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Tropical or sub-tropical agriculture, characteristic of @ ~s)-
Dedr

Larzecpurt of
pom

presents both special problems and unique

opportunities. ne special problems arise from first, a low soil

fertility caused
[by

the exploitation of land over thousands of

years without adequate attention to soil management and by various

forms of soil erosion, secondly, an already high cultivated versus

total land ratio thereby providing little scope for any substantial

inerease in the cultivated area and thirdly, most of the current

cultivars being the products of selection for adaptation to adverse

conditions gt/efop growth rather than for performance under good

conditions of soil fertility and water management. Japan and Taiwan

° have been exceptional in developing earlier than most of the other

™ countries in Asia, varieties of crop plants capable of responding to a
Tha 2 bnyey good agronomy] Among the unique opportunities presented by tropicalts

podct D ~
(wo thr ado and sub-tropical agriculture are first, the possibility of growing

feet ry
several crops in a year and thereby of measuring productivity per
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day than per crop, secondly, the availability of large tapped and

untapped water resources and thirdly, the feasibility of labour

intensive farming practices. Recent plant breeding research has

payee aimed at exploiting the favourable features of thé\irhan o..,

agricultural situation and of achieving a systematic destruction of

the ceilings to high yields. As a result, varieties of crop plants

possessing the type of morphological ‘architecture and developmental

pattern favourable for the efficient std zation of sunlight, water

and fertilizer and consequently with a high yield potential have been

evolved through the use of genetic tools in last few years, ix many

amples groupedaccordinto the technique

achievements:of Indian geneticists—and

. , dete plan gnificance in increasing—feod-production
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;Rice occupies nearly 35 million hectares in India

weds
.
Sey

al but the average yield is only 1.1 tonnes per hectare, in contrast to

5, hist ws a over 4 tonnes per hectare in Japan. The varieties cultivated in India

Ow X o je / mostly belong
15, dub-species

indica of Oryza sativa. Some of the

"ear / reasons for the low yield potential of our rice culture are ; (a) the

weak and tall straw of the indica varieties which makes the cultivation
of rice under good cenditions of soil fertility and the app

of fertilizers difficult without causing lodging, (b) poor

due to the extensive cultivation of rice during the monsoo

Contd..

The Ine ~count

,of some of the ‘recent

L breeders and theirposer

"fo dew"
wae

pbs

lication
bv

season

p/3.



: 3.

when the sky is cloudy during most parts of theewewz the
Wick Come productivityM+season bound nature of most of our

varieties) (d) poor utilization
of sunlight due to the shading of lower leaves by the upper ones,

(a) poor water management and &) poor insect and disease control.

Some years ago, Chinese Scientists discovered a spontaneous mutant

in the variety Dee-gee-Woo-gen which had the following characteristics:

(i) a dwarf plant habit, the plant attaining a height of about 60 cms;

(44) stiff and erect leaves, facilitating the maximum interception
of sunlight, (141) insensitivity to photoperiod (i.e., length of

the day ) enabling the cultivation of the erop in any season and

(iv) absence of seed dormancy, rendering sowing possible immediately

after harvest. Using ‘this mutant scientists in several parts of the

tropics are now developing fertilizer- responsive and photo-

insensitive varieties, which have revealed enormous possibilities
for increasing the yields of indica rices.

Taichung Wative 1, developed in Taiwan, is the first

outstanding dwarf and photo-insensitive variety developed in indica
rice. It was developed by crossing a tall indica, Tsai Yuen-Chung

with Dee-gee-Woo-gen. The outstanding characters of this variety
are : (a) stiff and upright leaves (b) dwarf plant height,

(¢) synchronous tillering habit, (da) photo-insensitivity,

(e) drought resistance and (f) lack of seed dormancy. Its primary

defect ie very high degree of susceptibility both to virus and

bacterial diseases. At the International Rice Research Instit ute gar
Chin

th PRMt: prrnes jnumerous dwarf indica strains have been d
eleped/

-Two eremaae,
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TR-8 and IR-5 have done very well in several countries in

South East Asia.

IR-8 is a selection from a cross made by H.M. Beachell

during 1962-63 at the International Rice Research Institute,
between Peta, a tall Philippines indica variety and Dee~gee-W00-gen,

Peta has in its parentage Latisail, an indica variety of Bengal.

IR-5 was developed from a cross between Peta and Tangkai

a variety from Malayasia. # hos Chalheyom
Gy for team contedervd ln be Joor

joes porlt 9 with the basmati type of grain is currently

a facten whi under final stages of assessment at the Indian Agricultural Research
oh fe “ThA wea Arvels faim Dehva Dam

W i a jae es Institute/through hybridization between a basmativariety andA alan Taichung Native 1 followed by a series of backcrosses to basmati.

ae ts ] This dwarf basmati strain
combines

five grain quality with ate“ en apy //
vielding sbility. . aed tesenerest eacat Gorey
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Japonica varieties: geveral tropical japdnica vais es ) 9

develeped in Taiwan such as Tainan 3, Taichung 65 and Kaohsiung 68 ~—
have done well in India and have yielded 5 to 7 tonnes per hectare.

They are very resistant to the
pact
bacterial blight disease but have

ahiky nm
unfortunately

(doisietessian. ie
This defect has been

|

at the

I.A.R.I. sore Se the induction of indica mutants in Taichung 65

and Painan 3. “patk-crosg technique of

(s -with

Laakeodes
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Japonica x Indica crosses : Crosses between japonica and

indica varieties have been attempted during the last two decades

but due to difficulties in getting a wide spectrum of recombination,

it has not been possible to develop many varieties with the

desirable characters of both the parents. Also, it is now apparent

that morphological more than physiologcal factors limit the

response to fertilizer application. There are, however, a few

outstanding varieties which have resulted from this programme. ADT-27

developed in the Madras State from the cross Norin 8 ( Japonica ) x

oma
Indica } has yielded on an average 5 tonnes per hectare in

the Tanjore District of Madras State. fais strain is now replacing
_ the popular Kuruvai strain ADT.20. Sown in June or July, ADT-27 comes

to harvest in 105 days after sowing. The grains are medium fine

i!

with white rice of good cooking quality. What Ww ven tymasficanf

con lit So“BB. Fie rice varieties incorperating the Dee-gee-Woo-gen‘ ) YY /dwarfing gene have proved to be capable of yielding 8 to 10 tonnes per

ODT V71> . hectare, while with the earlier tall varieties yields higher than |( abet
cB & ‘

. can nost . | 4 to 5 tonnes per hectare were seldom possible. Whet—is-more important,it

od (Fae season of rice cultivation can now be changed to suit the needs
\

yher /
of maximm productivity, since the barrier imposed by photosensitivity

. nrA SesJ on adjusting rice growing seasons has been broken and sowing and

abet
Corre

ae harvesting periods can now be altered so as to synchronise crop growth

with low cloudiness and abundant
sunshine.
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Wheat predachen

\2.-Wheat: ‘The per-hectare yield of wheat in India has

remained stagnant at about 800 Kgs for over 30 years. The total wheat

production, however, rose steadily from about 7.0 million tonnes in

1951 to about 12.0 million tonnes in 1964-65, thanks largely to an

extension in the area under
the/ crop.

There are at present about

13.0 million hectares under wheat ; out of which about 4 million

hectares have assured irrigation facilities fed by either canals

or tubewells and ordinary wells. Even in irrigated areas, the

average yield has been of the order of only 1.3 tonnes per hectare.

Scientific wheat improvement work was initiated in the

early years of this century at the Indian Agricultural Research

Institute under the guidance of Sir Albert Howard. This work let

to the development of varieties like NP 4 and NP 52 which were

capable of yielding about 3 tonnes per hectare under good conditions

of management. In 1935, Dr. B.P. Pal reoriented the programme so

as to incorporate a high degree of resistance to stem, leaf and

stripe rusts in the cultivated varieties. Some of the varieties

resulting from this programme such as NP 710, NP 718, NP 770, NP 798

and MP 809 became quite popular among the farmers, since they could

harvest grains only from these strains in years characterised by

severe rust epidemics. Breeding programmes were also initiated
in the different States of India and some notable varieties like

C.591, C.518, C.273 and C.281 were developed in the Punjab by

Mr. Ram Dhan Singh. These Punjab wheats led to preference in

Contd....p/7
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the grain market for bold, hard, amber and lustrous grains.

Prior to their introduction in 1934, varieties with red grains

were also widely cultivated and the preference for amber grains

now prevailing was not in existence. Throughout the country,

however, there was preference for hard and vitreous grains because

such wheats make good chapatees ( unleavened bread, the form in

which wheat is consumed in India ) and store better under primitive

conditions of grain storage. The soft wheats are heavily damaged

by grain weevils during storage in mud bins and there has hence

been an unconscious selection for wheats with a high Pelshenke value

K a@ unit of measurement of gluten strength ). There are nearly

1.5 million hectares under the tetraploid wheats, Triticum durum|and

T. dicoccum, which are widely cultivated in many parts of peninsular

India due to their drought resistance. The cozmon bread wheat,

T. aestivum, is the dominant wheat of the Indo-Gangetic plains

and occupies about 11.5 million hectares.

In 1962, I made a study of the factors responsible for the

yield stagnation as well as instability in the productionof this

crop. Tae following appeared to be the principal factors involved

in these phenomena. First, the morphological architecture and

developmental rhythm of the tall varieties cultivated until then

were not conducive to the crop being grown under good conditions

of soil fertility. Secondly, the tall straw and the consequent

low resistance to lodging rendered irrigation impossible after

about February ( wheat is sown in most of India in October-November

and harvested in March-April ). The temperature rises fast and

Contd p/8.



exceeds 30°C from March and hence the plants experience both

atmospheric and soil drought during the grain development phase.

It is hence that Sir Albert Howard remarked over 50 years ago that

“wheat yield in India is a gamble in temperature". Thirdly, most

of the common wheat varieties, with the exception of those bred

at the Indian Agricultural Research Institute, were susceptible
to rusts and loose smut, Whenever the farmers supplied more water

and nutrition to the crop, the disease problem alzo became more

severe. Finally, late rains and hailstorm and heavy wind were

recurrent during late March and the tall varieties invariably

lodged even under conditions of low fertility. An important

eonsequence of lodging is a delay in maturity and the shifting
of grain development to more unfavourable environmental conditions

than normal. This analysis led to the conviction that dwarf

wheat varieties are essential both for; increasing the yield potential
of this crop through the effective use of vater and fertilizer and

for destroying some of the factors causing instability in production

from year to year.

EVOLUTION OF DWARF WHEATS:

The discovery in Japan of genes in the Norin wheat variety,
which confer a dwarf and non-lodging plant habit, hence opened the

deor to the reconstruction of the morphology of the wheat plant.
Several dwarfing genes were known for a long time in wheat, such as

the 8 or C genes which govern the Sphaerococcum and Compactum

contd.......7/9
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characteristics respectively. However, these genes produced, coin-

cidentally with dwarfing, very dense and compact ears. The first
strain to be identified with the desired combination of short plant

height, lodging resistance and ear characters was Norin 10. This

variety was one of a collection of Japanese wheats brought to the

United States by Dr. S.C. Salmon in 1946. Three recessive genes

for dwarfing, with additive effect, have so far been identified
in this material.

Using the Norin dwarfing genes, the dwarf winter wheat

variety, Gaines, was developed by Dr. 0.A. Vogel in the Washington

‘State, United States, in 1961. Simltaneously, dwarf spring wheat

varieties with the Norin dwarfing genes were developed in Mexico by

Dr. H.E. Borlaug and co-workers. In order to develop dwarf wheat

varieties suitable for cultivation in India, the Indian Agricultural
Research Institute, New Delhi, introduced in 1963 a large variety of

dwarf wheat material from Nexico through the kind courtesy of the

Rockefeller Foundation and the Mexican Ministry ofAgriculture. In

1963-64, this material was grown and assessed at Delhi, Ludhiana,

Kanpur, Pant Nagar, Pusa, Bhowali, and Wellington for the extent of

their adaptation and reactions to the
jorevailing

races of stem, leaf
and stripe rusts. In addition to breeding material, bulk quantities
of four commercial Spring Wheat Varieties, Lerma Rojo 64A, Sonora 63,

Sonora 64 and Mayo 64, were also obtained from Mexico. The trials

Contd....p/10.
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conducted with these varieties even in 1963-64 with 80 Kgs p HN per

hectare revealed that a new order of yleld has become open in wheat.

During 1964-65 the dwarf strains were tested under the All-India

Coordinated Wheat Trials. In addition, they were subjected to

detailed physiological, pathological, chemical and agronomic

tests at the Indian Agricultural Research Institute. They were also

grown in farmers’ fields under the National Demonstration Project,
which provided an opportunity to scientists to demonstrate new find-

ings to farmers. On the basis of all the data collected two Mexican

varieties, Lerma Rojo 64A and Sonora 64, were approved by thé

Central Variety Release Committee of the Government of India in

1965 for cultivation in the irrigated wheat areas of India.

Lerma Rojo Ws a late variety with a high degree of resistance

to all the three rusts. It performs very well under timely sown con-

ditions and in areas acterised by stripe rust epidemics. Sonora

64, on the other hand, is\an early variety and is well suited for

being grown in rotations line Maize-wheat, potato-wheat, rice-wheat

and sugarcane-wheat. It has[ie genes for dwarfing and hence it

is the most rodging-reatatint variety
so far released. Being early,

it is suitable for cultivation under high fertility conditions in

the eastern parts of
Uyter Pradesh, \Bihar,

West Bengal, Rajasthan,

Madhya Pradesh, Gujardt ’ Maharashtra, Orissa
and Madras. Sonora

64 does not do wellAt sown before the
middle

of November in areas

where the ng time is late October or early November. It

is suscept pe rust and hence has recommended for

areas wher appears in an epideni ion. It is also

highly aus loose smut and a good tation programme

is essenti ing the incidence of e low.

. Contd p/ll.
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BREEDING WEW DWARF WHEATS:

Varietal diversity as well as a rapid replacement of varieties

are essential for sustaining high wheat ylelds over many seasons.

From the advanced generation material received from Mexico in 1963,

several selections such as 8.227, 8.307, 8.308 and &.331 were found

to perform very well. These strains have amber grains and a very

high yleld potential. The original material of 8.227 received from

Mexico segregated for resistance to leaf rust and selections for resis~

tance were made. These selections were tested in coordinated trials with

the help of the participating State Institutions. The highest yields

in national demonstrations in 1965-66 and 1966-67 were obtained with

8.227, which yielded respectively 65 and 82.0 quintals per hectare in

a farmer's field in the Delhi State. Seeds of 8.227, 8.307, S.308 and

§.331 wer
multiplied

at Wellington, in the Nilgirl Hills, during the

summer of 1966 and 1967 and these varieties were approved for

general cultivation in 1967. A brief description of these new strains

and the names given to them are given below:

KALYAN SOMA: This is a selection possessing resistance

to leaf rust made from the population of 5.227 grown in 1963-6h.

Selections were made at the Indian Agricultural Research Institute,
the Punjab Agricultural University, Lodhiana, and the U.P. Agri-
cultural University, Pant Nagar. This is a strain with medium

maturity, amber grains, profuse tillering and a very high yield

potential. It is derived from the cross, Penjamo sib x Gabo 55. The

chapatee and bread making properties are good and this strain is

likely to become one of the most widely grown in the country. From

Contd....p/12.
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the same cross, two strains mamed Sieto Cerros 66 and Mexipak 65

have been released in Mexico and Pakistan respectively. In Mexico,

a sister selection with red grains is being grown commercially under

‘the name Super-X. Similar sister selections are called Indus 66 in

Pakistan and V.18 and P.¥. 18 in India. Thus, this cross has yielded

many outstanding selections characterised by a high yield potential

and wide adaptability.

SONALIKA: This is a single gene dwarf derived from the

Mexican cross (IT54-388-An) x (Yt.54 x NW 10 B) LR.ITI 8427 and the

original material was received under the number 8.308. The grains

of this variety are bold and amber.It possesses resistance to all

the three rusts and doez well both under timely-sown and lLate-sown

conditions. Selection for non-shattering habit was made at the.

Indian Agricultural Research Institute.

SAFED LERMA: This is also a single gene dwarf derived frou

the Mexican cross ( Y 50 x HN. 10.B ) (L.52) LR’. Since it is from

material back-crossed thrice to Lerma Rojo 64A, it resembles

Lerma Rojo 6lia/closely’ in height, pigmentation and other characters.

The main difference lies in the waite semi-hard nature of this

strain, in contrast to the red and soft grain of Lerma Rojo 6hA.

CHHOTI LERMA: This is a white seeded, two gene dwarf

derived from the Mexican cross (R64(Sib) x HUAR ). It is highly

resistant to lodging and has good resistance to all the, three rusts.

Contdd.....p/12.
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SHARBATI SOWORA: ‘The 2-gene dwarf wheat variety Sonora 64

introduced by the I.A.R.I. in 1963, has, as mentioned earlier,

proved to be capable of yielding about 6 tonnes per hectare

when grown properly. The seeds of this variety are, however, red

in colour and hence fetch a lower price in the grain market ( a

difference of about Rs.20.00 per quintal exists in the price of red

and amber coloured grains ). The variety was hence subjected to

mutation breeding in 1963 and an amber seeded mutant isolated

from gamma ray treated material was approved for release by the

Central Variety Release Committee in 1967, under the name

"SHARBATI SOHORA". Sharbati Sonora resembles Sonora 64 in all

other respects except the quality and colour of grains. Besides

Raving bold and amber seeds, Sharbati Sonora was found to possess

on an average 16.5 per cent protein in contrast to about 14.0 per

cent in the parent strain. Also, Sharbati Sonora has about 3 grams

lysine in 100 grams protein, in contrast to about 2.4 grams

lysine/100 grams protein in Sonora 64. It appears that a major

factor for protein and lysine synthesis may be located near the

gene concerned with grain colour. This mutant has helped to

establish that protein quality and quantity can be coincidentally

\amproved. This variety has also excellent bread making properties.

Since Sharbati Sonora yields over 6 tonnes per hectare, it is

also an index of the possibility of developing high ylelding-cum-

high quality varieties of cereals and other crops.

Contd....p/14.
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In the Indo-Gangetic alluvial soils lodging occurs even with

single and two-gene dwarf strains. This is partly because of the

poor soil structure arising from the many ploughings ( usually

exceeding 10 ) which farmers give prior to the sowing of wheat and

partly due to the eccurrence of late rains and gale in the month of

March invariably every year. Consequently, there is enormous

interest now in varieties with 3 genes for dwarfing ( called "friple
Dwarfs" ) and several such strains are in advanced stages of testing.

Yhe new varieties under development are non-lodgtng, highly resistant

to the prevalent races of rusts and have grains with a high protein

and lysine content.

COMBINATION BREEDING INVOLVING INDIAN & MEXICAN PARENTS:

The good adaptability of the Mexican Wheat varieties under

Indian cenditions made it possible to usher in the era of dwarf

wheats in India seoner than it would have been possible otherwise.

It sheuld, however, be emphasised that the Mexican varieties and

breeding materials have also proved very useful in hybridisation

programme with Indian wheat varieties such as N.P. 875 and

N.P. 852. Many Mexican and Indian parents combine very well and

already more than 5,000 crosses have been made. It has been

possible to develop strains from this hybridization programe,

which combine the best attributes of both the parents. In particular,
the grain characters and the chapatee-making quality of the

Contd....p/15.
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Indian wheats have been combined with the photo-insensitivity,
disease resistance and fertilizer responsiveness of the dwarf types.

Several of these strains, which in preliminary yield trials have

out-yielded the parental types, are now undergoing jextensive multi-

location tests. The breeders' assembly-line contains many new

high ylelding~cum-high quality varieties and an essential pre-

requisite for yield advance and stability, namely varietal diversity
and the rapid replacement of varieties, can be met. Dwarf varieties

have also been developed in the maeroni wheat, T. durum, and they

are being tested for their yielding ability.

Ir.

( Sorghum vulgare )\
and Pearl Millet v Pennisetum typhoides ) which are cross-pollinated

erops, the
exploitation

of hybrid vigour has helped in increasing

by over 100% their yi d potential. Eight different hybrids in maize,

two in Sorghum and four\in Pearl Millet have been released in India.

In Sorghum and Pearl miiet » hybrid seed production involves the

use of male sterile ines.
\A11

these hybrids are characterised by

(a) ability to respond to h levels of fertilizer application

(b) photo insensitivity and
(ce) suitability for being grown in

rotations with other crops like wheat and rice. Brief descriptions

of these hybrids and their jerarhe ability are given below:

Contd. ...p/16.
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to the others in these traits. The PER value of

f Sharbati Sonora was higher than that of the

; Sonora 64, ao

strength of gluten, as judged by the Pelshenke value,

lo a great extent the quality of chapatee ( unleavened

rm in which wheat is largely eaten in India ) and the

resistance te weevils during storage. The Mexican semi-dwarf wheat

variety, Lerma Rodo,
yields over 5 tonnes per hectare in many parts

of India and ha egree of resistance to stem, stripe and leaf

rusts. It has, ed and soft grains, characters not liked

both by farmers ers. Hence, a mutation breeding programme

was taken up an ain mutants were isolated ( Varughese and

Swaminathan, 1' of these mutants had a much stronger gluten

than the perent strain shenke values higher than 120

are good for chapatee-

b) Rice : The ndica~type of grains isolated

in the japonica variet sted for protein content.

The data reveal that t ope for increasing the protein

content of rice. The b ur of the high protein lines

and PER walves are now

., Breeding for higher and stable yields under
adverse environments 3

Cun coumby }

In many parts of Indta—and-aiso—in-theothercountries in,
hsje the annual rainfall is below 40 cms and the distribution of

Centd. -p/27.
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the rainfall is skewed. Since there has been considerable j

progress in the yield and income of rerein x |

KIART hoo teen dviecld
irrigated areas,

ry breeding re qhobld-eim-wt/ enhancing
the income potential of farms in unirrigated and low rainfall areas.

not terariae, @te appreach o t has been

to develop new plant types for such dry areas, based on the

indices of selection provided by physiologists. Thus, in wheat, ~

branched types of Triticum aestivum are under development, since

the primary way of increasing yield in unirrigated areas seems

to be through an increase in the number of grains and the weight

ef grains in the main tiller. In the case of Sorghum, it has

been found thet
p hybrid, CSH-1, exhibits both a higher yield

and a greater stability in production, in comparison with

varieties when grown in dry and
untgrigated

areas ( Table ff ).
The data in

Table
were collected byN. Ganga Prasad Rao and

Harinarayans ( rn and gf represent grain yields obtained Y
under rainfed conditions over a period of 4 years at 10-12

locations representing diverse environments. The years 1964 and

1967 received normal rainfall, while 1965 and 1966 were

——,R

characterised by drought. Genotype x environment interactions
t

were 0 sing a

model >» stability
is described by three parameters - mean yield, regression of

mean yield en an environmental index and deviations from

Contd... .p/28.
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regression. It is clear from the data that the hybrid CSH-1

is superior to the local varieties under good as well as adverse

environmental conditions. Barbar—et—si;,_{1968) -have-suggested_

~thet the formation of hybrid enzymesmaybe responsible-forthe
~wider-adaptability of heterozygotes and polyploida-—Certain hybrid

enaymes-—may—be_sabilized—egainsenvironmental fiuctuations_—__—

and_thus_allew_the piant—to-survive @fivironmental extremes in the ~

ray -driffing {-1965—} in thetr-study -ef—the—

effect of hot—and-cold temperature shocks-on-hybrid_and-pure=__
Thee

7
bred mabz@s Capitalising on heterozygote advantage could be an

efficient genetic method of yield stabilisation under conditions

of stress frequently met aein qodgareas.
"he
a heeycancotion 2te tien

Recent~_advances in plant breeding have opened up a vast

in improv the yield and quality of allpanorama of possibi

plants of economic value. del has thus vided the most potent

toels with which Malthusian predi ions can be belied.
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