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Introduction: The phenomenon of hybrid vigour has engaged
the attention of plant breeders and geneticists from very early
times. In recent years, the utilisation of hybrid vigour or heterosis,
for improvement of crop yields has brought forth very valuable
results. In naturally cross-pollinated crops, continued inbreeding
resulte in loss of vigour of the progeny and consequent reduction in
yields. Hybridisation between the inbred types, in cross-pollinated
crops, is usually accompanied by greater vigour in the resulting pro-
geny leading to phenomenal increasés in yield. This factor, coupled
with the ease of hybridisation on a large scale, paved the way for
the exploitation of hybrid vigour as a method of maximisation of
production in these crops. The results achieved in one of them,
maize, have clearly demonstrated the potentialities of this method
and have revolutionised corn production in all the corn-growing
countries of the world. The remarkable achievements attained in
corn production, through the introduction of hybrid strains, have
stimulated investigations on similar lines in other cross-pollinated
crops. Among Millets, Cumbu has responded remarkably wzll .and
the results obtained from preliminary studies, at the Millet Breeding
Station, Coimbatore, are briefly presented in this paper.

Causes of Hybrid Vigour: Different intorpretations of the ranses giving
rise to 1he phenomenon of hybrid vigour have been given hy various warkers in this
field. Keeble and Pellew (1) explained the increased vigour of & cross bolween twao
varieties of peas, as duo to the domiranco of the thick stem of one parent and the
long internode of the other. This was not found generally applicable, as other ensos
of menifestation could not be explained on an equallv eimple basis. Jonos in 1017
(1) rlevaloperd the hypothesis of * Dominance of Linked Genes'" giving hyhrid vigour
o factorial interpretation. This has been accepted by most plant bresders: und
geneticists., He maintained that numerous genee were respansible for the expres-
gion of quantitative characters and that somo of the genes responsible for yviold were
ot least partially dominant. The increased vigour of the hybrid. according to lim,
was due to the nction of different dominant growth fuctors. contributed by each
parent. Jonos (2) haa recently shown that apparently degenerativo changes in gix
mutations in homozygous inbred lines of meize produend a notakle degree of
hetervsis, when these mutants were crossod with the original inbred parenis, On
thene findings, ho interprets hetorosis as an ncecumulative oficet of favourable
heredity from both parents. .

The Floral Mechaniem in the Pearl Millet: Among tho millets,
Cumbu ia the most highly eruss-fertilised crop. Unlike most of the grarses, tho
stigmns of this millet mature earlier than the anthers, resulting in protogyny and
crosa-pollination. The infloresernce is o torminel compound spike with 8 varinhle
number of rachillas, spirally arranged round a central asxis. The rachillne which
vary in length, bear at their apex a whorl of bristles enclosing two spikelots, ench of
which consists of 8 male and a hermaphrodite flower. Flowuring comumouces st tho
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tip of Lthe paniclen by the protrusion of tho stigmnatic branches of the hermaphrodite
flowers.  This provess is continuod in the lower spikelets, nud precesds’ downward to
the buge tnking nbout two to throe days for completion. Thia protrusion -of the
pnthors and the dehisernce of pollen eommence only safter the s'igmaticggpergenea
with tho result ibat, whon the top anthers begin to shed pollen, the smergence of
ptigmas would bo almost complete in the wholo paniclo. Tho anthers-in thoe Lerma-
phrodite flowora of the paniclo, sivueted slighely below the tip omergo . and shed-
thoir pollen Girst, The protrusion of anthors further provecds upwards and down-
warids along the paniele, till the tip amd base are reached. At this singe, ‘another
flugh uf anthers tnkes place from the unisexunl Aowers of tho spikelots which supples
ments the pollen supply for fertilisation, The process of anthesia is completed in
about 4 to & dexs. The interval between the emergence of the stigmas and the
commencement of nnther Jdehiscence ia two to thrie days, and as the siigmas sre
quito recoptive and oxposed to wind, that may carry foreign pollen, natural eross-
pollinntion takes placo to o great extent. Thia has been alreddy reconled in a

rovious paper (13). It was found vhat natural eressing in Cumbu varied from 27 to

894, Being so highly cross.pollinated, it is 1o bo expected that natural populations
of this crup nre muxtvures of heterozypous individuals, Continued soloction mny help
to isulate some true breading and fairly vigorous typos. But it is baeet with difficul
ties. It was hence considered desirable 10 investigate the possihilitivs of taking
n:lrnmﬁga of ita natural cross.-pollination for urilising hybrid vigour for increasing
its yield. .

-

Preliminary Investigations on the Production of Hybrid
Strains in Pearl Millet: Preglminary studies for the evolution of
hybrid strains in Cumbu were started at the Millet Breeding Station,
Coimbatore, in 1243. TIn the first year, 15 crosses were mude be-
tween eight different typeés of Cumbu and they were compared with
their parents, in row yield trial plots in the following season. 1%
was observed that in three crosses, the hybrids yielded more grain
than both of their parents, the increases ranging from 16 to 1635,
and in five otbers the hybrids yielded higher than one of the parents
only. Thirty-eight crosses were made in 1944, and 23 of these
yielded more grain than boith of their parents. Forty-sight crosses
were made in 1946 and tested in the following season, when 11 of
them yielded more grain than both of the parents. These results
clearly indicated that there was great possibility of obtaining in-
creased yields in Cumbu through the introduesion of hybrid strains.

Hence detniled work on the evolution of hybrid atrains of Cumbu was taken up
under a scheme sanectivned by the Madras Government from 20th March 1946 to 1hh
Marel, 1050, Huunidreds of fresh sanmples of seeds of Cumbn were gollected and
stmliod, and promising soleetions isolutel from them. Those were intired, crossed,
and the hybrids studied vo test their yielding eapacity anid other economic characrers.
More than 880 erosses wero mude in the period up to 1950, and 743 ‘of these were
tesiedl for row yield trinl in small plots and preliminary vield trinl in larger plots,
Only 25 of these hybrids wore gignificant!y superior to hoth of their purents anid the
standard. while 39 were superior to both of thyir parents, and 102 gave higher yields
than ene ur the other of their parents, or standard. The promising hyhbrids in such
tesis were multiplied an a lurge sealo by growing the parents side by side in twe row
plots and hand pollinating sutfivient number of female plants 1o get ennugh seadd for
contdueting y ekl trinls in lurger plots fur coinparison with the parents and’sinndard.
Whe best of these hybrids were given out for district trinls.  The primary objeet -of
the investigntion being the economie utilisntion of hybrid vigouwr. stress was
laid on the gran yield of tho hybrids as bompared to that of the parents and
standard. To provide further evidenve of the manifestation of this phenomenvn, the
fresh weight of straw of the hybrids was also noted. The majority of thehvbrids
which gave significant inerenses in yield ovor the standard resulted frem crosses
between 4y pos which were widely separated  in their origin.  The types [rom Sind or
the Punjab Aeured as valunble parents.  Similarly maximum ineroases in yielil wnra
almost met with in thess hybrids, thaeby establishing the supérior combining ability
of wideiy seporated tvpea.  These results indieated that in the Pearl Millet. as in the
cuse of rwosi of the naturally pollinated crops, heterosia is manifested in the
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progeny, when different types are hybridisced, Heteroris is expressed in varying
degrees, but the greater tho diversity of origin of the parents, the grester in s
manifertation. Cortain of the typesincluded in the proesent studies show n high
degree of combining ability in erosses with others, and the incronses in yield of grain
are 89 high. ns to deserve specinl attention for economic exploitation. Among the
hybAid¥=85" fur produced, X. 1 and X. 2, which wern isvlated earlier, were subjected
tu systemnatioc trinls from 16 onwards. In the first year. the hybrid seods were
produced by sowing their parents in alternste lines. the male parents boing swwn
three days earlier than the female purents, Tho female lines, bearing the hybrid
peeds, were harvested separntely. These seeds were put in yield trinl plots in 1948,
Data showed that the hybrids were significantly superior to the stamlard and their
fermale parents. In subsequent trials, the hybrid secds were produced by srtificial
pollination, and tested in comparative yield trial plots. . '

~ Taking all the yield tests, both the hybrids were gignificantly
superior to their pavents, and also the standard strain
Co. 1, which by itself is a high yielder, and hence both the hybrids
were advanced to the next stage of work viz., trials in the fields of
the cultivators. '

Trial of Hybrids in the Districts: To test the
suitability of the best -of these hybrids in the different districts of
the State, extensive trials in cultivators’ fields are necessary.

The. hybrids - X. 1 and X. 2 were sent to eight different taluksin the districts
of Truciurapatli, Coimbatore, and Tirunelveli in 1943 for conducting trials in large
gized onservation plots along with the loeal variety of Cumbu for comparison. In
Musiri'taluk in Tiruchirapalli the trials were couducted at two centres and X 1|
gave an increasrd yield of 619, and X. 2 gave 060% over the loeal type. In the trials

» conductod in Perambsalur taluk, 149 increased yielidl over the local in the case of X. 1
and 749 in the case of X. 2 were obtained, and the cultivaturs were very much
impr ssed by the performance of X, 2. The hybrids were not found suitable for
Tirunelveli district in this trial. In 1949, bath the hybrids were sent oat for
extensive trials in 66 taluks, distritmated in 17 districts viz., South Vizagapatam,
West Godavari, Guniur, Bellary, Nellore. Kurnool, Cuddapah. Anantapur. Chittoor.
North Arcot, Salem. South Arcot, Tiruchirapalli, Madhurai., Ramnad, Tirunelveli and
Coimbatore. Heports received so far on the trinls conducted in the d'stricts
indienve that both the hybrids are superior to the local types in most of the snuthern
districts of the State. Nesults showing the =superiority of the hybriids X. 1 and

.2 vver the local types wero. roceived from the talukr of Musiri. - Perambnlur and
Karur in Tiruchirapalli Distiict. Aruporottai and Mudukulathur in Kamnad District,
Diwdigul in Madhurai District. Attur, Namukkal, Tiruchengode and Owmnlur in Salem
District, Kallakurichi in South Arcot District, Coimbntore in Coimhatore District,
Kodpatti in Tirunelveli  Distriet, Vayvalpad in  Chittoor District and also
Horpunahlialle and the Agricultural Research S1ation, Siruguppn in Bellary distrint,
Increases in yield over the local varieties ranging from 12 to 220% in the case of X, 1,
and from 11 1o 260% in the ecase of X. 2 hava been reported from the places mentioned
above' Reports of trinls conductod in South Vizegapatam., Cwldnpah aml Nellore
show 1that these hybrids are not suitable for these tencts. The districts and taluks
whore the hy hrids bave heen found suitable nnd iuncreases in yield over the local
types are given i the fullowing tabular statement.

Districts and Taluks, where the hybrids—X. 1 and X. 2 are found
suitable (1949-—-1950).

Yield expressed
‘District Namoeo of taluk Centro of trial as pereentngo
of loeal

X.1. X.2. Local.

Salem Namakkal 130 139 100
o _ Trichengode R L)
r Attur Ammanpalayam 168 136 100

i Omalur CArthulkavaune 120 e 100
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. il puprocgod
Distriet Namo of taTuk Centire of trial na pereentago
of loenl ~

X.1." %.2. Local

Coimbntore Coimhatoro Ondiputhur 150 1450 100

Madhurai Dindigul Thadicombu 168 ... 100

Ramnad Arupuhottai Kanjanaikenpatti 172 11g 100

o " Ramanujapuram 122 - 111 100

- Sattur Vellaynpuram 135 144 100

- “ Mutbulingapuram 124 130 100

i Mudukulathur )45 153100

Tiruchirapalli Musiri Chithalarai 188 161 100

. ., Yalavandi 161 . 163 100

W Perambalur - Perambalur 114 174 100

- EKarur Rangapalayam 181 171 100

Tirunoslveli Koilpatti 128 132 . 100

Bouth Arecot Kallakurichi Kurur 220 280 100

. Bellary Harpanahalli . 132 121 100
o . 128 119 100 °

e Agricaltural Research : )
Station, Siruguppa 112 - 116 100
Chittoor Vayalpad 118 100
Average HE?,E. 144%.

From the above statement, it will be seen that these two
hydrids are capable of giving much higher yields than the local types
in most of the southern districts of this State. As already
indicated above, there are tracts where these hybrids have not been
found suitable. Regional work has heen take up for such tracts,
and hybrids made from zonal collections are awaiting trials in such
tracts. Apart from the two established hybrids, 32 more are in
various stages of trial and they too offer a wealth ol material for
final choice after comparative yield studies. Along with the work on
these hybrids, systematic studies and inbreeding are also in progress
Tor the isolation of standardised types for hybridisation, so that
hybrids with specific combinations of characters suitable for
different tracts and sub-tracts can be evolved. '

Discussion: Tn mn unsealect eample or wvariety of a normally ecross.
pollinnted crop. many of the grnes reapansible for vigour may oceur in & hotera-
zygous and randomly disributed conilition. Coritinued inbreeding will result in the
production of o number of separate sirains, with a progressiva inerease in the
number of sueh factors in A hamogyons condition. This jubreeding anvl selection
leads to a separation of fastors on whose comhinerld presence depenids the original
vigour, and it also eliminntes rapilly those delsteriona recessives which produce
gurh unwantod characters as dwarfness, sterility. chloraphyll deficiencies eote,
Thus ss a result of inbreeding. & large number of strains are obtained whivh.
though poor in yield, are frea from tho grosser defects and are uniform in theie
gonetic conetitution. If two such strains are intercrossed, s recombination of .
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factors occurs, giving rise to a hybrid which is more vigorous than the parents.
In onder that thus vigour is obtamed unifurmly aud to the maxin.um exvent, it is
necessary that the cupbining abiliny of the parenia should be testod in varivus
ecombinations and inbreeding should algo be corrivd out simultaneously to atlain o
Ligh degrev of homozygosny. It i3 ohserved that vigorous inbred parents do nok
always give propoertivnately vigoroms hybrds, rthowimng thereby that no stnndasda
ean be lixed lor solectiun of clmracters responsible for hybrid vigour  The only
method Lo judge the mernits of wiype is Lo test v by erosging with severnl vthers,
The stage of wmbreeding, when the parents are fit te Le tested by erossing. cannot
also Lo definitely detcimined so as to sttun mazumum hom: zygesny of mbred
lines, which will assure increased wvigour in the by brids, In erops where by brid
vigour is utilised on a commercial scn v fur incressed production. erussing is done
at u very early stuge. Top crossvs, wherein commercial vaneties are erossed 'with
iubted hines, are cobsidered of jnuch value in testing the efliciency of parents,
Combining alnlity being ostallished as an inherited eharacter, iv may be expeciad
that the perfurmnanes of bybrids berween plants of unselected Lulks ran e tahen os
the criterion lur seleetion of promising types. As  indicated by the tesulis
prasau*'_ed sbove, heterveis on un econuvmicady oppreciable scale, is expressed in
the Pearl Milet wsud it is worthy of commerciel explmtatygn. The cvombining
abili'y of diffurent types and the warying degrees 1o whigh it iz expressed in
particular cros-es is clearly brought ubous by the present studies. By inbreeding
the types, which have shown preat combining abilivy, it is expeeted that inbred
lines with desirable characters can be erossed to secure the reguired type of
bybrids. The methods of large-seale production of hybrid seeds fur distribution
is u problem demanding particulsr attention in this erop. due to the peculiar floral
mechamsm of the plant Unhke in muize, wheie detsscelling of femnale pareat rows
will completuly ehminate the possilulity of seli-pollinmiivn. absolute prevention of
the spme, on a field seale, .cannot be achieved in Cwinlu, due to the hermaphroditio
nature  of the flowers, and the consequent seli-pollination of the lower flowers of
the spike by the pollen of the top fluwera, Perlinps indluction «f male sterility in
feinale rows may assure complete cross pollinativn. Buat attempts so far made
to imnduce male sterility have nut been successful.

The preliminary studies made so far at the Millets Station, have
indicated Lhe high degree of cross-pollination (70 to 80%) that 1akes
place in this crop; and that itself serves as an easy method for the
production of hybrid seeds. Cross-pollination to the extent
indicated above could be obtained by sowing the two parentsin
adjacent rows and also by mixing the seeds of the parents. As this
method is both easy and cheap and as it guarantees a high degree of
cross-pollination resulting in increased yield. it is being adopted for
large scale production,

Conclusion: The evolution of hybrid strains in Cumbu
is more or less a new line of plant improvement work, This is on
the model of the produetion of hybrid corn, which is an established
cagro-industry in 1the United States of America and other corn-growing
couwniries of the world. In the.United States of America, it took
more than 25 years of rescarch work to evolve the first commercial
bybrid. But in India, it has been possible to evolve two high
yielding hybrids in the ‘course of four wears of work at the
Milets DBreeding Station, Coimbatore. These two hybrids X. 1
and X, 2 have established their suitability over a very Jarge
area in nine distriet trials is 45% over the local types in
the case of X. 1 and 44% in thegol .X. 2, Taking the averago
increased yield over 1he loenl types to be 45%, it may Dbe
estimated that an annual extra yield of more than 80,000 vons of
Cumbu, valued over MKs. 170 Jakls, can be  obtuined from these
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gtrains, il half of the entire area under cumbu in the nine districts is
brought, under the hybrid strains. Six more hybrids have - passed
the experimental stage and await trials in the districts. . When
the trials are completed, these too will be available for spread
according to the special needs of the different tracts. in this
State.
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Preireatment - A Ne

It is the object of this paper to just outline a few of the
results obtalned in the direction of improving yields' by a new
method—that of supplying nutrient elements to plants before they
ATE SOWI, -

Tt is course a truism to say that good crops are assured by
good manuring, in the same way as good food makes-for sturdy men
and women. What is not so widely known is the fact that for plants
t00, a little help in the early stages, goes a long way in.improving
the subsequent growth and their ultimate yields in the same manner
as a liberal supply of milk and milk products to children helps in
laying the foundation for a strong and healthy manhood. The basie
principle underlying the idea of pretreating seeds with nutrient salts
ia to introduce into the seed enough of the madjor nutrients like
phospliorus and potassium in a readily available form, sufficient to
carry the young plant through its early stages, before its root system
is sufficiently developed to make full use of the available supplies of
these nutrients in the soil. '

In the present day context of all-round scarcity, for everything
from a match box to 2 motor car, it is imperative to use what we do
have, to the best advantage a-n%ﬂﬁé‘“fﬁﬂinh%gn a long way, The
question of supplying fﬂrbilizarﬁ.ﬁt&ﬂ%iidhlﬁlﬁﬁ_ ; qgtion to this rule
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