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IB!IODtJC!ION 



The Indian sub-continent is unique in that 

its North-Western parts from Punjab, North-Western ProVince 

in Pakistan, Kashmir and Afghanistan upto central Asia 

happen to be one of' the most important centres or origin 

or a large number or important crop plants, the most import­

ant being the wheats. Similarly, the North-Eastern part or 

India extending from Assam, Sikkim and Meghalaya to Burma 

and Malayaaia is another important centre where several 

cultivated plants including rice, orange, mango, banana 

and some tuber crops originated. Meghalaya State f'alla 

within this region. It has a wide range or altitudes from 

100 metres to approx. 2000 metres and is covered by variable 

climatic condi tiona and soil type a. Hilla are also isola-

ted from one another geographically giving rise to important 

ecological niches. It is exceptionally rich in germplasm 

or a large number of plants, Viz., cereals, fruita, tubers, 

etc. The Agricultural Scientists and Institutes quite often 

organise collections of wild relatives or rice, oranges, 

bananas, dioscorea, etc. from time to t:1me as these accessions 

are essential for their studies/improvement programme, but 

even then inestimable stock or the great variability remains 

to be explored. It may be stated that VaVilov (1931) while 

describing Chinese centre or origin or plants mentioned -



"If we take into accotmt the enormous number of wild planta 

besides the cultivated ones used for food in China, we may 

better under stand how hundreds of mill.ions or people manage 

to exist on its soil. " Similarly 1 1n the North-Eastern 

region where organised agriculture and cultivation is a 

recent teature, the original. inhabitants sustained them­

selves on the natural tubers, fruits, cereals and other 

crops. As an illustration one has to see to believe how 

hillsides after hillsides in the Assam region wild bananas 

grow tram which through clonal selection or natural hybridi­

sation and polyploidy cultivated varieties could have 

evolved. 

\t/hile sustained efforts are being made for tho 

collection, conservation and assessment of the germplasm or 

major crops li'ke rice, QiQ!£, fhaseolu;, Cugum1 s, sugarcane, 

mango, cotton, orange, etc., no 'WOrthwhile attention is 

being paid 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 local 

population cannot be underestimated. It would, therefore, be 

very usefUl and rewarding if the locally cUltivated tuber 

crops and their wild relatives be extensively collected and 

suitably assessed. Such e:rrorts can be or considerable 

importance tor their improvement and wider cultivation so as 

to contribute substantially to the f'ood granary or the 

country. 



Tuber crops in fact constitute the major 

staple food for the people in the tropics. Most of these 

tuber crops are aroids which grow both in plains and hills, 

and show an array of variable habits. It is with this aim 

that a number or species or the tuberous crops have been 

selected which commonly grow in Meghalaya regions. Their 

cytogenetical aspects and food value need to be properly 

determined. 

A cursary glance at the literature reveals 

that some attention has been paid to the cytogenetics or 

tubers growing in other parts or this country as well as 

1n other parts of the world, but there is complete lack or 

information on the tuberous plants that are round in North­

Eastern hills o! India. 

The whole range of variability with respect to 

cyto-types, clones, polyploids, natural hybrids, etc. may 

be expected which could be utilised later in a meaningi'Ul 

manner. 

There are a large number of tuberous crops, 

btl.t for an indepth and !rllitf'tll informations the investiga­

tion will be restricted to some of the common and cultiva­

ted aroids and their wild relati vas. The aroids • a mono co• 

tyledonous group of plants, comprise of 1400-1500 species 

belonging to 105 genera (Lawrence, 195!). Vegetati w propa­

gation 1 s the primary mode of reproduction in this family, 



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

Qqlocasi&h gpnatanthl1s, ~anthosgma, Ariaaem,a, §teu4nera and 

Amorphophall.ua are common 1n the hills and plains or Megha­

laya. or these' the first three genera belong to the tribe 

Colocas1eae and the remaining three to the tribe Areae, 

D!trenbachieae and Pythionieae respectively {Hutchinson, 

1944). 

The genus Colocalia, commonly lalom as 'Taro' 

and in West Africa as 'Cocoyam', grows luxuriantly in Megha­

laya. The corms and cormels are economically important as 

they have store of carbohydrate and starch. The starch is 

amylase and amylopectin and is readily digestible, hence, 

they are greatly priced as rood. Even in protein content 

it 1 s better than sweet potato or Cassava (Mannihot) • The 

plants propagate vegetatively, hence, there is continuous 

gradation or characters. The taxonomy or Taro, therefore, 

presents complications. According to Pluoknett (1976) there 

may be more than 1000 cultivars of' Taro. £a. esculanta is 

considered as the most widely cultivated taxon. Moolmr3ea 

(1955) studied a number of taxa of the Araoeae including 

Co1ocas1a and reported 211 = 28. However, a great number 

of morphological strains/types growing 1n the plains and 

hills of Meghalaya were not covered 1n this study. Similar­

ly, the taxon Gonatanthus saryntosus which showed 2A = 32 



by the same author, was not collected trom Meghalaya. 

Sharma and Sd.rcar (1963) reported various 

cytotypes with different chromosome numbers in North Indian 

species (not Meghalaya) of ~lgcasia mtigllQrum• Another 

m1 totic studies in £a. antigQPrum and Q.,. esgalmb were 

carried out by Magoon !1, AJa. (1971) with a View to bring 

out the nature and trend of chromosomal variations 1n 

Colocasia. These cytological reports on materials collect­

ed .from another area than Meghalaya confirm that the vari­

ous species of Cologa11a growing in North-East Hill region 

have not been touched and, therefore, need critical cyto­

logical investigation tram both basic and applied stand­

points to bring out the mechanism of variations and thus 

may be helptul in selecting suitable clones and cytotypes 

for multiplication and cultivation. 

Similarly, the other genu Amrpbopha]lus com­

prising or about 90 species of which 14 are reported 1n 

India (Wealth of India, 1948) has not been collected to 

any extent from Meghalaya. Two species, L. aompanulatua 

and .L. riwri, are cultivated and greatly valued for their 

edible corms. Two species of Amgrphonhallus, L byl.biter 

and A.a. titap.um were reported to possess 2A = 36 and 2A = 26 

respectively by Chandler {1943). 

Magoon 11 Al• (1970) and 
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Krishnan 11 ~· (1970) studied the pachytene chromosomes 

1n Amorpbophallus. But 1n recent years Ramachandran (1977) 

prepared the karyotypes of the 4 South Indian species or 

AmorDboph!ll ua, namely, A.a. llgbenaek8ri 1 A.a. gompanulatum1 

At. bulbif'gr and A.a. du,b1ua. The reported 2Q numbers 1n 

these are 26 1 28, 39 and 28 respectively. These studies 

and reports indicate the variation 1n chromosome numbers, 

existence of cytotypes, polyploid a, etc. w1 thin the genus. 

It is, therefore, worthwhile to explore the materials 

gro\'d.ng 1n Meghalaya to determine the extant o:r variability 

1n them. 

The other important aroid genus XanthoSQmi is 

commonly known as 'Tannia' or •cocoyam'. It is generally 

considered a tropical American genus and was brought 1n 

use by the American-Indian of the Carribean Islands (Pluck­

nett, 1976). Im'ing 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 its high resistance to diseasea and pests 

(Hassel and Barrow, 1955). Superficially lJnthoaoma resem­

bles Qolpca&tt but as detailed later they differ from 

each other 1n important morphological features. Nutrition­

ally it is similar to ~olocaa~l· In fact, the corm or 
1Tannia' is composed of 77-86% edible materials. It is 
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also richer than 'Taro' in mineral elements. Onwueme 

(1978) reported that between 1965 and 1974 'Tannia' was 

grown on 6,89,000 hectares of land in the 'WOrld. Even in 

Asia 61,000 hectares of land was under 'Tannia' cultivation 

during this p~riod. The most common cultivated form is 

L. sg.gittitolium which appears to have numerous morphologi­

cal forms (Onwueme, 1978). The species, therefore, is 

polymorphic. The other species or the genus like X... J:tro­

Virens, L gcy-gau and L. Violageum are grown 1n West Indies 

and Philippines. Uptill now the improvement or the group 

has been limited to the genetic variability present in 

small numbers of cultivars (Warrid, 1970). It is evident 

that there is vast scope !or collections from the various 

regions and ecological habitats so as to fully and suitably 

assess them for selection and cultivation. 

The studies in the other genera like Afisaema 

and Steudn.era are equally sketchy. 

Thus the importance of these tuberous crops 

which are used as food can be better and properly appreci­

ated only when it would be recalled that large part of the 

Horth-Eastern regions, full of moLmtains and forests and 

inhabiting various tribes of local populations whose assured 

means of food supply through cultivation is of recent intro­

duction. The tubers seen in this light assume special 

importance. Therefore, from the point of Vietr of the food 



values of these tuberous crops and also to explore the 

range or variations in them 1n this region of the centre 

of their origin where most of the dominant ganes are expec­

ted to be present, form the basis or their inclusion 1n 

the present investigation. 

The other common cereal, besides rice, which 

form the favourite crop or the hill tribes, is maize. So 

much -work on maize, both of fundamental and applied nature, 

has been done throughout the world that even to review 

them will form a solid book. Why was then maize selected 

for the present investigation, is the consideration that 

there is a strang school of thought that the secondary 

centre or origin (even primary centre) of maize is the 

!lorth-Eastern India. The relationship of 141 with Tripygum 

and Eughla@Il& may be reviewed and also its relationship 

with ~ and Sorsh.Qm. as mentioned by Anderson (1945) and 

Mangelsdorf (1947) need to be investigated. tfuat is surpri­

sing is that some of the primitive types of maize grow in 

the hills or Sikld.m and Neghalaya. These strains still 

bear 5-6 cob~ per plant, the character commonly inherited 

from Tripsagg. A number of composites and hybrid maize 

varieties have been evolved in the plains and been exported 

to the hills for higher yield that many of these primitive 

varieties are gradually being replaced. It 'WOLlld be a 



misfortune if the primitive maize germplasms which could 

provide important clues to the Asian origin of maize and 

its relationship with ~ and Sorghum Vis-a-vis Tripsacum, 

are totally replaced by modern hybrid compos! ts. An attempt 

has, therefore, been made to collect some of the yellow and 

'White ksrnnel maize types gro'Wll in remote areas of MeghaJ.aya 

and to study their inheritance with a view to know if they 

throw 'off-types'/'recessive genotypes• which may provide 

valuable evidence about the origin and development of these 

primitive hill strains. It is also to stress that more 

intensive effort is needed to collect on large scale all the 

available strains of the primitive maize grown in various 

inaccessible hill areas where improved varieties or maize 

from the plains have not yet Llvaded. 

In View of this some or the maize varieties 

grow.n in the hills were selected for investigation of their 

inheritance behaviour, growth pattern and cytogenetics so as 

to utilise these informations to discuss their importance 

in evolution and breeding. 

In addition to the cytogenetical. aspect of the 

tuberous crops and the primitive varieties or maize, another 

approach, namely, electrophoresis, has been employed to 

study the carbohydrate and protein profiles in some aeoess­

ions collected from various regions. Electrophoretic 
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studieslare greatly helpful in cases where taxa/varieties 

which have same chromosome number and behaviour, and very 

similar morphological traits, would reveal different types 

of protein and carbohydrate profiles. The difference of 

bands in electrophoretic studies thus bring out the cryptic 

structural differences in the genetic make-up of the taxa 

which are otherwise non-detectable in cytological prepara-

tions. 

Coupling of morphological, cytological, geneti­

cal amd electrophoretic studies are thus expected to provide 

very useful information on the variability pattern and 

phylogenetic relationship 1n these groups of plants. 
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KA!BRIALS ABD MB'.rHODS 

Tb.e present investigation was carried out on 

the following species 1 

Specie a Sources 

1. AmgrphQphallijl }lQ1bite:r Bl. Forests of Meghalaya 
e. 

2 • .Ariaaema conlflliZUttllP L. Schott • " 
3. Ggpatanthnl QrnatUI Xlotz. " 
4. Si;ep.4nera colocaaio14fa Hook. f. " 
6. Xanthosoma sagittitolium L. Schott. 

··vu. Plain. 
Thiruvalla (KeraJ.a) 

6. & syi ttitollum L. Schott. var. Bill. Ib.asi Hills (Meghalaya) 

7. Co1ooasia esgulenta L. Schott. 

Strain 1 Sbillong (Meghalaya) 

a It 

3 " 
4 " 
5 " 
6 " 
'1 tt 

8 " 
9 " 

10 " 



Strain 11 

12 

13 

14 

15 

8. II! miD L. var. Yellow Shillong 

9 • .L, miD L. var. Garo Wh1 te 

1o. !.. man L. 'Var. Silndm Yellow 

U. !t, m!Z1 L. var. Sikktm Wh1 te 

Ludhiana {Patij ab) 
"' Shillong 

Thiruvalla 

" 
Forests of Meghalaya 

Shillong 

Garo Hills 

Sikklm 

S1kk1m 

The Meghalaya strains of 'Taro' were categorised 

on the basis of size and shape, and the level of ploidy. 

Am9rnboPhal.lus a 

A perennial steml.ess laerb. Tubers depressed -

globose, brown or dark bro~sh. Flowering before leating. 

Leaves 3-partite; segment pinnatisect. Spadix exserted or 

includedJ appendage large, short or lonsJ 1nfiorescence 

cy11ndricalJ neuters absent. 

Ariaa.ema a 

Herbaceous tuberous plant. Leaves pedatisect J 

leanets wborledJ spathe decidUoUSJ tubes convoluteJ limb 

often accuminate or tailed usuallY' in curvedJ spadix included 

or exaerted J appendages long and filiform. 
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Gonatap.thlls s 

Tuberous herb with branched bulbiferous shoots. 

Spathe has slender, elongate and convolute lillb. Absence 

or neuters between male and female inf'lorescencest ovules 

numerous and basillar. 

Steq4nera : 

Herbs, caudex stout; leaves ovate, long patio­

led, pel tate; spathe shortly convolute at the base 1 limb 

ovate - lanoeolate, expanded, retlexed, marcescentt spadix 

very short, dense flaccid. 

Xanth9soma 1 

Rhizomatus herbaceous herbJ leaves hast ate, 

dentate; leat lamina is heart-shaped, lobed. Otten seen 1n 

the vegetative phase only. Spathes brownish. Spadix longer 

than spathe. 

Coloca§1a 1 

An erect rh!zomatus herb; leaves are peltate, 

long petioledJ flowering rareJ spathes petaloid, pale-bro~­

ish, yellow; caudate - aocuminate, erect; spadix shorter 

than spathe, cream-coloured. 
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An erect, robust, monoecious grass; leaves are 

broad la:nceolate; spikelets in pairs, one sessile and one 

pedicelled. Female spikes are axillary, enclosed in the 

sheath of the leaf and surrounded by bracts. 

~ubers and seeds oi' all varieties we:re grom in 

the experimental fields of Botany Department of North-Eastern 

Hill University, Shillong. Morphological measurements were 

made from five plants of tuber crops. Ten plants of each 

varieties of maize were subjected for morphological observa­

tions. 

For stomatal studies, peels were taken out by 

the method employed by Roy and Singh (1968). The leaves 

were cut into pieces and kept 1n ether for an hour and then 

in methanol till they became colourless. They were then 

transferred to the solution of 1.6 gm ammonium oxalate and 

0 .4 gm of oxalic acid 1n 100 cc of d1 stilled water, and 

mpt in it for 24 hours. The peels were separated after 

warming and shaking the solution and were mounted in 1.0% 

ace to- carmine solution for study. Stomatal index values 

have been calculated according to the formula gi van by 

Meidner and Mansfield (1960). 

No. of stomata x 100 
Stomatal index • --------------------------------------No. of stomata + No. of epidermal cells 



Moisture content or the tubers were determined 

on dry weight basis. 

MITOTIC STUDY 

pte-treatment : 

For studying the somatic chromosomes of tuberous 

plants roots were collected from the plants gro'-m. in pots. 

They were thoroughly washed in water with a brush in order 

to remove the root cap before subjecting them into a satura­

ted solution of' 0.002 M 8-hydroxyquinoline for pre-treatment. 

The pre-treatment was given for four hours, the first two 

hours at room temperature (20 :!: a°C) and the remaining two 

hours in refrigerator (8 ! a°C). 

Seeds or different varieties of maize were germi­

nated on a moist :filter paper in petridishes kept 1n an incu­

bator at 22 ! a0 c. The roots were collected from the seeda 

germinated on the moist filter paper and the root caps were 

removed with the help of a brush and subjected them to a 

saturated solution of alph.a-broroonaphthalane for four hours 

at room temperature (20! a°C) for pre-treatment. 

Fixation : The fixation procedure was common for the tuber 

crops as well as the maize varieties. The jsre-treated roots 

were thoroughly washed in distilled water for few minutes. 
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Then they were soa:ked in folds of a filter paper and fixed 

in ethyl alcohol 1 acetic acid (1a3) mixture with terrier: 

chloride as mordant and kept for 48 hours in the retrigera-

tor. 

§ta;iirl.p.s ' Ai'ter fixing the root tips for 48 hours, roots 

were taken out tr001 the fixat1 ve and hydrolysed in N HC1 
0 

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 stain. A small pert ion or the 
and 

root tip was taken on a slideLsquashed in 1.0,% aceto-orcein. 

Destaining a Acetic acid (45.0%) was used to remove the 

over-staining of tbc cytoplasm. 

MEIOTIC STUDY 

The intact tassels of maize plants were taken 

out at the booting stage and fixed in Carnoy 1 s fluid, which 

comprises of ethyl alcohol 1 chloroforma acetic acid (6a3s1) 

betwen 10 and 11.30 A. M. in the months of June-July. 

Ferric chloride was used as mordant. 

Aceto-carmine (1.070 was used to stain the 

meiotic chromosomes. 



Po1len fertilitY : 

The fertility of the pollen grains was deter­

mined based on their stainability in aoeto-carmine. 

Microphotographs were taken from the temporary 

preparations. Metaphase chromosomes were measured from the 

photographic enlargements. 

The homologous chromosomes were :round an the 

basis of their length, positions of the constrictions and 

arm ratio. The chromo~ornes were categorised following the 

nomenclature proposed by Lev~ 21 ~· (1964). 

E;xplanations of abbreViations : 

Chromosome types : 

M = medien point 

m = median region 

Sm = sub.med:1an 

St = sub-terminal 

A = above 6.0 /' 

B = 4.5 to 6.0 ;u 
C = 3.0 to 4.5 ;u 
D = 

B a 

1.5 to a.o fl 
upto 1.5 .,u 

I 



The chromosome tYPes have been designated 

arbitrarily. T. F. % value has been calculated as given by 

Hu.ziwara (1956). 

Total sum of short arm length :x 100 

Total sum of chromosome length 

INTERVARIETAL HYBRIDIZATION 

Intervarietal hybridization was carried out 

bet-ween the varieties of Yellow Shillong (female) x Sikkim 

Yellow (male) and Sikktm \'Jhi te (female) x Garo \~1 te (male) 

based on Poehlman a.'tld Borthakur (1972). Crosses could not 

ca.rried out bet,·}Gen n.ll the varieties because of the non­

uniformity in floweri..'J'lg at higher el.titudes of Meghalaya, 

Shillong. The tassels of the maJ.e plants were bagged with 

a paper envelope (15" x 6") in order to collect viable 

pollen grains just before the opening of the flowers. The 

anthesis has taken place bet,~en 11.30 to 12.0 A.M. at 

Shillong conditions. The ears have emerged generally at 

fourth and fifth internodal region 1-li thin three to four 

days af'ter the opening of the :1ale flc'\·:ers. The tips of 

the ears were cut with the help cf a pair of scissors so aa 

to bring forth uniform! ty in the emerging silks. The silks 

wre bagged with a butter papor envelope (sn x 6") bef'ore 

it emerges out. The tips of the ear bags were cut with the 
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help ot a pair of scissors in order to dust the pollen 

grains. As soon as the dusting was over, the bags were 

stapled and care was taken to prevent the entrance or 

foreign pollen grains. The seeds were collected from the 

crosses for further study. 

BSTIMA.TION OF TOTAL PROTEIN AND CARBOHYDRATE 

Tubers and seeds or the same age were collected 

for electrophoretic studies and determination of total 

protein and carbohydrate contents. Fresh samples were chopped 

and crushed 1n a pestle and mortar to which an adequate 

amount of acetone was added. The supernatant was discarded. 

This was followed by mixing the crushed sample with an equal 

amount of acetone and ether and ultimately by ether alone. 

Again the supernatant was discarded and the sample was kept 

for drying. The dry powdered sample was used for the deter­

mination or protein following the method of Lowry 11· Al.· 
(1951). The stock solution A was composed or 2.0 1 sodium 

hydroxide, 10.0 1 sodium carbonate and 0.1 1 sodium potassium 

tartarate per litre of distilled water. The solution B was 

prepared by dissolving 0.1 g or copper sulphate 1n 100 ml 

or distilled water. Solution c was made at the time o£ 

analysis by mixing 10 ml or solution A w1 th o .2 ml of solu­

tion B. The sample (0.5 mg) was mixed with 5 ml o£ solution 

c and shaked well. This mixture was kept for 15 minutes at 



room temperature. This was followed by the addition of 

0.5 ml of folin-phenol reagent {1 m1 of f'olin·phenol reagent 

+ 2 ml of distilled water) and this mixture was shaken well 

and laapt at room temperature for 30 minutes. The intensity 

of the colour was measured in a spectrooolorimeter at a 

wave length 750 nm. BctVine serum albumin was used as 

standard. 

For carbohydrate, 0.5 mg of the dry po-wdered 

sample was boiled with 5 ml of distilled water. One ml of 

this solution was used for analysis according to Anthrone 

method (cf'. Practical Biochemistry by Pl~r). The sample 

solution was mixed with 5 ml of :rreshly prepared anthrone 

solution (lgm of anthrone reagent in 100 ml of 90% sulphuric 

acid was dissolved). This mixture was kept in a boiling 

water-bath for 10 minutes. Marbles ,_re used in order to 

prevent the evaporation. The mixture was then taken out 

of the boiling water-bath, cooled and measured the optical 

density in a spectrocolorimeter at a wave-length of 620 nm. 

Glucose was used as standard. 

ILEC'rROPHORESIS 

For electrophoretic analysis, chilled t.resh 

tuber samples were crushed \'lith 0.2 M phosphate buff'er (pH 7) 

in a chilled pestle and mortar. The solution was centrif'uged 

for 50 minutes at 10,000 rpm. The supernatant was used for 

analysis. 
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The polyacrylamide gels (pH 8.9) were prepared 

following the formulation given by DaVis (1964). Each batch 

of gels -were pre,ared by mixing one part of stock 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 or stock 

solution c (composed of 28.0 g acrylamide, 0.735 g Bti..s­

acrylamide, made upto 100 ml 1n distilled water) , one part 

of distilled water and four parts of 1.4 g/11tre ammonium 

per sulfate (freshly prepared) solution. Tria-glycine 

(pB 8.4) buffer was used as an electrolyte. 

Protein samples were miXed with freshly prepared 

40.0% sucrose solution and the mixture was applied to the 

column. Bromophenol blue (O.l%) was added to the cathode 

chamber to act as tracktng dye. The gels -were electrophore..: 

sised for 1.5 hours at 2 mA per tube 1n the remain:tng time. 

This allowed the tracktng dye to reach the bottom of each 

gel and resulted in the optimal resolution of bands. 

The gels were fixed in 10 .o% trichloroacetic 

acid for 30 minutes and stained in a mixture of (lal) amido 

black(l.O% in 7.0% acetic acid) and commass1e blue (1.0% in 

7.0% acetic acid) for one hour and destained by washing with 

7.0% acetic acid and stored in distilled water. 



For the staining of paroxidases, hydrogen 

paroxide (3.o~n was used as a substrate and benzidine as 

stain. .Benzidi.?').e solution was prepared by mixing l g benzi­

dine powder in 9 .o ml of acetic acid at 45°0 and 36 m1 of 

distilled water. The hydrogen peroxide a.l'l.d banzidii'le \<Jere 

mixed in the ratio of lsl and poured on the gels. The 

isozymes of peroxidases appeared in blue coloured bands. 

The bands \\tere categorised as dense, medium 

and light llepend:tng on the intensity of the colour tmd the 

gel patterns were compared visually. 

Zymograms were made for proteins and peroxi­

dases. Rf values or protein and peroxidase bands were calcu­

lated employtng the following equation 1 

Rr = 
Dirrta..'!'lce travelled by each band 

Distance travelled by the trackt.ng dye 

The mean Rf ve~ues from five replicates or each of the 

varieties/stratns for prote~ns and peroxidaaes w~re tested 

by •t• test at 5.0% level. 



Statistical analYSt~ ; 

-Mean : x - f.X -- where x =number of bands n 
n = number of observations 

-
- / f...(x .. i)2 Standard Deviation, S.D. n ... 1~-- , where, 

x = number of bands 

i = mean number of bands 

't •-test - (In the case of t'\'ro samples) 

t = - -X ... y 
where, 

-x = mem1. of sample 1 

y =mean of sample 2 

~= size or the sample 1 (R!) 

n= 
2 

size of the sample 2 (Rf) 

S = pooled standard deviation 

j sl 2 <n-1) + s2 2 <n:a-1) 
uhere, 

Test criterion 1 

If' (t) 

n1 + n2 - 2 

s1 = standard deviation of 
sample 1 

s2 :c standard deViation of 
sample 2 

~l + n2 - 2 (X/2), then the samples 

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

Amorphoph!llqs bU1bifQr Bl. 

Tuberous herbs, flowering before leatening. 

Leaves 3-partite, segments pinnatisect, spathe various, 

limb companulate infundibular convolute or open. Spadix 

excerted or included. Inflorescences cylindrical, neuters 

absent. It is a wild species characterised by bulbils 

borne at the fork of too leaves. The petiole and peduncle 

are green streaked with green and black. Leafiets are 

obovate or lanceolate (Fig. 1). 

Somatic counts showed ~ = 26 chromosomes (Fig. 2). 

Different chromosome numbers have been reported earlier in 

the case of A.t. bUlbifer. According to Chandler (1943) the 

chromosome number is 211 = 36, whereas, Ramachandran (1977) 

reported ~ = 39. Chromosome length varied from 3.17 to 

6.86 )l and the total chromatin length was 129.56 jl • Secon­

dary constriction was observed in the 12th chromosome pair 

(Ramachandran, 1977). However, no such constriction was 

found in the present study. The details of the karyotype 

analysis are recorded in Table 1 and the chromosome pairs 

have been represented in the idiogram (Fig. 3). Eleven pairs 

are median and the remaining two pairs are sub-median with 

respect to the position of the primary constriction. 



Figs 1-6. Amorphopballus bulbifer and Arisc'ema cons<c,nguienl.liD, 

1 -.A. plc:n t of Am or ·)ho::>ha llus bul bifer 

2-Sometic Chromosomes (2n = 26) of [h.blllbiftT(X 2184) 

3-K:.:r.J ·_)t,, ix of .A. bu,Lbifer 

4-A plc:mt of Arisaema consanguienum 

5-Comatic cr...romosomes (2n = 23) oi' .A.c:)nsanguien:um 
( X 2184 ) 

6-Karyot:.r ;)E' of :!1,.consanguienum 
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Figs 7-12. Gona:tanthus orn~tus and Steu4nera ~olqcc:sioides 

7-A plc:·nt of Gonatanthy,s ornatus_ 

8-Somatic chromosomes(2n = 30) of ~.Qrnatuc(X 2184) 

9-.K.<'ryotype of G.prnFltus · 

10-A plant of §tencinera colocasioide~. 

11-Somatic e;hr_;mosom· s (2n = 28) of §..col:>casioides 

(X 2184) 

12-KarJ' ot.)pe of S .colocc:·si,~ides. 
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Chrcao-
8<1118 
paira 

1 

2 

' 4 

s 

6 

7 

8 

9 

10 

u 

12 

l3 

25 

Table 1 a ChraaoaCI.IIea ot All9!'J!hnpha"!'! l!albit!£• 

(~··> 

Chrcao- Poeition ot 001'18- Arm tangth ot the 
ac:ae trlfslan ratio CCIIIp(liDent arme 
t)'pe Pi=liiiai"i Seoondat7 Uti 

A • 1.~ 2.99 3·8'1 

B • 1·13 2.82 .3·17 

B • 1.54 2.29 3.52 

B • 1.46 2.;29 3.34 

B • 1.38 2.29 3·17 

B Dl 1.50 2.U .3e17 

B • 1.42 2.U 2.99 

B ll 1e4S le94 2.82 

B m 1.60 1.76 2.82 

c • 1.67 1.58 2.61. 

c Sm. 2.83 1.06 2.99 

c Sm. 1.7s 1.41 2.46 

c ll 1.57 1.23 1.94 

T. F. % - 41•32 

Tot.al cbrallatiD length- 129.56 f 
lar7oti7P8 tOI"IIIlla - l(A m) + $(B m) + 2(C a) + 2(C :a). 

T~al 
leagth 
Ulf 

6.86 

S·99 

s.8l 
s.63 

s.4/l 
s.28 
s.lD 
4-76 

4eS8 

4.22 

4.05 

3·87 

3e17 



Taple 2 z ll.. 
Ghraloeomes of A£1HI.!!& ~~ 

(2!.=») 

Cbraao- CbraDo- Poeit1011 ot ccu- Al'll :tcgth o£ caapo- 'l'ol;al 
BaDe Balle t~B! r&io neot arma 1n f length 
pairs t'P8 Pr1mar:Y -SecCJOdal7 i:nf 

1 D II 1.13 1.41 leSS 2.99 

2 D H 1.0 1.41 1.41 2.82 

3 D Sa 2.2 0.88 1.94 2.82 

4 D II 1.14 1.23 1.41 2.64 

' D &I 2.0 0.88 1.76 2.64 

6 D SID 1.80 o.ss 1.58 2.46 

1 D m 1.14 1.os 1.41 2.46 

8 D • 1.iJO o.ss 1.41 2.29 

9 D • 1.40 0•88 1.23 2.U 

lD D • 1.3) 0.88 1.06 1·94 

u D Sm. 1.1s O.?O 1.2,3 1.93 

12 D M 1.0 0.88 0.88 1.76 

l3 D • 1.2S 0.'10 0.88 1.58 

14 E M 1.0 0.'10 0.'10 1.40 

T. F. % - 41.64 

'l'olial chraaatill length - 63.68 f 
Kar,yotne t01Wll.a. - 2(D M) + 7 (Ia) + 4 (D s.) + 1 (E M). 



Chrcll.o-
eau 
pa1re 

1 

2 

:3 

4 

s 
6 

7 

8 

9 

10 

u 

12 

13 

14 

lS 

'!'able 1 : Chraaoeclaea ot Gg!antantbla O£!!ftua. 

(21.•30) 

Chrarlo- Po:d.tia1 or Arms Length of the caupo- Tot;&l 
IICIII8 

tl'P8 

A 

B 

c 
c 

0 

c 
c 

c 
D 

D 

D 

D 

D 

D 

D 

fSA~iil ratio Dent aru in Jl length 
Prim. seco 1nf 

M 1.0 ).52 ) • .52 1·04 

• 1.25 2.14 2.64 4.78 

Sa 2.13 1.41 2.99 4.1/J 

st. Sm 3.0 1.06 ~.76 + 1.41 4·23 

• Sill 1 • .3() 1.?6 1.94 + o.3s 4·05 

• 1.33 1.58 2.11 3·69 

• 1.11 leSS 1.76 3·.34 

II 1.25 1.41 1.76 3.17 

ll 1.43 1.23 1.76 2.99 

• 1.13 1.41 1.58 2.99 

M 1.0 1.41 1.41 2.82 

ll 1.14 1.23 1.41 2.64 

:a 1.8 o.ss l.SS 2.46 

ll 1.6 o.ss 1.41 2.29 

Sm 2.0 0.78 1.41 2.19 

T. F. % - lt0.9l 

Tot.al chrcllat1n 1engt;h - lD6.16 f 
lar;rotiJ'l)e t0l'JII.1l.a - 1 (A M) + l (B a) + 3 (C a) + l (C Sill) + 

l(C m Sll) + 1(0 st; Sal) + l(D M) + 4CD m) + 

2(D &a). 



TabJ.e lt 1 Cbraaoscmea ot st.ewmea oql.poaaig1dtt• 

(2!,•28) 

ChraDo- Chrcao- PoaitiQ\ of coae- Am 1.en.gUl ot ocmpo- Total 
8CIIIe 801118 ~D!fi"' ratio nent al'lll8 in f leDgth 
paira tJ'1)e Prla. Seccm.cl. Ulf 

1 A M 1.0 3·34 3·34 6.68 

2 A ll 1.53 2.64 4.04 6.68 

3 A m 1.12 2.99 3·34 6e.33 

4 B M 1.0 2.99 2.99 5·98 

s B • 1.43 2.46 3e52 s.98 
6 B • 1.06 2.82 2.99 s.81 
7 B ll 1.46 2.29 3·34 5·63 

8 B m 1.06 2.64 2.82 5.46 

9 B • 1.23 2.29 2.82 s.u 
10 B aa 2.5 1.41 3·52 4.9.3 

lJ. B • 1.6 1.76 2.82 4·58 

12 c ll 1.27 1.94 2.46 4.11) 

l3 c ll 1.67 1.58 2.64 4.22 

14 c m 1.3) 1.76 2.U 3·8'1 

Total c!1l'allatin leDgl;h - 151 • .32 f 
Ka.ryot.ype fo:ma:la • 1 (A M) + 2 (A a) + 1 (B H) + 6 (B a) + 1 (B Sa) + 

.3(0 m). 



and st;eudnara. 

Species Range of chro- Mean length Ratio of tt.e Total T.r. 
., ... ~h ot chramo- lmgeat and ~- % in,. &<R~1n, sborte.t cbro- ment l.mg-

mosaue in f thin,. 

A:.,~F ,3.17 - 6.86 ).02 2.16 129.56 4]..,32 
e. 

A:.,ccma~ 1.40- 2.99 2.3) 1.64 6,3.68 41.64 

G. om.atua 2.19 - 7.04 4.62 ).21 106.16 11).94 -
§.:. qgl.o!atdolde! 'J.tr'/ - 6.68 5.28 1.72 15]..)2 43·26 



~ 
Arisaema cqnsangu~pgm Schott. 

Tuberous herbs, leaflets whorled, spathe deci­

duous, tube convolute, limb often acuminate or tailed 

usually incurved. Spadix included or excerted. It is a 

wild species commonly round in the shady places in the 

forests. Leaves are borne at the tip of the long petioles 

and it possesses characteristic filiform tips {Fig. 4). 

The somatic chromosollle number was found to be 

twantyeight (Fig. 5). This is the first report of somatic 

number 1n the species. The chromosome length ranges from 

1.40 to 2.99 )l• The total chromatin length is 63.68 f • 
Secondary constrictions are absent. The detailed 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 sub­

m3dian with respect to the position of the centromere. 

Gonatanthgs omatus Schott. 

It is a herb growing wild. Leaves are lanceo­

late, a fine coppery purple colotU' is visible betwee:i.l the 

green nerves and broad green margin (Fig. 7). Absence of 

neuters bet~en the male and female inflorescence. 



31 

The somatic chromosome number was found to be 

~ = 30 (Fig. 8). The somatic count was made for the first 

time. The chromosome length ranged from 2.19 to 7.04 jl• 
The total chromatin length was 106.00 f. Secondary cons­

trictions are present on the fourth and fifth chromosomes 

of the complement. The details of the ~yotype analysis 

is given in the Table 3 and the chromosome pairs have been 

represented in. the idiogram (Fig. 9). Eleven pairs are 

median, three sub-median and remaining one is sub-terminal 

with respect to the position of the centromere. 

Steugner1 qglogasio1des Hook. t. 

It is a w:l.ld species with a. rhizome at the base. 

Leaves are peltate, broadly ovate and acute at the apex 

(Fig. 10), light green above and glauous beneath. Petioles 

are green. 

Root tips cells sho-wed 28 chromosomes (Fig. ll) • 

Somatic count was made for the first time. The length or 

the chromosome varies from 3.87 to 6.68 )l• Secondary cons­

trictions are absent. The details of the karyotype analysis 

are given in the Table 4. The chromosome pairs have been 

represented in the idiogram (Fig. 12) • The total chromatin 

length is 151.32 /'. Thirteen pairs are median end the 



remaining one is sub-median with respect to the position 

of the primary constriction. 

~anthgsoma sag~ttifol1um L. Schott. - Plain Variety. 

,. It is cultivated in plains. Leaves are smaller, 

hastate, leaf-lamina is heart-shaped(Fig. 13). Tubers are 

smaller in size. Sprouts absent (Fig. 14). Detailed 

morphological measurements are recorded in Table 6 and the 

stomata is represented 1n Fig. 15. The average height e.nd 

yield or the plants are comparatively lower than that or 

the hill variety. 

Root tip calls shm'!Gd 2n = 26 (Fig. 16). Chro­

mosome counts agree idth the earlier reports of Jos and 

Magoon (1970), 1·1archant (1971), Magoon Q.t. ~. (1971). The 

size of the chromosomes varies from 1.23 to 3.25 f • The 

total chromatin length is 60.18 jl• Secondary constrictions 

are abeent. The measurements of the chromosomes are summa-

rised in Table 7 8nd the chromosome pairs have been represent­

ed in the idiogram (Fig. 17). Ten pairs are median and the 

remaining three pairs are sub-median with respect to the 

position of the primary constriction. It has a protein 

value 5.1 mg/g dry wt. and the number of protein and 1so­

peroxidase bands are 7 and 5 respectively. 



Figs- 13-17 4{/ nthosoma sagi ttifolium var. plain. 

13-A plant of A·sagittifolit.yn var.0lain 

14-Tuber·s of l.se.g1ttif;_;l...i1Jm v::r.olair; 

15-Stomata of X.sa;;ittifoli1Jm var.plain 

16-Somc:tic chromosom,~s (2n. :::: 26) of ~.sat,itti.follum 

( X 2184) 

1'7-K<"ryotype of !.sagittifoliu.,m vc;r.plE-in 
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Figs 13-22. Xanthgs§ma §E·gittifolium var.hill 

18-A plc>nt of !.sa.gittifolium var.r.ill 

19rTuberr: of X.sc:gittifoli.um v~r.hill 

20-Stomat<? of X.s&[ittif')lium var.h:;_l_ 

21-Som<tic chromosomes (2n = 26) vf A•SDgitti!olium 
var.hill (X 210 ) 

22-Koryotypc of ~.s~gittifoliwn v;:;r.Jlill 
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Fig.23 El ectrophoretic banding pattern of pro\in of 

the two varieties of ~anthosoma 

Fig . 2~ Electrophoretic pattern of peroxidas e of t he 

two varie ties of Xanthosoma 





Xanth919ma sasittifolium L. Schott. - Hill Variety 

It is cultivated as a tuber crop in the higher 

al t1 tudes or Meghalaya. Leaves are bigger in size, hastate 

and leaf lamina is heart-shaped (Fig. 18). Tubers are 

bigger 1n size. Sprouts :i:)resont throughout the tubers 

(Fig. 19). The average height of the plants and yieltVplant 

are higher tha'l that of the pla1..."1 variety and the stomata 

is represented 1n Fig. 20. 

Somatic counts sho't<Ted 211 = 26 (Fig. 21) which 

confirm the earlier reports of Jos and Magoon (1970), 

Marchant (1971), Magoon !1 AL· (1971). The length of the 

chromosomes rangesi'rom 1.84 to 3.87 )l• The total chromatL"1. 

length is 79.36 Jl• Secondary constriction is present on 

the fourth chromosome or the complement. The detailed 

analysis of the sanatic chromosomes are summarised in Table 8 

and the idiogram 1s presented 1n the Fig. 22. Six pairs 

are median, five pairs are sub-median and the remaining two 

pairs are sub·tarminal with respect to the position of the 

centromere. The total protein content is 8.4 mg/g dry wt. 

a..VJ.d the number of protein and isoperoxidase bands are 12 

acd 7 (Fig~. 23 & 24) respectively. 



Plain 

Table 6 : Morphalogical meaau.rementa in Tam.ia. 

Height o£ the 
plant {em) 
+ S.D. -

so.1 + 10.56 -

Bo. ot 
leaves ~<='> + S.D. -

1639.28 + 
S28.6 -

3U2.16 + 
18.54-

Range ot 
st.cmata 

stamatal 
1ndax 

Mo1ature 
CODtent 

(%) 

ro.s 

806.6 

19€0.0 



Cht'clao-
8CIIle 
pairs 

1 

2 

' 4 

5 

6 

7 

8 

9 

lD 

11 

12 

13 

35 

tablt l a CbrcaoaCIDea of L. e&ittitol.i.B!! var. Pla1n. 

(2g,•26) 

Chraaoo- PoeitiCI'l ot A1'a tcgt,h of the Tol;al 
8<1118 er1ct1on ratio oCIIIpCilellt aru length 
tJP& I Seocnd. 1nf 1nf 

a • 1 • .3() 1.41 1.84 3·25 

a ll 1.25 1.41 1.76 3.17 

c ll 1.57 1.2.3 1.88 3.11 

D M 1.0 1.41 1.41 2.82 

D II 1.28 1.18 1.52 2.~ 

D Sm 2.0 0.82 1.72 2.54 

D Sm 1.85 0.82 1.52 2.34 

D Bill 2.37 0.64 1e52 2.16 

D • 1.6 0.76 1.23 1.99 

D • 1.3 0.76 1.02 1.78 

D • 1·S9 0.64 1.02 1.66 

E • 1.39 O.S6 0.78 1.34 

E ll 1·41 o.s1 0.72 1.2.3 

r. r. % - 1/J. Tl 

Tot;al ohrciDatin length - 60.1S f 
Kal7'Clt7P8 formul.a- 3(0 m) + l(D M) + 4(D a) + 3(D &n) + 2(E m). 



Chralo-
sane 
paira 

1 

2 

' 4 

' 6 

7 

8 

9 

lO 

11 

12 

]J 

3ti 

!able 8 r Chrau.oscaea of L.. !!leij;titalJDp -rar. Hl.U. 

(~-=26) 

Chrcao- Poaition of Arm Length ot the Total 
BaDe OgE1ei Piiiil.l o3. 

ratio campcnent aru length 
t1]J8 in,. in,. 

c 

c 

c 
c 

c 

c 

c 
D 

D 

D 

D 

D 

D 

• 1.)6 l.;s 2.29 3·8'1 

Sm 1.1s 1.41 2.1,6 3·8'1 

• 1.3 leSS 2.11 ,3.69 

SIR st 1.ss 0.62 2.2&f0.62 3.52 

&a 2.2 1.06 2.)6 .3·42 

Sm 2.16 1.06 2.28 .3·.34 

M 1.0 1.58 l.S8 3.16 

st 3·S o.?O 2.28 2.98 

st .3.25 O.?O 2.11 2.81 

&a 2.0 0.88 1.76 2.64 

ll 1.1 1.16 1.21. 2..37 

• 1.4 o.ss 1.29 2.17 

Ill 1.,3 0.78 1.06 1.84 

'1'. F. % • 38·48 

Total cbrallatin ltmgth - 79•.36 f + 1 (C &n st) 

~1P' tarmul& - l(C M) + 2(C a) + :3 (C Sla)L+ 3CD a) + 

l(D &a) + 2(D st). 



Plain 

Hill 

!able t t- Karyotypic data Cl'l two varietiea ot 

L.esitt~. 

Rmlee of chro­
mosome length 
illf-

1.23 - :;.2, 

1.84- 3·?S 

Ratio of the 
J.cmsest and 
short.eat chro-
moaanas in f 

2.6 



Figr:. 25-28 Qolocasia esculc nta 

25- Stot;Iata of diploid plFnts OJ. c.csculenta 

26- S tom<::. ta of triploid plants of Q.. Esculen ta 

27- Hort,Jholog~, of diploid Jlants of C.cscqlente:~ 

23- Horpholog.Y of triJloid ~Jlants of Q..·.sculenta 
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Figf .29-32. Strain 1 of Taro, Q.2loc<-si,~ esculent~ 

29- Tubers of the strain 1 of taro 

30- Plants of the strain 1 of Taro 

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

( X 2184) 

32-1Caryot; 12 of the s trC:lLU 1 
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rigs 33- 36 Strain 2 of Taro 

33 Tubers of the strain 2 of Taro 

34 Plants of th strain 2 of T '- ro 

35 Somatic chromosomes ( 2n • 42) of the strain 2 of Taro 

( X 2184) 

36 laryotype of strain 2 of Taro 
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fig.37-40 Strain 3 of Taro 

37 Tubers of the strain 3 of T3ro 

38 Mor:Jhology of the plants of strain 3 

39 Somatic Chromosomes (2n = 42)of the strain 3 (X 2184) 

40 Karyotype of the strain 3 
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Co1ocasia esQUlenta L. Schott. 

It is a herb, cultivated mainly for its starchy 

corms both in hills and plains. Leaves are peltate. 

Absence of heart-shaped lear lamina. Colocasia 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 yield/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 d1 verged from each other morphologically. 

The root tip cells of the strains 12, 13, 14 and 

15 had 2A = 28 (Figs. 75, 79, 83 & 86) and all the remain­

ing strains showed ~ = 42 (Figs. 31, 35, 39, 43, 47, 51, 

65, 59, 63, 67 & 71) chromosomes. These counts agree with 

the earlier reports of Maeda (1932), Sharma and Das (1954), 

Mookerjea (1955), Sharma and Sd..rcar (1963), Yen and Wheeler 

(1968), Jos and Magoon (1970), Plucknett It Al· (1970), 

Marchant (1971), Magoon §!! .§J.. (1971), Kawhara (1978), 

Ramachandran (1978) , Subramanian (1979) • The average length 

of the chromosomes varied in all strains {Table 27). Second­

ary constriction is absent in the well contracted metaphase. 



Therefore, it is not considered as a eansistent feature 

1n the karyotypes of Taro. Sharma and Das (1954), Moo~r­

jea (1956) observed secondary constrictions and satellites 

in the allied species, Colocas1a ant1qgorum. The total 

protein, carbohydrate and number or protein bands or all 

the strains are summarised in Table 28. The electrophoretic 

banding patter.n ror proteins are represented in the Zymograms 

(Fig. 88). The maximum nwnber or protein bands was 12 in 

Strain 1 (triploid), whereas the minimum or 7 was discovered 

in Strain 15 (diploid & wild). The Rf' values of the charac­

teristic bands of the diploid strains ranged from 0.32 to 

0.38 but in the triploids the range was 0.65 to 0.70. Histo­

grams were made to compare total protein and carbohydrate 

of aU the strains (Figs. 89 & 90). The characteristic 

features of each strain are described as follows : 

Strain l (~ = 3x = 42) 

Tubers are small, cylindrical, broad at the 

base. Absence of' ring like structures on the tubers (Fig.29). 

Petioles and veins are pale green in colour. Yellowish mark 

present on the leaves (Fig. 30). Stolon is absent. 

The chromosome length ranges from 1.80 to 3.63 ;U• 
The total chromatin length is 117 .oo jl• The detailed measur­

ements of the somatic chromosomes are summarised in Table 12. 



The chrom~somes have baen arranged in a set of three and 

are represented in the idiogram (Fig. 32). Tlrl.rteen sets 

are median and the remaining one set is sub-median with 

respect to the position of the primary constriction. 

It has a total protein content value of 

11.0 m.g/g dry wt. and the value of carbohydrate content is 

17.76 mg/g dry wt. 

StrNp 2 ( ~ = 3x = 42) 

Tubers are slightly bigger than that o! the 

Strain 1, not cylindricaJ., broad at the base. Secondary 

corms are produced at the base. Rings are very conspicuous 

at the base (Fig. 33). Petioles and veins are pale yellow 

in colour. Stolons are absent. Yellowish mark is present 

on the leaves (Fig. 34). 

The chromosome length varies fran 2.29 to 4.11 ,P. 

The total chromatin length is 133.60 jl• The detailed 

measurements of the somatic chromosomes are summarised in 

Table 13 and the chromosomes have been represented in the 

idiogram (Fig. 36). Nine sets are median, fo.uStJ sets are 

sub-median and the remaining CllQ sets are sub-terminal with 

respect to the position of the primary constriction. 



41 

The protein and carbohydrate values are 10.2 

and 21.36 m.g/g drY wt. respectively. 

Strain 3 (~ = 3x = 42) 

Tubers are small, globose 1..."1 shape. Rings are 

prominent at the apical part or the tubers. Secondary corms 

are produced at the base (Fig. 37). Petioles are lone, 

purplish at the base. Yellow mark is present on the leaves. 

Stolons are absent (Fig. 38). 

The size or the chromosomes varies from 2.05 to 

4.17 jl• The total chromatin length is 131.70 jl• The 

measurements or the somatic chromosomes are summarised 1n 

the Table 14 and the chromosomes have been represented in 

the idiogram (Fig. 40). Nine sets are median, three sub­

median and the remaining two are sub-terminal 1-1ith respect 

to the pos:f.tion of the centromere. 

The protein content is 8.6 mg/g dry wt., whereas 

the carbohydrate value is 17.52 mgfg dry wt. 

Stra;tn 4 (2D, = 3x = 42) 

Tubers are round, rings are prominent at the 

apex where sprouting takas place. Scales are present on the 

newly produced secondary corms (Fig. 41). Veins and petioles 



are pale-gren in colour. Yellmris h mark is prr sent on 

the leaves. Stolons are absent (Fig.42) 

The size of the chromosome varies from 1.70 to 

3.70 f. The total chromatin length is 115.65 f• The 

measurements of the somatic chromosomes are given in the 

Table 15 and idiogram is presented in Fig.44. Nine/sets 

are median and remaining five sets are sub-median with 

respect to the position of the centromere. The protein 

value is 8.4 and carbohydrate is 14.44 mg/g wt. respect~ 

ively. 

Strain 5 ( 2.n = 3x = 42) 

Tubers are oval in shape. Rin~_,s are prominent 

at the base. SecoGdary corms are produced tmJards the base 

(Fig.45.) Petioles are long, purplish at the base. 

Yellow mark is present on the leaves. Stolons are absent 

(Fig.46). 

The chromosome length ranges from 1.94 to 3.75 f . 
The total chromatin length is 122.46 J . The detailed karyotype 

analysis is given in the Table 16 end the chromosome pairs have 

been represented in the idiogram (Fig. 48). The number of 

median chromosomes &re ten, three are submedian and remaining 

one set is subterminal 1frith respect to the position of the 



centromere. The protein and carbohydrate contents are 

10.4 and 19.22 mg/g dry wt. respectively. 

Stl'a:tn...§ (2A = 3x = 42) 

Tubers are round, rings are prominent at the 

apex. Secondary corms are produced at the base (Fig. 49) • 

Petioles and veins are pale-green in colour and yellow 

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

The chromosome length ranges from 1.99 to 3.87 f 
and the total chromatin length is 125.67 f. The measure­

ments or the ch't'o~osomes are summarised in the Table 17 and 

the idiogram is presented in the Fig. 52. Eight sets are 

median and the remaining six sets are sub .. median with 

respect to the position of the centromere. The carbohydrate 

and protein content is 22.08 and 8.0 mg/g dry wt. respecti­

vely. 

Strain 7 (~ = 3x = 42 ) 

Tubers are big "11th tapering ends. Apical part 

is broad "Jhereas the base is narrow. Rings are present on 

the tubers except in the base. Coloured pigments are present 

on the tubers. Secondary corms are produced at the base 

(Fig. 53). Petioles and veins are purplish. Leaves are 



dark coloured. Yellowish mark is absent on the leaves 

(Fig. 54). Stolons are absent. 

The size of the chromosome ranges from 2.05 to 

4.40 jl• 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 

idiogram (Fig. 56). Protein content and carbohydrate 

content is 6.2 and 36.0 mg/g dry wt. respectively. 

Eleven sets are median and the remaining three 

sets are sub-median with respect to the position of the 

centromere. 

Strain 8 (~ = 3x = 42) 

Tubers are bigger in siae w1 th tapering ends, 

elongated and cylindrical but broad at the base. Rings 

are prominent at the apex. Secondary corms are produced 

at the base (Fig. 57). Long petioles and veins are pale­

green in colour. Yellowish mark is prominent on the 

leaves. Stolons are absent (Fig. 58). 

The size or the chromosome varies from 1.76 to 

3.69 jl• The total chromatin length is ll3.46 jl• The 

measurements of the chromosomes are summarised in Table 19 

and the idiogram is presented in the Fig. 60. Ten sets of' 



chromo somes are median and the remaining four are sub­

median with respect to the pos~tion of primary constric­

tion. The protein and carbohydrate content is 11.4 and 

26.4 mg/g dry wt. respectively. 

StrNn 9 (~ = 3x = 42) 

Tubers are very big compared to all other 

strains studied. They are 1n aggregate form. Rings are 

prominent. Coloured pigments are absent (Fig. 61). 

Petioles and veins are pale-green in colour. Yellowish 

mark is present on the leaves (Fig. 62). Stolons are 

absent. 

The shortest chromosome has the length of' 

1.76 Jl, whereas the longest one has 3.06 )'-• The total 

chromatin length is 98.70 f. The detailed karyotype analy­

sis is given in the Table 20 and the chromosomes are rep~­

sented 1n the idiogram (Fig. 64). Twelve sets of chromoso­

mes are median and the remaining two sets are sub-median 

with respect to the position of primary constriction. The 

protein and carbohydrate content is 6.2 and 14.4 mg/g dry 

wt. respectively. 



figs 41-44 Strain 4 of T8ro 

41 Tubers of the strain 4 of Taro 

42 Morphology of the plants of strain 4 

•3 Somatic chromosomos (2n • 42) of the strain 4 (X 2184) 

44 Karyotype of the strain 4 of Taro. 
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rigs.45-48 Strain 5 of Taro 

45- Tubers of thG strain 5 of Taro 

46- ~orphology of the plants of strain 5 

47- Somatic chro:nosomGs (2n = 42} of strain 5 (x Q \ 'D4) 

48 - Karyotype of the strain 5 of T2ro 
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riga 49-52 Strein 6 of Taro 

49 Tubers of the strain 6 of Taro 

50 Morphology of the plants of strain 6 of Taro 

51 Somatic chromosomes (2n = 42) of the strain 6 (X 2184) 

52 Karyotype of the strain 6 of Taro 
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figs 53- 56 Str&in 7 of Taro 

53 Tubers of the strain 7 of Taro 

54 !Yiorpholo;;y of the pl2nts of str~'in 7 

55 Somatic chromosomes (2n• 42) of the strain 7 (X 2184) 

56 Karyotype of th,, strdn 7 



..... -- (.-, 
" ~- ,.... ,. .... -- , ,= ~ - ..,.. ' ., " .. , , .. 'J .. 

I ' ~\.' ' -- ~, 

.... , 

·. 
I 
~ •• ~ I~ -~~i;,[ -~·- ~;,;;;! ~. • •!;;;;;;;• r=d 

~ .. --
--., 
n 

... .... 
~ 

-· == 

fl. ,. . . 
••• 

ji 

... .. .. 
-.. .. 
..._ .. -
----1\ 

-.. ..... 

CD 
L(') 



strain Ploi<\Y 

1 3x 
2 3x 
3 3x 
4 3x 
5 3x 
6 ~= 
1 3x 
8 3x 
9 3x 

10 3x 
11 3x 
12 22c 
13 2x 
14 21: 
15 2x: 

Table 10 : Morphcalogical measurements en ditterent. stra.ina ot Taro­

Qal.oca!ia eaculent..~,-

l.fean length of Mean mmber ot Leaf aiM (cm.2) Range ot Mean 11Wllber ot 
petioles ±. s. D. leaves + s. D. + S.D. staaata stcmata + S.D. - - --

12.6 + u.a 3.8 + 0.45 1252.2 + ,383.66 4-8 5·73 ± 1.22 - ,3.6 + o.ss ~-5 i 312.47 ;o.5 + 5.ss lr-9 6.60 + 1.57 
106.6 + ].4. 7l 4-4:; o.ss 2380.1 ± 335·13 s-JO 1.(1;) + 1.57 
w.o + 17.16 4.2 +o.4s 2U2.8 + 22). 21. 5-8 5.00 ~ 1.07 
109.7 + 2>.U 4.6 +o.89 ~60.8 ± 6TJ.ps 4-ll s.s3 + 1.ss - 6.8; 1.3() -131·9 + 1·lD JJ94.8 + 263.99 6-lD 7.1/J of- 1.41 

/IJ.S + 2.82 3·4 + o.ss 281.7 + 36.11 3-7 s.J.O + 1.25 
124.1 :;:' 9efl> 7.2 + 0.84 ].484.1 + 235·84 6-U 8.73 + 2.47 
130.5 + 9.68 6.0 + 1.22 1443.4 ± 289.06 5-8 6.,, + 1.11 
1S6.s + 15.55 5.6 + o.54 3()83. !S + SOL ?0 8-12 lO.?±.l•D 

62.3 + 6.46 3·4 +"1.14 1063.2 + 164.08 6-12 8.93 + 1.71 
149.8 + 12.96 5·4 + 0.55 1963·5 + 516.11 22-28 22.66 + ,3.01 

44.8 + 9·2'1 4.25~ .. 0.95 546·5 + 150·23 12-17 ].4.2 +-1.54 
21.3 + 3·72 3.2 +0.44 zu..o + 50·23 11-24 17.33±. 3·46 
2>.4 + 0.71 3·75"+ o.so m.7 + 24.14 11-17 13.90 + 2.13 - - - -

stomatal 
index 

6.45 
3e91 
5·96 
s-76 
6.93 
8.61 
4.39 
S·29 ~ 

6.05 a; 

7.2:1 
7.41 
8.73 
9.87 
9·2'1 s.zr 



strain 

1 

2 

3 

4 

5 

6 

7 

8 

9 

lD 

u 

12 

lJ 

14 

15 

'!'able U 1 Moisture content and y.J.eld ot dittereut. atraina 

ot Taro. 

P1cx1.dq Moisture cCI'Itent Yield/plant 
~) (sma) 

3x Sl.s 683.33 

3x 48.0 11.30·3 

3x u.s 1375.0 

3x 3S.O l382.S 

3x 43.1 ~.o 

3x 37.0 89S.O 

3x u.o ll.6S.O 

3x ,34.0 68s.o 
3x 61.4 1710.0 

3x 39.0 93).0 

3x 42.0 543·83 

2lt u.o 109().0 

2x 24-0 92.0 

2x 26.0 4/1.).0 

2x. a>.o -



figs 57-60 Strain 8 of Taro 

57 Tubers of t:1e str<-:ir: 8 of Taro 

58 MorpholorJY of the plants of' strain 8 

59 Somatic chro' .osomes ( 2n • 42) of th8 strain 8 ( X 2184) 

60 Karyotype of the strain 8 of Taro 
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figs 61-64 Strain 9 of T;:'ro 

61 Tubers of the strain 9 of Taro 

62 Morphology of the plants of strain 9 

63 Somatic chromosome (2n • 42) of the strain 9 ( X 2184) 

64 Karyotype of the strain 9 



' -- .. I I 'L ~1\.J ~.., I' __ , ._,., 
_,I 'l'l , .. ._,.,. , , .,. .. 

" . \ • 
I • 

. . ·~ ._-
-----~-

, 
I'' 

• .. • -= ----= .. -.. .. .. .. 
I .. .. .. .. --

l~ 
.. • • 
• • • 
• • 

C"") 

CD 

----
..... 
~· 

• 
• • .. 



figs 65-66 Strain 10 of Taro 

65 Tubers of the st~ain 10 of Taro 

66 Morphology of the jlants of Strain 10 

67 Somatic chromosomes ( 2n • 42) of the strain 10 (x 2 I g .q) 

68 Karyoty:)e of the strain 10 
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Figs 69-72 Strain 11 of Taro 

69 Tubers of the strain 11 of Taro 

70 l'lorphology of the plants of st;.·ain 11 

71 Somatic chromosomes (2n • 42) of the strain 11( x 2184) 

72 Karyoty~e of the strain 11 
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Strain 10 (~ = ax = 42) 

Tubers are cylindrical, elongated with a 

tapering end. Scales and rings are present. Secondary 

corms are produced at the base {Fig. 65); Coloured 

pigments absent; Long greenish petioles. Yellow mark is 

absent on the leaves. Stolons are produced at the base 

(Fig. 66). 

The size of the chromosomes vary from 1.82 to 

3.87 jl• The total chromatin length is 119.5 )l• The 

chromosome pairs have been represented in the idiogram 

(Fig. 68). The measurements of the chromosomes are summa­

rised in the Table 21. Seven sets are median, S'i~ sub­

median and the remaining cbn:e are sub-terminal w1 th respect 

to the position of the centromere. The protein and carbo­

hydrate values are 9.0 and 16.8 mg/g dry wt. respectively. 

Strain 11 (2Q = 3x = 42) 

Tubers are small, cylindrical with blll!lt ends. 

Rings are absent. Secondary corms are produced at the 

apex (Fig. 69). Coloured pigments are absent. Petioles 

and veins are purple in colour. Yellow mark is absent on 

the leaves. Stolons are absent {Fig. 70). 



The size of the chromosomes ranges !'rom 1.94 

to 3.87 jl• The total chromatin content is 122.46 f • The 

detailed karyotype analysis is given in Table 22 &nd the 

chromosomes have been represented in the idiogram (Fig. 72). 

Twelve sets are median and the remaining two are sub-median. 

The protein content is 9.8 mg/g dry wt. whereas the carbo­

hydrate value is 28.8 mg/g dry wt. 

Strain 12 (~ = 2x = 28) 

Tubers with tapering ends, broad middle portion. 

Secondary corms are produced mainly in the centre. Rings 

are very prominent (Fig. 73). Petioles and veins are light 

purple. Yellowish mark is absent, but purple mark is 

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

The length of the chromosomes varies from 2.24 

to 4.34 )'-• The total chromatin length is 98.97 jl• The 

measurements of the chromosomes are sll.Irlmarised :bn Table 23, 

and the idiogram is presented in the Fig. 76. -. .Ten pairs 

are median and the remaining ftwCJot are sub-median with 

respect to the position of the primary constriction. The 

protein content is 4.8 mg/g dry wt. whereas the carbohydrate 

VP.lue is 22.0 mgfg dry wt. 



strain Ja CP4 = ax = 28 > 

Tubers are small. Rings and secondary corms 

are q.t..b.s~·-(F~-"t~).Purplish mark is present on the leaves. 

Coloured pigments and stolons a.re absent (Fig. 78). 

The length of the chromosomes v~ies trom 1.93 

to 3.98 Jl• The total chromatin length is 86.40 )l• The 

chromosome pairs have been represented in the idiogram 

(Fig. 80). The measurements of the chromosomes are record­

ed in Table 2A:. Ten pairs are median and the rESaining 

four pairs are sub-median with respect to the position of 

the centromere. The protein and carbohydrate values are 

8.6 and 21.12 mg/g dry wt. respectively. 

~ra+n 14 (~ = 2x = 28) 

Tubers are small, elongated with blunt apex and 

narrow base. Rings are absent. Small secondary corms are 

produced on the tubers (Fig. 81). Coloured pigments are 

absent. Petioles and veins are pale-green :f.n colour. 

Characteristic marks absent on the leaves. Stolons are 

absent (Fig. 82). 

The chromosome length ranges from 2.24 to 3.88 f • 
The total chromatin length is 84.40 jl• The cr..romosome 

pairs are represented in the idiogram (Fig. 84). The details 



or karyotype analysis is given in the Table 25. The 

number or median chromosomes are 12 and the remaining two 

are sub-median with respect to the position or the centro­

mere. The proteUiand carbohydrate values are 4.2 and 

17.76 mg/g dry wt. respectively. 

Strain 15 (~ = 2x = 28) 

It is growing as wild in the forests or Megha­

laya. Characteristic tubers are absent whereas the root 

system is well developed. Coloured pigments are absent. 

Petioles and veins are light green. Leaves are small with 

an yellowish mid-rib. Absence or yellowish mark on the 

leaves. Stolons are present (Fig. 85). 

The chromosome size ranges trom 2.05 to 3.98 /'-. 

The total chromatin length is 86.23 f'. The measurements 

or 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 .t'i ve 

pairs are sub-median with respect to the position or the 

primary constriction. 

It has the lowest protein and carbohydrate (4.2 

and 12.6 mg/g dry wt. respective~ valu.es among all the 

strains studied. 



Table 12 : Chrcmoecnee ot strain 1 of Taro, 

(2!,=3%•42) 

Chro- Chro- Position of Ann Length or canpo- Tot.al. length 
moeaae moeCID8 ccmstriction ratio nent arms in f Utf 
pairs type PrJ.m. I Secc:Wid. 

1 c m 1.1 1.76 1.87 3.63 

2 c 11 1.34 1.52 2.05 3.57 

3 c ~! 1.0 1.68 1.6S 3.36 

4 c m 1.;; 1.26 1.96 ;3.22 

' c 11 1.26 1 • .)8 1.74 3.12 

6 c m 1.6 1.12 1.80 2.92 

7 D 11 1.04 1.41 1.1,8 2.89 

8 D u 1.0 1.41 1.41 2.82 

9 D 111 1.27 1.18 1., 2.68 

lO D Sm 2.2 0.78 1.74 2.52 

u D m 1.3 1.06 1.38 2.44 

12 D m 1.16 0.98 1.12 2.10 

13 D m 1.51 0.78 1.18 1.96 

u. D m 1.4 o.ss 1.22 1.80 

T. F. % - 45.33 

Total chranatin length - 117.04 f 
Karyotype fOl'Dlla - 1(C l,i) + S(C m) + 1(D M) + 6(D m) + l(D Sill). 



Cln'o-
II08CIJle 
pa1ra 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

n 
12 

l3 

l4 

%able~ t Chralo801D.e8 of strain 2 ot Taro. 

(2Q.•3z•42) 

Chro- Position ot Arm Lengt.h of the Tot:.al l.mgt,h 
mosane c01l8t.rictiona ratio ccapa'lent arms Ulf 
tn- Pr:&: JjfiCOiii. 1nf 

0 • 1.3) 1.76 2.35 4-11 

c M 1.0 1.98 1.98 3·96 

0 • 1.2 1.76 2.06 ).82 

c st ,3.0 0.92 2.76 ).68 

c • 1.49 1.41 2.11 3.52 

c Sill 2.24 1.06 2.)8 3·44 

c Dl 1.25 1.41 1.76 3.17 

c Sal 1.83 1.06 1.94 3.00 

D Sill 2.28 o.?O 2.28 2.98 

D • 1.25 1.23 1.58 2.81 

D • 1.19 1.2,3 1.41 2.64 

D • 1.33 1.06 1.58 2.64 

D Sill 2.02 0.88 1.58 2.46 

D • 1.6 o.ss 1.41 2.29 

T. r. % - 39.as 

Mal cbr<llatift length - 1,33.64 ? 
Kar.rot7P8 .tOl"'llllla - 1(0 M) + 4(0 m) + 2(0 aa) + 1(0 st.) + 

4(D a) + 2(D 811). 



Cbro-
mosoae 
a.ta 

l 

2 

' 4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

l4 

1'al?lf lit : CbraaoiCIII8a ot strain .3 ot Taro. 

(2!!,•.3x=42) 

Chro- Poaitim ot Am Lengt.h of the 
moaoma acnatfticm.a ratio cauponEilt anu 
type Prim. -second'. inf 

0 Ja 1.)6 le76 2.41 

c m. 1.)1 1.76 2.22 

a st 3.7; Oe94 2.82 

c • 1.16 1.68 1.96 

c M leO 1.76 1.76 

c Sm 1.93 1.16 2.24 

D • 1.12 1.56 1.76 

D st 3.01 0.76 2.29 

D 11 1.2> 1.,32 l.SS 

D Sm 1.87 0.94 1.76 

D 11 1.49 1.06 1.58 

D Ill 1.40 1.06 1.42 

D Sill 1.63 0.87 1.42 

D • 1.07 0.99 1.06 

r. r. ~ - JI).OO 

Total ohrcmatin 1angt,h - lJ1.70 f 

Total 
langth 
Ulf 

4·17 

3·98 

3.76 

3.64 

3.52 

3./1) 

3 • .32 

3.05 

2.SO 

2.?0 

2.64 

2.48 

2.29 

2.05 

Ka.r.yot:.1})e formla - l(C M) + 3 (C a) + l(C SID.) + l(C st) + 

S(D m) + 2(D Sm) + 1(D st). 



55 

T!!¥f ~: Chralosomea ot strain 4 of Taro. 

(2n,•3x•42) 

Chro- Cbro- Position of Arm Length of the Tot,al 
m.osane mosome 2on8t;rictions ratio canponent; a.rma 1eng1;h 
seta type Prim. I Seccad. ~f UlJl 

1 c Jll 1.,34 l.SS 2.12 3.?0 

2 c • 1.15 1.68 1.~ 3.62 

3 c Sill 1.76 1.28 2.26 3·54 

4 c • l.,S 1.41 1.94 ,,,, 
5 D • 1.24 1.41 1.76 ).17 

6 D • 1.~ 1.23 1.76 2.99 

7 D Sill 2.75 0.78 2,ll. 2.89 

8 D • 1.39 1.16 1.62 2.'/8 

9 D Sm 2.0 0.88 1.76 2.6lt 

lD D &11 1..68 0.88 1.4& 2.36 

u D • 1.3 0.94 1.23 2.17 

12 D • 1.29 0.82 1.06 1.88 

l3 D Sa 2.33 o.s3 1.23 1.76 

14 D • 1.17 0.78 0.92 1.?0 

'1'. F. % • 41.50 

Total chrcmatin length - US.6S f 
Karyotype tOl'!lllla - 1 (C Sill) + 3 (C a) + 6 (D m) + 4 (D Sal) • 



Chro-
moscme 
seta 

1 

2 

3 

4 

s 
6 

7 

8 

9 

lD 

n 
12 

l3 

14 

ft.ble 16 1 - Chr<aosomea ot strain 5 ot Taro. 

('n,•3x=42) 

- ................... 
Chro- Position ot Ara LenAt;h ot the Total 
JllOIICIIIe constricti<ma ratio oomponct arms legtb 
type PrJ.m. I Secon<i. htf Utf 

" m 1.28 1.64 2.ll 3.75 ., 

" Ill 1.37 1.54 2.ll 3.65 v 

c ll 1.6 1.,2 2.26 3.58 

c Ill 1.49 l.4l 2.:U ,.,2 

c • 1.59 1.32 2.ll 3·43 

0 Bill 2.28 0.99 2.?..6 3.2, 

0 • 1.2 1.41 1.72 3-13 

c 11 1.6 1.06 1.66 2.72 

D ll 1.12 1.23 1.41 2.64 

D Sill 2.26 0.?6 1.72 2.48 

D • 1.6 o.sa 1.48 2.36 

D Sa 2.66 0.60 1.64 2.24 

D Ill 1.20 0.96 1.16 2.12 

D st. 3.0 0.48 1.46 1.94 

'f. F. % - 41.01 

Tot.al oln-anatin length - 122.46 J1 
Kf\170t,JPG tOl'JIDlla - 7 {C m) + 1 (C &a) + 3 (D a) + 2 (D Sal) + 

l(D st). 



figs '73-76 Strain 12 of Taro 

73 Tubeaa of the strain 12 of Taro 

74 Morphology of ths plunts of strain 12 

75 Somatic cr~omosomes {2n = 28) of the strain { X 2184) 

76 Karyotype of the strain 12 
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rigs 77 - 80 Strain 13 of Taro 

77 Tubers of the strain 13 of Taro 

78 Morpholc.gy of the lil<:nts of strain 13 

79 Somatic chromos me (2n = 28) of the strain 13 (X ')J2f_q) 

80 Karyotype of the strain 13 
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Table l7 a Chromo8amea ot strain 6 ot Taro. 

(2a•3x•42) 

CbJoo. Chro- Poaiticm ot Arm 
moecae moaau ccmat.rJ.ctiCXJ.e ratio 
Beta t,-pe fi'lilil: I Seccad. 

1 c Jl 1.4 

2 c M 1.0 

' c Sa 1.?6 

4 c Jl 1.37 

5 c • 1.32 

6 c Sill 2.1s 

7 D Sm 2.53 

8 D • 1.12 

9 D • 1.6 

lD D • 1.14 

n D Sm 1.8 

12 D Sm 2.2 

13 D JB 1.4 

14 D Sm 1.1s 

T. P. % - 4]..67 

Langthotthe 
caapcment aru 

1nf 

1.58 2.29 

. 1.88 1.88 

1.26 2.42 

1.~ 2.04 

1.S4 1.86 

0.88 2.42 

0.88 2.23 

1.1.0 1.58 

1.06 1.72 

1.23 1.41 

0.88 1.58 

0.71 leSS 

0.88 1.23 

0.71 1.28 

Tof;al ohraDatin length - 125.67 f 

).87 

3.?6 

).68 

).52 

).liJ 

3·30 

,.u 
2.98 

2."18 

2.64 

2.46 

2.29 

2.11 

1.99 

ltaeyot;,-pe t01'1111la - 1(0 M) + 3(C m) + 2(C &a) + 4(D a) + 

4(D Sa). 



Table 18 : Chrollloaanes of Strain 7 ot Taro. 

(2o_=3x=42} 

Chro- Chro- Positicm ot Arm Lerlgth ot the Total 
mosane mosame OC11str1oticma ratio cCIIlpQleDt arm.e 1tmgth 
seta type Prim. r Seccmd. i:nf in' 

1 c • 1.08 2.U 2.29 4.11) 

2 c • 1.02 1.84 2.29 4.13 

3 0 • 1.30 1.76 2.29 4.05 

4 c Sill 2.83 1.06 2.86 .3.92 

s c M 1.0 1.94 1e94 3.88 

6 c • 1.5 1.41 2.11 3·52 

1 c • 1.3 1.52 1.84 3.36 

8 c • 1.24 1.41 1.76 3.17 

9 c Sa 1.67 1.16 1.94 3.lD 

lD c • 1.28 1.24 1.;8 2.82 

11 D Jl 1.5 1.24 1.41 2.65 

12 D • 1.3 1.06 l.U 2.47 

13 D !I 1.6 0.88 1.41 2.29 

14 D fa 1.1s 0.78 1.27 2.os 

T. F. % - 41.19 

Total ohrcaatin length - 137.43 f 
KaryGt7pe fo"Rlla • l(C M) + 7(C a) + 2(C Sill) + 3(D a) + l(D Sa). 



Chro-
mosome 
set. a 

1 

2 

3 

4 

s 
6 

7 

8 

9 

lO 

u 
12 

13 

14 

1'abJ.• 12 I Chrcmoacmea. ot strain S ot Taro. 

(2n·3~=42) -
Chro- Position ot Arm Length ot the Total 
JIOSOI!le canst:-ictiona ratio CCDpCileDt arJIUI length 
type PHii. I Second. 1nf inf 

c m 1.05 1.80 1.89 3.69 

c • 1.,23 1.56 le93 3.49 

c Jll 1.3 1.41 1.93 3.34 

c JD. 1.6 1.23 1.98 .3.2.1 

c M 1.0 1.58 1.54 .3.16 

c Sm ·2.9 0.76 2.2,3 2.99 

D Sm 2.08 0.93 1.94 2.87 

D m 1.28 1.2.3 1.41 2.64 

D Sm 2.0 0.88 1.58 2.46 

D M 1.0 1.12 1.12 2.24 

D • l.l;. 0.88 1.23 2.ll 

D ll 1.4 0.76 1.23 le99 

D :a 2.0 0.64 1.~ 1.87 

D H 1.0 0.88 0.1?$ 1.76 

T. F. % - ~.75 

Tolial chromatin lengt.h • 1J.3.l~ f 
la17otype formula • l(C M) + 4(0 •) + 1(C &a) + 2(D K) + 

3CD •> + .3(D aa). 



Table~ : Chromosomes ot strain 9 ot Taro. 

(2Q.. 3x: 42 ) 

Chro- Chn>- Poaiticm ot Arm Length of the Tat.al 
moaome JDOIKI!le ccmatr.l.ctiooa ratio COIDpCilent 8l'U length 
aets type Prim. I Second. Ulf Ut,. 

1 c • 1.07 1.48 1.;8 3.06 

2 c m 1./1) 1.26 1.76 3.02 

' D m 1.49 1.18 1.76 2.94 

4 D M 1.00 1.36 1.36 2.72 

5 D Jll 1.15 1.2,3 1.4J, 2.64 

6 D Sm 2.24 0.74 1.66 2./IJ 

7 D m 1.lD 1.12 1.23 2.,, 

8 D M 1.00 1.12 1.12 2.24 

9 D Sill 1.92 0.74 1.42 2.16 

10 D 11 1.40 o.ss 1.23 2.11 

u D m 1.26 0.84 1.06 1.90 

12 D m 1.36 0.78 1.06 1.84 

l3 D H 1.00 o.as o.ss 1.76 

14 D ll 1.Sl 0.70 1.06 1.76 

T. F. % - 42.21 

Tot.&J. cbrcmlat:in length - 98· 70 f 
ta.ryot;ype !o:L!IIll.a - 2(0 a) + 3 (D M) + 7(D m) + 2(D Sra). 



Chro-
IS01!10m8 
seta 
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Table 21. : Chralloec.es ot strain lD ot Taro. 

(2!,•3x•42) 

Chro- Position ot Arms Length ot the Tot.al. 
mosane const.rictione r~io cCIII!pCX\ellt arms length 
type Pi"!Di. I Second~ UlJI Utf 

c ,. 1.2 1.76 2.11 3.8? 

c IL 1.33 1.52 2.U 3·6.3 

c H 1.0 1.76 1.?6 3eS2 

0 st, 3·47 0.76 2.64 3-JIJ 

c Sill 2.1 1.06 2.23 3·29 

D Sm 2.48 0.94 2.23 3.17 

D M 1.0 1.52 1.52 3.04 

D • 1.14 1.33 1.52 2.8S 

D Sm 1.83 0.94 1.72 2.66 

D Sill 2.88 0.64 1.84 2.48 

D Sift 2.00 0.76 1.52 2.22 

D m 1.27 0.88 1.12 2.00 

D m 1.69 O.'jO 1.18 1.88 

D Sm. 1.84 0.64 1.18 1.82 

T. F. % • 41.6.3 

Total chrcmatin length - 119.49 f 
Kaeyot.ype tormula - 1(0 M) + 2(0 m) + l(C st) + 1(0 &aj + 

l(D M) + 3(D m) + S(D &a). 



Table 22 : Cbranosomes of strain ll. of faro. 

( 2n = 3x. 4~) -
Cbro- Chro­
moeome mosane 
seta type 

1 c 
2 c 

3 c 

4 c 

5 D 

6 D 

7 D 

8 D 

9 D 

10 D 

u D 

12 D 

13 J 

l4 D 

PoSition o£ 
canstr1ctiCI18 
Prim. I Second. 

.. 
• 
ll 

m 

m 

l{ 

&n 

.. 
11 

Sm 

M 

m 

m 

m 

T. F. % - 40.37 

Arm 
ratio 

1.3) 

1.34 

1.02 

1.26 

1.19 

1.00 

2./l) 

1.28 

1.15 

2.77 

1.00 

1.16 

1.40 

1.3> 

Lengt;h of the 
caDpCX'lent arms 

1nf 

1.76 2.U. 

1.58 2.U 

1.76 1.80 

1.S4 1.94 

1.48 1.76 

1.54 1.54 

0.88 2.11 

1.23 1.58 

1.24 1.42 

0.70 1e94 

1.2,3 1.23 

1.06 1.23 

0.88 1.2.3 

o.ss 1.06 

·.rotal chraDatin length - 122.46 f 

3·87 

3.69 

3·56 

3·48 

3·24 

3.08 

2.99 

2.81 

2.66 

2.64 

2.46 

2.29 

2.1.1 

1.94 

Karyot;ype torml.a - 4 (0 m) + 2(D M) + 6 (D m.) + 2 (D Sla) • 
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TMlt 33 1 Obrallollome8 ot strain 12 ot Taro. 

(2n=28) -

a • 1.06 2.U 2.23 

0 • 1.4 1.76 2.46 

0 Sm. 1.96 1.41 2.76 

0 • 1.2 1.76 2.35 

c Sm. 1.1s 1.41 2.56 

a • 1.44 1.58 2.28 

0 M 1.0 1.86 1.86 

c Sm 1.71 1.23 2.28 

c • 1.37 1.46 1.94 

c • 1.2, 1.58 1.66 

D M 1.0 1.58 1.58 

D • 1.5 1.41 1.54 

D • 1.,3 1.09 l.ltS 

D Sal 2.2 O.?O leS4 

T. F. % • 43.15 

Total chromatin length - 98.92 f 

4·34 

4.22 

4.17 

4·11 

3.97 

3.86 

3.72 

3·51 

3./1) 

3·24 

3.16 

2.95 

2.57 

2.24 

lar,yot)'pia toratla • l(C X) + 6(0 a) + 3(C Sill) + l(D M) + 

2(D •> + 1(D &a). 



figs 81 - 84 Strain 14 of Taro 

81 Tubers of the strain 14 of Tcro 

82 Morphology of thA plants of strain 14 

83 Somatic chromosomos {2n = 28) of the strain 14(X2J~"Ij 

84 Karyotyoe of the strdn 14 
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figs 85 - 8? Stroin 11 of Taro 

85 Morphology of the strain 15 of t8ro 

86 Somatic chromosome (2n - 28) of the strain 15 ex .:2 \ 8l.J) 

81 Karyotype of the strain 15 
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Table 24 I Ohromoeomea ot st.rain l3 ot Taro. 

(2n•28) -

Cbro- Position ot Arm IAmgth ot the 
moaame 2anatrim:1Cill ratio campCI'lct arma 
type Prim. I Seem 1nf 

0 • 1.3 1.76 2.22 

c • 1.2 1.76 2.12 

c ll 1.5 1.48 2.28 

0 Sm 2.0 1.23 2.46 

0 Sm 1.85 1.23 2.29 

c M 1.0 1.73 1..73 

D • 1.51 1.2) 1..86 

D • 1..43 1..2) 1..76 

D • 1.6 1.os 1.76 

D Sm 2.75 0.76 1.94 

D Dl 1.14 1.23 1.41 

D Sm 1.8 0.88 1.58 

D • 1.6 0.88 1.41 

D ll 1.2 0.88 1.os 

T •. F. ~ -· 41.98 

Total chrcmatin lengtjl - 86.JI) f 

Tolial. 
length 
inJl 

3·98 

3.S8 

3.76 

3.69 

3eS2 

3·46 

3·09 

2.99 

2.81 

2.?0 

2.64 

2.46 

2.29 

1.93 

Kar3'ot1P8 tol'Dilla - 1 (0 M) + 3 (C a) + 2(C Sa) + 6 (D a) + 

2(D S.). 
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T!ble § 1 a~a ot strain 14 ot Taro. 

( 29. II: :2S) 

Cbro- Position ot Arm Length ot the 
maame ~rict.iona ratio canpar1ent arms 
type I SecOia. tn.,. 
a • 1.2 1.76 2.12 

a M 1.0 1.86 1.86 

a Sm. 2.0 1.23 2.46 

c H 1.0 1.76 1.76 

D • 1.12 l.S6 1.76 

D • 1.24 1.41 1.76 

D M l.O 1.56 1.56 

D • 1.43 1.23 1.76 

D ll l.~ 1.23 1.56 

D • l.S 1.06 1.58 

D • l.:; 1.06 1.1,1 

D M 1.0 1.18 1.1S 

D • 1.16 1.06 1.23 

D Sm 2.2 0.66 1.58 

T. F. % • 43.07 

Tolial chromatin lm.gth - 84.11) f 

Total 
lE!lg\h 
W.f 

).88 

3.7a 

).69 

~.52 

,3.32 

,3.17 

,3.12 

2.99 

2.79 

2.64 

2.47 

2.36 

2.29 

~-24 

laryot.)'pe .tcmaula - 2 (C M) + 1 (C a) + 1 (C &a) + 2(D M) + 

7CD m) + l(D Sal). 
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Tabl! ~ : ChraloiiCIIl&s ot strain 15 ot Taro. 

(2!,=28) 

Chro- Pos:l. tl.on o! Arm ~hot tho 
11080118 ~~. ratio CCIIIpOIJ.el'lt am8 
t,-pe Utf 

c • 1.2 l.SO 2.18 

c ll 1.33 l.SS 2.12 

c Sm ~.o 1.23 2.~ 

c M 1.0 1.76 1.76 

c ll 1.5 1.4]. 2.11 

c • 1.3 1.41 1.93 

c m 1.4 1.32 1.93 

c Sm z.o 1.os 2.12 

D • 1.12 1.41 1.58 

D Sm. ~.2 o.ss 1.93 

D m 1.28 1.23 1.U 

ll m 1.; 0.94 1.41 

D &:1 2.0 o.?O 1.41 

D &n 2.3 0.64 l.Q. 

T. F. % - 38.)2 

Total chrarutin length - 86. 24 f 

Total 
lJingth mr 
J f"\f'lt. 

•)0 

-'·70 
,.69 

:;;.52 

:;;.;2 

:;;.;34 

3.25 

3.17 

2.99 

2.Sl. 

~.64 

~-:35 

z.u 
2.05 

Karyotype f<Jnlllla - .1 (C U) + 5 (C m) + 2(C at.) + 3 (D m) + 

3(D &a). 



Fig. 88 Electrophoretic banding patterns of the total 

sol~ble proteins of different strains of taro. 
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e. 
figs. 89 Histogram representing the total soluble por~ion 

" 
contents of taro. 

90 HisL,gr,:m reprcs,::ntin\1 the total carbohydrate contents ..._. 

of taro. 
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table ?!/ : Sallatic o.hrCDOaomee ot 41tterent. atraina ot Taro. 

strain Pla1dy Range of chranoacme Mean length ot Ratio of the loDg..t Total chromatin T.P.% 
lengt.h in f chrcllloecae in f and ahort.-t chrcao- l.cgth in f 

somes in r 
1 3x 1.00- ;3.63 2.71 2.01 ll.?.OO 45.33 
2 3x 2.29- 4-U ;3.3) 1.'19 133.60 39.28 
3 3x 2.os- 4-17 ;3.11 2.03 131.~ /IJ.OO 
4 3x 1.~- 3.~ 2.~ 2.21. 115.(:1) u.so 
5 3x 1.94 - 3·75 2.85 1.93 122.46 41..01. 
6 3x 1.99 - 3.87 2.94 1.94 125.67 41.67 
7 3x 2.05- 4.1/J 3·23 2.15 137.43 41.19 ~ 

8 3x 1.76-3.69 2.7) 2.09 113.46 IIJ.?s ... .J 

9 3x 1.'/6- 3.06 2.42 1.73 98.?0 42.21 
lD 3x 1.S2 - 3·87 2.84 2.12 ll9.SO 4le63 
ll 3x 1.94 - 3.S? 2.90 1.99 122.46 l/).3? 
12 2x 2.24- 4·34 3·29 1.85 98.92 43·15 
l3 2z 1.93- 3-98 3.00 1.67 86.~ ltl.98 
14 2Jt 2.24- 3.88 ;3.06 1.71 84.40 43.07 
15 21: 2.05- ,3.98 ;3.02 1.9lt 86.24 ,38.,32 



strain 

1 

2 

' 4 

s 
6 

7 

8 

9 

lD 

11 

12 

l3 

14 

15 

6h 

Tap6e 28 : Tofial. carbofwdrate, prot,ein content and 

profiein banda ot Taro. 

Ploid;y Total protein Total ca.rbofwdrate lo. ot protein 
{Jr,g/ g dry wt. ) (ptgJ g dey wt. ) band8 

3x u.o 17.76 12 

3x 10.2 21.36 ll 

3x 8.6 17.52 lO 

3x 8.4 14.44 9 

3x 10.4 19.2 u 

3x 8.0 22.08 u 

3x 6.2 )6.0 lO 

3x 11.4 26.4 9 

3x 6.2 U..4 u 

3x 9.0 16.8 lO 

3x 9.8 28.8 u 

2x: 4.8 28.0 9 

2x 8.6 21..12 lD 

2x 8.4 17.76 u 

2Jt 4.2 12.6 4 



f'igs. 91-94 ~ ~ var.yallo~:J lhillong 

91-~ ~s - Habit. 

92-Ea: of lu, ~ vc.,r. yellow Shillong 

93-Somatic Chromost.me (2n = 20 ) of l.·~ 
var. yellcw Shillorg(X 210t) 

94-Karyotype of .1·~ v:ire yellow, ShiJllcwlg 
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It is a monotypic genus, unique among all the 

grasses, in that the staminate f'lowers borne in a tassel 

are separated from the pistillate flowers borne 1n the 

lateral position on the stem. Leaves are broad, lanceolate, 

spikelets 1n pairs, one sessile and one pedicelled. The 

female spikes are axUlary, enclosed 1n the sheath or the 

lear and surrotmded by bracts. Suckers are produced from 

the lower nodes of stem (Fig. 91). Detailed morphological 

measurements were recorded 1n Table 29. 

The root tip cells or all the varieties showed 

the chromosome number as 2Q = 20 (Figs. 93, 96, 100 & 104) 

which confirms the earlier reports of Kuwada (1911, 1919), 

Longley (1924), Kiesselbach and Peterson (1925), Fisk (1925, 

1927), Humphrey (1933), Ono and St1zuk1 (1956), Chen (1969). 

Varied number or B chromosomes -were reported in maize by 

various workers (Randolph, l928J McClintock, 1933). However, 

extra chromosomes were not observed in the present investi­

gation. Cytological marker and satellites -were not observed 

whereas secondary constriction was fotmd on the 6th chromo­

some pairs of the Sikld.m Yellow variety. Ono and Suzuki 

{1966) and Chen (1969) reported the presence of satellites 

on the 6th chromosomes of the somatic complement. The 

average length of the chromosomes varied in all the varieties 



(Table 34). 

In pollen mother cells, 10 bivalents were 

observed both at diakinesis (Fig. 106) and metaphase (Fig. 

107) and occasionally 9 bivalents and two Wlivalents were 

also noticed (Fig. 108). Meiosis was regular (Fig~. 109 &: 

110) and the chromosome distribution was equal at anaphase I 

(Fig. 112). Spindle shaped chromosomes wre noticed at 

metaphase I (Fig. 111). Meiotic abnormalities like lagging, 

stickiness, bridges, etc. were not observed. The second 

anaphase was also regular with tetrads and pollen grains 

(Fig. 113). The pollen rert111 ty and chiasmata frequency 

values are recorded in the Table 35, The characteristic 

features of all the varieties are described as follows J 

1. ~mays var. Yellow Shillong 

Stem cYJ.1ndricalf leaves are not compactly 

arranged. Flag leaf is erect and glabrous. Anthers and 

silks are white in colour. Kernels ar" yellowish, unshrtm• 

ken, compactly arranged. Absence of sterile appendage at 

the tip of the ear (Fig. 92). The number of kernel layer 

is 9 and the mean length of the ear is 17.7 em. 
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The length of the chromosomes varies f'rom 2.80 

to 5.80 f. The total chromatin length is 81.32 f• The 

measurements of the somatic chromosomes are summarised in 

the Table 30 and the chromosome pairs have been represented 

in the idiogram (Fig. 94). Six pairs are median and the 

remaining four pairs are sub-median w1 th respect to the 

position of the primary constriction. 

Protein and carbohydrate values are 8.4 and 8. 7 

mg/g dry wt. respectively. 

2. !a, m!ll var. Garo vlbi te 

Stem cylindrical, leaves are compactly arranged. 

Flag leaf' is not erect but glabrous. Anthers are purple 

whereas the silk is white in colour. Kernels are small, 

white coloured arranged regularly, unshrunlmn. Sterile 

appendage is present. The number of kernel layers is 12 

and the mean length of the ear is 11.2 em (Fig. 95). 

The ~ize of the chromosomes ranges trcm 2.82 to 

4.92 jl• The total chromatin length is 74.94 Jl• The 

details or the karyotypic analysis are given in the Table 31, 

and the chromosome pairs have been represented in the Wogram 

(Fig. 97). Seven pairs are median and the remaining three 

are sub-median 'With respect to the position of the primary 

eonstri ction. 



The values of total protein and carbohydrate 

are 9.2 and 9.6 ms/g dry wt. respectively. 

3 • .L, D!W var • Sikld.m Yellow 

Stem cylindrical, flag leaf is not erect but 

glabrous. Mid-rib is purple. A number or two ea:rs were 

noticed in the same internode (Fig. 98). Kernels are 

yellowish, unshrunkan, arranged regularly 1n 10 layers. 

Sterile appendages are absent at the tipe or the ears. 

The average length of the ear is 16.8 em (Fig. 99). 

The chromosome size varies from 1.76 to 3.16 f. 
The total chromatin length is 50.04 )l• Secondary constric­

tions are presont on the 6th chromosomes of the somatic 

complement. The details of the karyotYJ>e analysis is record­

ed in the Table 32 and the chromosome pairs have been 

represented 1n the idiogram (Fig. 101). The number or 

median chromosomes are eight and the remajning two are sub­

median with respect to the position or the primary constric­

tion. 

Carbohydrate and protein values are 13.4 and 

5.4 mg/g dry wt. respactively. 



4. .L. !!!!lJ var. Sikld.m White 

Stem cylindrical, leaves are not compactly 

arranged. Flag leaf is erect but glabrous. Anthers and 

silks are white coloured. Kernels are whitish, unshrunkan 

and regularly arranged in 10 layers. Rudiments or sterile 

appendage is present. The mean length of the ear is 

15.7 em {Fig. 103). 

The length of the chromosomes ranges fran 1.76 

to 4.22 )l and the total chromatin length is 57.94 f • The 

measurements of' the somatic chrmnosomes are summarised in 

Table 33, and the chromosome pairs have been represented in 

the idiogram (Fig. 105). Seven pairs are median and the 

rema1n1ng three are sub-median with respect to the position 

of' the primary constriction. 

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

the carbohydrate content is u.a mg/g dry wt. 



Table 22 : Marphalog1cal measurement;s on ditterent varieties of ma:tse. 

Variety Average height No. ot in- Length ot the Flag leat Taasel. Weigbt/J,.ooo 
ot plants (em) temodea 5t,h int.emode ~h (em) leagt.b grains (&m) 

(mean) (em) <•> 
~!It!. var. Yellow SMllong 35'·'2 1).0 23·7 36.72 46.32 375.0 

&, mit! var. Garo White 17~-58 13·5 12./U 35.26 43·53 210.0 
~ 

!:., !!It! var. S1kldm Yellow 216.67 12.8 14·27 39·62 45.97 385·95 
~ 

~!it!. var. S1kldm ~lhite 2'75·5 14.4 19.8 ~.68 4/l.68 439·5 
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Table 30 : ChrcJD.oaanes ot b. !&.!. var. Yellow SbUlong. 

(Ja•Z) 

Chro- Position ot Ann Lerlgt;h ot the Total length 
moaome calStrictiS!!• ratio CCIIIpOilent arms tD.Jl 
tn- Prim. I SecGnd. m.f 

B m 1.4) 2.64 3.16 s.so 
B • 1.33 2.11 2.81 4.92 

B !.f 1.00 2.28 2.28 4.56 

c • 1.27 le93 2.46 4.39 

c Sm 1.87 l.JI) 2.64 4.04 

c ll 1.3> 1.76 2.ll ']a8'/ 

a Sm 2.14 1.23 2.(4 'J.S? 

c Sm 2.33 1.05 2.41 3.46 

D Sm 1.83 1.os 1.93 2.98 

D M 1.00 1.40 1.11) 2.80 

T. F. %• - 36.33 

Tot.al chranatin length - 81.32 f 
Kal7<*.7P8 fom1la - 2(B m) + 1(B M) + 2(C m) + 3(C :8) + 

1(D M) + 1(D Sa). 
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103-Cal' of~~>. v r .. st.t<.~dm ¥'lito 

104-!.iolt\atic Cl •!:0m08flmOfJ (2n • 2\J) of l,.~..i var. 5J.kklt11 \lttito. 

( X :2 1 fill) 
105-i<ury:1tyjle o'. 2 .m:::~y !i* v r. Slkk.f.m tlt\1 t.o --
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fl~t•• 'IGI-113 filaioeis in P.....,tal .It& IIAIA p18'1te 

101-A Pr'C ahowing diaklned.e with 10 U. 

101-A Pt1C ahov.lng r:,ot~ 1 with 1011 

108-A PMC ahowlng dltlcineale with 911 + 2t 

108-A Pi'1C at dlplo'-ta 

t12-i'a118fl mother cell ~wing e1uel dletrlbJUor. of 
chs-omoa mee at __,h_ t. 
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Table ll a Chranoeomea of!:., !!I!. Tar. Garo White. 

C}Jn)- Chro- P081t1an of Arm 
moacae aoeame cmstrictig ratio 
pairs t)'pe Prim. I Second. 

1 B M 1.0 

2 B • 1.36 

' c • 1.4 

4 c • 1.ss 

s c • 1.2 

6 c &I 2 • .3.3 

7 c Sal 2.17 

8 c Sal 2.0 

9 D • 1.12 

lD D ll 1.67 

T. F. % - .39.73 

Length of the 
ccmpcnent a:ru 

inf 

2.46 2.46 

1.94 2.64 

1.76 2.46 

1.58 2.46 

1.76 2.11 

1.06 2.46 

1.06 2.28 

1.06 2.11 

1.40 1.58 

1.06 1.76 

Total chrcmat1D length - 74.94 f 

4.92 

4.58 

4.22 

4.04 

3·87 

3.52 

'·'' 
.3·17 

2.98 

2.82 

larrotype tormla - 1 {B M) + 1 (B a) + .3 (c a) + 3 (c Sill) + 2 (D a). 
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Ttbl! l2 I ~a ot L,_ !!it!. Tar. Si1ddJa Yellow. 

(2g,c3>} 

Chl'o- Polition ot Am Length ot the acapo- Total 
moacma p~~. ratio nent uma in f length 
t)'Pe in' 

c ~ 1.0 1.58 1.58 ).16 

c • 1.25 1.~ 1.76 3·16 

D M 1.0 l.ltO 1.~ 2.80 

D • 1.6 1.os 1.74 2.7' 

D • 1.5 1.05 1.58 2.63 

D • le33 8~,, + 0.15 1.40 2./IJ 

D Sm 2.2, o.?O l.SS 2.28 

D • 1.4 0.88 1.23 2.U 

D Sill 1.?5 o.?O 1.2,3 1.93 

D M 1.0 0.88 0.88 1.76 

T. F. % • 42.75 

Tat,al abrcmatin length • S0e04 f 
la17ot;rpe tol'llll.a - 1 (C M) + 1 (C a) + 2 (D H) + 3 (D a) + 

l(D. SID.) + 2(D Sal). 



Chro-
JIID80111e 
pair 
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tabl! ,Ua Clraaoaomea ot L. !!11!. var. White S1lcldJL 

( 2n z:: a>) 

Ohro- Pold.tion ot Arlll Lcgt.h of the Total length 
moaome !c:ll~ct1;9 ratio ccmpanent. aru tllf 
tr,pe prtm: seco. m., 

c M 1.0 2.ll 2.U 4.22 

c • 1.44 1 • .58 2.28 3.86 

c sa 1.8S 1.23 2.28 3.51 

c Sm. 2.16 1.os 2.28 3·33 

D • 1.28 1.23 1.58 2.81 

D a. 2.0 0.88 1.76 2.64 

D • 1.3, 1.o.s 1.40 2.4, 

D • 1.&> o.ss 1.40 2.28 

D • 1.40 0.88 1.2;3 2.ll. 

D M 1.0 0.88 0.88 1.76 

T. F. % • 38·84 

Total chrcmattn lAI1gth - 57 • 94 f 
Karyot,-pe tol'llllla • 1 (C M) + 1 (C m.) + 2 (C Sa) + 1 (D M) + 

4(D ll) + 1(D Sa). 



Table l!t 1 ~ data Cl'l dittermt Yarietiea ot maiu. 

~ !!I! var. Yellow Sb:Ulang 

!:_ !It! var. Garo White 

!.:. !!1!. var. S1Jddm Yellow 

[:_ !11!. Yar. S1lddm \'lhite 

Range of cbraDoaaae 
~hinJl 

2.00 - s.B> 
2.82- 4.92 

1.76- 4.22 

1.76 - ,3.16 

Mean length 
otcbraaoao-
mea in f 

4·3 

3·81 

2.99 

2.46 

Ratio of the 
langeat and 
ahorteet chro­
JDOaaDea 1n f 

2.0? 

1.74 

2.40 

1.86 

Tot.al. caa­
p]Jment 
lengt.h 1n f 

81.,32 

74-94 

51·94 

.50·04 

36.33 

39·"13 ~ 

ec 
.38.84 

42-75 



'!'able 3~ : Mtw1 chiaama tl'equen07 at d1aldnea1a and mstapbaae I 1n 

ditferent varieties ot ma:lu. 

Mttapbase I 
Range Mean + S.E. - RaJJce Hean t. S.E. 

h. !!1!, Tare Yellow Shi 1] ong 9().3) II) 19-28 23.02 o.,, 17-23 3).12 0.21. 

~!!!I! Tar. Guo White 90·60 1/J 21-29 24.~ Oe33 19-24 3).J3 0.19 

l!,. 5!. Tare Si.lddJil Yell.Dw 87.39 IIJ 2D-Z'! 22.55 0.25 17-23 a>.37 0.24 

~ !§I! var. Sikldm White 86.28 liJ 20- 2S 21..61 0.22 16-23 19 • .50 0.26 

("J 
.... .,:..~ 



figa. 114- 120 r1 hybrldo of J.eiiMI v l'•)fGllow Sh.Lll~ X J...-& VOI'e 

~'>lkklm yall.ow 

114- EF ., r 1 hyba>1ds cf 1.PPYI "'~r.yallw Sh11lt:nl) • .1~ vu. 

Slkklm yell•>W• 

115- ~etlc chi'OI·>oeamea ( 2n • 2 ) of the r 1 hybrid~\ of .1,....._ v•n·. 

yallvu 9h1lltl"tg X l.-M1C& vura 5.1.'-'kl.lll. 
(x2.\~4) 

ne- Kai'Yotypa of thu F l hybrid of ....... vr,r.yellow ShU, nq X 

i,liWI.VBI"• S ... lm. 

117- r. pc,llen mothnr call ahowln\J 10,.1 at rJlaklneais 1.1 

118- A ,,,1llnn mother 1:4111 aht.>tAnq ,o11 at mntsuhaae 1 

11ft- A P(l!C III\Ut¥1ng Slttal d19trlbuUon of chi'URO!!d!t< s st. d"U!llh8fl8 1 



.,:. 
' ''-- ... .. 

' 
, 

~ · ~ ... ,::, .... 
c 

.. ,. .. , 
114 115 ~~ 

)C II IC II II Jl IJ ll •• II 

116 

- -.. ' 

•• 
119 

• • 

• I! •• ,_ . 

• 

1 0 ,AJ 

• .. ~ .• 
• 

120 

118 . 

-• • 

• , .. 

• 

.. . .. . 
• 
6 

. ~ 

•• •• 
~· . ~ . • • •• 

' 
117 . 

G) 



122- Sc:lmat.ic chromu clli1as (2n • 20) of t.ha r 1 hybr1d'l of J,....._ 

var. SINd• W\lta X .ltr&IIU. var. Garo td11te(X 2184) 

123- ~azyoty o of the r 1 \hfJ hybrids f .1--... v81'. Slkk1m tialte 

X J. •.!!l!. V· r. fjuo llthi ;.e. 

124- 1\ .:>ollan mother oall ohowirwJ 1011 

125- t: iJollsn tOOthar oall ahow~J g equal dlet.rlb.Jtlon of chl'tlmtl8011188 

at liUtJhaee I. 
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lntervarieta1 hYbrids 

1. ~ m.w va.r. Yellow Shillong x z.a. mill va.r. Sikld.m Yellow 

The stem 1 s cylindr1 cal. Flag leaf 1 s erect 

and glabrous. Mid-rib purplish. Anthers and silks are 

also purplish. Kernels are purplish, shrunken and regularly 

arranged in 10 layers (Fig. 114) and the mean length or the 

year is 12.8 am. The hybrids are 1i.1termadiata to their 

parents with respect to other morphological characters 

(Table 36). 

The somatic chromosome number was found to be 

twenty (Fig. 115). The siee of the chromosomes ranges from 

1.40 to 2.99 jl• The total chromatin length is 46.32 f. 
Secondary constrictions a.re present on the i'1rth chromosomes 

of the complema~t. The measurements of the somatic chromo­

somes are summarised in Table 37 and the chromosome pairs 

have been represented in the idiogram (Fig. 116). Seven 

pairs are median, two are sub-median and the re!llaining one 

is sub-terminal \<lith respect to the position of the primary 

constriction. 

In pollen mother cells, 10 bivalents were obser­

ved both at diakinesis ~~d metaphase I (Figs. 117 & 118). 

Occasionally 9 bivalents end two ll!livalents were observed._ 

The course of' meiosis was regular. Meiotic abnormalities 



were absent. Chromosome distribution was equal at ana­

phase I (Fig. 119). The second anaphase was also regular. 

Pollen grains were normal and complete (Fig. 120) • 

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

2. b,. !!W var. Sikld.m White X~ m!Z1 var. Garo White 

Stem is cyUndrical, Flag leaf is not erect but 

glabrous. Anthers and silks are whitish. Kernels are 

whitish, comparatively bigger than the male parental ones, 

irregularly arranged 1n 8 layers. Sterile appendage is 

present (Fig. 121). The niean length of the ear is 6 .a em. 

The hybrid plants are intermediate to their parents 1n all 

other morphological parameters analysed. 

The root tip cells showd the chromosome nwnber 

as :?A = 20 (Fig. 122). Chromosome length varies from 2.28 

to 4.22 )'-. The total chromatin length is 64.62 /. Second­

ary constrictions are absent. The measurements of the 

somatic chromosomes are summarised 1n the Table 38 and the 

chromosome pairs have been represented 1n the idiogram 

(Fig. 123). Eight pairs are median and the remaining two 

are sub-median with respect to the position of the constric­

tion. 



In pollen mother cells, 10 bi val ants were 

noticed (Fig. 124). The course or meiosis was regular. 

Meiotic abnormalities were absent, and the chromosome 

distribution was eqtlal at anaphase I (Fig. 125). The 

second anaphase was also regular. The pollen fertility 

and chiasma frequency values are recorded in Table 40. 

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

The protein value is 7.8 mg,lg dry wt. whereas 

the carbohydrate content is 8.8 mg/g dry wt. 



Qrbr!da 

=. HY!. var. Yellow Shillq 
X 

h !!It!. var. Sikkim Yellow 

1:.. !It!. var. Sikkim 1 nute 
X 

~ mm_ var. Claro \'ilrl.te 

Mean baigbt 
of' the 
plauts (aaa) 

283.7 

252.1 

No. ot 
inter­
nodea 

12.6 

13.6 

Lengt,h ot Flag leat 
tM~h ~h (s) 
intemod.e (em) 

19.8 38·3 

17.92 )4.0 

Taasel. iieigbt/1000 
lJmgt;h grains 

(em) (p) 

52.16 350·0 
00 
~ 

43.18 43Q.O 
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table lZ • Chraaoeomea ot the r1 tvbrid 

h !!I!. var. Yellow ShiUcng x h !!I! var. Sikkim 

Yellow. 

D • 
D • 
D • 
D M 

D • 
D Sm 

D • 
D a. 

D • 
E st 

T. F. % • 40.91 

(211•2>) -
Arm 
ratio 

1.42 

1.28 

1.14 

1.0 

1.33 

2.25 

1.40 

2.0 

1.2 

3.0 

Length ot the c~ 
net azu in f 

1.'3 1.76 

1.23 1.58 

1.2,3 1.40 

1.23 1.23 

0.17-t().88 1.40 

0.?0 1.S8 

0.88 1.23 

o.?O 1.40 

0.88 1.05 

0.35 1.05 

Total ohrcmatin 1qth - 46.32 f 

2.99 

2.41 

2.63 

2.46 

2.4s 

2.28 

2.11 

2.10 

1.93 

1.lt0 

1az7ot1pe tonula - 1 (D M) + S (D a) + 1 (D a a.) + 2(D a.) + 

l(E Sh). 



1 c 
2 c 

3 0 

4 0 

s 0 

6 D 

7 D 

8 D 

9 D 

lD )) 

TP}.! 3f I Chranoe<Dea o£ Fl !vbrid 

~ ID!f.! var. Sikld.m ttJhite x L., !!I!. Yar. 

Garo White. 

Position ot 
ccnat,rictiona 

Prim. r Secma. 

M 

• 
• 
ll 

• 
• 
M 

• 
Sm 

Sm 

T. F. % • 42.08 

ADa 
ratio 

1.0 

1.4 

1.33 

.1.5 

1.57 

1.42 

1.0 

1.66 

2.0 

2.25 

Lengl;h ot the 
ccmpcnent arma 

iDf 

2.U 2.11 

1.76 2.46 

1.58 2.11 

1./1) 2.11 

1.23 1.93 

1.23 1.76 

1.40 1.40 

1.04 1.76 

0.88 1.76 

0.?0 1.se 

Total chrcaatiD l.tmgth - 64.62 ,. 

4.22 

4.22 

3.69 

3.51 

3.16 

2.99 

2.80 

2.80 

2.64 

2.28 

Karroli1Pe t01"B1la • 1(C M) + 4(0 a) + l(D M) + 2(D a) + 

2(D &a). 



Variet)r 

~ !11!. var. Yellow ShUlong 
X 

h 5!. var. Sikld.m Yellow 

~!It! var. Sikldm \'lh1te 
X 

~!!I!. var. Garo White 

Range of chromoaome 
ltmgt.h in t 

1.40 - 2.99 

2.28- 4.22 

2.3> 

).2,S 

Ratio of the 
l.cmgeat and 
ehGl"test chro-

Jil08CIIIe8 in ' 

2.16 

1.s.s 

Total eompU­
ment 1Slgth 
in.f 

46.32 

64.62 

l,0.9l 00 
~ 

42.08 



~ !!!!t!. var. Yellow Sh1JJ.mg 
X 

~~ vor. Sikldm Yellow 

~ !It! var. S1kkim White 
X 

!:. ~ var. Garo White 

'!'able If) : Mean chiasma .trequenay at dialdnesia a;:"td metaphase I 

ot 1ntervar1etal 1\vbr.lda of maise. 

Dlaldneaie Pollen 
fertility 

(% ) 
RaQge Mean + s.E. - &mge l:ec.n + S.b;. 

. -

83·2'1 18-29 23.90 0 • .34 17-24 a>.os 0.26 

82.46 21-27 2,3.08 0.25 16-22 19.75 0.21 

~ 
~ 



llblt 41 a Chromosome numbers 1n AmnrnbgphAJ Jus. 

Species Authors 

!.. bulbitR - 36 Chandler (1943) - 39 RamaChandran (1977) 
26 Present study 

.L, comnanulatWI B1. - as Asana & Sutaria (1939) 
14 28 Krishnan t.:t ~· (1970) 
14 28 Ramachandran 1977) 

!,. dubium - 28 Ramachandran (1977) 

A.t. hohenaokeri Engl. .. 26 Ramachandran (1977) 

L lln!l1J1Mi 26 Kishimoto (1941) 

!:. ld.us1sm! ... 26 Kishimoto (1941) 

.L. kpnjac - 26 lfo (1942) - 26 Nak's4ima (1965) 

A,. r1yier1 39 Tjio (1948) 

A I S!:t ZWI1e.atll11 - 26 Kishimoto (1941) 

!a. titanum - 26 Tjio (1948) .. 26 Chandler (1943) 



Tab1t 42 : Chromosome numbers 1n Arisymg. 

Species Authors 

As. g uinatwa - 28 Bowden (1940) 

A. 3 awnigum 14 28 K1sh.1moto (1941) 

L. taihokentif - 28 " 
.L. Jd,ushiap.um - 56 Ito (1942) 

.b. oval! - 56 Ito (1942) 

At. rqbuatqm - 56 " 
Aa. r1sena 14 28 Chuang 11 AI.. {1963) 

!&, gucullatgm 14 28 Botta (1963) 
e... 

Present study !:. gonsapgu;._n,3111 - 28 
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Table 43 : Chromosome numbers in ~tanthus. 

Species Authors 

f!.:. sarmentQJJA~ 
.2..t, sarmentosWJ 

Q.a. omatus 

-
-
-

28 

32 

30 

Sharma & Das (1954) 

Moo ker jea (1955) 

Present study 

Table M a Chromosome numbers in Steucmera. 

Species 

L. discolor -
-

~ go1ogasioides -

32 

56 

Authors 

Jos i1 AJ.. (1971) 

Ramachandran (1978) 

Present study. 



!able M : Chromosome numbers in Xanthoaom,a. 

---------------------------------------------------
Species Authors 

!L S~1~t~tg~1~ - 26 Jos & Magoon (1970) 

8 26 Magoon!!AL· (1970) 

- 26 Marchant {1971) 

- 26 Present stUdy. 

<?; 
L, atroVirens 13 26 Pfit~Jer (157) 

/.... - 26 Marchant (1971) 

L. £Qbustum 13 

L_ ~1pdetn1i 13 26 Pfitze:r (1957) 

L, rlo1aoegm 13 

L_ care1y - Marchant (1971) 

-



!able 4§ 1 Chromosome numbers in Qo1ocasia. 

Species Authors 

£.,. an:t19WU~lml 14 28 Maeda (1932) 

12 36,48 Rao (1947) 

- 48 Delay (1951) 

- 28 Sharma & Das (1954) 

- 28 MookBrjea (1955) 

- 28, 42 Rattenbury (1957) 

- 42 Fukushima 21 §1. (1962) 

- 28,42 Bhattacharya (1971) 

- 42 Kawhara (1978) 

- 28, 42 Ramachandran (1978) 

- 28, 42 Choudhari & Sharma (1979) 

- 22, 36, 42, Subramanian (1979) 
44, 46, 52 
&58 

.2.!. esculenta - as, 42 Yen & Wheeler (1968) 

- 28,42 Marchant (1971) 

28, 42 Ramachandran (1978) 

28, 42 Present study. 



Species 

!!! m!n 

Table 47 : Chromosome numbers in 1&1 m.fi:D• 

Gametic 
number 

9, l2 

10 

10 

10 

10 

10 

-
-

10 

Sporophytic 
number 

-
20 

-
-
20 

-
-• 
20 

20 

00 

20 

20 

Authors 

Kuwada (1911) 

Kuwada (1919) 

Longley (1924) 

KiesselbaCh & Peter-
son (1925) 

Fisk (192?) 

Randolph (1927) 

McClintock (1929) 

Humphrey (1933) 

Ono & Suzuki (1953) 

Lima-de-Faria & 
Sarvella (1962) 

Chen (1969) 

Present study. 



DISCUSSION 
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l>ISCUSSICB 

In the preVious section detailed observations 

on morphological variations, chromosome number, cyto-types 

and,ca:rbohydrate and protein profiles or some members of 

tuberous species, both cultivated and wild, of the family 

Araceae, have been embodied. It was stressed that the 

investigation on these aroids was primarily taken up to 

explore the range or variations, both morphological and 

cytological, among the common tuberous aroids or Meghalaya. 

Informations about these plants are either sketchy or 

almost non-existent, especially the types growing in the 

North-East region or the ~ountry. A systematic study or a 

few of the species that have been carried out indicates 

considerable scope for the demestioation of some of these 

tuberous aroids either directly or through clonal selection~ 

spontaneous or induced. But any such programme or useful 

exploitation or these natural food resources needs a 

reliable inventory or the totality or the gene pool round 

in the high and low altitudes or Meghalaya. The importance 

of tuberous crops has a supplement or substitute of cereals 

cannot be underestimated in a growing population or the 

country. These considerations, namely, lack or knowledge 

or the almost completely unexplored tuberous flora of 

Meghalaya, and a systematic attempt to exploit them as minor 

or subsidiary food crop justify a thorough investigation 



of these plants. 

Similarly, 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 1n the hilly tract or Sikkim 

and North-East regions. The existence of these strains 1n 

this area offers a suitable opportunity to study them 1n 

depth with a View to determine the exchange of gene pool 

1n them and also to explore their relationship and origin 

of this important cereal. Why this is necessary, has been 

stressed earlier, in that there is a school or thought 

that North-East India and South-East Asia may be the centre 
• 

of origin of maize besides the American centre. Whether 

North-East India or South-East Asia is the primary centre 

of origin of maize or not is keenly debated, but the 

existence of primitive strains in the area does otter 

support to the view that at least this region may be the 

secondary centre or its origin. Once the range of variabi­

lity or this primitive maize is fully screened they may be 

utilized in the production or high yielding hybrid synthe­

tics or composite strains. Therefore, the morphological 

variations or the maize strains and their cytological 

behaViour and the inheritance pattern have been included 

1n the investigation. 
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For the sake or clarity, however, studies on 

the aroids and that or maize strains and their hybrids 

will be discussed separately. 

I 

To begin w1 th, the six genera or the tuberous 

aroids may be critically discussed in View of their morpho· 

logical and cytological variations and behaViour. 

The six genera of the tuberous aroids are • 

Amgrphophallus, Arisaemo, Gona.tanthug 1 §teudr1era, Xantho.::. 

J!Q!R.& and Colocasia. As mentioned earlier these materials 

have bean collected from various locations of low and 

high altitudes. They exhibit considerable morphological 

variations in regard to height of the plant, leaf size, 

number or stomata and yield per plant, namely, the size of 

the corm and cormels etc. (Tables 6 1 10 and l1J Figs. 141 

19, 29, 33, 37, 41, 45, 49, 53, 57, 61, 65, 69, 73, 77 & 

81) • For instance t in Xa.ntho soml sag~ttirolium colle c­

tions from the plain and the hill, the morphological data 

bring out clearly great variability. Similarly, in 

Co1ocasil eacyJ.enta, 15 strains collected from various 

locations Show amazing array or variability in morphologi­

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 & llJ Figs. 29, 33, 37, 41, 45, 49, 53, 57, 61, 

65 & 69. Similarly, among its 4 diploid accessions 

considerable variations have been scored (Tables 10 & 11; 

Figs. 73, 77, 81 & 85). These two examples fully justify 

that 1n this unexplored region very rich repository or 

ger.m-plasms exists which needs systematic collection, 

assessment and utilisation. If' limited effort could 

bring out so many strains exhibiting wide divergence 

from one another, the extensive collections from different 

ecological niches or the •plains and the hills or the State 

are bound to provide rich store of' germ-plasm which through 

clonal selection, spontaneous or induced, would greatly 

add to the tuber wealth of' the State. 

In the other 4 genera, AmorPbonha11us, Arisaama, 

Gonatantbug and Steudg.era, only limited collections have 

been made and it would be very profitable if' these species 

are also collected .f'rom the whole range or their habitats 

and their variabilities are suitably assessed. 

For an objective evaluation or the evolution­

ary trends, its tempo and direction in any group c;>t Pl~ts, 

the chromosome numbers have proved to be a very valuable 



tool. Not only the chromosome numbe~ is tairly constant 

in a species, but even minor alterations in the individual 

chromosome structure, through deletion, duplication, trans­

location, inversions, can be detected and their role in 

speciation be ascertained. The addition or deletion of a 

few chromosomes or whole sot of haploid number, thus 

raising the ploidy of the species, can also be established 

through the study of chromosome numbers. Even within a 

species intraspecific chromosome variations have been 

detected 1n a nu.>nber of plants, such as, 1n b~ley (Hagberg 

& Tijo, 1950), Pglianthus tuberose (Sharma & Ghosh, 1956), 

Ca1ad1u.m biQQlo;L (Sharma. & Sarkar, 1964), QrYza satiya 

(Sharma & Hukhopadhyaya, J-965), Brassica campestris <Moo­

kherjee, 1977), etc. Tt>.us the alterat1om in the chromosome 

number and structure are looked upon as a very reliable 

parameter in phylogenetic considerations. Stebbins (1950) 

stressed that "Studies of chromosome morphology often 

provide to the students of evolution and phylogeny valuable 

sign posts indicating the nature of evolutionary process 

at work and trends which evolution has taken." It is gene­

rally accepted that primitive species are characterised by 

symmetrical karyotype, i.e., metacentrj.c or sub-metacentric 

chromosomes, and advanced species have asymmetrical karyo­

types with sub-median to sub-terminal chromosomes. 



A number of workers have studied several 

members or the family Araceae and reported the chromosome 

nwnbers, namely, Bowden (1940), Darlington and Janald.-Ammal 

(1945), Sharma and Das (1954), Mookherjea (1955), Ramachan­

dran (1978). Among the six taxa of the Araceae included 

in the present investigation, 4 taxa - 1mornhophfl11ug 

bttlbiter, Arisaem§ gonsanguineum, Qsmatanthua ornatua and 

Steu~era goloca§1g1dia, grow almost wild in Meghalaya. 

The previous work on these genera including the present 

determination are summarised in Tables 4l to 44. The :?:.1 

nwnbers are 26, 28, 30 and 28 respectively and all are at 

the diploid level. Among the 4 species, the chromosome 
• 

si• in L bUlbifR and ~ qglogas1o1des are almost similar 

which range trom 3.17 to 6,86 jl (Table 5). In the other 

two species, Arisaema cgpsenguineum and Qgnatanthus omatug, 

the chromosomes are much smaller, 1.40 to 2.99 f in the 

former and 2.19 to 7.04 / in the latter. A great varia­

tion in the size range of indiVidual. pairs 1n GonatantbQs 

grn.a:ttu.§ may be noted. The lr.aryotype of &;lorphophall qg 

Bulb~tel (Table 1; Fig. 3), indicates that 11 pairs or 

chromosomes or different sizes, A, B and c types, have 

median centromeres and only 2 pairs have sub-median centro­

meres. The T.F. value is 41.32. From these chromosome 

measurements and karyotype the species appear to have a 

symmetrical r..a.ryotype. The other species Arisaema 
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c;onsansq1neu,m has much smaller chromosomes, but in this 

case also out of 14 pairs, 10 pairs have median centro­

meres and 4 pairs have sub-median centromeres with T. F. 

value 41.64. On the whole, this species also has a 

symmetrical karyotype. The third species Gonatanthus 

ornatus has 15 pairs of chromosomes, of which 10 pairs 

of chromosomes \dth A, B, C and D types have median centro­

meres and 5 pairs of different sizes have sub-median 

centromeres. The 7. F. value is 40.94. This species tends 

towards asyrmnetry although majority of the chromosomes are 

still metace:ntric. pteuanera co1ocasio1des has 13 pairs 

of A, B and C types oi' chromosomes with median centromeres 

and only one pair has sub-median centromere ui th T. F. 

value 43.26. Thus, this species also has a s~111Il1Strical 

karyotype. Therefore, from the idiogram, T. F. value and 

karyotypes of these four species which are at the diploid 

level can be classified as primitive types chromosomally. 

From the deter!r'..ina.tion of ~ nu.."'lber, the 

haploid number in tha"ll is 13, 14 and 15 respectively. A 

perusal of tho b~.sic chromosome number in the family- (c.r. 

Darlington & Wylie, 1955) indicates x = 7, 8, 9, ll, 12, 

13, 14 and 17. The species with a haploid nwnber 14 can 

easily arise as a multiple of 7. In fact, the haploid 

nll!!lber l'lhich is found in the largest number of' species, is 

generaJ.1y taken as the primary basic number. It is quite 



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

or 9 can be derived throu.gh du.pllcation or one chromosome 

by non-disjunction at anaphase. Thus, trom the primary 

mode of 7, 8 or 9 collld arise. S1m.1larly, 7 could give 

rise to the number 14 by duplication from which 13 or 15 

coUld arise by addition or deletion or one chromosome at 

anaphase. Once these numbers, 13, 14 or 15, are establish­

ed, their mere doubling would give rise to the 2Q nwnber 

26, 28 and 30. Most or the species are vegetatively propa­

gated and sexual sterility even if encountered, bas no 

relevance. The previous report of Mookherjea (1955) also 

stresses the basic number as 7, 8 or 9 which are rotmd 

1n several genera of Araceae, such as, 11 = 9 1n £corus 

(Darlington & Wylie, 1955) and A = 8 & 9 1n :J!Yphnn' um 

(Sharma & Mukhopadhyaya, 1965). The ten species or AJDorpbQ­

phaJ 1 ua listed 1n Table 41 have all 2Q = 26 or 39. It is, 

therefore, quite reasonable to assume that the secondary 

stable basic number ror the genus is 13 f'rom which the 

species with 26 or 39 have arisen through doubling or 

tripling. However, it might be possible that x = 13 1n 

AmorphophalJ.ua and x = 15 in Gonatanthus may themselves be 

a derived number tram a lower number as suggested above. 

Krishnan !1 At• {1970) held the same view while studying 

the number of chromosomes in Amorphophall!.ll. The presence 

or supernumerary constrictions (Fig. 8) 1n the chromosomes 



or Gonatantbu§ ornatus also indicate that structural 

changes in chromosomes have taken place. 

Secondary constrictions have not been observed 

1n the chromosomes of AmorphophalJ us, ArisaemQ. and Qteud­

Wlt!t but tw pairs or chromosomes of Gonatanthus show 

secondary constrictions. Ramachandran (1977) reported 

secondary constriction in a triploid la. )2ulbifer. It is 

a common feature that in the same species some workers 

have reported secondary constrictions, whereas, others 

have not observed it. According to some workers second­

ary constrictions are important chromosome markers and it 

imparts individuality to chromosome pairs, but it is not 
• considered important in over all considerations of karyo-

type. There is considerable divergence of opinion about 

the relevance of secondary constrictions as a chromosome 

marker and reliable tool in phylogenetic studies. Stebbins 

(1950) mentioned that "nucleolar organisers with its 

satellites may be gained or lost during evolution and that 

the size may increase or decrease." Lewis and John (1963) 

stated that chromosome regions which are devoid of coiling 

present a different picture than a totally coiled arm and, 

therefore, secondary constrictions are not always constant 

1n appearance and have to be considered with utmost care 

and attention. So far these four species are concerned, 

secondary constrictions are absent in 3 and present in two 



chromosomes of one species and thus it does not provide 

any valuable information either an the symmetry or phylo­

geny of these taxa. 

The other two species Xantbosoma sagitt1tol1um 

and Colocasia escu1enta are cultivated for their nutritious 

corms and cormels. These two show great diversity in 

their morphological features as ~ell as other characteris­

tics. In particular, L SMittifolium collected from plains 

and 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 hi~her (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 yield per plant are high 

in the hill variety as compared to the plain ones. The 

stomatal index is high in the former. The hill variety is 

found to be morphologica~ly superior to plain variety in 

all the morphological parameters analysed. The species 

is popularly lmown as 'Tannia 1 and the varieties collected 

from the hills and the plains are both diploids (~ = 26). 

Thus, in spite of great differences in the morphological 

features of the two varieties they have the same chromo some 

number and are at the diploid level. The somatic number 
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corroborates the earlier report of Jos and Magoon (1970), 

Magoon 21 .!!1· (1971) and Marchant (1971). The chromosome 

complements in both the varieties are almost similar with 

slight differences, namely, in the plain variety it ranges 

from 1.23 f to 3.25 )l and 1n the hill variety from 1.84 

to 3.87 jl. The individual length of chromosomes and the 

types to which they belong are given 1n Tables 7 and a. 
In the plain variety 10 pairs of chromosomes 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 1n the 

plain variety is 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 

karyotypical.ly. 

The 2n nll!lber being 26, the haploid number is 13, 

which may be lool~d upon as the basic n1.1r.1ber. It has been 

discussed above in the cnse of the other species like 
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L bulbifer that even x = 13 could have arisen from a 

lower number. The variation in the karyotypes of the 

plain and the hill varieties possibly indicate that the 

original basic number 13 is a derived number. Based on 

pac~~ene studies (Table 45) it was ouggested that Xantbo­

soma has a lov.r base number like "l or 8. 

Thus, on the whole, the differences in the 

T. F. values of the plain and the hill varieties and their 

karyotypes, indicate that factors responsible for the loss 

or gain in the chromatin matter and mechanism like peri­

centric inversions and translocations could be operative 

possibly shifting the position of the centromeres and 
• 

altering the size of the chromosomes. Tw trends in the 

chromosome morphology and size appear to be evident, namely, 

evolution or the basic number 13 from a lower nwnber and 

karyotypic differences in the plain and the hill variety 

through aberrations. 

The species, Colocasia eaculenta, is popularly 

cal.led 'Taro' aTJ.d is cultivated for its nutritious corms. 

Fifteen strains have been collected from tha plains of 

South ru1d North India, ~l'ld B~so from the hills of t-ieghalaya. 

Tho distinctive norphologics.l fe~tures of the corms and 

cormels have been summarised in Tables 10 and 11. The 

accessions from South India are diploid with ~ = 28 and 



those from North India are triploids with 2:;1. = 42. The 

collections made from the hills or Meghalaya have both 

diploids and triploids. The triploid strains on the whole 

are bigger in size and morphologically superior to diploids. 

The triploius fror1 Meghalaya also sho-v;ed more variations in 

siz~ than diploide. The leaf size in the diploids ranges 

.from 111.7 cm2 (Gtrain 15) to 1983.5 cm2 (Strain 12). In 

triploids, however, it ranges from 281.7 am2 (Strain 7) to 

3083.5 cm2 (Strain 10). It is interesting that the wild 

strains had a lo\·:er leaf area, nanely, 111.7 cm2 and the 

stomatal index 8.27. The incrcsasa of chromosome number 

from 28 to 42 decreases the stomatal index which ranges 

from 3.91 to 8.61. A similar tendency in the reduction 

of stomatal index frequency was reported in~ mw£1 (Ran­

dolph, 1932, 193G), Trad@scantia (Sax & sax, 1937) and 

Sedum (Smith, 1943). The triploids gave much higher yield 

than the diploids. Even the diploid strains growing in 

the higher altitude gave better yield performa~ce than the 

strains cultivated in the plains. Thun oven in the diploids 

there is strain difference. This great variability, there­

fore, in the diploid &1d triploid accessions L~ Colocas1a 

esgulenta can be meaningfully exploited for higher and 

more production. 

The genus Colpcasia appears to possess different 

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



confirms the earlier reports by a number or workers 

(Table 46). However, Rao (1947) and Delay (1951) also 

reported ~ = 36 and 48 respectively. But the majority 

or the reports from various accessions confirm 211 = as 
and 42. 

The detailed measurements or chromosomes and 

their karyotYPes are given in Tables 12 to 26. Taking 

the Strains 1 to 11 (Tables 12 to 22), all or which are 

triploids, there is some degree or variations in the size 

or indiVidual chromosome and correspondingly 1n the mean 

length or the chromosomes. Some differences in the size 

or indiVidual chromosome t:an also be ascribed to differen­

tial fixation and staining on different locations and 

dates, but intrinsic differences in the size of the 1nd1Vi· 

dual chromosomes cannot a1 together be ignored. Among the 

triploids the smallest chromosome is 1.70 )l (Strain 4) 

and the longest is 4.40 f (Strain 7) in size. Naturally 

.the total chromatin length among the triploids also shows 

variation with the lowest factor 98.70 jl in Strain 9 and 

the highest 137.43 jl 1n Strain 7. The karyotypes of the 

individual strains also show variations. For instance, 

Strain l to 11, which are all triploids, have different 

number or metacentric chromosomes, 13, 9, 9, 9, 10, 7, 11, 

10, 12, 7 and 12, respectively. Most of the metacentric 
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chromosomes are of c and D types. However, there is 

variation in the nwnber of chromosomes with sub-median 

and sub-terminal centromeres in these strains. Be sides 

the metacentric chromosomes, the remaining pairs are 

mostly sub-metacentric. Only in 4 strains some chromoso­

mes show sub-terminal oentromeres (Tables 13, 14, 16 & 21). 

Thus, 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 39.28 in Strain 2 and the highest 45.33 in Strain l 

w1 th most of the strains having 40-41 as the T • F. value. 

Among the fo~ diploid strains (Tables 23 to 

26) the smallest chromosome is 1.93 /' in Strain 13 and 

the biggest 4.34 /" in Strain 12. However, the mean 

length of the chromosomes is 3,.0 /". Among these 4 strains 

also the pairs of metacentric chromosomes are from 12 to 

15 and most of these metacentric chromosomes are of C and 

D types. The reamining pairs have sub-metacentric centro­

meres but no pair has been round to possess sub-terminal 

centromere • Accordingly, the highest T. F. value is 43.15 

in Strain 12 and the lowst 38.32 in Strain 15. In the 

diploid strains also, therefore, the karyotype is mostly 

symmetrical only showing a shift of the position of centro­

mere towards sub-median position. But a comparative look 



or the triploids and the diploids, indicate that there 

are individual sets of triploid chromosomes where the 

centromere shifted to sub-median position, but that type 

of situation has not been found in the diploid accessions. 

It indicates that the triploids showing greater varia­

bility not only in regard to the number but also in intra­

chromosomal shifts of segments. One would, therefore, 

expect the triploids to proVide a much richer material 

for clonal selection and cultivation than the diploids. 

The above discussions have established the 

existence of cultivation of a number of diploid and triploid 

strains, some suited to Sputh India, some to North India, 

whereas both diploid and triploid to l<Ieghalaya State. These 

strains of Qolocyia (Taro) are propagated exclusively by 

vegetative means and, therefore, one strain is completely 

isolated from another w1 thout any chance of gene exchange 

among them. Thus the karyotypic changes and random muta­

tions arising in each strain would gradually lead tham to 

divergence. This is not only true for Qglogasia, but 

equally true for Tannia ~ sagittifo11um) as reported by 

Kuru villa and Singh (1980). These divergences are also 

reflected in the diploid and triploid strains cultivated in 

the higher altitude or Meghalaya which have longer chromo­

somes than those cultivated in the plains. Stebbins (1950) 
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critically discussed the adaptive significance or longer 

chromosomes at higher altitude. Thus the general pattern 

or the evolutionary dynamics, i.e., through structural 

changes in chromosomes in Taro and Tannia is the same as 

described in other groups like Hordeum (Sh~a, 1956J 

Sharma & Moolsherjea, 1956), Sorgbum (Sharma & Bhattachar­

jea, 1957) and Bras sica camDestri_s (Mookherjee, 1977). 

The occurrence of the triploid strains which 

are karyologically arranged into 14 sets, each set or 3 

chromosomes, confirm their autoploid nature. But the 

number 28 with n = 14 itself appears to be a derived 

number from the basic number 7 because in a large number • 

of the taxa of Araceae x = 7 is the dominant number. Thus 

through doubling in the remote past the secondarily derived 

base number 14 was established L~ this genus. The poly­

plaids in the genus appear to have been derived from the 

basic set of 7 and wherever numbers other than 28 and 42 

are found, they may be deviations from the basic set of 7 

(Choudhari & Sharma, 1979). The meiotic studies of 

Abraham and Ramachandran (1960) and, Sharma and Sarcar 

(1963) show.Lng 14 regular bi val ants corroborate that the 

chromosomal sets are homogenous and have arisen through 

doubling in the remote past. It is now wll lmown that 

the autopolyploids, after a few generations, fail to form 
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muJ.tivalents (Randolph & Giles, 1951), hence, the occu­

rrence of regular 14 bi valents does not preclude the 

chance of the autoploid nature of the polyploid strains 

of Co1ocasia. 

Electrophoresis, i.e., electrophoretic mobili­

ty ot protein fractions, is proving to be a very effective 

tool 1n the analysis of genetic variance. Similar varie­

ties of a taxon possess almost similar/identical bands 

which 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 

intrinsic differences among them. Singh it ,gJ.. (1973) and 

S~yal and Sha_~a (1980) stressed this point in their report. 

In this backdrop the t1vo accessions of Xwrthosoma sagitti­

i'olium, one from the plain and the other from the hills, 

have been anal!rsed electrophoretically 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 sub-median centromeres &ld show a tendency towards 

asymmetry. How far these intra-chromosomal variations are 

reflected in their protein and enzymatic profiles may provide 



useful information. The total. protein content in the 

plain and the hill accessions is 5.1 and 8.4 mg/g dry wt. 

respectively. The number c•r protein bands are 7 in the 

plain accession and 12 in the hill accession. Fig. 23 

indicates that the number or dense bands vary in the 

two acoe ssions which are 2 in the plain and 3 in the hill 

variety. However, statistical analysis or the Rf values 

of the 5 bands in the t'ttro accessions shows that they are 

not significantly different from each other and, there­

fore, be considered homologous. The homologous bands are 

char~cterised - (a) dense and (b) medium, but none of the 
c h 

light bands are homologous in the t"''O accessions. ~ecper 

and de Wet (19!15) mentioned that 1n spite of morphological 

end ecological differences, taxonomic categories below 

the species level possess the same protein prorue. How­

ever, in several cases different bands have been encoun­

tered among different varieties or sub-species of the 

same spec:f.e s complex.. For the enzymatic profiles peroxi­

dases r.re easily screened. These are oxidat:tve enzymes 

't'Jhich oxidise a nwnbor of sllbstrates bnt not hydrogen 

peroxide (Fla0
2
). They catalyse the oxidation of phenolic 

compounds and aromatic amines ir..to q,Llinones in the 

presence of H
2
o

2 
(Bonner~ 1950). These enzymes are uni­

versal in tho plant kingdom ~J.d are generally associated 



11~ 

~~th the electron transport chain from NADH2 to cytochrome 

as reported in cabbage and cuct'Ullber mitochondria (Ivanova 

21 ~., 1967). It is seen from Fig. 24 that peroxidase 

bands ~e 5-7 in the plain and hill varieties but the 

number of dense bands are the same in both the accessions. 

Thus electrophoretic pattern shows characteristic bandine 

pattern f.or protein and enzyme. The minor differences in 

the two pa·tterns may be taken to indicate the differences 

in their genetic make-up. 

SU..':tila:t•ising the s:ttuation in L. sagittifolium 

it m;qy be stated that tho minor differences L"'l the lr..a.ryo­

type of the t1!.10 accession§l may be duo to intra-chromosomal 

changes and mutations which are also reflected 1n addition 

to their totaJ. protein and electrophoretic patterns of 

isoperoxidases. Quite likely the hill variety with higher 

protein content may be the result of human selection for 

more nutritiolls corms. The hill vari•;ty growing in remote 

areas is comparatively not so disturbed and represent the 

pattern of intra-chromoson:U changes th~t are taking place 

i.."'l tho species. 

Onwueme (1978) holds that 'Tannia' originated 

and was brought into cultivation first in Tropical America 

tram where it s~read to other continents including South­

East Asia. In Meghalaya it is likaly to have been brought 



from the South-East Asian countries ~ld reached the Khasi 

hills. The plain variety may be a direct introduction 

:from the orj.g:Jnal American strainfl. 

Ethnic relationships of some tribes of North­

East India to the natives of South-East Asia lend support 

to this view. Even if the t"t..o accessions may have a 

common origin, some cytogenetic divergences are expected 

because of their migration from the original place Via 

different routes. Perhaps tho performence of the Khasi 

variety ::'lnd the pla5.n vr:..rioty ~ and vice versa, a.Tld also 

their !n-dOIJth as sa ssment of protein t:-nd pero:;,ddase pro­

:i'tles may provide ~ddit:ton~.l information about their origL.~. 

The electrophoretic studies in respect or 
total protein profiles and carbohydrate contents have been 

made in all the 15 strains of Qolocasia esculenta, 11 of 

".rhich sre triploids and 4 are diploids. The protein values 

in these strains range from 4.2 to 11.4 mg/g dry wt. The 

maximum protein value is folllld in one of the triploid 

Strain 8 (11.4 mg/g dry wt.) and the minimUm (4.2 mg/g dry 

wt.) in the wild diploid Strain 15 (Table 28). The highest 

carbohydrate content 36.0 myg dry wt. is regarded in 

triploid Strain 7 and the lowest 1n the diploid Strain 15. 

Electrophoretic banding patterns also show variable numbers 

among the different strains of 'Taro•. Generally the 



number or bands is 9 in the wild strains and 12 in the 

cUltivated Strain 1 (Table 28, Fig. 88). The number or 

dense bands also differ in diploids and triploids. Even 

in triploids, Strain 4 has two bands, whereas Strain 7 

has six bands. The other strains like 1, 2, a, 9 and 11 

or the triploids, have 4 bands each. Only two triploid 

strains 5 &: 6 have 5 bands. Among the diploid strains 

the number or 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 

1n all the strains. Danimihardj a and Sastrapradj a (1978) 

reported maximum or six bands in the cultivated and three 
• 

bands in the wUd. In the present collections both in 

wild and cultivated 'Taro • the number or 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 obvi­

ously has not been subjected to human selection, has lost 

carbohydrate and protein content. Human selections have 

always been in favour of strains which have more food value. 

'.rhia is all the more eVident that the triploid strains 

have more total protein content than the diploid strains 
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although collected from the same area and altitude. 

Their protein bands are almost similar. Minor karyotypic 

changes in the wild strains may only be the device for 

adaptation in the natural environment whereas the cultiva­

ted strains are pampered and safeguarded under human care. 

In conclusion it. may be generalised that these 

'Taro' strains are not only morphologically divergent but 

also karyotypic ally 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, whe~eas the diploid forms restricted 

to the plains or South India may be taken to suggest that 
• 

triploid arose in response to the demand or the climatic 

situations of the Meghalaya region. Several workers like 

LOve and LOve {1943, 1949 & 1957) stress that the poly­

ploidy is one of the responses of the organism to higher 

altitude. Since these strains nower very rarely, their 

meiosis is unlmow and no critical comment on the nature 

or triploidy is possible although karyotypes suggest their 

autoploid origin. 

De Candolle (1886) mentioned that Coloeasi" 

originated in the Indo-Ma:JIVan regions. According to Pena 

(1970) cultivars of £.t. esgu],enta might have originated 
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either in the North-Ea.stern regions of India or Upper 

Burma. Pluclmett (1972), on the other hand, holds that 

Southern Asia is the native place for Qolocasia. Onwueme 

(1978) stated that 'Taro' varieties might have originated 

from South Central Asia. The greater d1 ver si ty in the 

hill strains of Q.e. esc\llenta than in the plain varieties 

suggests that there is greater probability that these 

strains originated in the North-Eastern India. According 

to Vavilov (1931) the species 1n the area of its origin 

has larger nwnber of variations or diversity. From this 

angle the North-Eastern regian of India may be considered 

the centre or origin of .Q... esculenta. To settle the 
• 

matter 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 or Araceae have provided useful clue 

to the trend of speciation among them and also throws 

light an 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 culti va­

ted strains have al.so indicated the role of human and 

natural selection 1n 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 or India to be their 

probable centre of origin. These informations underline 

how necessary it is to have a systematic and intensive 

cytogenetic study of the local flora, both cultivated and 

the wild, of the almost unexplored region or Meghalaya. 

II 

The choice o:t selecting some local varieties 

of maize of Meghalaya as the experimental material for 

investigation was stressed 1n the earlier chapter, on the 

basis that the North-East region of India is considered 

as the secondary centre of origin of maize. In fact pr1m1-

tive maize varieties are cultivated in Sikkim and other 

hill States of the :rTorth-East region showing all the fea­

tures of the Tripsacum 1n having several cobs from a large 

number of nodes, but each cob or small size. There 1.s 

also a group of cytogeneticists 't'tho hold that maize origi­

nated in South-East Asia from ~ and §grghu; (Anderson, 

1945; c.:r. :t-fangelsdorf, 1947). Be that as it may, in the 

present investigation several local varieties have been 



studied for their morphological diversities and behaviour 

of the 1ntervar1etal hybrids 1n the F 
1 

and succeeding 

generations. It is well known that 1n inheritance studies 

hybrids do produce 'throw-backs' and •orr-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 chromosm1e nUillber is very stable (~ = 20) 

and confirms all thG previous work (Table 47). The D and 

the basic :nwnbor, therefore, is 10 ,,,.hich is accepted by 

most ua1.ze tvorkers. Hm.Jever, Andersoil (1945) holds that 

the basic number in maize is 5 like ~ and some other 

species of Maydeae. According to these latter Views maize 

is a tetraploid which has got diploidised as a result or 

getting filtered through thousands of sexual generations 

after its origin. The process of diploidisation in maize 

appears to be rather fast which was evident from the work 

of Randolph and Giles (1951) in which only during 10 gene­

rations the experimentally produced tetraploid maize w1 th 

2111 = 40 began to show only 1-2 quadrivalents in the lOth 

generation when it had an average of 9 quadrivalents in 

the first generation. 
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In view of this if ~ ma,ys arose from a proge­

nitor with ~ = 10, it would be a polyploid but behaves 

today as perfect diploid. This could be a probable hypo­

thesis. It is true that in .z... ~ inheritance studies 

have shot-1!1 duplicate factors (Huskins & Smith, 1934; 

Powers & Clark, 1937), b~t even in strictly diploid species 

deletion and duplication do arise spontaneously. The indi­

viduals ".ri th deleted segmen.t may be el.1m:J.nated but the one 

with duplicated segments may have a survival value tn 

natural selection and would thus be retained. In this 

light mere presence of duplicated genes cannot be a strong 

ground tor a polyploid origin of a taxon. Das (1970) holds 

that maize might have originated as a result of hybridisa­

tion bet-ween two very closely related genera with A = 10 

or a basic number 5 i."l Poaceae (Graminaa) in which an array 

of basic numbers 11l$e 5, 7, 9, 10, ll, 12, 13, etc. are 

common. Several genera have d1basic nlltnber 7 or possible 5. 

But no conclusive eVidences hava been forthcoming to esta­

blish the derivation of '1 = 10 in ~ m.w from basic number 

5. 

It is interesting that ~ = 20 is a common 

number in all the four varieties - Yello'\\• Shillong, Garo 

Wnite, Sikkim Yellow and Silddm \ihite, but the total chroma­

tin length in them are different from one another, namely, 



81.32 ,., 74.94 f' 57.94 )l and 50.04 f respectively. 

The length or chromosome itself is not a decissive factor 

to interpret wide divergences, yet, the difference like 

81.32 f and 50.04 f cannot be altogether ignored, espe­

cially when all these varieties are almost endemic to the 

hilly tract of the North-East region. 

Looking to the karyotype of the four varieties 

some interesting features emerge. The karyotype a or 

Yellow Shillong have the maximum sub-median chromosomes, 

i.e. 1 4 pairs are sub-median and 6 pairs are met acentric; 

whereas, in Sikld.m Yellow there are only 3 sub-median pairs 

and 7 pairs are metacentric (Tables 30 & 32). The differ-
• 

ence 1n the number of chromosome pairs having median and 

sub-median centromere a is reflected 1n the T. F. value 

which is 36.33 1n Yellow lhillong and 42.75 in Sikld.m 

Yellow. It thus shows that the intra-chromosomal shifting 

of centromere and chromosomal segments have taken place 

in these varieties which are well adapted to local 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 f and 2.40 jl 1n Yellow Shillong and Sikld.m Yellow 

respectively. The occurrence of long and short chromosomes 

1n one cell have been generally interpretted as having been 
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contributed !rom two different progani tors. Thus Kuwada 

(1919) postulated that longer chromosomes in 1a. JDD are 

derived from Eucha1ena and shorter through other hypothe­

tical progenitor supposed to be an unknown species of 

Andropogonae. It was on this postulate that he based his 

idea of hybrid nature of ~maYs, This View has, however, 

very little support and even in the present primitive varie­

ties no such indication can be ascertained. 

Meiosis in a taxon and hybrid provides a very 

useful source of information on the homology, structural 

pattern, linear! ty of genes, chromosomal aberrations, etc. 

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 meiotic pairing is 

under genetic control (Swanson, 1957; Rees, 1961; Ved Brat, 

1965). Basic chromosome number and chiasmata per nucleus 

constitute the recombination index of a species. In 

several cases chiasma frequencies have been found to be 

infiuenced by enVironmental factors, such as, temperature, 

rainfall (Elliott, 1955; Ibrwick, 1957; Henderson, 1962, 

1963). But in the present instance all the varieties have 

been grown and studied under uniform enVironmental condi­

tions having the same temperature, soil types, etc., hence, 



the influence of environmental factor is ruled out • The 

chiasma :frequency may, therefore, be safely taken as true 

index of genetic expression. At meiosis all the varieties 

sho'\tr 10 bivalents mainly of r:fng types. Rod bivalents 

were scarce. At times a few PMCs 1n an anther did have 

9 bivalents and 2 tmivaJ.ents which may have been precoci· 

ously separated or they may be true un1 val.ents. The scoring 

of ring, rod er spindle shaped bi valents 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 fran one another 

(Table 35). For instance,. Garo \1-'hite has 24.50 chiasmata . 
at diakinesis but the Sikkim White has 21.61. On the other 

hand Sikld.m Yellow has 20.37 and Sikk1m White 19.50 at 

metaphase I. Of course the chiasmata value always decreases 

from diakinesis to metaphase I due to ter.minalisatian, yet 

between the two varieties of the same locality, if they 

differ in chiasmata frequency that may 8lllount to an intrin­

sic genetic difference between them. It is also held that 

a variety which is highly homologous has a high chiasma 

frequency with the result that the recombination index is 

raised through reshuffling of genes at recombination. Thus 

the chiasma frequency at diakinesis and metaphase I in these 

varieties may be taken to reflect some amount of genetic 



125 

divergence that have arisen in them to maintain varietal 

identity. 

Pollen fertility is very high in all the four 

varieties, namely, 90.20%, 90.60%, 87.39% and 86.28% in 

Yellow Shillong, Garo White, Sikkim Yello~ and Sikkim 

~Jhite respectively. Since there wre no chromosomal 

abnormalities at any stage of meiosis, the high fertility 

of pollen is an expected expression. 

From the standpoint of nutritive value, such 

as, the carbohydrate and protein contents, the four varie­

ties differ from one another. Garo White has the maximum 

protein content (9.2 mg/g· dry wt.) and the minim.llm value 

is 5.4 mg/g dry wt. in Sikk1m Yellow. But Sik:kim 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 1n the total protein and carbohydrate 

contents shollld be taken to renect their genetic diver­

gence. The same is true about other two varieties. 

In the hybridisation programme among these 

four primitive varieties, the procedure adopted has been 

that one variety from the Sikkim area and one from the 

Shillong area have been hybridised. Since these two States 

grow their own ma.i ze varieties the crossing experiments 
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could bring out through the hybrid and segregating genera­

tions tha differences in their genetic make-up. The hybri­

ds raised are : Yellow Shillong (female) x Sikld.m Yellow 

{male) and Sikld.m Wh1 te {female) x Garo White (male) • In 

both these crossings the size of the F
1 

hybrids was 

vigorous and intermediate of the two parents. The colour 

of the kernels in the first cross Yellow Shillong x Sikld.m 

Yellow was purplish. This indicates that the factors for 

yello'td.sh kernels in the two varieties are not the same, 

hence, instead or producing additive effect, the phenoty­

pic expression of the kernel colour has been through genic 

interaction producing a ne,.,.. genotype, purplish. 

the F 
1 

In the second cross Garo White x Sikldm White, 

kernel ~ras whitish. But 1n all other respects the 

first hybrid, Yellow Shillong x Sikk1m Yellow was superior 

to the Garo White x Sikkim \~ita (Table 36). 

The F
1 

hybrids 't~re meiotically quite stable 

in number as well as in pairing behaviour. The karyotype 

in the hybrid also remained more or less the same as for 

the parent varieties (Tables 37 & 38). However, due to 

hybridisation a mixture of chromosome complements may 

sometime lead to more pairs of chromosomes 'tdth sub-median 

eentromeJ.•es or less '\dth median or vice versa. Thus the 



shift in the s~~etry of the karyotype may take place as 

a result of the hybridisation between the two distinct 

varieties. Secondary constrictions are absent in the 

Sikkim 'IA'hi te x Garo 'tJhite but is present in the Yellow 

Shillong x Sikkim Yellow. 

The mean length of chromosomes differ 1n the 

t\1.10 hybrids. The hybrid Sikldm ~t.'hi te x Garo ·v.'hi te has 

longer chromo::,omes (3.25 ;->, 'tmeree.s, Yellot'lf Shillong x 

Sikldm Yellow has the mean chl"omosome length of 2.02 f 
(Table 39). As 1n the parents, Garc \~bite x Sikld.m White 

hybrid has a pair of long chromosomes "t-rhen compared to 

other chromosomes in the complement and th~ ratio between . 
the longest and the shortest is 2.16 )l• In Yellow 

Shillong x Sikldm Yellow hybrid, ho\~ver, longer chromosomes 

have not been observed. But littlo difference exists bet­

wean the chromosomes as the ratio is 1.85 r· 
Chromo some pairing being quite normal not much 

information on 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 Shillong x Sikkim Yellow 

is 23.90 Jl and 20.05 Jl at diakinesis and metaphase I 

respect! vely. At these t'trro stages the chiasma frequency in 

the F1 hybrid Sikkim White x Garo White is 23.08 and 19.76 

respectively. 



Pollen fertility is high which is expected 

because of the regular meiosis, but 1n the two hybrids 

the value slightly differ (82.27% in the Yellow x Yellow 

and 82.20% 1n the White x White). However, in comparison 

to the parent varieties the pollen fertility is lo"Wer. 

This may be due to cryptic structural differences in the 

chromosomes of the varieties brought together in the 

hybrid. Such minute cryptic differences do not hamper 

normal pairing but result in disharmonious gene combina­

tions giving rise to production of some aberrant and 

sterile pollen grains. To that extent the pollen fertility 

data suggest that these primitive maize varieties are 

distinct and isolated, and possess different set of genes 

in their chromosome complements. Magoon !illl• (1967) 

1nterpretted the reduction 1n pollen fertility and seed set 

on the basis of such cryptic structural differences in 

varietal hybrids which grow 1n geographically distant areas. 

Protein and carbohydrate contents in the F1 
hybrids are intermediate of the two parents which again 

suggest that these two profiles are under genetic control 

and, hence, acquire the intermediate value between parents 

and the hybrids. 

Summarising the study of the four hill varie­

ties of maize it may be stated that they are distinct and 
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established primitive varieties well adapted to these hill 

regions. More and more isolated pockets of the tribal and 

hill areas need to be covered and all available prim! ti ve 

varieties of maize be collected to ascertain their variabi­

lity and gene pool. Quite likely some of them still possess 

more genes of other progenitors and may thus hold the key 

to illustrate their origin. Even in this collection of 

four varieties only there is indication of crYPtic struc­

tural differences in the chromosomes. Similarly, they have 

features which point to other genera from which they have 

originated. However, more in-depth collections and modern 

techniques of chromosomal assay in these primitive varieties 

and their comparison with ·the primitive varieties of the 

New World can be worthwhile to see how much North-Eastern 

region has contributed to the origin of maize. In this 

connection it may be stressed that Jain and his associates 

(personal conununication) studied a number of primitive 

varieties of North-Eastern region, especially their chromo­

somal make up and recombination index. They found that 

the mA content 1 these primitive mailS significantly 

differ from the New World maize which is also reflected in 

their different recombination frequencies. On this basis 

they concluded that these primitive maim varieties of the 

North-Eastern region are the original progenitors of the 
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modern maize. They thus supported the Views or Anderson 

and others that maize aro sa in North-Eastern region or 

India including Upper Burma. Ma.ngelsdorr (1947) held 

that the South-East Asian origin of maize is an open ques­

tion and need to be probed thoroughly. In view or these 

findings it becomes imperative that more and more collections 

of the primitive maize varieties or Sikk!.m, North-Eastern 

region including Upper Burma be made and sUitably assessed 

w1 th regard to their chromosomal and WA organisation, 

meiotic behaViour and recombination in the parents and 

their hybrids and compare thEm w1 th the New World maize 

as well as with the allied genera or Poaceae to elucidate 

their origin. 



SUMMARY 
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SUMMARY 

Collections of some cultivated and wild 

tuberous species of the family Araceae and primitive native 

strains of maize being cul t1 vated in the remote areas or 
Meghalaya -were made. To suitably assess these accessions, 

their morphometric, cytological, electrophoretic and inheri­

tance studies have been carried out, the results of which 

are compiled in the thesis. Such a systematic collection 

and evaluation of the above mentioned wild germplasms of 

t-1eghal.aya is aJ.most a new attempt 1n the study of the rich 

flora of the region. 

1. The tuberous taxa comprise of the genera AmorphophAJ.lgs, 

Arisaamca., Gonatanthus, Steuc1nera, hanthQSQM (plain and 

hill varieties) and ColoQasia (15 strains). 

2. Amorpt].opbalJgs bu.lbiter, Arisaema consan.guineum, Gona­

tanthus ornatus and Steugnera cologasioide a grow wild. 

Tile ~number in these species are 26, 28, 30 and 28 

respectively. These numbers have been determined for 

the first time. There is wide range 1n the size of 

chromosomes - 1.4 f to 7.04 f-. The smallest chromo­

somes are found in L. cop.sanguinegm. The detailed 

measurements of the chromosomes show that they have a 



symmetrical karyotype. However, in ~ orna.tu.a a fe-v,r 

of the chromosomes tend towards asymmetry. Cytologically 

these species appear to be primitive. 

Somatic nwnber suggests basic number as 13, 14 and 15 

respectively. But the possibilities of these basic 

numbers 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 Xanthosoma 

and Co1ocas1fi. Xanthosoma is 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 sia. Both the varieties of Xanthosom{l have ~ = 26 

and are considered diploid. Detailed chromosome measure­

ments indicate that the plain variety has more symmetri­

caJ. karyotype than the hill variety. The role of chromo­

somal aberrations in creating karyotypic differences has 

been stressed. 

4. Colocasia escuJ,enta has a large number of strains, 15 of 

which were collected and studied. Eleven of the acce­

ssions are triploids with ~ = 42 and fotll" are diploids 

with 2111 = 28. Tr:tploid strains are morphologically and 

in yield rar superior than the diploid strains. The 



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 tri­

ploids showing greater diversity in morphology, yield 

and karyotype, provide a richer material for clonal 

selection and cultivation than the diploids. There is 

also significant differenc.e in the mean length of the 

chromosomes of the different strains of Colocasia ~scu­

lenti• The adaptive significance of the difference in 

the chromosome length with respect to lower and higher 

altitudes have been projected. The study has brought 

out the role of karyofypic changes and random mutations 

on the divergence of these strains. 

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

the plain and hill varieties of Xanthosoma aagittifolium 

was determined, the va1ues being 5.1 and 8.4 mg/g dry wt. 

respectively. Electrophoretic studies showed character­

istic banding pattern with respect to protein and iso­

peroxidase. In Qolocasia esgglellta triploid strains 

have more protein and carbohydrate contents than the 

diploids. The nur:1ber of p~otein bands a1so are more in 

triploids than the diploids. The electrophoretic data 

have provided an insight into the genetic make-up of the 
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varieties (plain and hill) and strains or ~antbosoma 

sagitti!oliam and Co1ocasia eacglenta respectively. 

6. The cytological and morphological data, when compared 

with other works of these genera from other regions of 

the world indicate that the hill variety or Xanthosoma 

sagi ttifolium pro ba.bly reached Meghalaya and other 

North-Eastern regions or India rram South-East Asia. 

The plain variety or the species, on the other hand, 

appear to be a direct introduction from the original 

American strains. Thus the presence of the hill and 

plain varieties of this species has two sources or 

introduction in Meghalaya and, therefore, their cyto­

genetic divergence is a result of their having been 

originated from different centres. 

7. Similarly, the diploid forms of Colocasia esculenta are 

restricted to South India, whereas both diploid and 

triploid forms are fotmd 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 or Meghalaya. 

8. North-Eastern India including Sikld.m still grow primitive 

maize varieties in remote areas. Anderson (1945) held 

that North-Eastern India and Western China are probably 
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the centres of origin of the cultivated maize, the 

contributing parents being ~ and Sorghum. Be that 

as it may, the primitive strains of maize of this area 

do possess several features of' Tripsacum., one of the 

important contributors to the genome of ~ ~· 

Four v-arieties of maize - Yellow Shillong, Garo Wh1 te, 

Sikklm Yellow and Sikld.m Wh1 te, all w1 th 211 = 20, -were 

collected and grown for their morphological and cyto­

logical studies along with the hybridisation programme. 

The total chromatin length in these four pr,mitive 

v-arieties differ widely from one another. It is signi­

ficant that Jain {personal communication) pointed out 

the great difference 1n· INA contents or these primitive 

varieties of' maize with that of the American maize 

varieties. Detailed karyotype and the position of centro­

meres among these varieties indicate :Intra-chromosomal 

shirtings, presumably as, an adaptation to the ecological 

niches. At meiosis the chiasma frequency in these varie­

ties differ from one another indicating the different 

recombination index. The recombination index in these 

varieties is again quite different from the cultivated 

varieties brought from the American continent. 

In protein and carbohydrate contents also the four varie­

ties differ indicating their genetic divergence. F1 



hybrids between Yellow Shillong x Sikkim Yellow and 

Garo White x Sikkim White showed intermediateness in 

the expression of characters. In the seed colottt the 

hybrids showed gene interaction than simple dominant 

and recessive relationship indicating that the differ­

ent varieties carry different loci for seed colour. 

Although meiosis was normal in the hybrids, the pollen 

fertility was slightly lower than in the parents. 

The lower fertility of pollen may be due to cryptic 

structural differences in the chromosomes of primitive 

strains. 

The data on these four primitive maize varieties 1ndi-
• 

cate that they are distinct and well established varia­

ties, well adapted to these hill regions. More in-depth 

collections and modern technique of chromosome assay, 

namely, llVA hybridisation, etc. with the new world 

maize may prove rewarding about their relationship as 

wll as their separate or identical origin. Further, 

the conservation of these primitive varieties of maize 

growing in all the hill areas of North-Eastern India 

need to be maintained as they are definitely more 

ancient germplasms and are expected to possess many 

dominant and usefUl genes not found in the improved 

varieties. 



9. Similarly, wider and systematic collections of other 

tuberous crops of the genera mentioned above as well 

as or other genera need to be made, screened and 

assessed for fuller utilisation. 
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