number for the genus is 13 from which the
specles with 26 or 39 have arisen through doubling or
tripling. However, it might be possible that x = 13 in
Amorphophallug snd x ¥ 15 in Gopatanthus may themselves be
a derived number from a lower number as suggested above.
Krishman et al. (1970) held the same view while studying
the number of chromosomes in Amorphophallus. The presence

of supernumerary constrictions (Fig. 8) in the chromosomes



104

of Gonatanthus ormatug also indicate that structural
changes in chromosomes have taken place.

Secondary constrictions have not been observed
in the chromosomes of Amorphophallugd, Arlgaems and Steud-
nera, but two pairs of chromosomes of Gonatanthug show
secondary constrictions. Ramachandran (1977) reported
secondary constriction in a triploid A. bulbifer. It is
a common feature that in the same species some workers
have reported secondary constrictions, whereas, others
have not observed it. According to some workers second-
ary constrictions are important chromosome markers and it
imparts individuality to chromosome pairs, but it is not
considered important in over all considerations of karyo-
type. There is considerable divergence of opinion about
the relevance of secondary constrictions as a chromosome
marker and reliable tool in phylogenetlc studies. Stebbins
(1950) mentioned that "nucleolar organisers with its
satellites may be gained or lost during evolution and that
the size may increase or deerease." Lewls and John (1963)
stated that chromosome regions which are devold of colling
present a different picture than a totally coiled arm and,
therefore, secondary constrictions are not always constant
in appearance and have to be conslidered with utmost care
and attent;an. So far these four specles are concerned,

secondary constrictions are absent In 3 and present in two
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chromosomes of one species and thus it does not provide
any valuable information either on the symmetry or phylo-

geny of these taxa.

The other two species Xanthogomg gsagittifolium
and Colocasla gsgulenta are cultivated for their nutritious

coras and cormels. These two show great diversity in
thelr morphological features as well as other characteris-
tics. In particular, X. saglttifolium collected from plains
end the same species collected from the hllls differ mark-
edly. The tubers of the plain variety are smaller in size
than those of the hill varlety. The height of the plants
in the hill variety is higher (50.1 em) than that of the
plain variety (30.90 em), but these two varieties are
identical in thelr leaf shape. Their leaf size differs.
Percentage of moisture content and yield per plant are high
In the hill varlety as compared to the plain ones. The
stomatel index 1s high in the former. The hill variety is
found to be morphologically superior to plain variety in
all the morphological parameters analysed. The species
is popularly lnown as 'Tannia' and the varieties collected
from the hills and the plains are both diploids (2n = 26).
Thus, in spite of great differences in the morphological
features of the two varieties they have the same chromosome

nunber and are at the diploid level. The somatic number
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corroborates the earlier report of Jos and Magoon (1970),
Magoon gt a2l. (1971) and Marchant (1971). The chromosome
complements in both the varieties are almost similar with
slight differences, namely, in the plain variety it ranges
from 1.23 /u to 3.25 /u and in the hill variety from 1l.84
to 3.87 /u. The individual length of chromosomes and the
types to which they belong are given in Tables 7 and 8.

In the plain variety 10 pairs of chromosomes are metacentric
and they are of the C, D and E types. Only 3 palrs have
sub-median centromeres. In the hill strain, however, 6
palrs of chromosomes of C and D types are metacentric,

4 palrs of C type and one palr of D type have sub-median
centromeres. The remainiﬁg 2 palrs are of D types and have
sub-terminal centromeres. Thus the T. F. value in the
plain variety i1s 40.77 and in the hill variety it 1s 38.48.
On the basis of these measurements 1t is evident that the
karyotype of the plain variety is more symmetrical than
that of the hill variety. If wider areas in the hills
including all niches are covered for collectlons possibly
we may get far more variations both morphologically and
karyotypically.

The 2pn number being 26, the haploid number is 13,
which may be loolxd upon as the basic number., It has been

discussed above in the case of the other species 1like
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A, bulbifer that even x = 13 could have arisen from a
lower number. The variation in the karyotypes of the
plain and the hill varieties possibly indicate that the
original basic number 13 is a derived number. Based on
pachytene studies (Table 45) 1t was suggested that Xantho-

soiia has a low hase number like 7 or 8.

Thus, on the whole, the differences in the
T. Fu values of the plain and the hill varlieties and thelr
karyotypes, indicate that factors responsible for the loss
or galin in the chromatin matter and mechanlism like peri-
centric inversions and translocations could be operative
possibly shifting the pogition of ;he centromeres and
altering the size of the chromosomes. TIwo trends in the
chromosome morphology and size appear to be evident, namely,
evolution of the basic number 13 from a lower number and
karyotypliec differences in the plain and the hilll variety

through aberrations.

The specles, Colocasla egsculenta, 1s popularly
callad 'Taro! and is cultlvated for its nutritious corms.

Fifteen strains have been collected from ths plainsg of
South and North Indla, znd also from the hills of Meghalaya.
Tho distinctive norphologicsl features of the corms and
cormels have been summarised in Tablee 10 and 1l. The

accessions from South India are diploid with 2 = 28 and



those from North India are triploids with 23 = 42. The
collections made from the hills of Meghalaya have both
diplolds and triploids. The triploid strains on the whole
are bigger in size and morphologieally superior to diploids.
The triploids fronm Meghalaya also showed more variations in
size than diploids. The leaf size in the diploids ranges
from 111.7 en® (Strain 15) to 1983.5 em? (Strain 12). In
triploids, however, it ranges from 281.7 o2 (Strain 7) to
3083,5 an® (Strain 10). It is interesting that the wild
strains had a lover leaf arez, namely, 111.7 em® end the
stomatal index 8.27. The Increcase of chromosome number
from 28 to 42 decreases the stomatal index which ranges
from 3.91 to 8.61. A simflar tendency in the reduction

of stomatal index frejuency was reported in Zga mays (Ran-
dolph, 1932, 1935), Tradescantla (Sax & Sax, 1937) and
Sedum (Smith, 1943). The triploids gave much higher yleld
than the diploids. Even the diploid strains growing in

the higher altitude gave better yleld performance than the
strains cultivated in the plains. Thus even in the diploids
there 1is strain difference. This grsat variabllity, there-
fore, in the diploid and triploid acccsslons in Cologagla
esculenta can be meaningfully cxploited for higher and

more productilon.

The genus Colocasia appears to possess different

chromosome numbers. The present report of 25 = 28 and 42



108

confirms the earlier reports by a number of workers
(Table 46). However, Rao (1947) and Delay (1951) also
reported 23 = 36 and 48 respectively. But the majority
of the reports from various accessions confirm 2 = 28

and 42.

The detailed measurements of chromosomes and
thelr karyotypes are given in Tables 12 to 26. Taking
the Strains 1 to 11 (Tables 12 to 22), all of which are
triploids, there is some degree of varlations in the size
of individual chromosome and correspondingly in the mean
length of the chromosomes. Some differences in the size
of individual chromosome ¢an also be ascribed to differen-
tial fixation and staining on different locations and
dates, but intrinsic differences in the size of the indivi-
dual chromosomes cannot altogether be ignored. Among the
triploids the smallest chromosome is 1.70 A (Strain 4)
and the longest is 4.40 /1 (Strain 7) in size. Naturally
the total chromatin length among the triploids also shows
variation with the lowest factor 98.70 A in Strain 9 and
the highest 137.43 /u in Strain 7. The karyotypes of the
individual strains also show variations. For instance,
Strain 1 to 11, which are all triploids, have different
number of metacentric chromosomes, 13, 9, 9, 9, 10, 7, 11,

10, 12, 7 and 12, respectively. Most of the metacentric
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chromosomes are of C and D types. However, there 1is
variation in the number of chromosomes with sub-median

and sub-terminal centromeres in these strains. Beslides
the metacentric chromosomes, the remaining pairs are
mostly sub-metacentric. Only in 4 strains some chromoso-
mes show sub-terminal centromeres (Tables 13, 14, 16 & 21).
Thus, basically the karyotype is symmetrical with some
chromosomes showlng tendency towards sub-terminal centro-
meres. This is also evident from the T. F. value which

is only 39.28 in Strain 2 and the highest 45.33 in Strain 1
with most of the strains having 40-41 as the T. F. value.

Among the four diploid strains (Tables 23 to
26) the smallest chromosome is 1.93 /u in Strain 13 and
the biggest 4.34 Ve in Strain 12. However, the mean
length of the chromosomes is 3.0 P Among these 4 strains
also the pairs of metacentric chromosomes are from 12 to
16 and most of these metacentric chromosomes are of C and
D types. The reamining pairs have sub-metacentric centro-
meres but no pair has been found to possess sub-terminal
centromere. Accordingly, the highest T. F. value 18 43.1l56
in Strain 12 and the lowest 38.32 in Strain 15, In the
dlploid strains also, therefore, the karyotype is mostly
symmetrical only showing a shift of the position of centro-

mere towards sub-median position. But a comparative look
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of the triploids and the diploids, indicate that there

are individual sets of triploid chromosomes where the
centromere shifted to sub-median position, but that type
of situation has not been found in the diploid accessions.
It indicates that the triploids showing greater varia-
bility not only in regard to the number but also in intra-
chromosomal shifts of segments. One would, therefore,
expect the triploids to provide a much richer material
for clonal selection and cultivation than the diploids.

The above discussions have established the
exlstence of cultivation of a number of diploid and triploid
strains, some suited to Sputh India, some to North Indla,
whereas both diploid and triploid to Meghalaya State. These
strains of Cologasia (Taro) are propagated exclusively by
vegetative means and, therefore, one strain 1s completely
i1solated from another without any chance of gene exchange
among them. Thus the karyotypic changes and random muta-
tions arising in each strain would gradually lead them to
divergence. This 1s not only true for Cologagla, but
equally true for Tannila (X, gagittifolium) as reported by
Kuruvilla and Singh (1980). These divergences are also
reflected in the diploid and triploid strains cultivated in
the higher altitude of Meghalaya which have longer chromo-
somes than those cultivated in the plains. Stebbins (1950)
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critically discussed the adaptive significance of longer
chromosomes at higher altitude. Thus the general pattern
of the evolutionary dynamics, 1.e., through structural
changes in chromosomes in Taro and Tannia 1s the same as
described in other groups like Hordeum (Sharma, 19563
Sharma & Mookherjea, 1956), Sorghum (Sharma & Bhattachar-

jee, 1957) and Brasgica campegtrig (Mookherjee, 1977).

The occurrence of the triplold strains which
are karyologically arranged into 14 sets, each set of 3
chromosomes, confirm their autoploid nature. But the
number 28 with p = 14 itself appears to be a derived
number from the basic numper 7 because in a large number
of the taxa of Araceae x = 7 is the dominant number. Thus
through doubling in the remote past the secondarily derived
base number 14 was establ!shed in this genus. The poly=-
ploids in the genus appear to have been derived from the
basic set of 7 and wherever numbers other than 28 and 42
are found, they may be deviations from the basic set of 7
(Choudhar{ & Sharma, 1978), The meiotic studles of
Abraham and Ramachandran (1960) and, Sharma and Sarcar
(1963) showing 14 regular bivalents corroborate that the
chromosomal gets are homogenous and have arisen through
doubling in the remote past. It is now well known that
the autopolyploids, after a few generations, fail to form
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multivalents (Randolph & Giles, 1951), hence, the occu-
rrence of regular 14 bivalents does not preclude the

chance of the autoploid nature of the polyploid strains
of Colocasia.

Electrophoresis, 1.8., electrophoretic mobili-
ty of protein fractions, 1s proving to be a very effective
tool in the analysls of genetic variance. Similar varie-
ties of a taxon possess almost similar/identical bands
which are considered & reflection of their genetic homoge-
neity. In accessions which have the same chromosome number
as well as very few distingulshing ieatures, protein and
enzynatic bands may prove*informative to bring out the
intrinsic differences among them. Singh et al. (1973) and
Sanyal and Sharma (1980) stressed this point in their report.
In this backdrop the two accessions of Xanthosoma sagltti-
folium, one from the plain and the other from the hills,
have been analysed electrophoretically to bring out the
nature of intrinsic differences between them. It may be
recalled that the same chromosome number and thelr chromo-
somal complements are very similar except that in the hill
accesgsions the karyotype has several pairs of chromosomes
with sub-median centromeres and show a tendency towards
asymnmetry. How far these intra-chromosomal varlations are

reflected in their protein and enzymatic profiles may provide
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useful information. The total protein content in the
plain and the hill accessions is 5.1 and 8.4 mg/g dry wt.
respectively. The number c¢f protein bands are 7 in the
plain accassion and 12 in the hill accession. Fig. 23
Indicates that the number of dense bands vary in the

two accessions which are 2 in the plain and 3 in the hill
variety. However, statistical analysis of the Rf values
of the 5 bands in the two accessions shows that they are
not significantly different from each other and, there-
fore, be congidered homologous. The homologous bands are
characterised - (a) dense and (b) medium, but none of the
light bands are homologous in the two accessions. éhsq}er
and de Wet (19%5) mentioned that in spite of morphological
and ecological differences, taxonomic categorles below
the species level possess the same protein profile. How-
ever, in several cases different bands have been encoun-
tered among different varieties or sub-gpecies of the
same specles complex. For the enzymatle profiles peroxi-
dases are easlly screened. These are oxidative enzymes
which oxldise a number of substrates but not hydrogen
peroxide (Héoz)' They catalyse the oxidation of phenolic
conpounds anc aromatlc amines into quinones in the
presence cf H 02 (Bonner., 1950). These enzymes are uni-

2
versal in the plant lkingdom and are generally assoclated
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with the electron transport chain from NADH, to cytochrome
as reported in cabbage and cucumber mitochondria (Ivanova
et aley 1967). It is seen from Fig. 24 that peroxildase
bands afe 5-7 in the plain and hill varieties but the
number of dense bands are the same in both the accessions.
Thus electrophoretic pattern shows characteristic banding
pattern for protein and enzyme. The minor differences in
the two patterns may be talen to indicate the differences
in their genetic make-up.

Summarising the situation in X, gsaglitifolium
it may be stated that the nminor differences in the karyo-
type of the two accesslong may be due to intra-chromosomal
changes and mutations which are also reflected in addition
to their total protein and electrophoretic patterns of
isoperoxidases. Quite 1likmly the hill variety with higher
protain content may be the result of human selection for
more nutritious corms. The hill varisty growlng in remote
areas is comparatlively not so disturbed and represent the
pattern of intra-chromosonal changss that are taking place

in the specles.

Onwueme (1978) holds that 'Tannia' originated
and was brought into cultivation first in Tropical America
from where it spread to other continents including South-
East Asia. In Meghalaya it is likely to have been brought
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fron the South-East Asian countries and reached the Khasi
hills. The plain variety may be a direct introduction

from the orlginal American straine.

Ethnlc relationships of some tribes of North-
Bast Indla to the natives of South-East Asla lend support
to this view. Even 1if the two accessions may have a
common origin, some cytogenetlie divergences are expected
because of thelr migration from the original place via
different routes. Perhaps the performance of the Khasi
variety »nd the plaln variety, andé vice versa, and also
their in-depth assessment of protein end peroxidase pro-

f1les may provide additional information about their origin.

The electrophoretic studies 1n respect of
total protein profiles and carbohydrate contents have been
nade in all the 15 strains of Cologasia esculenta, 11 of
vhich are triploids and 4 are diploids. The protein values
in thess strains range from 4.2 to 11l.4 mg/g dry wt. The
maximum protein value is found in one of the triploid
Strain 8 (11.4 mg/g dry wt.) and the minimum (4.2 mg/g dry
wt.) in the wild diploid Strain 15 (Table 28). The highest
carbohydrate content 36.0 mg/g dry wt. is regarded in
triploid Strain 7 and the lowest in the diploid Strain 15.
Electrophoretic banding patterns also show variable numbers

among the different strains of 'Taro', Generally the
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number of bands is 9 in the wild strains and 12 in the
cultivated Strain 1 (Table 28, Fig. 88)., The number of
dense bands also differ in diploids and triploids. Even
in triploids, Strain 4 has two bands, whereas Strain 7
has six bands. The other strains 1ike 1, 2, 3, © and 11
of the triploids, have 4 bands each. Only two triploid
strains 5§ & 6 have 5 bands., Among the diploid strains
the number of bands ranges from 2 to 3. For instance,
Strains 12 and 14 have 3 bands and Strains 13 and 15 have
2 bands. Like the dense bands the medium bands also vary
in all the strains. Danimihardja and Sastrapradja (1978)
reported maximum of six bands in the cultivated and three
bands in the wild. In the present collections both in
wild and cultivated 'Taro' the number of bands are higher

than in the reports of the previous workers.

From these electrophoretic studies and carbo-
hydrate contents indications become evident that these
strains differ at the genotyplc level. The wild strain
with tendency towards asymmetrical karyotype, which obvi-
ously has not been subjected to human selection, has lost
carbohydrate and protein content. Human selections have
always been in favour of strains which have more food value.
This is all the more evident that the triploid strains
have more total protein content than the diploid strains
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although collected from the same area and altitude.

Their protein bands are almost similar. Minor karyotypiec
changes in the wild strains may only be the device for
adaptation in the natural environment whereas the cultiva-

ted strains are pampered and safeguarded under human care.

In conclusion it may be generalised that these
'Taro! strains are not only morphologically divergent but
also karyotypically and genotypically. The triplold
strains have greater varlability than the diplold ones.
The occurrence of both diplold and triploid forms in the
hills of Meghalaya, whereas the diploid forms restricted
to the plains of South Indla may be taken to suggest that
triploid arose in response to the demand of the climatic
situations of the Meghalaya region. Several workers like
Love and Love (1843, 19849 & 1957) stress that the poly-
Ploidy 1is one of the responses of the organism to higher
altitude. Since these strains flower very rarely, thelr
melosis is unknown and no critical comment on the nature
of triploidy i1s possible although karyotypes suggest their
autoploid origin.

De Candolle (1886) mentioned that Colocasgia
originated in the Indo-Mal¥yan regions. According to Pena
(1970) cultivars of C, egeulonts might have originated
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either in the North-Eastern regions of India or Upper
Burma., Plucknett (1972), on the other hand, holds that
Southern Asia 1s the native place for Colocagla. Onwueme
(1978) stated that 'Taro' varleties might have originated
from South Central Asia. The greater diversity in the
hill strains of C, egculents than in the plain varieties
suggests that there is greater probability that these
strains originated in the North-Eastern India. According
to Vavilov (1931) the specles in the area of its origin
has larger number of variations or diversity. From this
angle the North-Eastern region of India may be considered
the centre of origin of C, egculenta, To settle the
matter wider collections.from the whole hill regions of
North-East India as well as from the South-East Asla

would be rewarding, hence, is essential.

Thus the cytological data of the wild and
cultivated species of Araceae have provided useful clue
to the trend of specilation among them and also throws
light on the status of their ploidy and the basic chromo-
some number. The study of total protein content, enzyme
profiles and carbohydrate content in the wild and cultiva-
ted strains have also indicated the role of human and
natural selection in the spread of the varieties. It has
also highlighted the necessity for in-depth collections
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of the rich germplasm of the tuber erops which can be
meaningfully utilised to supplement the food chain of the
population. The maximum diversity of some of these arolds
also indicates North-East region of India to be thelir
probable centre of origin. These informations underline
how necessary it 1s to have a systematic and intensive
cytogenetic study of the local flora, both cultivated and
the wild, of the almost unexplored reglon of Meghalaya.

II

The choice of selecting some local varieties
of malze of Meghalaya as the experimental material for
investigation was stressed in the earlier chapter, on the
basis that the North-East region of Indla is considered
as the secondary centre of origin of maize. In fact primi-.
tive malze varletiss are cultivated In Sikkim and other
hill States of the North-East region showing all the fea-
tures of the Iripsacum in having several cobs from a large
nunber of nodes, but each cob of small slze. There Is
also a group of cytogeneticists who hold that malze origi-
nated in South-East Asia from Coix and Sorghum (Anderson,
12455 c.f. Mangelsdorf, 1947). Be that as it may, In the

present investigation several local varietlies have been
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studied for their morphological diversities and behaviour

of the intervarietal hybrids in the F1 and succeeding
generations, It 1s well known that in inheritance studies
hybrids do produce 'throw-backs' and 'off-types' of rece-
ssive genes which are important, if not economlcally, at
least from the phylogenetic angle. It 1s in this background
that data on the various varieties included in the investi-
gation and their hybrid performance is considered here.

The chromosome number is very stzble (2 = 20)
and confirms all the previous work (Table 47). The g and
the baslc number, therefore, 1s 10 which is accepted by
most malze workers. However, Anderson (1945) holds that
the basic number in malze 1s § like Coix and some other
specles of Maydeae. According to these latter views malze
is a tetraploid which has got diploidised as a result of
gotting filtered through thousands of sexual generations
after 1ts origin. The process of diploidisation in malze
appears to be rather fast which was evident from the work
of Randolph and Giles (1951) in which only during 10 gene-
rations the experimentally produced tetraploid malze with
20 = 40 began to show only l-2 quadrivalents in the 10th
generation when it had an average of © quadrivalents in
the first generation.
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In view of this if Zea mays arose from a proge-
nitor with 23 = 10, it would be a polyploid but behaves
today as perfect diploid. This could be a probable hypo-
thesis., It is true that in 2, mays inheritance studles
have shown duplicate factors (Huskins & Smith, 1934;

Powers & Clark, 1937), but even in strictly diploid species
deletion and duplication do arise spontaneously. The indi-
viduals vith deleted segment may be eliminated but the one
with duplicated segments may have a survival value in
natural selection and would thus be retained. In this
light mere presence of duplicated genes cannot be a strong
ground for a polyploid origin of a taxon. Das (1970) holds
that maize might have originated as a result of hybridisa-
tion between two very closely related genera with g = 10

of a baslc number 5 in Poaceae (Craminae) in which an array
of basic numbers 1ike 5, 7, 9, 10, 11, 12, 13, etc. are
comnon. Several genera have dibasic number 7 or possible §.
But no conclusive evidences have been forthcoming to esta-
blish the derivation of g = 10 in Z, mayg from basic number
Se

It is interesting that 2p = 20 1s a common
number in all the four varietles - Yellow Shillong, Garo
White, Sikkim Yellow and Silkldm White, but the total chroma-
tin length in them are dilfferent from one another, namely,
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81.32 /1, 74 .94 /1, 57.94 /u and 50.04 /1 respectively.
The length of chromosome itself is not a decissive factor
to interpret wide divergences, yet, the difference like
81.32 /-l and 80.04 /l cannot be altogether ignored, espe-
clally vhen all these varieties are almost endemic to the
hilly tract of the North-East region.

Looking to the karyotype of the four varietles
some Interesting features emerge. The karyotypes of
Yellow Shillong have the maximum sub-median chromosomes,
i.e.y 4 pairs are sub-median and 6 palrs are metacentric;
whereas, in Sikkim Yellow there are only 3 sub-median palrs
and 7 pairs are metacentric (Tables 30 & 32). The differ-
ence in the number of chromosome palrs having median and
sub-median centromeres is reflected in the T. F. value
which is 36.33 in Yellow 8hillong and 42.75 in Sikkim
Yellow. It thus shows that the intra-chromosomal shifting
of centromere and chromosomal segments have taken place
in these varieties which are well adapted to local climatie
situations. In each of these varieties there are some
chromosomes which are longer and others are shorter. The
ratio between the longest and the shortest chromosomes are
2.07 /u and 2.40 /u in Yellow Shillong and Sikkim Yellow
respectively. The occurrence of long and short chromosomes

in one cell have been generally interpretted as having been
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contributed from two different progenitors. Thus Kuwada
(1919) postulated that longer chromosomes in Z, mayg are
derived from Euchalena and shorter through other hypothe-
tical progenitor supposed to be an unlmown specles of
Andropogonae. It was on this postulate that he based his
idea of hybrid nature of Zea mays. This view has, however,
very little support and even in the present primitive varie-
ties no such indication can be ascertained.

Melosis in a taxon and hybrid provides a very
useful source of information on the homology, structural
pattern, linearity of genes, chromosomal aberrations, etc.
Therefore, meiosls occuples a very important aspect of
investigation of species hybrids to understand their ances-
tory and phylogenetic relationship. There are important
research publications showing that the melotle palring is
under genetic control (Swanson, 1957; Rees, 1961; Ved Brat,
1965). Basic chromosome number and chiasmata per nucleus
congtitute the recombination index of a species. In
several cases chlasma frequencies have been found to be
influenced by environmental factors, such as, temperature,
rainfall (Elliott, 19553 Dorwick, 19573 Henderson, 1962,
1963). But in the present instance all the varieties have
been grown and studied under uniform environmental condi-

tions having the same temperature, soll types, etc., hence,
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the influence of environmental factor is ruled out . The
chiasma frequency may, therefore, be safely taken as true
index of genetic expression. At meiosis all the varietiles
show 10 bivalents mainly of ring types. Rod bilvalents

were scarce., At times a few PMCs in an anther did have

9 bivalents and 2 univalents which may have been precoci-
ously separated or they may be true univalents. The scoring
of ring, rod er spindle shaped bivalents in different
frequencies determine the number of chiasmata per nucleus
and per chromosome. In thls respect, the four varieties
have different chiasma frequeney at diakinesis and meta-
phase I and they significantly differ from one another
(Table 35). For instance, Garo White has 24.50 chiasmata

at diakinesis but the Sikkim White has 21.61l. On the other
hand Sikkim Yellow has 20,37 and Sikkim White 18.50 at
metaphase I, Of course the chlasmata value always decreases
from diakineslis to metaphase I due to terminalisation, yet
between the two varieties of the same locality, if they
differ in chiasmata frequeney that may smount to an intrin-
sic genetic difference between them. It is also held that
a variety which 1s highly homologous has a high chiasma
frequency with the result that the recombination index is
raised through reshuffling of genes at recombination. Thus
the chiasma frequency at diakinesis and metaphase I in these

varieties may be taken to reflect some amount of genetic
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divergence that have arisen in them to maintain varietal
identity.

Pollen fertility is very high in all the four
varieties, namely, 90.20%, 90.60%, 87.32% and 86.28% in
Yellow Shillong, Garo White, Sikkim Yellow and Sikkim
White respectively. Since there were no chromosomal
abnormalities at any stage of meibsis, the high fertility

of pollen is an expected expression,

From the standpoint of nutritive value, such
as, the carbohydrate and protein contents, the four varie-
tlies differ from one another. Garo White has the maximum
protein content (9.2 mg/g dry wt.) and the minimum value
is 5.4 mg/g dry wt. in Sikkim Yellow. But Sikkim Yellow
has the highest carbohydrate content (13.4 mg/g dry wt.)
and the lowest value in Yellow Shillong (8.7 mg/g dry wt.).
These differences in the total protein and carbohydrate
contents should be taken to reflect their genetic diver-

gence., The same 1s true about other two varieties,

In the hybridisation programme among these
four primitive varieties, the procedure adopted has been
that one variety from the Sikkim area and one from the
Shillong area have been hybridised. Since these two States

grow their own malze varieties the crossing experiments
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could bring out through the hybrid and segregating genera-
tions tha differences in their genetic make-up. The hybri-
ds raised are : Yellow Shillong (female) x Sikkim Yellow
(male) and Sikkim White (female) x Garo White (male). In

both these crossings the size of the F, hybrids was

vigorous and intermediate of the two pirents. The colour
of the kernels in the first cross Yellow Shillong x Sikkim
Yellow was purplish. This indicates that the factors for
yellowish kernels in the two varietles are not the same,
hence, instead of producing additive effect, the phenoty-
pic expression of the kernel colour has been through geniec

interaction producing 2 new genotype, purplish.

In the second c¢ross Garo White x Sikkim White,
the Fl kernel was whitish. But in all other respects the
first hybrid, Yellow Shillong x Sikkim Yellow was superior
to the Garo White x Sikkim White (Table 36).

The F1 hybrids wore meiotically quite stable
in number as well as in pairing behaviour. The karyotype
in the hybrid also remained more or less the same as for
the parent varieties (Tables 37 & 38). However, due to
hybridisation a mixture of chromosome complements may
sometime lead to more pairs of chromosomes with sub-median

centromeres or less with medlan or vice versa. Thus the
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shift in the symmetry of the karyotype may take place as
a result of the hybridisation between the two distinct
varieties. Secondary constrictions are absent in the
Sikkdm White x Garo White but is present in the Yellow
Shillong x Sikkim Yellow.

The mean length of chromosomes differ in the
two hybrids. The hybrid Sikkinm Vhite x Garo White has
longer chromosomes (3.25 /u), vherees, Yellow Shillong x
Sikkim Yellow has the mean chromosome length of 2.02 /1
(Table 39). As in the parents, Garc White x Siklkim White
hybrid has a pair of long chromosomes when compared to
other chromosomes in the complement and the ratio between
the longest and the shortest 1s 2.16 /u. In Yellow
Shillong x Sikldm Yallow hybrid, hcwever, longer chromosomes
have not been observed. But 1little difference exists bet-

ween the chromosomes as the ratio is 1.85 /u.

Chromosorie pairing being quite normal not much
information on the internal make up of the chromoscmes
could be made out. The chiasma frequency is higher at
dlakinesis than at metaphase (Table 40) in both the hybrids.
The value of chiasmata in Yellow Shillong x Sikkim Yellow
1s 23.90 /u and 20,05 /u at dlakinesis and metaphase I
respectively. At these two stages the chiasma frequency in
the F, hybrid Sikkim White x Garo White 1is 23.08 and 19.76

1l
respectively.
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Pollen fertility is high which is expected
because of the regular meiosis, but in the two hybrids
the value slightly differ (82.274 in the Yellow x Yellow
and 82.20% in the White x White)., However, in comparison
to the parent varieties the pollen fertllity is lower.
This may be due to eryptic structural differences in the
chromosomes of the varieties brought together in the
hybrid. Such minute cryptic differences do not hamper
normal pairing but result in disharmonious gene combina-
tions giving rise to production of some aberrant and
sterile pollen grains. To that extent the pollen fertility
data suggest that these primitive malze varieties are
distinet and isolated, and possess different set of genes
in their chromosome complements. Magoon gt al. (1967)
interpretted the reduction in pollen fertility and seed set
on the basis of such cryptic structural differences in
varietal hybrids which grow in geographically distant areas.

Protein and carbohydrate contents in the Fl
hybrids are intermedlate of the two parents which again
suggest that these two profiles are under genetic control
and, hence, acquire the intermediate value between parents
and the hybrids.

Summarising the study of the four hill varie-
ties of maize it may be stated that they are distinct and
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established primitive varieties well adapted to these hill
regions. More and more isolated pockets of the tribal and
hill areas need to be covered and all available primitive
varieties of malze be collected to ascertain their variabi-
lity and gene pool. Quite likely some of them still possess
more genes of other progenitors and may thus hold the key
to 1llustrate theilr origin. Even in this collection of
four varietles only there is indication of cryptic struc-
tural differences in the chromosomes. Similarly, they have
features which point to other genera from which they have
originated. However, more in-depth collections and modern
techniques of chromosomal assay in these primitive varieties
and their comparison with the primitive varieties of the
New World can be worthwhile to see how much North-Eastern
region has contributed to the origin of maize. In this
connection it may be stressed that Jain and his assoclates
(personal communication) studied a number of primitive
varieties of North-Eastern region, especially their chromo-
somal make up and recombination index. They found that

the INA content of these primitive maize significantly
differ from the New World maize which is also reflected in
their different recombination frequencies. On this basis
they concluded that these primitive maize varieties of the
North-Eastern region are the original progenitors of the
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modern maize. They thus supported the views of Anderson
and others that malze arose in North-Eastern region of
Indla including Upper Burma. Mangelsdorf (1947) held

that the South-East Aslan origin of malze 1s an open ques-
tion and need to be probed thoroughly. In view of these
findings it becomes imperative that more and more collections
of the primitive maize varietles of Sikldm, Northe-Eastern
region including Upper Burma be made and sultably assessed
with regard to their chromosomal and DNA organisation,
meiotic behaviour and recombination in the parents and
thelr hybrids and compare tham with the New World maize

as well as with the allied genera of Poaceae to elucldate
their origin. )
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BUMMARY

Collections of some cultivated and wild
tuberous speciles of the family Araceae and primitive native
strains of maize being cultivated in the remote areas of
Meghalaya were made. To suitably assess these accessions,
their morphometric, cytological, electrophoretic and inheri-
tance studies have been carried out, the results of which
are compiled in the thesis., Such a systematic collection
and evaluation of the above mentioned wild germplasms of
Meghalaya 1s almost a new attempt in the study of the rich

flora of the region.

1., The tuberous taxa comprise of the genera Amorphophallus,

Arisaems, Gonatanthug, Steudnera, Xanthosoma (plain and
hill varieties) and Colocasla (15 strains).

2. Amorphophallug bulbifer, Arlsaema consansulpeum, Gopa-
tanthus ornatug and Steugnera cologasioldeg grow wild.
The 23 number in these species are 26, 28, 30 and 28
respectively. These numbers have been determined for
the first time. There is wlde range in the size of
chromosomes -« 1.4 /u to 7.04 /u. The smallest chromo-
somes are found in A, consanguineum. The detalled

measurements of the chromosomes show that they have a
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symmetrical karyotype. However, in G, grnatug a few
of the chromosomes tend towards asymmetry. Cytologically
these specles appear to be primitive.

Somatic number suggests basic number as 13, 14 and 15
resﬁectively. But the possibllities of these basic
nunmbers having been derived from a lower number 7 or 8
cannot be precluded. These points of evolutionary

importance have been discussed.

The two cultivated tuberous species belong to Xanthosoma
and Colocasia. Xanthosoma 1s cultivated in the hills as
well as in the plains. The leaf shape in the plain and
the hill strains are identical, but they greatly differ
in size. Both the varietles of Xanthogsoma have 23 = 26
and are considered diploid. Detailed chromosome measure-
ments indicate that the plain variety has more symmetri-
cal karyotype than the hill variety. The role of chromo-
somal aberrations in creating karyotyple differences has

been stressed.

Colocagia esculenta has a large number of strains, 15 of
which were collected and studied. Eleven of the acce-

ssions are triploids with 23 = 42 and four are diplolds
with 2g = 28, Triploid strains are morphologically and
in yleld far superior than the diploid strains. The
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detalled measurements of the chromosomes and the
karyotypes have indicated greater divergence in the
position of the centromeres of the chromosome pairs in
triploid strains than in the diploid ones. Thus tri.
plolds showing greater diversity in morphology, yleld
and karyotype, provide a richer material for clonal
selection and cultivation than the diploids. There is
also significant difference in the mean length of the
chromosomes of the different strains of Cologcasla escu-
lenta. The adaptive significance of the difference in
the chromosome length with respect to lower and higher
altitudes have been projected. The study has brought
out the role of karyotypiec changes and random mutations

onn the divergence of these strains.

Using Lowry's method (1951) total protein content in

the plain and hill varieties of Xanthogsoma gagittifolium
was determined, the values being 5.1 and 8.4 mg/g dry wt.
respectively. Electrophoretic studies showed character-
istle banding pattern with respect to protein and iso-
peroxidase. In Colocasia esculenta triploid strains
have more protein and carbohydrate contents than the
diploids. The nunber of protein bands also are more in
triploids than the diploids. The electrophoretic data
have provided an insight into the genetic make-up of the
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varieties (plain and hill) and strains of Xanthogoma
sagittifolium and Colocasia esculenta respectively.

The cytological and morphological data, when compared
with other works of these genera from other regions of
the world indicate that the hill variety of Xanthosoma
sagittifolium probably reached Meghalaya and other
North-Eastern regions of India from South-East Asia.
The plain variety of the species, on the other hand,
appear to be a direct introduction from the original
Americen stralns. Thus the presence of the hill and
plain varieties of thls species has two sources of
introduction in Meghalaya and, therefore, thelr cyto-
genetic divergence 1s a result of thelr having been
orlginated from different centres.

Similarly, the diploid forms of Colocasia egculenta are
restricted to South Indila, whereas both diploid and

triploid forms are found in Meghalaya, the triploid
strains being more wide-spread. It is believed that the
triplold strains arose in response to the climatic condi-
tions and ecological demands of the hills of Meghalaya.

North-Eastern India including Sikkim still grow primitive
malze varieties in remote areas. Anderson (1945) held

that North-Eastern India and Western China are probably
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the centres of origin of the cultivated malze, the
contributing parents being Colx and Sorghum. Be that
as it may, the primitive strains of maize of this area
do possess several features of Iripsacum, one of the
important contributors to the genome of Zeag mays.

Four varieties of malze - Yellow Shillong, Garo White,
Sikkim Yellow and Sikkim White, all with 23 * 20, were
collected and grown for their morphological and cyto-
logilcal studies along with the hybridisation programme.
The total chromatin length in these four primitive
varieties differ widely from one another. It is signi-
ficant that Jain (personal communication) pointed out
the great difference in INA contents of these primitive
varieties of maize with that of the American malze
varietles. Detailed karyotype and the position of centro-
meres among these varleties indlcate intra-chromosomal
shiftings, presumably as an adaptation to the ecological
niches. At melosls the chiasma frequency in these varie-
ties differ from one another indicating the different
recombination index. The recombination index in these
varieties is again quite different from the cultivated

varieties brought from the American continent.

In protein and carbohydrate contents also the four varie-

ties differ indicating thelr genetic divergence. Fl
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hybrids between Yellow Shillong x Sikkim Yellow and
Garo White x Sikkim White showed intermediateness in
the expression of characters. In the seed colour the
hybrids showed gene interaction than simple dominant
and recessive relationship indicating that the differ-
ent varieties carry different locl for seed colour.
Although meiosis was normal in the hybrids, the pollen
fertility was slightly lower than in the parents,

The lower fertility of pollen may be due to cryptic
structural differences in the chromosomes of primitive
strains.,

The data on these four primitive maize varieties indi-
cate that they are distinct and well established varie-
ties, well adapted to these hill regions. More in-depth
collections and modern technique of chromosome assay,
namely, DA hybridisation, ete. with the new world
maize may prove rewarding about their relationship as
well as their separate or identical origin. Further,
the conservation of these primitive varieties of maize
growing in all the hill areas of North-Eastern India
need to be maintalned as they are definitely more
ancient germplasms and are expected to possess many
dominant and useful genes not found in the improved
varieties,
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9, Similarly, wider and systematic collections of other
tuberous crops of the genera mentioned above as well
as of other genera need to be made, screened and

assgsessed for fuller utilisation.
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