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Foreword

Over the years, the Indian Agricultural Research System under the aegis of the Indian
Council of Agricultural Research has served a very useful purpose. Nevertheless, in the fast

changing global context, managing the change on a time scale, by converting weaknesses, if
any, into opportunities to become internationally competitive is considered important. We need

to be forward looking and visible with appropriate agricultural research policies in place

supported by the cutting edge technologies in order to attain and sustain global advantages.

It is in this background that the formulation of a perspective plan with a visionary approach
for the next 25 years, is quite necessary. The clearly spelt out options and likely changes would
enable the system to capitalize on our strength so that the threats, if any, are converted into
opportunities.

Wheat is one of the most important cereal crops of the country. Our research institutions
have contributed in a cooperative manner towards the development of nearly 184 wheat
varieties suited to different, agro-ecological regions. As a result of this effort, wheat production
increased from 12.5 million tonnes in 7964 to 65.0 million tonnes in 1995. To meet the demands
of growing population there is a need to further consolidate the gains through research efforts
to achieve about 109 million tonnes of wheat production by 2020 AD.

Developing genotypes suited for intensive agriculture, exploiting hybrid vigour and
innovations through molecular biology are some existing opportunities to further increase the
yield potential of wheat. Wheat in future, will move more toward value addition and product
development and therefore there is need to strengthen research in such areas. The Perspective
Plan for wheat research in the country has highlighted several of these issues and has provided
stimulating material for the thought process for research and development and will serve as

the foundation for future planning and research coordination.

In perspective plan formulation there was an overwhelming response to Council's initiative.
The staff of the Policy and Planning Cell of the council deserves all appreciation for undertaking
this onerous task right from designing of the necessary format and taking the plan formulation
process to its logical conclusion. The various divisional heads at the ICAR Headquarters, Peer
Review and RAC members made valuable contributions to the process of Plan formulation. The



Director and scientists of the. Institute have put in their collective wisdom in bringing out the
rlocument in its present form. It is hoped that the frame.work prepared would continue to be

rtviewecl to accommodate changes in future so that the perceived vision continues to be close

to the expc'cted target. In the years to come, based on the long term perspective, it would be

rclevant to put implementable, plan to action on five yearly basis to match with the on going
planning system of the country.

March 5, 1997

w*
(R. S. PARODA)

Secretary, DARE and

Director General,/CAR
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Preface

In India, efforts to improve the productivity of wheat got initiated towards the end of last
century. Introduction of exotic wheat material and observations such as the presence of aecial
stage on barberry around Shimla by Barclay in 1896 marked the beginning of wheat research.

With the joining of Dr. Howard and Gabrielle Howard at the then Imperial (Indian) Agricultural
Research Institute, (IARI) at Pusa in 1905, a systematic wheat improvement programme got
initiated. Release of variety NP-4 heralded breeding wheat varieties for higher yield. Following
this, several attempts were made at the Agriculture College, Lyallpur; in the then Bombay
province; the central provinces and at the IndianAgricultural Research Institute, Delhi. The IARI,
was the harbinger of the wheat revolution, provided the much needed stewardship for the multi-
disciplinary wheat research programme, in the formation of an All India Coordinated Wheat
Improvement Project and in the growth of the Project Directorate (\Alheat).

The. various a6;ricultural colleges, agricultural experimental stations, agricultural universities
such as PAU, HAU, INKW CSUAT and GBPUAT played a crucial role in fully utilising the
elite germplasm received from CIMMYT and in the making of Sonora 64, Sharbati Sonora,
Sonalika, PV 18, Kalyan Sona etc. And later, from this gene pool Arjun, WL 717, and number
of other wheat varieties were developed. All this and release of HD 2329,HD 2285,F{UW 234,
PBW 343 and several other Indian wheats contributed towards increasing total wheat production.
India is now the second largest producer of wheat and harvested more than 68.0 mt. during
1996-97.

The Indian Council of Agricultural Research (ICAR) having taken into cognizance the
previous efforts, struggle to increase the productivity, our present concern to augment and
sustain what has been achieved, issued the directive and guidance to develop the Vision 2020
document.

The Directorate of Wheat Research, Karnal considers it an honour to take up this task of
developing this template document that can serve as a broad frame work for realising 109.0 mt.
wheat production by 2020 AD. As Project Director, I express my sincere thanks to aII my
colleagues and the wheat family at large and in particular to the DG,ICAR and Secretary, DARE,
Dr. R.S. Paroda, for various guidance in drafting up this document. I trust this Wheat Vision
2020 AD will serve as a base draft for future planning.

lune 30,1997
Kamal

(S. Nagaraian)
Projec t Director (W heat)
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Executive Summary

The organised wheat research in India is

almost a century old. It was primariiy initiated
in the beginning, at the then Imperial
Agriculture' Research Institute (IARI) Pusa,

Bihar. During the sixties the Indian Agricultural
Ilcsearch Institute (IARI), New Delhi served

as a flag ship of the Indian wheat programme.
The All India Co-ordinated Wheat Improve-
ment Progran"tme, initiated in 1965, was
subsequently upgraded to the status of the
Proiect Directorate and was shifted to its
present location at Karnal in 7992.

Through coordinated research and
cleve'lop-ment, nearly 165 wheat varieties suited
for different agro-ecological conditions and
growing situations have been released. These

genotypes wcre ve'ry successful in increasing
the wheat production from a mere 12.5 million
tonnes in 1964 to a staggering 66.0 million
tonnes in 1996. Development of such genotypes
also resulted in inter-rsive cropping and created
aclclitional need for fertilizer and water. It is
now realised that sustaining the productivity
of the Indo-Cangetic plain is essential to
provide food security to the population of India
whichby the year2020 A.D. willbe 1.25billion.

The projected demand for wheat by the
year 2020 A.D. is 95 mt to 109 mt (depending
upon the projection levels) and to achieve this,
new technological advances are to be made.
In the area of crop improvement emphasis
would be to develop new genotypes that are
responsive to very high input management
and capable of yielding beyond 7tlha. Such
ge.notypes must bc- nutrient and water use
efficient. Keeping the strong base in disease
re'sistance, emphasis will be to develop short
duration genotypes that are resistant to leaf
blight for eastern India and to genotypes
suitable for late sown situations. Innovative

approaches to produce hybrid wheat that will
have atleast one ton yield advantage will
draw attention. The potential of developing
transgenics to break the yield barrier will
become a reality and will be accomplished
during the first two decades of the next century.

Managing the resources of NWPZ will
draw greater attention. Continuous monitoring
of the soil, water and other natural resources

to sustain the productivity of wheat based
system will be-come a necessity. Integrated
nutrient management system, integrated water
management practices, augmenting the soil
organic matter content and developing
appropriate tillage practices will also come
under concern.

While retaining an adequate level of resist-
ance to wheat rusts, emphasis will be laid on
the development of varieties with durable
resistance and multiple diseases resistance. This
is necessary to increase the field life of varieties
which is otherwise only around 5 years. Also
greater emphasis will be, towards breeding
for KB and leaf blight resistance. The entire
plant protection strategy will move towards
the integrated pest management and focus on
surveillance, biological control and other
ecofriendly n'rethods.

Theclnpatinaking quality of wheat which
is ruled by the domestic market may have to
accommodate other types of wheat, that are
suited for product development. It will be
necessary to develop wheat genotypes that are
better suited for export and the processing
industries. Also the quality of Indian wheat
may have to match that of Australian and North
American wheat in bread making. This calls
for fine tuning of the breeding programme to
meet the quality requirements and demands



of the house hold consumer and the industry.
By 2000 A.D. and bey,oncl lndia would emergc
as a regular cxporter of wheat to the tune of
2.0 million tonnes. This calls for an action plan
to respclnd to export needs if the markei
happens to be attractive.

The matrix explains short term ( < l0 yc-ars)
and long term ( > i0 years) projects, their inter-

disciplinary and inter-institutional nature of
efforts that are needecl if we are to provide a
competitive eclge to Indian Wheat growers and
traders. (Appenrlix -1). These projects are to be
taken up not only by the DWR but also by the
All India Coordinated Wheat Improvement
Project and also by all those involved in wheat
improvement.



Preamble

The Directorate of Wheat Research
(DWR), Karnal is under the Indian Council
of Agricultural Research (ICAR). Organised
wheat research during British period in India,
which started a hundred years ago. It under-
went many developmental changes, more so,

since the joining of Howard as the Imperial
Botanist at Pusa (Bihar) in 1905. The Indian
Council of Agricultural Research (ICAR) has

betn the main funding agency and promotor
of wheat research in India and the Indian
Agricultural Research Institute (IARI) served
as the flagship of the Wheat Research related

Organizational Structure of Wheat Research

DIRECTORATE OF WHEAT RESEARCH

activities for a very long time. An important
milestone in this process was the establish-
ment of the All India Coordinated Wheat
Improvement Project (AICWIP) in 1965
with its headquarters at IARL This was
then in 1975 raised to the status of a

Directorate of Wheat Research and in
1990 it was moved to its present location
at Karnal, 130 km north of Delhi. By doing
so, the ICAR formalised the establishment
of a distinct institutional identity for the
second most important cereal crop of the
country.

Pcrspcctioe Plan - Wlrcat
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The Directoratc is guided and supported
in its encleavour bv,the Management Com-
mittec. and Research Advisory Con'rmittee.
Therc, are 30 funded centers under the All
India Coordinated Itesearch Project on Wheat
(AICVVIP) and 7 urrder the Barley Network.
Both the projects are located here and

function from the DWR, Karnal. The close
functional relationship, organisational struc-
ture, and the cooperative effort is explained
by the flow diagran'r. Nearly 100 scientists
located in the State Agriculture Universities
(SAUs) execute the project on a cost sharing
75:25 basis between ICAR and SAU.

Perspectiae Plan - Wheat



Mand'ate

o Eaolae, organize, coordinate and monitor multilocational and multidisciplinary
research for deaeloping and identfuing superior oarieties tolerant to biotic and

abiotic stresses under uaried agroclimatic zones

. Collect, eaaluate, catalogue , maintain and share working collections withfocussed

attention on identfuing suitable donorsfor dffirent stresses and quality characters

o Deaelop appropriate crop production procedure and technology for optimal use

af resources in a sustainable ntanner

. Increasc the sustainabilitrl of wheat based cropping systems

. Monitor the rust pathogen dttnamics and deuelop technology to mitigate crop

/osses due to ytests

o Establish national and international linkages for strengthening wheat and

barlerl improuement programmes

. Prouide off-season nursery facility for rapid generation adaancement and seed

multiTilication

. Serrre ss a core facility for proper data analysis and information management

o Coordinate and organize nucleus seed and breeder seed production

. Irrtparting training/education related to wheat improaement, production,
utilization and trade.

MISSION

ENHANCING THE PRODUCTIVITY AND PROFITABILITY OF
WHEAT AND BARLEY ON AN ECOLOGICALLY AND

ECONOMICALLY SUSTAINABLE BASIS

Perspectiae Plan - Wlrcat



Growth

Infrastructure

I-aboratories

The Directoratc of Wl-reat Research has

well equipped laboratories in the area of Crop
Improvement, Agr<>nomy, Quality, Crop Pro-

tc'ction and information sciences. Efforts are

on to set up a good laboratory for quality
analysis of malt barley at DWR Karnal with
required facilities. Presently the facilities like
t-tutonratic Kjeltec System, (for quick analysis
of protein content), Micro-malting system (for

nralting the small size samples of 50g from
early generation breeding progran-rme). Other
facilities of the wheat programme include
falling number (for cr- amylase enzyme
analysis), semolina mill, semolina purifier,
pasta making systems etc. Some of these
facilities will be. the first of its kind in the
country. Micro malting syste.m will boost the
malt barley breeding programme by providing
early results, since only the final stage material
is tested for malting cluality till now.

The Quality laboratory has all the facilities,
rt'quirecl for screening of the early generation
and their subsequent cate5;orisation for various
end uses, are available with laboratories.
Modern facilities like several types of electro-
phoresis, gel scanners, alveograph, K-fel auto
system, mixograph centrifuges and different
types of mills (small) are presently available.
Work on biotechnological aspect has already
started under the DBT funded project. With
the establishment of an advance centre for
research on cereal technology at Directorate of
Wheat l(esearch, irr the IXth plan, further
capability consolidation will be made.

4

The lles<;urce marlagement Iaboratory has
tl-re facilities for the quantitative estimation of
the- macro and micro nutrients in soil as well
as in plant system. The major equipments
available are atomic absorption spectro-
photometer, Kjelplus, wea-ther station and
several other facilities are being acquired.

Crop Protection laboratory is provided
with BOD's, refrigerator, ovens, laminar flow
clean air work station, centrifuges, light
microscope, Cryo preservation system, bio-
fermentor for mass multiplication of inoculum
and a growth chamber fitted with controls for
humidity, temperature and light cyles. PAGE
and RAPD studies are being utilized for
studying the variability in KB isolates. The
Iaboratory is supportecl by polythene tunnel
and glass house facility. In short, the laboratory
is well equipped to carry out the research
related to different aspects of wheat pathology.
However, it needs to be further strengthened
in view of the increasing work load and the
initiation of entomological studies.

Thc council has invested more than Rs.

2.0 crores worth on laboratory equipments in
an effort to modernise the research capabilities.

Library

The DWR Library, which is an essential
organ of thc Directorate has now built up a

small collection of books, journals, etc. to meet
the in'rmediate needs. The Library l-ras a col-
lection of more than 550 books and subscribes
to over 40 periodicals out of whicll 7 are
abstracts, 19 are foreign journals, 11 are Indian
periodicals and 3 are bulletins. Number of
newsletters / reports / bulletins / research
highlights / newsl-rapers and other reading

Perspectioe Plan - Wheat



Particulars

Books

[)criodicals
()tht rs

Total

Rs.(in lakhs)

1994 l9c)5

().r.x) l l()

2.40 7.00

0.05 0.0t)

3.35 ll. 19

material of the other organisations are also

rcccived. The DWR has published a number
of technical bulletins and other material and

these are mailed to all the wheat workers,
research workers, scientists, universities and

other institutions within the country and

abroacl.

Statement of Expenditure in
1994 and 1995 (approx.)

By the year 2020 A.D. tl're' Directorate
would have completed the Phase-I and II
laboratories. The three stories laboratory comp-
lex, now under construction at a cost of Rs. 5.0

crores will be ready for inauguration during
7997. Phase-II of the building will cover the

milling and baking system, library services,

various committee rooms, seminar rooms and

seed handling and packing rooms and pantry
system. It is planned that the Directorate will
have a small visiting scientist hostel to
accommodate 20 scientists. Expansion in
the residential area to accommodate more
Type-I, Type-II and Type-III residences is

anticipated in the next ten years. All these

physical expansion to accrue the research
capabilities will demand the budget allocation
of atleast another Rs. B crores. It is visualised
that by 2000 A.D. the DWR would complete
a major share of establishing the pl"rysical

structures. By the year 2000 A.D. it is visualised
that the programme will have the needed
research capabilities not only for genetic
improvement of the crop but also in areas

related to value addition, processing and
communication with the farmers. In short, it
will serve as a centre on all issues related to
wheat and barley improvement.

Any other

The l{egional Station of DWR at Flower-
dale, Shimla was established in 1930 and serves

as a national facility for monitoring wheat rust
pathotypes, evaluating advanced generation
material, postulating probable rust resistance
genes in the tester lines and as a repository for
maintenance of the wheat rust pathogen. The
acquisition of new land is given for the
construction of glass house and guest house.

The Regional Station at Lahaul Spiti at

Dalang Maidan, f{imachal Pradesh is the
Summer Nursery facility for the programme.
The station has twelve hectares land out of
which only six hectare is cultivable. The office
cum laboratory and a guest house are under

Field facilities

The Directoratt'of Wheat I{esearch has a

we.ll derveloped expcrimental farm of 50 acres.

The farm rclad is interconnected by subroads
trrrd provide access to each of the 9 blocks. The

two c{ecp tubewells (300n-r deep) are inter-
conne'cteci through ;rn underground irrigation
grid, water is delivered to every block. Thc
irrigation system is connectc-d to a stanclby
generator and this provides an assurc'd
irrigation to the' ficld. Adequate number of
farm machinery such as tractors, seed
machines, harrows hnd others are available for
rapiclly completing the sowing and other
operations. The farnr management supervised
by scientists is assisted by the technical staff
and other farm relatecl supporting staff. The
farnr operations unit is in a position to meet
the present and future demands.

Building

On a 65 acre land, the Directorate of Wheat
I{esearch has a transitional office building kt
accommodate five specialized disciplines of
Crop Improvement, Resource Management,
Crop Protection and Health, Quality and Basic

Sciences, Statistics trnd Social Sciences.

Perspectioc Plan - Whcat
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OFFICE AND RESIDENTIAL AREA

KUNJPURA ROAD

Field layout of Directorate of Wheat Research, Karnal

construction by CPWD. All the AICWIP centers

can use this facility to raise a crop of wheat
be'tween May/June to September/October
when temperature in the plains exceed 45 "C.
Facilities of this station are used for advancing
the generation, making crosses during off
season, multiplying seed, purify stocks,
evaluate for yellow rust resistance and in
various other related activities.

iirrilr,t,l

In the current plan period from1992-97,
we have a total budget of Ils. 2425lakhs. This
include a sum of Rs. 1650 lakhs in plan and

Rs. 475lakhs in non-plan category. Except this

6

we also have Rs. 300lakhs under miscellaneous

head.

(Rs in 106)

Plan period Plirn Non-plan Others Total
(Revised)

1980-85 188.76 188.76

(AICWIP)

198s-90 259.69 259.00
(AICWIP)

1990-91 100.00 100.00

(AICWIP)

1991-92 238.00 67.00 17.25 322.22

DWIT.AICWIP

1992-97 1550.00 475.00 300.00 242s.00

DWR.AICWIP

Perspectioe Plan - Wheat



Manpower

During this plan period (1992-97) we have

been allocated a strength 60 Scientific, 46

Technical, 26 Administrative, 11 Auxiliary and

50 Supporting personals. While at present we

have only 35 Scientists, 35 Technicals, 23

Administrative, 8 Auxiliary and 47 Supporting

staff.

l'lan Pc'riocl

1r)75-u0

1980-85

1985-90
(AICWIP)

'1e90-9.1

(AICWIP)

1991-92
(WI'D)
AICWIP

191)2-97

(DWR)

AICWIP

Scientific

130

162

97

97

34

91

60(35)
91

Technical

66.

122

175

175

Administrative Auxiliary Supporting

2

723

11

11

21

11

26(23)
11

8

2

2

11

12

35

175 3

12

79

t1

50(47)
11

46(35)
175

11 (8)

3

( ) Figures in parentl'rcsis indicates the actual position

['erspcctioc Plau - Wlteat



Salient Reseaftffi Achievements

Since the inception of the All India Co-
ordinated Wheat Improvement Project in7965,
the project has made significant contri-butions
in increasing the wheat production by develop-
ing high yielding and superior genotypes.
These varieties developed by the AICWIP have
played a key role in increasing the wheat
procluction to the current level of 66.5 million
tonne. As bday ancl in coming years in 1996

crop yields are expected to be so high that
there will be surplus for export. How this was
achieved is rather too well known to elaborate
here.

Varietal Improvement

Bread Wheat

About 164 new varieties of wheat have
been developed by the project in last 35 years.
Among these, Kalyansona, Sonalika, Lerma
I{ojo, Chhoti Lerma, Arjun, C 306, WL777,UP
2003, UP 262,LOK 1, HUW 206, HUW 234,HD
2789,HD2329,HD 2285, Raj 3077,P8W 34, Raj

1555, WH 147, HP 1209, Sujata, VL 427, VL
616, HS 240 andHS295 became very popular
among farmers. Quite a few varieties developed
by the project are also under cultivation in
many of the foreign countries.

Number of varieties have been released
for cultivation in different wheat growing zones
during last two decades.

At the time of introduction of Sharbati
Sonora in 7965, productivity of wheat was
around 35 qtls. per ha. It subsequently
increased to about 42 qtls. per ha with the
development of Kalyansona in1970. The next
quantum which may gain in yield came with
the popularisation of WL 711 in 1973-74with

8

Zonel Varicties

Northeru Hills Zone

vL 616, HS 277

vL 421, UP 1109,

HD 2380, HS 240,. DT 46(T)

HS 295, HS 207

North Western Plaius Zone

HD 2379, HD 2428,
CPAN 3004, PDW 215(d),

PBW 34(d), PBW 154, .Rai 3077,
*KRL 1-4, WFI 283, UP 2003,

wH 416, WH 8e6(d), WH 542,

UP 2338, PBW 343

HD 2285, HD 2270, PBW 726,
WH 291, Rai 2184, Rai 3077,
Raj 3755, UP 2338.

Kundan, PBW 65,

PBW 175, PBW 299

North Easteru Plains Zonc

HP 1102, Uy 262, HUW 205,

K 7410, HD 2402, K 8804,

DL 784-3, K 9006, K 9107,
HP 1731

HD 2307, HUW 234, HP 1633

K 8027

HDR 77, K 8952

Certral Zone

Lok 1, WH 147, HD 2236,
Ht 1077, Raj 1555(d), HI 8381(d),

DL 803-3, GW 190

LOK -1 , J 405, Swati, HD 2327

Suiata, JU 12, Meghdoot (d),

Narmada 4, Hyb 65

Petitsular Zone

HD 2189, HD 4502(d), HD 2380,

DWR 39, DWR 162, MACS 2496

Ht 977, HD 2502,
HD 26]0, DWR 195

HI 5439, MACS 1967(d)

Southern Hills Zone
HW 741, HW 971,

HUW 318, NP 200 (di)

NP 200 (di)

Production conditions

Early sown rainfed

Normal sown
irrigated & rainfed

Late sown rainfed

Normal sown irrigated

Late sown irrigated

Normal sown rainfed

Normal sown irrigated

Late sown irrigated

Normal sown rainfed

Late sown rainfed

Normal sown irrigated

Late sown irrigated

Normal sown rainfed

Normal sown irrigated

Late sown irrigated

Normal sown rainfed

For limited irrigation

For rainfed areas

* = for alkaline-saline soils for entire country; + = Triticale;
(d) = durum wheat; (di) = dicoccun wheat
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its yielding capacity of 47.0 qtls. in multi-
location All India Coordinated Wheat Im-
provement Project trials. This gradually
increased the procluctivity of semi-dwarf
wheat, between 1975-BS yielding ability of
the new genotypes remained static which
led to the question whether further yield
gain is feasible or not. With the Veery type
of material flowing from the winter x spring
wheat programme of CIMMYT from 1993

onwards the productivity levels increascd to
about 55 qtls. per ha. A number of material
came out of the winter wheat programme
and these were released under several names
from 1993 onwards as UP 2338, PBW 343,

WH 542 etc. All of them are having a

significant yield gain over that of lNL 777.

Genetic gain in yield in NWPZ

l96s
s221

r970
K.Soaa

1915 1980 r9E5 1990 1994 1995

wLTll HD2009 HD2329 cPAN300luP2338 PBw343

Durum wheat

Durum, second major species of Triticunt
occupies about 2 m.ha area. Increasing global
demand, value addition potential, better price
in market and resistance to karnal bunt are the
factors which make durum an export commo-
dity. Durum breeding was started in 1920 with
some selections from local germplasm.
Selections like Baxi 228-78, Bansi, Motia,
Ekdania, Kathia and A 206 proved promising

Perspectioe Plan - Wheat

with yield potential of 10q/ha under rainfed
conditions, Later on, these were improved by
crossing with Gaza. As a result some rust
resistant lines were obtained. NP 401 was
recommended for Bundelkhand region, NP404
in Malva region of M.P., A 9-30-1 in southern
Raiasthan, N 59 in Maharashtra and Bijaga

yellow was popular in Karnataka during 1960-

65. Meghdoot and MACS 9 were popular
during seventies. ln rainfed conditions parti-
cularly, the cultivars from Arnej selections like
A206, A 9-30-1, Malwa local and Kathia gave

good stand.

Varying environmental conditions and
cultural practices influenced the grain quality
considerably. Wheat cultivated on sandy soils

and with less N-fertilizers had much higher
mottled grain. In future breeding programmes
the greater attention will be paid on the grain
quality and yield in rainfed areas. Our in-
digenous varietie which show better yield
potential in these areas will be improved. Their
rooting system, micro-environment etc. will
be studied in detail.

About Co-ordinated Efforts

The All India Coordinated Wheat Im-
provement Project conducts organised multi-
locational yield trials for timely sown and late
sown situations under both irrigated and
rainfed conditions. As per the existing pro-
cedure, materials are entered in the Initial
Varietal Trials (IW) by breeders working at
different centres on the basis of evaluation in
the station trials. Following appropriate design,
multiJocation testing is done and comparisons
are made by analysing the data. Superior geno-
types are promoted to the Advance Varietal
Trial and tested for two years. In the annually
held coordinated workshop lines that have
completed two years of testing are proposed
by respective breeders for identification and
release. After obtaining the Counsel of all the
members of the Varietal Identification Com-



mittee on the proposals submitted, a line is
identified for release or otherwise. But the final
decision on the release and notification is taken
by the Central Varietal Release Committee duly
constituted under the seed act. So far, through
the coordinated varietal improvement pro-
gramme, nearly 164 wheat varieties have been
released suiting to different environments and
growing situations.

i i' ;1,; tl,

.

The Directorate of Wheat Research and its
centres receive cooperation and support from
nearly 450 scientists working in India on wheat
inrprovement related issues. During 7997-92,
over 7,500 crosses were made as part of a

massive national efforts in increasing produc-
tivity of T'riticum spp. Besides 77,760 F2's',
7,07,786 progenies were handled along with
making 10,150 new bulks. Nearly 18 thousand
lines of bread wheat and 8 thousand in durum
wheat are maintained by different centres, with
inevitable duplicates. About 75% of the co-
ordinated efforts are fbcussed on irrigated wheat.
Improvement of bread wheat draws highest
attention i.e. 82 percent, while durum and other
spp. including kiticale draw 15 and 3 per cent

of the total efforts, respectively. About 500 varietal
trials are con-ducted every year to evaluate 700
test entries under various environmental
conditions. An-other 200 trials/nurseries are
organised to develop improved crop production
and protection techno-logies. These nurseries
include various material received from
CIMMYT, ICARDA and other international
programmes. The Genetic Resource Unit at
the Directorate maintains local collections,
identify donors selected from trials and
nurseries, genetic and cyto-genetic stocks,
wild species, close relatives and exotic acces-
sions for their utilization in the breeding
programmes. Twenty species each of Triticum
and Aegilops are also being maintained at
Ludhiana, Pune and IARI, New Delhi. In total
nearly ten thousand accessions including the
duplicates are being maintained at various
centres.

I-:rnphasls on breetiinp; fr:r heat {:*ieranqr.
in NEPZ

As a production strategy emphasis should
be given for breeding short duration genotypes
tolerant to heat. Nearly 20To of the area under
wheatin the Indo-Gangetic plain isbeing sown
after middle of December. These genotypes

mature when the atmos-
pheric temperature is
very high and humid, as
a result, the leaf blight
and brown rust severity
increases, causing reduc-
tion in grain size and the
yield. Yet, varieties like
Halna and HD 2402 with
95 days maturity have
been found to perform
well under the very late
sown situations. In
future the area under
wheat in such
ecosystems is likely to
increase and therefore

Perspectitse Plan - Wheat

Every year several hundreds of cross combinations aie attempted and churning
the genepool has been the main drive behind the plant breeding programme
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breeding cfforts should be focus-sed on
clcveloping short durhtion varieties that are

capable of p;erminating and establishing at low
temperature, having faster growth rate,
resistant to brown rust and tolerance to heat
from late dough stage on-wards. An organised
pro-gramme can assist in structuring the
gcnotype to suit this environment.

Breeding for warm dry environments

South of the Vindhyas wheat was not an

in-rportant crop sincc. winter is very short and
days are warmer. However, plant physiolo-
gists and breeders, using the multilocational
test facilities have been successful in identi-
fying genotypes that are temperature tolerant
and can be grown in the PZ and CZ under
assured irrigation. Wheat variety HD 2189 is

the only variety that has covered more than
50,000 ha in this zone. Nearly 50% of the area
in PZ is under this variety and has totally
replaced Kalyansona. Other common wheats
like MACS 2496, DWR 39, GW190 and local
Khapli also occupy substantial area under this
environment. Future research thrust will be in
breeding both durum and bread wheat varieties
for the irrigated warmer areas of CZ and PZ.
Since in many parts of Maharashtra a 4 t/ha
crop can be obtained after sugarcane by
adopting heat tolerant genotypes, a focussed
programme is necessary.

Ilrecding for colt'l cnvironmcnt

Wheat is cultivated in the very cold
environments of the Himalaya above 3,000m
and cold environment of 1000 to 3000m
ele-vation under rainfed situations. Much of
these wheats are facultative types that are of
lonl;er duration. Within a decade, 13.2 "k
increase in yield has been achieved under the
timely sown NHZ situations, 48,4 % for early
sown and 30.3 7n under late sown situations.
Also there are certain genotypes such as HPW
42 which have performed well under very high
altitude. These cold tolerant genotypes have

,)1,,; "tt'r f;t,1, l)1rrrr - i\ lrr,r;l

brought about food security to the people living
under these harsh environments. Use of winter
x spring wheat crosses for developing varieties
of cold environments can be emphasized in
NHZ.

Breeding for multiple disease resistance

Leaf blight and blotches, which were
earlier of secondary importance have now
emerged as important production constraints
in eastern India and along the tarai regions of
NWPZ. The extent of crop losses inflicted by
blights can be up to 35% when top 2-3 leaves
get blighted. There can be almost a total yield
loss if the variety is susceptible. Therefore,
there is an immediate need to concentrate
attention in developing resistant varieties with
combined resistance to yellow rust, brown rust,
KB and leaf blight. The DWR has strengthen-
ed the physical facility for LB evaluation at
six centres under I{WPZ in the direction of
breeding multiple resistant varieties and BHU,
Varanasi would serve as the eastern test site
in the shuttle breeding programme.

Genetic cliversitv to discases

The plant breeding programme, taking
advantage of the information about the
virulence distribution pattern and gene com-
binations that are effective, was in a position
to breed varieties with very diverse resistance
genes. Today almost all the varieties released
possess atleast 3 to 4 Lr arrd Sr genes. Apart
from many Lr genes, material for the NWPZ
possess atleast 2 Yr genes and good resistance
to Karnal bunt also. The close collaboration
between pathology and breeding at all our test
sites and evaluation of the early generation
material is the key to success.

The idea of gene deployment has been
very effectively put into practice to mitigate
the rust diseases and varieties with differing
genes have been recommended for the various
mega environments.
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Ecozone specific varieties

The significant achievement of the plant
breeding programnre is the development of
varieties of different duration to suit the re-

quirements of various cropping sequences.

Wheat varieties are available for the NWPZ
and NEPZ with maturity period ranging from
90 to 140 days.

Variety Ecozonc Situation Duration Rotation

IID 232q NWPZ Irr, Timely 135 days A.y
tll) 2285 NEPZ lrr, Late 120 days Any

I IUW 234 NEI']Z lrr, L.rte' 109 days Any

UI' 262 NEI'Z lrr, Timely 120 days Any

WtI 2ll3 NWI'Z lrr, Timtly 135 c'lays Any

WII 542 NWI'Z lrr, Timcly 140 days A.y
I'BW 343 NWPZ In', Timcly .140 drrys A.y

The wicle choice of varieties of differing
duration, with high levels of disease resistance
have been the main reason behind for the
increases in cropping intensity and the total
production. By releasing several varieties the
AICWIP has made sure of the regular supply
of new varieties to fit into changing cropping
system needs.

Till date HD 2329 is the most widely
adaptetl variety that fits into different
cropping sequences, varying input man-
agement practices and time of sowing. These

are the attributes looked for by the farmers
and that is the reason why HD 2329 occupied
four million ha in the NWPZ. Now this variety
has become susceptible to brown and yellow
rusts and it needs to be replaced quickly.
Similarly HD 2285 meant for late sown
situations, needs replacement for the very
same reasons.

Breeding wheat varieties suiting cropping
system

There are many crop sequences followed
in the wheat based farming system.

12

Cropping practice

Rice-wheat 10.0 m. ha

Cotton-wheat 2.0 m. ha

Soyabean-wheat 2.0 m. ha

Sugarcanc-whc,at 1.5 m. ha

Potato-wheat 0.5 m. ha

The above estimates indicate that wheat
is preceded by different crops. Under these
changed situations there is a tendency for
decrease in wheat yield though the total
productivity per year has increased. There is
scope for identifying genotypes that will
perform better under different sequences. In
future it will be necessary to develop wheat
varieties that will fit into these micro-ecolog-
ical situations. Such a requirement will
contribute towards increasing the cropping
system efficiency and total production of
wheat. Therefore, while breeding wheat
varieties for late sown conditions, it will be

appropriate if the selection procedure is
exerted by growing the progenies in a field
where rice is grown in the previous season.
The soil condition under the rice-wheat situa-
tion is different, such a selection will permit
identifying combinations that perform well
in rice-wheat sequence. The succeeding
wheat crop, therefore, should be able to adapt
to this requirement. It is evident that the
future wheat breeding programme will
interact with many of these aspects as well.

Seed dynamics

The identification of wheat varieties
originating from identical/similar parentage
needs to be discouraged to ensure the genetic
diversity in wheat varieties. The genetic diver-
sity among wheat varieties under com-mercial
cultivation will prove a safeguard from any
possible pathogenic hazard. Cultivation of a
large number of varieties with diverse geno-
type, in breeder seed programme, will hinder
any epidemic. During 7967 to 1977 there were
only two varieties namely Sonalika and

Perspectiae Plan - Wheat



Group Variety

Shift in breeders seed indent of popular varieties

Indent quantity over total quantity (%)

1993-94 7994-95 7995-96

Sonalika
HD 2285

ttD 2329

Kalyansona
wH 147

HUW 234

Lok-1
HD 2189

HUW 206

wH s42

Rai 3077

Raj Laxmi (HP 173i)
Sonali (HP 1633)

uP 2338

WH 533

20.0

13.5

5.0

4.0

6.3

3.3

8.4

8.3

1.7

5.0

12.0

7.0

1.0

7.0

8.8

9.1

11.2

1.0

0.9

7.7

4.4

3.0

4.0
7.0

0.4

1.5

8.7
11 .1

6.5

1.7

6.0

3.3

1.5

4.7
2.8

1.7

7.0

8.0

6.0

NE
4.0

9.6

10.6

6.9

2.9

4.8

2.7

5.8

0;

NE

NE = Negligibte'

Kalyansona which occupied largest area in
the country. In 1984-85 there were 62 wheat
varieties under breeders seed programme out
of which indents of 11 varieties were higher
tlran 50 quintals. By 7994-95, many of the
varieties like HUW 234, HD 2285, Sonalika
and HD 2329 were added in the list to further
increase in diversity in wheat varieties. The
table indicated that indent from group No.I
varieties is decreasing while varieties from
group III (recently released) are showing the
increasing demand. In 1988-89 there were 12

varieties for which more than 10000 kg of
breeder seed was indented. In 1995-96 the
number of varieties doubled and so the
clemand also. For quicker replacement of old,
susceptible and otherwise uneconomical
varieties the central research institute, state
agricultural universities and state depart-
ments of agriculture should develop a strategy
to distribute small quantity of newly identi-
fied varieties.

Front line demonstration with newly
improved and popular varieties needs strength-
enning to update the farmersand which in turn

Ptrspectiaa Plan - Whaat

will help in replacing old varieties. The
programme as we have today will not be of
much significance until it is finalized in annual
wheat workshop in terms of varietal intro-
duction for genetic diversity and populariza-
tion of new varieties, for which entire efforts of
breeders and planning agencies are aimed.

Replacement strategy

The variety HD 2329 which has been a
ruling variety in NWPZ for last couple of years
was occupying more than 60To of the area

Comparison of new and old wheat varieties

Variety Characterized l(ust scverity
resistance

S(jne

Old aariehl

l'lD 2329 Lr13+Lr10+Lr34 Moderatc (605)

Replaccment aaricties

WH 542 Lr26+Lr23+Lr34 Lorv (20S)

UP 2338 Lr26+Lr34 Moderate (60MS)
PBW 343 Lr26 Very Low (15S)

CPAN 3004 Lr26

13
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In North-Western India, varietal replacement occurs at a faster rate due to easy
access to quality seed

sown under wheat,. However, because of its
susceptibility to brown and yellow rusts, there
is a need to replace this variety in NWPZ with
better ones. The alternate varieties viz. UP
2338, CPAN 3004, WH 542, and PBW 343,

which are substitutes for }{D2329 have inbuilt
resistance to rust and other wheat diseases,
comparable quality and agronomic characters.
These new varieties enabled the replacement
of HD 2329 to a large extent. As a replacement
of HD 2285 for irrigated late sown condition
the varieties like UP 2338 and Raj 3765 have
been released by All India Coordinated Wheat
Improvement Project. These genotypes
possess adequate levels of rust resistance and
hence sown under late sown situations suffer
less crop loss. Nearly five new wheat varieties
viz. Sonali, HUW 206,Raj Lakshmi, K 9006
and K 9107 have been recommended for the
NEPZ region. Variety Sonali is a back cross
derivative of Sonalika and has resistance gene
Lr 9 against brown rust and hence, is a

substitute to replace Sonalika. This strategy
will provide varietal diversity to keep the
brown rust under control.

74

Breeding wheat varie-
ties for suppressive
soils

A large area in the
Indo-Gangetic Plains
suffers from salinity
where soil pH reached
8 or even more, there-
by affecting crop
growth. All India Co-
ordinated Wheat Im-
provement Project has
tested KRL 7-4 de-
veloped by the CSSRI,
Karnal. These high
yielding adapted varie-
ties and JOB 666 have
been performing well

under varying suppressive soils. Apart from
this genotype, Rai 3077 released for the North
Western Plains Zone, has also been found to
have a very high degree of tolerance to salinity.
The Indian wheat programme, therefore is a
unique example to breed genotypes fit for
suppressive soil.

Contributions of Resource Manage-
ment in Maximising Yield of Dwarf
Wheats

When the dwarf wheat varieties were
introduced in late 60s it was perceived that
the agronomic practices have to undergo a
change since the practices followed earlier
were found to be inappropriate. Nutrient
[unagement and harvesting procedures were
then reinvestigated and standardised.

Establishing a proper crop stand

It was demonstrated that the poor crop
establishment of the Mexican wheat varieties
were due to improper depth of sowing seed
rate and spacing between rows and plants. It
was also demonstrated that the tall Indian
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wheats have long coleoptile and hence are

suited for deep sowing. But the maxican

wheats that have short coleoptile are to be

sown at shallow depth. Similarly for Maxican

wheat seed rate of 100 kg per ha is necessary

for a proper crop stand. The dwarf wheat

varieties have the inherent ability to germinate

at low temperatures and yet establish a

vigorous growing plant. This permitted sowing
of wheat from late October to late December

and hence enabled multiple cropping, in-
creasing thereby, the cropping intensity.

Irrigation management

Around the time when the Mexican wheat

became popular, area under irrigated wheat

also increased. At present nearly 95"/o of the

area sown to wheat in Puniab and Haryana

have assured irrigation. The Agronomy SrouP
demonstrated that irrigating wheat at the

Crown Root lnitiation stage (CRI), which is
approximately 21days after sowing, is essential.

lf water is available subsequently, it was

advised to utilise thc irrigation during tillering
and at flowering stages.

Fertilizer management

The time and placement of fertilizer is
another area where significant Progress was

made. It was demonstrated that 120kg of nitro-
gen is to be applied in two split doses 60 kg
as basal and remaining 60 kg after first irri-
gation. Similar experiments carried out on

phosphate usage indicated that applying it to
wheat is better than doing it for earlier crop
of rice. In the Indo-Gangetic plains application
of 25kg zinc was found to increase the yield
substantially.

By increasing the level of balanced nutrient
application both the sustainability and pro-
ductivity of wheat can be increased. lt is

visualised that N usage will increase by another

3 million tonnes before 2020 A.D.

Pcrspcctioe Plan - Wlrcat

Weed management

The high cost of inputs brought to light
the importance of weed management since

weeds removeboth soil moisture and nutrients.
The AICWIP developed suitablechemical weed

control strategy, and standardised the dosage

and the time of application. The appropriate
weed management strategy adopted by the

farmers played a significant role in increasing

the yield further. The abuse of weedicide also

resulted in the growing weedicide tolerance in
Phalaris minor which is now being addressed

by this group.

Relative yield advantage in wheat
through weedicides

Farm mechanization

During the last 15 years considerable
extent of changes have occurred in the use of
farm energy and farm machines. The avail-
ability of tractor is @ one tractor for 20 acre

which is many times higher than that what
was in 1965. Farm mechanisation not only
encouraged multiple cropping but at the same
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time brought about changes in the cultivation
and sowing practices, Though as the efforts in
tl'ris programme, appropriate, seed cum ferti-
lizer drill was field demonstrated.

Contribution of Crop Protection in
Yield Maximization

During this century several epidemics of
wheat rusts occurred causing considerable yield
loss. Epidemics occurred as only the land
vilrieties of wheat were cultivated which were
horizontally susceptible to the disease. Over
the last ninety years, attempts have been made
to breecl wheat varieties which are resistant to
the wheat rusts. Monitoring of wheat rust
virulence conducted at Flowerdale, Shimla
since 1930, creating artificial field epiphytotics,
identifying the potential donor lines and
evaluating rvheat genotypes at hot spots, have
contributed towards the success of breeding
disease resistant wheat varieties. Since 1973 no
major crop loss due to wheat rusts happened
and this explains the success of the programme.

Keeping the crop healthy

As a part of the wheat improvement pro-
gran"rme, a continuous monitoring is done to
map the prevalence and distribution of the
black (Puccinia graminis tritici), brown
(P recondita trit ici) and yellow rust
(P. striifornris) virulences. The avirulence/

virulence genes present in the pathogen are
characterised by analysing more than 2000 rust
samples per year and by challenging them on
differentials possessing different resistance
genes. Information over years shows that there
is a difference in the brown rust and yellow
rust virulence pattern between the wheat
growing zones. On the strength of this
information rests the gene deployment and the
varietal diversification programme. It is worth
pointing out that atleast 50 different varieties
are grown in India possessing shades of
difference for rust resistance. This varietal
diversity and deploying them over space and
time brought yield stability and avoided
epidemics.

During 1960, there were not many HYVs
which were resistant to brown rust and fit for
late sown situations. This was a major hurdle
in the adoption of rice-wheat sequence as late
sown wheat invariably suffered heavily due
to brown rust. When resistant genotypes (HD
2285) for such situations became available in
1980s farmers widely adopted the rice-wheat
sequence.

A comparison of years of information
has shown that there is a strong association
between distribution pattern of brown rust
and the type of host varieties which are grown.
During the last few years, there is a quick
appearance of new pathotypes able to match

Addition of new pathotypes in Indian rust flora over years

Span Black rr,rst Brown rust yellow rust

Tilt te75 11, 1tA, 14,.t5,17,21 10,11,12,72A,17,20,63 79,14,79,20,37
24, 24A, 34, 34-t, 40, 42 77, 1O(r, "tOZ, 108, 162, 38A

1975-80 21-1, 40A,21A-2 77_A, 104 14A, 20A, 38A, I

1980-8s 117A-1 77_A, 174_A, 1048, 12_2 K

1985-90 40-1, 117-1 n4,77-2,77_3, 72_1, 12_9, L, N, p
72-4, 707-1, 108-1

19e0-e5 117-2, "t17-3, .t-t7-4, 
77_4, 77-5, T, U, CI, CII, CIII

117-5, 117_6 104-2, 104_3
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i

1l



gene I-r 26. This is in response to increased

area under wheat possessing this gene. The

pathogen evolution seems to be guided by the
nature of wheat varieties under cultivation. A

Evolution of race 77 of brown rust and
popularity of 18.1R types

successful breeding programme has to remain
orre step ahead of the pathogen evolution.

The success of the disease resistance
programme deperrds on the appropriate
choice of donor lines for inclusion in the
breeders crossing block. By drawing diverse,
early ge'neration material fron'r both natipnal
and international programmes, the plant
protection unit orp;anises various multilocation
screening nurseries such as PPSN, IRSN etc.

In addition, genotypes are screened agirinst
individual rust virulences for seedling

Perspcctit;e Plan - Wheat

resistance under glass house conditions at
Flowerdale. And by harmonising both the
information, resistant lines are selected to
constitute the various 'Elite nurseries' for
evaluation against various pests such as wheat
rusts and karnal bunt etc. Information
coming out of these 'Screening nurseries'
planted at hot spots and various other
locations provides the disease rating which
is taken into account for purposes of varietal
release.

From elite nursery, lines that were re-
peatedly resistant to one or more diseases are
entered as genetic stock in the nursery con-
stituted by the crop improvement programme.
These genetic stocks if tend to be useful, find
their way to the crossing block. By this open
ended exercise the crossing block is kept
dynamic responding to various situations,
requirements and demand. The Indian wheat
programme has been able to successfully
combine resistance to multiple diseases by
following these sequential steps. In future, the
genetic stocks, thus, identified, will be subject
to registration.

Various genetic stocks and other wheat
lines have been identified possessing resistance
to the three wheat rusts and minor diseases
such as foliar blight, loose smut and karnal
bunt. There are large number of material that

Percentage of rust resistant entries identified
under multilocation tests of IVT
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Important resistant stocks for other diseases

Discase. Bread wheat Durum Triticale

K;rrnal Ilunt WL 1562, PBW 154, PBW34, DWL 5023 TL1210
T1D2281,I ID29, HD3O PDW215

Loosc Smut PBW65, PBWl02,
WL41O, MACSl23,
MACS1992

A-9-30-.r, N-s9, MACS-12,
HD4502, r{17 483, H17 s25,

H77595, H1n17

Foliar Blights CPAN1910, N18289
(Moderatc resistancc) K8025, MP504, HW741,

vL721

posses resistance to the foliar diseases caused
by H el m in t hosp o ri u m and Alte rna r ia. The Direc-
torate has organised a cooperative breeding
programme for resistance in association with
the N.D.U.A. & T, Faizabad and BHU. The
shuttle breeding for foliar blight between
Karnal, Banaras and Faizabad will assist in the
development of blight tolerant genotypes.
Using the biofermenter for the multiplication
of inoculum, and sorghum grains, Helmin-
tlrosltoriunt spp. and Alternaria tritici can be
mass multiplied for creating field epiphytotics.
The air cooled plastic houses serve as efficient
aids to conduct pathogenicity trials under most
severe disease pressure. The technology for
large scale evaluation of leaf blight will have
to be further refined to assist in an efficient
breeding for blight resistance programme.

Monitoring of the pathogen is needed to be
ahead

New and better research facilities at the
Regional Station, Flowerdale Shimla, has added
strength to the supply of inoculum, monitoring
the wheat rust virulences, postulating probable
rust resistance genes combinations in Indian
wheats. The facility includes a battery of glass
houses some of it are temperature controlled,
ultra low deep freezers, computer, conference
Hall and library facilities. This makes the station
as one of unique centres in this part of the
world for wheat rust virulences analysis. Every
year almost 2,000 or more field samples of

.18

wheat and barley rust are analysed at
flowerdale.

Brown rust race distribution frequency at
national level shows that pathotypes of race

groups 104 and 12 have reduced and that race
77 has increased steeply. The distribution
pattern of the virulences give the much needed
indications for executing the resistant gene
deployment.

Some of the cultivars identified with
resistant gene combinations

Zone Variely

NHZ HD238O

HS24t)

I-IPW42

NWPZ IJD26I()

PBW154

PBW29S

D1803-3

wHs42

23+'10 1 1 2

26+34+1 31 9+18

25+34+1+ 31 I

SrLr

CPAN3O(}4

NEPZ UP262

HPr 209

BW11

cz wH147

CWlSO

H1977

PZ HD2189

MACS2495

DWRi62

26+34+1+ 2+31

23+20 15

26+34+1+ 31

26+23 3l
26+23+34 3l
26+23 ?+31

23+34 1l

1+3+34 gB

1+3+34 2+88+98+11

13+34 74+11

26+23+1 2+31

23+34 2+98+1 1

1 3+34

26+23+1 2+31

26+23 3l

9+1 8

9+ 18
g

9+1 8

9

2+18

2+1 8

2(Ks)

l8
9

2+ 18

2+18

I
9
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Brown rust virulences' shift in frequency enabled the AICWIP to cor nultiJoca

1m
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DATA OF OWR. RS, Flowerdale,Shimla

The Regional Station supplies the nucleus
inoculum to various active breeding pro-
grammes for creating epiphytotics and proper
evaluation of the material. The regional station
also acts as a custodian for maintenance of all
pathotypes of Puccitia infecting wheat, barley
and oats. The centrc has cryopreserved refer-
ence seed of all the useful lines possessing
seedling resistance to wheat rust. The national
programme in breeding for rus.t resistance, is
heavily dependent on the services of the
Regional Station at Flowerdale, Shimla.

Now new, efficient and rapid techniques
l'rave been developed for the identification of
variability in the pathogen. The ELISA and
PCR techniques are likely to emerge as a
powerful tool in virulence typing. The Regional
Station, therefore, may have to initiate research
in these areas.

Karnal bunt-attended with mission zeal

During mid 1970's when Karnal bunt
became a major production constraints, the
programme quickly developed a procedure for
the rapid isolation of Neoaossia indica (= Tilletia
indica). Also technology for mass production
of the pathogen spores, procedure for field
inoculation and the post-inoculation care
needed for creating epidemics were stan-
darc{ised. These advances in KB knowledge

Perspectioe Plan - Wlrcnt

trials to screen the wheat materiai ;i;-r:,I ,.-i, . 
I

lines which are tolerant to KB. It is widely
acknowledged that present day wheat varieties
possess a very high level of tolerance as
compared to WL 777.

Number of lines have been identified
possessing resistance to Karnal bunt and are
being effectively utilized by the national
programme. Using the field epiphytotic techni-
que large amount of varieties are evaluated for
KB resistance. And that has been the main
approach towards minimising KB damage.
Durum variety like PDW 215 and triticale TL
1210 are immune to KB. Likewise WL 7562,
PBW 154 and HD 2281 posses a high degree of
KB tolerance. Bread wheat PBW 65 is immune
to loose smut and a number of NP lines have
been found to be resistant. But due to lack of
organised efforts these loose smut resistant lines
are not frequently used in the crossing block.

Karnal bunt-epidemiology and wheat exports

The challenge is to increase wheat exports
when the fear psychosis has been built around
the world due to lack of proper understanding
of Karnal Bunt. When KB flared in Punjab,
One of the strategy was to introduce the
durum wheat (Triticum durum) in the endemic
sub mountaneous tracts. Due to the
compactness of the earhead durums are
tolerant to KB, but vulnerable to stripe rust
(Puccinia striformis) and black point (Bp)
incited by a number of pathogens. During
1994 though the Government of India gave
permission to export 3.0 million tonnes of
wheat only 30,000 tonnes from Punjab valued
Rs. 12 million could be exportedby 1995-96.
The DWR kept a constant watch on the health
of the durum crop, analysed the seed samples
for KB and BP. There were more Bp infeited
samples which can be confused for KB by the
traders. If it rains at the time of grain
developn'rent, then due to the compact nature
of the earhead, moisture is retained for long,
promotinp; the growth of saprophytes and
the development of BP. Such infected grain
fetch low price in the market and the export
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consignments get rejected. Export promoting
aspects of wheat pathology is a new exciting
area that has emerged at a time when India
consolidates it's position as a major grain
exporter.

Nematode resistant wheat varieties

A large number of lines now under eva-
luation possess n'rultiple disease resistance and
this is a complement to the interdisciplinary
approach in breeding for disease. Wheat variety
AUS15854 has been identified to be immune
to the Heterodera auenae nematode and the
organised breeding attempts have already been
initiated to incorporate this gene in superior
varietal background.

Insect pest resistant varieties

Wheat crop health problem due to insect
pests may not be very severe at national level
in cclmparison to the diseases. But they are
important on a regional basis. Major insect
pest problems in wheat are the termites,
shootfly, mite, aphicls, root aphids and storage
pests. Studies havc' been focussed on their
management through chemical and non-
chemical management approaches. Identi-
fication of host plant resistance and the donor
lines, is the major task of the Entomology
group.

pests due to changing cropping pattern,
strengthening of the entomological programme
is envisaged.

Chemical control for emergency usage

The programme has identified several
fungicides for the control of brown rust, loose

smut, Karnal bunt and foot rots. Emphasis

during earlier years was towards locating new
chemical molecule for control of diseases, insect

pests and weeds. Accordingly, new pesticides
as Isoproturon, for control of Phalaris minor

Share of pesticides usage in different crops

and Raxil and Vitavax for loose smut were
identified and recommended. Though use of
pesticides in wheat is low, but when seen as

a wheat based cropping system, then nearly
72% of the pesticide sold in India goes Rice-

Wheat system and more than 30 7o to
Cotton-Wheat system. The carryover effects
of pesticide from rice or cotton on wheat needs
to be well understood. Present emphasis is
towards the development of ecologically
fliendly, environmentally safe and farmer's
adoptable IPM. By the year 2020 A.D. the
extent of pesticide use in wheat based cropping
system would be minimised and to achieve
this further research on IPM would be needed.

Insect-Pest resistant lines identified
(bast'Ll on more than 3 rlcars rualuation)

Shootfly : PDW 215, Raj 1555, Raj 3190,
I{UW 234, I'DW 213, HD 2307,
ut,l) 8, I{ 8381

Brown mite : 4-9-30-1, C 306, DT 18,HDR 132,

IJPW 42, WH 58e, WH 610, WH 629

Survey of insect pests is a regular feature
of the programme. Basic studies have also
been clonc on the biology of root aphid
(R. rufinbsominalis) and Heliothis armigt'ra.
Seeing the increasing incidence of some insect

Field misting technique to create epiphytotics of
KB permitted the identification of tolerant lines

Cotton
52/"

-- Cereals/o'" -irr.is

Rice
17"/"

7.v"

Plantation
crops
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All India Coordinated Wheat
Improvement Project

Introduction

Systematic research on wheat started at

the Indian (then, Imperial) Agriculture Re-

search lnstitute at Pusa, Bihar in 1904.

Dr. Howard and Cabriella Howard made early
pionee.ring wheat improvement research. In
the mean time the State Agriculture depart-
rnents and Agricultural colleges also started
wheat improvement.

Wheat improve'ment programme conti-
nued to remain an individual organization/
scientist based, and IARI took help from other

scientists in conducting seedling against virul-
ences of Puccinia spp. testing and multi-
location, yield evaluation trials. The duel com-
bination of Dr. B.P. Pal at IARI and Dr. K.C.

Mehta, Agra College developed rust resistant
varieties due to a good team work between
Plant Breeder and Plant Pathologist.Anumber
of NP wheat varieties were de-veloped. From
the Agriculture college, Lyalpur (now in
Pakistan) Ch. Ramdhan Singh, the wheat
breeder developed a series of Pbc lines as Pbc

591 etc. The Bombay presidency also released

several lines like A 906 and the early wheat
inrprovement programme is well documented
by Dr. B.P. Pal in his book.

At the same tinre it was realized that for
a successful and effective wheat research pro-
gramme, the scientists located at different
centres and in various research disciplines
must interact more closely to face the multiple
challenges of climatic fluctuations, disease,
insect pests and adverse soil environment
etc. Keeping this in view a cooperative wheat

22

research programme, by voluntary involve-
ment of a large number of wheat scientists
from different parts of the country, was
initiated in 1951. Recognizing the importance
of such cooperative efforts for wheat improve-
ment, a programme entitled,"All India Co-
ordinated Wheat Improvement Project" was
initiated by Indian Council of Agricultural
Research in 1965 during the third five year
plan. In the beginning scientists from the
disciplines of breeding, pathology and agro-
nomy were involved but later on other
disciplines were also included.

In 1978 the status of the AICWIP was
raised to the Directorate of Wheat I{esearch.

The wheat programme is presently headed
by the Project Director, who is assisted in co-
ordination by senior scientists, in each im-
portant disciplines. After three decades of
dedicated efforts, AICWIP contributed in
transforming a net wheat importing nation
to a self sufficient and exporter. In 1996 with
surplus wheat production, there is a need
for a re-oriented mandate for the coordinated
project to meet the requirement of the 21st
century. Accordingly, attempts have been
made to reengineer the organizational struc-
ture, define the role of centres and accord
them with certain level of autonomy, link
with the DWR and strengthen the
infrastructure.

Collaborating Centres

A total of 29 centres funded by Project are

located in different SAUs and other
government funded institutes. Another 30

locations are knitted with the Project as

Perspectioe Plan - Wheat



Under the AICWIP ldentical yield trials are conducted at multilocations to assess

the genetic potentiat of genotypes towards yield, adaptation and resistance

scientific positions 176

technical, 12 Admin-
istrative, 3 auxillary and
13 supporting staffs.
There was not any signi-
ficant increase in man
power subjected to VIth
plan. Despite the fact
that the area under
wheat has substantially
increased, and issues to
address have increased
as durum wheat, quality
improvement, break-ing

yield, dicoccum research etc., no additional
increase in either manpower, centre or budget
has happened for last 15 years.

Budget

During the VIth five year Plan a total of
Rs. 251.69 lakhs were sPent. Approximately
same amount was sPent in the VIIth five year
plan but in7997-92 alone Rs. 100.00 lakhs were
spent. This increase in the expenditure was

due to the shifting of Directorate from Delhi
to Karnal. For the establishment purposes again

in the VIIIth plan the DWR budget increased

to Rs. 2425.00lakhs.

Production v/s Productivity

If we take 1969-70 as base year and
compare the achievements of 7995 regarding

voluntary centres. In addition to these 59

centres, some other testing sites are also

provided by non-government organizations
and state Departments of Agriculture. These

locations has been identified in such a way
that all the agroclimatic zones of the country
should be represented for wheat programme.

The country has been divided into six

zones based on agroclimatic conditions, disease

spectrum and soil status. The irrigated timely
sown/late sown trials of bread or durum wheat
are conducted in each zone. Special trial for
very late conditions, very high altitude, saline
soil situations etc. are conducted to address
specific needs.

Manpower

In the VIIIth five year plan the total
scientific staff allocated to AICWIP is 93

Plarr Scicnt. l'cch. Admn. Aux. Support.

pcriod

I980-85-VI 1(,2 122 12 - 1 1

(AICWIP)

lq85-90-VII 9l 175 11 2 12-

(AICWIP)

1990-91 9t 175 lt 2 12

(AICWIP)

t99r-92 91 175 11 2 12

(AICWIP)

lq92-97-VIII 91 175 l1 3 11

(AICWIP)

1980-85-Vt 188.76 188.76

(AICWIP)

1985-90-VII 259.69 259.69

(AICWIP)

1990-91 100.00 100.00

(AICWIP)

1991-92 238.00 67.00 17.25 322.22

DWR+(AICWIP)

1992-97-VIIJ 16s0.00 475.00 300.00 2425.00

(AICWIP)
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area/ productivity and production, it have
increased 50'7n, 770"/n . and 325"/r, respectively.
This production trend during last two decades
has permitted to build a food grain buffer
stock of 37 million tones of which 45.k is
wheat indicating thereby that wheat pro-
gramme is on right path to achieve a target
of 75 million tonnes wheat by 2000A.D. when
population of India will be more than 1000

million.

Area, production and yield of wheat in India

Since area for cultivation is limited, and
the population is growing unabated, it is a
likelihood that the food situations can get out
of hand, if we' are not cautious to maintain the
present status in growth rate of productivity

Cain in Yield is Through Genetic
Improvement

There has been a continuous genetic gain
in yields since 1965 till date in the form of new
wheat varieties. Till date 174 varieties have
been released for cultivation in various agrocli-
matic conditions. If we consider only important
varieties, the rate of yield gain is about 7.0ok

annually.

Wheat material with diverse genepool is
cleveloped by scientists. Donor lines, focussed
on programme basis, where these will be used,

24

are identified from national as well as interna-
tional material. This focussed effort on wheat
improvement has resulted an increase in per
ha productivity of wheat from 9 q/ha in 1965

to 45 q/ha in 7996 in Punjab. Developing high
yielding resistant varieties with good agro-
nomic base, has been the main reason for this
phenomenal gfowth.

Every year about 600 wheat strains are

tested in approximately 500 yield trials across

the country. Besides this, indigenous and
exotic germplasm collections are evaluated
in national and international nurseries.
DWR provides to the breeders confirmed
sources for various traits in different trials/
nurseries like YCSN, QCSN, ALk/SAL,
SDN etc. Recently the NGSN have been
reorganized and is like a crossing block
with donors of specific traits. During 1995-96
in all 6 national nurseries with 670 genotypes
were planted at 81 locations. Apart from this,
international nurseries/trials are also evaluated
and screened for various desirable traits and
then the selections are distributed to the various
breeders.

Durum Introduction in Puniab

The country now has reached the stage
when it can export wheat. Durum wheat offers
better opportunities for export as it fetches
better price in the international market. The
durum has the similar potential as that of
Basmati rice. Technologies for enhancing pro-
ductivity and production are to be standardised
besides keeping in view the quality require-
ments for importing countries. In this direction,
Directorate has assisted in the introducing
durum cultivation in Punjab by constantly
interacting with concerned agencies. Value
addition and export of wheat will generate
additional income to the farmers and hence is
a right step.

Pr.riod Arc:r l)rorluction Yield 9i, cove'rage
(M.ha) (M.T) (Kg/ha) under

irrigltion

lc)4q-50 9 .76 (r.39 655 3 1.5

It)59,60 13.38 10.32 772 31.8

1969-70 16.63 20.09 t209 51.1

1e7e-80 22.17 31.83 1.136 68.3

l98q-90 23.50 4e.it5 2121 79.5

1e94-e5 25.40 65.20 2567 81.0
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WHEAT RESEARCH CENTRES

State

Himachal Pradesh

]ammu & Kashmir

Uttar Pradesh

Delhi

Haryana

fammu & Kashmir

Puniab

Rajasthan

Uttar Pradesh

Haryana

Raiasthan

Centre

Palampur*

Dhaulakuan*

Baiaula

Shimla (Tutikandi)

Shimla (Flowerdale)

Dalang Maidan

Shalimar* (Srinagar)

Almora

IARI

Kamal

R.S. Pura

Ludhiana+*

Gurdaspur

Sriganganagar*

Pantnagar*

Meerut

Hissar*

Durgapura**

Institute/ University

Northern Hills Zone

HPKVV

HPKVV

HPKVV

IARI

DWR

DWR

SKUAST

VPKAS

North Western Plains Zone

IARI

CSSRI

SKUAST

PAU

PAU

SU

GBPUAT

MU

CCSHAU

SU

Research discipline operative

Breeding, Pathology, Agronomy

Breeding, Pathology

Breeding

Breeding

Pathology (Rust testing laboratory)

Breeding (Summer nursery)

Agronomy

Breeding, Pathology, Agronomy

Physiology, Quality

Breeding & Cenetics, Cytogenetics

Pathology, Agronomy

Entomology, Nematology, Quality
Physiology

Breeding, Agronomy,Physiology

Breeding, Agronomy

Breeding, Cenetics, Pathology

Agronomy, Quality, Entomology

Nematology (Special programme

on Kamal bunt and rust genetics)

Breeding, Cenetics, Pathology

Agronomy

Breeding

Breeding, Pathology, Agronomy

Quality, Entomology (Special

programme on Kamal bunt)

Cytogenetics

Breeding, Pathology, Agronomy

Quality, Entomology, Nematology

Genetics, Agronomy, Pathology

Nematology, Entomology, Quality
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Institute/University Research discipline operative

North Easteru Plains Zone

Bihar Pusa IARI Breeding, Pathology, Agronomy

Pusa RAU Breeding, Agronomy, Pathology

Entomology

Sabour* RAU Breeding, Agronomy, Pathology

Uttar Pradesh Kanpur*+ CSAUAT Breeding, Agronomy, Pathology

Quality, Physiology, Entomology

Varanasi* BHU Breeding

Faizabad* NDUAT Breeding, Genetics, Agronomy

Pathology

Assam Shillongani* AAU Breeding, Agronomy

Bihar Kanke*(Ranchi) BAU Breeding, Agronomy. Pathology

(Centre for rainfed wheat)

Manipur Imphal* Deptt. of Agri. Agronomy

West Bengal Kalyani* BCKVV Agronomy

Cooch Behar* BCKVV Breeding, Pathology

Burdwan Deptt. of Agril. Breeding, Agronomy, Physiology

Peninsular Zorc

Karnataka Dharwad* LrAS Breeding, Genetics, Agronomy

Pathology, Quality

Maharashira Mahableshwar* MPKV Genetics, Pathology (Rust

testing laboratory)

Pune* ARI (Formerely Genetics (Cenhe for durum

MACS) wheat)

Niphad*+ MPKV Agronomy, Pathology

Physiology, Quality

Parbhani MKV Breeding

Akola PKV Breeding

Southern Hills Zone

Tamil Nadu Wellington+ IARI Breeding, Pathology

(Summer nursery)

* Centres financed through AICWP; + Zonal coordination cenhe
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Coordinating Summer Nursery
Programme

Use of summer nLrrsery allows two crops
per yeat, advances the generations, accelerates
seed multiplication and also evaluates for
disease resistance. This facility serves the
efficient and economical way of triggering
pace in varietal development. During the last
two decades through summer nurseryAICWIP
have helpcd in rapicl generation advancement
of promising lines, in development of yellow
rust resistant varieties and multiplication of
important cultures/varieties for further use.

AICWIP is also planning to raise winter wheats
for use in breeding. programmes/attempt
crosses with spring wheats.

AICWIP Keeping an Eye on Crop
Health

A continuous monitoring is done as a part
of wheat improventcnt programme to map the
prevale.nce and distribution of different rusts
and blights. Around 2000 rust samples are
analyzed every year. It is worth pointing out

At faipur, Rajasthan wheat varieties are evaluated for tolerance to leaf blight
under specially designed plastic tunnels

Perspectioe Plan - Wheat

that atleast 50 different varieties are grown in
India possessing shades of difference for rust
resistance. This varietal diversity and deploying
them over space and time has brought yield
stability and avoided epidemics. By drawing
diverse, early generation material from both
national and international programme, the
plants protection division plant various multi-
locational screening nurseries such as PPSN,
IRSN etc. Entries are also screened against
individual rust virulence under glass house
conditions. Those lines which were repeatedly
resistance to diseases are entered as genetic
stock in crossing block which keeps dynamic
and responding with requirements.

It has been proved that diversification of
genetic base and monitoring of new virulences
is the backbone of the future wheat im-
provement programn"le.

Varietal Identification - Continuous
Process

A comprehensive and effective mecha-
nism has been worked out by the project for

identification of varie-
ties, taking critical
account of data gene-
rated in coordinated
testing with reference to
yield, diseases and pest
vulnerability, quality
and adaptability over
varying environments.
A team of experts
examines data of the
proposed variety and
compares it with that of
ruling check. Based
upon the needs, the
variety evaluated is

27
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WHEAT - RESEARCH AND TESTING CENTRES
(ALL INDIA CO.ORDINATED WHEAT IMPROVEMENT PROIECT,ICAR)

O AICWIP HEADQUABTER

E AICWIP CENTRE

r BAFILEY NETWORK CENTRE

tr SUMMER NURSERIES

X CENTRES PROPOSED IN IX PLAN
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recommended for culti-vation under specific
mega-environment. T\is activity continues to

remain as one of the major outcome of the

annual meet organised by AICWIP.

Multilocational Testing - Backbone of
Genotypes Evaluation

As per the existing procedure, materials

are entered in the National Initial Varietal
Ti.ials (NIW) by breeders working at different
ce.ntres on the basis of evaluation in the station
trials. Following appropriate design, multi-

location testing is done and comparisons are

made by analyzing the data. Superior geno

types are promoted to the advance varietal
trials and tested for atleast two continous
years. This multilocational test for about four
years is a full prd method and this is
the reason that genotypes thus identified
occupy a large area. This procedure also
needs some reorganization and this year
AICWP has started NIVT (National initial
varietal trial) so that the genotype can be tested
at national level.

Periodic assessment of progress is a requirement to achieve the set goals
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Impact &ssessment

Growth (Crop / Commodit / Discipline /
Area/Science)

The wheat production is increasing at a
greater pace than population growth as a result

of dedicated efforts made by scientists, re-

searchers, farmers, extension workers and

policy makers. Directorate of Wheat Research

is actively engaged in research, extension and

training aspects of wheat production and

processing. New genotypes suitable for
different agro-ecological regions are being

developed under the aegis of AICWIP These

genotypes and package of wheat production
technology is being tested and verified under

field conditions i.e. real time situations bearing

the different stress conditions. Human
Ii.esource development is a key aspect to
disseminate this technology to the various
regions of India. Training, short courses,
refresher courses are being organised by DWR.

Infrastructural facilities have been de-

veloped at DWR to explore the new avenues

in wheat research and thus add new dimen-
sions to the ever increasing pressure on wheat

research. An interdisciplinary approach is being

followed at DWR and in AICWIP to churn out
the best technologies for adoption.

Undoubtedly lndia has more than trebled
the food grain production from almost the

same area as there was three decades ago, but,
this increase has been negated by the increase

in population. Due to better access to water
and agricultural technology cropping intensity
will increase particularly in M.P., East U.P. and

Bihar. It is expected by to 2020A.D., still there

will be 26.0 million hectares area under wheat
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27 q/ha

culti-vation and the average yield per hectares

must increase to atleast 4.2 t/Irra. This in other

words means, that the entire country must
reach the average productivity level of Punjab

which is now 4.2t/ha. Though this a tall order,

it can be achieved.

Input/ Output Assessment

Annual wheat production of India which
was 6.2 million tonnes in 7947 increased upto

66.5 million tonnes in'1996. With the increase

in wheat production, there has been greater

availability of wheat/capita/ day i.e. 1'67 g in
1991 as compared to only 79 g during 7961'.

This increased availability has happened

despite doubling of the population since 1961.

Increased productivity from 9 q/ha (1965) to

27 q/ha (1995) is the sole reason for this
comfortable food situation.

Productivity growth in wheat

The continued increase in production has

resulted in a huge buffer stock of 14.0 million
tonnes of wheat which in turn exerts pressure

for wheat export. From now on, India can export
wheat on sustainable basis even if there is

decline in wheat production due to bad weather
during a calender year.

Perspective Plan - Wheat



The genotypes developed till now are
fertilizer and irrigation responsive. This re-
sulted in the over use of fertilizer and water
by farmers. Since input response is only upto
a certain level and after that the law of
diminishing return starts, it is necessary to
manage the inputs within the favourable zone.
Thus it is not only uneconomic to the poor
farmers, but excessive use of water in Northern
India has also resulted in the lowering of
ground water level. Similarly herbicide abuses

had caused adverse impact on environment.
The AICWIP may have to identify 2-3 centres
to address these issues.

Suggestions and Options for Future

Breeding approaches to further promote
export of wheat

In the past, surplus wheat of North
Western Plain Zone used to move towards the
eastern states which were perpetually deficit.
Howevel, in last couple of years there has been
a steep increase in productivity in eastern U.P.

and Bihar. As a consequence, the region has
also started contributing to the food buffer.
Under this scenario the demand for surplus
wheat in North-Eastern India is likely to
derline. As an alternate it will be necessary
to explore the possibility of exporting wheat
from NWPZ. The potential markets for
Indian wheat are South Asian and West
Asian countries that have similar food habits.
It therefore calls for innovate approach to
develop genotypes for North-Western India
that meet the overseas demands. At present
wheat export from India fetches low
international price and if the quality of
wheat could be improved keeping in view
the client country's needs it will not only fetch
a better price but also establish a permanent
market. Such a contract farming may become
necessary in the long run, so as to sustain the
cultivation of wheat on such a large scale in
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North-Western India. The futuristic wheat
breeding programme will keep pace and adjust
accordingly to meet the market demands.

Creating new variability

In the process of 10,000 years of human
selection the extent of diversity in wheat has
narrowed down and this could be avoided
if the synthetics can be beneficially brought
into the breeding programme. The wheat
project will therefore try to find out the utility
of the synthetics in further Crop Improvement.

The creation of new variabilities has been
achieved at CIMMYI Mexico by crossing
tetraploids and hexaploids with their near
relatives and also by attempting wide crosses.

In this process it is visualized that some new
genes can be brought in the background of
cultivated wheat. Attention will be focussed
on Ciemsa C banding, N banding, Fluorescent

Tetraploid Wheat x
Species (AABB) 

|
I
I

J
F1 (ABD)

I

( co tc n ici n 

lrreatm 
en t)

I

sv*"ti.
Amphidiploid
(AABBDD)

Diploid Wheat
(DD)

banding in situ hybridization and RFLP
markers for the studies of Wheatchromosomes.
These techniques will help in identifying and
con-firming physically the gene/segment/arm
or part of the genome transferred from any
alien source.

Earlier plant breeding approaches have
successfully introduced genes Yr 8 frcrn Ae.
squarrosa, Sr 26 frcrn T. elongatum and Sr 27
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Alien wheat sources for specific traits

Tlait 'Sourcc(s)

[)istasc Re'sistance, 'l'. boaotit'Lutr, "l . nltrtocttL'tunt

T. araraticwn, Ac. s1teltoides

Sccalt' ccrt:nlc

Photosynthesis "l'. thoudnr, T. urfirtu

Drought tolerancc 7'. kotschtli, Ae. umbelulLttn

I'lcat tolcrtrnce Ae. speltoides, Ac. triuncialis

l)rotcin T. nunrococcunl,T. tlicot'coidas

llerbicide. Resistancc Ai,. lticornis, Ae. nllintlricrt

frorn Secale cereale. Since, at present only Lr 9
and Lr 19 are effective against Brown Rust, it
may be necessary to bring in new source of
resistance for other new related pathotypes for
effectively containing the development of
brown rust of wheat.

In this process it is also believed that
increased capability of photosynthesis along-
with tolerance to environmental stress apart
from incorporation of specific resistance
genes may bring additional yield advantages.

Since the extent of compatibility between
these. distantly related species is less, If
necessary, the technique of Embryo resclle,
which is the routine, tissue culture procedure
can also be utilizecl. In order to permit the
development of trar-rsgenic plants in wheat it
is necessary to develop reliable and efficient
protocol for regeneration of wheat. Both wheat
and barley are amellable to tissue culture
procedure and many laboratories around the
world have developed reliable protocols.

The root tips, shoot tip and developing
primordia have all regeneration capacity. This
may also vary from genotype to genotype.
Once standardized, the regeneration protocol
can be utilized for developing transgenics
using "Shot- Gun" procedure. It is visualised
that during the next 10 years there will be a
substantial progress in this direction.
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Molecular biology tools

Number of molecular biological tools have
been developed for various systems such as
tobacco, tomato and rice etc. By suitably modi-
fying them, it must be possible, to apply
them for wheat as well. The technology
brings together molecular genetics and classic
plant breeding rendering the Selection
Process more efficient and faster.

Since the high density map of the wheat
genes is likely to be available, it is visualised
that RFLP guided wheat breeding programme,
for incorporating the quality and disease
resistance genes will emerge as a powerful
tool.

The research programme accordingly
will be restructured to meet this new and
growing demand. Since such research activi-
ties will be beyond the capability of any
individual or any institute, it will be desirable
to establish inter-institutional network for
characterizing the various genes using the
molecular approaches. The initiative recently
taken with inter-organizational activities
involving ICAR/SAUs/DST/UGC/CSIR is
the first step in this direction. In future also it
will be necessary to develop a programme
linking the institutes where the talents are
available. In order to make it cost effective, the
future molecular biology programme shall
remain inter-institutional.

At present the. procedure for confirming
the presence of tl-re introgressed genes in
the segregating population is both time
consuming and laborious. It comes in the
way of breeding for quality traits. The
Polymerase Chain Reaction (PCR), provides
a very effective alter-native for characterizing
and identifying the presence of particular
genes sequence in a small piece of tissue of
the plant under test. These sophisticated
laboratory procedures which involve the
purification of the DNA for characterizing the
gene in question are to be developed. This
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powerful tool of PCR procedure can be
successfully utilized for futuristic plant
trree.ding approacltes for incorporatinp;
effectively specific genes.

These technologies, in the cutting edge of
scie.nce will facilitate the participation of
India as an equal paltner in other international
irritiatives that are under way. Already the
devcloped nations have formed the Inter-
national Triticea Mapping Initiative, under
whicl-r substantial efforts have gone in, and
progress has been made. Unless the national
programme is able to catch up with others, the
trenefits of Molecular Biological techniques,
which are likely to come under the IPR, may
not be within casy access to the. AICWIP.
Therefore, a focussed attention will be givc'n
in this direction to boost the programme.

Molecular Biology tool will also become
an instrument in the hands of plant

pathologist for rapicl identification and
characterization of the adult plant resistance
genes. Considerable amount of time is spent
in characterizing the variability in Karnal bunt
pathogen, brown rust and yellow rust etc.
which can be effectively done through
molecular route rapidly.

The protein for protein theory explains
the basis of pathogenicity which indicates
that the variability in the pathotype can be
characteriz.ed by the type of protein it
produces in the process of pathogenesis. In
Australia, stem rust virulences are identified
using isozyme pattern and this technology is
likely to cleve.lop as a routine procedure in
place of virulence analysis. Indications are
that even in India variability in the pathogen
can be linked with protein banding
pattern. Such a technique would enable rapid
virulence identification and in breeciing for
rust resistance.
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Scenilrio

Wheat (T.riticum spp.) is one of the most

important winter ccreal in India contributing
31.5 percent to the total foodgrain basket of

the country. Area under wheat is 24.5 mha

and producl;ion is of the order of 66.5 million
tonnes. Total food grain production of 7996

is double than that of 1965 and during
this period wheat production registered an

impressive 534 per cent increase.

Place of India in World

India uow ranks as the second largest

wheat producing uation in the world and

contributes approximately 72 per cent (1995-

96) to the world wheat basket with an area of

Maior wheat growing countries and

their Production

11 per cent under wheat in the world. The

China is the largest producer of wheat with
the 13 per cent area and its contribution to

the total produce is 19 per cent' In other

words one third of wheat area lies and
production comes from China and India. The

USA share decreases in production from
58 million tonne to 54 million tonne.

The major exporter of the wheat are

Argentina, Austrailia, Canada and USA,
and the possiblility of the total wheat export

well be approximately 90 million tonne.
The major importing countries are Algeria,

Annual yield (kg/ha) growth rate over

Brazil, China, Egypt, Iraq, Iran and ]apan.
It is clear from the table that China is the
largest producer as will as the importer of
wheat. The Bangla Desh, Iran, Iraq and
China may be most favourite nation for export.

The area under wheat throughout the world
as well as in Indiaremained more or lessaround
220 nrillion hectare and 24 million hectares. A
production figure of 65 million tonnes of wheat
does look impressive but not so much
if one realises that it comes from 24 million

Cotrntrv 93-94

Total

q4-95 95-c)6 Surplus/
[)cficit

Aigcria 1.10

Argentina 9.70

Australiir .16.4ll

Bra zil 2.11

Canada 27.23

China 106.39

India 57.21

Japan 0.64

K:rz:rkhastan 1,1.66

Mcxico 3.60

Mcrrocco 1.57

Pakistan 16.76

I{ussia 43.50

Saudi Arabia 3.60

Syria 3.40
'fr"rnisia 1.40

Turkey 16.50

E.U. 82.93

E. Iiuropc' 30.62

u.s.A. 65.22

Others 58.27

0.75 1.25 -3.8

11.30 8.60 NA
8.90 17.00 +l 3.3

2]e 1.51 -.5.5

23.12 5.43 +20.7

99.30 102.00 -7 .0

59.84 65.47 +2.5

0.57 0.44 -5.9

9.05 6.49 NA
4.1s 3.46 NA
5.52 1.10 -0.1

1s.21 17.00 -2.0

32.10 30.10 -1.7

2.70 2.00 NA
3.70 4.00 NA
0.50 0.53 NA

14.70 15.50 0.0

84.54 86.16 +14.3

33.96 34.67 NA
63.17 59.48 +25.6

49.45 53.76 -107.3

559.28 s24.72 s35.93

previous three decade

Decade

State 1961-71 1971-81 1981-91

I'unjab 113.0 54.0 88.4

Haryarra 90.0 25.0 110.3

u.P. 28.7 29.0 65.3

Bihar 54.9 -0.9 50 5

M.1,. 9.5 9.9 52.6

Crrjrat 78.2 40.3 8.1

Maharashtra 4.7 38.0 '17.5
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Major importers (Proiected for 1996-971

(-ountry Import
(M.T.)

Algcria
Bangladc.sh

Ilrazil
(-hina

Lgypt
Incl oncsia
It"zrn

Iraq

fapirrr
S. Korca
M.rlaysia
Mcxico
Morocco
I)akistan
I't'rtr
I'hillipincs
I(ussia
Sri Lanka

3.80

1.20

5.20

8.00

6.00

4.00

3.50

2.00

6.30

3.00

1.25

1.75

1.30

1.80

1.30

2.00

2.50

I.00

hectarcs at an average productivity of 2.7

tonnes/hectare. Undc'r very good management,
yield of 6-8 tonr-res/hectare have been
obtained. ln contrast, only in Punjab the wheat
yields have reached 4.2 tonne/hectare and in
Haryana approachirlg 3.8 tonne/hectare.

After rice., whe.rt is the most important
cereal crop of India and since the introduction
of the, high yielding dwarf wheat varieties
ir-r 1965 there has been a continuous increase
in both production and productivity. This
has been achievecl without any additional

increase in area and mainly by breeding
higher yielding new genotypes of wheat.

World wheat area, production and productivity

Even during the cyclic periods of rnonsoon
failure years, wheat productivity did not
dip to the bottom and the new found
technology had the cushioning capacity
even under harsh situations. At present
there is a buffer stock of 34 million tonnes of
wheat and rice to see-through any unforeseen
shortfall in production. From a state of 'ship
to mouth', in 30 years India has become a

nation of mounting food grain surpluses.

During the last 25 years through plant
breeding there has been a 1o/r, annual
genetic gain in yield. Continuous varietal
improvement and their adoption has pushed
the wheat productivity to new levels. Increase
in productivity, however, has not been
uniform all over the country and this indicates
the opportunities and areas for increasing
wheat production in future.

During the decade 7961 to 1971 there
was a rapid increase in productivity in ali
the major wheat growing states of the indo-
Gangetic plains. However, the next 10 years
had a slow growth rate. This slowing down
of growth, raised many doubts on the
sustainability of the system, on the very
success of the Green Revolution itself, and
was even termed as the Creen Revolution
fatigue. The subsequent decade witnessed
that there is a possibility of further increase
in food production. It also indicates that
there is a large amount of unharvested yield
in Uttar Pradesh, Bihar, Madhya Pradesh
and Cujarat where average productivity
levels at best equals the national average.
Nearly 14 million hectare come under this
category and even if the average yield is
increased by one tonne that will steeply
increase the total production.

Per Capita Net Availability of Food
Grains

The following paragraphs attempt a

qualitative assessment of the agricultural
scenario in the country in the years to come.

Ye.ar Area Yield l)roduction
(M.ha) (q/ha) (M.T.)

19q0-el 231.4 2.54 588.0

1991-92 222.5 2.44 542.1

1992-93 223.1 2.52 561.8

1993-94 222.3 2.52 559.3

l9e4-95 215.1 2.44 524.7

199s-96 219.4 2.44 535.6

1e96-e7 229.0 2.49 570.6
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Food grain availability (g/day/head)

Ycar Ricc Wheat Cc'rcals Food gratns

I 96 I 201 . I 7c) .1 391) .7 46E.7

1971 1t)2.6 103.6 417.6 46U.8

lgtil t97.3 12i).0 416.2 514.2

lqq I 228.7 .163.6 
474 2 514.2

1q96(,) - ttt5.4 - 540.0

l) = I)r'ovisional

Various sectorial uses of wheat

A comparison of the various sectors of
usage of the' total wheat production now and
by 2020 AD shows that there will be steep

growth in demand for wheat. Since the
processed usage is likely to be higher, there will
be greatcr need for the. grain.

Strength

The strength of the programme is that the
country, taking advantage of diverse climate
can produce surplus grain of bread wheat,
durum and c'licoccum. These different
wheats can be supplied for product develop-
ment and for the consumers. The well
developed agriculture and the transport system
permits handling of these grains in large
quantities. There is also a strong research and
developn'rent support to the wheat improve-
n-rent programme, which constantly reviews
the technological skills and need to address
c.merging situations. There is a large amount
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of information available on important issues

like Karnal bunt etc. This information can be

utilized to convince the importers on their
occasionally unnecessary concern.

Ability to produce more wheat is our strength

Over the last fifteen years, gradually, there

is a mounting surplus of food grain production

coming out of the North Western India.
Both rice and wheai production in this zone

had phenomenal increase, thereby contributing

consistently towards the surplus food and

buffer stock.

Genetic potential of the present day wheat

is nearly 7 t/ha under best mana6;ement condi-

tions where as, the average productivity of
wheat even in Punjab is only 4.1 t/ha. The

productivity level in the state of UP, Bihar
where 11.5 million hectare is under wheat
are too low and there is nearly 20.0 million
tones unharvested yield here. By proper
management of the agricultural resources,
adopting the appropriate varieties and by
following the modern methods of wheat
cultivation it will be possible to substantially
increase the wheat production.

The central zone grain quality is very
good due to the type of environment prevalent
there which has nearly 5 million hectare. Even
in central zone on an average 3.5 tone/hectare
can be achieved by extending sprinkler
irrigation system, use of better varieties and

by adopting the correct production tech-
nologies. Area under wheat is expected to be

INDICES OF PRODUCTION

o More per capita availability of wheat.

. Stability and sustainability of production.

o Build-up of buffer.

o Economic return to grower/processor

o Growth of seed industry and agri-implements.

o Trade and earning exchange and goodwill.

(nrillion tonnas)

199sAI) 2020 At)

I{tttrirrecl by growcr 45.5 83.5

(As foodl;rain)

Buffcr sbck 15.0 20.0
(procure.cl ;rrnount)

f:xport / tracle 2.0 3.0

Secd 2.5 3.0

Tr.rnsport loss/clamage etc, 1.5 2.ll

Ttrtal 66.5 10q.0
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Area Puniab - Malwa/ Central hrdia -

Growth condition Irrigated Irrigated Rainfed

Cultivation Concentrated Thinly spread Thinly spread

Procurement Easy Dfficult Dfficult

Grain attributes Satisfactory Good Excellent

Productivity HiBh Medium Low

Proximity to Yes No No

the grain market

Dstance from Far Close Close

the seaports

Commonly PBW M, Rai1555, A206,

cultivated PDW 2i5, HI8381, A-9-30-1,

varieties PDW 233, N 59,

WH 896 Biiaga Yellow

PD = Punjab durum; MDI = Malwa durum irrigated; MDD = Malwa dry durum
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Proposed grading standards for Puniab durum

Graeles Mini.

tcst wt.

(Kg/hl)

80

78-80

75-7ta

<75

Broken/ Foreign

Shrunken Material

Kernels (o/n) ('/,)

Vitrcous-

ness(7n)

Protein

("in)

12.5

1 1 .5-12.5

11.0-11 .5

<11.0

1000

gr. wt

(g)

>48

45-48

40-45

<40

Semolina

Extraction

(Y,)

l,D1

PD2

PD3

PD4

3.0

5.0

8,0

10.0

0.5

1,0

3.0

5.0

>80

70-80

60-70

<60

>60

s8-60

55-58

<55

around 26 million hectare by 2020 AD and it
appears through approPriate production
tech-nology that the set target of more than

100 million tonne can be achieved.

In the past, the surplus production of
North Western India used to move towards
the Eastem part of the country. However, for
the last couple of years the situation has

Per cent contribution of rice and wheat
in total procurement

changed and now East Uttar Pradesh and
Bihar have also started contributing to the
buffer stock. The carry over buffer stock is
presently 34 million tonnes of which 13 million
tonnes is wheat. Crop year 1994-95 was yet
another record year where production exceeded

65 million tonnes. Under this changed scenario

there i's a likelihood of marketable surplus
of wheat coming out of the North Western
Plains Zone. Comfortable situation on food
front and onset of the liberalised economic
policy of the Government has rendered export
of wheat on a global scale. The current
intemational price of wheat is around 180-250
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US $ per tonne, and this ensures a profit
margin to the trader. As regards the export
potential of Indian wheats, there appears to
be a good scope provided the system of
procurement is made export oriented.

During 7995-96,India exported Rs. 90.00

crores worth of wheat and a major amount
is bread wheat. There is a great potential
to double or triple the quantum of export.

The analytical details presented in table
project a wide spectrum of variability in
gluten strength of some of the popularly grown
Indian wheats. Thus, suitable bread wheat
varieties for different end uses like Chapati,

bread and other baked products are available
in the country which could be exploited for
inter-national grain trading.

From export point of view, durum appears
to be better placed because less number
of varieties with wider adaptability are
available in the country. Also, they meet most
of the international quality standards.

Durum quality - is strength

Durum wheats which are extensively
used for making instant foods such as

macaroni/noodles/snack foods snac pellets
have a good export potential. In India, durum
wheat production is estimated to be around
3-4 per cent of the total wheat production.
Incidentally, the availability of exportable

Period of Per cent share

tricnnum

averragc

1970-73

1s80,83

1988-91

Procurement Production

Wheat Rice Wheat Rice

58.70 37.98 21.98 38.9s

s1.00 47.73 28.02 41.39

45.18 54.11 31.19 41.87
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Variety

DL1s3-2

c 305

Rai 3077

Swati

K8804

HUW 234

GW 173

wt't 542

PBW 343

CPAN 3OO4

NI5439

Hte77

Gluten
wet
(%)

Sed.
vaule
(ml)

58

44

51

51

46

47

47

42

39

44
51

65

Stability
,CD'

(min)

8.2

J.J

4.6

5.8

9.7

4.2

2.3

3.6

3.1

6.8
72.0

18.0

D"g.
soften

,8,

Water
absorp.

(%)

26.6

26.9

2't.5

34.1

32.1

21.4

27.4

23.3

28.6

18.5
37.2

36.2

3.7

7.5

20 73.0

60 7s.0

88 61.0

60 60.0

25 65.5

78 67.0

120 72.0

85 72.6

1i0 70.0

4s (E20) 61.5
4s (E20) 62.0

40 63.5

Quality characters of popular Indian wheats from different zones

Quality characters of Indian durum

durum wheat is spilled
over in small quantities
over Central India and
Punjab. Central and
Peninsular India is
favourable for the
production of good
quality grain with
good hectoliter value,
high protein and less
yellow berry. But the
amount of exportable
surplus grain available
here is too less.

Potential of Indian durum

Durum wheat produced in India can
be broadly put into two categories. The
first category is the one produced in the
comparatively dry and hot environment
of Madhya Pradesh, Gujarat, Maharashtra,
Karnataka and Southern Rajasthan. In
general grain quality of this durum is
very good but the productivity is very low,
yield uncertainties are high and hence it

central zone produces very high quality durum wheat. Educating the farmers and
extension functionaries is required to develop it as durum export zone

Vari€.ty Test Protein Sedimen- B-Carotene

wt. (%) tation (ppm)
(Kglhl) value

PDW 21s 78 12.1 28 .4.6
PDW 233 78 11.6 38 7.9

wH 8e5 78 10.7 42 6.2

Raj 1555 80 17.4 31 3.8

HI 8381 82 13.2 2s 4.8

PBW 34 79 12.7 33 5.3
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will be difficult to sustain the export market
based on this procluced alone. There is an
urgent need to step up the per hectare
productivity of this durum grown under
residual moisture. The n'rain reason for low
production is the non adoption of proper
moisture conservation steps, improper farm
machinery and inappropriate genotypes.
Tl'rrough extension of sprinkler irrigation
facilities, the durum production can be
increased substantially. The second category
is the Punjab durum which is cultivated
under timely sown, high fertility and
irrigated conditions. The ambient tem-
peratures during tl're crop season is com-
paratively cooler but the humidity is higher.
Such a weather recluces the lustrousness of
the p;rain and grain mottling increases. As a

result, the grain quality is adversely affected
and the' grain can occasionally be rated as

unfit for export.

All these are compensated by the stable
and high per hectare productivity of durum
in Punjab. In view of said situation, efforts
must be intensified to improve the quality
traits of Indian durums for Punjab. Greater
se.le-ction pressure must be exerted to improve
the hectolitre weight, vitreousness of grains,
minimum of yellow berry, greater grain
harclness, higher protein content >737n, > 607,,

semolina recovery, >90'k b carotene content
and less lipoxidase activity. The durum
varieties available in India are not inferior
but needs improvement specially with respect
to protein content, beta carotene content,
test weight and freedom from yellow berry.

While planning export of durum, breed-
ing durum varieties suited for manufacturing
value added products needs attention. This
will also provide gainful employment to
educated village youth and at the same time
will permit more foreign exchange earning. It
is visualised that efforts will be made by food
or commerce department for primer tlsting,
storage transport and proper seaport facilities
for shipping.
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Wheat export - potential

Over the last several years India has been
able to ship wheat to friendly nations at
times of emergency as a good will gesture.
Since there is more than adequate wheat to
spare, Govt. of India liberalized the wheat
export, permitting free trade involving
APEDA as a noodal agency. Last year,
India exported about a million tonne of
wheat, primarily coming out of the north
western parts of the country. Getting
access to the export market demands high
grain quality standards, competitive prices
and reliability supply in quantity and in
quality. The approach therefore, has to be,
"Once Got In - You Stay In" type. A
coordinated effort by research, development
and marketing agencies are needed to
produce better wheat. And well organised
overseas promotion and marketing system
is needed to create demand for Indian wheat.
Since India grows more than 60 wheat
varieties under different agro echo-logical
conditions, it will be possible to provide
adequate supply of any type of grain
demanded by the importer.

Potential markets for Indian durum

The potential markets for Indian durum
are possibly the middle east countries, South
Africa and the Mediterranean countries.
For meeting their requirements, it is essential
to look into the various uses of durum in these
countries. In the middle East and North Africa
durum wheat is consumed in various products.

Two layered breads are known by various
names in different countries, khobz, baladi
and shami. Single layered breads include
tannour, saag, mountain bread, markout and
mehrahrah. Burghul (or sometime spelled as

burgur, borghul, boulgur, boulghour)
granulated boiled, sun-dried wheat used in
several ways, ranging from steamed burghul
much like rice. Frekeh is green, dried packed
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will be difficult to sustain the export market
based on this procluced alone. There is an
urgent need to step up the per hectare
productivity of this durum grown under
residual moisture. The main reason for low
production is the non adoption of proper
moisture conservation steps, improper farm
machinery and inappropriate genotypes.
Through extensiorr of sprinkler irrigation
facilities, the durum production can be
increased substantially. The second category
is the Punjab durum which is cultivated
under timely sown, high fertility and
irrigated conditions. The ambient tem-
peratures during the crop season is com-
paratively cooler but the humidity is higher.
Such a weather reduces the lustrousness of
the grain and grain mottling increases. As a
result, the grain quality is adversely affected
ancl the grain can occasionally be rated as
unfit for export.

All these are compensated by the stable
and high per hectare productivity of durum
in Punjab. In view of said situation, efforts
must be intensified to improve the quality
traits of Indian durums for Punjab. Greater
selection pressure must be exerted to improve
the hectolitre weight, vitreousness of grains,
minimum of yellow berry, greater grain
harclness, higher proGin content >73"k, > 60qn
semolina recovery, >90"k b carotene content
and less lipoxidase activity. The durum
varieties available in India are not inferior
but needs improvement specially with respect
to protein content, beta carotene content,
test weight and freedom from yellow berry.

While planning export of durum, breed-
ing durum varieties suited for manufacturing
value added products needs attention. This
will also provide gainful employment to
educated village youth and at the same time
will permit more foreign exchange earning. It
is visualised that efforts will be made by food
or commerce department for primer testing,
storage transport and proper seaport facilities
for shipping.
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Over the last several years India has been
able to ship wheat to friendly nations at
times of emer5;ency as a good will gesture.
Since there is more than adequate wheat to
spare/ Covt. of India liberalized the wheat
export, permitting free trade involving
APEDA as a noodal agency. Last year,
India exported about a million tonne of
wheat, primarily coming out of the north
western parts of the country. Getting
access to the export market demands high
grain quality standards, competitive prices
and reliability supply in quantity and in
quality. The approach therefore, has to be,
"Once Got In - You Stay In" type. A
coordinated effort by research, development
and marketing agencies are needed to
produce better wheat. And well organised
overseas promotion and marketing system
is needed to create demand for Indian wheat.
Since India grows more than 60 wheat
varieties under different agro echo-logical
conditions, it will be possible to provide
adequate supply of any type of grain
demanded by the importer.

Potential markets for Indian durum

The potential markets for Indian durum
are possibly the middle east countries, South
Africa and the Mediterranean countries.
For meeting their requirements, it is essential
to look into the various uses of durum in these
countries. In the middle East and North Africa
durum wheat is consumed in various products.

Two layered breads are known by various
names in different countries, khobz, baladi
and shami. Single layered breads include
tannour, saag, mountain bread, markout and
mehrahrah. Burghul (or sometime spelled as
burgur, borghul, boulgur, boulghour)
granulated boiled, sun-dried wheat used in
several ways, ranging from steamed burghul
much like rice. Frekeh is green, dried packed
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Principal use of
near East and

durum wheat in
North Africa

wheat ground into coarse particle size and
steamed like rice. In Sicily, durum is used
for leavened bread. This apparently is
also a common practice in Creece and
Popularly known as peasant bread.
Trahana is another use of coarsely ground
wheat with milk and used in soups. It is

well known in Balkan countries, semolina
cakes are yet another form of consumption
in the Near East. They are rich in buffer
and soaked in sugar soup. The quality
ractors considered desirable for some of the
above products'have been listed.

Therefore, the strategy for the varietal
development has to keep in view the needs of
the clients. Future durum development
attempts in India will cover the quality needs
to develop these products. North Africa and
parts of middle East are potential durum clients
for India and we need to cultivate agricultural
good will with these mentions. And about
50"/,, of the projected 2.0 million tonnes per

Desirable quality factors for flat breads,
couscous and burghul

year wheat export from India for the next
5 to 8 years can be durum. Also the price is
very attractive.

Progress made so far in wheat quality

When Lerma Rojo 644. and Sonora 64

were introduced from Mexico in 1964, their
grains were dark red coloured and hence was
not acceptable to the Chapati eating public.
Since then, considerable progress has been
made in breeding for quality wheat. Selections,

such as, Kalyansona and Sonalika had better
thousand grain weiglit and flour recovery
compared to the direct Mexican entry such
as Lerma Rojo 64A. Recent releases like Raj

3077, CPAN 3004, NI 5439 and HI 977 have
shown still better content of quality parameters.

Strong domestic demand from the processing
industry

For the production of maida and other
types of flour, wheat is to be milled either
by the Roller Flour Mills (RFM) or by
unorganised chakkis. There are around 630
RFM in India employing 0.25 million
people and has a turnover worth Rs. 10.000

million (1988 price). The output of the milling
industry is around 4.5 M tonnes of flour.
By the year 2001 AD the RFM turn over is
expected to be nearly three times higher.

One of the main user' of maida is the
baking industry that had a turnover of more
than Rs. 500 crores (5000 million) in 1990.
There are nearly 1,20,000 baking units in
the country of which 54,000 are bakeries.
In south India, more bakery units are in the
unorganised small scale sector and are
located in the rural side. The bread baking
industry is facing problem due to want
of timely and adequate quantity of com-
petitively priced maida flour. The projected
demand for bread by 2007 AD is 1.4 million
tonnes, biscuits is about 1.9 M tonnes and
cakes/pastry is 0.14 M tonnes. The annual

Product Desirable quality factors

Flat Breads medium protein, high gluten
strength, light color

Couscous high vitreous kt:rndl count, high
protcin

Burghul high gluten strength, high sernolina
yield, ye.llow color
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Trv*layer brc'ads 35

Singlc layer brcatls 18

Burghul 15

Cous cous 10

l)asta 15

Frckch 2
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growtl"r rate of the baking industry is
projected to be around 5%. The wheat
based breakfast cereal food accounts for 1,800

tonnes/ year and is expected to grow at 4To

rate.

The durum wheat is used for pasta
products. Both Andhra Pradesh and Tamil
Nadu are the largest pasta producer. The
finished products are sold through the

Brocers and the noodles are commonly used
in north India while vermicelli and semolina
are used in the south. For various products
varying types of wheat are needed, the
soft wheat for biscuits; high protein wheat
for cookies and cracks etc. Since the wheat
available in the market are mixed up, and
mostly it is the FCI supply on which the
industry is dependent, the right type of raw
material is not available to the industry.

Bakery rnarket is opening

The production of value added products
especially bakery products has gone up in the
recent past. It is evident from the figure that
the production of bread and biscuits, which
remained constant till 1989-90, increased
drastically during the period 7990-97.

Production of Biscuits and Bread ('000 tonnes)

1983-84 84-85 85-86 a6-87 87-88 88-8S 89-90 1S90_C1

PRODUCTS

fl Biscuits f ] sreaa

Decline in the export of biscuits

Market for bakery products rural & urban
shares - 1994

However, there has been a decline in
the export of biscuits during this period,
which is an index that probably our
products are not able to match the inter-
national quality needs. It is also possible that
the domestic needs are so high, exports have
come down. Since quality genes governing
biscuit making traits are genetically governed,
varieties better suited for biscuit making can
be developed.

Figure shows that there is a remarkable
increase in domestic demand for these

DECLINE IN THE EXPORT OF BISCUITS
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products both in urban and rural areas and
that the bakery products have both an urban
and rural market.

Protein content is environmentally influenced

It is both the quality of protein and the
quantity that matters in bread making.
However, a protein content around 12 per cent
is considered to be the normal level for making
high loaf volume breads. Through the AICWP
it was clearly demonstrated that protein
content in wheat is influenced by date of
sowing, time of sowing and place where
the crop is raised. It was obvious from the
study that in the late sown material, protein
content increases at the cost of 1000 grain
weight. Similarly it was demonstrated that
the wheat of Central Zone and Peninsular
Zone have better quality than that of the
NWPZ. This indicates that quality
improvement must be in the context of
variety, location and the agronomic practices
which could be recommended.

Quality of protein

The wheat protein, gluten is the product
of an interaction between high molecular
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weight (glutenins) and low molecular weight
(gliadins) sub units. Both combine to induce
viscoelastic characteristics to the dough The
consistency of the dough made out of pure
Mexican varieties were not ideal for chapati
making and were sticky, however, with the
passage of time, through selection varieties
have been identified with better dough
properties. Present day varieties are good to
very good for chapati making properties.

Baking test

Nearly four to five million tonnes of
wheat in India is utilized by the mills for
producing maida and various other types
of flour.

Much of the maida is used by the bread
making industries. Therefore, any advance-
ment made to improve the bread making
characteristics of a genotype will lead to a

decrease in the cost of manufacturing/
processing and may make the Indian wheat
competitive in the international market.
Keeping this in mind, the genotypes that
constitute the AVT are subjected to the
Alveographic test. There has been a substantial
difference between genotypes for Alveogram
parameters. Efforts are necessary for the

Effect of high molecular weight (HMW)
glutenin subunits on bread quality traits

release of genotyped that better suit the
processing industry's needs.

Based on the rating criteria using Electro-
phoretic banding pattern of the grain storage
proteins (glutenins and gliadins), it can be

Locus Alleles

Desirable Acceptable Undesirable

Glu-Al 1,2+ Null

Clu-81 7+8,17+78 7+9,6+8 7,20,13+19
13+16

GIu-D1 5+10 2+t2,3(4)+'12
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generalised that several of the Indian wheats

possess the desired bread making qualities

even if they are marginally less yielding,
these premium wheat varieties can be released/

auctioned.

Need to create a "Centre for advanced studies
on milling, baking and product development"

It is estimated that 80% of the wheat
produced by the leading wheat producing
countries is consumed there itself and the

surplus is either stored or exported.

Whatever wheat is available in the mandis

is milled and used by the various bakers. ln
mandis, Fair Average QualitY (Feql
procurement is heaped thereby losing the

varietal segregation. Today we are in a

comfortable situation on food front. To meet

the industrial as rvell as nutritional quality
requirements, a well planned procurement
policy has to be evolved so that the varietal
segregation at the time of procurement is

maintained.

For baking industries foremost criterion
after grading the wheat is the milling quality'
Only scanty information is available on the

milling quality of Indian wheat varieties.
Therefore, it is necessary to develop a full
fledged milling technology centre for the

Northern Zone at DWR.

Need to protect our varieties

When the IPR (Irttellectual Property
Itights) regime will come into force, discovery
and transfer of new rust resistance genes and
registration of plant variety will become
patentable. So far, these materials were freely
available to the national Programme for
breeding rust resistant wheat varieties. In
future either we may have to pay a price for
using some of the new genes that will be

discovered or we may not be given access to
these materials at all. Therefore, to face the

situation, the Directorate is restructuring
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Reduced etfect (9ol of imPortant
Lr genes in India

Years Lr-l Lr13 Lr10 Lr23 Lr26

1971-75 70 60 98 99 100

1976-80 42 71 94 90 100

1981-85 74 77 72 66 99

1986-91 6 10 53 63 87

research pro-gramme at Flowerdale and

will initiate an activity to develop new genetic

stock possessing different resistance genes.

A number of useful Senes are losing utility
as many of the now prevalent pathotypes
match them. Since there are only few
immune genes left as Lr9 xd Lr'l-9, it will be

necessary to pyramid these genes, combine

the adult plant resistance and even use the

temperature sensitive Senes in our attemPt

to breed varieties with lasting resistance. The

Flowerdale station will serve as a national
facility to achieve this goal.

Availability of many pathotypes at
Flowerdale makes it the ideal place to conduct

these genetical studies. Keeping this in
mind additional land has been acquired at a

cost of Rs. 3.5 million. Additional facilities
have been created by extending the size of
temperature controlled glass house, a p;uest

house, farm irrigation facilities etc. at
Flovgerdale to make it as the national facility
for breeding for rust resistance. The services

of this facility will be linked with AICWIP
for developing genotype which are tolerant
or resistant to wheat rusts. This will also

promote development of genetic stock
indigenously and avoid being dependent on

outside sources. For this purPose a full time
geneticist will be positioned there and further
facilities will be extended.

Weakness

There is no major weakness except that the
Indian wheat has relatively less protein and
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the grain supplied for export has not been
segregated to avo.id physical mixture.
Weakness is also felt in the area of mass
mechanical grain handling at the point of
export, and the quarantine facilities are grossly
inadequate. Client oriented promotional
activities about the type of grain available in
India has not been attempted and for this
purpose it may be necessary to produce every
year 'Wheat Atlas' indicating the quantity,
quality, production and several other infor-
mation related to wheat very similar what
USDA is doing for their wheat exporters.
This type of consumer education and assurance

will be necessary to create the market for
Indian wheat outside.

It is necessary to recognise the need for
location specific genotypes that suit specific
environments or a small growing regions.
It is important to see that such genotypes do
not become the focal point for pests and
diseases. If these varieties are released at state
or re5;ional level and are susceptible to rusts,
then it may render the national rust manage-
ment strategy ineffective. And hence it is
necessary to see that while adopting its
decentr.alised approach the main frame work
of production is not disturbed.

The wheat growing plains in India
namely Punjab, Haryana and Western U.P.
have surplus wheat due to favourable
procurement price. The global pricing policy
of wheat might also come in the way of
wheat cultivation in these states. There is a
need to have a regular dialogues between
the state and center in easing out the
complexities that may arise due to non har-
monised pricing policy. Looking into the
parentage of various wheat varieties released
in the last five years it seems that there is an
over dependency of the Indian programme
on material coming out of either international
or overseas programme. This over dependency
on exotic genetic resources should be corrected
before this weakness emerges as an issue,
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The durum grain from the most productive
zone develops yellow berry and this reduces
the export price. Attempts are on to investigate
the actual cause of yellow berry to combat its
prevalence. Initial results indicate that some
irregularity in the synthesis of proteins
might be causing the yellow berry incidence.
By reducing the yellow berry incidence, it
will become possible for India to fetch a high
price in international trade. This necessitates
fine tuning of research activities to address
the wheat quality and value addition related
issues.

Threats

Inadequate linkage between research and
industry

Over the years the Indian wheat pro-
gramme has been pragmatic and the wheat
based industries had been successful in
developing linkage between the cultivator and
researcher. However, there is a significant
communication gap between researchers and
industries. It is due to this weakness that
investment in agricultural research is not
immediately forth-coming. While there
are not so many threats posing an obstacle in
increasing the wheat yield further, these are
some inherent weaknesses.

Dependency on fossil fuel and energy

Farming practices followed in the NWPZ
is highly mechanised and has an over depend-
ence on fossil fuel to energise the tractors,
pumps harvesting machines etc. Therefore
research efforts leading to energy manage-
ment, energy optimisation and other
procedures to reduce dependency on based
energy should be developed so that food
production does not get imbalanced due to
sudden fuel crisis.

Patent regulated genetic flow

Being a signatory to GAIT, by 2005 AD
India will be fully integrated into the world
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trade. The WTO is expected to do the
balancing act. The trade related IPR regimes,

ability to produce commodity at a competitive
price under comparable subsidy regimes,
would decide our ability to export wheat.
So far no serious attempt has been made by
the wheat programme to understand the socio-

economic-political issues and their role in
sustaining wheat production. This price
fluctuation is an obvious threat to wheat
production.

Volunerability to global pricing policy

Since India has demonstrated that it
is a reliable, consistant, quality concious and

cheap producer of grain and can influence
about 37. of the world share of wheat trade,
more concern is needed for joining the 'World
Wheat Club' and to take active part in
price regulation. This is needed in our
interest to protect Indian farmers getting
exploited by major grain trading companies of
the world. Formation of 'Wheat Board'will be

required to protect our wheat trade.

Opportunities

Historical perspective indicates that
achieving the projecied annual growth rate

of 1..8% may not be impossible. However, rn
the earlier years accomplishing a much high
growth rate was easier and in future achieving
the projected growth rate of 1..87o pet year will
demand more on organizational talents and
managerial capabilities.

The surplus wheat has opened up new
opportunities for the wheat based food
industries in north western India. Permitting
export of wheat will also promote the better
economic return to the farmers and thereby
using to produce more grain at a competitive
rate. Very similar to the document that has

been made by the National Centre for
Agriculture Economics and Poliry Research of
the ICAR on Indian rice trade, a comprehensive
document should be made on the wheat export
also to give further impetus and opportunities
for substantial export of wheat from India.

The global grain trade accounts for nearly
105 to 110 million metric tonne per year. This
multi-billion dollor business is dominated by
Canada, Argentina, Australia, USA, France

and European Union. The Eastern European
countries are also trying to enter into the grain
trade. Therefore it will be an uphill task for
India even to get hold of 2 To of the global
trade. Both fair and unfair means are

deployed to dampen the
wheat import potential
for India for which
preparedness is neces-
sary. Non-tarrifbarriers
like karnalbunt etc. may
come in the way of free
global trade. It is,
therefore, necessary that
India should orchestra
its movements in
symphoney with the
ultimate objective of
gaining access to over
seas wheat market. It is
necessary to re-educate

A potential zone for the production of superior quality bread wheat
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our staff in the State Departments of
Agriculture and several other functionaries
on this subject so that the multivarious
departments can jointly contribute in
procuring good grain for export. It is possible,
and can be achieved.

In India, focussed efforts have never been
made to develop wheat varieties with hard
grain. Hardness of the grain is an important
criterion for millers since such grains yield
greater amount of flour. Water absorption
capacity of the flour appreciably increases if
the grain is hard and this, in turn, increases
shelf life of bread and make it more pliable.
Since the hectolitre weight value is related
with flour recovery, genotypes with high
hectolitre weight (more than 80 Kg) can be
developed, through organised efforts.

Food needs of urban setting

The process of social and economic
development initiating after the independence
has developed a sense of competitiveness
among the peoples at large and urbanites in
particular. Every one wants to be well off and
thus en6;aged in acquiring what others do
possess. These days earning by each and
every one in a family has become a way of
thinking. A desire to acquire all sorts of facili-
ties has made the life extremly busy in
n'retropolitans and also in cities. This arduous
exercise leaves very little time for the working
class to their meals with traditional approach.
More and more people are therefore, now going
for instant foods. Preference for low calorie
foods is slowly developing among the urbanites
who are health conscious. Demand for baby
foods and pasta products as well as baked
foods is on the rise in the cities. Affluent people
are finding instant foods as a convenient source
of their daily meals.

In view of the above there is a big scope
for converting the grain of various food crops
into value addition. Among cereals, wheat is
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unique gift for nature to mankind because once
converted to dough it can be moulded at will
to make innumerable products. Not only that
the grain itself can make different types of
nutritious porridges, in advanced countries the
flour is being graded into different flours with
varying protein levels. Change in bran
proportion in flour makes it more suitable
for patients with chronic constipation.
Wheat being the basic ingredient of daily diets
has enough scoope to be manipulated for
making different instant foods by
supplementing with nutrients/vitamins/
phospholipids etc., to contain various
syndromes like hypertension and diabetes.

It is disheartening that India being the
second largest wheat producing nation in the
world and can afford to convert a sizable
quantity of wheat into value added products
but Indian enterpreneurs do not wish to enter
the fray where multinationals have started
spinning money immediately after liberali-
zation. One of the reasons for such a situation
could be that the established food manu-
facturing as well as the new aspirants for the
trade are not familiar with the need based
product development processes. Very few
people are coming in the forefront for
manufacturing the pasta products which are
most conveniently being used as instant foods.

Attempts are needed to make cheap but
nutritious instant foods to cater the need of all
the sections of urban society. Baby foods now
available in the market are quite expensive
and are a commodity which affluent and upper
middle class people can afford. Directorate
would therefore take the lead in developing
wheat based products which would not only
take care of dietary and socioeconomic status
of the urbanites but would also bring them to
the approach fo every person dwelling in the
cities.

Fortification of wheat flour

Inadequate availability of certain food
constituents like protein, vitamin A, iron and
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iodine leads to deficiency diseases like protein
energy malnutrition (PEIvt), blindness,
anaemia and goitre respectively. Socio-
economic problems are contributing to the
manifestation of these diseases. Although
cereals carry several nutrients in sufficient
quantity, they lack in certain nutrients like
iron and calcium, essential amino acids eg.
(lysine). With the significant fall in the per
capita availability of pulses, in diet of the
people below the poverty line has come under
concern. Several legumes and cereals as well
as digestive enzymes are being blended with
flour to make the products that are nutri-
tionally balanced with more amount of high
density lipo proteins (HDL) in the system
which reduces the risk of cholesterol
deposition. Blending wheat flour with certain
medicinal plants or their active ingredients
can be tried to control the blood glucose
level. Attempts would be made to examine
the feasibility of enriching the wheat with
vegetables like carrot to incorporate vitamin
A and fibre. Enrichment of wheat grain by
coating with pure lysine, though an
expensive way of balancing the wheat
protein, has been found to be very effective
in controlling the PEM. Wheat flour fortified
with legumes has been evaluated from
nutritional aspects but information is scanty.
Similarly little attempts have been made to
study the effect of wheat flour fortified with
iron. The main objective of such studies is to
develop products which are cheap and could
help in combating the nutrient deficiency
diseases among the poorer section of the
society.

The college of Home Science in various
SAU's are to be activated through AICWP
to take up such work in the 9th plan.

Opportunities for increasing wheat
production

Information generated by coordinated
projects and the computer simulation on the
theoretically attainable yield indicates that
Punjab has a potential of harvesting 7.5 t /ha.

Perspectiz,tc Plan - Wheat

That of NWPZ is around 7 t/ha. At present
average wheat yield in this zone is around
3.8 t/ha which indicates that there is a big gap

between the theoretical and attainable yield.

To make the high input wheat technology
acceptable to farmers Government of India
promoted the Frontline Demonstration
scheme in wheat also. Under this programme
the latest technologies are demonstrated by
the scientists in a 4 hectare field. Comparison
of "your and my procedure" of the farmers
and researcher revealed a considerable amount
of yield gap. At the same time maximum
yield attained in the advanced varietal trial
conducted by the AICWIP showed that there
is a yield gap between frontline trials and
experimental farms. Repeatedly, it was noted,
that there is a yield gap of at least 1 tonne in
the NWPZ and nearly 1.5 tonnes in the
NEPZ between the farmers practice and the
technology de-monstrated in frontline. If the
wheat yields of frontline could be realized by
all the farmers of these two zones that has

nearly 18 million ha. then, the present yield
can be increased by another 20 million tonnes.
This indicates the magnitude of un-harvested
yield that is still there in the northern states.

This can be accomplished only by making
the farmers conversant with the latest varieties
and crop management procedures.

Comparison of wheat yield in frontline
demonstration and farmer's practices (7993-94)
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The above yield gap is only in relation to
the available best genotyPes that in general
yield upto 0.0 t/ha and in the event of further
yield advancement due to technological
progress, then the magnitude of yield gap will
widen further.

Even within Punjab, the most progressive
state in India, there is a considerable amount
of yield differences between districts. In
1993 Ludhiana district had an average yield
of 4.4. t/ha while that of Hoshiarpur was
only 2.8 t/ha. This indicates that there is a

large variation even in the small geographical

Wheat productivity in some of the
districts of NWPZ (1994)

tract of a state. By bridging these gaps,
Punjab will be able to push the present
levels of wheat production further.

There are also futuristic opportunities,
since new technological innovations are
likely to occur. The development of very
high yielding varieties by converging new
genes from different sources; development
of 'Hybrid wheat' varieties and the potential
of new plant types through biotechnology
are some of the exciting opportunities
which can push the yield to 9 t/ha and more.
In such a situation, wheat production from
the NWPZ, will increase substantially.

The average yield in experimental plots
was around 5.5 t/ha and in the FLD's, mean
yield attained as per the demonstrated
technology was 4.5 t/ha. in the central and
eastern zones. While per hectare productivity

Strong communication linkages with farmers are
essential to increase wheat yietd and conserve resources

was only 2.4 t/ha it shows that there is a vast
scope to increase the productivity even with
existing varieties if correct production
practices can be adopted.

Punjab has nearly 3.4 million hectare
under wheat of which 0.65 m ha is in the
districts of Ludhiana and Sangrur. These
two districts have an average yield of 4.5 t/ha
while the remaining 2.7 m ha has an average
yield of 4.07 t/ha.

The adjoining Haryana with 1.9 m/ha
has an average yield of 3.80 t/ha and this
keeps on reducing as one moves east into
Uttar Pradesh (U.P.). In U.P. nearly 8.9 m ha
is under wheat in as many as 30 crop sequences
of which Rice-wheat, Maize-wheat, Arhar-
wheat, Pulses-wheat, Sugarcane-wheat, Potato-
wheat are the most important. Small, resource
poor fields badly mechanised with short
duration wheat are the main causes for low
yield.

Through several Front Line Demonstrations
(FLDs) it has been shown that this fertile
tract can easily yield 4.5 t/ha. How to make
the U.P. reach the yield levels of Ludhiana and
Sangrur of Punjab is really a challenge ahead
of us. And if it is achieved then the 95-105 mt
wheat production needed for India by 2020 AD
can be accomplished.

Uttar Pradesh-key factor for future wheat
production

To firm up the point, that there is more
unharvested yield in Uttar Pradesh, the
statistics on area and production for the 1995

district and division wise was analysed
(appendix II). District Bulandshaher with
0.21 m ha has the maximum productivity of
31 t/ha in the state of UP. Out of 9.0 m ha
under wheat in UP productivity levels are
beyond 3.0 t/ha in 1.52 m ha only. On the
contrary, adjoining Punjab enjoys 4.1 t/ha yield
over nearly 3.4 m ha.

State District Yield (Kglha)

U.P. Mecrut 3325
Bijnor 2228

Punjab Lr.rdhiana 4268
Hoshiarpur 2859

Haryana Kaithal 3910
Gurgaon 2637
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Atea'(M. ha) and Productivity (T/ha) of wheat in different
Divisions of Uttar Pmdesh

lvloradabad
0.5M.ha

2.9 T

Lucknow
1.1M.ha
2.47
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Allal.abad
0.5M.ha

2.27



District Area (M,ha) Yield (T/ha)

M"r"ff".ffi
Meemt 0.15 3.5

Bulandshaher 0.21 3.6

Ghaziabad 0.10 3.7

Aligarh 0.24 3.7

Mathura 0.19 3.2

Agra 0.11 3.2

Farrukhabad 0.14 3.1

Districts of Uttar Pradesh with 3.0 T/ha
wheat productivity

The average productivity of UP excluding
the hilly divisions of Garhwal and Kumon
and the Arid |hansi division is only 2.60 t/ha.
This alluvial drain of Ganges and its
innumerous tributories is the best agricultural
area of India. Yet, from this 8.0 M ha under
wheat in the Gangetic plain of UP only
20.82 mt of wheat is harvested. There is an
equal amount of unharvested yield. By 2020

AD this tract must produce 40 to 42 mt of
wheat. But there are several agricultural, social
and economic constraints. These need to be
addressed to get the best out of our research
efforts.

Causes for low yield in Uttar Pradesh

Agricultural
. LOW percolation of recent varieties.
. POOR input application and management.

. TOO many crop sequences in small hold-
ings resulting in delayed sowing and
inefficient land usage.

o SOIL health and levelling problem.
o POOR access to water.
a POOR extension services and farmers

contact efforts.

Social

o RIGID social order
o I']OOR land consolidation and resource

sharing.
. LACK of reliable credit facilities.

Perspectizte Plan - Wheat

. POOR infrastructural development in
energy, transport and related sectors.

. INADEQUATE literacy level of both men
and women.

o SOCIAL taboo against change.

Economic

. LOW purchasing power.

o HIGH population growth eating away
resources.

o NO organised grain marketting and trade.
. LACK of incentive to produce more.

. INEQUITY leading to inefficiency.

Area under wheat in U.P.

* Mean of two years.

Between 7960-62 and 1987-89 area under
wheat increased by 4.7 M ha in UP and this
is the state with the largest area under rice-
wheat system.

The area increase primarily came from east
UP and to a certain extent from Central UP.
In this tract area under rice also increased. In
the predominantly pulses, potato and sugar-
cane growing areas of Bundelkhand, Avadh
and West UP area increase in wheat has been
negligible. The trend indicates that wheat area
will settle around 9.3 million hectares in UP
before 2005 A.D.

The poor productivity levels of wheat in
the predominantly rice'wheat growing areas
of east UP demands focussed research to
understand the rice-wheat system particularly
in the Gorakhpur, Varanasi, Faizabad,
Allahabad, Lucknow and Bareilly divisions of
UP. By addressing through NARP such
locations specific issues and popularising new
varieties through FLD yield can be increased
further.

Year Area
(M. ha)

1960-62* 3.94
1987-tt9* 8.62
1995 8.99
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Wheat is one of the most important staple
food crops of India and is grown in diverse
agroclimatic conditions. It is grown between
110 N to 350 N latitude and 720 E to 920 E
longitude and from almost sea level to very
high elevations. The major wheat producing
areas in India, lie between 200 N and 320 N,
comprising the states of Punjab, Haryana,
Uttar Pradesh, Madhya Pradesh, Rajasthan,
Bihar, West Bengal and Maharashtra. Pre-
dominantly, Triticum aestiaum is the pre-
dominant species though T. durum and
'l'. dicocum are also common in central and
peninsular India.

The wheat production has increased
tremendously from 12.3 m tonnes in 1965 to
65.2 m tonnes in 7995, which has been
possible due to increase in area under wheat
from 13.4 to 23.5 m ha and productivity
fronr 0.92 to 2.70 t/ha. Most of this increase
in productivity was largely due to adoption
of modern semi-dwarf, high yielding culti-
var and increased water and nutrient
applications. It has been reported that
increase in wheat productivity due to genetic
improvement during 1,987-97 was only 5.09%
whereas the yield increase was 69.28 per
cent and 7.45 per cent, respectively due to
fertiliser and irrigation. During this period,
there was also an increase in the cropping
intensity, farm mechanization, use of
herbicide and energy inputs to produce a
unit quantity of grain.

Replacement of indigenous tall wheat
by fertiliser responsive and lodging resistant
dwarf wheat in 1960's led to more than two
folds increase in productivity. AICWP made
it possible by developing and disseminating
the production technology with respect to
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the time, amount and the method of water
and fertiliser application. Nevertheless, there
is a need to maximise yield by manipulating
the plant population, optimising fertiliser
and water application and developing efficient
but eco-friendly weed management measures.

Prospects for Durum Wheat in Puniab
and Haryana

Durum wheat has a good potential in the
states of Punjab and Haryana under high
fertility, irrigated conditions. At present
three varieties of durum namely PBW 34,
PDW 215 and WH 896 have been released for
these states to cut down the severity of Karnal
bunt, create diversity as well as to produce
good yield. Due to the problem of yellow
berry which is common in this region, the
quality of the graincomes down. Furthermore,
since durum wheat is primarily used for
making semolina and various pasta products
and not consumed as Chapati, durum
procurement and marketing has to be
streamlined around industrial needs.

The future thrust of the durum programme
will be to develop genotypes with superior
yield, heat tolerance, disease resistance, free
from yellowberry, better semolina recovery,
high protein and with greater carotene
contents. To achieve these objectives, a
network involving centres at Kota, Vijapur,
Indore and DWR will be developed and a
shuttle breeding programme will be under-
taken involving these centres to develop
superior varieties.

Innovdtive Approaches : Hybrid Wheat

After a steep growth between 1975 to 1990,
wheat productivity in the frontline districts

Perspectioe Plan - Wheat
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of north-western India now tends to be

stabilized. The 6onventional breeding
methods now in vogue have been able to
provide at best, only 7"/n yield gain Per year.

For breaking the yield barriers levels, it is

now necessary to look at the new innovative

approaches like exploitation of heterosis,
wide hybridization, biotechnological tools etc.

In order to meet our target of wheat
production of 95 to 109 million tonnes by
2020 AD from our present level of 65 million
tonnes, the hybrid wheat approach can provide
a viable answer. This approach has some

obvious advantages such as:

o There will be a yield gain of at leasl 20To

over the best check.

o Area under wheat cultivation can be

marginally reduced by increasing the per
hectare productivity of wheat through
hybrids, without sacrificing the total
production.

. Generally hybrids are agronomically
uniform with increased seed uniformity
hence these can find a place in export
market.

a Desirable characters from different sources
can be combined in hybrids more
comfortably.

Past experiences

Globally, the efforts on hybrid wheat
were initiated in early fifties which started
with the search of parents exhibiting
harnessable heterosis, followed by the use of
2 or 3line system using different sources of
male sterility for seed production. In late
seventies research workers from public as well
as private organizations have shifted their
efforts to the use of gametocide for seed
production.

Present status

The first wheat hybrid was released in
Australia for feed. In last 10 years significant
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efforts have been made for commercial
exploitation of hybrid wheat through the use

of gametocide. France and Italy have now
commercial wheat hybrids using gametocide
or chemical hybridizing agents. In 1985 first
hybrid was registered by France's national
agricultural institute INRA, however by end

of 1980's two private companies were leading
the race.

Short term approach

A four point approach is desired for
realization of Hybrid Wheatusing gametocide:

. Synthesis or identification of effective and

economical chemical hybridizing agents

causing selective male sterility.

. Identificationof chemical,promotingpollen
extrusion in desired lines.

. ln aitro development of double haploid
plants in the best varieties to increase the
probability of obtaining high heterosis.

o Identification of parents which have resist-

ance to diseases like rusts, karnal bunt,
loose smut etc. and are capable of generat-
ing high performance hybrids which may
perform at least 15To or 1 tonne/hectare
higher yield over the best inbred variety
prevalent in the region.

Long term apProach

On the other hand, simultaneous efforts in
genetic or cytogenetic approach for commercial
production of hybrid wheat involve:

a Development and maintenance of male
sterile lines resistant to leaf blights.

. Development of fertility restorer lines and
crossing them with male sterile lines.

o Commercial production of hybrid seed.

Advantages of gametocide system

Gametocide system has sorne inherent
advantages over CMS system such as :
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a Saves time needed for transferring male
sterility to varietal improvement.

a Male sterile and restorer parents not
required.

o Avoid losses by ensuing poor cross
pollination.

o Sufficiently large quantity of seed can be
produced.

Proposed hybrid wheat network approach

Screening of literature has indicated that
there is harnessable heterosis available in
wheat. This heterosis can be better exploited
through the use of double haploid. The Hybrid
Wheat Network programme will achieve its
target in phased manner.

c Identification or synthesis of suitable
gametocide for developing male sterile
lines.

o Understanding the growth stages and
floral biology to identify chemical for
another extrusion at appropriate time.

. Use of double haploid for maximizing
harnessable heterosis.

. Identifying parents capable of producing
high performance hybrids.

. Simultaneous use of CMS system for
identified parents for economic production
of hybrid grain.

. Establishing hybrid seed production
technology.

. Breeding for quality attributes and
development of management practices
for hybrid wheat.

The first significant results on hybrid
wheat are expected in approximately 5 years,
however the commercial exploitation will
happen in 10 years and hence this can be a
technology for the next decade.
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Seed Production

Though seed is a very vital input in the
production system but its physical and
genetic purities are of utmost importance
for realizing the full production potential.
Another important strategy is the rate of
seed replacement which is currently only
5 per cent in case of wheat which is being
rather low. An enhanced rate of seed
replacement will certainly result in significant
increase in total wheat production in our
country. Hence, there is a great need
to strengthen the seed production and its
distribution to bring more area under new
wheat varieties. Since the production of certified
seed is preceded by nucleus, breeder and
foundation seeds, an advance planning is
therefore needed to meet the requirement of
certified seed.

To ensure the genetic purity of the
seed, the monitoring is required for breeder,
foundation and certified seed by the seed
certification agency. There should also be a
strict monitoring and certification of nucleus
seed.

In general, the life span of any wheat
variety can be taken as 4-5 years. This may
be attributed to the emergence of new virulent
races of rust diseases which will come to exist
in due course of time to knock down the
resistance system of new variety among the
farmers as early as possible to harness full
benefits of the new genotype.

Perspective Plan for Off-season Wheat
Summer Nurseries

Lahaul Valley (H.P.)

Wheat Summer Nursery situated in the
inaccessable Lahaul Valley of Himachal
Pradesh was established in 7966 with the
aim of generation, advancement and
multiplication of very important wheat

Perspectiae Plan - Wheat
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material. The location permits the screening
against yellow rust and also due to longer day
length and optimum temperature, there is
proper grain filling. The main objectives of
Wheat Off-season Summer Nursery Centre at
Lahaul and Spiti are:

. To advance the generation of promising
breeding materials in various generations
to reduce the time lag in the development
of a variety.

a To screen the advance generation wheat
material against yellow rust and low
temperature stress.

. Rapid multiplication of important new
bulks.

o Raising winter wheat varieties for
attempting crosses with spring wheat.

. Attempting most important/corrective
crosses with the view to spread up the
development of superior lines.

In future the major thrust of these
centres will be as follows.

. The centre can effectively be utilized for
creating a national facility for natural
repository for wheat and barley germplasm.
Since the temperatures during winter
month range from -20 to -30'C, it can be

utilized for long term storage of germplasm.

. Extreme winter type germplasm, which
needs vernalisation treatment fo.r
flowering can be grown there to flower
under natural condition for attempting
spring x winter crosses.

. Testing of hops germplasm for use in malt
barley.

Wellington (T.N.)

Off Season Nursery or Summer Nursery
has major role to play in wheat breeding
programme. It helps in the rapid generation
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advancement thereby shortening the
gestation period in the development of a

variety. The Regional Station at Wellington,
The Nilgiris, Tamil Nadu, currently under joint
control of LA.R.I. and DWR, Karnal is an

important location where wheat can be
cultivated round the year. Shuttling the
early generation material between wheat
growing northern plains and the southern
hills assist in breaking the sensitivity to
photoperiod and permit the selection of
environmentally stable lines. Also, screening

against the black, brown and yellow rusts,
powdery mildew and leaf disease is achieved.

Generation advancement executing corrective
crosses, bulk seed multiplication is feasible

at Wellington. Since self sown or volunteer
wheat is common, most care is needed to avoid
contamination. If not sown in time, maturity
and vivipary related problems do arise.
Physical facility at Wellington have been
provided under NSP-il and this will permit
the AICWIP to fully utilize the summer
nursery at Wellington.

Wheat Quality : Thrust of Future

Concerted efforts jointly put for by
breeders and quality workers successfully
transformed the maxican red grain into the
amber golden colours, a luring choice of
millions of chapati consumers.

Today, almost all of our bread wheats
have good to very good chapati making
properties. The high production trend for
the last four'consecutive years has caused
storage problems. The situation is likely to
be grim in years to come if the present trend
continues. To get rid of such a situation,
the most appropriate alternative is to
export wheat as a grain or as a value added.
Product Option is quite lucrative and can be
achieved if the quality requirements of the
importing countries is successfully met with.
The quality group has taken a lead by
introducing the Poly-Acrylamide Gel
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Electrophoresis (PAGE) in Indian wheat
breeding programme in a big way. Several
hundred exotic and indigenous lines have
been screened for their important High
Molecular Weight (HMW) subunit combi-
nations. Several genotypes with superior
quality traits for bread making have been
identified by the use of this technique.
Crosses have been attempted to incorporate
these subunits in high yielding, hard textured
and disease resistant cultivars. Studies on
gliadin banding pattern led to exhibit a

narrow range of genetic diversity in Indian
material.

Durum has been identified as a com-
modity worth for export. Incidentally this is
faced with yellow berry problem which
adversely effects the market value of the
grain. The incidence is quite erratic since the
area which is free from yellow berry at one
tune, may show the prevalance next time.
Systematic studies carried out by the group
successfully demonstrated that most of the
nutrients were drastically reduced in the
affected grain. The major sbt back is to the
texture of the grain where protein and starch
were found loosely packed. Attempts are on
to combat this menace.

Recently one variety of Khapli wheat,
DDK-1001 has been identified for peninsular
zone. This wheat at the moment does not seem
to be very potent, but in view of its nutrition
quality as compared to durums and bread
wheats, it might gain significance in years to
come.

Characterizing the protein banding pattern
of genotypes as key for their identification

By the year 2005 A.D. when the Intellectual
Properties Rights will come into exercise, it
may be necessary to resolve claims, based on
information generated on protein pattern
and other aids. In cases where such disputes
are not resolved on the basis of the

Perspectioe Plan - Wheat

Eletrophoretic banding pattem of gliadin
subunits in Indian wheat

morphological characters of the genotype,
it will be necessary to look into other aspects.
In order to get ready for such challenges
and to make a catalogue of the protein
pattern of the Indian wheat varieties the
project evaluates all the entries in the AVT
onward initially for gliadin banding pattern
and subsequently for finger printing.

There is a difference between genotypes
both for the density of the bands as well as

the presence or absence of specific bands.
These protein bands will be scanned and the
information generated there upon will be stored
in computer both for grouping the genotypes
on end use basis and to assist in better
categorization of the genetic resources that are
available.

Quality group makes continued efforts in
developing new procedures that could be
applied for rapid analysis of wheat for
some important quality traits. Since such
procedures can also comb under the IPR it is
necessary that both procedure and its
applications are developed to protect our
own interest. The programme has satisfactorily
modified a methodology for rapid discri-
mination of durum and aestivrrm grain. Bread
wheats turn black when treated with 1.0%
phenol and heated at 80'C for 20 min, whereas
durum grains remain unaffected.
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Identification of bread and durum wheat by
phenol test

The programme is to analyse the quality
of wheat from the potential Zones for trade
to establish the advantage of the indian grain
and the area where it needs to be cultivated.

Establishing a Centre of Excellence on
Cereal Technology Research

Baker wants to have similar lots otherwise
every time he will have to adjust the proportion
of ingredients. Over extraction of flour from a
genotype imparts dull colour to the end
products. Bakers in advanced countries are
therefore very much conscious for the particle
size. Establishing the centre would not only
help in classifying the newly developed/
advanced genoytpes but would also be an
asset to impart training to the entrepreneurs.
It is very unfortunate that we had not
anticipated the surplus in a particular
commodity especially wheat. Very few
organisation and that too in Southern parts
of the countr5r are having such facilities but
with very limited objective. Hardly, there is
any other Institute except CFTRI, Mysore
which has developed paraphernalia for
milling, baking and the basic source for all
the products. Not only that, each and every
part of the grain has its own food value and
is being utilDed for the development of products
to keep certain chronic problem under control.
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Good example is that of wheat bran which
is known to be a good cleansing source for
intestines and also it keeps the cholesterol
level under control. Since we are surplus in
wheat today, we have started talking of
wheat quality. The trained manpower in
milling baking and product development
which are essentially the major criteria for
determining the industrial quality of wheat is
hardly available in the country. Keeping in
view this major limitation, Directorate of
lAy'heat Research planned to establish a centre
of excellence on cereal technology research
and development. The projected cost of this
programme will be around Rs. 6.0 crores.
The NATP sources are being explored for
this purpose.

The farming system is getting strained

The increased energy usage and other
inputs contributed to gain in grain production.
However, the mismanagement of the life
support system started exerting strain on the
farming system itself. The life support system
here covers various crop sequences and
farming practices in both agriculture and
animal husbandry The integrated and inter
dependent production system of the villages
were addressed earlier in a piece meal
approach by propagating wheat varieties
leaving aside the crop sequence and the animal
production practices. The second generation
problem of the green revolution therefore is
related with the systems efficiency and not
necessarily with the elements. The totality
of the farming system was not kept in focus,
as a result of which the life support system
of man has come under great concern. In
terms of agricultural productivity the word
sustainability is used, however, the issue of
sustainability of the farming system itself is
probably an issue that would emerge during
the next decades. For example greater access
to the tractor and tubewells led to the
replacement of draft animals by machines.

Perspectioe PIan - Wheat



This created scarcity of FYM for field use.

Intensive cropping system with omission of
legume crops and green manuring efc led to
the instability of the agricultural system
as a whole. The agricultural system provides
the biomass for feeding the animal production
system. The imbalance in this interdependence
will adversely affect the animal production
system. A project to breed green manures that
are biologically efficient can be considered to
give a boost to increase soil organic matter

The issue of susthinability

Ten million hactare under Rice-Wheat
cropping system in North India is one of the
most intensively cultivated areas in the world,

Fertiliser use in wheat and proiection

M.Tonnes

1960-65 196s-70 1970-75 1975-80 1980-85 1985-90 1992-93

Years

which is possible only through more use of
external inputs. Excessive use of these
external inputs is causing harmful effect
on the soil, physical environment and the
productivity of the system.

Sustainabilfty therefore, 'is the successful
management of resources for agricultural
pro-duction to satisfy the changing human
needs, while maintaining or enhancing the
quality of environment and conserving natural
resources.' Sustainability is a complex issue
and needs proper understanding of various

l''r.sr,,, ! tr't' I'ldtt' \\'lt. rrf

management practices that are under vogue.
The declining response to input has been
perceived to be the major issue challenging
the sustainability of wheat based cropping
system across the Indo-Gangetic plain.
This calls for an integrated nutrient
management, understanding the role of soil
organic matter, time, type and placement
of fertilizer, nutrient application in the
context of cropping system, need for
greater amounts of bio-fertilizers, micronutrient
and green manuring. Health of the soil that
anchors the plants has been degraded and
calls for greater attention.

The projected demand for fertilizer use
in wheat for next 25 years indicates that
the law of diminishing return will operate
much more obviously in future than now.
This is primarily because fertilizer versus
yield response is a sigmoid curve and as the
amount of fertilizer applied increases unit
increase in yield will become less. Hence, the
situation demands detailed experimentation
on the efficient use of nutrients and better
application procedures. There is also an
indication that leaching of fertilizer may
contaminate the aquifers degrading the water
quality.

Water can become scarce

Other major issue related with sus-
tainability is the non-judicious use of water.
Over the years, percent area irrigated by
canal water has decreased in the states of
Punjab and Haryana and the area under
diesel operated tubewells has increased.
There are nearly a million tubewells in
the NWPZ using the ground water for
agricultural purposes. Since, the water
recharge due to monsoon rains is less compared
to its mining, water table is going down.
Though wheat requires only 4-5 irrigations
the consequences of water shortage on
production can be substantially high. Taking
advantage of the flat electricity charges, even
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during rainy days, farmers continue to
irrigate. Consequently, water level in northern
Haryana and Punjab is declining. Whereas,
in southern Punjab and Haryana, water
level and salinity is increasing. The need
of the hour is to adopt integrated water
management practices which requires the
judicious use of good quality water and
conjunctive use of brackish water. In this
context, issues such as water conservation,
watershed management, and sprinkler
irri-gation need greater research efforts.

In Punjab, there is a substantial increase
in the area under irrigation and in the number
of tube wells. More than 607o out of the
total of 90"/o of the irrigated area under
irrigation is covered by the tube well and only

Maior changes in crop production systems in
Puniab over 30 years

40ok is canal irrigated. Of the 0.6 million
tubewells in Punjab during 1989, about
72.2/o were electrically operated and their
proportion is increasing Untimely supply of
fossil fuel, ever upward pricing of diesel etc.
have compiled the farmers to go in for
electrically operated tube wells.

Innovative approaches such as sprinkler
irrigation for cultivation of wheat in Northern
Rajasthan, Punjab and Haryana are likely to
become popular and research back up on
water usage efficiency needs immediate
attention. Effect of these agronomic changes
on Karnal bunt and other diseases will
have to be addressed simultaneously.

Pcrspectioe Plan - Whent

Re-examine the sowing procedure

Intensive farming and shortage of time
forced the farmers to give up line sowing in
many parts of NWPZand NEPZ. Broadcasting
followed by harrowing and planking has
replaced the use of seed drills. This procedure
has poor nutrient and water usage efficiency.
Also, lodging, in general, is more under surface
seeding. There appears to be a need to
investigate the seeding procedures in both
rice and wheat since it is amenabililty to
genetic manipulation. The ridge tillage
practice for wheat-soybean or wheat-maize
was almost unknown in the Yaqui and
Sonora valley of Mexico. But in the last ten
years, to optimise tillage, energy, water and
nutrient efficiency this practice has been
adopted and new farm machinery has been
developed. In NWPZ it will be necessary
to develop innovative methods so as to
increase the efficiency of inputs without
compromising on yield. The ridge tillage
may also arrest surface run-off of monsoon
water and promote ground water recharge.
During the next decade greater attention
should be paid to such issues.

Intercropping/ companian cropping

Since area under wheat is not going to
expand further, there is a need to evolve
suitable genotypes and production technology
for various synergistic and parallel inter-
cropping/companion cropping systems.
Under irrigated conditions opportunities for
intercropping of wheat exist with autumn
planted sugarcane and potato. This could be
achieved by estab-lishing inter-institutional
linkages and effective extension net work.
By bringing about 25 ok of sugarcane area
under autumn planted cane an estimated
increase in wheat production may be in the
order of 1.5 m tonne in U.P. alone.

New tillage needs

Farm mechanisation saved labour and time
but increased the energy bill of the farmers. In

Aspect 't950-61. 1989-90

Area under wheat (m ha) 1.3 3.15

% lrrigated 57.18 96.10
9i lrrigatecl by canal 58.40 39.76
91, Irrigated by tubewell 4.36 60."14

No. of electric
tubcwell ('000) 8.70 535.00

Tractor availability 1.31 58.30
per 1000 ha

Cropping intensity 1.20 2.30
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the next 25 years there will be a steep
increase in the energy.demand for agriculture.
Therefore, research efforts are needed on
energy optimisation by improving tillage
practices, irrigation practices and developing
efficient machines for harvesting and
threshing of wheat. When rice-wheat
sequence harvesting of rice gets delayed and
this in turn delays the sowing of wheat crop.
The wet soil conditions further delay the
sowing of wheat. To avoid this, appropriate
Zero tillage equipments have been fabricated
that enable sowing of wheat immediately

after harvesting of rice.
Such zero-tillage pro-
cedure not only pro-
motesplantingof wheat
earlier, i.e., immediately
after harvesting of rice,
but also save energy
that is needed for tillage.
Generally farmers use
tractor atleast 3 to 4

times for field pre-
paration but using zero
tillage equipment wheat
sowing can be done in
one operation. This

Intensive crop cultivation in north-west has been promoted due to a high
degree of farm mechanization, but it has also cieated new problems

like disposal of crop waste biomass

technology optimises energy and minimises
the cost of cultivation. Still, there is a scope for
further improvement in the design and
structure of zero-tillage equipment. It has also
been noted that certain varieties perform better
under zero-tillage. The tillage versus genotype
interaction needs to be explored. There is a
need to identify a variety having coleoptile
length and early vigor to fit the zero tillage
system.

The newly designed Pantnagar seed drill
was found to be very efficient. However, there

is a scope for improving
this machine further by
designing a smaller
version so as to fit-in the
low HP tractor. Zero-
tillage technology may
get farmer's acceptance
in the next 10 years and
it is visualized that
this would bring about
a sea change in the
tillage practices of
wheat growing in
North Western India.
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Weed dynamics in different cropping systems

Among biotic stresses, weeds play an
important role in deciding the productivity of
any crop. Unfortunately they are more
resistant to abiotic stresses and their nutrient
absorption capacity is also more than the
wheat crop. The past, weed control measures

were developed in individual crops and
very little work has been done to control
weeds in a cropping sequence. Therefore,
there is a need to focus on integrated weed
management and succession of weeds in a

cropping sequence. Besides, physical, cultural
and chemical means biological weed control
in wheat crop using plant pathogens, especially
in the form of mycoherbicides needs to be
focused in future. If the rate of current use
of herbicide continues, then in future we
have to be caustcious about ground water
contamination, food safety, health, hazards,
protection of endangered species and herbicide
resistant weeds. Therefore, an understanding
of weed succession and weed dynamics
in relation to various cropping system,
agro-techniques, soil and climate of the
agro-ecological system is essential.

Crop residue management

As a result of use of combine harvesters,
1.stlha straw is left behind on the soil surface
in the field. So, there is an urgent need to
design and develop farm implements to cut
and incorporate the left over straw of
wheat and rice. The huge biomass produced
can well be enriched and used as animal
feed. But manu of these options have not been
fully integrated in our research efforts.

Micronutrients in sustainable agriculture

With intensive agriculture using high
yielding varieties of crops and raising more
than one crop in a year, deficiency of micro-
nutrients has also become wide spread.
The work conducted under the All India

Perspectioe Plan - Wheat

Micronutrient requirement of wheat crop

Micronutrient (g,/tonne of dry matter)

Fe 222

Mn 36

Cu 10

Co-ordinated Research Project on Micro-
nutrient in Crops and Soils, has shown
wide spread deficiency of zinc in soils in
India. On an average at the national level,
soil samples deficient in micro nutrients
are 46 o/o Zn, 77 o/o B, 12 o/o Mo, 11 "/o Fe and
5 % Cu. The deficiency of sulphur has
also been reported across a wide range of
soils. Studies indicate that out of about
370 districts in the country 20 districts have
shown deficiency. The yield response to
sulphur has been obtained in more than 40

crops including cereal, millets, oilseeds and
pulses etc.

Strong cell wall can not be built without
Ca or B, buds and growing tips die due to
B deficiency, amino acids like cystine and
methionine can not be produced without
sulphur and photosynthetic machinery would
collapse without Mg.

Any deficiency in the micro nutrient of the
grain or the straw will greatly affect the overall
health of the human and animal population.
The DWR in association with Animal Nutrition

Removal of nutrients by three tonne wheat

Kglha
140

120

100

80

60

40

NUTRIENTS
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specialists of NDRI envisages an action plan
to understand the in'rpact of varieties on.straw
quality and micro nutrient availability.

Production technology for drvland area

In dryland agriculture which concerns
more than 70To of the agricultural area of the
country characterised by low or no input
system, soil erosion, land degradation,
desertification. While developing technologies
for dryland areas, these constraints must
be kept in mind for efficient and effective
utilisation of scarce resources available
under these stress conditions. Rain water
harvesting and moisture conservation techno-
logies should be cleveloped. Wheat yields
can be improved if moisture be conservation
can coupled with the cultivation of water and
heat stress tolerant genotypes. An integrated
system for increasing productivity under
rainfed ecosystem is essential.

Integrated water and nutrients management

Water is a limiting factor for crop pro-
duction and water management is the key to
development of sustainable agriculture for
both irrigated as well as rainfed areas. In
India the area damaged by poor water
management is very high. The worst
problem are the declining water table,
rapidly depleting ground water resources
and increasing cost of lifting water. Many
states are subsidizing use of power for
tubewell irrigation by fixing the flat rates.
Taking the advantage of flat electricity
charges, even during rainy season, farmers
continue to irrigate their crops thus leading
to wasteful use of power and decline in
water table.

In Punjab, 58 out of 118 blocks are over-
exploiting ground water resources as is
evident from falling water table. In Haryana
17 blocks are reported to be over exploiting
ground water and depleting water table is
becoming serious. In some areas even fossil
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water is being exploited as in Mahindergarh
district in Haryana and hard rock areas
of Andhra Pradesh and Tamil Nadu. On
the other hand in some areas of Haryana, UP,
Bihar, MP and Gujarat canal irrigation is
leading to rise in water table, increase in
saline and alkaline area and unsustainability
of irrigated farming.

The impact of irrigation on productivity
and sustainability of agricultue and environ-
ment can be realised only when water use is
integrated with efficient soil, water, crop and
fertilizer management system. The concept
"How to irrigate, when to irrigate and how
much to irrigate" need to be strengthened
by conducting relevant studies at various
locations of different zones. In this context
the issues like water conservation, watershed
management, sprinkler and drip irrigation,
FIRB (Furrow Irrigated Ridge-till and Bed-
planting) system of wheat cultivation
conservation tillage and zero tillage need
greater research efforts.

For irrigated plains the new systems like
raised bed planting of wheat (FIRB) need to
be tested with different permutation.
Combinations under surface, sprinkler and
drip irrigation systems with respect to
increased nutrients and moisture use efficiency,
avoiding lodging, reducing seed rates,
minimising weed infestation, better residue
management and thus reducing cost of wheat
cultivation without affecting the productivity.

Under rice-wheat cropping system, there
is a need to break hard soil pan created due
to regular puddling for paddy transplantation.
In this context the studies on deep ploughing/
chieseling need to be carried out for better
management of nutrients and water and
ultimately higher wheat production.

Greater attention has to be paid to the
studies on biofertilizers like azolla cultivation
with rice and its effect on succeeding crop of
wheat. Sincere efforts need to be made to
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improve the availability of phosphorus through
biofertilizer so as .to reduce the cost of
cultivation.

Even use of N is also a matter of serious
concern. Losses of N through surface
drainage, leaching and gaseous emissions
need to be minimised through innovative
approaches like split application, irrigation
scheduling introduction of sprinkler/drip
irrigation systems and adopting furrow
irrigated ridge-till bed plant-ing system of
wheat, maize and soybean cultivation.
Possibility of introducing legumes as

companion crops with upland and low land
rice need to be explored.

Genotype-environment interaction

Based on the climate scenario predicted by
the Geophysical Fluid Dynamics Laboratory
(CFDL) model, impact of changed climate on
wheat production is predicted for various
latitude limits for the summer and winter
seasons. In the mid to higher latitudes of
developed countries, significant increases in
area/ accompanied by crop yield reductions
are expected. At lower latitudes with
increasing temperature, significant areas will
become unsuitable for wheat and yield may
decline. Increased water requirements may
be anticipated in all regions in these latitudes,
which will highlight the importance of
irrigation management. A net reduction in
wheat production is anticipated due to reduction
in growth period as a result of increased
temperature. It is predicted that with the
doubling of CO, ambient temperature in
India would increase by 3.C and will affect
both the area and productivity of wheat. So,
there will be a need to evaluaie the genotype
and environment interaction. It is also
predicted that due to increase in ambient
temperature agroclimatic zones may shift
towards the pole about 100 km per degree
centigrade rise in average temperature. This
may lead to replacement of wheat area by
maize or sorghum and spread of durum wheat

Irt'rs1t1'1'l ia,1' l,lan - Whent

in NWPZ as they are more tolerant to heat
than bread wheat.

Durum/dicoccum agronomy

Agronomy of durum and dicoccum is
different from bread wheat and in past very
little work has been done in this direction.
These species also require different kind of
environment and area is limited. Recently most
optimum sowing time of durum wheat in
NWPZ was found to be 1st week of November
and drastic reduction in yield were experienced
there after. However, method of fertiliser
application, grain mottling problem and effect
of agronomic manipulations on grain quality
are still to be worked out. Dicoccum / Khapli
occupies a very small area in Karnataka. Yet
the agronomy of dwarf Khapli has not been
investigated in detail, to propose some
recommendations.

Response of durum wheat to dates of
sowing in NWPZ

Application of remote sensing and GIS

The recent approaches of Remote Sensing
and Geographic Information System in
conjunction with weather parameters will be
used for simulation modelling to determine
the potential irrigated wheat yields and
the N and water requirements to achieve
targeted yield in various land units. Moreover
it can be used to simulate productivity
and sustainablity options of rice-wheat

YIELD (q/ha)
45

/aO

35

30

25
EARLY NORMAL LATE
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cropping system. The principal objective of
developing these . models will be to
determine climatically potential yields as

well as to analyse the effect of climatic
variables and management of water and
nitrogen availability on productivity of
wheat. In general it will be able to simulate
the trends in water and nitrogen uptake, dry
matter growth and productivity. In
particular, the productivity as effected by
various climatic constraints and management
treatment will be simulated.

Production System has Changed

During mid 1970's area under the Rice-
Wheat system was almost negligible. Crop
intensity was around 1.8 and the application
of Nitrogen on ari average was 60 Kg/ha.
Even the entire state of Punjab was covered
by three or four wheat genotypes. And by
1995 as much as 20 per cent of the area
came under very late sown conditions
(middle of f anuary). Hardly 30 to 40 percent
of the area is now under timely sown wheat
and more than 10 varieties cover the 3.2
mha in Punjab. The cropping intensity
today is around 2.3 per year in Punjab and
almost 200 kg of Nitrogen/ha/annum is
applied. This intensive farming has also
brought about a shift in the pest systems.

Eventualities of improved cultural

There are reasons to believe that the
severity of the Karnal bunt, yellow rust and
tundu have come down during the last
two decades. The weed spectrum and
severity have changed. Hence, damage
due to P. recondita tritici (Brown rust),
Helminthosporium spp (Leaf blight) and
Ustilago nuda tritici (Loose smut) have
increased. Foliar blights (including Fusarial
leaf blight) and head scab are emerging
as new health problems of near future
especially in NWPZ, under newly
introduced cropping sequences. The need
to understand the system's behaviour to
sustain the productivity of cereal farming
over North Western India has emerged as a

major issue before us.

Soil biology and soil health

As a consequence of intensive farming
new pest problems are being surfaced. In
rice there are four types of insects that cause
stem borer symptoms of which, Sesamia
inferens is one which is able to infect both
wheat and rice. The insects survive on the
harvested rice stubbles or migrate from the
adjoining crop of rice. It is therefore,
necessary to develop a technique for
removing the rice stubbles and other crop

practices on disease dynamics of wheat

C.rust

Adoption oi HYV

Use of 1Bl1R
translocation
(Veery types)

Improper changed
variety & agronomy
of HYV

Popularity of
Rice/Wheat

Response

New pathotypes, 11

in black rust 17 in
brownrust&9in
yellow rust

Pathotypcs 77-1,

77-3,77-5 in brown
rust

Gradual increase
of foliar blight
NWPZ and NEPZ

Reduced Karnal
bunt severity

Reason

Narrow genetic base.

Lack of deployment
strategy

Improper pyramiding

High input agronomy
changed the patho-
system.

Changed soil
conditions affect
KB teleospore

Remedy

Promote varietal
diversification
and quick varietal
replacement

Yellow rust
vulnerability
dependance on Yr9

IPM

Integrate as part
of IPM
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residue to avoid pest build up. There is a

need for a continuoup monitoring of this pest
over NWPZ and NEPZ and understand the
insect ecology better.

The decline in wheat yield attributed by
the Agronomists can also be due to the build
up of ecto-parasitic nematode population.
These soil living nematodes feed on the root
from outside causing root lesion. In addition to
this number of soil bome fungi cause seedling
blight and reduce the vigour of the plant. The
role of Vesicular Arbuscular Mycorrhizae
(VAM) on crop and the impact of declining
soil organic matter on soil biology are yet to be
well understood.

Sick-areas with ear-cockle nematode
will be worked out by surveying grain
mandis as well as by contacting extension
workers in different Zones. Simultaneously
efforts to screen wheat germplasm against
nrost conrmon nematode H. aaenae will also be
made to find out resistant material. This
material will ultimately be bred into an
acceptable cultivar. Keeping in view the
environment friendly control measures, neem
products and Pasteuria etc., will also be
synthesized for the control of nematodes.

Biological control is eco-friendly

As a consequence of pesticide abuse
considerable damage has been inflicted on
the eco-friendly predators and parasites of the
insect pests. These beneficial insects feed on
the weed that occur in the wheat eco system
such as Conaolaulous, Argemone mexicana,
Phalaris minor etc. There are number of
insects that are host specific and feed only
on these weeds for their livelihood and
thereby keep a check on the weed population.
Effect of weedicide on these friendly insects is
to be well understood. The Plant Protection
Programme will restructure its reach efforts to
apply biological control procedure for both soil
borne and seed borne diseases and will closely
interact with other centres.

Perspectioe Plan - Wheat

How pesticides abuse can be avoided

Crop year 1994-95 was very congenial for
the built-up of brown and yellow rust
epidemics over NWPZ. Across the border
nearly 1.0 m ha was severely damaged by
yellow and brown rust since only few, that
too susceptible wheat varieties were grown.
India had a varietal and genetic diversity
against the pathogen and therefore epidemic
did not occur. Normally two rounds of
spray of systemic fungicide (like Indar/Tilt)
would have been necessary to grow a

susceptible wheat and yet keep it healthy as

was in 1995. Such a spray @ 2.5 kglha
twice over Punjab above would have resulted
in spraying of 16,500 tons of fungicide to control
the two rusts. The present wheat improve-
ment programme (AICWIP) is ecofriendly
and is targeted to avoid the usage of fungicide
and is more dependent on the manipulation of
host resistance, to control the wheat rusts.

Yet, there is a growing demand for weedi-
cides in India. Nearly 80% of the weedicides
sold in India is in the NWPZ and half of
it is for wheat. Out of nearly 5000 metric
tonne herbicide marketed in India nearly
40 per cent of it is used in wheat and mainly
in the state of Punjab, Haryana and
Western U.P. Development of resistance has
been reported during the last few years
against isoproturon n Phalaris minor.

IPM - is the hope of tomonow

It is visulalised that from now on, the
main plank for Plant Protection Sciences to
curtail crop loss shall be through the adoption
of the Integrated Pest Management (IPM)
system. The IPM system has been in practice
in wheat for a long time as breeding for
rust resistance, varietal diversification quick -
varietal reshuffle and staggered sowing have
been the practices to control the three rust
diseases of wheat and barley. When integrated
with the rust surveillance, virulence typing
and gene deployment this eco friendly IPM
can be used to curtail losses.
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Variety - the main frame in integrated pest
management

Early British records indicate that wheat
rusts have been repeatedly causing epidemics

inflicting severe crop losses. The 1947 stem
mst epidemic of Central India activated our
efforts towards breeding disease resistant
wheat varieties. The early New Pusa (NP)

developcd at IARI were targeted for better
yield and resistance to wheat rusts. Through
organised efforts, large number of wheat
varieties belonging to the NP, Pb and K lines
were released by IARI, Layalpur and Kanpur
respectively. The back up information on the

prevalance and distribution of the wheat rust
virulences and results of the seedling tests

enabled plant breeder's propcr selection and
release of varieties with better yield and rust
resistance. When the HYV were introduced,
there arose a need for rapid reshuffling of the

rust resistance genes in the cultivar to match
the various virulence genes in the pathogen,

IPM tn Sustainable Agriculture

Sustainable Agriculture

Production technology
(Agronomy & related
aspects)

Soil and related
issues

High yielding
varieties

IPM strategy Participatory

I

Survey &
I

Soil Biology
ll

Resistant Weed Management
I

Insect Pests

Diseases &
Nematodes

I

I

Socio
Economic
aspects

I

Surveillance Varieties

tltl
IPM system Operational

IPM

Corrected & Modified
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Issues [Strategies
India has the distinction of harvesting

more than 65.4m tonnes of wheat during 1995-

96 in contrast to a mere 12 m tonnes in 1960's.
With this production,India has enough grain
to meet the domestic needs, surplus for buffer
stock and international trade. However, this
yield gain is not without concern, in view of
the changing scenario of the cropping system.
Food and Agriculture Organization (FAO) in
the latest issue of its publication 'Food
Outlook'has mentioned that the world cereal
supply situation continues to be tight and the
global stocks are well below the range of
77-18 per cent that FAO considers necessary
to safeguard world food security. At the
forecast level, the world cereal production in
1995 would be 50 m tonnes less than in 7994.
On a global scale a minimum increase of about
four per cent is required in7996 cereal output
to meet the present day demands while a

larger increase would be necessary to re-
constitute depleted reserve stocks. FAO's
latest estimate puts world cereal production
in 1995 at 1889 m tonnes, with India
contributing 65 m tonnes of wheat. Over years
the wheat programme has moved from a stage
of import to dependable exporter.

Issues

Keeping these points in view, the following
issues are considered important :

Intensive farming

problems like water management and drainage
in Rice-Wheat system, problems related to crop
health, soil biology and soils health etc.

Population

The population of India has been proiected
to reach 1.3 billion mark by the year 2020 A.D.
To meet the domestic requirement and the
demands of the international trade, India will
need to produce 109 m tonnes of wheatby that
time.

Pricing

To maintain the interest of the farmers in
growing wheat, the proper pricing and mar-
keting (both national and international) will
have to be ensured.

With changing crop scenario, improved
inputavailability,betterirrigationfacilitiesand Unforeseen constraints and the buffer food
economic returns, India has shifted from stock
subsistence agriculture towards intensive
farming. New cropping sequences/systems India could become the second largest
are emerging. This has led to several new producer of wheat in the world on the basis
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of grain harvest during 1994-95. But, this is not
without risks and thrgats from within as well
as from outside the country, e.g. threat from
rust epiden-rics due to new virulence(s), interna-
tional laws like IPR and restricting availability/
import of new genes/new materials, drought
years or any other eventuality leading to
damage to crop. A food buffer stock of a mjni-
mum of 40 m tonnes is required to meet the
situation of two successive crop failures or
years of low yields.

New international laws and plant variety
rights

Several international laws are being framed
and/or are likely to be framed in future. Such
laws as IPR (Intellectual Property Rights),
CATT (General Ap;reement on Trade and Tariff)
and PVR (Plant Variety Rights) may restrict
the free or easy availability of new germplasm
to the Indian wheat programme. PVR may be
beneficial in registering the Indian germplasm.
These laws and regulations are among the
major issues that the lndian Wheat Programme
is likely to face.

Beyond 80 m tonnes target and the higher
order of technology

The yield potential of released varieties has
not been fully tapped and a 20-30 per cent yield
gain can be achieved by adopting available
production technology. A target of 75-80 n-r

tonnes of wheat production can be achieved by
the turn of the century through bridging the
yield gaps in areas of low yields by adopting
present day technology. But going beyond this
level is an uphill task. Hence. development and
transfer of higher order technology is required
to achieve the target.

New variability in wheat

The new international laws like IPR and
other similar factors may limit the availability
or free import of resistance genes in the years
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to come. Hence, national programme has to be
self sufficient and least dependent on external
sources.

Resistance breeding has a narrow genetic
base

Resistance breeding programme in the
country has a narrow genetic base due to over
dependence on only a limited number of
resistance genes, making it vulnerable to new
virulence(s).

Quality

After meeting the domestic demand the
surplus has to be exported. For export purposes
wheat needs to be of high quality to meet the
international standards, so that it can meet the
requirements of the importing countries and
at the same time compete with other wheat
exporting nations of long standing. In this
connection, durum has a special significance.

Strategies

To address the above issues the following
strategies are envisaged :

Use of genetic resources

India has been an important source of
genetic diversity in wheat which has played a
key role in keeping the wheat programme
vibrant. The Indian land races like Hard Red
Calcutta, Etawah and Indian G have contributed
in the development of Veery and Kauz lines
of CIMMYT. Many of the Indian collections
have also been utilized in the other countries.

There are number of centres under the
AICWP holding various types of wheat and
barley collections coming out of the early
explorations and subsequent exchange pro-
grammes. These centres also maintain native
germplasm collections, useful genetic stocks,
working collections etc. It has been quantified

Petspectioe Plan - Wheat



by this Directorate that there are approximately
15,000 collections of wheat in the country
retained by various centres. The largest is with
the DWR amounting to nearly 5,000 collections
of various categorics. Vijapur, Pune, Almora,
Dharwar, Kanpur, IARI New Delhi, Indore
and PAU Ludhiana are some of the other
centres holding rich source of genetic diversity.
These materials are continuously subjected to
eva-luation and documentation. The evaluation
process covers morphological traits, resistance
to various pests and diseases, quality traits
and abiotic parameters. The information base

being generated will assist in establishing the
National Wheat Cenetic Stocks Inventory. The
entire exercise for initiating the Indian Wheat
National Genetic Resources may take another
five years to totally document and computerise
the information.

The DWR mandate is confined now to
maintaining the active collections while the
explorations, both within India and outside

Indian local germplasm utilized in
other countries

and maintaining the base collection in the long
term repository remains job of the NBPGR,
New Delhi.

Nearly 49 local wheats around the world
are involved in the development of Veery, the
most recent high yielding wheat from
CIMMYT, of which three wheats of Indian
origin are also involved. This only shows
that the modern day wheat have in their gene
pool considerable amount of 'local wheatblood'
and they are by no means genetically narow.

The Directorate will join hands with
NBPCR in explorations especially in the
region of Commonwealth of Independent
States i.e. erstwhile USSR.

The programme, therefore, will have a very
close interaction with the NBPGR and zonal
centres. With the globalisation of trade and
the intellectual property rights coming into
operation, it will be necessary for the national
programme to register indigenous materials
with the distinct economic traits such as heat
tolerance, drought resistance etc. as in the case
of Hindi-62 and Kharchia Local. A mechanism

Genetic diversity in modern wheats

llaly (8)

Bussia{7)

Brazil (4)

A0entina (4)

Kenya (3)

lndia (s)

Japan (2)

Poland (2)

Gemany (2)

Uruguay (2)

usA (2)

Morocco (l)

Canada (1)

Netheilands (1)

Peru (1)

Greal Brilain (1)

Spain (1)

Esypt (1)

Ausralia (1)

Soulh Afica (1)

France (10

Tota Landraces 49

weallh oJ genotic

di€rsily For

example. planl

breeders dGw on 49

landraces riom 21

dilJerenl counfies to

produce Kauz, a

high-yieldjng,

disoas6" r€sislant

Seal variely now

grown on large a€as

in lh€ developing

woild.

Indian locals

Indian A" Indian B, Indian
48, Indian F, Indian G,

Indian [-1, lnclian 8, Indian 9,

Indian 17, Indian G
I-{indi D, Flindi 7, Hindi 39,

Hindi 62, I{indi 144

Nabob
Sindhi
Cehun
Kaali
Muzaffarnagar variety
Etawah
Hard Red Calcutta
Indian Pearl

Indian Dwarf
Pusa 4

Pusa 12

Ptrsa 57

Khapli

Country

Australia

New Zealand
Egypt

Australia
Australia
Canada

South Africa
Australia
Australia
Canada

Australia
USSR

Australia,
Tunisia,
Algeria, Mali

Brazil
France

Brazil, Sweden
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Augmentation of germplasm

Acquisition, evaluatjon, characterization. database

( NAGS - National Active Germplasm Sites)

NBPGR

would be formulated to formally register a

large number of Indian materials that have
distinctly superior traits which are of com-
mercial value. By registering these materials,
interest of the programme (AICWP/ICAR)
will be safeguarded. The directorate will
maintain the registered accessions as the
National Genetic Resource of Wheat. For this
purpose/ the programme will interact with
IARI, NBPGR and other institutes.

National wheat germplasm system

Multiplicqtion in
isolation
(NBPGR/DWR}

The germplasm network

Germplasm evaluation is essential for its
usage in wheat improvement activities. Keep-
ing in view the diversity available in the existing
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Maintenance of wheat germplasm
under AICWP network

germplasm, this exercise can only be done by
bringing germplasm research under AICWP.
Efforts have been initiated recently to establish
a network and facilitate the involved centers
by providing funds through various schemes.

The Directorate will maintain the active
collections and create a data base for infor-
mation management. Facilities at the regional
level are also to be created to store genetic
resources of that region as a duplicate set.

A small facility for medium term storage
has already been created at Karnal. A large
capacity module under the USAID/NBPGR
project is to be installed at DWR to increase
the storing space. The Directorate shall fulfil
the demand of the various centres in sup-
plying/arranging the require daccessions.

Screening germplasm against biotic and
abiotic stress

For effective evaluation, an inter-disci-
plinary approach involving pathology and
physiology disciplines for screening against
biotic and abiotic stresses, respectively shall
be more useful.

Durums
Dicoccums

Native bread
wheat collections

Hill collections and
winter wheats

Elite germplasm -

National nurseries

Elite germplasm -
International nurseries

Advance lines -
Yield trials

Genetic and
cytogenetic stocks

Wild species and
close relatives

Acquisition
conservation and
information management

Vijapur and Pune

Dharwad

Indore and Varanasi

Almora

Pantnagar

Ludhiana

Kanpur

IARI, New Delhi

Pune, Ludhiana,
Shimla

DWR, and NBPGR
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Heat Dharwad, Indore, Karnal,
Vijapur, Varanasi

Heat cum Indore, Viiapur, Sagar,.

drought Sabour

sarinitv 
;:,X#*"1' 

Jobner'

Evaluation of wheat germplasm against
abiotic stresses

To identify donors for the conditions like
sowing under resiclual soil moisture condi-
tions, heat stress at the terminal growth
period, especially for the rice-wheat areas

and also alkalinity/salinity, evaluation needs
to be carried out at the following stations.

Against biotic stress, screening under
artificial epiphytotic conditions as well as

evaluation at hot spots with the help of
pathologists, shall be undertaken for the
important diseases like leaf rust, stripe rust,
karnal bunt, foliar blights and stem rust.

Evaluation of wheat germplasm against
biotic stresses

Usage of exotic germplasm in Indian crop
improvement activities

In the first phase of Green Revolution, a

major part of the wheat material was primarily
derived from genetic stock and breeding
material of exotic origion. This was because of
the necessity to bring in wheat the dwarfing
traits related with increasing yield. Over a
period of time, the Indian programme has

Perspectizte Plan - Wheat

Leaf rust Ludhiana, Curdaspur, Karnal,
Parrtnagar, Dhaula Kuan,
Delhi, Wellington

Stripe rr"rst Alnrora, Ludhiana, Pant Nagar,
Karnal Palampur, Wellington

Karnal bunt Pantnagar and Ludhiana

Leaf blight Pusa, Faizabad, Varanasi,

Gurdaspur

Stem rust Niphad, I)une, Powcrkheda,
Vijapur, Wellington

Origin of varieties released in India

raised itself to a position to develop a large
amount of material possessing useful traits
and hence dependency on the exotic material,
to a large extent, has been reduced.

Role of inter generic crosses

Different species of Triticum and closely
related genera can be successfully utilized for
improving not only yield and quality, but also
for incorporating tolerance/resistance against
abiotic and biotic stress.

Creating New Variability

One of the main requirements of a dynamic
programme is the easy access to the diversity
for yield contributing genes and resistance to
biotic and abiotic stresses. Keeping this in view
wheat material from various sources such as

CIMMYT,ICARDA, USDA, CSIRO is scanned
in the form of different international nurseries,
through the genetic resource unit of DWR. In
this process a number of traits are evaluated
and many stocks are found to be useful, which
are utilised by the national and regional
programme. The Indian national programme
also reciprocates by exchanging wheat genetic
resources with other friendly nations like
Sudan, Yemen, Mangolia, Japan and other

fT
Cros6es atlempted

r-'-l
1966-70

19a6-91

Source, KBL,Jain
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Traits

Leaf and stripe rust

Karnal bunt
Foliar blights

Moisture stress

Drought tolerance

Salt tolerance

Biomass

Harvest index

Tillering

Grain number
Grain weight

Grain quality

Storage protein

' Species

T. monococum, f. trnrtiru*,
T. turgidum, T. timopheeai,
T. zhukooskyi, Agropyron spp.
Aegilops squarossa

Agroptyon spp. Ae. tauschii
T. monococttm, T. dicoccon,
T. spelta, Elvmus spp.

T. timopheeui, Secale cerenle,

Hordium spp.

T. uaailotrii, Elymus spp.

Agropyron spp.

Agropyron spp. Elymus spp.,

Hordium spp., Elitrigia spp.,

Secale cereale

T. monococcttm, T. dicoccum,
Ae. tauschii, Ae. speltoides

T. monococcum, T. boeticum,
T. .uratu, Ae. tauschii,
Ae. bicornis
T. dicoccum, T. timopheeui,
T. carthlicum,
T. turgidum
T. turgidum, T. carthlicum.
T. dicoccoides

T. monococum, T. boeticum,
T. urdtu, T. dicoccoides,
T. turgidurn, T. carthlicum,
T. sphaerococcum, Secale cereale

T. dicoccoides,'Secale cereale

Species and the desirable attributes

A number rif wheat varieties developed by the Indian programme has been
released in several countries around the world. Here the Ethiopian team

discusses the possibility of using Indian gernrplasm for theii wheat
improvement programme

African countries etc. As a result of this the
elite material of the Indian programme have
been reieased as varieties by number of
countries as given below.

This indicates that
the material and genetic
resources of Indian
origin have been uti-
lized by other countries
also for the overall
welfare of mankind.
However, there is a need
to promote Indian seed

companies to carry the
PVR and do business
with our varieties in
these countries.

Renowned old Indian wheats having specific attributes

Trait Varieties

Head & drought tolerance Hindi 62, Pissi Local

Biiaga Yellow (d)

Salt tolerance Kharchia Local

Quality K 68, NP 4

Indian material released in other countries

Cultivar Country Year Indian Synonym

Annapurna 2 Nepal 1988 CPAN 1796
Arz Pakistan '1975 HD 1931 SIB
Bajoka 1 Bhutan 1992 HD 2380
Balkh 65 Afghanistan 1987 HD 2322
Balaca Bangladesh 1981 Pratap
Bloudan Syria 1981 HD 2172

Janak Nepal 1975 Janak
HD 7220 Algeria 1982 HD 1220
Manywa Myanmar NP 4
White
Mukta Sudan 1978 Mukta
NP 798 China 1964 NP 798
Pusa 4 Australia 1916 NP 4
Pusa 12 Argentina 1916 NP 12
Sonalika Ethiopia 1970 Sonalika
Safed Lerma Oman 1978 Safed Lerma
Kalyansona Mangolia 1974 Kalyansona
WL 771 Pakistan 7978 WL 711
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Uniqueness of the Indian dicoccums

India is the only country in the world.
growing T. dicoccum over 50,000 ha area. The
dicoccum have high protein and greater 1000

grain weight. There is a strong need for
protecting the collections available in the
peninsular India including the new dwarf
dicoccum for reasons of commercial interest.

Need for intensive research

India is among those countries which grow
more than one species of Triticum. In India,
bread wheat (7. aestiaum) is the major species
occupying over 90nk of wheat area followed
by durum (7. turgidum var. durum) and
T. dicoccum or Khapali wheat. The cultivation
of T. dic.occurn is restricted to peninsular parts
of the country with roughly 50,000 hectares of

area. This is a highly priced quality wheat
used for making a variety of local food
preparations. It has high protein content
and posseses high nutritive value. The
Khapli wheat, grown in our country, is tall
and low yielding. Therefore,there is a need
to increase its yield potential.

Breeding strategy

The breeding strategy aims to develop
semidwarf, high yielding varieties suited to
harsh environment. The threshability problem
can be overcome by attempting hybridization
with other tetraploid wheats. Apart from
the work going on at Dharwar and Pune
centre there is a need to start work at Washim
centre by providing one breeder and one
agronomist. The project for dicoccum
improvement with the above objective shall

Objective

Pert Chart of Future Strategy for Yield Enhancement

Short Term (5 Years) Long Term (> 1.0 Years)

c.r R.M. c.P a B.s LK C.I R.M C.p. O B.S LK

Ceneticl(esources * + * * NBPGIT * * * * NBPGR
llreeding
High Yielcting variety
Corrventional approach * * * *

Non-Conventional * *

approach

Heat tolerance + *

Warm dry area (lR) + *

Warm dry area (RF) * * CRIDA
* VPKASCold tolerance

Diseaseresistance * * * *

Widelyadaptedvariety * + * *

Suppressive soils * CSSRI
*+**

****
**DBT

+++

Expot Quality *

Replacemen' Strategy

Duntmwheat * * * *

Off-seasrrn nursery * *

NBC
SFCI *

NBC
SFCI

****
**

Nolc:
C.l. = Crop Improvement R.M. = Resource Management
C.P.=CropPrc'tection a =euality
IJ.S. = Ilrrsic Sciences L.K. = Linkage with other institute
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be on 10 years basis. Two additional centers
for evaluating the yield trials at Coimbatore
and Rudrur by one agronomist are to be
established. For nothern India there is a

necessacity to undertake breeding work in
dicoccum.The resistance to leaf rust is
another important aspect to be worked
upon. The improvement of existing varieties
with respect to various quality aspects/traits
of importance is of paramount consideration.
There is need to study in systematic way the
quality aspects of dicoccum wheat from the
point of industrisal uses.In case it is found
better than other hard wheats like durum,
commercial crop for export should be worked
out. The research centres at Dharwad and Pune
should be assigned specific responsibility to
improve the dicoccum wheat.

A diccocum netutork will be created uithin
the wheat project during gth Plan.

Diversification of Genetic Base and
Preparedness to Meet New Virulence(s)

Indian resistance breeding programme
has a narrow base due to overdependence
on a limited number of genes. By diversi-
fying the resistance base against the wheat
rusts anl by positioning the genetically
diverse materials under different agro-
ecological zones, it has been possible for
India to effectively contain the wheat rusts
for long. Some of the resistance genes e.g..
Lr 7, 70, 1.3, 23, 26 for leaf rust, Sr 9b, 9e,
1.1., 24, for stem rust and Yr 2 (KS) 3, 4, 6,

8 for yellow rust have lost their effectiveness
over a period of time. Thus in view of this
and the new virulences emerging outside or
within the country the diversification of
genetic base is thc need of the day. This
calls fora search of newer resistance sources,
newer resistance gene combinations and the
strengthening of virulence/ gene postulation
programme.
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Screening of advanced lines have shown
that eight of them, namely HD 2643, PBW
41.7,UP 2425,UP 2382,PBW L75,r{PW 774,
VL 755 and K 9266have confirmed resistance
to the new virulence of yellow rust (which
is able to infect cultivars with Yr9) isolated
from the Indian neighbourhood. Some of
these lines are proposed to be included in
the national breeding programme to pre-
pare the Indian programme for meeting any
eventuality in future. To complement this,
a constant vigil is kept on the races existing
in or entering Indian territory through
survey and surveillance programme.

This diversification of genetic base and
monitoring of the new virulences is the
backbone of the future wheat improvement
Programme.

Breeding Wheat Varieties for Very
High Productivity

A number of districts in Punjab, Haryana
and Uttar Pradesh have already achieved
an average yield of 4 t/ha. It is, therefore,
necessary to develop very high yielding
varieties to meet the requirement of these
frontline districts. Such genotypes should be
responsive to high levels of nitrogen
application, possess more number of tillers,
more spikelets and better thousand grain
weight. It can be noted that in comparison
to Kalyan Sona, identified in 1965, WL 777
had a clear yield advantage and HD 2329
released in 1985 was better than WL 711,
identified in 1974.It appears that from time
to time yield gains have been achieved by
superior genotypes, though such a progress
has not been so spectacular. The present
varieties UP 2338 and PBW 343 are better
than HD 2329 both for resistance and yield.
The genotypes coming out of the spring x
winter crosses and involving IB/IR trans-
location, have been found to have an yield
advantage of atleast 5-1.0% over immediate
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best check. The present day new varieties
involve CIMMYT.material like Parula,
Attila, Cettia and Weaver and many of
these lines possess low 1000 grain
weight which needs to be corrected without
alternating the ideotypes.

Improved ideotypes for nutrient efficiency

The currently ruling varieties under
well managed situations are lble to yield
beyond 6 t/ha. But if the food grain pro-
duction of 95 to 109 million tonne is to be
achieved by the year 2020 AD, it will be
necessary to develop wheat varieties that
have very high yielding abilities.

Studies indicate that to attain 7.2 t/ha,
an input of 240 kg nitrogen/ha will be
required and the total biomass production
should be atleast 18 t/ha. This calls for a

substantial increase iri the number of
grains/m2, greater 1000 grain weight, more
grains/spike and more number of tillers/
m2. In other words, atleast 5-6 yield con-
tributing traits are to be brought har-
moniously in one background to attain
yield levels of 7-B t/ha. The future wheat
breeding therefore, may have to identify
the parameters which can be used as a

selection criteria in developing superior
genotypes. This will also call upon using
diverse genetic resources and to aggregate
these yield contributing genes in one
background.

Warm and dry environments

Nearly 2.5 m ha area is under bread
and durum wheat in central India grown
under residual moisture regimes. Though
number of entries are evaluated for this
ecosystem, nothing has exceeded the bread
wheat variety Sujata and C306. Today there
is hardly any entry available to replace
these old varieties, which indicate the lack
of progress under this harsh environment

Pcrspectiat Plnn - Wheat

where resource-poor farmers live. The
rainfed ecosystem has its own limitations.
It will be necessary to bring in the practices
recommended by CRIDA for effective
water management and then conduct the
trial to identify superior genotypes.

Area under wheat in Madhya Pradesh

Wide crosses approach and basic work of
cytogenetics

There are a number of ways to creat and
add new variability in the wheat germplasm.
The wide crosses are one such opportunities
available with the wheat geneticists. To start
with one has to make accessability to useful
accessions carrying novel traits which can be
exploited for the improvement of bread wheat.
The wild progenies and related genera of wheat
offer large number of genes for resistance /
tolerance to various biotic and abiotic stresses.
However, their utilization is not as simple as

it looks from theoretical point of view.It
requires a well equipped and trained man
power to get success in making crosses and
handling the segregating generations for
transfering the target traits in the desired
background.

In India, the Division of Genetics at IARI,
New Delhi has the expertise needed to take up
such work. The main emphasis should be
placed on transferring novel genes responsible
for resistance to diseases (rusts, Karnal bunt,
foliar blight), drought and heat tolerance and
for increasing the biomass production and
protein content. The use of synthetic wheat is
another useful approach to rectify certain

Year Area (lakh/ha)

1990-91 38.34

1991-92 32.67

1992-93 33.67

1993-e4 39.25

1994-95 40.00
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drawbacks in the existing hexaploid and tetra-
ploid species of wheat. The production and
utilization of synthetics in wheat improvement
work is going on at CIMMYT, Mexico in big
way and needs to be strengthened in India.

The other aspect which is equally im-
portant for breaking the yield plateau is the
utilization of hybrid vigour for the production
of hybrid wheat. In this direction a preliminary
beginning has been made at the Directorate,
but there is need to take up this work in depth
for getting desired results. A net work project
involving for active centres including the IARI,
New Delhi and DWR, Karnal, should be
initiated.

Winter wheaUspring wheat

Winter and spring wheats are the two
groups of the same T. aestivum species
isolated geographically by space and time. As
a result of this lon$ isolation, they have
remained as two separate diverse gene pools.
It is expected that by crossing between these
gene pools it will be possible to create new
p;enetic variability for selection and develop-
ment of superior genotypes. Recently, the
winter wheats like Kavkaz, Atlas etc. have
been utilized for crossing with spring wheat
at CIMMYT, Mexico and a series of high
yielding disease resistant and widely adapted
wheat lines known as "Veery,, have been
developed. Such lines possess resistance/
tolerance to various abiotic stresses like
drought and cold etc. Keeping in views these
points, it has been desired to further harness
the winter x spring wheat crosses in Indian
Wheat progrmme. The VpKAS, Almora centre
is maintaining a large winter wheat collection.
Selected winter wheats will be used for
crossing with new spring genotypes at
Almora and Shimla. The F1lF2 seed materials
will be made available to various other centres
for f urther selection. At Almora and
Shimla, the winter wheat flowers under
natural conditions without providing the
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photoperiodic treatment etc. The F1 hybrids
may be used to cross these with the third
parent (three way cross) to add additional
genes for disease resistance/quality im-
provement etc. It is expected that from such
diverse crosses under diverse environments,
selections can be made and advanced. Since
such crosses cannot be attempted at all sites,
taking advantage of the temporate weather,
India enjoys, DWR will promote this pro-
gramme to bring-in, new yield and resistance
genes into spring wheat.

Hybrid wheat

The exploitation of heterosis over the best
variety through hybrid wheat over conven-
tional approach will help in breaking yield
barrier. Hybrid wheat is a viable answer to
meet our target of 95 million tonnes by 2020
AD. Our target is to develop hybrid wheat
through chemical hybridising agents (CHA)
or cytoplasmic male sterile (CMS) system. The
results of exploratory experiments revealed
thatCHAs when used in combination improves
male sterility as well as female fertility. Being
a chasmogamy plant, sufficient out-crossing is
possible in male sterile plants. Late sowing
with moderate temperature and lower humi-
dity exhibited higher CHA efiicacy. A plant
growth stage for CHA spray at 8mrnor below
(spike length) exhibited higher efficacy.

A workable tie up with public or private
organisations having effective CHA/CMS
system at a reasonable cost may be useful for
early success of hybrid wheat in India.

However the hybrid wheat network is
expected to give significant results within next
5 years and subsequently first wheat hybrid is
expected between seven to nine years.

Creation of genetic barriers to contain cereal
rusts

Cereal rusts can be controlled or managed
effectively through proper deployment in
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different epidemiological zones in the
country. It will help in cutting down the
inoculum build up, ihus influencing the rust
develop-ment and spread in the target areas.
Hence, there is a nee,d to deploy zone-specific
cultivars that are capable of checking the
arisal of new variants. A comparision of the
racial flora existing in 1960's and that existing
today, shows that there has been a strong
correlation between the distribution of
pathotypes of rusts and the host varieties.
Through deployment of zone or area specific
cultivars, the source of inoculum, multi-
plication and arisal of new races will be kept
under check. It is highly desirable to deploy
cultivars possessing single and race specific
vertical resistance genes (producing immunity
or hypersensitivity) in the foot hills and
slow rusting types and resistance genes that
express at low temperatures in the source
area. This will help in keeping under check,
the evolution and arisal of new pathogenic

forms and their spread. Cultivars representing
a mosaic of gene combinations have to be
cultivated in the target areas to avert losses
occuring due to susceptibility of monoculture
in the main wheat belt of the country. Thus,
cultivars with atleast 3-5 different gene
combinations are required to create genetic
barrier for different pathotypes in space and
time. A suggested plan of deploying res-genes
in various epidemiological zones of the
country is given in Figure yellow rust
management.

Multiple disease resistance - a pillar of the
future IPM strategy

Wheat rusts have been the major constraint
in realizing the full potential of wheat varieties
since the pre-green revolution era. However,
with the passage of time, the pest scenario has
changed due to factors like shift in varietal
spectrum, improved inputs and irrigation

Yellow Rust Management

EEI Source (Hills)

l-!-I lnoculum build up (Foot hills)

[--l nlain wheat area (Plains)

Durable res-gene:Yr18

lmmune res-genes:Yr10

Gene combinations:
Yr2+ Yr9, Yr9+ Yrl8,
Yr9+Y110, Yr2+Yr3
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facilities, changed cropping sequences and
cultural practices, etc. At present, in addition
to rusts, other disease problems have
emerged, which, if not taken care of now, can

lead to major stumbling blocks in the wheat
production. Hence, a multiple disease
resistance approach is the need of the day.
Till now, the wheat ecosystem is relatively
free from pesticides (as compared to several
other crops). To sustain or to improve this
situation, breeding strategies with emphasis
on durable resistance/slow disease develop-
ment involving more then one disease and
utilization of alien genes like those for leaf
blight resistance, are required. Some such
genes (Lr 9, 79 and 24) are already in use for
leaf rust resistance. Multiple disease resistance
will provide a very strong component of
IPM and will help in keeping the pesticide
use in wheat to the minimum possible.

,40zrs: SR = Stem Rust; BR= Brown Rust; YR= Yellow
rust; KB = Karnal bunt; FB= Foliar blight; LS= Loose
smut:

* Lr25 virulence * Yr9 virulence

Information linkages

The recent advances in computer techo-
rrology and data management system have
vastly augmented the ability to store, access,

distribute and process large quantities of
information at low cost. Large amont of data/
results generated through field experi-
ments,laboratories analysis and collection,will
be properly documented in the form of
database. A strong database will be developed

Shift in disease scenario from 1960's-1990's

1960,s SR KB

1970's SR BR YR KB LS FB

1980's BR YI{ FB KB LS SR

1990's BR* YRo FB KB LS SR

on sound and scientific lines on various aspects

like pedigree management, genetic resources/

crop protection system, geographical infor-
mation system, statistics on fertilizer usage,
result of the coordinated trials etc.This will
provide timely and accurately information for
fututre research and planning. Menu based
advanced software will be procured /
developed for retrieving the informations from
the database in the desired format.

Computer networking through NICNET,
ERNET, LAN etc. using satellite, digital
communication will be utilized for the rapid
exchange of information contained in the
database within and outside the organizations
engaged in wheat research in India and abroad.
The Directorate will install its own V-SAT
Terminal in order to have direct link with NIC
and other research organizations. This will
avoid the communication delays presently
experienced through the channel of district
head quarters (DIO) and will speed up the
exchange of information. All the Zonal Coordi-
nators will be provided P.C. Unit, Modem
and Telephone to have electronic networking
for rapid exchange of information/data
through this media and also to have tele
conferences, saving time and cost. Image
processing techniques will be developed for
area crop acreage estimation, crop production
fore-casting, crop loss assessment etc. in the
image processing laboratory using cornputer
aided digital analysis.

Manpower in terms of economist, statis-
tician, system analyst and extension scientists
will be created at the Directorate and also at
each of major zones to feed back the Direc-
torate with the information on agricultural
statistics, marketing aspects and economic
and social responses.
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Human Resourie Development
...t, . 
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The term human resourceas defincs farming Education and training of local people is
as a capital asset which yields a stream. of at the very heart of building local capability.
economic benefits. Expenditure on training But prioi to or during, initial experience,and extension education can therefore bc mobilization aims at fostering development

tha quality of farmers, increase th"t; awarcncss' at individual and group con-

adaptalibiliiy to the changing requirements of t:i:"t"::.: of their position in society and of
the open 

".c,no-y. 
AII this will result in their affiliation with others in a similar

cnhanc-ed production and incrcase the pcr position. An understanding of the need to
hectare productivity. organize and participate is fostered, while

rn agricurturar extension, the cmphasis i::::.?,:f i,:r.il:..X *lX:1:l#;r'1"^l
is usually on technical innovation, but lh^]: cor.ugc,l. Training of all types of farmers inis another extcnsion tradition, which we can lrl - 

.. 
"""- "' -" ."r,r.-

call human resource dcverop.n"n,."ir"r" :1"" 
meetings or special training centres

objective is not to develop farms tt.ougtr can serve these purposes' It aims at develop-

pcople but to develop pebple themselves, ing a sensc of individual and collective
so as to make thtm better leaders, cntrc- responsibility.Commitmentandcompctence
preneurs and decision makers, and to help as a basis for building local organizational
them organize themselves into effective capacity. Early project activity is largely
associations and institutions. Technical viewed as a vehicle for organizing, as a frame-
innovation and human resource develop- work for training, as an experience to develop
ment should rein-force each other. Develop- self_confidence, and as a focus around whiching information system constituencies and self awareness of individual and group capa-cffc'ctive marketinE; cooperatives permits uiritv .r" develop, participation is not anbetter utilization of technologies. Farmers, :"1' -""
organizations with clout cai Ua.gain fo. 'nt",".T"".t 

for achieving project success but
beiter prices, a greater share of resources a vehicle for mobilization, organization and
and better opportunities and can help to training'
make research agencies relevant to local

;:ri:fli;::TJ':ili :"#':"i ff:'ilff1'i: riaining and reaching Modure
bargained for from a position of strength Genetic puriry of seed
which only the platform of an organisation
can provide. Purity of seed is important in crop

production. Impure seed causes considerable
Human rcsource development and tech- Ioss to farmers in terms of productivity andnical innovation should complement each overall returns. specific techniques are usedother' In practice technically trained Sovern- for growing pure seed and maintaining itment staff does not feel comfortable with -.:' .,'""-."'

HRD activitics, a task which i, tf.,"n'l"ii therea.fter' Progrcssive farmers could be

to non-govt organisation or weak g";i. trained in thesc aspects to ensure production
departments. of Purc seed.
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Resources optimization

Needs are escaliting and resources are

shrinking and thus it is imperative to optimize
the use of scarce resources namely inputs,
water, fertilizer etc, to build up and enhance

the indigenous capacities of farmers, short term

training courses shall be organised for en-

couraging the dissemination and adoption of
precision farming.

IPM in wheat

Weeds compete with crop plants for
moisture, nutrients, light and sPace and thus

they can cause loss in yield upto 33%. Similarly
pathogens and insects also affect the yield. To

manage the weeds, pathogens and insects

integrated pest management is the keyword.
IPM strategy is the concept which needs to be

understood by the middle land extension
functionaries and farmers. A basic training -
cum - orientation course shall be organised for
the farmers to educate and disseminate the

knowledge among the farmers.

Conduct of demonstrations

Demonstration has been proved as the best

suitable method for motivating the farmers to
aclopt the innovative crop production practices.

The layout of a demonstration is dependent
upon the updated knowledge of demons-
trators. Under farmers' conditions de-
monstration is effective if its conduct is proper
and as per the needs and requirements of the
local farmers. The team of expert should
be trained in latest know how and DWR will
take this responsibility to train the experts.

Wheat for export

India has entered the global grain trade.
For export, our quality parameters need to be

strengthened in terms of international stan-
dards. Export potential should be exploited by
timely sowing of wheat and adopting pro-
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cedures that would reduce grain contemi-
nation, damage during harvest etc. For this
specific courses will be organised.

Value addition in wheat

Value added products of wheat have
become popular in India and abroad. The

export of value added products is also more

profitable as compared to export of grain itself.

Training of small scale entrepreneurs will be

the watch for promoting value addition.

Wheat processing

The installed capacity of roller mills and

other small scale industries is still under utilized
in India. To take advantage of this situation
new avenues would be explored to tread in the
processing industries arena for using wheat as

the raw material.

Dissemination of latest know how in wheat

cultivation

To utilize the potential of land, inputs and

farmers the technology should be upgraded
and transferred to the ultimate users without
any time lag. The latest state of art technology-
multimedia would be utilized for effective and
efficient transfer of wheat production tech-

nology to the middle level extension func-
tionaries and farmers at large. This technique
helps to get the instant feedback also from the
listeners and the clientele, which helps to
rechristen the priorities and objectives of the
research related to wheat production practices.

Hybrid wheat

The need of higher order agriculture is

'promotion of extension education, training and
'hands-on' education facilities for farmer
orientation.

The following steps are needed for HRD of
farmers with respect to bridge the yield gap.
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r Estabilishing an Integrated training centre
at DWR for farr.ners and middle level
extension functionaries, and for master
trainers.

. Organised Frontiline Demonstrations and
mass field education programmes.

Training plays a very important role in
human resource development. To train all the
functionaries related with wheat production and
processing would be a long term plan aimed at
preparing the farmers to grow wheat in a

scientific manner and start processing of wheat
for export. Moreover the farmers will be
encouraged to grow good quality wheat for
export purposes. Training programs will be
started for farmers and farm women as well to
train them in WPTbecause in India many houses
are composed of different sub-units for
production, consumption and investment. Short
Term Training Courses will be organised at
DWR to train farmers in scientific cultivation of
wheat crop with sustainability issue in mind.

A practical hands on laboratory will be
established at DWR for farmers to move with
hands in glove policy as far as latest
development in wheat production and wheat
product develop-ment is concerned. Similarly
trainings will be organised for farm women to
take care of the gender issue starting from
cultivation of wheat to product, processing and
marketing. Intra-household relations also
regulate family members' access to resources,
hence farming decisions.

Training needs of Scientists/Technicians/
SMSs/DESs/ VEWs/Farmers/Farm Women/
Enterpreneurs/Master Trainers, in respect of
improved wheat production, processing and
post-harvest technology and in the recent ad-
vancement in science, will be taken up to meet
the future aspirations of the wheat improvement
progranune. Anticipate and respond to training
needs by conducting need assessment surveys
for imparting effective and result oriented training
will be the approach.
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Barley-As An I*dustrial Crop

Barley (Hordeum aulgare) an ancient cereal
crop in India, is presently having multiple uses.
It is cultivated nearly on 0.9 m ha area,
producing 7.64rntonnes grain with an average
productivity of 1.68 t/ha. The barley area has
decreased by 70% from 3.375m ha in 1967 to
0.903m ha in 1992-93,however, the decrease in
production is about 50o/n from 3.50m tonnes to
7.67m tonnes. The competitive edge of wheat

Comparison of recovery from wheat, mustard
and Barley

and mustard over barley due to renumerative
price and with seed of better varieties available
lead to the replacement of barley by these
crops. The economic liberalisation policies of
the Government coupled with hike in industrial
demand of barley has increased the market
price dramatically.

All India Co-ordinated Barley Improve-
ment Project (AICBIP) was started by ICAR
with its headquarter at IARI, New Delhi in
7966-67. In 7978 the headquarter of AICBIP
was shifted to IARI, Regional station Karnal
and in 1992 it became the part of Directorate
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Barley in India

of Wheat Research Karnal, as Barley Network.
At present 7 funded centres viz; Durgapura,
Hisar, Kanpur, Faizabad, Varanasi, Rewa and
Bajaura are engaged in barley research. Besides
these, IARI R.S, Shimla, VPKAS Almora and
PAU, Ludhiana are working as voluntary
centres.

TheAICBIP was started with the following
main objectives:

. To breed improved, disease/pests re-
sistant barley varieties suited to rainfed/
limited irrigation and late planting.

. To develop improved agronomic techni-
ques to realise the full potential of the
varieties.

c To develop improved plant protection
techniques to save the crop from ravages
of disease/pest attacks.

. To derive limited basic information to feed
back the project.

The objectives of the Barley Network when
it became part of Directorate of Wheat Research
were recasted.

. Development of barley for cultivation
under restrictive environments i.e. rain-

Year Area Production Productivity
(m.ha) (m.tonnes) (tonnes/ha)

1950-51 3.11 2.38 0.76

7960-6't 3.27 2.82 0.88

7970-77 2.56 2.78 1.09

1980-81 1.81 2.29 1,.27

7990-97 0.97 7.64 1.68

7994-95 0.84 1.58 1.88

7
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fed, saline/sodic soils, brakish water and
diara land etc.

Developement of high yielding barley
varieties with superior malting and brewing
qualities.

Developement of varieties for feed and
fodder purposes.

Incorporation of resistance to various biotic
stresses such as rusts, smuts and aphids
etc.

. Development of suitable crop protection
and production technologies.

The barley programme has developed a
large number of high yielding improved
cultivars, for different agroclimatic situations
and also for specific purposes like saline-sodic
soils, nematode resistance, diara land etc.
Cultivation of these improved cultivars have
helped in enhancing the productivity form
70.4q/hain1967-68 (at the time of its inception)
to 18.80q/ha in 7994-95.

The research efforts of the AICBIP/Barley
Network have resulted in the development of
a number of high yielding, disease/pest
resistant barley varieties in the recent years.
These varieties have been developed through
systematic hybridization programme for speci-
fic objectives. The few important achievements
of the programme are as follows.

Some recent

New semi-dwarf, management res-ponsive,
lodging-resistant plant type

Traditionally barley has been utilised as
low input crop for stress conditions, and the
tall native plant types were common which
could not bear the management response.
The barley network programme has been
successful in developing semidwarf,
management responsive, lodging resistant
cultivars with improved plant type, like erect
leaves, compact plant with thick stem and
stiff straw.

The varieties like PL 772, BH 85, RD 2035,
DL 472, RD 2052 and RD 2503 are some
examples of this achievement.

Incorporation of resistance to diseases/pests

A number of varieties with built in
resistance to stripe rust (the most common and
damaging disease) have been developed like
DLB8, ALFA 93, HBL 173,DL472, Gopi, BH85
and RD 2503.

High yielding variety RD2052, with
nematode resistance is a quotable progress
made by barley breeders incorporating the
resistance to CCN in commercial cultivar.

Barley for rainfed ecosystem

For the Indogangetic plains, the genotypes
like DL 3, DL 100, BH 87 and RD 2508 with
better crop stand and tolerance to drought have

varieties of barley

Variety I(ow Production
type condition

Specific area of adaptation

NHZ (H.P., J & K and hills of UP)

Himachal Pradesh

NWPZ and NEPZ

NWPZ

NWPZ

Rajasthan and Haryana (Nematode affected soils)

NWPZ for rnalting & brewing purpose

NWPZ, NEPZ for malting & brewing purpose

HBL 113 2R Rainfed

Clopi ([{BL 316) 6R Rainfed

RD 2508 6It Rainfed

RD 2035 6t{ Irrigated

ItD 2503 (rR lrrigated

RI) 2052 6R lrrigatcd

ALFA 93 2R Irrigated

BCU 73 2R Irrigated
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been developed, which give good yield (2.5 to
3.0 t/ha) under the stress conditions.

In case of northern hills, varieties like BHS
1.69,VLB'7, HBL 113 and Gopi are resistant to
rusts and can give about 2.5 t/ha grain yield
under rainfed cultivation in nutritionally poor
soils.

Barley for Value Addition

ALFA 93 pickecl up by DWR is a suitable
variety for malting and brewing. Greater
emphasis is being laid on development of
locally adapted, good malt barley genotypes
with high yields in better managed conditions
of north western India, where a number of
malting units are located.

Another recently released variety Rekha
(BCU 73) holds promise, as industrial barley,
with better yield and maturity duration as

compared to ALFA 93.

Linkages with industries

In the beginning, there was no specified
demand for good malting quality barleys
from industrial side and the locally available
feed barley mixture was being utilised as
raw material for malting. Now the reduced
production of barley and increased emphasis
on quality of raw material by industries had
necessitated the interaction between
researchers and industry representatives.
Closer interaction between the R&D units of
industries and bariey network have been
established.

Secondly, efforts are on to set up good
laboratory facilities for quality analysis of malt
barley at DWR Karnal with required facilities.
Presently the facilities like automatic K-Jel
Tech System, (for quick analysis oi protein
content), Micro-malting system (for malting
the small size samples d 50g from early
generation breeding programme), Falling
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Number (for amylase enzyme analysis) and
Sortimat for mechanical grain sorting of malt
barley etc. have been commenced, at the Barley
Network in DWR Karnal.This laboratory
facility will be the first of its kind in the country
and will strengthen the malt barley breeding

ProSramme.

It is against this background that the
Directorate of Wheat Research and its co-
ordinating centres defines its mission for
barley research and development for 90's.

Focus will be for malt

The present demand of about 150
thousand tonnes of malt barley by malting
and brewing industries is expected to be
doubled by 2000 AD. Moreover, to fulfill
the present requirement we do not have the
good quality malt barley and with opening
of new industrial units and increased
importance for quality, now both the
quantity and quality requirements have to
be fulfilled. The perspective in this regard
is to plan the following strategies.

o To maximise the malt barley production
in the North Western Plains of India by
means of high yielding, more adaptive
malting type barley cultivars and making
barley cultivation competitive to other
rabi crops of the zone by premium for
good quality.

. Popularisation of malt barley production
in non-traditional barley growing areas
like Peninsular Zone including parts of
Maharashtra, Karnataka and Gujrat,
where the limited experimentation have
indicated a good potential for malt barley
with above 4 t/ha grain yield.

o The short duration, photoperiod in-
sensitive, heat tolerant genotypes of
good malting qualities are to be develop-
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ed and tested for the above production
condition, as presently the malting/
brewing industries located in these states
get the malt/barley from northern parts
the country adding a lot of transpor-
tation cost and other related problems.

. The aphid infestation on barley is also

to be taken up more seriously and to
avoid multiple spraying, the genetic re-

sistance is to be preferred.

. Immediate emphasis is required for
development of appropriate "Production
Technology" for malt barleys by means

of generating information on the seed

rate, sowing time, nitro6;en management

and irrigation schedule following aspects

of 2 or 6 row malt barleys. All these

factors are needed to be reinvestigated
to maintain the proper quality of the
malting grains as well as to maximise
the productivity.

Quality of the Product is the Need

Barley is the only cereal whose malting
potential has been well recognised and
commercially exploited by the Indian as

well as International industries. Therefore
as an integrated approach the genetic
improvement unit needs the support from
a good biochemical group, having facilities
for quality evaluation on small as well
as large samples. The facilities of micro-
malting, enzyme and protein estimation etc.

are needed to be strengthened by addition
of facilities of finer biochemical analysis of
some important brewing/nutritional param-
eters like b-glucans, Dimethyl sulphide, and
proanthocynidins contents etc. This is
essential to identify sources of these
characters from the available genetic
resources of barley.

Pcrspectiort PIan - Wheat

Hybrid Barley for Yield and
Uniformity

Proved heterotic advantage and the
availability of maintainable cytogenetic
sterile and restorer lines increases the
chances of exploiting heterosis through
hybrid barley which will be even more
relevant in view of uniform quality
requirement by the industry. The in-
corporation of the traits like open floret,
extruding stigma, external dehiscence of
anthers and more pollen production needs
to be transferred from alien species like
Hordeum-bulbosum with the help of non-
traditional techniques and tools. The
research for developing hybrids needs to be
taken on a mission apporach to increase
yield and grain uniformity for purposes of
better product development.

Feed Barley is the Major Need

The cheap supply of rice and wheat
through public distribution system to rural
mass and the further packages announced by
the State Government has shifted the rural
mass dependency from barley as a cereal. So

at preserit major chunk of barley is used for
the animal feed and therefore this aspect needs
immediate attention. The straw of barley is
generally considered superior to wheat straw
due to its better digestibility. There is an urgent
need of genotypes with higher bio-mass
production along with better feed qualities in
respect to protein and fibre content even under
problematic production condition. Develop-
ment of multicut type barley genotypes with
more regeneration vigour, to fulfill the green
fodder demand in North Eastern Plains Zone
and Peninsular Zone especially in Karnataka
etc. is to be taken out.

Barley for Problematic Soils

Barley improvement for cultivation
under stress conditions has been one of the
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maior objective of the network.In U.P. alone
0.12 m ha area is under saline/sodic soils
and also in other states, the problem is on
increase. A few varieties like Bilara-2 and
DL 88 (for saline soils) and Azad for alkaline
soils have been developed for such stresses.
Some new promising strains are also in
pipeline. The barley network has one centre
specifically devoting the research efforts on
problematic soils at Faizabad. In addition
Kanpur, Durgapura and Hisar centres are
also working on varietal improvement for
saline/sodic soils.

The work on salinity and alkalinity
aspects is to be taken up more comprehen-
sively. There are varieties showing different
responses to both the stresses, which so far
has been considered as one aspect only. The
sites for each type of problem are to be
identified. The basic support for artificial
screening under controlled levels of salinity
and alkalinity in collaboration with the
institutes like CSSRI, Karnal shall be taken
up.

Merging the Barley Network with
Wheat

Project Director (Wheat) who also
executes the duties of the project coordinator
AICWP has a third responsibility to serve
as the nodal person and leader of the Barley
Network. At present barley network has seven

funded centres and most of them are
located where the AICWIP centres are
also located. Such common places are
Bajaura (HP), Hisar, Durgapura, Kanpur,
Faizabad and BHU Varanasi. Rewa (MP)
is the only location where the barley network
operates without the presence of AICWIP.
Since most of the centres are common,
merging both the programme, defining
their mandate and personnel in a smooth
manner, will increase the efficiency of both the
projects.

During 7995-96 wheat productivity in
MP touched 2.0 t/ha. Since MP has
considerable area under wheat, and there
is area expansion under wheat in the districts
adjoining UP, it will be appropriate to
strengthen the Rewa centre of JNKW for
both wheat and barley research. The
voluntary centres in barley network like
IARI, VPKAS, Almora, PAU, Ludhiana
will be strengthened, since they already
have very active barley breeding programme.

Assigning the common responsibilities in
both crops of wheat and barley to the same
person at a centre and upgrading the position
of scientific and technical staff will help in
making the programme cost effective. This
will also improve the functioning of network.
By avoiding the duplicacy of staff and
equipment for barley and wheat as mentioned
above, we can improve the facility at the
centre on the almost same expenses.
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Programme Identification

Setting of Programme

The programme priorities have been set
after several rounds of internal discussion,
suggestions in workshops peer review, SRC,
RAC and management advises and sugges-
tions. The DWR has identified few inter-
disciplinary, research programmes with specific
objectives (Appendix - l).

Funding Needs of the Programme

It is expected that during the VIIIth plan
pe.riod (7992-97) the DWR will require
nearly 17 crore of planned resources. This is
expected to be supplemented by annual non-
plan amount of lls. 0.9 crores and funds for
specific research programmes from other
scientific departments would provide another
Rs. 2 crores. In all the annual budget
re'quirements between 7997-2002 A.D.
would be Rs. 7.0 crores per year for DWR,
AICWIP and barley network. This investment
is necessary for strengthening the institutional
infrastructure as well the functional efficiency of
the various laboratories for the present and future
demands.

Linkage, Coordination and Execution
Arrangements

I n ternational organizations

The Directorate of Wheat Research and the
AICWIP are having active collaboration with
many international organizations/national
prograntmes of countries for keeping the
wheat research vibrant in the country and
updated with developments abroad. Presently
the programme is cooperating with following
major institutions/organizations :
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CIMMYT, Mexico

. Exchange of breeding material, nurseries
and germplasm of wheat and barley.

o The regular inflow of information through
]ournals like Wheat, Barley and Tritical
abstract on complimentary basis.

. Periodic training/exchange of knowledge
through visit of scientists to CIMMYT. The
Indian scientists get exposure to the
advances in research in various fields.

IRRI

. Cooperation in the areas of plant protection
and sampling procedures and also recently
in the field of rice/wheat crop rotation etc.

USDA

. Exchange of research material, germplasm
and also the new winter x spring wheat
progenies from Oregon state university.

ICARDA

. Though ICAI{DA's mandate area is
WANA region, but India is regularly
getting a lot of new breeding material
and varieties in form of various yield
trails/nurseries, every year.

. Exchange of visit of scientific personals
during crop season.

ACIAR

. Exchange of wheat germplasm and other
research material, and cooperation in
resistance breeding.

Asian Deoelopment Bank

. The wheat programme had useful co-
operation from ADB in the formative years
of the rice/wheat rotation project.
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u.K.

o AICWP has been in cooperation with U.K.
government through ODA projects for
exchange of scientific visits and research
material related heat stress in wheat.

Bilateral MOU

Indian Wheat programme has been
benifitted by intergovernmental MOU with
various countries like Mangolia, Ethiopia,
Bangladesh, Nepal, Soviet Union and Pakistan
etc., and also provides useful material to their
national programmes. Recently the SAARC
nurseries and trials has also served in
addressing the common problems of SAAITC
countries like disease/pests etc. and also in
easy access to new material developed in any
of the SAARC countries.

Future strategies

In order to further strengthen the pro-
gramme and meet the futhure challanges, it is
visualised to cooperate with the following
countries/programmes for wheat and barlley
improvement in country.

. Interaction with Central Asian Republics
like Iran, for disease monitoring and
breeding for resistance against newly
evolved races, and in assessing the unused
germplasm.

o Eastern European countries for germplasm
and new variability generation in our
material.

. Firmimg up of relationship with Australia,
Canada, and South American Countries
like Argentina for material exchange and
other research advances.

o With European countries, US/Canada for
malt barley research programme.

. With NRI and overseas/Indian private
companies researching on hybrid wheat
and other emerging area.

Perspectiae Plan - Wheat

National

The Directorate of Wheat Research has
staff positioned in Plant Breeding, Crop
Protection, Agronomy etc. It is contemplated
that by developing joint work plan and by
closer interaction it will be possible to develop
appropriate technologies for increasing the
productivity of the wheat based cropping
system. The DWR has established linkages
with the Directorate of Rice Research,
Hyderabad for conducting several joint
programmes as part of the rice-wheat
cropping system research. The coordinated
project centers at PantnaS;ar, Ludhiana,
Kapurthala/Curdaspur, Kaul/Uchani, will be
conducting several yield, agronomic and IPM
trials related to the rice-wheat system.

On an similar approach the cotton/wheat
system is also investigated, since there are
several issues coming in the way of increasing
the productivity of both cotton and wheat.
Cotton is sown by the middle of May and the
wheat stubbles creates problem in the
preparation of the field. There is a temporary
lock-up of nitrogen and the cotton plant become
pale green in the initial stages of growth. Also
the summer months demand for more water.
The saline water creates salinity problems and
affects the sustainability of the cotton/wheat
system. The huge amount of pesticide used in
cotton eliminates the bio-control organisms and
thereby increases the insect pest damage to
wheat. Also, wheat sowing get delayed due to
the late maturity of the cotton. The CICR,
Nagpur and DWR, Karnal have come together
to trace these issues using their infrastructure
available at Hisar, Sirsa, Sriganganagar,
Hanumangarh, Faridkot and Abohar. Since the
area under cotton/wheat system is 2.0 million
hactare, it is necessary to understand it so as
to increase the productivity of the system.

Over half a million hectare of wheat is
grown after potato in parts of Central Up. Late
maturing of potato results in delayed sowing
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of wheat. However, the high soil fertility
needed for potato pernaits a good crop of wheat.
The issues related to potato/wheat system are
still not clear and it will be necessary to do site
characterization to understand it. For this
purpose the DWR will interact with CPRI,
Shimla and their establishment at Modipuram
in UP. Similar exercise will be taken up with
the PDCSR, Modipuram for increasing the
productivity of wheat.

Similarly sugarcane/wheat system is also
being investi6;ated. A collaboration with CIAE,
Bhopal and other agri-engineering institutes
will help in designing the cost-effective
machinery. In the area of integrated pest
management, NCIPM, New Delhi and the
DRR, Hyderabad are interactingh with the
wheat programme.

Outside the ICAR linkages are being
established with Markfed, Apeda and CFTRI,
Bangalore.

Frontline Demonstrations are being
organised with the help of Ministry of
Agriculture at farmers' field to attract the farmers
towards the new technology and thereby
helping its dissemination. In future these will
be organised with greater effectiveness to get a
rating of the recently released varieties and
farmer's perception about it.

Other science departments

In the area of basic research DWR will
interact closely with IARI, New Delhi for
developing cytoplasmic male sterile system,
development of monosomics and in the area
of molecular biology and crop modelling. The
expertise available NCL, Pune (CSIR), and
Deptt. of Agricultural Botany, Meerut Uni-
versity will be harmonized for the betterment
of wheat yield.

The DWR would also interact closer with
the All India Coordinated Research Project on
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micro nutrients and soil fertility related issues,

as part of research on sustainability of wheat
yield.

Linkage with barley industries

In the beginning, there was no specified
demand for good malting quality barleys
from industrial side and the locally available
feed barley mixture was being utilised as

raw material for malting. Now the reduced
pro-duction of good barley grain and
increased emphasis on quality of raw material
by industries had led to the start of interaction
between researchers and industry repre-
sentatives. Closer interaction between the
R&D units of industries and barley network
have been established. A national core
group for malt barley has been constituted
by DWR for a closer interaction between the
industry and researcher, which shall lead
to the development and cultivation of superior
malt barley in India.

Funding

Except Non-plan and plan money from
ICAR, the Directorate is also trying to get the
funds from D.B.T., N.A.R.P., World Bank and
also in the form of CESS Fund. We have the
projects sanctioned by DBT, CESS Fund and
also Rice-Wheat Project under World Bank.
We also expect some money from our
revolving fund scheme which is being
generated by selling farm produce, giving
consultancy to private industries as well as to
less developed nation in form of a fee training
human skill. We also have here fixed deposits/
portfolio money. Even then during 9th plan
we need a budget of Rs. 22.5 crores per year.

Manpower

The Directorate of Wheat Research has a
cadre of 60 scientific staff. Keeping in view the
size of the Institute, it is visualised that the
administrative services need further
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strengthening to keep the functioning both
effective and meaningful. Support services also

cover secretarial and other assistance to the

team leader for effective functioning of the
programme. It is visualised that the demand
for the support services will increase primarily
with talents to handle electronic office
management systems. Therefore the quality of
the administrative staff in future should take
into account the changing job requirement. This
will add to the efficiency and functioning of
the system.

Any Other

Upgradation of Directorate of Wheat
Research (DWR) to the level of an institute
(Central Wheat Research Institute)

Directorate of Wheat Research (DWR) was
raised to the level of Directorate from the
level of a Coordinated Project (All Indian
Wheat Improvement Project) in 1978 and was
shifted from IARI New Delhi to its present
location at Karnal,in 1991. This gave a formal
institutional identity to the National Wheat
Programme in the shape of DWR. The Barley
Network, located at Karnal also came under
its fold as an added responsibility.

Apart from coordination and monitoring
of the AICWIP and Barley Network, the
Directorate has the national responsibility to
give research lead for wheat improvement.
Hence, to meet the aims and objectives of the
programme aiz. Cciordination and providing
leadership in research, it is proposed to
upgrade the Directorate of Wheat Research to
the level of a full fledged Research Institute
during 9th Plan. On line with the Central Rice
Research Institute, Cuttack and the Indian
Institute of Pulses Research, Kanpur. It will
help in realizing the long felt need of having
a well developed Research support pro-
gramme to one of the main cereal crops of the
country.

Perspectioe Plan - Wheat

Research support work of the institute
is proposed to be looked after by the |oint
Director, (Research) while, the Coordination
of the cooperative Programme is proposed
to be under the leadership of the Director,
Central Wheat Research Institute. This
arrangement will be needed to provide the
high level of leadership needed to steer the
important cereal such as wheat.

Central Wheat Research Institute

DIRECTOR

Head of Division

Crop Improvement

Resource Management

Crop Protection

Quality & Basic Science

Statistics & Social ftience

Head of Regional Stations

Regional Station

Flowerdale, Shimla

Lahaul & Spiti

Summer Nursery

Risk Analysis

With a population of 1.3 billion by the year

2020 A.D., it will be unwise for India not to
take into congniscence, the various risk
factors that are attached with the intensive
agriculture. Even a 10 per cent reduction in
the annual production of wheat in India
will amount to 8-10 m. tonnes which is
equivalent to one tone of US $ 2,000 worth
of wheat import. Even small drop in pro-
ductivity of wheat will affect the price of wheat
in international market. Shortage can shoot
the price in domestic market also which may
take the price beyond the common man's
power to purchase.

The fertilizer requirement in intensive
agriculture is one factor that can upset pro-

AICWIP
(31 Centres) +

Barley Centres
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duction of cereals. The need to care for our
interests.in the oil supplying countries needs
attention, where grain for oil can be a good
bargain. Unforeseen shortage of fertilizers and
other inputs will affect the wheat production.
It is therefore necessary that the programme
develops alternate technology and efficient N
usage procedures, so that a 27n per year increase
in wheat production is assured. In our opinion
the following parameters can contribute
towards risk of Indian wheat production
cominl; down.

a Inadequate funds for research and
development.

. Not changing with time to meet industrial
needs of wheat and barley quality.

. No break through in the productivity of
new genotypes can lead to stagnation in
production.

. Superior technology of the developed
nations may out-strip our attempts and
make Indian programme dependent on
others.

Output and Expected Situation

Statistical analysis shows that increase in
production is primarily through increase yield

per ha. (productivity). During the period 1981

to 7991, 3.60/o gain per annum in production
was only due to high production per unit area,
while increase in area was only 0.33V". We
expect that we will be able to sustain that pace
of increase in productivity.

It has also been shown that the present
national average of 2.7 tonnes per hectare can
easily be raised to 4.5 tonnes per hectare by
adopting available improved production tech-
nology. This growth rate will increase the
total wheat production from 65.2 million tonnes
to 75 million tonnes by 2000A.D.
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INDICES OF T'RODUCTION

More per capita availability of wheat.

Stability and sustainability of
production.

Build-up of buffer.

Economic return to grower/processor

Growth of seed industry and agri-
implements.

Trade and earning exchange and
goodwill.



Project Review, Reporting and
Evaluation Arrangements

As per the Council's well adapted
procedure the research projects are for-
mulated under the guidance of Staff Research

Council (SRC) and reviewed annualy by the
I{esearch Advisory Committee wherein the

Scientists are to present the project outcome
in the light of the objectives and suggestions.
They are also askeci to submit RPF-II during
the course of the project and RPF'III towards
the end of the project. These are subjected to
peer review and considered as basis for
pron'rotion policy of the scientific staff keeping
in view the perforn-rance of the project and
achievements thereof.

In addition to the above Council appoints
QI{T to look into the functioning. The QRT
gives its view on various matters in accom-
plishing such goals. The I{AC of the institute
duly constituted by the Council looks up the
activity both at national and international
level. They also provide the wider perspective
for the plan. The institute has also a manage-
ment committee rr.vir.wed by the scientific
staff, administrator and policy makers who
are in a position to give guidance in the overall
management. This continued review and
transparency of thc record system permits
the evaluation / monitoring of project
effectively.

Symposia, Conferences and Winning
Recognition

Periodic meetings between scientists,
clevelopmental staff and policy planners will
promote sharing of information and receiving
a feedback on field issues that needs to be
addressed. Keeping this in view two meetings/
conferences per year should be arranged to
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continuously address the issues confronting
our efforts to increase the yield. The DWR,
keeping this in focus organised a meeting
"Breaking the yield barrier in wheat" by
involving ICAR/SAUs and CIMMYT, Mexico.
During 7997 we have planned to hold a

symposium "Research and Developmental
needs in wheat beyond 2000 AD". Such
scientific dialogues are necessary to capture
new ideas and to further sharpen the research
activities.

Constitution of different review committees

Staff Research Council

Dr. S. Nagarajan
Dr. D.S. Chauhan
Dr. Jag Shoran

Dr. S.K. Nayar
I-)r. B.K. Misra
Dr. R.l'. Singh

Dr. J.P. Tandon
Dr. R.M. Singh
Dr. K.B.L. Jain
Dr. S.S. Aujla
Dr. R.l'].S. Verma

Clnirmttn
Me.mber
Me.mbcr

Mcmber
Mernbcr
Member
Member
Mernber
Mcmber
Member
Member Secretary

Research Advisory Committee
Dr. I-f.K. Jain Chnirman
Dr. S.C. Modgal Mc'mber
Dr. K.B.L. Jain Membcr
Dr. D.N. Srivastavtr Member
Dr. S.S. Bains Member
Dr. S. Nagarajan Membcr
Dr. J.P. Tandon Member
Dr. Sopan Kanchan Member
Dr. (Mrs.) Sukesh Rajan Member
Dr. N.N. Goswami Member
Dr. Jag Shoran Member Secretary

Quinquennial Review Team (1988-93)

Dr. P.N. Bahl Choirmnn
Dr. H.C. Sharma Member
Dr. J.L. Minocha Mcmber
Dr. Amrika Singh Member
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Resource Generation

Since the Directorate of Wheat Research is

primarily a research organisation with an

en-rphasis on varietal development and
coordination of research, it has its own
limitations in resource generation. Yet during
the last few years the DWR has been in a

position to streamline its seed production
system and has consolidated the sale of farm
produce including seed. From the figure given
below it can be seen that the income has in-
creased from I{s. 1.00 lakh in7992-93 to rnore

tl-ran 6.5 lakhs durin g 7994-95 and it increased

to 20.38 lakhs in 7995-96.

Income from farm produce and interest

15

1o

5

0
1992-gs 1993-94 199,{-96 1995-96 1996-97

yeaag

The money management and portfolio
management is essential to generate additional
revenue. The externally aided projects release
nloney annually or as total grant. Since this
amount is only to be used in phases, it will be

possible to fix deposits to earn interest which
will add income to the organization. Last year
nearly Rs. 12.0 lakhs of rupees was generated
as interest by DWR by intelligently managing

t00

money matters. Sale of researchbased material,

consultancy and other sources are the
additional ways through which the Institute is
to generate resources to run its own system.

The facility existing at DWR could be put
into use to generate resources through seed

production during Kharif season also. The

Directorate will also explore the possibilities
for offering paid training courses to farmers,
small scale industries on topics those are of
relevance and extend bench space for visiting
scientists. The DWIi has well established
laboratories and is in a position to compete
for funds both within and outside the country.
Such funds can be one mechanism through
which exchange of scientists and purchase
equipments or chemicals etc., are to be met.

Through the export of wheat nearly Rs.

nine hundred crores worth of foreign exchange
was earned. A part from this wheat funds
available with concerned ministry can be

allocated as research grant to strengthen durum
research and issues related to quality im-
provement of wheat.

The system is also being paid from funds
available in the other scientific department like
that of DBT, World Bank, Ministry of
Commerce, A.P.Cess Fund etc. It is projected
thatby 2005 A.D. the DWR will be in a position
to generate atleast 70 to 75o/o of resources
through channels other than plan and non-
plan. This, in our estimate would amount to
about Rs. 1.0 crore per year. A major part will
come by securing competitive research grants.
Such funds will support the basic research

Perspectizse Plan - Wheat
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work and in addition, it will meet the cost of
the agency research associated and travel cost

etc. This change of scope for 2000 A.D. will
pave the way for generating resources for
meeting atleast 8 to 1,07o of the total budget
outlay.

Areas for fund generation

o Consultancy charges

. Sale of farm produce

. Sale of DWR trusted seed

. Sale of wheat products like semolina, pasta

. Samples testing fee

o Sale of flowers and other ornamentals

. Sale of publications related to wheat

. Sale of techniques like identification kit
a Licence fee from DWR quarters

a Interest on FDR

The above listed avenues for fund
generation will be utilized for supplementing
budgetory allocation.
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Appendix - I

Research Projects Operating at the
Directorate of Wheat Research, Karnal

:

Proiect title

Multilocational and multidisciplinary research programme on
wheat improvement.

Multilocational and multidisciplinary research programme on
barley improvcment.

Evaluatiory maintenance and documentation of wheat and

barley germplasm.

Mapping the wheat and barley rust flora and postulating
probable host resistance genes.

Development and maintenance of a data base on
co-ordinated wheat experimental data.

Interacting subjects

Plant Pathology, Plant Breeding,

Quality & Basic Science, Resource

Management, Soil Science, Statistics
and Information & Delivery System

Barley Network, Plant Pathology,
Plant Breeding and Agronomy

Plant Breeding and Statistics

Plant Pathology and Genetics

Statistics, Plant Breeding

o Sustainability of the wheat based cropping system.

* Impact of tillage, nutrition, crop sequence

on sustainability of rice-wheat system

* Evaluation and development of Benotypes for tillage Plant Breeding, Plant Physiology
interaction, temperature tolerance with cropping system and Plant Pathology
perspective.

* Breeding for leaf blight resistance in wheat under high
temperature and high humidity conditions for NEPZ.

Plant Pathology and Plant Breeding

r Epidemiology and management of Karnal bunt and soil health Plant Pathology
in wheat based cropping system.

o ImProvement of durum wheat with an emphasis on quality Plant Breeding, Quality & Basic
traits. Science and Plant Pathology

o Informationmanagementcommunication. Information & Delivery System

and Agronomy

o Characterisation and use of quality traits in bread wheat using Plant Breeding and

Quality & Basic Science

Plant Breeding and Plant Pathology

Barley Network, Plant Pathology
and Quality & Basic Science

o Monitoring stability of released varieties and production of Plant Breeding, Plant Pathology and
their quality se.eds. Seed production

Agronorrry and Soil Science

molecular approach.

o Developing regeneration protocol f.or Triticum system.

a Improvement of malt barleys for Nothern plains.
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Appendix - II

Area, Production and Average Yield for Wheat in UP
(Crop Year 1994-95)

District Total area
(M.ha)

Production
(M.T.)

Average yield
(T./ha)

Haridwar

Saharanpur

Muzaffernagar

Meerut

Bulandshaher

Ghaziabad

Meerut Division

Aligarh

Mathura

Agra

Firozabad

Mainpuri

Etah

Agra Division

Bareilly

Badaun

Shahjahanpur

Pilibhit

Bareilly Division

Farrukhabad

Etawah

Kanpur Nagar

Kanpur Dehat

Kanpur Division

Fatehpur

Allahabad

Pratapgarh

Allahabad Division

|hansi
Lalitpur

Jalaun

Hamirpur

Banda

fhansi Division

0.05

0.i3

0.14

0.15

0.21

0.10

0.78

0.24

0.19

0.11

0.i0

0."t2

0.18

0.94

0.17

0.?7

0.23

0.14

0.54

0.14

0.15

0.04

0.16

0.49

0.13

0.22

0.14

0.50

0.11

0.09

0.09

0.14

0.19

0.62

0.12

0.34

0.44

0.51

0.76

0.37

2.53

0.73

0.60

0.34

0.23

0.36

0.47

2.80

0.41

0.70

0.73

0.39

1,.54

0.44

0.43

0.10

0.46

1.43

0.29

0.50

0.30

1.09

0.21

0.19

0.18

0.u
0.29

1 .11

?.6

2.7

3.1

3.5

3.6

3./

J.J

3.1

J,Z

3.2

3.0

2.9

2.6

3.0

2.4

2.6

3.1

2.8

2.9

3.1

2.9

2,6

2.9

2.9

2.2

2.3

2.1

2.2

2.0

2.1

2.0

7.7

1.5

1.8
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District

Varanasi

Mirzapur
Sonbhadra

Jaunpur
Cazipur

Balia

Total area

(M.ha)

0,19

0.10

0.0s

0.18

0.15

0.12

0.79

0.13

0.1,7

0.23

0.19

0.13

0.20

0.09

7.'.14

0.08

0.19

0.'t7

0.19

0.25

0.19

1.08

0.18

0.24

0.19

0.15

0.16

0.92

0.72

0.07

0.05

0.24

0.02

0.02

0.04

0.03

0.15

9.00

Production
(M.T.)

0.44

0.23

0.07

0.44

0.34

0.27

1.79

0.30

0.41

0.55

0.47

0.28

0.44

0.20

2.67

0.19

0.43

0.35

0.41

0.69

0.50

2.58

0.45

0.57

0.37

0.34

0.35

2.09

0.36

0.08

0.07

0.s0

0.03

0.02

0.06

0.04

0.20

Average yield
(T./ha)

Varanasi Division

Maharajganj

Gorakhpur

Deoria

Basti

Siddharthnagar

Azamgarh

Mau

Gorakhpur Divison

Lucknow

Unnao

Raibareilly

Sitapur

Hardoi

Kheri

Lucknow Division

Faizabad

Gonda

Baheraich

Sultanpur

Barabanki

Faizabad Division

Nainital

Almora

Pithoragarh

Kumaon Division

Chamoli

Uttarkashi

Tehrigarhwal

Dehtadun

Garhwal Division

Uttar Pradesh

2.3

2.2

1.3

2.5

2.3

2.2

2.3

2.4

2.4

2.4

2.5

2.2

2.2

2.3

2.3

2.3

2.3

2.7

2.2

2.7

2.6

2.4

2.5

2.4

2.0

2.2

2.2

2.3

2.9

1.1

1.5

2.1

't.4

1.4

1.3

1.6

1.3

2.522.56
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