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morphologieal than a physiological problem and that unless the

ft.Ly yews GSrly plant has a morphological frame which enables it to resist

laos bee “eA —-_lodging, the application of fertilizers and water in the quantities

. required for high yields is not possible. If the variety ie not

Pajyes
tailored to the needs of high fertility conditions, the yield nay

OM even tend to get depressed with the application of nitrogen doses

exceeding ‘about 40 Kge N per hectare. A short, non-lodging habit
i

27h ty is hence a pre-requisite for introducing a new agronomy capable
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phn of erhancing yields. Several dwarfing genes were known for a lorg
————y, time in wheat, auch as the S or C loci which govern the

Sphaerocoocum and Compactur characteristics respectively. These

loei, however, old had a pleiotropic effect on the ear, naking it

very dense and compact. The first variety which appeared to have

the desired combination of short plant height, lodging resistance
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and kernel type was’Morin 10 (Vogel,¢.4.,Cracddock;——J.¢vs-Matry;

CsExy “gversomy tuft, and C.R._ Rohde, 1056, Ag@ony Jour, 48. 176-78).

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

the United States by Dr. S.C. Salmon in 1948.

Using the Norin dwarfing genes, the dwarf winter wheat variety,

Gaines, was developed by Dr. Vogel in the washington State, United

States. Spring wheat varieties had been developed in “exico by

Dr. N.S. Borlaug, using the Nerin genes for dwarfing (three

independent genes_have so far been found).
In order to develop dwarf wheat varieties evitable for

cultivation in India, the Indhn Agricultural Research Institute,

New Delhi, introduced in 1965 a large variety of wheat material

containing the Norin dwarfing genes from Mexico through the courtesy

Introdytion of the Norin dwarfing
genes in wheat breeding NO
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of the Rockefeller Foundation and the Mexican Ministry of

Agriculture (Swaminathan,MsSv 1966. IARI P.G.Schrool Journ. 3° 57-63.
In addition to breeding material, bulk quantities of four commercial

Spring Wheat varieties - Lerma Rojo 644, Sonora 65, Sonora 64 and

Mayo 64 were aleo obtained. These varieties were tested in all the

wheat growing States of India during the rabi seasons of 1965-64

and 1964-65 under the All-India Wheat Improvement Project. In addition,

they have been subjected to detailed physiological, pathological,

chemical and agronomic tests at the Indian Agricultural Rezearch

Inetitute. Two of these varieties, Lerma Rojo 644, and Sonora 64 were

approved by the Central Variety Release Committee of the Indian Council

‘of Agricultural Research in 1965 for cultivation in irrigated areas.

Terma Rojo ig a late variety with a high degree of resistance to

yellow rust. It performs verywell under timely sown conditions and

in areas characterised by yellow rust epidemica. Sonore 64, on the

other hand, is an early variety ami is well suited for being growm

in rotations like maiseewheat, potato-wheat, rice-wheat, etc. It is

the moat lodging resistant variety so far developed. Being early, it

de a safe variety for cultivation under high fertility conditions

in the eastern part of U.P., Bihar, Weet Bergel, Rajasthan, Madhya

Pradesh, Gujarat, Maharashtra and Oriesa. Sonora 64 should not be

sown before the middle of Novenber in areas where the norsaal sowing

time is late October or early Noverber. It is susceptible to yellow

rust and hence is not recomended for areas where yellow rust

appears in an mwpitkex epidemic condition.

+ Disease resistance: Resistance to individual races of rvwts

was studied at the Division of Mycologyand Plant Pathology of TaRT

and it kas been found that Sonora 64 possesses resistance to 12 races

each of black and brown rusts and fow races of yellow ruste

Characteristics of Lerma Rojo and
Sonora 64



It is susceptible to loose smut and heme in seed farma the seeds

should be treated agingt smut infection. Lerma Rojo is resistant

to 8 races of black rust, 6 races of brown rust and 7 racea of

yellow rust.

lodging resistance: Sonora 64 has tw genes for dwarfing, while

Lerma Rojo has en¥¥ one such gene. Ags a consequence, Sonora 64 has a

very high degree of resistance to lodging.

Growth Pattern: Detailed studies of growth and development in

the dwarf wheats have shown that Sonora 64 produces only 6 to 8 tiller

all of Wiich come to mturity synchronously. Using s seed rate of 100

Kilograns per hectare and four to five irrigations, ylelds of five to

six tons per hectare have beon obtained. The synchronous tillering
habit enables this variety to make an effective ure of the fertilizer

and water applied.

Biochemical characteristics: The protein and other quelity

characteristics have been stud-ied in detail. On an average, the

protein content of the grain was found during 1964-65 to be 14.6

percent. While Lerma Rojo ie a soft wheat, Sonora 64 hag strong

gluten and has good chapatee-making qualities. When N is in abundant

supply, irrigation during grain development doea not lead to mottling

of grains. The gains have a red colour.

The dwarf wheats showed a

very poor atand at several trials, The seeds showed 100 per cent

germination 4n petri dishes but the emergence of the seedlings in the

fields was poor. It was seen that thie was due to the deep sowing of

the seeds which the tall varieties tolerate, but the dwarfs do not.

The dwarf strains have a short coleoptile, which ie unable to

penetrate a lom distarme if placed deep. Sonora 64 is particularly

affected by the type of sowing practieed by our farmers, who often

sow wheat at a depth of four to six inches so as to place the seeds

in the region of the soil which has adequate moisture. If a \

Agronomic and cultural regulrenents
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pre-sowing irrigation is given, there will be enough moisture

in the upper strata of thesoil and the seeds can be sown at a

depth of tw inches from the surface. Under such conditions,

germaination and tillering of Sonora 64 and Lerma Rojo are excellent.

Irrigations prior to sowing and during grain development (February

and Maarch) are exceedingly important for realising the full yield

potential of thie wriety” The maximum temperature during March at

Delhi ranges from 29 to 52% and at this time usually hot dry winds

occur. While the normal varieties will lodge if an irrigstion is

given unJer swh donditbns, the dwarfs can be safely irrigated.

Yielding ability: The yleld teste conducted during 1964-65 have

confirmed the expectatiom these varieties raised during 1965-64.

Lerma Rojo, becauge of ita higher degree of yellow rust resistance

has been found to do well in parts of Punjab and U.P., where yallow

rust ie a probler. Sonora 64 does very well in all areas where yellow

rust 4a not a problew. At Dalhi and Dohad (Gujarat), a yield of 6.4

tons per hectare wag obtained wth this variety during 1968-65.

New selections: Varietal diversity as well as a rapid replacenent

of varisties are essential for sustaining high wheat yields over mary

seasons. From the advarced generation material sent by Dr. W.%. Borlaug

in 1965, several selectiore swh as 5.227 and S.307 have been found

to perfora very well in the Korthern Plains Zone. Roth these strains

have amber grains and a highyield potential. The highest yield in

national @nonstrations in 1965-86 wae obtained with 5.227, which

yielded 68 quintals per hectare in a farmer's field in the Punjabkhod

Village of Delhi State. S. 507 is a derivative of a cross involving

Lerma Rojo and the Japanese dwarf strain Korin 10-3. S.507 haz

superior rust resistance. The original stock of S.227 received fron
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Mexico segregated for resistance to brown rust and selections

have been wade for resietanco. Seeds of S.227 and 3.507 were

multiplied at Wellington in the Miigiri Hilla during the sunmer

of 1966 and these varieties are undergoing extensive yield tests.

Besides the selections made at the Indian Agricultural Research

Institute, valuable selectiore were nade at Iudhiane, Pant Nagar and

Durgapura inthe dwarf material sent to then. At Ludhiana, two selections

PV.18 and $.227 have bean found to do well. Selections for brown rust

resistance have been made in S.227 at Pant Nagar.

Crosses between the dwarf wheat material from Mexico and

promising Indian varieties were sade in 1965 ard several of the hybrid

derivatives hold great promise for a further improvenent of the yield

potential and quality of wheat. Through induced mutation: the grain

colour of Sonora 64 and Lerma Rojo hae beer changed frow red to amber.

The quality and quantity of protein in these varieties have also been

considerably improved M.S. Swaminathan, 1966,

Nearly 400,000 hectares were sown with dwarf wheat varieties

during the rabi season of 1986. Arrangements have been made to supply

fertilizers in adequate quantities for this area and it ia expected

tht the cultivweion of such non-ledging varieties in conjunction with

suitable agronomic practices would help to double India's wheat

priduction within the next five years.

Curr. : d9-470-)
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the dwarf plant hibit - a break through ip
the of yield in whest and rice.

Dr. M.S. Swaminathan,Director
Indian Agricultural Research Institute,

New Delhi

It is now clear that fertilizer response is more a
morphological then a physiological problem and that unless
the plant has a morphological freme which enables it to
resist lodging, the application of fertilizers and water in
the yuantitles reyuired for high yields is not possible.If the variety is not tailored to the needs of highfertility conditions, the yield may even tend to get
depressed with the application of nitrogen doses exceeding
about 40 Kes N per hectare. A short, non-lodging habit
is hence a preereyuisite for introducing < new agronomy
capable Of enhancing ylelds, Several dwarfing genes
were known for a long tire in wheat, such as the S or C
loci which govern the Sphgrogoccum and Com

characteristics respectively. These loci, however, all
had a pleiotropic effect on the eur, making it very dense
and compact, The first variety which appeared to have
the desired cambination of short plant height, lodgingresistunce and Kernel type was the Japanese variety Norin
10. This variety was one of a collection of Japanese
wheats brought to the United States by Dr. S.C. Salmon
in 1948.

Using the Norin dwarfing genes, the dwarf winter
wheat variety, Gaines, was developed by Dr. Vogel in the
Washington State, United States. Spring wheat varieties
had been develcpad in Mexico by Dr. N.H. Borlaug, using
the Norin genes for dwarfing,

In order to develop dwarf wheat varieties suitable
for cultivation in India, the Indian Agricultural Research
Institute, New Delhi, introduced in 1963 a large varietyof wheat material containing the Norin dwarfins genes from
Mexico through the courtesy of the Rockefeller Foundation
and the Mexican Ministry of Agriculture, In addition to
breeding m: terial, bulk quantities of four commercial
Spring Whact varieties - Lerma ROjo 64A, Sonora 63, Sonora
64 and Mayo 64 were also obtained, These varieties were
tested in all the wheat growing States of India duringthe

gabh
se. sons Of 1963-64 and 1964-65 under the All-India

Whe.t Improvement Project. In addition, they have been
subjected to detailed physiological, pathological,chemical und agronomic tests at the Indian Agricultural
Research Institute. Two of these varieties, Lerma ROJo 644,and Sonora 64 were approved by the Central V:riety Release
Committee of the Indian Council of Agricultural Researeh in
1965 for cultivation in irrigated areas,

Lerma ROjo is a late variety with a high degree of
resistance to yellow rust. It performs verywell under
timely sown conditions and in areas characterised by
yellow rust epidemics. Sonora 64, on the other hand, is
an early variety and is well suited for being grown in
rctations like maize-wheat, potato-wheat, rice-wheat, eta.
It is the most lodging resistant variety so far developed.
Being carly, it is a safe variety for cultivation under
high fertility conditions in the eastern part of U.P.
Bihur, West Bengal, Rajasthan, Madhya Pradesh, Gujarat,
Maharashtra and Orissa. Somore 64 should not be sown
before the middie of November in areas where the normal
sOwing time is late October or early November. It is
susceptible to yellow rust and hehce is not recomended for
areas where yellow rust appears in an epidemic condition,



Characteristicof Lemma Rojo and
Sanors 64,

Resistance to individusl races ofTrusts was studied -t the Division of Mycology and #lant PathologyOf TAK ang lt has Heer fount buat Sonora 64 possesses resistanceto 1% reces each of Diack and brown pists snd four races of yellowrust. It 1s suscentible to loose smut and hence in seed farmsthe seeds chould be treated against saut infection. Lerag Rojois resistant to 8 races of black rust, 6 racee of brown rust and7 races of vellow rust.
Sonora 64 has two genes for dwarfing,while Lerma Rojo has one such gene. As a consequence, Sonora 64has a very high degree of resist=nee to lodging.

Growth pattern: Detailed studies of grovth and develonmentin the dwarf wheats have shown that Sonora 64 ~roduces only 6 to8 tillers a11 of which come to maturity synchronously. MWsinga seed rate of 100 Kilograms ver hectare and four to fiveirrizaticns, yields of five to six tong ver hectare have beenobtained. The synchronous tillering habit ensbdles this varietyto make an effective use of the fertilizer 2nd water saovlied.
The vrotein and other qualityCharacteristiec have been studied in detail. On en average, theprotein content of the grain wae found diring 1964-35 to be 14.6per cent. ‘While Lerng 2-jo is a soft whest, Sonora 64 has stronggluten and has good Chapateeemaking qualities. When N is inabundant sunply, irrigation during grain development does notlead to mottling of erains. The grains have a red colour.

malrequrements: The dwarf wheatsshowed a very »oor stance at several trials,g The seeds showed 100per cent rerainstion in -etri dishee but the emergence of theseedlincs in the fields sas poor. was seen that this was dueto the deen sowing of the seeds which the tall varictins tolerate,but the dwarfs do not. The dwarf streins have a short coleopvtile,which ir umsale to venet--te a Long distances if claced deen.Sonora 64 as vavticularly affected by the tyne of sowing practicedby our farmers, who >ften sow wheat at a denth of four to sixinches sc 1.2 to place the seeds in the region of the soil whichhas adequate moisture. If a pre-sowine irrigation is giventhere will he enough moisture in the upper strata of the soil andthe seeds can he sown at a denth of t-70 inches from the sur“ace,Under such conditions, germination and tillering of Scnora 64and Lerma Rojo are excellent. Irrigations vrior to sowing andduring grain development (February and March) are c.ceedinglyimportant for realising the full yield potential cf theseVarieties. The maximum temperature during Maren at Delhi rangesfrom 29 to 32°¢ and at thie tine asially hot cry winds occur.While the normal varieties will lodge =f an irrigation is givenunder such conditions, the dwarfs can be safely irrigated.
i x i The vield tests concucted during 1964-65have confirmed the exuectations these varieties raised during1963-64. Lerma Rojo, because of its higher degree of yellow rustresistence has been found to do well in warts of Funjab and WePe,where yellow rust 1s a vroblem. Sonora 64 does very well in allareas ‘rhere yellow rust is not a vroblem at Delhi and Dohad(Gujarst), a yield of 6.4 tons ner hectare was cbtained withthis variety during 1964-65,



New se Varietal diversity as well as a rapid
replacement of varieties ure essential for sustaining high
wheat yields over many seasons, From the advanced generation
Materiul sent by Dr. N.#. Borlaug in 1963, several selections
such as $.227 and £©.307 heve bser found to perform very well
in the Northern Piaiis cone, soth these strains hive amber
grains «and a hizh yield potential. The highest yleld in
National demonstrations in 1965-66 was obtained with S.227,which yielded 68 yuintels per hectare in a farmer's field in th
Punjabghod Villuge of Delhi Stata. S. 307 is a derivitive
of a cross involving Lerma Rojo and the Japanese dwarf strain
Norin 10-B, &.307 has superior rust resistance. The original
stocs Of $.227 received from Mexico sezregated for resistance
to brown rust and selections have been made for resistance.
Seeds of S.227 and S.307 were multiplied at Wellington in the
Nilgiri Hills during the summer of 1966 and these varieties are
undergoing extensive yleld tests,

Besides tne selections made at the Indian Agricultural
Research Institute, valuable selections were made at Ludhiena,
Pant Nagar and Durga,pura in the dwarf material sant to them,
At Ludhiana, two selections PV.18 and S.227 have been found to
do well. Selections for brown rust resistance have been made
in $.227 at Pant Nagar.

Crosses between the dwarf whect material from Mexico
and promising Indian varieties were made in 1963 and several
of the hybrid derivatives hold great promise for a further
improverent of the yield potential ard yuality of wheat.
Through induced mutetions the grain colour of Samora 64 and
Lerma Rojo have beer. changed from red to amber. The quality
and quantity of pro*teim in these varieties have also been
eonsiderably improvec,

Nearly 400,030 “eetsres were sown with dwarf wheat
varieties during the Babl sezson of 1966. Arrangements heave
been made to supply fertilizers in adequate quantities for
this area and it is expected that the cultivation of such
NokeLodging varieties in conjunction with evitable agronomic
practices would help to double India's wheat productimwithin the next five years.

36.1 m dia and the tota
production was 38.73 million tonnes. Out of the total area,
nearly 13 million hectares hsve assured irrigation, An
additionzl 1 ton per hectare can easily be produced in this
area during 1967. 4 short and non-lodging variety is basic
to getting the best out of fertilizer and water, Three of the
‘chief limiting factors of yield in cur irrigi.ted rice growing
regions are ( the low response to nitrogen and other
nutrients by the tall varieties (b) the restriction imposed
by the lodging tendency on the supply of water during the
wdvanced stiges of grain development (c) the impossibility
of adjusting the growing Season in such a way that it
synchroniges with natural lower tempereture and sunny days
which - re conducing for efficient photosynthesis and good
grain development, More than 204 increase in grain yield
has been found by « chanve in planting time in some v: rieties“
The monseon season when rice is widely grown in India is
unfortun:tely the most unsuitable for grain production. Even
if hign doses of fertilizers are applied, the reduced
photosynthesiscaused by cloudy skies limits their use by the
plant, since carbohydrate reserves ure essential for nitrogen
use, The discovery of a dwerf, erecteleaf and photoinsensitive
type of rice in Taiwan called D2e-ga0-woo~zgen was henc3 an
important landmark in the yield history of jndica rices.

opment o r e
lilion hectares were under rice in Ir
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Tests conducted in different parts of the country have
shown thet both Teichung Native-1 and IR-8, which are dwarf
and non-lodging verieties are capable of ylelding 6 to 8
tonnes per hectare when grown under proper manazement. Many
short-strawed, photoinsensitive varieties will shortly be
ready for relezsse from the hybrids of adapted Indian varieties
and Yee-gee-woo-zen, Taichung Nativeel and IR-8 already made
in India, At the IARI, a dwarf Basmati variety cf rice is currem
tly under development. this would help to double the yleld of
the Basmati varieties now grown,

Yowerful research tools are available which can help to
rectify sane of the prominent defects of the high yieldingvarieties lixe Taichung Nativeel, Taichung-65 and Tainan-3.
Through the treatment of seeds of these varieties with
physical mutagens like Xerays end gamma rays and chemical
mutagens like ethyl-methane-sulphonzte, resist:nce to bacterial
blight has been induced in taichung Nativeel, Similarly, non-
sticky grains have been produced in Taichung-65, These new
varieties, if cultivated with adequate fertilizers and pest
and Gisease control, would help us to increase rice production
by over 10 million tonnes during 1967.
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Dr. M.f,. Swemin: than,Director
Indian Agricultur:1 Research Institute,

New Delhi.

It is now cle.r tht fertilizer response is rore a
morpholorleal than a physiolovie:.1 probler «sn? thet unless
the plunt his « morpholovico.l frere which enubles it to
resist lodging, the c.pplie tion of fertilizers und w in
the wiantities re,ulred for high yields Ls not possible,If tre veriety is not tuilored to the needs of hichfertility conditions, the yield my even tend to zet
depressed with tse applic.tion of nitrouen doses cxceedingabout 40 42s N per heet.re. «4 short, noneLlodgins habit
is henge u pre-re,ulsite for introducir2 . new ; eronomy
Cupeble Of enburneing ylelis, ‘Several dwarfing venes
Were anvwn for . Lonny tlre in wre:t, such «ws the S or C
loci whict govern the Spharecoccum and Com

churacterlsctles respectively. These loci, however, allhed a plelotropic effect on the ecr, maxing it very dense
atid compect. The first vericty which upveared to have
the desired combin tion of short plint height, lodgingresistince und sernel type was the Jupznese vuriety Norin
10. This viriety was one of a collection of Japsnecsewhe.ts brought to the United St. tes dy Or. S.c. Selmon
in 1948.

Using the khorin dwarfing genes, the dwerf winter
whe:t variety, Guines, was ievelozed by or, Vogelir the
vashington Ct.te, United Ct.tes. Sprinz wheat verieties
hid beer. developed in Mexico by DOr, N.E. Borlaug, usingthe :orin venes for dwarfing,

In order to Jevelop dwarf whe:t varieties suitable
for cultiv.tion in Indis, the Indian serleultural Research
Institute, New velhi, introduced in 1963 4 luree v: rietyof whe.t matericl eontsinine the Norin dwarfin: zenes from
Mexico thresh the courtesy of the Rocxefeller Foun? tion
snd the Mexie:n Ministry of .zriculture, In addition to
breeding r:- terlel, bulk Jucntities of four com:ereizl
Spring vhe.t vorieties - Lerre Rojo 644, Sonora 63, Sonora
64 und Mayo 64 were z1lso obtzined. These varircties were
tected in ull the whe.t zrowing “t. tes of India duringthe rev) so: sone of 1963-64 .nd 1964-65 under the ; 1ll-Indiashe.t Improverent project. In oddition, they have been
subjected to ‘etsiled physiolovical, p: tholovicl,chemic.1 ind arronomic tests ut the Indien sericultural
aesearch Institute, Two of these verieties, Lerpi Rojo 64a,and Sonora 64 were ce.uroved by the Central ¥riety Relesse
Committee of the Indian Council of .gricultural HKeSeureh in
1965 for cultivetion in irrig: ted wreas.

Ler: nojo is a lute viriety with « hieh degree of
resistunce to yellow rust, It perforts verywell unier
timely sown conditions .ni in areus characterised by
yellow rust epidemics. Sonora 64, on the other hund, is
on erly variety «and is weli sulted for beins grown in
rot. tions lixe meize-whe:t, pot:toewheat, riceewheat, eta.It is the most lodgin: resistant varlety so far developed,
Being c.rly, it 1s u safe variety for cultiv:..tion unier
high fertility conditions in the ea. stern ,ert of U.P.,Bih r, est Benwl, Rejesttan, Madhya Pradesh, Gujcrat,
Miah: rashtr: und Orissa. Sonora 64 shoul’ not be sown
before the riddle of Noverber in sress where the normsl
sowing tite is lite Oetover or e: rly Noverber, is
susceptible to yellow rust und hence is not recomrenied for
2Feas where yellow rust appezrs in an epidemic condition,



Characteristicof Lerma Rojo end=
Sadss

sen sicshenege: Resictonce to individual races ofMiets wee studied at the Divistlen of MYyCOLOgV and Zant Patnologyof TARY ang it hee been found taal Sonora 34 pos:@-sés resistanceto 12 races each of black and brown rass« ond four races of yellowrust. It is -uscentible te loose enut ani hence in seed fammsthe seeds shoilé be treated egainct snut infection, Lerag RojoLs resictant te & races o* black mist, 6 races of brown rust and7 paces of -ellow ruiste

lodzing resistances Sonora 64 has tyvo genes for dwar fingwhile Lerma Rojo haa one such genes As a consecuence, Sonore 64has a very hirh derree of reeist-anee to lodginy.
; Detailed studiea of grovth and develonmentin the dwarf wheats heve shown that Sonora 64 produces only 6 toe8 tillere all of vhich come to maturity synchronousiy. "singa seed rite of 100 Kilogroms ser hectrre and four tc fiveirri,ations, ylelds of five to six tone rer hect«re have seenobtained, The synchrenoue tillering habit enables this verietyto make an effective ise of the fertilizer and water anolilede

The nrotein and other qualitycharacteristics have been stidied in detail. On an average, theprotein content of Gh: gvain vas fond diring 1964-5" to be 14.6per cent, ‘dhile tern, R-jo is 2 soft wheat, Sonora S4 has strongEluter and hee good echanstegemaking cualitiege ‘vhen N ie in
abundant sunnly, irrigation wurine grain develonnent does notLead te mottling of «reins. The grains have a red colour.

5 u The dwarf whentsshowed « very r0or etand at several trialeg The seeds showed 100per cent rernination in setri dishes but the emergence of theseedlinrs in the flelds wan poore It seen thet this was dueto the deen soving of the scaé-> whieh the tall vericties tolerate,bat ths dwerfs do note The dwarf streine have » short coleovtile,which is unshle to nenetrate a Long distance if rlaced deen,Sonora 64 ie vearticularly affected by the tyre *f sowing practicedby cur Sarmers, vh> often sov wheat at a denth of four to sixinches -o xs to slace the seeds in the region “f the eoil whichhas adenuste moisture. If a pre-covine irrigstion te civenthere will be envigh moisture in the uoner strata of the soil andthe seeds can he som ot 4 decth of to inches from the sur “acesUmder wich conditicns, geraination end tillering of Sonora 64and Lerma Rojo are excellent, Irrigations orior to sovirg andduring erein development (February and Merch) ore exceedinglydmportant for realising the “u'l yield potential of theseVarieties, The maximum temperature during March at Delhi rangesfrom 29 to 3200 and at thig tine wainlly hot ayy winds occursWhile the normal varisties will lodve if an irrisation is givenunder mich conditione, the dwarfs con be saveiy irrigatec.
The yield tests con’uc:ed during 1964-68have confirned the exnectetions these varieties raised during1963-64, TLertn Rojo, because of its higher deer-e of yellow rustresistance has heen found to co well in carts of Dunjab and TePe,where yellow rust ie a nrobiem. Sonora 64 does very welt in allareas where yellow rist is not a nroblesae it Delhi and Lohad(Gujarat), a yield of G4 tons ver hectare was obtained withthie veriety during 1964-65



Nev _seheciions
Varietal diversity a3 woll as a rapid

replacement of varieticos ure essential for sust.ining highwhe:t ylelds over weny sezscns. From the advanced generation
mterlil sent by Dr. Ni. Borlaug in 1963, sever: 1 selections
such ce £,227 und £.507 have veer found to perform very well
in the Northern Plains cone, wsvth these strains have umver
grains ind a high yleld potential. ‘The highest yield—Mationsl demonstrations in 1965-66 was obt:ined with S.227
which ylelded 68 ,uintiis per hectare in a farmer's fleld In th
Punjub&hod Village of Delhi St.te. S. D7 isa derivz:.tive
of e cross involving Lerma Kojo and the J-panese dw.rf strain
Norin 10-B,. S.307 has superior rust resistas:ce, The original
stocen Of £.227 received from Mexico sevreguted for resitance
to brown rust and selections have been made for resistunce.
Seeds of 5.227 and &.307 were multiplied at wellingtam in the
Nilgiri Hills during the summer of 1966 and these varieties are
undergoing extetisive yield tests,

Besides the selections made st the Indian .gricultural
Rese.rch Institute, valuable selections were made at Ludhizna,Pant Nagar and Ourga ura in the dwarf muteriaul sent to them,
+t Ludhiana, two selections PV,18 and S.227 have been found to
do well. Selections for brown rust resisturice nuve been made
in $,.227 ut Pant Nagar.

Crosses between the dwarf wheat material from Mexico
and promisine indlat: varieties were made in 12463 and several
of the hybrid derivetives hold grest promise for « further
improverent of the yield potential and quality of wheat,
Through induced mutztions the giain colour of Sqorg 64 and
Lerme Rojo have veen chanced from red to ember. The quality
and quantity of protein in these varieties have ulso been
eonsiderably improved,

Nearly 400 fe
Mabh
hectares were sown with dwarf wheat

varieties during the of 1966. «rrarverents have
been made to sup.ly feet frase in cdeyuste quantities for
this axvexw ond it Ls expected thet the eultivation of such
Non-Lodging varieties in eou junction with suitable agronomic
practices would help to double India's wheat productim@mwithin the next five years,

Developmenor dvart rhee vurietieg During 1964-65,
36.1 million hectares were under rice in india anc the total
production wus 38.73 million tonnes, Out of the total area,nexriy 13 million hectares have assured irrigetiqn, An
additionai 1 ton per hectare can easily be produced in this
area during 1967, 4 short and non-lodging variety is busie
to getting the best out of fertilizer and water, Three of the
chief limiting factors of yield in our irrig.ted rice growing
regions are (a) the low response to nitrogen and other
nutrients by the t:11 varieties (&) the restriction imposed
by the lodging tendency on the su: ply of water during the
advanced st:.ges of grain development (ce) the impossibilityof udjusting the growing sezson in such a wey thet it
synchroniges with natural lower temper:ture and sunny duys
which .re conducing for efficient photosynthesis and good
gruin develoopment, More than 30% incresse in grain yield
has been found by « chinge in planting time in gome v: rtoties,The monseon season when rice is widely grown in India is
unfortun: tely the most umsuitable for grain production, Even
if high doses of fertilizers are applied, the reduced
photosynthesi sczused by cloudy skies limits their use by the
plunt, since carbohydrate reserves ure essential for nitrogen
use, The discovery of a dwarf, erectelect and photoinseneltive
type of rice in Taiwan callec Dee~geoewoo=ven was hence an
important landmark in the yield history of jndigg rices,
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Tests conducted in differert parts of the country heve
shoen both Tzichunz Nativeel and IR-8, which are dwarf
and noelodging verieties are capsble of ylelding 6 to 8
tonnes per hectare when grown under proper manazement. Many
shortestrawed, photoinsensitive varieties will shortly be
coady for relezse from the hybrids of adapted Iadlen varieties
and Dee-gee-w00-zen, Taichung Nitivee] und IR-8 already made
in Indie. it the Tél, a dwarf Basmati variety of rice is currem
tly under development, This would help to double the yield of
the Basrati varieties now grown,

Yowerful research tools are available which can help to
rectify sare of the promirent defects of the high yleldingvarieties lixe Taichung Nativeel, Taichunge65 and Tainane3.
Through the treatment of seeis of these varieties with
physlc.il mutazgens lixe Xerays and gamma rays and chemical
muta gers like ethyl-~methane-sulphonste, resistence to bacterial
blight has been induced in Tcichung Nativeel. Similarly, nome
sticky vrains have been produced in Taichunze65, These new
varieties, if cultivated with adequate fertilizers and pest
and disease cantrol, would help us to increase rice production
by over 10 million torres during 1967,


