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"If w 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
region vhere organised egriculture and cultivation is a
recent feature, the original inhabitants sustained theme
selves on the natural tubers, fruits, cereals and other
crops, As an illustration one has to see to beliewve how
hillsides after hillsides In the Assam region wild bananas
grov from vhich through clonal selsction or natural hybridi.
sation and polyplolidy cultivated varieties could have
evolved.,

While sustained efforts are being made for the
collection, conservation and assessment of the germplasm of
major crops lile rioce, Cigcer, Phaseolug, Cucunlg, sugarcane,
mango, cotton, orange, etc.; no worthwhile attention is
being paild to spot out and assess the existing variability
of lesser known tuberous plants. As mentioned above the
role of these tuberous plants in the food chain of the loecal
population camnot be underestimated. It would, tharefore, be
very useful eand rewarding 1f the locally cultivated tuber
erops and their wild relatives be extensively collected and
suitebly assessed. Such efforts can be of considerabls
~-dmportance for their improvement and wider cultivation so as
to contribute substantially to the food granary of the
country.



Tuber crops in fact oconstitute the major
staple food for the people in the tropiecs. Most of these
tuber orops are aroids which grow both in plains and hills,
and show an array of variable habits. It is with this aim
that a nunber of species of the tuberous crops have been
sclected which commonly grow in lMeghalaya regions. Their
cytoganetical aspects and food value need to be properly
determined.

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

The whole range of variability with respect to
eyto-types, clones, polyploids, natural hybtrids, ete. may
be expected which could be utilised later in a meaningful
nanner.

There are a large number of tuberous orops,
but for an indepth and frultful informations the investiga-
tion will be restricted to same of the common and sultiva-
ted aroids and their wild relatives. The arolds -« & monoGO-
tyledonous group of plants, comprise of 1400-1500 species
belonging to 106 genera (Lawrence, 1061). Vegetative propa-
gation is the primary mode of reproduction in this family,



even if a few of thom may be sexually fertile. The genera
Sologagia, Constanthus, Xanthosoma, Arissend, Steudnere and
Amorphophallus are common in the hills and plains of Meghae
laya., Of these, the first three genera belong to the tribe
Colocasieae and the remaining three to the tribe Areae,
Diffenbachieas and Pythionieas respectively (Hutchinson,
1844).

The genus Colooagis, commonly lnown as ‘Taro’
and in West Africa as 'Coocoyam', grows luxuriantly in Megha~
laya. The corms end cormels are economically important as
they have store of carbohydrate and starch. The starch is
smylase snd smylopect(n and is readily digestible, hence,
they are greatly priced as food. Even in protein content
it is better than sweet potato or Cassava (Mamnihot). The
plants propagate vegetatively, hence, there is continuous
gradation of characters. The taxonomy of Taro, therefore,
presents complications. According to Pluclnett (1976) there
may be more than 1000 cultivars of Taro. £, sfcilents is
considered as the most widely cultivated taxon. Mookerjea
(1955) studied a number of taxa of the Aracess including
Colooasip and reported 2y = 28. However, a great number
of morphological strains/types growing in the plains end
hills of Meghalaya were not covered in this study. Similar-
ly, the taxon Gonatsnthus sarpentosug which showed 2 * 32



by the same author, was not collected from ﬂoghnlm.

Sharma and Sdrcar (1963) reported various
cytotypes with different chromosome numbers in North Indian
species (not Meghalaya) of Cologasis antiguorum. Another

mitotic studies in ¢, sntiquorum and C, esculents were
carried out by Magoon gt zl. (1971) with a view to bring

out the nature and trend of chromosomal variations in
golocagis. These cytological reports on materials collect-
ed from another area than Meghalaya confirm that the varie
ous species of Colocagia growing in North-East Hill regiom
have not been touched and, therefore, nsed critical cytoe
logical investigation from both basie and applied stand-
points to bring out the mechanism of variations and thus
may be helpful in selecting suitable clomnes and cytotypes
for maltiplication and eultivation.

Similarly, the other genas Amorphophallig come
prising of about 90 specles of which 14 are reported in
India (Wealth of India, 1848) has not been collected to
any extent from Meghalsya., Two species, A. companulatus
and A, riverd, are cultivated and greatly valued for their
edible corms. Two species of Amorpbophallus, As hulbifer
and A, titsoupm were reported to possess 25 = 36 and 2p = 26
respectively by Chandler (1943).

! Magoon gt al. (1970) and



Erishnan gt gl. (1270) studied the pachytene chromosomes
wphallug. But in recent years Ramachandran (1977)
prepared the karyotypes of the 4 South Indian specles of
Amorphophallig, namely, A. bobensakerd, A. sompannlatin,
As bulbifer =nd A, dubius. The reported £ numbers in
thess are 28, 28, 39 and 28 respectively. These studies
and reports indieate the variation in chromosome numbers,
existence of cytotypes, polyploids, etc. within the gemus.
It 1s, therefore, worthwhile to explore the materials
groving in Meghalaya to determine the extent of variability
in them,

The othor important aroid genus Lanthosoms is
commonly known as '‘Tamnia' or 'Cocoysm'. It is generally
considered a tropical American genus and was brought in
use by the AmericaneIndian of the Carribean Islands (Plupk-
nett, 1976). During the middle and late 19th and early
20th centuries 'Tannia'’ spread throughout the Pacific and
Indo-Asia where it achieved the status of minor crops
because of 1ts high resistance to diseases and pests
(Magsel and Barrow, 1958). Superficially Ianthoscma resem-
bles Colocagly, but as detailed later they differ from
each other in important morphological features. Nutritione
ally it is similar to Colocasipg. In fact, the corm of
'Tennia' 1s composed of 77-86% edible matertials. It is
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also richer than 'Taro' in mineral elements. Mmwueme
(1978) reported that between 1965 and 1974 'Tannia'’ was
grown on 6,489,000 hectares of land in the world. Even in
Asia 61,000 hectares of land was under 'Tamia' ocultivation
during this period. The nmost common cultivated form 1is

La sagittifolium which appears to have numerous morphologi-
cal forms (Onwueme, 1978). The speeies, therefore, 1is
polymorphic. The other specles of the genus lile I, atro-
yirens, {. garesy and X, yiolacoum 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, 1870). It is evident
that there is vast scope for colleetions from the various
regions and ecologlcal habitats so as to fully and suitably
agsess then for selection and cultivation.

The studies in the other genera like Arisasma
and Steudnera are equally sketchy.

Thus the importance of these tuberous crops
vhich are used as food can be better and properly appreoi.
ated only vhen 1t would be reealled that large part of the
North-Lastern regions, full of mountains and forests snd
inhabiting various tribes of local populations vhose assured
means of food supply through cultivation is of recent intro-
duction, The tubers seen in this light assume speclal
inportance, Therefore, from the point of view of the food



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

The other common cereal, bosides rice, which
form the favourite crop of the hill tribes, 1s maiss. 5o
much work on maige, both of fundamental sand applied nature,
has been done throughout the world that evem to review
them will fornm a solid book. VWhy was then maize selected
for the present investigation, is the consideration that
there 19 a strong school of thought that the secondary
cantre of origin (even primary centre) of maize is the
Horth-Eagtern Indla. The relationship of Zeg with Iripstcius
and Bichlagng may be reviewed and also its relationship
with Coix and Sorghum as mentioned by Anderson (1948) and
Mengelsdorf (1947) need to be investigated. What is surpri-
ging 1s that some of the primitive types of malze grow in
the hills of “ikkim and Meghalaya. These strains still
bear 8«6 cobf.s per plant, tho character commonly inherited
from Tripsacum. A number of composites and hybrid maise
varieties have been evolwed in the plains and been exported
to the hills for higher yield that many of these primitive
varieties are gradually being replaced. It would be &
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misfortune if the primitive maize germplasms which could
provide importsnt clues to the Aslan origin of malze and
its relationship with Coix and Sorghum vis-a-vis Irdpsscim,
are totally replaced by modern hybrid composits. An attempt
has, therefore, been mnade to e¢ollect soms of the yellow and
vhite lkernnel malge types grown in remote areas of Meghalaya
and to study their inheritance with a view to lmow if they
throw 'off-types'/'recossive genotypes' which may provide
valuable evidence about tho origin and development of these
prinitive hill strains. It is also to stress that more
intensive effort is needed to collect on large scale all the
avallable strains of the primitive maize grown in various
inaccessible hill areas where improved varieties of maize
from the plains have not yet invaded.

In view of this some of tho maize varieties
grown in the hills were selected for investigation of their
inheritance bshaviour, growth pattern and oytogenetics so as
to utilise these informations to discuss their importance
in evolution and breeding.

In addition to the cytogenetical aspect of the
tuberous erops and the primitive varioties of maize, another
approach, nsmely, electrophoresis, has been employed to
study the carbohydrate and protein profiles in some agoess-
ions collected from various rogions. ILlectrophoretic
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etudiangighgreatly helpful in cases where taxsa/varieties
which have same chromosome number and behaviour, and very
similar morphological traits, would reveal different types
of protein and carbohydrate profiles. The differance of
bands in electrophoretic studies thus bring out the cryptic
strustural differaences in the genetic make-up of the taxa
which are otherwiss non-detectable in cytological preparse
tians,

Coupling of morphological, cytological, geneti-
ca). and elec%rophoretic studies sre thus expacted to provide
vory useful informetion on the variability pattern and
phylogenetic relationship in these groups of plants.
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INTRODUCT ION

The Indian sub-continent is unique in that
its Northe.Western parts from Punjab, Horth-Western Province
in Pakistan, Kaghmir and Afghsnistan upto Central Asia
happen to be one of the most important centres of origin
of a large number of important crop plante, the most importe
ant being the vheats, Similarly, the North-Eastern part of
India extending from Agsam, Sikkim and Meghalaya to Burma
and Malayasis is another important centre vhare several
cultivated plents including rice, orange, mango, bmnans
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
climatie conditions and soil types. Hills are also isola~
ted from one snother geographigally giving rise to important
ecological niches. It 1s exceptionally rich in germplasm
of & large number of plants, viz., cereals, fruits, tubers,
ete. The Agricultural Seientists and Institutes quite often
organise collsections of wild relatives of rice, oranges,
bananas, dioscorea, eto. from time to time as these accessions
are essantial for their atudieaﬁgsprovmt programme, but
even then inestimable stock of the great variability remsins
to be explored« It may be stated that Vavilov (193l) while
describing Chinese centre of origin of plants mentioned -
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MATERIALS AND NMETHODS

The present investigation was carried out on
the following species

Specles Sources
1. Amorphophallus bulbifer Bl. Forests of Meghalaya
2. Ariseana scpamiguinim L. Schott. "
3. Gonatanthus ornatug Kots. "
4. Steudpers colocasioides Hook. f. "

8. Xanthosoms mnnm]% Lﬁiﬁ?ﬂ' Thiruvalla (Kerala)

6. X, sagittifoliug L. Schott. var. Hill-Khasi Hills(Meghalays)

7. Colooasia esculenta L. Schott.
Strata 1 Shillong (Meghslaya)

n
L

E oo v o0 o » 0 »
=
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Strain 11 Ludhiana (Panjab)

12 Shillong

13 Thiruvalla

u ”

15 Forests of Meghalaya
8. Z¢8 pays L. var. Yellow Shillong Shillong
9. Z gays L. var, Garo White Garo Hills
10. Z, pays L. var, S1Xdn Yellow S1kkdinm
31, Z, payg L. var. Sikkim White S4kidm

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

Amorphoohallus

A perennial stemless herd, Tubers depressed -
globose, brown or dark bdrownish., Flowering before leafing.
Leaves 3-partite; segment pinnatisect. 8padix exserted or
includeds appendege large, short or longj inflorescence
c¢ylindriecaly neuters absent.

Arisaged ¢

Herbaceous tuberous plant. Leaves pedatisecet;
leaflets whorled; spathe deciduousj tubes convolute; limb
often acouminate or tailed usually in ocurved; spadix included
o¥ exsertedsy appendages long and filiform.
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Sonateqthug

Tubercus herb with branched bulbiferous shoots.
Spathe has glender, elongate and comvolute limb, Absance
of neuters between male and female inflorescences) ovules
numerous and basillar.

Skeudnare :

Herbs, caudcxz stout; leaves ovate, long petio-
led, poltate; spathw shortly eonvolute at the basej limb
ovate - lanceolate, expanded, reflexed, marcescent; spadix
vory short, danse flaccid.

Zathosoms

Rhi somatus herbaceous herb; leaves hastate,
dontate; leaf lamina i heart-chaped, lobed., Often ssen in
the vegetative phase anly. Spathes brownish. Spadix longer
then spathe,

Soloongla ¢

An erect rhigomatus herb; leaves are peltate,
long peticledj floworing rare; spathes petaloid, pale-brown~
ish, yellow; caudate -~ aceuninate, ereetj spadix shorter
than spathe, cream-coloured.
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83 mayg

An erect, robust, monocecious grass; leaves are
broad lanceclate; spilmlets in pairs, cne sessile and one
pediocelled. Female spilkes are axillary, enclosed in the
sheath of the leaf and surrounded by bracts.

Tubers and sseds of all varieties were grown in
the experimsntal fields of Botany Department of Korth-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 observe-
tions.

For stomatal studies, peels were taken out by
the method employed by Roy end Singh (1968). The leaves
wore cut into pleces and kept in other for an hour and then
in methanol t1ll they becane colourless. They were then
trongferred to the solution of 1.6 gn ammenjum oxalate and
Os4 gm of oxalic acld in 100 cc of distilled water, and
kopt in it for 24 hours. The peels were separated after
warming and shaking the solution and were mounted in 1.0%
actto-carmine solution for study. Stomatal index values
have been caleulated according to the formala given by
Meidner snd Mensfiold (1960),

No. of stomata x 100
No. of stomata + No. of epidermal oells

Stomatal index =
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Moisture content of the tubers were determined
on dry weight basis,

MITOTIC STUDX

Ere-troatment ¢

For studying the somatic chromosomes of tubsrous
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 saturas
ted solution of 0.002 M 8«hydroxyquinoline for pre-treatmsnt,
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).

Geads of different varieties of maize were germi.
nated on a moist filter paper in petridishes kept in an Incu
bator at 22 + 2°C. The roots wero collected from tho seeds
germinated on the moist filter paper and the root caps were
removed with the help of a brush and subjeoted them to a
saturated solution of alpha-bromonaphthalense for four hours
at room temperature (20 2 2°C) for pre-treatment.

Fixation :+ The fixation procedure was common for the tuber
crops as wll as the maige varieties. The pre-treated roots
wore thoroughly washed in distilled water for few minutes.

AV
0



Then they were soaked in folds of a filter paper and fixed
in ethyl aleohol s aqetic acid (1:13) mixture with ferric
chloride as mordsnt and kept for 48 hours in the refrigera-
tor.

Stalning s+ After fixing the root tips for 48 hours, roots
were taken out fram the fixative and hydrolysed in N HCl
for 10 minutes at 60°C. The hydrolysed roots were washed
in distilled water and soaked in folds of a filter paper
and then transferred to the st;én. A gnall portion of the
root tip was taken on a slide/squashed in 1.0% aceto-oresin.

Destaining s Acetic actd (45.07) was used to remove the
over-staining of thoe eytoplamm.

MEIOTIC STUDY

The intact tassels of maipe plants were taken
out at the booting stage and fixed in Carnoy's fludd, which
comprises of ethyl alcohol s chloroform: acetic acid (613:1)
betwean 10 and 11.30 A, . in the months of June-July.
Ferric chloride was used as mordant.

Aceto~carmine (1.0%4) was used to stain the

melotic chromosomes.



Follen fertility

The fertility of the pollen grains was doters
mined based on their stainability in aceto-camine,

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

The homologous chromosomes were found on the
basis of their length, positions of the constrietions and
arm ratio. 7The chromosomes worc cotegorised following the
nomenclature proposed by Leven gt al. (1964).

M = median point
mn = median region
Sm = subemedisn

St =® sube-terminal

= gabove 6,0 /a
B 4,85 to 6.0 /u
3.0 to 4.8 /.1
£ 1.6 to 3.0 Vo
= @pto 1.5 Vo

N o QU >
i
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The chromosome types have been designated
arbitrarily. T. F. % value has been calculated as given by
Hugivwara (1956),

Total sum of short arm length x 100
Total sum of chromosome length

TF.% =

INTERVARIETAL HYBRIDIZATION

Intervarietal hybridization was carried out
between the varieties of Yellow Shillong (female) x Sikidim
Yellow (male) and Sikkim Yhite (female) x Garo White (male)
based on Poehlmen snd Borthalur (1972), Crosses could not
carried out between all the varictles because of the none
uniformity in flowering at higher sltitudes of Meghalaya,
Shillong. The tassols of the male plants were bagged with
a8 paper envelope (15" x ") 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 AM, at
5hillong condltioms. The ears have emerged ganerally at
fourth and fifth intermodsl region within three to four
days after the opening of the male flowers. The tips of
the ears were cut with the help of 2 peir of eclesors so as
to bring forth uniformity in the emerging silks. The silks
wero bagged with a butter paper onvelope (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 sclssors in order to dust the pollen
grains. As soon as the dusting was over, the bags were
stapled and care was talen to prevent the entrance of
forelgn pollen grains., The seeds were collected from the
crosges for further study.

ESTIMATION OF TOTAL PROTEIN AND CARBOHXDRATE

Tubers and seeds of the same age were collected
for eleotrophoretic studies and determination of total
protein and carbohydrate contents. Fresh samples were chopped
and crushed in a pestle and mortar to which an adequate
anount of acetone was added. The supernstsnt was discarded.
This was followed by mixing the crushed sample with an equal
emount 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 msthod of Lowry gt al.
(1881). The stock solution A was composed of 2.0 g sodium
hydroxide, 10,0 g sodium carbonate and 0.1 g sodium potassium
tartarate per litre of distilled water. The solution B was
prepared by dissolving 0.1 g of copper sulphate in 100 ml
of daistilled 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 lept for 15 minutes at
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room tempersture. Thisvwas followed by the addition of

0.6 ml of foline-phenol reagent (1 ml of folin.phenol reagent
+ 2 ml of distilled water) and this mixture was shaken well
and kept at room temperature for 30 minutea. The intensity
of the ecolour was measured in a spectrocolorimeter at a
wave length 780 nm., Bévine serum albumin was used as
standard,

For earbohydrate, 0.5 mg of the dry powdered
sample was boiled with 5 ml of distilled water. One ml of
this solution was used for snalysis according to Anthrone
method (ef. Practical Biochemistry by Plumier). The sample
solution was mixed with 8§ ml of freshly prepared anthrons
solution (lgm of snthrone resgent in 100 ml of 90% sulphurie
acid wvas dlessolved). This mixture 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,
Alucose was used as standard.

ELECTROPHORESIS

For electrophoretic analysis, chilled fresh
tuber samples were crushed vith 0,2 M phosphate buffer (pH 7)
in a chilled pestle and mortar. The solution was centrifuged
for 80 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 (1984). Each batech
of gels were prepared by mixing one part of stoek solution
A (composed of 48 ml 1 N HCl, 36.6 g TRIS, 0.23 ml TEMED,
made upto 100 ml in distilled water), two parts of stock
solution C (ecomposed of 28.0 g ecrylamide, 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 sn electrolyte,

Protein samples were mixed with freshly prepared
40.,0% suerose solution and the mixture was applied to the
colum. Eromophenol blue (0.1%) was added to the cathode
chamber to act as tracking dye. The gels were electrophore-
siged for 1,5 hours at 2 mA per tube 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 10,08 trichloroacetic
aclid for 30 minutes and stained in a mixture of (1:l) amido
bif.ack(l.aeﬂ in 7.0% acetic acid) and commassie blus (1.0% in
7.0% acetic acid) for one hour and destained by washing with
7.0% acetie acid and stored in distilled water.
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For the stoining of paroxidasss, hydrogan
psraxide (3.0%) was used as a substrate and benzidine as
stain, Bengidine solution was prepered by mixing 1 g bengi-
dine powder in 9.0 ml of acetic acid at 48°C and 36 ml of
distilled water. The hydrogen peroxide and benzidine were
nixed in the ratio of 11l and poured on the gels. The
isozymes of peroxidases sppeared in bdlue coloured bands.

The bands were oatsgorised as dense, mediun
and 1lght @epending on the intensity of the colour and the
gel patterms were compared visually,

Zymograms wore made for proteins and peroxi-
dases., Rf values of protein and peroxidase bands were calot-
lated employing the following equation 3

Dlistance travelled by each band
Distonce travelled by the tracking dye

The mesn Rf walues from five replicates of each of the
varieties/strains for proteins and peroxidases were tested
by 't' test at §.0% level,
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Statieticsl snalvels @

- X
Yemn 1+ x "é-— wvhere x = number of bands

n
n = nunber of observatiomse

- 22
Standard Deviation, S.D. ‘-=/ ‘c’(ﬁ " 1) s vhere,

x = number of bands
¥ = mean number of bands

tlatost - (In the case of two samples)

¥-¥
t = vhere,
S/A A
R
X = maan of samplo 1
¥ = mean of sarple 2
n,* size of the sample 1 (re)
n,® size of the sample 2 (Re)

8 = pooled standard deviatiom

2 2
= (n-1) + 8 (naal
\/““81 ) 2 ) ‘hm,
nl + na -2
1 = gtandard deviation of
sanple )

92 ® gtandard deviation of
sanple 2

8

Test criterion 1
If () %o, *n, -2 (/2), then the sauples
1 and 2 are sald to be significantly different at x 100§ level.
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OBSERVATIONS

Amorphophallugs bulbifer El.

Tuberous herbs, flowering before leafening.
leaves 3epartite, segments pimatisect, spathe various,
1imb ocompanulate infundibular convolute or open. Spadix
excerted or included. Inflorescencss cylindrioal, neuters
abgent, It is o wild species characterised by bulbils
borne at the fork of the leawes. The petiols and peduncle
are green strealed with green and black. Leaflets are
obovate or lanceolate (Fig. 1l).

Somatie counts showed 25 = 28 chromosomes (Fig. 2.
Different chromoscme numbers have been reported earlier in
the case of 4, bulbifer. According to Chandler (1948) the
chromosome mumber is 23 = 36, whereas, Remachandran (1977)
reported 23 * 39, Chromosome length varied from 3.17 to
6.86 /1 and the total chromatin length was 129,56 /l- Secon-
dary constriction was observed in the 12th chromosome palr
(Reamachandran, 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 pairs
have been represented in the idiogram (Fig. 3). LElewn pairs
are median and the remaining two pairs are sub-median with
respect to the position of the primary constriction.



Figs

1-6. Amorohoot:ellus wilbifer rnd ;ris:ems cons:nciajenum
1-¢ pl.nt of tmorohoohs.lus tulbifer

c=tom Llc Chromxom = (2n = 26) of _.balbifez(X #13W)
3-n 1t # 0l sekiabifer

bt pl-nt of frigreme gonscnsulenum

5- om:tic chrom»some. (2n = 23) 1 gigﬁ JLoeuienus
X 213+ )

f

6-K-ryo:y » of g.gonsan ulenus
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Figs 7-12. Gopatanthus ornstus and {feudners gologesiofdes
7-A plemt of Jopatenthus orpatus ,
8-Somatic chromosomes(2n = 30) of G.orpatus(X 2134)
9-faryotype of G.orpatus
10-A plant of @tendpers gologasioldes

11-Somatic chromosomee (2n = 28) of §.gologasioldes
(X 218%)

12-Keryotype of g.golocssloldes
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Karyotype formula = 1(Am) + 8(B m) + 2(C m) + 2(C &m).

(m=26)
Chramo= Chromo- Position of cons= Am length of the Total
N wn NERTRm ™ B S
/ s
1 A . 1.2 299 3.87 686
2 B m 113 282 347 5499
3 B n 154 2.2 352 5.8
& B n s 2,29 334 5.63
5 B a .32 2.3 3.47 Sebb
6 B n 1.0 21 3.7 5«28
7 B n 42 210 2.9 5.10
g B n 145 194 2,82 476
9 B a 1.0 1.7 2.82 458
10 ¢ n 1.67 1.58 2.6, be22
n c e 2.8 106 2.9 4.05
12 ¢ Sn 1.7 L) 246 3.87
13 c n .57 123 1.9 3.7
Te Fo £ = 4132
Total chromatin length « 129.56 o
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(=)
Chromo= Chramo- Position of coms~ Am Length of compo-  Total
f
b ! D » A3 141 158 2.99
2 D N 1.0 ldd 1.4 2,82
3 D m 2.2 0.8 19 2,82
4 D n LM .23 1.4 264
5 D o 20 04828 1.7 2664
6 D Sm 1,80 0.8 1.5 246
7 D n Ll 05 LA 246
8 D n .60 0.88 1.4 2,29
9 D n L0 0.88 1.3 21
10 D » 1.0 0.88 106 1.94
n D Sm 1.7 0.0 1.23 1.93
12 ) M 1.0 0,88 0.88 1.76
13 D n 1.25 0.70 0.88 1.58
1 B 4 1.0 00 07 L0
Te Fa § = A4lo64

Total chromatin longth « M}n
Karyotype formmla = 2(D M) + 7(bm) + 4(D Sm) + 1(E ).
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mmm-m&mfa

Tablo 3 + Chramoscmes of Conantantiue ormatus.
(=)

Chromo= Chromo- Position of Arms  Length of the canpo= Total
= S Ay e =T e
1 A X 1.0 3.52 3.52 7404
2 B n 1.2 28lh 264 he78

v 3 c an 213 L 299 beli
4 ¢ St Sn 3.0 106 1.76 + 1.4 be3
5 ¢ n am 130 176 194 + 0435 4e05

6 c n 133 1.5 2.0 3469
7 ¢ n 11 1.5 L% 33k
8 ¢ n .25 lddl L7 3.17
9 D n LA3 123 LT6 2,99

b 1Y) D n 13 141 1.58 2.9
1 D X 1.0 .41 1.4 2,82
» D n Ll 1.3 14 2.6
13 D Sm 1.8 0.88 1,58 2ek6
b7 D = 1.6 0.88 1.4 2.29
15 D sn 20 0,78 1. 2,19

ToFo 8 = WA

Karyotype formla = L(A M) +1(Bm) +3(Cm) +2(C Sm) +

1(Cmam) +1(C 5t am) +1(D K) + 40 m) +

2(D sm).
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1 4 N 1.0 336 3434
2 A n 1.53 264 404 6468
3 A n 112 2,99 334 6433
L B M 1.0 299 2.9 5.98
5 B n L3 246  3.52 5.98
6 B n 1,06 2.82 2,9 581
7 B n 146 229  3.34 5463
e B a 1.06 2.6, 282 5046
b B 2 1.23 2,29 2,82 5.11
10 B S 2.5 13 3.52 93
n B a 1.6 1.76 2.82 he58
12 ¢ n .27 L9 26 Leli0
b & c n 167 1.58 2.6 he22
U, ¢ R» 1.20 1.7 21 3.87
Te Fo & = 13,2

Total chromatin length - 19..32}
Raryotype formla « 1(A M) + 2(am) +1(B M) +6(Bm) + 1(B 5m) +
3(C m).



and Sheudnera.

Species Range of chro~ Mean length Ratio of the Total  T.F.
mosome length  of chromo=  lomgest and  complie- 4
in P somes in ,\ shortest clro= ment leng-

mh, th in f
As bulbifer 3.17 = 6486 5.02 2,16 129.56 4.32
As oomsanguimm 1u40 = 2499 2020 1.6 63,68 AL64
s ormatus 219 = 704 he62 320 106,16 4049
s, colosagloldes 3487 = Cu68 5028 1.72 150,32 4326
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Arissens consanguinum 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 borme at the tip of the long petioles
and it possesses characteristie filiform tips (Fig. 4).

The somatic chromosome number was found to be
twentyeight (Fig. 6)« This is the first report of somatie
number in the specles. The chromosome length ranges from
1.40 to 2.99 /1. The total chromatin length is 63.68 /t.
Secondary constrictions are absent. The detalled chromosome
measurements are summarised in Table 2, and the chromosome
pairs have been represented in the idiogram (Fig. 6). Ten
pairs are median and the remaining four pairs are sube
medlan with respect to the position of the centromere.

Gonatanthus ornatug Schott.

It is a herb groving wild. Leaves are lanceo-
late, a fine coppery purple colour is visible between the
green nerves and broad green margin (Fig., 7). Absence of
neuters between the male and female inflorescence.
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The somatie chromosome number was found to be
23 = 30 (Figs 8). The somatic count was made for the first
time. The chromosome length renged from 2,19 to 7.04 /1.
The total chromatin length was 106.00 /l- Secondary cons-
trictions ere present on the fourth and £ifth chromosomes
of the complement. Tho detalls of the karyotype analysis
is given in the Table 3 and the chromosome pairs have been
represented in the idiogram (Pig., ©). Eleven pairs are
median, three sub-median and remaining one is subeterminal
with respeet to the position of the centromera.

Steudnera colocaslioides Hook. f.

It is a wild species with a rhizome at the base.
Leaves are peltate, broadly ovate and acute at the apex
(Fige. 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 f. Secondary conse
trictions are absent. The dotalls of the karyotype analysis
are given in the Table 4. The chromosome pairs have been
ropreosented in the idiogram (Fig. 12). The total chromatin
length is 151.32 /1. Thirteen pairs are median and the
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remaining one is subemedisn with respect to the position
of the primary constriction,

Zanthosoma sagittifoliup L. Schott. « Plain Variety.

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

Root tip colls showed 2p = 26 (Fig. 168). Chro-
mosome counts agree with the carlier reports of Jos and
Magoon (1970), Marchant (1971), Magoon g% gl. (1971). The
size of the chromosomes varies from 1.23 to 3.285 /h The
total chromatin length is 60.18 e Secondary constrictions
are absent. The measurements of the chromosomes are summas
rised in Table 7 and the chromosome pairs have been represent-
ed in the idlogram (Fig. 17). Ten pairs are median and the
remaining three pairs are sub-mediesn with respect to the
position of the prma.ri constriction. It has a protein
value 5.1 mg/g dry wt. and the number of protein and iso-
peroxidase bands are 7 and 5§ respectively.



Figs~ 13-17 X:nthosoms sagittifoliun var.plain,
13-A plant of X.gagitdifolium ver.plain
14<Tubers of X.gegittifolium ver.plain
15-8tomata of X.spzittifolium var,plain

16-Somatic chromosomes (2n = 26) of Xegacittifolium
( X 213%)

17-Keryotype of X.gagittifoliug ver.plein
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Figs 13-22. Xanthosema sogittifolium var.hill
18-A plsnt of Jl.ggeittifolium ver.hill
19¢Tubers of X.sagittifolium ver,hill

20-Stomata of X.ssgittifolium var.,hill

21-5ometiec ehromosomes (2n = 26) of .Wm
var.,hill

22-Keryotype of X.gogittifolium ver.hdll
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Fig.23 Elcetrophorctic banding pattern of protl\ln of
the tvo verieties of Xanthosoms

Fig.24 Electrophoretic pattern of peroxidase of the
tvo v .rieties of Xenthosoma
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Zanthogoma sagittifolium L. Schott. - Hill Variety

It 1s cultivated as a tuber crop in the higher
altitudes of Meghalaya. lLeaves are bigger in size, hastate
end leaf lamina 1s heart-shaped (Fig. 18). Tubers are
bigger in size. Sprouts present throughout the tubers
(Figs. 19). The average height of the plants and yield/plant
are higher than that of the plain verlety and the stomata
is represented in Fig. 20.

Somatie counts showed 2p = 26 (Fig. 21) which
confirm the earlier reports of Jos and Magoon (1970),
Marchant (1971), Magoon @t al. (1971). The length of the
chronosomes ranges from 1.84 to 3.87 /-h The total chromatin
length is 79.36 fe Secondary constriction 1s present on
the fourth chromosome of the complement. The detailed
analysis of the somatic chromosomes are summarised in Table 8
and the idlogram is presented in the Fig. 22. 6ix palrs
are median, five pairs are subemedian and the remaining two
pairs 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
and 7 (Figs. 238 & 24) respectively.



Morphological moasurements in Tamnia.

Iable 6 ¢

No« of leal Range of 1Mean Stomatal loisture Yield/

Ploddy  Helght of the
plani (cw)
# 8.0,

Varlety

34

806.6

5.9 Ge18

W7

+
-

hebh  1639.228
528.6

30.90 % he58

8.75 608

6e5

+

18,54

50.1 % 10,56
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Table 7 ¢+ Chromosemes of X, sagittifolium var. Plain,

(m=25)
Chromoe Chromo- Position of  Am  Length of the  Total
scme somo m ratio component arms  length
mirs iy ta 2 - p
1 ¢ n 1,30 . 1.8, 3.25
2 ¢ m 1.25 LA 1.76 3.17
3 ¢ n 1.57 .23 1l.88 3.0
& D X 1.0 .41 1.4 2,82
5 D n 128 L18 52 4P
6 D Sn 2,0 0.82 1.72 254
7 D Sm 1.85 0.82 1.52 234
8 D Sm 2,37 0.6 1452 2,16
9 D n 1.6 0.76 1.3 1.99
10 D n 1.3 0.76 1.02 .78
n D m 1.59 0u6h 1,02 1.66
12 E n 1.39 0.56 0.78 1.34
13 E n 1.41 0s51 0.72 1.23
T Fu$ = W0JT7

Total chromatin length - 60.18,1
Karyotype formula = 3(Cm) + 1(D ¥) + &4(D m) + 3(D Sm) + 2(E m).
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(p=26)

Chramo- Chromo- Position of Am Length of the Total
e
1 ¢ n 1.36 1.58 2.29 387
2 ] sa 1.7 LAl 246 3.87
3 ¢ m 1.3 .58 2.1 3.69
A c am St 185  0.62 2.2840.62 3.52
5 e Sm 2.2 106 2,36 3e42
6 [+ Sm 2,16 1.06 2.28 334
7 ¢ | 1.0 .58 1.58 3.26
8 D st 3.5 0. 2.8 2.98
9 D ® 3.25 s 21 2,81
10 D oo 2.0 0.88 1.7 2,64
n D n 1.1 L1 l.2Aa 2,37
12 D n 1.4 0.88 1.29 2,17
13 D n 1.3 0.7 106 1.8

Te Fo § « 38,48
TR Gtin Mgk = Tt p +1(C Sm St)

Karyotype formula = 1(C ¥) + 2(Cm) + 3(C sm)7+ 3(D m) +
1@&)4‘30“).
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%, saglttifolium,

Table 9 ¢+ Karyotypic dsta on two varicties of

TP

2.6 P77
38.48

ey
2.7

Plaln w - 302’

7936

184 = 3.75




Fig-.25-28 Colocasia esculente
25- Stomata of diplolid plants o!f C.gsculents
26~ Stomata of triploid plants of C.gsculents
27- Morphology of diploid olents of C.gsculents
28~ Morphology of triploid plants of C.gsgulents






Fige.29-32, Strein 1 of Taro, Cologesis esculents
29~ Tubers of the strain 1 of Paro

30~ Plants of the strain 1 of Taro

31- Somatie chromosomes (2n = 42) of the strain 1
( X 218%)

32-Xaryot;pe of the strain 1
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Fige 33~ 36 Stregin 2 of Tere
33 Tubers of the strain 2 of Taere
34 Plents of th- strain 2 of Tero

35 Somgtic chromoeomes (2n = 42) of the etrain 2 of Tere
{ x 2184)
3¢ Raryotype of strein 2 of Tere
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Fige37-40 Strein 3 of Tero

Tubers of the strain 3 of Toro

forshology of the plants of etrein 3 |
Somatic Chromosomes (2n = 42)of the strein 3 (X 2184)
Keryotype of the etrain 3.
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Colocasia esculenta L. Schott.

It 1s a herb, cultivated mainly for its starchy
corns both in hills and plains. Leaves are peltate.
Absence of heart-shaped leaf lamina. Cologasls strains
are categorised on the basis of size and shape of tubers
and level of ploidy. Detailed morphological observations
on all the strains are summarised in Tables 10 and 11,

The stomata of both diploids and triploids are represented
in Figs. 25 & 26, The average yleld/plant is higher in
triploids than that in the diploids (Figs. 27 & 28). The
diploids are morphologically 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 2g = 28 (Figs. 75, 79, 83 & 86) and all the remain.
ing strains showed 2 = 42 (Figs. 31, 35, 39, 43, 47, &1,
856, 59, 634 67 & 71) chromosomes. These counts agree with
 the earlier reports of Masda (1932), Sharma and Das (1954),
Mookerjea (1955), Sharma end Sarcar (1963), Yen and Wheeler
(1968), Jos and Magoon (1970), Pluclnett gt al. (1970),
Merchent (1971), Magoon et al. (1971), Kawhara (1978),
Remachendren (1978), Subramanian (1978). The average length
of the chromosomes varied in all strains (Table 27). Second-
ary constriction 4s absent in the well contracted metaphase.
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Therefore, it is not considered as a consistent feature

in the karyotypes of Taro. Sharma and Das (1954), lMoolhere
Jea (1985) observed secondary constrictions and satellites
in the allied species, Colocasis sntiauorum. The total
protein, earbohydrate 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 charace
teristic bands of the diploid strains ranged from 0.32 to
0.38 but in the triploids the range was 0+656 to 0.,70. Histo-
groms were made to compare total protein and carbohydrate

of all the strains (Figs. 89 & 90). The characteristic
features of each strain are described as follows :

Strainl (2 = ax = 42)

Tubers are small, cylindrical, broad at the
base. Absence of ring like structures on the tubers (Fig.28).
Petioles and veins are pale green in colour. Yellowish mark
present on the leaves (Fig. 30). Stolon is absent,

The chromosome length ranges from 1.80 to 3.63 /l-
The total chromatin length is 117.00 JAe The detalled measur-
enments of the somatic chromosomes are summarised in Table 12.
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The chromosomes have been arranged in a set of three and
are represented in the idlogram (Fig, 32)¢ Thirteen sets
are median and the remaining one set is subemedian with
rogpect 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 wg dry wt.

Straing (2g = 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 lemgth varies from 2,20 to 4.11 JAe
The total chromatin length 1s 133.60 2 The detalled
measurements of the somatic chromosomes are summarised in
Table 13 and the chromosomeg have been represented in the
idiogram (Fig. 36). Nine sets are median, three sets are
subemedian and the remaining two sets are subeterminal with
respect to the position of the primary constriction.
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The protein and carbohydrate values are 10.2
end 21.36 mg/g dry wt. respectively.

Strain 3 (2 = ax = 42)

Tubers are mmell, globose in 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 is present on the leaves.
Stolons are absent (Fig. 38).

The size of the chromosomes varies from 2,05 to
4,17 /l. The total chromatin length is 131.70 fl. 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 is 8.6 mg/g dry wt., vwhereas
the carbohydrate value is 17.52 mg/g dry wt.

Straln 4 (2 = 8x = 42)

Tubers are round, rings are prominent at the
apex vhere sprouting takes place. Seales are present on the
nevly produced secondary corms (Fig. 41), Veins and petioles
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are pale-gren in colour., Yellowish mark is pr<sent on

the leaves, Stolons arc absent (Fig.42)

+

The size of ﬁha chromosome varles from 1,70 ﬁo
3.70/u « The total chromatin length is 115.65/n. The
measurements of the somatic chromosomes are given in the
Table 15 and idiogram is presented in Fig.W+, P¢1n7@ets
are medien and remaining five sets are sub-median with s
respect to the position of the centr-mere. The protein
value 1s 8.4 and carbohydrate is 14,44 mg/g vt. respect-

ively.
gtrain % (2n = 3x = 42)

Tubers are oval in shape. Rin.s &re prominent
at the base, Secondary corms are produced tovards the base
(Fig.45.) Petioles are long, purplish at the base,

Yellow mark is present on the leaves, Stolons are absent

(Fig.46).

. The chrémosome length ranges from 1.9% to 3.75/p .
The total chromatin length is 122.%6‘? . The detalled karyotype
analysis is given in the Table 16 =nd the chromosome palrs have
. been represented in the idiogram (Fig. 43)., The number of
median chromosomes cre ten, three are submedian and remaining

one set 15 subterminal with respect to the position of the
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centromere. The protoin. 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-jreen 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 )l
and the total chromatin length is 125.67 f" The measure~
ments of the chromosomes are summarised in the Table 17 and
the idilogram is presented in the Fig. 52. Eight sets are
median and the remaining six sets are subemedian with
respoct to the position of the ecentromere. The carbohydrate
and protein content is 22.08 and 8.0 mg/g dry wt. respecti-
velye

Strain 7 (9g = 3x =42 )

Tubers are big with tepering 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
(Figs 53)« Petioles and veins are purplish. Ileaves are



b4

dark coloured. Yellowish mark is absent on the leaves
(Fig. 84). Stolons are absent.

The size of the chromosome ranges from 2,05 to
4,40 /l. The total chromatin length is 137.43 f\. The
detailed analysis of the chromosomes are summarised in
Table 18 and the chromosomes have been represented in the
idlogram (Fig. 56). Protein content and carbohydrate
content is 6.2 and 86.0 mg/g dry wt. respectively.

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

Strain g (2 = 3x = 42)

Tubers are bigger in size with tapering ends,
olongated and eylindrical 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. 88).

The size of the chromosome varies from 1.76 to
3.69 /l. The total chromatin length is 113.46 /I. The
measurements of the chromosomes are summarised in Table 19
and the idiogram is presented in the Fig. 60. Ten sets of
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chromosomes are median and the remaining four are sube
median with respect to the position of primary constrice
tion. The protein end carbohydrate content is 1l.4 and
2644 mg/g dry wt. respectively. |

Straln 9 (2n = 3x = 42)

Tubers are very big compared to all other
strains studied. They are in aggregate form. Rings are
prominent. Coloured pigments are absent (Fig. 6l1).
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 )n, vhereas the longest one has 3.086 /l- The total
chromatin length is 98,70 )t. The detailed karyotype analy-
sis 1s given in the Table 20 and the chromosomes are repre-
sented in the idlogram (Fig. 64)s 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 14.4 mg/g dry
wt. respectively.






Fige 41=84 Strein 4 of Tero
41 Tubere of the etrain 4 of Tere
42 PMorpholegy of the plente of etrein 4
43 Somstic chromosomos (2n = 42) of the strein 4 (X 2184)
44 Karyotype of the strein 4 of Tero.
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Fige.45~48 Strein S of Tare
45~ Tubers of the strein § of Tare
@8- Morpholegy of the plants of strain S
47~ Somgtic chrososomes (2n = 42) of strain 5(X2184)
48 - Kapyotype of the strein 5 of Toro
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Figs 49-52 Strein 6 of Tero
49 Tubers of the strain 6 of Tape
S0 Mosphology of the plents of strain 6 of Tero
51 Somgtic chromosomes (2n = 42) of the etrain 6 (X 2184)
$2 Karyotype of the strein 6 of Tere
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Fige 53« 56 Strain 7 of Tare
53 Tubeorse of the stroin 7 of Tero

54 Porphology of the plants of stradn 7
S5 Sometic chromosomes {2ne 42) of the strein 7 (X 2184)
$6 Keryotype of the gtrcin 7
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Table 10 : Morphological measurements on different strains of Taro -
golooasia esculonba.
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Fige 5760 Strein 8 of Taro
57 Tubere of the gteudr 8 of Yaro
89 Morphalogy of the plents of strain 8
89 Sometic chrorosomes (2n = 42) of the strein 8 ( X 2104)
60 Karyotyos of the strain 8 of Tero



trp way yax 338 Y28 WY

Vol
pre 328 R% 449 €¢¥ IPD 2pY il
69
ool
"y SO T
i Yo
2, 7 =
aem o
A ’ !
v - u...a..a 5

09

1

- -, DN

o



Figs 61-64 Strain 9 of Ture
61 Tubers of the strein 9 of Taro
62 fMopphology of the plenta of strein 9§
63 Somatic chromosome (2n = 42) of the strein 9 ( X 2184)
64 Keryotype of the stroin ©
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Fige 65-68 Strein 10 of Tere
65 Tubers of the strain 10 of Tore
66 Mogphology of the clante of Strain 10
67 Sometie ehyomoscmes (2n = 42) of the strdbn 10(x 2184)
68 Kepyotyss of the strein 10.
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Figs 68-72 Strain 11 of Taro
69 Tubera of the str.ir 11 of Topo
70 Morphology of the plants of st ain 11
71 Somatic ohroncsomes (20 w 42) of tha strain 11( x 2984)
72 Kaeryoty.e of the strain 1
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Strain 10 (g = x = 42)

Tubers are cylindrical, elongated with a
tapering end. Secales and rings are present. Secondary
corms are produced at the base (Fig. 65)3 Colourod
pignents sbsenty Long greenish petioles. Yellow mark is
abgsant on the leaves. Stolons are produced at the base
(rig. 66).

The size of the chromosomes vary from 1.82 to
3.87 S The total chramatin length is 1198.5 2 The
chromosome palrs have been represented in the idiogram
(Fig. €8). The measurements of the chromosomes are sumae
rised in the Table 21, Seven sets are median, Six> sube
nedian and the remaining tna are subeterminal with respect
to the position of the centromere. The protein and carbo-
hydrate values are 9,0 and 1.8 mg/g dry wt. respectively.

Strain 11 (2 = 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 veing are purple in colour. Yellow mark is 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 2. The total ehromatin content 1s 122,46 A. The
detedled karyotype enalysis 1s given in Table 22 and the
chromosomes have been represented in the idlogram (Fig. 72).
Twelve sets are median and the remaining two are sub-medien.
The protein content 1s 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.
Seecondary 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 chromoscmes veries from 2424
to 4.34 /n. The total chromatin length is 98.97 /1- The
noagurements of the chromosomes are summarised in Table 23,
and the idfogram 1s presented in the Fig. 76. .iTen pairs
are medien and the remaining fbums are subemedien with
respect to the position of the primery constriection. The
protein content is 4.8 mg/g dry wt. whereas the carbohydrate
value 1s 22.0 mg/g dry wt.
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Strain 13 (7 = 2x = 28)

Tubers are small. Rings end secondary corms
are nbsewt(fig.33).-Purplish mark is present on the leaves.
Coloured pigments end stolons are absent (Fig. 78).

The length of the chromosomes vafies from 1.98
to 3.08 A. The total chromatin length 13 86.40 A. The
chromosomeé pairs have been represented in the idiogram
(Fig. 80)« The measurements of the chromosomes are records
ed in Table 24, Ten pairs are median end the remaining
four pairs are sub-median with respect to the position of
the centromere. The protein and carbohydrate values are
846 ond 21.12 mg/g dry wt. respectively.

Strain 14 (2 = 2x = 28)

Tubers are small, elongated with blunt apex and
narrov base. Rings are absent. Small secondary corms are
produced on the tubers (Fig. 8l). Coloured pigments are
absent. Petioles and veins 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 /I-
The total axranatinhngthisaﬁ.m,l. The chromosome
peirs are represented in the idlogram (Fig. 84). The details
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of karyotype analysis is given in the Table 25, The
number of median chromosomes are 12 and the remaining two
are subemedian 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 (2p = 2x = 28)

It is growing as wild in the forests of Meghae
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 yellowish mid-rib. Absence of yellowish mark on the
leaves. Stolons are present (Fig. 85).

The chromosome size ranges from 2,056 to 3.98 /1.
The total chromatin length 1s 86.23 e The measurements
of the somatic chromosomes are summarised in Table 26 and
the chromosome pairs have been represented in the idiogram
(Fig. 87)« Nine pairs are median and the remaining five
pairs are subemedian with respect to the position of the
primary constriction.

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

(p=ix=42)

Chroe OChro=  Position of Arm m&h of eempoe  Tobal length
m # m ratio nemt amms in P in P
1 ¢ n 1Jd L7% .27 3.63
2 c a 135 le52 2485 357
3 ¢ M 1L 168 1.8 3436
4 ¢ n 155 120 1496 322
5 ¢ n .26 13 1% 3.2
6 ¢ L 1.6 L2 1.0 2.92
7 D n .04 Ll lel® 229
8 D M 1.0 Ll L4 2,82
9 D o L27 lLd8 L% 2,68
0 D Sn 2.2 0.7 1% 2,52
n D n 1.3 .06 .38 Zelidy
12 D n L6 0.9 li2 2,10
3 D m L5l 0.7 l.i8 1.96
u D a 1.4 0.5 12 1.8

Te Fa & « 4533
Total ehromatin length = 1.17-0&}1
Karyotype formmla « 1(C ) + 5(Cm) + 1(D 1) + 6(Pm) + L(D Su).



54d

(J=3x=42)
Chros Chroe Position of Am  Length of the  Total lemgth
mio e pSnaim reto copmetems i
1 ¢ o .20 1.7 235 k1
2 ¢ N 1.0 1.9 1.98 3.96
3 ¢ n 12 176 206 3.82
4 ¢ st 340 0e92 276 3.68
] ¢ n L9 L) 2.1 3452
6 ¢ So 2.2, 106 2,38 3elidy
7 ¢ n .25 1l 1.7 3.17
8 ¢ @ 1.83 106 1.9 3.00
9 D Sm 2:28 0.0 228 2,98
0 D n .25 1.23 158 2,81
n D n .19 1.2 L4 2,64
12 ) n 1.33 106 1.58 2.6
13 D am 2,02 0.88 l.58 2,46
b7 D n 16 0.82 1l 2,29

TeFa @ =« 39,28

Total chromatin longth - !33.&’
Earyotype formula = 1K) + 4(C m) + 2(C sm) + 1(C S¢) +

4(D m) + 2(D &m)s



Table 14 : Chromosomes of Strain 3 of Taro.

(=3x=42)

Chro= Chro=- Position of Am Length of the Total
T meelm e RS b
) W n 1.36 L7% 2.4 Lel?

2 ¢ n 1.31 .76 222 3+98

3 ¢ St 3.7 Q.94 282 3.76

4 ¢ n 1.16 1.68 1.9 3.6

5 ¢ M 1.0 1.7 1.7 3.52

6 ¢ Sm 1.93 L6 2.2 340

7 D m 12 1.5 1.7 3.32

8 D St 3.0L 07 229 3.05

9 D n 1.2 132 1.58 2,9
10 D Sn 1.87 0.9 1.76 2.0
n o n L4906 158 264
12 D n 1.40 106 142 248
3 D Sm 1.63 0,87 12 2,29
b7 D m 1.07 0e99 1406 2405

Te Fo 3 = U000

Total chromatin leanglli = m..ﬁf

Karyotype formula « 1(C M) + 3(Cm) + 1(C Sm) + 1(C 5t) +
5(D m) + 2(D am) + 1(D 8t).
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Table 15 ¢ Chromcsomes of Strain 4 of Taro,

(=3x=42)

Chros Chro=  Position of Am  Length of the  Total
— e P e epmeem e
1 H m 1.3, l1l.58 212 3.7
2 ¢ n L15 l.62 L9 3.62
3 o} om 1.7¢ 128 2,26 354
L c n 138 1.4 1.9% 3.35
5 D n L2k 1l 1.7 3.17
6 D m 43 LB 1,76 299
7 D Sm 27 07 2.1 2,89
¢ D n 139 L6 162 2.7
9 D am 20 0.8 1.7 2,64
10 D am 1,68 0.88 .8 236
n D m 1.3 0.94 1.23 2,17
12 D n 1.29 0.82 1.06 1.88
L D m 233 0s53 133 L7
L, D [ L17 0.7 0.92 1.7

Te o £ =« 45O

Total chromatin length - 115.65}
Earyotype formmla « 1(C Sm) + 3(C m) + 6(D m) + 4(D Sm).



Tble 16 ¢+ Chromosomes of Strain 5 of Taro.

(M=3x=)2)
Chroe Chro= Position of am  Length of the Total
- e EpEm e spye e
1 ¢ n 1.22 L6 21 3.75
2 c n 1,37 L5 21 3+65
3 ¢ n L6 32 226 3.58
L € m L0 1.2 210 3.52
5 ¢ n L5 L3220 3.43
¢ c S 2,28 099 2.2 3425
7 c n 1.2 1.1 .72 3.13
e c n 1.6 106 166 272
B D a 1,12 L3 L 2.6,
1 D Sn 2,26 076 72 248
n D a 1.6 0s28 18 2,36
12 D Sn 266 0.0 L6 2.2
13 D a 1,20 0,96 L6 212
1 D st 3.0 Oelk8 L6 194
Te Fo £ « 4101

Total chraaatin length « 122.&6,:
Karyotype formila « 7(Cm) + 1(C 8m) + 3(® m) + 2(D am) +
1 58)e
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Fige 7376 Strain 12 of Taro R e e
‘ 73 Tubose of the str:dn 12 of Toro

¥4 torphology of the olents of swrain $2 o

93 Sosctic cteomoeomes (2n = 38) of thes strain { X 2134)

78 Karyotypa of the stroin 12
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fFigs 77 = 80 Strain 13 of Tugo
77 Tubere of ths strain 93 of Yaro
78 Horchalogy of the nlante of stroin 13
79 Somstic chromos we (2n = 26) of the stwetn 13(X 2/84)
80 Keryotype of the stradn 13
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(p=3x=42)
Chro= Chro= Position of Am Length of the  Total
— o M Mo SR B
1 c n Lok 1.58 2,29 3.87
2 ¢ M 1.0 1.88 1l.88 3.7
3 ¢ Sa 1.76 126 242 3.68
4 c n 1.37 L8 204 3.52
5 ¢ n 1.32 1.5 1.86 30
6 ¢ am 2.7 0.88 2,42 3.30
7 D sm 2.53 0.82  2.23 3.0
8 D n 1.2 10 .58 2.98
9 D n 1.6 106 L7 2.7
10 D n Ly 1.23 1.4 2.64
n D am 1.8 O.828 1,58 2.46
12 D &a 2.2 0.7 1.58 2,29
3 D n Lo 0.88  1.23 21
1 D Sm 1.7 0,74 .28 1.99
Te Fu & = 4167

Total chromatin longth - m.&r,x

Karyotype formula « 1(C M) + 3(Cm) + 2(C am) + 4(D m) +

4(D am)e
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Table 18 : Chromosomes of Strain 7 of Taro.
(=3x=42)
Chroe  Chro= Position of Amm Langth of the Total
mosame  mosome m ratio arms  length
scts type }n in ,\1
1 ¢ n 1,08 2,11 2,29 beli
2 ¢ n 102 L8 229 bel3
3 ¢ n 1.30 L7 2.29 4e05
A ¢ = 283  L06 2.86 3492
5 ¢ M 1.0 194 1.9 3.88
.6 ¢ n L5 L4 2n 3.52
7 c m 1.3 152 L8k 3436
8 ¢ n 1.2 L4 L7 3.17
9 ¢ am 1.67 116 1.9 3.10
w ¢ m 1.28 1.2, l.58 2,82
n D n 1.5 L2 1l 2,65
12 D n 13 106 1.1 247
3 D n 1.6 0.82 1.0 2.29
b 7 D Sm 1.75 0.78

1.27 2.05

Ts ’o’ - N?
Total chromatin length - m.la)\
Earyotype fornmula « 1(C M) + 7(Cm) + 2(C &m) + 3(dD m) + 1(P am)e
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Table 19 : Chromoscames of Straln & of Taro.
(p=3x=42)

Chroe  Chro-  Position of Arm length of the Total
moscme  mosome ratio arms length

sats _tm P in }a

1 ¢ m 1.05 1.80 1.69 3.69

2 ¢ m 1.23 1.56 1.93 349

3 ¢ n 1.3 LA L9 3e34

4 e n L6 1.3 L9 3.2

5 c N 1.0 1.58  1.58 3.6

6 e Sm 2.9 0.76 2023 299

7 D Sa 2,08 0.93 1.9 2,87

e D n 1.28 1.23 l.a 2,64

92 D Sm 2.0 0.88 1.58 2,46

0 D M 1.0 1.12 .12 2.2,

1n D n L& 1.23 211

12 D n L 076 L3 1499

13 D Sm 2,0 0u6ls 123 1.87

1 D M 1.0 0.88 0.8 1.76

Te Fa £ = W0.T5

Total chromatin length « ns.u»/n

Karyotype fornula « 1(C M) +,(Cm) + 1(C am) + 2(D M) +

30 m) + 3(D Sm)e
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Table 20 : Chromosomes of Strain 9 of Taro,

(u=3x=42)

Chro= Chro- Position of Am Length of the Tobal
mosome moscme m ratio  componont ams dength

sets  type in Vo in )t

i1 ¢ a 107 L8 LS8 3406

2 ¢ m 140 1.26 1.76 3.02

3 D n L9 .18 1.7% 2.9%

L D M 1,00 1.36 1.36 2,72

5 D n 1.15 .23 LA 2.64

6 D Sm 2.2, 0.74 1.66 2.0

7 D a L1 .12 .23 235

8 b M 1.00 112 L12 22,

9 D Sm .92 0.7l Llek2 2,16

10 D m 1.40 0.88 1.23 2,11

n D n 1.26 0+84 1.06 1.9

12 D [ 1.36 0.78 1.06 1.8,

13 D M 1,00 0.88 0.88 1.76

u D n .51  0.P 1.06 1.76

TP § - 422

Totul chromatin length - 98.’50/1
Karyotype foomla « 2(Cm) +3(0 M) + 7(D m) + 2(D Sm)e
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Table 21 : Chromosomes of Strain 10 of Taro.

(J=3x=)2)
Chro=  Chro=  Position of Arms Length of the Total
mosome  mOSAme m ratio  component arms length
sets type in P in /A
| ¢ - 1.2 L7 2.1 3.87
2 ¢ n 1.33 L52 2.0 3463
3 ¢ N 1.0 L7 1.7 3452
L c S 347 0.76 264 3el
5 ¢ Sa 2.1 1L.06 2423 3429
6 7 Sa 248 094 2,23 3.17
7 D Lt 1.0 .52 1,52 3404
8 B n L1, 1,33 1.52 2,85
9 D Sm 1.8 0.9 LT72 2,66
10 D Sm 2,88 Oebhy 184 2448
n b Sm 2,00 0.76 152 2,22
12 D n 1.27 0.88 1l.12 2,00
13 D N 1.69 0. 1la8 1.88
u D G 1.8, 0.64 2128 1.82
Te Fu 8 = K163

Total chromtin length - 119.49 }i
Keryotype furmula = 1(C ) + 2(Cm) + 1(C 58) + 1(C Sm) +
(0 ) + 3(D m) + 5(D Sm).
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Table 22 : Chromosemes of Strain 11 of Taro.

(|=3x=22)
Chro= Chro=  Position of Am Length of the Total
o e Ajglay ~ie cmomet e men
1 ¢ n L. L% 21 387
2 ¢ n 1.3 158 2.1 3.69
3 [ n 102 L% 1.8 3456
IA ¢ n .26 1e5h LS4 3.8
5 D n L19 l48 1% 32
6 D M 1.00 154 154 3.08
7 D & 2,40 0488 211 2.9
e D n 1.22 123 1.58 2,81
9 D n 15 13 1.2 2.66
Su 297 00 19k 2064
1 D M 1.00 1.3 1.23 246
12 D n 16 106 1.23 2.29
13 D m 140 0.88 1.3 2,11
1 D n 1,20 0.8 106 1.9
Te Po 8 = U037

Total chromstin iength - 122.&6):
Karyotype formla - 4(Cm) + 2(0 ¥) + 6(D m) + 2(P 8m)s



Zable 23 + Chromosomes of Strain 12 of Taro.

Total chromatin length ~ ”-92’

Karyotypie formla = 1(C M) +6(Cm) +3(C 8m) +1(D ) +

2(0 =) + 1(D am).

(m=28)
Chro=  Chro=  Position of Ao Length of compos  Total
i S 7 3
1 ¢ n 1.06 2,11 2,23 4e34
2 ¢ n L4 L7 2,46 Le22
3 ¢ Sm 1.96 LA 2% 417
4 ¢ n 1.2 L7% 235 955§
5 ¢ an 1.75 LA 2.5 3.97
6 c n Lokt .58 2.2 3.86
7 ¢ M 1.0 .86  1.86 3.72
8 ¢ Sn 1.7 L.23 2.2 3.5
9 ¢ n 1.37 46 19 30
0 ¢ n 1.25 .58 1.66 3oy
n D M 1.0 .58 L58 3426
12 D n 1.5 LA L5 2,95
13 D n 1.3 .09 .48 2,57
) ¥ A D am 2.2 0.0 154 2.2
TP f = 4315



Fige 81 = 84 Strain 94 of Tere

81 Tubaers of the strein 94 of Tore
82 Momphology of the plonts of strain 14 |

83 Sometic chromcsomos (2n = 28) of the strein «(X_Q}EM)
84 Kapyotyoe of the stredn 14 o
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Fige 85 = 67 Strodn 18 of Towo

o 88 Morphaloy of She strain 15 of ¢.ro |
86 Semetic chromosome (20 = 38) of the strafn 15(X 2184 ).
87 Karyutype of the struln 15 . -
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Table 24 :+ Chromosomes of Strain 13 of Taro.

(=28)
Chroe Chro-  Position of Arm Length of the Total
muee we gy e i
1 ¢ n | 1.3 76 222 3498
2 c n 1.2 1.7 2.2 3.88
3 e n 1.5 148 2,28 376
A ¢ Sn 2,0 1e23 246 3.69
5 (4] Sm 1.85 1.3 2.9 3452
6 ¢ M 1.0 L7 1.7 Sekb
7 D n 1.5 1.23 1.86 3409
8 D n L.43 L3 L7 2.99
9 D m 1.6 105 L7 2,81
0 D sm 2,75 0.7 L9 2,7
n D n L4 .23 L4 2.6l
12 D Sn 1.8 0.88 1.58 2u46
13 D n 1.6 .88 1.4 2.29
15 D n 1.2 0.88  1.05 1.93

?0’0’ -~ ﬂ#”

Total chromatin length - m,
Karyotype formla « 1(C M) +3(Cm) + 2(C 8m) + 6(D m) +

2(D Sm).
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(= 2)

Chro= Chro=  Position of Arm Length of the Total

e e e e cpraem e

o ¢ n 1.2 1.7 222 3.88
2 c M 1.0 1.86 1.86 3.72
3 c Sm 2.0 1.23 246 3,69
4 J M 1.0 L7 1.7 3452
5 D n 1.2 1e56 1476 3.32
6 D n 1.2, L4l L7 3.7
7 D M 1.0 .56 156 3.2
s D o LA3 LB LT 249
9 D n 1.26 123 L.56 2.7
10 D n 1.5 1,06 1.58 2464
n D n 1.3 1.06 LA 2,47
12 D N 1.0 118 a8 2,36
13 D n 1.16 1,06 1.23 2,29
7% D Sm 2.2 0s66 1.58 2.2,

To o § = 43,07

Tobal ehromstin langth = 840 1
Karyotype formla « 2(C M) +1(Cm) +1(C am) + 20 M) +
70 m) + 1(D ).
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Table 26 : Chremosomes of Strain 15 of Taro.

(n=28)
Clro~-  Clwoe Position of Length of the Yotal
o e i Se geee b
1 ¢ o L.2 1,80 2,18 28
2 ¢ n 1.33 158 2.2 2e
3 ¢ a 20 L33 2.6 3
L ¢ L .0 L7 L7 3«52
5 c n L5 L Zn 3«52
é ¢ n 13 Ll 193 3034
7 ¢ m Loy 132 1.9 5425
8 ¢ Sm 20 L5 212 517
9 D n 1.22 ldd  L.58 2099
10 D Su .2 0.88  1.93 Za
n D m l.28 .33 l.a b
12 2 n 1.5 Outle Lokl 235
13 D i 2.0 0,0 L4 211
b 1A D Sm 2.3 . A | 205

Te Fo f = 38432

Total chromatin length « “.ﬂ./n

Karyotype forsula = 1(C 1) + 5(Cm) + 2(C am) + 3(0D m) +
3(0 sm).



Fig. 88 Eloctrophoretic banding patterms of the total
soluble proteina of different etrains of tero.
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fige. 09 Mistogrem represanting the total soluble ponnl_\}w

contente of Ser0e
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Table 27 : Somatic chroamosomes of different strains of Taro.

Strain Ploidy Range of chromosome  lMean length of Ratio of the longest Total chromatin ToF$

length in P chromosame in ,t and shortest chramo- length in Y
somes in f
1 3x 1.80 = 3.63 2.7 2,01 11.7.00 4533
2 3x 2.29 = 411 3.20 L. 133.60 39.28
3 3x 2,05 = 47 3.1 2.03 131..0 40400
4 3x 1.0 « 3.0 2.0 2.2 115.60 41450
5 3= 194 = 375 2.85 1.93 122.46 41.01
6 3x 1.99 = 3.87 2:Gh 194 125.67 5167
7 3x 205 = L1 323 “el5 L5743 41.19
8 3= 176 = 5469 2.73 2,09 10346 075
9 3= 176 = 3406 242 1.73 98.7 42,20
10 3x 1.82 = 3.87 2.8, 2.12 19.5 41.63
n 3x L4 = 3487 2,90 1.99 12246 037
12 2x 202y = he3k 329 1.85 98492 43.15
13 2x 1.93 - 3.98 3.00 1.67 86410 41.98
b7 2x 2.2 - 3.88 3406 .7 €l 10 4307
15 2x 2,05 - 3.98 3.02 194 862l 38.32
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Total carbolydrate, protein comtent and
protein bands of Taros

Zable 28 +

No. of protein
bands

(mg/g dry wk.)

Tobtal protein  Total

(mg/g ary wt.)

Strain Floldy

17.76

.36

10.2

17.52

8.6

3640

6e2

.4

6e2

940

A*a8ad

2.8
2.0
.12
17.76

9e8
Le8
8.6
8ehs

A4 &4 4

A 423

12.6

Le2




Figee 91-94 a5 mava versysllow Shillong
99-Zoa paye - Hebit.

92-Eor of jgp REYR VeTe yellow Shillong

93=Sonatic Chromos me (20 = 20 ¢
" m.'ym?m.m: 2104)

94-Karyotype of Z.gays vore yellow,Shiileng
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Figs 95-97 Mgs mays ver.garc white

98 Eir of Zonoys var. gero whites

»

96 Somztic chromcs:mes (2n = 20) of 7, pgys ver gero white

(x2184)
97 Koryotype of 2. mays var. garo white
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Ze2 mayg

It 1c 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 pairs, one sessile and one pedicelled. The
femele spikes are axillary, 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 tip cells of all the varieties showed
the chromosome number as 23 = 20 (Figs. 93, 96, 100 & 104)
which econfirms the earlier reports of Kuwada (1911, 1919),
Longley (1924), Kiesselbach and Peterson (1925), Fisk (1925,
1927), Humphrey (1933), Ono end Suszuld (1956), Chen (1969),.
Varied number of B chromosomes were reported in maize by
various workers (Randolph, 19283 MeClintoek, 1933). However,
extra chromosomes were not observed in the present investi-
gation. Cytological marker and satellites were not observed
vhereas secondary constriction was found on the 6th chromoe
some pairs of the Sikidm Yellow variety. Ono end Suzulki
(19586) and Chen (1969) reported the presence of satellites
on the 6th chromosomes of the somatie complement. The
average length of the chromosomes varied in all the varieties
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(Table 84). L

In pollen mother cells, 10 bivalents were
observed both at diakinesis (Fig. 106) and metaphase (Fig.
107) end occasionally © bivalents and two univalents were
also noticed (Fig, 108). lMelosis was regular (Figs 100 &
110) and the chromosome distribution was equal at anaphase I
(Fig. 112). Bpindle shaped chromosomes were noticed at
metaphase I (Fig. 111). Heiotic abnormalities 1lilke lagging,
stickiness, bridges, ete. 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 characteristic
features of all the varieties are described as follows 3

1. Zea mays var. Yellow Shillong

Stem cylindricalj leaves are not compactly
arranged. Fleg leaf is erect and glabrous. Anthers and
silks are white in eolour. Kernels are yellowish, unshrune
ken, compactly arrenged. Absence of sterile appendage at
the tip of the ear (Fig. 92). The number of lerel layer
is © and the mean length of the ear is 17.7 en.
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- The length of the chromosomes varies from 2,80
to 5.80/:. The total chromatin length is 81.32)1. The
measurements of the somatic chromosomes are summarised in
the Table 80 and the chromosome pairs have been represented
in the idiogram (Fig. 94)« ©5ix peirs are median and the
remaining four peirs are sub-median with respect to the
position of the primary constriction.

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

2. Zs mayg var. Garo White

Sten c¢ylindrical, leaves are compactly arranged.
Flag leaf i1s not erect but glabrous. Anthers are purple
vhereas the silk is white in colour. Kernels are small,
vhite coloured arranged regularly, unshrunkemn. Sterile
appendage is present. The number of kernel layers is 12
and the mean length of the ear is 11.2 em (Fig. 96).

The size of the chromosomes ranges from 2.82 to
4.92 a. The total chromatin lemgth is 74.84 a. The
dotalls of the karyotypic analysis are givem in the Table 31,
and the chromosome pairs have been represented in the idiogram
(Fig. 97). Seven pairs are medisn and the remaining three
are sub-median with respect to the position of the primary
constriction.
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The values of total protein and earbohydrate
are 9.2 and 9.6 mg/g dry wt. respectively.

3¢ Zs mays var, S1kdm 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), Kernels 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 em (Fig. 99).

The chromosome size varies from 1,76 to 3.16 /l.
The total chromatin length is 50,04 /n. Secondary constrie-
tions are present on the 6th chromosomes of the somatie
complement. The details of the karyotype analysis 18 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 constrie-
tion.

Carbohydrate and protein values are 13,4 and
5.4 mg/g dry wt, respectively.
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4. Z, payg vear, Siklkdm VWhite

Stem eylindrical, leaves are not compactly
arranged. Flag leaf 1s ereect but glabrous. Anthers and
silks are white coloured. Kernels are whitish, unshrunken
and regularly arrenged in 10 layers. Rmﬂmi;s of sterile
appendoage 1s present. The mean length of the ear is
15,7 em (Fig. 108).

The length of the chromosomes ranges from 1.76
to 4.22 /1 and the total chromatin length is 57.94 /I- The
measurements of the somatic chrdmosomes are summarised in
Teble 33, and the chromosome pairs have been represented in
the idlogram (Fig. 1058). Seven pairs are medisn and the
renaining three sre 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 1s 11,3 mg/g dry vt.



Table 29 ¢ lorphological moasurements on different varicties of malse.

- TRAE A BRI R R K
(mean) (cm) (om)
Zoa maye var. Yellow Shillong  353.32 13.0 23.7 36,72 46432 375.0
Zs mays var. Garo White 179.58 13.5 12.43 35.26 43.53 0.0
Zs mays var. Sikicm Yellow 206,67 12.8 Lie27 39.62 h5:97  385.95
Zs mays var, Sikidem White 275.5 Liels 1948 10468 W6e68 4395

L
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Table 20 : Chromosames of %, mays var. Yellow Shillong.

(=2)
Chromo= Chro-  Position of Am Length of the Total length
= e MR, e epe =)
1 B n LD 264 3.6 5.80
2 B n .3 210 2a4a 5e92
3 B M 100 2,28 2,28 b.56
4 ¢ n L27 193 2wk be39
5 c fm L7 L0 2.6, LeO4
6 ¢ n LD 1.7 2.1 387
7 ¢ fm 2.0 .23 2464 3.87
8 ¢ Sm 2,33 .05 2a2.m 3eh6
9 D Sm .83 1L.05 1.93 2.98
10 D ¥ 1,00 140 1.0 2.80
Te Fo Ba = 36,33

Total chromatin length - u-’zf
Earyotype formla = 2(Bm) +1(B ) + 2(Cm) + 3(C sm) +
1(0 ¥) + 1(D am)e



Fige 98-901 Jes mayg ver. Sikkim yellow
98 A plent of Zepgys ver.Sikkim yellow

99 Ear of Z.pgyes var,Sikkim yellow

900 Somatic chromosomes(2n = 20) of Z.meye var.Sikkic yillau

( x 2184)
101 Koryotype of L.paus ver.Sikkisn ysllow. u
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Figse 102~105-Zg2 pays vor.Sikkim white
102-2 malze plent showing baggod tassel

103-Ear of Z.ngys vor.Sikkdm white

104-Somatic Chromosomss (2n = 20) of Z.mgys var. Sikkim white,
(X 2184)
105-Kkaryotype of Z.mays vers Sikkim white
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Fige. 106-113 flelosis in Parental £8a pays plants
106-A PNC showing diskinesis with 90 44
m—ammmmtm.1um 044

108~A PAC showing diakinesis with 911 + 24
1089~A PIC at diplotens

113-Fertile sollen graing,
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(a=2)

Chro= Chro- Position of Arm  Length of the  Total length
il T e e,
1 B M 1.0 246 246 Le92
2 B m 1.36 194 2.6, he58
3 ¢ = LA L7 26 he22
4 c m 1.55 L5826 4Ok
5 c n 1.2 1.7 221 3.87
6 ¢ S 233 106 246 3.52
7 ¢ s 2,17 .06 2.2 3435
8 ¢ so 20 106 21 217
9 D m 112 L0 .58 2,98
10 D n .67 106 1.7 2,82

Karyotype formla « 1(8 ¥) +1(Bm) + 3(C m) + 3(C Sm) + 2(D m).



Table 32 ¢+ Chromosomes of Z, nays var. Sikidm Yellow.
(23=2)

Chro=  Cluo= Position of A Length of the campo-  Tobal
mosome  nosome Fm ratio nent awms in n length

palrs  type in p

1 ¢ ¥ 1.0 158 1.5 3.16

2 ¢ m .25 L .7 3.6

3 D b L0 140 1.0 2,80

4 D n L6 .05 L7 475

5 D n L5 1.05 1.58 2,63

é D n am 133 635 + 0.75 140 240

7 D Sn 2.25 0. 1.58 2,28

8 D n 1 0.8 1.23 21

9 D Sa L7 0N 1.3 1.93

0 D M 1.0 0.88  0.88 .76

Te Fu f = K275

 Tobal chromatin length - Mf

Earyotype formla « 1(C ) +1(Cm) + 200 1) +3(0m) +
10 m Sm) + 2(D Sm)e
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Table 33 ¢+ Chromosomes of Ze mays vare White Sikidm.

( 2n = )
Clro= Chro=  Position of armn Length of the  Total length
ROSOme  MOSOMme m ratio arms in p
palr  type P
1 c M 1.0 210 210 he22
2 ¢ n Lok 1L.58 2.28 3.86
3 ¢ om 1.85 1.23 2.2 3.5
4 ¢ Sm 2,16 1,05 2.2 3.33
5 D n 1l.28 1,23 1.58 2.8
6 D Sm 2.0 0.88 1.76 26
7 D m 1.33 1,05 1.0 245
8 D n 1.0 0.88 140 228
9 D n 1.0 0.88 1.23 2.1
0 D M 1.0 0.82  0.88 1.76
Te Fo & = 38.84

Total chrematin length = 5794 »
Karyotype formla « 1(C M) +1(Cm) + 2(C @) +2(D M) +
40 m) + 1(D Sm)e
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Figs. 194~ 120 F1 nybride of Zemayg ver.yellow Shillong X Z.uays vers
Sikkim yellow

114= Egr of Fy hybrids of Z.pgyg ver.yellow Shillong X Zemays vare
~ Sikkim yellow.

115~ Somatic chromosomes (2n = 20) of the Fy hybrids of Z.pgys vere
yellow Shillong X ‘.m% var, Sikkim,

2184).
116~ Keryotype of the F, hybrid of Z.ugyg vsr.yellow Shillong X

L-paygvar, Sikdeim,.
117= A pollen mother gell showing 10g; ot diskinesis g4
118~ A pollen mother cell showing 104, at metephase 1

119~ A PNC showing equal distribution of chromosomes at enavhase 1

120~ Feortile pollen grain
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Fige.121-126 Fy hybrids of Z.mgys v r.Sikkim white X Z.payg ver Garo white

121~ Ear of Fy hybride of Z.pgys ver.Sikkim vhite X
A-Rayg ver. Gero white,

122~ Somatic chromo-omes (2n = 20) of the Fy hybride of Z.mgys
var. Sikkim wvhite X Z.nays ver. Garo white(X 2184)

123~ Karyotype of the Fy the hybride of Z.pays vere Sikkim wvhite
X Z.mays vor. Baro white.

124~ A pollen mother gell showing 1044

125« A pollen mother gell showirg egual distribution of chromosomes
at enephase 1 «

126~ Fertile pollengrains.
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Intervariotal hybrids
1. 2, mays var, Yellow Shillong x Z, mayg var. Silddm Yellow

The stem 18 cylindrical, Flag leaf is erect
and glabrous. Miderib 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 en. The hybrids are intermodiate to their
parants with respect to other morphological characters
(Table 36).

The somatic chromosome number was found to be
twenty (Fig. 1156). The size of the chromosomes ranges from
‘1.40 to 2,99 /l. The total chromatin length 1s 46.32 /lo
Secondary constrictions are present on the £ifth chromosomes
of the complement. The measurements of the somatic chromo-
somes are sumerised in Teble 37 and the chromosome pairs
have been represented in the idiogram (Fig. 116). Seven
pairs are median, two are sub-median and the remaining one
is subeterminal with respect to the position of the primary
constriction,

In pollen mother cells, 10 bivalents were obser
ved both at diakinesie and metaphase I (Figs. 117 & 118).
Oceasionally © bivalents and two univalents were observed.
The course of melosis was regular. DMeiotic sbnormalities



were absent. Chromosome distribution was equal at anae
phase I (Fig. 119). The second anaphase 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, mayg vear., Sikidm White x Z, payg var. Garo White

Stenm is ecy}indrical, Flag leaf is not erect but
glabrous. Anthers and eilks are whitish. Kernels are
vhitish, comparatively bigger than the male parental ones,
irregularly arranged in 8 layers. Sterile appendage is
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 23 = 20 (Fig. 122). Chromosome length varies from 2,28
to 4.22 /A. The total chromatin length is 64.62 )1. Second=-
ary constrictions are absent. The measurements of the
somatic chromosomes are summarised in the Table 38 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 constrie~

tion.
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In pollen mother cells, 10 bivalents were
noticed (Figs. 124). The course of meiosis was regular.
Melotic alnormalities were absent, and the chromosome
distribution was equal at anaphase I (Fig. 126). The
second anaphase was also regular. The pollen fertility
and chiamma 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. vhoreas
the carbohydrate content is 8.8 mg/g dry wt.



Table 36 @ WW@W&M&“

Rybrids Mean hedght No. of lLength of Flag leaf Tassal

of the inter-  the 5th length (em) greins
plats (em) nodes internode (om) an) (gn)

Z var, Yellow

a g v e MXle 283.7 12,6 19.8 36,3 5216 35040

Z, mays var, Silddn Yellow

var, Sikidm White
o 252.1 13.6 1792 30 4328 A0

x
Z, mays var. Garo White

n8
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Zable 37 M«mrlm
2 mays var. Yellow Shillong x Z, mays var. Sikiim

Yollow, (m=2)
Chroe  Chro=  Position of Am m the campo~  Total
b pe Thm Toeews o oowemroowy
1 D n 142 .23 1.76 2,99
2 D n l.22 1.33 1.58 2,81
3 D n LU 1.2 L0 2,63
A D ¥ 1.0 1.23 1.23 246
5 D n Sm 1.3 0.1740.88 1.40 2.45
é D Sm 2.25 0.7 1.58 2,28
7 D n 140 0.88 1.23 2,11
8 D Sn 2,0 0.7 .10 2,10
9 D n 1.2 0.88 1.05 1.93
0 E st 3.0 035 1.05 L0
Te Fo f = 51

Total chromatin length = 46432 p
Karyotype formila « 1(D 1) + 500 m) + 1(D m Sm) + 2(D 3m) +
1(E 5t)e
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Zable 38 @ mwrlm
&, pays var. Sikidm White x 2, mags vars

Total chromatin longth =« 6&.62,1

Karyotype formila - 1{(C M) +4(Cm) +1(D ) + 2(Dm) +

2(D sm).

Garo White.
(;p=2)
Chro= Chro= Position of Am length of the Total
mosane  MOSGMmo m ratio arms length
pairs type J in P
1 ¢ M 1.0 211 21 L.22
2 ¢ m 1.4 L7 246 L22
3 ¢ n L33 L58 21 3.8
& L+ n 1.5 L.O 211 3.5
5 ¢ n .57 .23 193 3.6
6 D n l.42 1,23 1.7 2.99
4 D M 1.0 L0 P 2,80
8 D n 1.66 104 176 2.8
9 D Sm 0.88 1.76 264
10 D Sm 2,25 0.0 1.58 2.2
,Q ’0 ‘ - M



Zable 39 3 WM;NPIW&N&

Variety Range of chromosome  Mean langth Ratio of the Total compli=  T.F.%
lquua,l of chromo=  longest and mont, Jength
-anh/n shortest chro- m/u
min}l
Zs mays var. Yollow Shillong
- x 10 = 2.9 2.0 2,16 16432 0.9
Z, mays var, Sikicdm Yellow

Zs mays var. Sikidm White
x 2,28 - he22 325 1.85 Cheb2 h2.08
Z, nmays var. Garo White

L8






Zable 4] :

Chromosome numbers in Amorphophallug.

89

Species

Authors

4. bulbifep

A companulatug Bl.

A dublup

A. hohenaclezd Ingl.

A, linunang
As ldusiana
A, onjac

4 ziviexd

A, fltenun

BR B @ BR B R B B BBR B8k | &

Chandler (1943)
Ramachendran (1977)
Present study

Amm&S%unfma;

Krishnan gt
Ranmachandran

memw&uzﬂﬁﬂ)
Ramachandran (1977)
Kishimoto (1941)
Kishimoto (1941)
Ko (1942)

Nakajima (1958)
Tiio (1948)

Kishimoto (1941)

B2
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8 Author
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quinatun :
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Jdaponicun n 0-941.
A, talholensig :
A. Kushisnun -
28
As u .
h . - Bowden (19240
h : - Kishimoto )
56
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Table 43 : Chromosome numbers in Gonatanthus.

Species a 23 Authors
G, sarmentosug - 3B Sharma & Das (1964)
&, sarmentosus - 32 Mookerjea (1965)
G, ornatus - 30 Present study

Zable 44 : Chromosome numbers in Steudnera.

Species B 2 Authors
Ss discolor - az Jos ¢t gl. (1971)
- 56 Ramaghandran (1978)

Ss gologagioides - 28 Present study.
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Zable 45 : Chromosome numbers in Xanthosoma.

Species el 2n Authors

X. segittifoliun - 26 Jos & Magoon (1970)
8 28 Magoon gt al. (1970)
- 26 Marchent (1971)
- o6 Present study.

X, strovirens 13 26 PRitmr (157)
~ 28 Marchant (1971)

Xo zobustum 13

L. lindeinil 13 26 Pfitzor (1957)

Xs yiolaceum 13

L. gareay - 26 Marchant (1971)




Table 46 ¢
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Chromosome numbers in Colocasia.

Species

Authors

€. sotlouorun

€. esculonta

28, 42
a2
28, 42
42
28, 42
o8, 42

Maeda (1932)

Rao (1947)

Delay (1951)

Sharma & Das (1954)
Mookerjea (1985)
Rattenbury (1957)
Fulmshima gt 21. (1062)
Bhattacharya (1971)
Kavhara (1978)
Reamachendran (1978)
Choudhari & Sharma (1978)

22, 88, 42, Subremenian (1979)
by et

28y 42
28, 42
28, 42
28, 42

Yen & Wheeler (1968)
Merchant (1971)
Ramachandren (1978)
Present study.
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Table 47 : Chromosome numbers in Zog pavs.

Species Gametic
nunber

Sporophytic

Authors

EEE L

lggi

88 888

Kuwada (1011)
Kuweda (1919)
Longley (1924)

e o -

Fisk (1927)
Rendolph (1227)
MeClintock (1920)
Humphrey (1933)
Ono & Suzulkd (1953)

Lina«dg«Faris &
Sarvella )

Chen (1969)
Present study.
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DIsCUssION

In the previous section detailed observations
on morphological variations, chromosome number, cyto-types
and,carbohydrate and protein proﬂln of some members of
tuberous species, both cultivated and wild, of the family
Araceas, have been embodied., It was stressed that the
investigation on these aroids was primarily taken up to
explore the range of variations, both morphological and
eytological, among the common tuberous aroids of Meghalaya.
Informations about these plants are either sketchy or
almost noneexistent, especially the types growing in the
NortheEast region of the country. A systematic study of a
few of the species that have been carried out indicates
considerable 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
reliasble 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 Imowvledge
of the almost completely umexplored 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,

Simdlarly, one of the most common cereals
cultivated by the original population of the State, is
maize. It has been stated earlier that primitive strains
of maize are still cultivated in the hilly tract of Sikidm
- and NortheEast regions. The existence of these strains in
this area offers a mtable' 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, Vhy this is necessary, hu‘bem
stressed earlier, in that there is a school of thought
that North-East India end SoutheBast Asia may be the centre
of origin of maige besides the American centre. Whether
North-East India or Southe-East Asia is the primary centre
of origin of maize or not is leenly debated, but the
existence of primitive strains in the area does offer
support to the view that at least this region may be the
gecondary centre of its origin. Once the range of variabi-
1lity of this primitive maize is fully screened they may be
utilised in the production of high yielding 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.



For the sake of clarity, however, studies on
the earoids and that of maize straing and their hybrids
will be discussed separately.

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

The six genera of the tuberous aroids are -
Amorvhophallug, Arisacma, Sonstanthus, Steudners, Xantho-
gona and Colocasia. As mentioned earlier these materials
have been collected from varlous loeations of low end
high altitudes. They exhibit considerable morphological
variations in regard to height of the plant, leaf size,
‘number of stomata and yleld per plant, namely, the size of
the corm end cormels ete. (Tables 6, 10 end 1lj Figs. 14,
19, 20, 33, 37, 41, 45, 49, 53, 57, 61, 656, 69y 73, V7 &
8l). For instance, in Xgnthosomg sagittifolium collec-
tions from the plain and the hill, the morphological data
bring out clearly great variability. Similarly, in
Colocasia esculenta, 15 strains collected from various

locations show amazing array of variability in morphologl-
cal features. Out of the 15 accessions of this taxon,
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11 are triploids and 4 are diploids. But even within
triploid cyto-types the wide variations exist in respect
of the various morphological features summarised in
Tables 10 & 11§ Figs. 29, 33, 37, 41, 45, 49, 63, 67, €1,
66 & 69, Similarly, among its 4 diploid accessions
considerable variations have been scored (Tables 10 & 113
Figs. 73y 77y 81 & 88). These two examples fully justify
that in this unexplored region very rich repository of
germ-plasms exists which needs systematic collectlon,
agssessment 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 germeplasm which through
clonal selection, spontoneous or induced, would greatly
add to the tuber wealth of the State.

In the other 4 genera, Amorphophallus, Arissema,
Gonatanthug and Stoudnera, only limited collections have
been made and it would be very profitable if these species

are also collected from the whole range of their habitats
and their variebilities 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
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tool. Not only the chromosome number is fairly constant
in a species, but even minor elterations in the individual
chromosome structure, through deletion, duplication, transe
location, inversions, can be detected and their role in
speciation be ascertained. The addition or deletion of a
few chromosomes or whole set of haploid number, thus
raising the ploidy of the species, can also be established
through the study of chromosome numbers. ZEven within a
specles intraspecific chromosome variations have been
dotected in a number of plants, such as, in barley (Hagberg
& Tijo, 1980), Poldeanthus tuberosa (Sharma & Chosh, 1956),
Caladiug bicolor (Sharme & Sarkar, 1964), Qryza sative
(Sharma & Mukhopadhyaya, 1965), Brassics campestris (Moo
kherjee, 1977), etes. Thus the alteratiomsin the chromosome
nunber end structure are looked upon as a very reliable
parameter in phylogenctic considerations., Stebbins (1850)
stressed that "Studies of chromosome morphology often
provide to the students of evolution end phylogeny valuable
sign posts indieating the nature of evolutionary process
at work and trends which evolution has taken." It is gene-
rally accepted that primitive specles are characterised by
symmetrical karyotype, i.e., metacentric or sub-metacentriec
chromosomes, and advanced species have asymmetrical karyo-
types vith subemedian to subeterminal chromosomes.
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A number of workers have studied several
members of the family Araceae and reported the chromosome
nunbers, namely, Bowden (1940), Darlington and Janald.Ammal
(1945), Sharma end Das (1984), Mookhorjea (1955), Ramachene
dran (1978), Among the six taxa of the Aracese included
in the present investigation, 4 taxa « Aporphophallus
bulbifer, Arisaenma conssneuinoum, Copatanthus ornatug and

Steudnern colocasinideg, grow almost wild in Meghalaya.
The previous work on these genera inecluding the present

dotermination are summarised in Tables 41 to 44. The 23
numbers are 26, 28, 30 and 28 respectively and all are at
the diploid level. Among the 4 species, the chromosome
sizesin A, bulbifer and 5. gcologasioldes ere almost similar
vhich range from 3.17 to 6.86 )l (Table 8)« In the other
two specles, Arigsema consapguineuy and Gonatanthus ornatus,
the chromosomes are much smalleér, 1,40 to 2,99 /1 in the

~ former and 2.19 to 'I.O(/l in the latier. A great varia.
tion in the size range of individual pairs in Gopatanthug
grnatus may be noted. The karyotype of Amorphophallug
bulbifer (Teble 1; Fig. 8), indicates that 11 pairs of
chromosomes of éifferent siges, A, B and C types, have
median m&mrn and only 2 pairs have sub-modian centro-
meres., The 7.F, value is 41.32. Fronm these chromosome
measurements and karyotype the specles appear to have a
symmetrical karyotype. The other species Arlsasms



sonsanguipeun has much smaller chromosomes, but in this
case also out of 14 palrs, 10 pairs have median centro-
meres and 4 palrs have sub-median centromeres with 7. F.
value 41.64. On the whole, this species also has a
symnetricsl karyotype. The third species Gonatenthus
ornatus has 16 pairs of chromosomes, of which 10 pairs

of chromosomes with Ay By C and D types have muedian centro-
meres and & palrs of different sizes have sub-median
centromeres. The T. 7. value 1s 4084, This specles tends
towvards asymmetry although majority of the chromosomes are
st11) metacentric. Steudnera golocssioldeg has 13 pairs
of A, B and C types of chromosomes with medion ecentromeres
and only one pair has subenedian centromere with T. F,
value 43,26, Thus, thls species also has a symmetrical
karyotype. Therefore, from the idlogram, T. Fs value and
karyotypes of these four species which are at the diploid
level ¢an be classified as primitive types chromosomally.

From the determination of 25 number, the

haploid number in them 1s 13, 14 and 15 respectively. A
perusal of the basic chromosome number in the family (e.f.
Derlington & Wylie, 1985) indicates x = 7, 8, 9, 11, 12,
13, 14 end 17. The species with & haploid number 14 can
easily arise as a multiple of 7 In fact, the haploid
number which is found in the largest number of species, is
generally taken as the primary basic nusber. It is quite

0
n\b Cj
\
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likely that 7 may be the basic number from which even 8

or © can be derived through duplication of one chromosome
by non-disjunction at anaphase. Thus, from the primary
mode of 7y 8 or 9 could arise. Similarly, 7 could give
rise to the number 14 by duplication from which 13 or 15
could arise by addition or deletion of one chromosome at
anaphase. Onece these numbers, 13, 14 or 15, are establishe
ed, their mere doubling would give rise to the 25 number
26, 28 and 30. Most of the specles are vegetatively propa-
gated and sexual sterility even if encountered, has no
relevance. The previous report of Mookherjea (19565) also
stresses the basic number as 7, 8 or 9 vhich are found

in several genera of Araceae, such as, § = © in Acorus
(Darlington & Wylie, 1955) end g = 8 & 9 in Typbonium
(Sharma & Mukhopadhyaya, 1965). 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 vhich the
specles with 26 or 39 have arisen through doubling or
tripling. However, it might be possible that x = 13 4in
Amorphophallus and x = 15 in Gonatanthug may themselves be
a derived number from a lower number as suggested above,
Krismen gt al. (1970) held the same view while studying
the number of chromosomes in Amorphophallug. The presence
of supernumerary constrictions (Fig. 8) in the chromosomes
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of Gonatanthus ornatug also indicate that structural
changes in chromosomes have taken place.

Secondary constrictions have not been observed
in the chromosomes of Amorphophallus, Arissema and Steuds
nera, but two pairs of chromosomes of Gonatanthus show
secondary constrictions. Ramachandran (1977) reported
secondary constriction in a triploid A, bulbifer. It is
a8 common feature that in the same species some worlers
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
congidered important in over all considerations of karyoe
type. There is considerable divergence of opinion about
the relevance of secondary constrictions as a chromosome
marier and reliable tool in phylogenetie studles. Stebbins
(1950) mentioned that *"nucleolar organisers with its
satellites may be gained or lost during evolution and that
the size may increase or decrease." Lewls and John (1963)
stated that chromosome regions which are devold of colling
present a different pleture than a totally coiled arm and,
therefore, secondary constrictions are not always constant
in appearance and have to be considered with utmost care
and attention. 8o far thaese 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 Xanthosoma sagittifolium
anéd Colocasia gsculents are cultivated for thelr nutritious
corms and cormels. These two show great diversity in
thelir morphological features as well as other characterise
tics. In particular, X, gagittifolium collected from plains
end the same species collected from the hills differ mark-
edly. The tubers of the plain variety are smaller in size
than those of the hill variety. 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 their leaf shape. Their leaf size differs.
Percentage of moisture content and yiald per plant are high
in the hill variety as compared to the plain ones. The
stomatal 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 specles
is popularly lmown as 'Tannia' =2nd the varieties collected
from the hills and the plains are both diploids (25 = 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 al. (1971) end Marchant (1971). The chromosome
complements in both the varieties are almost similar with
slight differences, namely, in the plain variety it ranges
rml.m/x 203.26/: and in the hill variety from 1.84
to 3.87 /l. The individual length of chromosomes and the
types to vhich they belong are given in Tables 7 and 8.

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

4 pairs of C type and one pair of D type have sub-median
centromeres. The remaining 2 pairs are of D types and have
sub-terminal centromeres. Thus the T. F, value in the
plain variety 1s 40,77 and in the hill variety it is 38.48.
On the basis of these measurements it 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 collections possibly
we may get far more variations both morphologically and

karyotypically.

The 2p number being 26, the haploid number is 13,
wvhich may be looked upon as the basic number. It has been
discussed above in the case of the other specles 1lile
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A, bulbifer that even x = 13 could have &risen from a
lover number. The variation in the karyotypes of the
plain and the hill varieties possibly indicate that the
original basic number 13 1s & derived number. Based on
pachytene studlies (Table 45) it was suggested that Zantho-
Saza has a low base number lilke 7 or 8,

Thus, on the vhole, the differences in the
T+ Fo values of the plain and the hill varieties and thelr
karyotypes, indicate that factors responsible for the loss
or gain in the chromatin matter and mechanism 1ile perie
centric inversions and trenslocations could be operative
possibly shifting the position of the centromeres and
altering the size of the chromosomes. Two trends in the
chromosane morphology end size appear to be evident, namely,
evolution of the basic number 13 from a lower number and
karyotyple differences in the plain and the hill variety
through aberrations.

The species, Colocasia esculents, is popularly
called 'Targ! and 48 cultivated for its nutritious coms.

Fifteon strains have been collected from the plains of
South and North Indla, and slso from the hills of Meghalaya.
The distinctive morphological features of the corms and
cormels have been sumarised in Tables 10 and 11. The
accessions from South India are dipleoid with 23 = 28 and
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those from North India are triploids with 29 = 42, The
collections made from the hills of Meghalaya have both
diploids and triploids. The triploid strains on the whole
are bigger in size and morphologically superior to diploids.
The triploids from Meghalaya also showed more variations in
size than diploids. The leaf size in the diploids ranges
from 111,7 en® (train 15) to 1983.,8 en® (Strain 12). In
triploids, however, it ranges from 281.7 en® (Strain 7) to
3083.5 en® (Strain 10), It is interesting that the wild
strains had a lover leaf area, namely, 111.7 cn® and the
stomatal index 8.27. The increase of chromosome number
from 28 to 42 decreases the stomatal index which ranges
from 3.1 to 8,61, A similar tendency in the reduction

of stomatal index freguency was reported in Zo3 mays (Rane
dolph, 1932, 1985), Iradescantis (Sax & Sax, 1937) and
Sodum (Smith, 1943). The triploids gave much higher yield
then the diploids. Even the diploid strains growing in
the higher altitude gave better yield performance than the
strains cultivated in the plains. Thus even in the diploids
there 1s strain difference. This great variability, there-
fore, in the diploid and triploid accessions in Cologcasia
esculenta can be mesningfully exploited for higher and
more production.

The genus Colocasia appears to possess different
chromosome numbers. The present report of 2 = 28 and 42
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confirms the earlier reports by a number 6t vorkers
(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 23 = 28
and 42,

The detailed measurements of chromosomes and
their karyotypes are given in Tables 12 to 26, Taking
the Strains 1 to 11 (Tebles 12 to 22), all of vhich are
triploids, there is some degree of variations in the size
of individual chromosome and correspondingly in the mean
length of the chromosomes. Some differences in the size
of individual chromosome can 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 1s 4.40 /t (Strain 7) in size. Naturally
the total chromatin length among the triploids also shows
variation with the lowest factor 98.70 /l in Strain 9 and
the highest 137.43 /-\ 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, 10, 7, 11,
10, 12, 7 and 12, respectively, DMost of the metacentrie
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chromosomes are of C and D types. Benm, there 1s
variation in the number of chromosomes with subemedian

and subeterminal centromeres in these strains, Besides
the metacentric chromosomes, the remaining peirs are
nostly sub-metacentriec. Only in 4 strains some chromosoe-
mes show subeterminal centromeres (Tables 13, 14, 16 & 21).
Thus,y basically the karyotype is symmetrical with some
chromosomes showing tendency towards sub-terminal centro-
meres. This is also evident from the T. F. value which

is only 30,28 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 fl in Strain 13 and
the beggest 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
15 and most of these metacentrie 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 is 43,15
in Strain 12 and the lowest 38.32 in Strain 15. In the
diploid strains also, therefore, the laryotype is mostly
symetrical only showing a shift of the position of centro~
mere towards subemedian 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 subemedian position, but that type
of situation has not been found in the diploid accessions.
It indicates that the triploids showing greater variae
bility not only in regard to the number but also in intrae
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
existence of cultivation of a number of diploid and triploid
strains, some suited to South India, some to North Indla,
vhereas both diploid and triploid to lMeghalaya State., These
strains of Cologagia (Taro) are propagated exclusively by
vegetative means and, therefore, one strain is completely
isolated from another without any chance of gene exchange
among them, Thus the karyotypiec changes and random mutae
tions arising in each strain would gradually lead them to
divergence. This is not only true for Cologagia, but
equally true for Tannia (X, gagittifolium) as reported by
Kuruvilla and Singh (1980). These divergences are 2lso
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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eritically discussed the adaptive significence of longer
chromosomes at higher altitude. Thus the general pattern
of the ewolutionary dynamics, 1.0., through structural
changes in chromosomes in Taro and Tannis is the same as
deseribed in other groups like Hordeuy (Sharma, 19663
Sharma & Mookherjea, 1966), Sorghum (Sharme & Bhattachare
Jee, 1967) and Drassica campeosiris (Mookherjee, 1977).

The occurrence of the triploid strains which
are karyologically arranged into 14 sets, each set of 3
chromosomes, confirm their autoploid nature. But the
nunber 28 with g = 14 itself appears to be a derived
number from the basic number 7 beeause in a large number
of the taxa of Araceas x = 7 1s the dominant number. Thus
through doubling in the remote past the secondarily derived
base number 14 was established in this genus. The poly-
ploids in the genus appear to have beén derived from the
basic set of 7 and vherever numbers other than 28 and 42
are found, they may be deviations from the basiec set of 7
(Choudhari & Sharma, 1978). The meiotic studies of
Abraham and Ramachendran (1960) and, Sharma and Sarcar
(1963) showing 14 regular bivalents corroborate that the
chromosomal sets are homogenous and have arisen through
doubling in the remote past., It is now well Imown that
the autopolyploids, after a few generations, fail to form
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multivalents (Rendolph & Giles, 1951), hence, the occue
rrence of regular 14 bivalents does not preclude the
chance of the autoploid nature of the polyploid strains

of Colocasia.

Electrophoresis, 1.0., electrophoretic mobili-
ty of protein fractions, is proving to be a very effective
tool in the analysis of genetie variance, Similar varie-
ties of a taxon possess almost similar/identical bands
vhich are considered a reflection of their genetic homoge-
neity. In accessions which have the same chromosome number
as well as very few distinguishing features, protein and
enzymatic bands may prove informative to bring out the
intrinsie differences among them. Singh gt al. (1973) and
Sanyal and Sharma (1980) stressed thie point in their report.
In this baclirop the two accessions of Xanthosoms gagifti-
foljum, one from the pilain end the other from the hills,
have been snalysed electrophoretieally to bring out the
nature of intrinsic differences between them. It may be
recalled that the same chromosome number and their chromo-
somal complements are very similar except that in the hill
accessions the karyotype has several pairs of chromosomes
with sube-median centromeres and show a tendency towards
asymeetry. How far these intra~chromosomal variations 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 of protein bands are 7 in the
plain accession 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 § bands in the two accessions shows that they are
not signifieantly different from each other and, there-
fore, be considered homologous. The homologous bands are
charagterised « (a) dense end (b) medium, but none of the
light bands are homologous in the two accessions. 8:5:.0:&1-
and de Wet (1985) mentioned that in epite of morphological
md ecological differences, taxonomic categories below
the species level possess the ssme protein profile. Howe
ever, in several cases differemt bends have been encoun-
tered enmong different variotles or subespecies of the
‘aame specles complex. TFor the engymatic profiles peroxi-
dages are casily screened., Those are oxidative enzymes
which oxidise a number of substrates but not hydrogen
peroxide (ggoa). They catalyse the oxidation of phenolie
compounds and aromatic amines into quinones in the
presence of 11208 (Bonner, 1950). These enzymes are uni-
versal in the plant kingdom ond are generally assoclated
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uthtmmmummmmnmxgeo eytochrome
as reported in cebbage and cucumber mitochondria (Ivanova
et gley 1967)., It 18 seen from Fig. 24 that peroxidase
bands afe 57 in the plain and hill varieties but the
nunber of dense bands are the same in both the accessions,
Thug eleatrophoretic pattern shows characteristie banding
pattern for protein and enzyme. The minor differences in
the two patterns may be taken to indicate the differences
in their genetic make-up.

Surmarising the situation in X. gasittifoliun
it may be stated that the minor differences in the karyoe
type of the two accessions may be due to intraw-chromosomal
changes and mutations which are also reflected in addition
to their total protein and electrophoretic patterns of
isoperoxidases., CQuite likely the hill varlety with higher
protein cmtent'may be the result of human selection for
more nutritious corms, The hill variety growing in remote
areas is comparatively not so disturbed and represent the
pattern of intra-chromosomal changes that are taking place
in the specles.

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

Ethniec relationships of some tribes of Northe
Bast India to the natives of SoutheEast Asie lend support
to this view., BEven if the two accessions may have a
common origin, some cytogenetic divergences are expected
because of thelr migration from the original place via
different routes, Perhaps the performance of the EKhasi
variety end the plain variety, and viece versa, and also
their in.depth assessment of protein and peroxidase pro-
f1les may provide additional information about their origin.

The electrophoretic studies in respect of
total protein profiles and carbohydrate contents have been
made in all the 16 strains of Cologasis gsculenta, 11 of
vhich are triploids and 4 are dlploids. The protein values
in these strains range from 4.2 to 1l.4 mg/g dry wt. The
maximum protein value 1s found in one of the triplold
Strain 8 (11.4 mg/g dry wt.) and the minimum (4.2 mg/g dry
wts) in the wild diploid Strain 15 (Table 28). The highest
carbohydrate content 36.,0 mg/g dry wt. is regarded in
triploid Strain 7 end the lowest in the diploid Strain 15.
Electrophoretic banding patterns also show veriable numbers
among the different strains of '"Taro's Generally the
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nunber of bands 1s © 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 tw bands, whereas Strain 7
has six bands. The other strains like 1, 2, 3, 9 and 11
of the triploids, have 4 bands each. Only two triploid
strains 6§ & 6 have § 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 genotypic level. The wild strain
with tendency towards asymmetrical karyotype, which obvie
ougly 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 1s 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.

Thelr protein bands are almost similar. Minor karyotypie
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 morphologiecally divergent but
also karyotypieally and genotypically. The triploid
strains have greater variability than the diploid ones.
The occurrence of both diploid 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 climatie
situations of the Meghalaya region. Several workers like
Love and Love (1943, 1849 & 1957) stress that the poly-
ploidy is one of the responses of the organism to higher
altitude. Since these strains flower very rarely, their
melosis is unlnown and no critical comment on the nature
of triploidy is possible although karyotypes suggest their
autoploid origin.

De Candolle (1886) mentioned that Cologasgia
originated in the Indo-Malyen regions. According to Pena
(1970) eultivars of C. ggculeontg might have originated



118

either in the North-Bastern regions of India or Upper
Buma. Pluclnett (1972), on the other hand, holds that
Southern Agla i1s the native place for Colocasis. Onwueme
(1978) stated that 'Taro' varieties might have originated
from South Central Asia. The greater diversity in the
hill strains of C, egculenta than in the plain varieties
suggests that there is greater probability that these
strains originated in the NortheEastern India, According
to Vavilov (1931) the specles in the area of its origin
has larger number of variations or diversity. From this
angle the NortheBastern region of India may be considered
the centre of origin of C, ggculenta, To secttle the
natter wider collections from the whole hill regions of
North-East India as well as from the South-East Asia
would be rewarding, hence, is essential,

Thus the cytological data of the wild and
cultivated species of Aracese have provided useful clue
to the trend of speciation among them and also throws
1ight 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 crops which can be
meaningfully utilised to supplement the food chain of the
population, The maximum diversity of some of these aroids
also indicates North-East region of India to be their
probable centre of origin., These informations underline
how necessary it is to have a systematic and intensive
eytogenetic study of the local flora, both cultivated and
the wildy of the almost unexplored region of Meghalaya.

I

The cholce of selecting some local varieties
of maize of Meghalaya as the experimental material for
investigation was stressed in the earlier chapter, on the
basis that the North-East region of India is considered
as the seecondary centre of origin of mefize., In fact primi.
tive maize varicties are cultivated in S4kkin and other
hill States of the North-East region showing all the feae
tures of the Iripsscum in having several cobs from a large
nunber of nodes, but each cob of small size. There is
also a group of cytogeneticists who hold that maize origi-
nated in South-Rast Asia from Coix and Sorghum (Anderson,
19453 e+f« Mangelsdorf, 1047). Be that as it may, in the
present investigation several local varieties have been
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. studied for their morphological diversities and behaviour
ofthommvmotnhybridsmthorlmdw |
generations., It is well known that in inheritance studies
hybrids do produce 'throw-backs' and 'offe-types' of rece-
ssive genes which are important, if not economically, at
least from the phylogenetic angle. It is 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 stable (25 = 20)
and confirms all the previous work (Table 47). The g end
the basic number, therefore, 1s 10 vhich is accepted by
most maize workers. Fowever, Anderson (1945) holds that
the basie number 4n maize 1s § 1ilke Coix end some other
species of Maydeae., According to these latter views malze
is a tetraploid which has got diploidised as a result of
getting filtered through thousands of sexual generations
after its origin, The process of diploidisation in malze
appears to be rather fast which was evident from the work
of Rendolph and Giles (1951) in which only during 10 gene-
rations the experimentally produced tetraploid maize with
23 = 40 began to chow only 1«2 quadrivalents in the 10th
generation wvhen 1t had an average of £ quadrivalents in
the first generation,
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In view of this if Zga pays arose from a proge-
nitor with 2g = 10, 1t would be a polyploid but behaves
today as perfect diploid. This could be a probable hypo-
thesis, It is true that in 2. pays inheritance studies
have shown duplicate factors (Huskins & Smith, 19343
Powers & Clark, 1937), but even in strietly diploid specles
deletion and duplication do arise sponteneously. The indie
viduale with deleted segnent 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 camnot 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 gemera with g = 10
of a basic number 5 in Poacsae (CGraminae) in which an array
of basic numbers 1ile 5, 7, 9, 10, 11, 12, 13, etec. are
common. Several genera have dibasic number 7 or possible 8.
But no conclusive evidences have been forthcoming to esta-
blish the derivation of g = 10 in Z, pmays from basic number
S.

It is interesting that 25 = 20 18 a comnon
nuamber in all the four varieties - Yellow Shillong, Garo
White, Sikddn Yellow snd Sikldm White, but the total chromae
tin length in them are different from one another, namely,
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8l.32 /l, 74.94 }!, 57.94 /1 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 4 and 50,04 M camnot be eltogether ignoved, espe-
cially vhen all these varieties are almost endemic to the
hilly tract of the North-East regicn,

Looking to the karyotype of the four varieties
some Iinteresting features emerge. The karyotypes of
Yellow Shillong have the maximum subemedisn chromosomes,
1.0+y 4 pairs are sub-median and 6 palrs are metacentric;
vhereas, in Sikidm Yellow there are only 3 sub-median pairs
and 7 pairs are metacentrie (Tables 30 & 32). The differe
ence in the number of chromosome pairs having median and
sub-median centromeres is reflected in the T. F, value
wvhich is 36.33 in Yellow Shillong end 42.75 in Sikidm
Yellow. It thus shows that the intra.chromosomal shifting
of centromere and chromosomal segmentes have taken place
in these varieties which are well adapted to local climatic
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)1 mzm/amnmwsmnmmawhnw
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
(1918) postulated that longer chromosomes in Z, mays 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 pavgs. 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, etec.
Therefore, meiosis occupies 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 melotie palring is
under genetic control (Swanson, 1957; Rees, 196l Ved Brat,
19656)s Basic chromosome number and chiasmata per nucleus
constitute the recombination index of a species. In
several cases chiasma frequencies have been found to be
influenced by environmental factors, such as, temperature,
rainfall (Elliott, 1965; Dorwick, 1957; Henderson, 1962,
1863), But in the present instance all the varieties have
been grown and studied under uniform environmental condie
tions having the same temperature, soil types, ete., 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 melosis all the varieties
show 10 bivalents mainly of ring types. Rod bivalents

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

© 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 this respect, the four varieties
have different chiasma frequency at diakinesis and meta-
phase I and they significantly differ from one another
(Table 35), For instance, Garo White has 24.50 chiasmata

at dlakinesis but the Silkddm White has 21,61, On the other
hand Silkldm Yellow has 20,37 and Sikkim White 192.80 at
metaphase I, Of course the chiasmata value always decroases
from dialkinesis to metaphase I due to terminalisation, yet
betwoen the two varieties of the same loeality, if they
differ in chiasmata frequency that may amount to an intrin.
gic genetic difference between them. It is also held that

a variety which is highly homologous has a high chiasma
frequency with the vesult that the recombination index is
raised through reshuffling of genes at recombination. Thus
the chiasma frequency at dlakinesis and metaphase I in these
variecties may be taken to reflect some amount of genetie
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divergence that have arisen in them to maintain varietal
ieintity.

Pollen fertility is very high in all the four
varieties, namely, 90.20%, 90.60%, 87.394 and 86.28% in
Yellow Shillong, Garo White, Sikidm Yellow and Sikidm
White respectively. Since there were no chromosomal
abnormalities at any stage of melosls, the high fertility
of pollen is an expected expression.

From the stendpoint of nutritive value, such
asy, the carbohydrate and protein contents, the four varie-
tles differ from one another. Garo White has the maximum
protein content (9.2 mg/g dry wt.) and the minimum value
is 6.4 mg/g dry wt. in Sikidm Yellow. But Sikidm 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 is true about other two varieties.

In the hybridisation programme among theose
four primitive varieties, the procedure adopted has been
that one variety from the Sildkim area and one from the
Shillong area have been hybridised. Since these two States
grow their own maize varieties the crossing experiments
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could bring out through the hybrid snd segregating genera-
tions the differences in their genetic male ups The hybri-
ds raised are s Yellow Shillong (female) x Sikldm Yellow
(male) and Sikidm White (female) x Garo White (male). In
both these croseings the size of the F, hybrids vas
vigorous and intermediate of the two parents. The colour
of the kernels in the first cross Yellow Shillong x Silkidm
Yellow wae purplish, This indicates that the factors for
vellowish kernels in the two varieties are not the same,
henge, instead of producing additive effect, the phenotye
ple expression of the lernel colour has been through genie
interaction producing a new genotype, purplish.

In the second cross Garo White x Sikldm White,
the Fl kernel was vhitish. But in all other respects the
first hybrid, Yellow Shillong x Sikidm Yellow was superior
to the Garo White x Sikldm White (Table 38).

The F1 hybrids were meiotically quite stable
in number as well as in pairing bochaviour. The karyotype
in the hybrid also remained more or less the same as for
the parent varieties (Tebles 87 & 38). However, due to
hybridisation a mixture of chromosome complements may
sometime lead to more pairs of chromosomes with sube-median
centromeres or less with mediean 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 ere absent in the
S4kidm White x Gare White but is present in the Yellow
Shillong x S4kkim Yellow.

The mean length of chromosomes differ in the
two hybrids. The hybrid Silddm White x Garo White has
longer chromosomes (3.25 /l)c whereas, Yellovw Shillong x
Sikidm Yellow has the mean chromosome length of 8.08)1
(Table 89). As in the parents, Garo White x Sikidm 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 /h In Yellow
Shillong x Sikldm Yellow hybrid, however, longer chromosomes
have not been observed. DBut little difference exists bet-
ween the chromosomes as the ratio is 1.86 /\h

Chromosome peiring being quite normel not much
information an the internal make up of the chromosomes
could be made out. The chiasma frequency is higher at
diakinesis than at metaphase (Table 40) in both the hybrids.
The value of chiasmata in Yellow Chillong x Silldm Yellow
ua.so/u andw.oa/n at diakinesis and metaphase I
respoctively. At these two stages the chiasma frequency in
the F, hybrid Sikddn White x Caro White is 23,08 and 19,78

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 (82.27% in the Yellow x Yellow
and 82,20% in the White x White). However, in comparison
to the parent varieties the pollen fertility is lower.
This may be due to eryptic structural differences in the
chromosomes of the varieties brought together in the
hybrid. Such minute eryptic differences do not hamper
normal pairing but result in disharmonious gene combinge
tions giving rise to production of some aberrant and
sterile pollen grains. To that extent the pollen fertility
data suggest that these primitive maize 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 sced set
on the basis of such eryptic structural differecnces in
varietal hybrids which grow in geographiecally distant areas.

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

Sumarising the study of the four hill varie-
ties of maize it may be stated that they are distinet 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
varietles of malze be collected to ascertain their variabi-
1ity and gene pool. Quite likely some of them still possess
more genes of other progenitors and may thus hold the key
to 1llustrate their origin. Even in this collection of
fqur varieties only there is indication of cryptic struce
tural differences in the chromosomes. Similarly, they have
features vhich point to other genera from which they have
originated. Fowever, more inedepth collections and modern
techniques of chromosomal assay in these primitive varieties
and their comparison with the primitive varieties of the
New Viorld can be worthwhile to see how much NortheEastern
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 chromoe
sonal make up end recombination index. They found that

the INA content of these primitive maize significantly
differ from the New World maize which is also reflected in
thelr 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 maize arose in North-Eastern region of
India including Upper Burma. Mangelsdorf (1947) held
that the South-East Aslan origin of malze 1s an open quese
tion and need to be probed thoroughly. In view of these
findings it becomes imperative ol more and more eollections
of the primitive maize varieties of Sikldm, NortheEastern
region including Upper Burma be made and suitably assessed
with regard to their chromosomal and INA organisation,
meiotic behaviour and recombination in the parents and
their hybrids and compare them with the New World maize
as wll as with the allied genera of Poaceae to elucidate
their origin,
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BUMMARY

Collections of come cultivated and wild
tuberous species of the family Aracese and primitive native
strains of maize being cultivated in the remote areas of
Meghalaya were made. To suitably assess these accessions,
their morphometriec, 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 Amorphophallusg,

Arlsaena, Gonatanthug, Steudnera, fanihosoma (plain and
hill vardieties) and Cologasias (15 strains).

2. lAmorphophallus pulbigfer, Arisooma consansulnoum, Gopa-
tenthus ornatug end Steudners solocasioldes grow wild.
The 2 number in these species are 26, 28, 30 and 28
rospectively, These numbers have been determined for
the first time. There is wide range in the size of
dmomms-l.&/lta?.u/l. The smallest chromo-
somes are found in A, consanguilneug. The detailed
measurenents of the chromosomes show that they have a
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symuetrical karyotype. However, in . grnatug a few
of the chromosomes tend towards asymmetry. Cytologiecally
these speciles appear to be primitive.

Somatié number suggests basic mumber as 13, 14 and 156
respectively. But the possibilities of these basic
nunbers having been derived from a lower number 7 or 8
cannot be precluded., These points of evolutionary
importance have been discussed.

3. The two cultivated tuberous species belong to Zanthosoma
and Colocasgia. ZXanthogoms 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 varieties of Xanthosoma have 23 = 26
and are considered diploid. Detalled chromosome measure-
ments indicate that the plain variety hos more symmetri-
cal karyotype than the h1ll vardiety, The role of chromoe-
sonal aberrations in ecreating karyotypie differences has
been stressed.

4. Colocasls esculents has a large number of strains, 15 of
vhich were collected and studied. Eleven of the acce=
seions are triploids with 2p = 42 and four ore diploids
with 2 = 28, Triploid strains are morphologically and
in yield far superior than the diploid strains. The
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detailed 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 trie-
ploids showing greater diversity in morphology, yield
and karyotype, provide a richer material for clonal
selection and enltivation then the diploids. There is
also significant difference in the mean length of the
chromosomes of the different strains of Cologasis gscie
denta. The adaptive significance of the difference in
the chromosome length with respect to lower and higher
altitudes have been projecteds The study has hrought
out the role of karyotypic chenges and rendom mutations
on the divergence of these strains,

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

the plain and hill varieties of Xanthosoma gezittifolium
was determined, the values being 8,1 =nd 8.4 mg/g dry wt.
respectively. =Hlectrophoretic studies showed character-
istic banding pattern with respect to protein and 1so-
perozidase. In Colocasic egculents triploid strains
have more protein and carbohydrate contents than the
diploids, The number of protein bands also are more in
triploids than the dfploids. The electrophoretic data
have provided am insight into the genetic male-up of the
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varieties (plain end hill) and strains of Xanthosomg
segittifolium and Cologasla esculenta respectively.

The eytological and morphological data, when compared
with other works of these genera from other regions of
the world indicate that the hill variety of Xanthosoms
sagittifolium probably reached Meghalaya and other
Horth-Eastern regions of India from SoutheEast Asia.
The plain variety of the species, on the other hand,
appear to be a direet introduction from the original
Amerieen strains. Thus the presence of the hill and -
plain varieties of this species has two sources of
introduction in Meghalaya and, therefore, their cyto-
genetic divergence is a result of their having been
originated from different centres.

Similarly, the diploid forms of Colocasia gsculents ore
restricted to South India, whereas both diploid and
triploid forms are found in Meghalaya, the triploid
strains being more wide-spread. It is believed that the
triploid strains arose in response to the climatic condi-
tions and ecological demands of the hills of Meghalaya.

North-Eastern Indie including S4kidm still grov primitive
naize varieties in remote areas. Anderson (1945) held
that Northe-EBastern 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 Ipipsacum, one of the
important contributors to the genome of Zga mavs.

Four varieties of malze « Yellow Shillong, Garo White,
Sikldm Yellow and Sikldm White, all with 23 = 20, were
collected and grown for their morphological snd eyto-
logical studies along with the hybridisation programme.
The total chromatin length in these four primitive
varieties differ widely from one snother. It is signi-
ficant that Jain (personal communication) pointed out
the great difference in INA contents of these primitive
varieties of malze with that of the Americen maize
varieties, Detailed karyotype and the position of centro-
meres smong these varieties indicate intra.chromosomal
shiftings, presumably as sn adaptation to the ecological
niches. At meiosis the éhlasma 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 Americean continent.

In protein and carbohydrate contents also the four varie-
ties differ indicating their genetic divergence. FJ.
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hybrids between Yellow Shillong x Sikddm Yellow and
Garo White x S51kidim 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 loel for seed colour.
Although meiosis was normal in the hybrids, the pollen
fortility was slightly lower than in the parents.,

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

The data on these four primitive maize varieties indi-
cate that they are distinet and well established varie-
ties, well adapted to these hill regions. More inedepth
eollections and modern technique of chromosome assay,
namely, DHA hybridisation, etc. 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 lNorth-Eastern India
need to be maintained 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
assessed for fuller utilisation.
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