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ABSTRACT

Cytological characterization of Indian maize races based on knob composition reveals
certain well defined knob complexes in northeastern and northwestern regions of the
Himalayas. The frequency as well as combination of various knob positions was found to
be characteristic of different races and a specific pattern of geographic distribution of these
knobs was observed. Two lineages of Himalayan maize could be established on the basis
of knob pattern: a) Nal-Tel-Chapalote complex having very high knob number, and b)
Confite Morocho with very low knob number. Both pre- and post-Columbian introduction
of maize in northeastern Himalayan (NEH) region is postulated.
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RACIAL DIVERSITY IN INDIAN MAIZE

Extensive variability in plant tassel and ear characteristics of various maize germplasms
is observed in northeastern Himalayan (NEH) and northwestern Himalayan (NWH)
regions of India [1-3]. However, the maize varieties being grown in the Indo-Gangetic plains
possess less varietal diversity [4-5]. Broadly speaking, Indian maize varieties can be
grouped into two categories: (i) early yellow flint with slender ear, closely resembling those
grown in northeastern part of the United States, and (ii) a flint with short compact ears
resembling the Cuban yellow flints of the Caribbean region. Remote Asiatic aborigines
residing in the erstwhile greater Assam cultivate a number of exceptionally well
differentiated maize varieties, having a set of unusual morphological characters which are
absent in American maize [6]. Those varieties were categorised as (i) Caribbean, (ii) Early
Slender, (iii) Late Upright, (iv) Early Upright, (v) Late Sidewise and (vi) Drooping Waxy.

Landraces with primitive characteristics are known to exist in the entire Himalayan
region including Nepal [6-12]. Similarity of the primitive maize strains of NEH with
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Caribbean germplasm was refuted on the basis of metroglyph analysis 13. The Himalayan
primitives were found to be distinctly different from those being grown in northern plains
and peninsular India, which resemble the Mexican and Columbian germplasms.

As many as 15 distinct maize races have been identified in the monograph "Races of
Maize in India" [1]. Most of them have been maintained in complete isolation and stringent
selection has been practiced for centuries by the aborigines residing in different ecological
niches at various altitudes. These races can be broadly grouped into four categories: (a)
primitive, (b) advanced or derived, (c) recent introduction, and (d) hybrid races. The details
of the various races of Indian maize is given in Table 1.

Table 1. Races of maize in India

Type Races Area of cultivation Altitude
Primitive Poorvi Botapa Sikkim & Assam 600-2000 m
Murli sub race —Do— 600-1500 m
Tirap Nag-Sahypung Tirap Distt. of Arunachal
Pradesh
Arun Tepi
Alop Sapa Eastern Himalayan region
Advanced Manipuri Chujak
Mayong Sa-ah
Asht Samsung
Shyam Nahom
Lahar Gomdhan
Maidani Makka Gangetic plains
Subrace Ganga
Recent introductions Tista Mendi VVest Bengal 1500 m ¢
Silken Tipang Adjoining regions of 600-1500 m
Arunachal Pradesh with Burma
Hybrid races Khasi Riewhadem Khasi Hills of
Riewhadem Meghalaya & Lohit
areas of Arunachal Pradesh
Mikkir Merakku Mikkir Hills of Assam Up to 600 m
Nilip Mekop Mikkir & Cachar Hills of Assam 600-1500 m

The NEH maize has been assigned to 3 lineages [14] based on morphological similarity:
Palomero Tolugueno of Mexico, Confite Morocho and Kuclli of Peru. Two Indian races, i.e.
Alok Sapa and Arun Tepi belong to the Palomero Toluqueno lineages, whereas Ashut
Samsung and its subrace Tsunghuru belong to the Confite Morocho lineages. The lineages
of Shyam Nahom can be traced to another Peruvian race, Kuclli. However, the lineages of
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two races namely, Poorvi Botapa, its subrace Murli, and Tirap Nag-Sahypung could not be
traced to any of the American primitive races.

The northwestern Himalayan (NWH) region also represents a lot of genetic diversity in
maize due to variation in ecology, microniches and spatial isolation imparted by different
mountain ranges and varying altitudes (500-2000 m.). In contrast to earlier reports [4, 5],
both flint and dent types are under cultivation in the NWH region [3]. The significant
differences in morphological characters of plant, seed, cob, as well as biochemical characters,
viz. isozymes of peroxidase and esterase, have been observed in the maize of this region.
Presence of irregular rows in some of the collections of this region comprising the Gull Hills
(Udhampur region), Rajouri, Poonch, Bhadarwah and Kistwar region of Jammu and
Kashmir suggests primitiveness of these landraces. Such a rich diversity of maize in this
region suggests that NWH is a potential centre of landrace diversity [3].

The Sikkim Primitive (SP) maize, a group of 15 primitive strains, found in Sikkim,
Meghalaya, Tripura, Nagaland and eastern Nepal was first discovered by Dhawan [9] and
later investigated extensively [11]. A large number of primitive characters have been
identified in Sikkim Primitive, maize, which make them to be the oldest maize in the world
[15] resembling closely the vegetal remains of maize found in the Tehuacan Valley of Mexico
[16].

CYTOLOGICAL BASIS OF RACIAL DIVERSITY IN THE HIMALAYAN MAIZE

Heterochromatic knobs located at fixed positions of the maize chromosomes have been
used as cytological markers. The position and size of knobs are constant features for a
particular plant, but vary from plant to plant and variety to variety. Knob pattern analysis
aids in ascertaining their racial and geographical distribution, which is highly nonrandom.
It also helps in tracing the migration pathways of various races and race complexes [17, 18].
A knob appears as an electrondense mass consisting of compact fibrillar material, with small
electron-leuscent patches [19]. C-bands, Q-bands and knobs have been shown to correspond
to each otherin a 1: 1 fashion [20, 21].

KNOB STUDIES IN THE HIMALAYAN MAIZE

The earliest attempt at cytological characterization of Indian maize grown by various
ethnic groups of the erstwhile greater Assam was made by Stonor and Anderson [6]. They
reported presence of very few but large knobs at positions and in combinations which are
either rare or unknown in the New World maize.

Similarity has been observed between the karyotypes of Nepalese, Japanese and
American maize [7]. Knob number in the somatic chromosomes of Nepalese maize was in
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the range of 9-16 with the mean 9.1. It was suggested that the Nepalese maize is closer to
the non-Andean type.

The knob composition of two maize collections, one each from Nagaland and Assam
has been reported [22]. The Nagaland collection had six knobs, 5 intercalary on
chromosomes 25, 4L, 5L, 7L, 8L and one terminal on 95T, while the Assam collection had
only three knobs on chromosomes, 7L, 8L and 9 ST. Knob constitution of three collections
from Sikkim revealed more knobs on the long arms of chromosomes 1, 2, 4, 6, 7, 8, and on
the short arms of chromosomes 2, 3 and 9 [23]. Out of these, only one terminal knob on 9ST
was present in all the collections and the knob number ranged from 6-9 in above material.
Similarly, knob composition of the four maize strains from northeastern frontier agency
region has been analysed [24]. The number of knobs ranges from 5-8. The most common
knob forming positions were on chromosomes 2L, 4L, 5L, 6L, 7L, 8La, 8Lb and 9 ST. The
knob forming pattern in the Himalayan primitives was different from that of cultivars. The
presence of knobs on 7L, 85, 8L and 10La in SP2 and 10L in Sikkim Primitive-1 (SP1) exhibit
new positions [25]. However, the C-banded karyotype of stock SP1, revealed mostly
terminal and subterminal bands on most of the chromosomes, although some interestital
bands on chromosomes 5 and 6 were also observed [26].

Since the early 1980s systematic and extensive cytological characterization of maize
germplasm of the NEH region has been carried out which has helped in understanding the
racial diversity, its lineages as well as the probable time of its introduction in the region.
Possible descent of Himalayan maize from Andean highlands of South America was
proposed on the basis of knob-heterochromatin distribution studies in some maize strains
from the Sikkim region as well as some Sikkim Primitive strains [21]. Some common knob
forming positions, viz. on chromosomes 2L and 4L were observed in Sikkim Primitive maize
as well as some established American maize races [21, 27]. Similarities have been observed
between C and Q banding patterns in Pira and the two Sikkim Primitives strains, S-18 and
$-23 from Sikkim [27]. Further, a negative correlation between knob number and altitude
exists in some strains from Sikkim [28]. On the basis of knob number, Sikkim Primitive maize
was classified into two groups, suggesting two lineages: one having high knob number of
8-12 distributed in Sikkim and Tripura, and the other with low knob number of 1-4
represented by those of Meghalaya.

Extensive cytological characterization of 66 landraces of the NEH maize cultivated in
different ecological niches and varied geographical regions has been carried out [29].
Altogether 26 knob forming positions, including four new knob positions, were identified
in the NEH maize (Fig. 1). New knob positions, hitherto unknown in the American maize
races were found at 1Lb, 2Lb, 2LT and 9Lb positions which coincided with different
geographical locations in the NEH region [30]. The most frequent knob positions in NEH
were 6S, 9ST, 8La, 4L, 2La. Less frequent 6Lb, 7L, 3L position$ were also observed. Presence
of these most frequent knob positions in majority of strains suggests of their common
lineages.



November, 1994] Racial Diversity in Indian Maize 413

AT
1ILb® 2L L 8Lb
XL P LL’ 6Lb@ 8La 9Lbi K10
7L 9La
3L 5L
6La 10Lal
es"
[ ]
256 ) ® 7T 957.
o
1 3S

15b®

Fig.1. Knob positions in NEH maize.

The presence of abnormal chromosome 10 in two strains of NEH maize, namely T-17
(Tripura) and N-37 (Nagaland) has been observed for the first time in this region [31].
Similarly, K 10 chromosome was observed with variable frequency in different varieties as
well as geographical areas of Kashmir [32]. The frequency of chromosome K10 in the
varieties from Phulwama, Ananinag and Baramulla districts of Kashmir was 85.5, 68.7 and
33.1%, respectively. The highest frequency of K10 was observed in the ‘Kani’ and Badeh
varieties, but it was totally absent in the variety Mishri.

More accurate picture about the lineages of NEH maize has been obtained from studies
on C and Q banding patterns [27, 33, 34], knob heterochromatin distribution 28, 30, 35] and
biochemical characterization [36-38]. These studies have unequivocally established two
lineages of the NEH maize: the Nal-Tel-Chapalote and Confite-Morocho complexes [39,
40]. Introduction of wild corn in the NEH region both from Mexico and Andean region in
prehistoric time has already been suggested [41].
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A lot of interest has been generated in the discovery of Sikkim Primitive maize, which
has been found to be the oldest in the world, corresponding to the archaeological race of the
Tehuacan Valley. Cytological and biochemical studies including C-banding pattern [34],
knob constellation [29, 31, 35, 42] and electrophoretic patterns of soluble proteins and
isozymes {36] of Sikkim Primitive maize have established its close relation with Nal-Tel, an
ancient indigenous race of Mexico. Presence of the seeds, cobs and other vegetal remains of
Nal-Tel in the Bat Cave of Mexico (2500 BC) strengthens our conclusion that Sikkim
Primitive maize is the live specimen of prehistoric wild corn. This maize can be divided into
the groups on the basis of knob number: one group having large number of knobs varying
from six to eleven, and the other group possessing fewer knobs. The lineages of Sikkim
Primitive strains having large number of knobs can be traced to the Nal-Tel-Chapalote
complex, whereas the Sikkim Primitive strains with small knob number fall in the lineages
of Confite Morocho of Peru or to some extent, Palomero Toluqueno of Mexico [31, 42].

Analysis of knob composition in local maize varieties of Kashmir,which are under
cultivation in the districts of Anantnag and Baramulla, has revealed 20 knob forming
positions, with the mean knob number for all the varieties 7.64. The most frequent knob is
the one present on chromosome 5L, followed by those on 6L, 1L, 4L and 8S. The knobs on
25, 4S and 65 positions were very rare [43].

However, 36 knob positions were reported in 15 local maize varieties of Kashmir [32].
The average knob number of different varieties cultivated in Phulwama, Anantnag and
Baramulla was 29, 30 and 31, respectively. The highest knob number of 32 was reported in
the Badeh varieties followed by Tripachi, Vozij and Niver group of varieties, which have a
knob number of 28, 28 and 18 respectively.
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