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Chairman, QRT
New Delhi

Dr Panjab Singh,
Director General,
lndian Council of Agricultural Research,
Krishi Bhavan, New Delhi-110001

Dear Dr Panjab Singh,

The lndian Council of Agricultural Research with its office order No.F.5-1/99-FFC dated 27th

April 2001 had constituted a Team to undertake a Quinquennial Review of the work done by

the Directorate of Wheat Research including the All lndia Coordinated Wheat & Barley

lmprovement Project for the period 1 .4.1993 to 31 .3.1998. ln a subsequent office order No.

F.5-1/99-FFC daied March 2002 the ICAR revised the period of Review from 1.4.1993 to

31.3.2001. lwas asked to chair the Quinquennial Review Team whose full composition is

given at Annexure l. The Terms of Reference for the Review are given at Annexure ll'

The Team in the course of its work Interacted with a large number of wheat scientists in the

country during their workshop, as also through a series of visits to some of the cooperating

centrei of the AICW&BIP. The Team also had detailed discussions with the senior staff of

the Division of Crop Science of ICAR. Annexure lll summarizes the schedule of visits of the

Team members to different centres of wheat and barley research in the country for
discussion with a cross section of scientists.

I am pleased to inform that the QRT has now completed its work; a copy of our Report is

enclosed with this letter. I would like to add at this point that we, as a Team, have been

highly impressed with the quality of wheat research being carried out at many of the centres

in the AICW&BIP under the coordination of the Directorate of Wheat Research. The

contributions made by the Project in the form of improved varieties and production

technologies have helped to make lndia as the second largest producer of wheat in the
world. We believe that lndia can now look fonrvard to new opportunities for the wheat crop to

remain not only as an important component of the national food security system but also as

a significant exporter. As for barley, in the changing scenario it should emerge as an

important industrial crop both for domestic needs and for exports. This will call for new
priorities in research and I hope the recommendations, which the team has made in its
Report, will be of some use in this regard.
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Chapter 1

wheat Research in lndia - perspective for the Review

1.1. The classical period

Scientifically organised wheat research in lndia has a long history. lt has passed
through three different phases and is entering the fourth phase now. The first phase
started in 1906 with the establishment of The lndian (lmperial) Agricultural Research
lnstitute at Pusa in Bihar in 1904. Albert Howard, lmperial Economic Botanist and
Gabrielle Howard, his associate at the lnstitute, made single plant selections from local
types developed by farmers over generations, which were widely grown in different
parts of the country. Selections were made for maturity duration, improved yield and
for grain quality. A number of pure lines were developed during this period some of
which, like lP4, lP6 and 1P12, became quite popular and covered large areas. The new
varieties were specially known for their excellent grain quality and one of them lp4 was
awarded first prize in exhibitions in Australia and America. The work on the
development of pure lines was intensified with the establishment of flve colleges of
Agriculture in selected strategic locations at Lyallpur (now in West punjab, pakistan),

Sabour (Bihar), Kanpur (u p.), pune (Bombay, now Maharashtra) and coimbatore,
(Madras, now Tamil Nadu). A number of new varieties of both Triticum aestivum, and
T' durum were released from these institutions for the different agro-ecological regions.

1.2. The second phase

The second phase of wheat research was marked by large scale programmes of
hybridisation. Breeders at this point of time in the 1930s attempted to combine
desirable traits from different parental lines including those introduced from other
countries. The breeding strategy particularly recognised the importance of combining
improved grain yields with resistance to the three rusts of wheat, which accounted for
significant losses. For the first time sources of resistance were located in exotic wheat
varieties that were used as parental lines in some of the crosses. The lndian
Agricultural Research lnstitute under the leadership of Dr Bp pal became the major
centre of wheat research in the country during this period and a large number of new
varieties were released as NP (New Pusa) wheat varieties. These varieties as well as
a number of others from research programmes in states specially punjab under the
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leadership of Rao tsahadur Chaudhary pam Dhan Singh and also from Rajasthan and

Maharashtra were released during this period. The Punjab variety pbc S1g and pbC

519 and several others became standards of grain quality. The lARl variety Np g69

became the first wheat variety combining resistance to all the three rusts of wheat and

to loose smut. !t was the product of complex crosses involving five parental lines.

1.3. The modern period

The third phase of wheat research in lndia started in early 1g60s when the country
faced massive food shortages with a rapidly growing population. Indian Agriculture

encountered a major challenge at this time as the country became heavily dependent

on imports without which it was not possible to sustain the public distribution system. lt
was clear that for wheat, as well as for other food grains, a new kind of production

technology was needed for a major advance in production. Fortunately, in the early
1960s scientists at lARl identified in an international wheat varieties nursery, made
available by the US Department of Agriculture, a new plant type which appeared to be
resistant to lodging under conditions of improved fertility. Dr Norman E Borlaug had
developed this new plant type, in a research programme, supported by the Rockefeller
Foundation, on spring wheat at Mexico. These combined in them Norin 10 dwarfing
genes that had been first identified in some of the wheat varieties of Japanese origin.

The lARl in 1962 requested the Rockefeller Foundation for the seeds of the new dwarf
wheat varieties and invited Dr Borlaug to visit lndia. The rest is history now. Dr Borlaug
sent to lARl 100 kg seeds of each of the four semi-dwarf spring wheat varieties that he
felt should do well in lndia. The four varieties were tested in yield trials at Delhi,
Pantnagar, Ludhiana and Kanpur during the 1963-64 rabi season and the results
showed that the new genotypes were characterised by a much higher yield potential

with the application of inorganic fertilizers and irrigation water. This third phase of wheat
research, started with the introduction of Mexican wheat varieties, led to a major
expansion of the lndian wheat research programme not only at lARl but also at many
of the State Agricultural Universities, which had been set up in the early 1g60s and
1970s' lt was this intensification, which was to make lndia a leading country in the fteld
of wheat research and development. ln recent years these intensified efforts have
made lndia world's second largest producer of wheat, surpassing USA, which in the
1960s helped lndia with shipments of wheat at concessional rates during the time of
serious shortages.
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It was recognised, however, that the Mexican wheat varieties could not be direcfly
recommended for large-scale cultivation in lndia because of some of their quality
characteristics and other attributes. They had to be used as genetic stocks in local
hybridisation programmes so that new genotypes combining high genetic yield
potential, better adaptability and the grain quality of lndian wheat, could be developed.
During the last 30 years the well-organised and vastly expanded lndian wheat
improvement programme has released more than 200 high yielding varieties. Some of
the new varieties like Kalyan Sona, Sonalika, HD 2004, wL 711, HD 232g and pBW
343 became widely diskibuted during this period. Work continues on the development
of new wheat varieties combining high genetic yield potentials with good grain quality
and, above all, resistance to the rusts and other diseases.

1.4. Advent of AICWIP

The third phase of wheat research in lndia saw another major development in the form
of organisation of The All-lndia Coordinated Wheat lmprovement project (AlCWlp) in
1965 on the lines of the All-lndia Maize Coordinated Programme started in 195g. The
main contribution of the AICWIP has been to help foster close inter-institutional
collaboration between the major centres of wheat research in the country located in the
different State Agricultural Universities and the lcAR lnstitutes. currenfly, the All lndia
Co-ordinated Wheat lmprovement Project has 59 cooperating Centres with the
Directorate of Wheat Research (DWR) having the overall responsibility for coordination.
The Coordinated Project has provided a valuable mechanism for planning of wheat
research, multi-location testing of new genotypes with associated production
technologies, followed by their release in different parts of the country. The project has
become a model for the organisation of similar coordinated programmes on other crops
in lndia and in severalother countries.

1.5. The challenges in the new millennium
The fourth phase of wheat research in lndia is still in its very early stages and must
gather momentum now. The last 35 years have been dominated by the advent of new
plant types with favourable response to application of fertilizers and irrigation. These
varieties have served lndia well but now there are signs of stagnation, especially with
regard to productivity. Figurel shows production, area and yield of wheat for the
period 1960-61 to 1999-2000; the compound growth rates are presented in Frgure 2



and the data on production,

area and yield is shown in

Table 1. Both production

and productivity were

maintained at a relatively

high level during the 1970's

and 1980's. However,

growth rate in per hectare

yield started to decline in
1960'61 63-64 66-67 59-70 72-73 75-76 78-79 81-82 84-65 87-8E 9o-91 93,91 96-97 99-2000

Figure 1. Area, Production and yield of Wheat during 1960-61 to 1999-2OOO

the 1990's and this trend may continue in the absence of new technologicaladvances.

Although lndia is well placed at

present in meeting its needs of food

grains, the country's major objective

of food and nutritional security for its

entire population has not been

achieved. The demand of food grains

is expected to rise not only as a

function of population growth but also

as more and more people at present

living below the poverty line (nearly

30 per cent of the population of more

than one billion people) cross this

barrier with economic and social

developments. The demand

projections of wheat for 2020 have

been variously estimated to be

between 91 .1 and 95.6 million tonnes

(Kumar P, ln lndian Agricultural

Policy at the crossroads Eds.

Acharya, SS and DP Chaudhuri).

Most of this increase in production

will have to come from increased
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ln addition to concerns about the

country's food security on a long-

term basis, lndia must also plan

to emerge as a significant

exporter of wheat, having

become a member of WTO and

faced with a highly competitive

trade regime. ldeally, lndia

should strive to maintain a growth

rate of 2% in its per hectare

wheat yields during the next 20

years. lt should be emphasised

that no other food grain in lndia is

grown under more stable and

favourable environmental

conditions as wheat. lndia's mild

winter season is very well suited

for wheat production and the

large investments which the

country has made in developing

one of the world's largest

irrigation system and fertilizer

industry have created very

favourable conditions for

increased production and

productivity of the wheat crop.

Table 1. Area, Production and yield of Wheat during
1960€1 to 1999-2000

m. ha. m. t. kg/ha

1961-62
1 962-63
1 963-64
1 964-65
1 965-66
1 966-67
1 967-68
1 968-69
1 969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-70
1 980-81
1 981 -82
1 982-83
1 983-84
1 984-8s
1 985-86
1 986-87
1 987-88
1 988-89
1 989-90
1 990-91
1991-92
1 992-93
'1993-94

1 994-95
1 995-96
1 996-97
1 997-98
1 998-99
1 999-00

13.57
13.59
13.50
13.42
12.57
12.84
14.99
15.96
16.63
18.24
19.14
19.46
18.58
18.01
20.45
20.92
21.46
22.64
22.17
22.28
22.14
23.57
24.67
23.56
23.00
23.13
23.06
24.11
23.50
24.17
23.26
24.59
25.15
25.70
25.01
25.89
26.70
27.52
27.49

887
1103
1169
1 209
1 307
1 380
1271
1172
1 338
1410
1387
1480
1 568
1436
1 630
1 691
1816
1 843
1 870

2121
2281

12.07 890
10.78 793
09.85 730
12.26 913
10.40 827
11.39
16.54
18.65
20.09
23.83
26.41
24.74
21.78
24.10
28.84
29.01
31.75
3s.51
31.83
36.31
37.45
42.79
45.48
44.07
47.05 2046
44.32 1916
46.17 2002
54.11 2244
49.85
55.1 4
s5.69 2394
57.21 2327
59.84
65.77

69.35
66.35

2380
2s59

2679
2485

62.10 2483

71.29 2590
76.37 2778

Source: Agricultural Stafistics af a Gtance 2002.



Chapter 2

origin and Evolution of Directorate of wheat Research

2.1. Introduction

The origin of Directorate of Wheat Research (DWR) can be traced to the All-lndia
Coordinated Wheat lmprovement Project (AlCWlP) established by the lndian Council
of Agricultural Research in 1965 during the 3rd Five-Year Plan. ln the initial stages
coordination was limited to the work of scientists working in the areas of wheat
breeding, pathology and agronomy but subsequently other disciplines were added in
the coordinated framework. These included quality and basic sciences and statistics
and socialsciences.

The rationale for the concept of the Coordinated Wheat lmprovement project has not
been clearly stated in any of the documents made available to the eRT. However, a
recent report of an ICAR Review Committee on the institution of All-lndia Coordinated
Research Projects as a research organisation and management strategy spells out the
basic consideratbns for the setting up of these Projects, of which the one on wheat is
probably the most important along with the one on rice.

The All-lndia Coordinated Wheat lmprovement Project has provided an inter-
institutional coordination mechanism for all the research programmes on wheat in the
State Agricultural Universities and the ICAR lnstitutes and promoted close interaction
between the groups of scientists in different disciplines working at these Centres. The
idea in setting up the Coordinated Project on wheat was not to create new research
programmes but to strengthen those which already existed with a minimum of
additional funding support and, above all, to increase their productivity through close
interactions between scientists at different Centres. The intention was that the
Coordinated Project on wheat will embrace the entire research programme at each of
the Cooperating Centres and that the additional support provided by the ICAR was
intended to strengthen the on-going research. ln other words, the small group of
scientists funded by ICAR under the Coordinated VVheat lmprovement project will be
integrated with the existing scientific staff so that there is no dichotomy.
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Some of the advantages of the nationally coordinated programme on wheat research
were fairly obvious. The coordinated project provided a clear focus on, (i) the high
priority areas of research relevant to the development policy of the Central and State
Governments and to the needs of the farmers, (ii) the multi-location testing of new
varieties and technologies developed in the Project at different Research Centres so
that the newly evolved technologies could be recommended to the farmers with a

greater degree of confldence with regard to their suitability for different agro- ecological
regions and management regimes, (iii) the evaluation of resistance against pests and
diseases with the help of special hot spot nurseries organised for this purpose, (iv)

facilitating exchange of scientific information, (v) the promotion of inter-institr.rtional and
inter-disciplinary linkages, (vi) helping in the preparation of research plans (vii)

promoting linkages with international programmes and finally (viii) inducing healthy
competition between groups of scientists at different co-operating Centres.

2.2. Rationale for DWR

The Directorate of Wheat Research has evolved out of AlCWlp. The All-lndia
Coordinated Wheat lmprovement Project has been one of the more successful of the
different coordinated crop improvement projects in the ICAR system. A common
criticism, however, was that the Coordinated Wheat Project was leading to mediocrity
in research. There was a degree of regimentation in the planning of research
programmes, which the different Centres were expected to undertake, based on the
discussions in the annual workshop and with the load of the multi-location trials that
they were asked to organise. The feeling was that the Project did not encourage
initiatives on the part of the scientists to break new ground in wheat research. There
was little room in the coordinated framework for basic and strategic research. lt was
because of consideration of this nature that in 1978 the status of the Alcwlp was
elevated to that of the Wheat Project Directorate (WPD), which was later named as
Directorate of Wheat Research (DWR).

The fundamental consideration in creating the DWR, as the eRT understands it, was
that the Project Directorate will continue to function as the National Coordination Centre
with an elevated status for wheat research in the country, and in addition, it will have
facilities to organize and promote basic and strategic research on the wheat crop. The
feeling was that the time had come when in addition to technology generating applied
research, strategic research was needed so that the country would remain in the



8

forefront of wheat production in the world, taking full advantage of rapid advances in
science such as those in the area of biotechnology. The results of these strategic
researches at DWR and at a selected number of Cooperating Centres were expected
to influence wheat improvement programme in the country. The underlying concept
was that the Project Directorate will not compete with the Cooperating Centres but will
support, complement and coordinate their work.

2.2.1. A strengthened coordination centre
The QRT has noted that this underlying rationale for the creation of the Wheat project

Directorate, subsequently re-designated as the Directorate of Wheat Research, has not
been clearly spelled out in any of the documents relating to the change in the status of
All lndia Coordinated Wheat lmprovement Project (AICWP) in 1978. ln the absence of
this, confusion continues to exist regarding the status of DWR. Thus, the project
Director at DWR believes that he is ex-officio Project Coordinator for the All lndia
Coordinated Wheat lmprovement Project, a designation not notified by the ICAR, to the
best of our knowledge. Similarly, some of the Principal Scientists of DWR acting as
Principal lnvestigators in the AICWIP have the understanding that their role in the
Project is an added responsibility over and above their own research projects.

The QRT recommends that this avoidable confusion should be removed. lt is the view
of the QRT that the DWR is, above all, the National Coordination Centre of the All lndia
Eqerdua!

AIC . Similarly, the principal Scientists
acting as Principal lnvestigators have their primary responsibility to the AlCWlp. The
Project Director and all these scientists together and the other supporting and
administrative staff constitute the National Coordination Centre of the AlCWlp. They
may have important contributions to make in terms of strategic research, but this is their
secondary function; their primary function is that of coordination. The eRT
recommends that a Project Coordination Unit consisting of 15 scientists and the
required administrative and supporting staff should be constituted to assist the project
Director as National Coordinator of the All-lndia Coordinated Wheat lmprovement
Project' The duties of these 1 5 scientists should be defined in terms of their role and
contributions to the efficient management and functioning of the AlCWlp. They may
undertake strategic research but this will be over and above their primary responsibility
of coordination



The Team believes that the AICWIP is of paramount importance for national food

security and recognises that most of the technologies, which have made lndia the

second largest producer of wheat in the world, have emerged from the work of the
scientists at the different Cooperating Centres of AlCWlP. Nothing should be done to
undermine these Centres and dilute the functioning of the National Coordination Centre

at DWR and that of the Project Director as the National Coordinator of the country's
wheat research programme.

The Directorate of Wheat Research compared to Coordination Unit of the AlCWlp from

which it has evolved was suitably strengthened in terms of its scientific and supporting
staff. ln addition to the Project Director, the current cadre strength of DWR is 60 of
which 8 are Principal Scientists, 18 Senior Scientists and 34 Scientists. The Team
believes that the Project Director with his primary responsibility in the area of research
coordination has more than adequate scientific staff both for the coordination function
as well as for the strategic research function. Looking at the size of the project

Directorate in terms of its scientific staff one gathers the impression of it being a Central
Wheat Research lnstitute. The Team sees little merit in converting DWR into a Central
Wheat Research lnstitute, and recommends that DWR should retain its status as the
National Coordination Centre for wheat research and it should carry out strategic
research for backstopping the country's wheat improvement programme. The primary

emphasis should be on strengthening the Cooperating Centres both in terms of
technology generation as well as strategic research in those areas in which they may
have a comparative advantage based on their scientific strength and past performance.

The DWR, however, does require strengthening in terms of its administrative and
financial management. Thus, in terms of administrative support the DWR has a

position of Administrative Officer (vacant at present). Considering the size of DWR in

terms of its scientific strength and other personnel as also its interactions in terms of
release and monitoring of funds to 29 Cooperating Centres all over the country, the
Directorate needs a higher level of administrative and financial management support.
The QRT recommends that DWR should be provided with a Senior Administrative
Officer consistence with the workload. Similarly, the post of Assistant Finance and
Accounts Officer should be upgraded to the level of senior officer of the rank of Finance
& Accounts Officer, taking into account the fact that the annual budget of DWR
exceeds 10 crores. This will free the Project Director ftom a lot of routine administrative
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work so that he can devote more time to the management of AICW&BIp and research
programmes of the DWR.

2.3. Mission and Mandate

The current mandate of DWR does cover to a degree the enhanced responsibility of
the Project Directorate relative to that of the AICW&BIP from which it has evolved.

However, an essential part of this new responsibility in terms of strategic research and

support to the co-operating centres in terms of germplasm enhancement, new
technologies and concepts is not fully reflected in the existing mandate. Also the
mission statement needs revision taking into consideration the present situation.

Existing mandates and mission of DWR

Mandate

o Evolve, organize, coordinate and monitor multi-locational and multidisciplinary
research for developing and identifying superior varieties tolerant to biotic and
abiotic stresses, good grain quality suited for varied cropping systems and planting
procedures.

o Constantly upgrade and assess wheat and barley working collections for usage in
crop improvement Programme.

o Develop appropriate crop production procedure and plant protection technologies.

' Establish national and international linkages for strengthening wheat and barley
improvement programmes.

Mission

Enhancing the productivity and profitability of wheat and bartey on
ecologically and economically sustainable basis.

The QRT recommends that the mandate of the Directorate of Wheat Research should
be suitably revised. The QRT also suggests some change in the Mission statement.
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The revised Mandate and Mission statements recommended by the eRT are given
below:

Proposed mandate

' Organise, coordinate and monitor multi-locational and multidisciplinary research for
developing and identifyirg superior varieties having better qualiiy, tolerant to biotic
and abiotic stresses under varied agro-climatic zone1.

o collect, acquire, evaluate, catalogue, maintain and share working germplasm
collections of wheat and wheat relatives with focused attention 6n 

"ideniifying

suitable donors for yield components, biotic and abiotic stresses and quality traits.

o Undertake strategic research for a major advance in genetic yield potential, quality,
and durable disease resistance in wheat through the utilisation of genetic resources
and genetic enhancement.

' Mobilise genetic diversity from national and international sources for developing
new genetic stocks for distribution to the cooperating centres in different zones.

' Develop strategic research, which will lead into precision farming, enhance input
use efficiency, optimal use of renewable resources, and enhance-the sustainability
of wheat based cropping systems.

o Monitor the wheat obligate parasites e"g. rust pathogen dynamics and develop
strategies to mitigate crop losses due to pests and diseases.

o Establish national and international linkages for strengthening wheat and barleyimprovement programmes.

o Provide off-season nursery facility for rapid generation advancement and seedmultiplication.

' Serve as a core facility for data analysis, documentation and information
management, so that DWR becomes the national repository for all wheat
databases.

r coordinate and organise nucleus and breeder seed production.

' lmpart training/education related to wheat improvement, production, utilisation andtrade

New mission statement

Ensuring food security of !ndia by enhancing the productivity and profitability ofwheat and barley 9n ?n ecotogically and eJonomically susiainabie basis and
making rndia the worrd reader in wheat froduction
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2.4. Organisation and structure of DWR
The Directorate of Wheat Research (DWR) is the apex body for the coordination of
wheat and barley research in the country. ln addition DWR also undertakes strategic
research in various disciplinary fields. With regard to coordination, the main emphasis
is on the conduct of yield trials, facilitation and conduct of national and international
nurseries, production of basic and breeders' seeds and monitoring of field activities
through zonal meetings. The compiled results of various trials are presented at the
annual meeting of the All lndia Coordinated Wheat and Barley lmprovement project

(AICW&BIP), organized annually in the last week of August. This meeting also provides

an opportunity for the planning of research programme for the next crop season.

Strategic research is undertaken under five disciplinary themes namely, Crop
lmprovement, Resource Management, Crop Protection and Health, euality and Basic
Science, Statistics and Social Sciences. These disciplinary teams undertake both basic
and strategic research of national importance. At present there are 12 active research
projects and 25 sub projects in operation.

The wheat growing areas of lndia are divided into six mega agro-climatic zones.
Depending upon the size and importance of the zone the number of centres
receiving support from ICAR vary from zone to zone. At present 29 centres receive
ICAR support through DWR and 30 others serve as voluntary centres. ln case of
barley there are 7 centres receiving support from DWR.

The Project Director, who heads the programme is the National Coordinator and is
assisted in co-ordination by Principal lnvestigators in important disciplines. The
Directorate of Wheat Research has a well-developed 4O-acre experimental farm at
its headquarters at Karnal and several well-equipped laboratories. DWR is also
equipped with a fairly good library.

ln addition to the headquarters, DWR also operates a Regional Station at Flowerdale,
Shimla (established in 1930), which serves as a national facility for monitoring wheat
rust pathotypes, evaluating advanced generation material, postulating probable rust
resistance genes in the test lines and act as a repository for maintenance of the wheat
rust virulences.

DWR also operates an off-season nursery facility at Dalang Maidan (Lahoul & Spiti),
Himachal Pradesh for the AICW&BIP. The station has twelve hectares of land (out of
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which only six hectare is cultivable), office cum rab building and guesthouse. Many
cooperators use this facility during May to sept-october, for advancing of generation,
making crosses, murtiprying seed, puriff stocks, and for evaruating germprasm for
yellow rust resistance. DWR also facilitates the participation and use of the summer
nursery facility at wellington by the cooperators. There are two separate offices at the
headquarters for general administration and finance, and these are grouped under the
office of administration.

The following figure shows the present organisation of DWR.

organizationa! structure of the Directorate of \Mreat nesearJ
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ln the following chapter, the QRT proposes a new structural organisation for DWR
taking into consideration its present stage of evolution.



Chapter 3

The Al! lndia coordinated wheat lmprovement project

3.1. Origin and evolution of AlCWlp

ln the first Chapter of our Report we have briefly referred to the establishmentof the All
lndia coordinated wheat lmprovement Project (AlcwlP) in 1965 and its elevation to
the status of Project Directorate of Wheat in 1978, subsequenly re-designated as the
Directorate of Wheat Research in 1991. We have also described the rationalefor the
organization of All lndia Coordinated Crop lmprovement Projects in the ICAR system of
which the one on wheat has a special status by virtue of the importance of this
foodgrain for lndia's food security system. We would only like to stress at this point that
if a coordinating mechanism for wheat research provided by the Alcwlp did not exist,
another institutional mechanism of a similar kind would have to be created. Wheat
research in lndia is carried out both in the ICAR's institutes and in a large number of
State Agricultural Universities. lt makes sense that a coordinating mechanism should
exist to foster close interaction between the scientists working at these different
cenfes.

The genesis and evolution of the All lndia Coordinated Wheat lmprovement project has
been described in an excellent publication entitled "Twenty five years of Coordinated
Wheat Research (1961-1986) brought out by the Wheat Project Directoratewith the
authorship of Dr JP Tandon and Dr AP Sethi. The main objectives of the Coordinated
Wheat lmprovement Project have been described in this publication as follows.

1. To evolve and coordinate a multidisciplinary, multilocational applied research and
testing programme for wheat improvement at the national level.

2. To identify improved wheat varieties combining high yield with superior grain quality,
resistance to diseases and insect pests anO aOaptability over a wiie range of
cultural practices such as sowing time, fertilizer levels and water management etc.

3' To develop wheat production and protection technologies and monitor crop
situation.

4. To undertake and encourage missionoriented basic investigations.
5' To enrich genetic variability at each of the breeding centres by way of supply of

diverse germplasm obtained from various exotic .drr.". and developed through
indigenous efforts.

6. To monitor the progress of work of all centres cooperating in the AlCWlpprogrammes and integrates their activities to the best advantage o1the country.
7 ' To collaborate with national and international agencies for wheat improvement.
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8. To organize sclentific training programmes involving national and international
agencies.

9. To help organize breeder's seed production programmes and monitor their quality.

10. To help in the organization and monitoring of adaptive trials and minikit tests.
1 1. To help the extension education programmes for proper transfer of improved

technologies.

12.To hold annual wheat workers' meeting and zonal meetings.

3.2. Achievements

The Coordinated Wheat lmprovement Project has some major achievements to its
credit. The Project has released through the Central Variety Release Committee of the
Government of lndia more than 200 new wheat varieties for cultivation in different agro-
climatic zones of the country, together with their associated production technologies.
These varieties have made lndia a world leader in the field of wheat production. lndia
today produces more wheat than the United States of America and is the second
largest producer of wheat in the world. lf a rate of return analysis is carried out it will be
seen that lndia's wheat improvement programme has been one of the most successful
in the country. The investment made in wheat research has been repaid through
increased productivity and production many times over. lt is therefore not surprising
that the All-lndia Coordinated Wheat lmprovement Project has become a model for the
organization of crop improvement research in many other countries. The Team
recommends that ICAR commission a rate of return study for investments made in
wheat research in the country during 197G2000.

3.3. Organization and structure of AlCWlp
Typically, an All lndia Coordinated Crop lmprovement Project consists of a coordinatim
unit and number of cooperating centres. ln the case of AlCWlp, this type of
organization had existed at the lndian Agricultural Research lnstitute, New Delhi where
the Project was first organised. The coordination unit was headed by a National
Coordinabr and consisted of a number of scientists in different discipline. However,
when the All lndia Wheat lmprovement Project was elevated to the status of project
Directorate and the national coordinator was designated as project Director, the
institutional structure of the Project has seen some changes. The functional change is
that the concept of Coordination Unit as a well-deflned structure has been diluted. The
coordination responsibility now rests with the Project Director and with a number of
senior scientists at DWR who act as Principal lnvestigators. The following diagram
describes the structure of the research programmes of the Directorate of Wheat
Research over which the coordination responsibility is distributed in a diffused manner.
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Programmes of the Directorate of wheat Research

Directorate of Wheat Research

It is the view of this QRT that the non-existence of a well-defined Coordination Unit in
the structure of DWR is not very conducive to the efficient functioning of the AlCWlp.
The Team would like to reiterate its recommendation made in the previous chapter that
a well structured Coordination Unit should be constituted with a strength of 15 scientists
some of whom should be given the responsibility to act as Principal lnvestigators. The
Team has noted that DWR appears to be functioning more like a wheat research
institute than as a National Coordination Centre for wheat research in the country. This
in our view is not very desirable. lndia historically has had a number of leading
research centres for wheat research and in the last 40 years major contributions in
terms of improved technologies have been made by these centres. Thus many of the
high yielding varieties, which have been widely cultivated, have come from cooperating
centres like the Punjab Agricultural University, Ludhiana; G.B. pant University of
Agricufture & Technology, pantnagar; Rajasthan Agricultural University, Jaipur,
Haryana Agricultural University, Hisar, Gujarat Agricultural University, Wheat Research
Station, Vijapur, CSAUA&T, Kanpur, UAS, Dhanrvad, JNKV research stations at Niphad
and Sagar, HPKV, Palampur and VPKAS, Almora. ln addition, the lARl and its
regional stations at lndore, Shimla and Pusa has been a major provider of new
varieties and improved technologies. To take just one example lARl wheat variety HD
2329 was the ruling high yielding variety in the main wheat belt of lndia during the late
1980's and early 1990's. At present Punjab variety PBW 343 has mosfly replaced it, as
it became susceptible to wheat rusts. The QRT believes that these Cooperating
centres should continue to be strengthened as they can be expected to remain major
sources of improved technologies in the years to come. The Team sees litfle merit in
transforming DWR into Wheat Research lnstitute. DWR should best remain as the
National Coordination Centre both for applied and strategic research and it should have
a strong service role in supporting the cooperating centres through its involvement in
pre-breeding or germplasm enhancement. For this the Team recommends that DWR
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should have scientific strength of 40 scientists, 15 of them may be involved primarily in
coordination work and the remaining 25 in strategic research. The most important
contribution, which the DWR can make in addition to its important role in coordination
of wheat research in the country, is to take leadership in the introduction of new genetic
diversity in the national wheat programme, through collection, maintenance,
cataloguing, evaluation and enhancement of diverse germplasm. The Team would
revert to this suggestion at a later stage when we discuss the responsibilities of
different research centres in the country for strategic research as a backstopping
mechanism for the applied work for wheat improvement.

3.3.1. An active network

The Alcw&BlP is an active network of 59 centres, of which 30 are located in the State
Agricultural University System (sAU) and they receive financial support from DWR. of
the remaining 29, seven are in the lcAR institutes and 22belonging to the sAU system
or to NGos, are considered as voluntary centres. ln addition, there are some 30 testing
locations' Funded centres are those, which receive funds from lcAR for salary and
operation or for salary alone. Therefore, the seven centres in the lcAR institutes should
also be classified as funded centres and not voluntary centres, as lcAR funds theinstitutes About half of the funded centres do an excellent job, aroun d 2s% of the
centres fall into the group of acceptable productivity and the rest 25% ofthe centres are
non performing. lt is suggested that DWR should, before the onset of the 1orh plan,
make a critical evaluation of all the centres and recast their staff cadre and clearly
describe their duties. clear criteria should be developed in accepting centres as
collaborators of the network. The following issues could be considered important.
availability of a critical mass of scientists, availability of infrastructure, commitment of
the institution, the track record as a collaborator in the past, importance of wheat in the
economy of the region, and existence of alternate suppliers. lt is not essential that all
centres be treated as full collaborators; some of them should be accepted only as
testing locations. Also, it is important that some of them should be classified as
Adva nced Research Centres.

At present each of the collaborating centre receive 7so/o of the salary of the
collaborating scientists from DWR and also DWR contribute Rs.40,000/scientisuannum
as contingency in support of research. The Team feels that it may be better to support
a lesser number of scientists at each of the centres and provide larger contingency
money in support of research. lt would be advisable to provide some contingency
money tc 'ite testing locations but no staff. The advanced research centres should
receive a much higher allocation of funds and also funds to develop essential
infrastructure The Team recommends the following themes and locations to be
considered as Advanced Research Centres.
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o Developmentof genetic stocks and pre-breeding: DWR. Rust genetics: Shimla, Wellington and Ludhiana.. Foliar blight Faizabad
. KB: Ludhiana
o Distant hybridisation: lARl and its stations
. Wheat Physiology and wheat yield potential. lARl and DWR
o Biotechnology:NRC centre at lARl, Ludhiana and DWR. Developmentof mapping populations: DWR, Ludhiana and ARI pune

' Export Quality both bread and durum wheat DWR, lndore lARl station, ARI pune,
and Dhanruad

. Post HarvestTechnology: CIpHET at Ludhiana.

DWR should promote and support strategic research at all these centres for these
selected themes because these are themes of National importance. DWR should also
enter into a contractual arrangement with each of these centres in order to make sure
that work is undertaken with dedication and end products are delivered on time.

The organizational structure of the Directorate of Wheat Research as it exists at
present has been described in the previous chapter. The team proposes a new
organizationalstructure for DWR taking into consideration its important responsibility in
the field of national coordination of wheat research in the country. The new
organizational structure is presented below.

P roposed organ isational structu re of AICW&Bl p
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The cooperating centres are located in the different agro-climatic zones where the
wheat crop is grown in the country. During the period covered by this Review, DWR
coordinated the work of 59 centres, which have been classifled as voluntary and non-
voluntary. Some of the centres have more than one testing site and there are about 30
such testing sites. The voluntary centres are defined as those that do not receive any
funding support from the DWR. On the basis of this classification some of the
cooperating centres located in the ICAR institutes have also been classified as
voluntary' The QRT finds little rationale for this kind of classification of the different
cooperating centres. The Team recommends that the Cooperating Centres should be
of two kind; funded centres-which should include all those which receive funding
support from ]CAR either through plan funds or non-plan funds. This means that the
cooperating centres located in the ICAR institutes receiving funds under non-plan
should also be treated as funded centres and that they should be as accountable to the
National Coordinator (Project Director) as any of the plan-funded centres, located
mostly in the State Agricultural Universities. The second category should be non-
funded centres that do not receive any support at all from the ICAR either through plan
or non-plan funds.

The following Table lists the funded and non-funded centres located in the different
agroclimaticzones during the period of this Review.

Table-3. Cooperating Centres of Att India Wheat !mprovement project
A) centres Funded by lndian councitof AgriculturalResearch.

Northern Hills Zone

1. Himachal Pradesh Krishi Vishwavidyalaya,
Regional Research Station, Dhaulaliuan- 173001, Nahan (H.p.).

2. Himachal Pradesh Krishi Vishwavidyalaya,
Regional Station, Bajaura- 1172 125, Kullu, Hp.

3. Himachal Pradesh KrishiVishwavidyalaya, palampur.
Main Campus, Palampur- 176061 (H p )

4. Shere Kashmir University of Agriculture & Technology,
Deptt. of Plant Breeding and Genetics, Shalimar Caiipus, Srinagar- 1g1121 (J&K).

5. Vivekanand Parvatiya Krishi Anusandhan Sansthan,
Almora- 263 G01 Uttaranchal

6. lndian Agricultural Research lnstitute,
Regional Station, Tutikandi, Shimla-171 004 (Hp)

North Western Plains Zone

7 . Rajasthan Agricultural University
Durgapur - 302004, Jaipur (Rajasthan).
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8. f.unjab AgriculturalUniversity, Ludhiana - 141004 (punjab).
Main Campus, Ludhiana.

9. Govind Ballabh Pant University of Agriculture & Technology, pantnagar.
Main Campus, Pantnagar- 263145, Uttaranchal.

1 0. chaudhuri charan singh Haryana Agricultural University, Hisar
Main Campus, Hisar - 125004 (Haryana).

11. Central Soil Salinity Research lnstitute,
Karnal- 132 001.

12. lndian Agricultural Research lnstitute,
Division of Genetics, New Delhi- 110 012.

North Eastern Plains Zone

13. chandra shekhar Azad University of Agriculture & Technology
Kanpur- 208002 (UP).

1 4. Uttar Banga Krishi Vishwavidyalaya,
Pundribari campus, P.o. coochbehar- 736165 (west Bengal).

1 5. Bidhan Chandra Krishi Vishwavidyalaya, Nadia
Kalyani -741235, Distt. Nadia (West Bengal).

16. Narendra Dev Universityof Agriculture& Technology,
Kumarganj, Faizabad, Main campus, p.o. Kumarganj, Faizabad -224229 (u.p.).

17. Bisra Agricultural University, Ranchi.
Kanke, Ranchi - 834006, Jharkhand

1 8. Directorate of Agriculture, Manipur.
Mantripukhri (Manipur).

19. Banaras Hindu University, Varanasi
lnstitute of Agricultural Sciences, Varanasi - 221005 (U. p.).

20. Bihar Agriculture College, Sabour
Deptt. of Plant Breeding, sabour, Bhagalpur(Bihar) pin : g1 3210.

21 . Assam Agricultural University,
Agriculture Research station, pB No. 7., Shillongani- 7g2001,Distt. Nagaon
(Assam).

22. lndian Agricultural Research lnstitute,
RegionalStation, PUSA- B4B 12S Distt. Samastipur, Bihar.

CentralZone

23. lndira Gandhi KrishiVishwa Vidyalaya, Raipur
Ag ricultural Research station, sarkanda, Bilaspur - 49500 1, chhatisgarh

24. Rajasthan Agricultural University,
Post Box No. 7, Borkhera , Kota - 324001(Rajasthan).

25. Jawahar Lal Nehru KrishiVishwa Vidalaya, Jabalpur.
Regional Station, Gwalior (Mp).
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26. Jawahar Lal Nehru KrishiVishwa Vidalaya, Jabalpur.
ZonalAgricultural Research Station, Powarkhed a- 461110, Hoshangabad (Mp).

27 . G$ar atAg ri cu I tu ra I U n ive rs ity, J u n a g a d h.
Main Campus, Junagadh - 362001 (Gujarat).

28. Gujarat Agricultural University.
Agricultural Research station, Vijapur - 392g70, Distt. Mehsana (Gujarat)

29. Jawahar Lal Nehru KrishiVishwa Vidalaya, Jabalpur.
Regional research Station, p o. Rajoua, sagar - azoooz lrrlre;

30. Jawahar Lal Nehru KrishiVishwa Vidalaya, Jabalpur.
Zonal Agricultural Research station, Kuthitia farm, Rewa- 4g6 001.

31 . Rajasthan Agricultural University,
College of Agricutture, Udaipur - 313001 (Rajasthan).

32. lndian Agricultural Research lnstitute,
Regionalstation, lndore- 4S2 001 (Mp)

PenninsularZone

33. University of Agricultural Sciences, Dharuvad
Main Research Station, Dharuvad - 5g0005 (Karnataka).

34. Mahatma Phule KrishiVidyapeeth, Rahuri
Mahableshwar, Distt. Satara (Maharashtra).

35. Mahatma Phule KrishiVidyapeeth, Rahuri
AgriculturalResearch Station, Niphad - 422303, Distt. Nasik (Maharashtra).

36. Maharashtra Association for the Cultivation of Science Research lnstitute.
Law College Road, pune - 411004 (Maharashtra).

Southern Hills Zone

37. lndian Agricultural Research lnstitute,
RegionalStation, Wellingtorr 634 231, Nilgiri Hills (TN)

Voluntary Centres

Northern Hills Zone

38. Himachal Pradesh Krishi Vishwavidyalaya, palampur.
Regionalstation, Kukumseri, Udaipur, Distt. Lahaur& Spiti, Hp

39. shere Kashmir University of Agriculture & Technology, Srinagar.
Agricultural Research Station, Near Housing colony] 6nogteilsar Road,
Leh- 194 101 (J&K)

40. Govind Ballabh pant University of Agriculture & Technology, pantnagar.
Po Ranichauri, Distt. Tehri Garhwal, uttaranchal pin-249 1g9.

North Western Plains Zone
41. chaudhury charan singh Haryana Agricurturar University, Hisar

Regional Research station, Bawal- tzg oso, Distt. Mohihdergarh, Haryana
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42. chaudhury charan Singh Haryana Agricultural University, Hisar
Regional Research Station, Kaul, Disit. Kaithal, Haryana

43. chaudhury charan singh Haryana AgriculturalUniversity, Hisar
Wheat Breeding Sub-Station, Ambala City (Haryana)

44. chaudhury charan singh Haryana AgriculturalUniversity, Hisar
Regional Research Station, Uchani, Karnal- 132 OOl, Haryana.

45. shere Kashmir University of Agriculture & Technology, Srinagar.
AgriculturalResearch station, RS pura- 191 102, Jammu (J&K)

46. Punjab Agricultural University, Ludhiana
Regional Research Station, Gurdaspur- 143521 (punjab)

47. Rajasthan Agricultural University
Agricultural Research Station, Sriganganagar (Rajasthan)

48. Rajasthan Agricultural University
Jobner- 303 329, Jaipur (Rajasthan)

49. sardar Vallabh Bhai patel University of Agriculture & Technology,
PO Nangla (Modipuram), Meerut- 2SO 1tO lUey

North Eastern Plains Zone

50. Rajendra Agricultural University,
PUSA- 848 125, Distt. Samastipur, Bihar.

51 . Agricultural Research lnstitute,
Mithapur, Patna-800 001, Bihar.

52. Field Crop Research Station,
Kalna Road, Burdwarr 713 101 (WB)

CentralZone

53. Lok Bharati, Sanosra- 364 230,
Distt Bhavnagar (Gujarat)

54. Jawahar Lal Nehru KrishiVishwa Vidyalaya, Jabalpur.
Department of plant Breeding, Jabalpur _iaZ OO+ lfUn;

55. Rajasthan Agricultural University
Wheat Project, Banswara (Rajasthan)

PenninsularZone

56. Mahatma Phule KrishiVidyapeeth, Rahuri
Deptt of Food Science & Technology, Rahuri 413222 Distt. Ahmednagar
(Maharashtra)

57. Punjabrao Deshmukh Krishi Vidyapeeth,
Akola- 444 104 (Maharashtra)

58. Agriltural Research Station,
Washim, Distt. Akota - 444 S05 (Maharashtra).

59. Marathwada Krishi Vidyapeeth,
Parbhani- 431 402 (Maharashtra).
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3.4. Zonal coord i nation

The Principal lnvestigators in DWR are assisted in the conduct of various yield trials by
the Zonal Coordinators. The Zonal Coordinator is responsible for preparing the
composition of the various yield trials and dispatching them to the tests sites. They
also monitor the conduct of trials, organize roving monitoring zonal teams and
collectively take a decision with regard to acceptance or otheruvise of the yield trials by
evaluating them along with the monitoring team members. The yield notebook from
each Centre is received by the Pl of the respective programme at DWR and after
careful scrutiny and data analysis a copy of the results is made available to the
respective Zonal Coordinator who then present the results in the workshop along with
his observations on the quality of the trials and data management at the cooperating
centres in his zone.

3.5. Testing and conduct of trials
The AICWIP has adopted a two-tier approach in evaluating the entries that are fit to be
released as new varieties. Before any entry is submitted to the nationaltrials, one year
in advance the concerned plant breeder submits potential entries to the plant pathology
Principal lnvestigator for evaluating it under the various All lndia wheat Disease
Screening Nurseries. only the entries that have stipulated level of resistance to various
rust pathogens, Karnal Bunt and leaf blight and show good performance in their own
station trials are submitted for the national trials. The entire procedure of varietal
testing is summarized in the following diagram:
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The trials are monitored during the crop season by duly constituted teams, which DWR
organizes for this purpose. At the same time the team of three plant pathologists visit
the disease hot spots for screening the nurseries specially designed for plant
pathological observation. The eRT endorses this procedure.

3.6. Code of conduct for germplasm exchange
Facilitating germplasm exchange is a very importantactivity of AlCWlp and DWR must
make sure that a proper code of conduct is developed for germplasm sharing and also
there is need for developing a standard material transfer agreement.

3.7. Seed production programme
The DWR has also an important responsibility for ensuring adequate supply of the
breeders' seed of the recommended varieties. The Assistant Commissioner Seed
(Govt. of lndia) allots the amount of breeders' seed of different varieties that is to be
produced based on the demand of various agencies.

The other important component of DWR structure includes summer nurseries for
raising off-season crop to accelerate the wheat breeding programme. Two such
nurseries at Wellington and Dalang Maidan exist for this purpose. The Team believes
that DWR has been discharging these responsibilities with great efficiency for which it
is to be commended.



Chapter 4

Performance of AICWIP and its cooperating centres

4.1. lntroduction

The Team has already referred to the outstanding performance of the Coordinated
Wh6at lmprovement Project since 1965. lt should be more relevant to consider the
impact of wheat research coordinated by DWR on wheat production and productivity in
the country during the period covered by the Review. The following Table summarize
the data on production, area and yield of wheatduring the period of 1993-94 to 200G
2001. The simple and compound growth rates are also given. lt will be seen that both
production and productivity have continued to increase during the period under Review.
It is during this period that lndia became the second largest producer of this important
foodgrain in the world.

Table-4. All lndia Area, Production and yield
Year Area

m. ha.

Production
m. tonnes

Yield

199394
1994-95
199$96
199&97
1997-98
199&99
99-2000
200G01

25.15
25.70
25.01
2s.89
26.70
27.52
27.49
25.07

59.84
65.77
62.10
69.35
66.35
71.29
76.37
68.76

23.80
25.59
24.83
26.79
24.85
25.90
27.78
27.43

le Growth Rate 0.79 2.78 1.88
Compound Growth Rate 0.76 2.53 1.75

Source: AgriculturalSfafisfics at a Glance 2002.

The new wheat varieties released by the Central Varietal Release Committee (CVRC)
and the different State Varietal Release Committees (SVRC) during the period of the
Review for the different agro-climatic zones are listed in Table-S.

Another remarkable achievementof the nationalwheat programme is that the diseases
including the rusts, other foliar diseases and Karnal Bunt have not seen any epidemic
outbreak during the past ten years. The wheat crop during this period has remained
relatively free of disease in almost all parts of the country. This is a major achievement
of AICWIP under the coordination of DWR. Flowerdale Research Station of DWR as
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well as the Wellington Research Station of lARl have provided excellent support in the
management of rust diseases.

Table-S. varieties released during the period of Review (1gg3-2001)
Year CentralVari State Varietal Release

Committee
1 993 GW 173, c\4/
r 994 uP 2s38, WH 896(du), DL 8033 (Kanchan;--

Hf_1731 (Raj Lakshmi), DWR 195 (Anuradha),
$ 8!q1(du) (Malavshree), DI46 (pusa Triticatel)

VL719, Saptdhara,
AKW 1071 (Purna)

1 995 pBW 343, K 8962 (tndra),X eT07(Dewe),FA3765 ParOfraniSt
1 996 IP .26-13 

(Gansa), H
PBW 373

PDW 233(du), NtAW 34,
MACS 2694 (chr)

1 997 HP 1744 tRaje
JWS 17 (Swapnil), VL 738, Hp 1761 (Jagdish)

rL1210 (rrir), PDW-
233(du), MACS 2694 (du),
NIAW34 PBW 373

1 998 NW1012,NW1014,W
MACS 2846 (du), DDK 1009 (dic), HW 1085

trggel).[gos tc"rtil

Sonak, HPW 89 (SuE66i),
DWR 185 (du),
K 9006 (Ujiyar)

r yy9 Hu zriul (shrestha),Up 2425, HUW46g,
Hl B49B (du) (Matavshakti)

H|1418, Ht 1454, UPZ3B2

2000 pBW443, pBW 3e6;KRrre, K3644FD 4672idu
2001 2733 (vsM), H\ro2044 PDw 274 (du), WH 711,

N|AW301, NW 1076
A detailed analysis of the performance of the Cooperating Centres in different zones
revealed that not all the Cooperating Centres have been equally active in contributing
to the success of AlCWlP. The centres in the North Eastern region have not
contributed as much as others by way of new technologies during the period under
review. Another disturbing trend is that many of the Centres continue to depend largely
on international nurseries for the selection and release of new varieties. The wheat
programme in lndia should derive its strength from the amount of genetic diversity,
which the breeders can introduce in the breeding material. lt is essential for this
purpose that a large number of crosses are made at each of the Cooperating Centres
using diverse germplasm and a network mechanism should be developed for
identiflTing promising segregates. The internationalnurseries should be welcomed only
as source of new genetic diversity. They should not be treated as the end products
ready for release after some selection.

4.2. CIMMYT germplasm

It is worth noting that some four decades ago, the germplasm from CIMMyT heralded
the arrival of green revolution in lndia. However, it is surprising to note that many of the
important wheat varieties of lndia continue to be clMMyT derived and these dominate
the lndian wheat fields. lndia has probably the largest wheat breeding machinery in the
world and it is time that we question why our breeding centres are not able to develop
wheat varieties having wide adaptability, high yield potential, disease resistance, and
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quality that can complement the CIMMYT germplasm. One reason is that germplasm
from CIMMYT is readily available and the system in lndia makes no distinction in
recognizing breeders who do original work and those who release introductions. A
second reason is that development of varieties which combine yield, disease
resistance, tolerance to various abiotic stresses and quality requires multilocation
selection and rigorous testing. lf the lndian research system start recognizing those
who develop varieties that can complement the CIMMYT germplasm, it is quite likely
that we will have more varieties of diverse origin. lt is recommended that every year the
Project Directors' Report should have a segment dedicated to recognizing those who
are involved in developing original germplasm. ln addition it is recommended that all
germplasm from CIMMYT to cooperators in lndia should be canalised through DWR.
Also, it is suggested that at the time of the annual meeting a special award should be
given to those teams of scientists who develop outstanding varieties based on crosses
made in lndia, which are approved by the centralvariety release committee.

The QRT recommends that the performance of different Cooperating Centres should
be evaluated in terms of the crosses they attempt and the genetic diversity, which they
mobilize in their breeding programme. Those, who depend mainly on international
nurseries for release of new varieties without hybridisation programmes of their own,
should be advised to diversify their programme.

A brief description of the major activities undertaken at some of the cooperating centres
in each zone is given below;

4.3. Northern Hills Zone

wheat occupies one million hectare in this region of which g3% is rainfed. varieties,
which can withstand or escape frost damage, utilize residual moisture, tolerate
moisture stress and resist diseases especially brown and yellow rusts would be the
most suitable. Of late with the occurrence of Karnal bunt and powdery mildew, the
emphasis has been given for multiple disease resistance. Two varieties i.e. HS 365 -a
high yielding semi dwarf for timely sown, rainfed, with low fertility was released in 199g
for high altitude (Rabi season) having resistance to all the 3 rusts. Another variety HS
342 was released by JK State for cultivation at very high altitude for summer sowing.

About 40% of the total wheat area in HP lies in sub-mountain, low hills of sub{ropical
zone' Dhaulakuan is the hot spot for KB, leaf and stripe rusts and powdery mildew.
Good work is under progress especially on the screening of Karnal bunt, brown rust
and head scab under artificial inoculation. Experiments on integrated disease
management and biologicalcontrol of Karnal bunt are being conducted successfully.
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As a result of rigorous screening over a number of years resistant lines against Karnal
bunt have been identified including HD 29, 30, HD 24gg, wL 1s42,wL 7104, Raj zor1,
HS 346 and HVW 463. ln addition, the centre is generating useful information from
different disease screening nurseries such as ppsN, IRSN, WNGSN, pNSN, and
MDSN, which are helpful in advancing the entries of breeders from different centres in
yield trials. At this station coordinated experiments on chemical control of Karnal bunt
and loose smut have also been conducted. HPW 89 and HPW 1g4 have been released
for cultivation in HP. ln addition, a number of varieties have been introduced through
trials for cultivation in Himachal pradesh.

4.4. North Western plains Zone

The North Western Plains Zone comprises of the state of punjab, Haryana, Delhi and
parts of U.P., Rajasthan and Jammu and Kashmir. Ludhiana Centre is the headquarter
of the zonal coordinator of this zone since 1971. Every year eight All lndia coordinated
Varietal yield trials are conducted at multilocations in the zone making a total of about
1 '15 trials. The trials being conducted are:

AW-l R-TS-TAS ; AVT- I R-TS-TDM ; AVT-| R-LS-TAS, AW_R F_TS_TAS, tw_t R_TS_TAS,lw-l R-LS-TAS and |VT-RF-TS-TAS.

The North Western Plains has seen the maximum impact of the new wheat technology
and continues to serye very effectively as the main wheat lifeline of lndia. The
contributions to varietal improvement have been excellent. This can be illustrated by
the achievements of a few of these centres during the period under report.

The GBPUA&T, Pantnagar, one of the earliest wheat breeding Centres in the country
started in 1963-64, contributed during the period under report (1993-2001) Up-233g,
UP-2382, and UP-2425 varieties with yield potential up to 70 e/ha. ln addition to
breeding new varieties, the Centre maintains about 5000 germplasm accessions. The
accessions are being characterized for the traits of economic importance.

The Centre is actively involved in evaluation of the germplasm and the elite lines
developed for various traits of economic importance. The conduct of All lndia
Coordinated trials, NIW and AVT, is another responsibility being executed very
effectively by the Centre.

The Centre is also involved quite aggressively in the transfer of technology by
conducting front line demonstrations (FLD), extension lectures to extension workers
and farmers, organizing Kisan Melas, Gosthi's and Radio Talk efc.

ln the area of quality improvement, the Centre has screened a large number of wheat
accessions, including released varieties, for various grain quality traits and succeeded
in identifying lines with row protein (-9.0 per cent), high protein (-14.75%), high
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sedimentation vqlue (-55), high hectolitre weight (.80). Also, wheat lines developed at
Pantnagar have been analysed for biscuit quality with encouraging results.

lndian Agricultural Research lnstitute, New Delhi has been a major partner in wheat
breeding right from its inception. lARl and its regional centres have released seventy
wheat varieties since 1965. For the period under report, lARl has released 20 wheat
varieties, seventeen through Central Variety Release Committee and three through
States Variety Release Committees. ln addition to breeding new varieties, lARl Centre
is very effectively involved in the evaluation of lnternational and National Wheat
nurseries.

The other areas being pursued are: screening the germplasm for sources of Karnal
bunt stocks such as HD 29 and HD 30 are.resistant to Karnal bunt; development of
wheat lines with protein percentage ranging between 13-15%; identification and genetic
analysis of rust resistance in several indigenous and exotic genetic stocks/cultivars;
development of aneuploid lines and their use in localization of several genes on
specific chromosomes; development of cytoplasmic male sterile lines.

The lARl centre is very actively involved in multi-location testing of elite lines in NIW
and AW of the All lndia Coordinated Project and large scale screening of NIW and
AW entries for major diseases and pests.

Punjab Agricultural University, Ludhiana Centre is the headquarter of the Zonal
Coordinatorfor North Western Plains Zone (NWPZ) since 1gZi. This Centre along
with other prominent centres of the NWPZ has made most significant contributions in
wheat improvement programme in the country. Because of these efforb, punjab could
attain number one position both in productivity and production of wheat per unit area.
During the period under report Ludhiana Centre contributed seven bread wheat and
one durum wheat varieties for NWPZ region. of these, four varieties were released for
irrigated timely sown, two for irrigated late sown, one for irrigated very late sown and
one for rainfed timely sown conditions. of these variety PBW 343, released initially for
the entire NWPZ in 1995, is a landmark variety that has reigned supreme by continuing
as the highest yielding variety in the country. ln the year 2000 this variety was also
released for NEpZ Besides higher yierd, pBW-343 possesses high degree of
resistance to yellow and brown rust both under natural and artificial inoculation
conditions.

ln addition to breeding new varieties, Ludhiana Centre is very effectively contributing to
All lndia Coordinated Project in multi'location testing of the elite lines in NIW and AW
conducted at zonal level. The Centre is closely involved in screening the NIW and AW
entries against major diseases and pests.
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The most significant contribution made by the Centre is in the area of resource
management. The studies on sowing times conducted at PAU revealed that a delay of
one week in sowing reduced the yield by about 150 kg/acre. The long duration
varieties like PBW 343 and WH 542 gave highest yields when sown in the last week of
October. Following this observation, there is now a clear shift in sowing time of wheat
in Punjab (Table-6).

abe-6. Sowing time of wheat in puniab
Sowing Peiioal % Wheat area sown

1995-96 1996-97 1997-98 1998-99 1 999-2000
Upto October 03.50 05.52 00.53 16.59 26.21
Nov. 1-Nov. 15 52.79 50.03 58.90 62.08 57.67
Nov. 16-Nov.30 32.55 33.89 20.62 15.1'1 10.25
Dec.1-De c. 1T 07.58 08.29 08.80 05.45 04.91
AfterDec.15 03.50 02.27 03.14 00.77 00.96

ln spite of the rapid advancements made in wheat production over the years, the
data given in Table-7 below on area, production and yield of wheat in punjab, and in
fact in the entire NWPZ region, is most revealing and also disturbing. The increases
in productivity and in turn overall production achieved in earlier years have now
diminished. ln fact, there is a downward trend in wheat production, though the area
under cultivation remains unaffected. This trend has been interpreted differenfly-
consequence of wheat-rice rotation, depletion of soil fertility, technology 'fatigue' efc.
It is time that future wheat improvement and extension programmes are evolved
keeping in view these constrains.

Table-7. Area,a rction and yield of wlheat in Puniab
Year Area

(Lakh ha)
AverageYield

(kq/ha)
Production
(Lakh mfl

196G61 14.00 1244 17.42
198G81 28.12 2730 76.77
199G91 32.73 3715 121.59
1991-92 32.37 3803 123 10
1992-93 33.83 3776 123 97199394 33.35 4011 133.77
199+95 33.11 4089 135.39
199S96 32.23 3884 125.18
199G97 32.30 4235 136.79
1 997-98 32.99 381 I 125.96199&99 33.35 4347 144.73199900 33.80 4704 159 00200G01 33.60 4613 155.50

The achievements of other Centres of NWPZ, by all standards, are encouraging.
Collectively the breeding programmes in this Zone have led to significant
developments. However, detailed discussion with a few of the breeders revealed that
the current breeding programmes are based on very narrow genetic base.
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Varietal distribution in all the zones is acceptable except the NWPZ where a single
variety PBW 343 covers most of the cultivated area. The great success of PBW 343
has a lesson for our wheat breeding programme. This variety, which owes its origin to
material distributed by CIMMYT, is known to carry a translocation of wheat and rye
genomes (18/1R). lt is clear that the small segment of rye chromosome has
contributed enormously to the productivity of this variety largely through additional dry
matter production. The lesson therefore is that, distant hybridisation is important for
keeping the wheat yield potential moving upward and breeders should be, attempting

to transfer small segments of a genome rather than the whole genome. Thus triticale
itself may not be useful under the lndian conditions but it can contribute enormously as

a source for introgression of traits from rye to wheat.

The success of PBW 343 brings to light yet another very important fact to light that at
any time a single variety occupying such large areas exposes the country to genetic
vulnerability. Given the reality that NWPZ is the bread basket of lndia and also given

the fact that genotypes having similar genetic make up in our neighbouring country are
showing susceptibility to yellow rust and yellow rust being a devastating disease, the
situation is alarming. lt is imperative that AICWIP develop strategies in facing up to this
challenge and make sure that an appropriate wheat varietal mosaic is maintained for
the NWPZ to save the country from the threat of genetic vulnerability.

It is worth noting that in the NWPZ a single variety PBW 343 covers close to 7Oo/o of the
cultivated area. lt is therefore, of paramount importance that concerted efforts are
made for widening the genetic base. This would require a comprehensive approach in

the area of germplasm characterization and its utilization. The total number of wheat
accessions currently available at different breeding centres in the country is quite large
but what is needed is a systematic analysis of all the accessions under diverse agro-
ecological conditions involving plant breeders, geneticists, pathologists, physiologists,
biochemists, molecular biologists and other concerned scientists. lt is suggested that
the Directorate of Wheat Research in consultation with the cooperating centres of all
the wheat breeding zones and other research institutes/universities must evolve a

strategic approach in a network mode for achieving the desired goals.

4.5. North Eastern Plains Zone
The north eastern plain zone comprises of eastern UP, Bihar, Jharkhand, Manipur,
Assam and West Bengal where wheat productivity is lower as compared to North
Western plains zone, because of shorter winter season; hot wind at the time of grain
filling, abiotic and biotic stresses and severe incidence of foliar blight complex in
addition to the occurrence of brown rust. A "National centre for foliar diseases" was
sanctioned by ICAR at Kumarganj, Faizabad to mitigate the effect of this disease by
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intensive screening and breeding for foliar blight resistant varieties with desirable
agronomical traits.

Excellent work is being carried out at this centre in the area of foliar diseases. Two
varieties NW 1012 and NW 1014 resistant to foliar diseases for irrigated timely and late
sown conditions respectively have been released for this zone. ln addition to theseNW 1060 tolerant to foliar disease and NW 1076 tolerant to foliar blight,
alkalinity/salinitytolerant (pH 9.5-10.0) and resistant to terminal heat were released in
2001 by UPVRC' wheat genotypes developed at this centre are being used as
donors at national level and a number of entries are in advance varietal trials.
Pathogen(s) isolated from samples of foliar blight received from cooperating centresyielded H. sativum, A. triticina mainry foilowed by other weak pathogen and
saprophytes Two pairs of recessive genes govern the resistance of leaf blight. Three
sprays of rilt 25 EC @ 500 ml/ha gave best control of the foliar blights.

At Kalyani centre, routine experiments allotted to them have been conducted and thereports are submitted to DWR for necessary action. Nineteen fronline
demonstrations were conducted in Hooghry, 24, parganas, Murshidabad, Marda,
Burdwan and Nadia by the scientists of this centre.

At Nagaon, Assam, HDR 77 gave yield of 20-22 q/ha under rainfed condition, which
was recommended for cultivation in the state in 1993-94. Similarly, K go27 and K gg62
have been recommended for cultivation in 2001 in the state. ln screening trials entries
HW 3005, DDK 1009, N 59, and Np 200 were free from aphid infestation.

The IPPSN for foliar blight was conducted at 2 places, Masodha and Kumarganj. At
Masodha, the disease pressure was quite high under natural conditions. Few lines
showed high degree of resistance. ln rainfed trials K g027 and c 306 were much
better than most of the entries. At Kumarganj the entries were screened under artiflcial
inoculation conditions. First inoculation was done with H. sativum followed by A
triticina. The disease symptoms were observed even on ear heads.

Foliar blight and head scab screening is being done at NDUA&T, Kumarganj,
Dhaulakuan and DWR Karnal under artificial inoculations. variations were observed in
methodology, recording of data efc. Hence there is a need to develop precise protocol
for production of inoculum, stage and method of inoculation and the days after
inoculation to score the disease in a scale to obtain comparable data from differentcentres' similarly, H. sativum and A. triticena shourd in inoculated separately on
separate set of entries so that degree of virulences of both the pathogens may be
known on different genotypes.
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4.6. GentralZone
The Central Zone is made up primarily of Madhya Pradesh but it also includes the
newly created state of Chhatisgarh, Gujarat, parts of Rajasthan, Up and Orissa. The
zone has as many as 13 research stations under the All India coordinated wheat
lmprovement Project involving those at tndore, Gwalior, Jabalpur, powarkheda, Rewa
and Sagar in Madhya Pradesh, Bilaspur in Chhatisgarh, Kota, Udaipur and Banswara
in Rajasthan, and Vijapur, Junagarh and Sanosra in Gujarat. lt is Madhya pradesh,
which dominates the zone, and the QRT paid special attention to the performance and
potential of this state. The total wheat area in Madhya Pradesh is 4.55 million hectares.
But the production has been low largely because wheat cultivation in the past suffered
from dry conditions and relative absence of an appropriate production technology. All
this is changing now.

4.6.1- Emergence of Madhya pradesh as a majorwheat state
For as long as one can remember wheat yields in Madhya Pradesh had stayed close to
one tonne per hectare and the advent of high yield varieties in the 1970s had made
only a limited impact in the state. With the vastly improved technology now available
wheat production and productivity have seen a dramatic increase, especially in the last
ten years. Figure-3 below presents data on production, area and yield of wheat in
Madhya Pradesh during the period 1990-91 to 19992000.

'c-Yb e6-e7 97_99 gg_99 gg_2000

Figure-3. Area, production and yierd in Madhya pradesh
During the period of this review covering the crop seasons 1gg2-g3 to 1ggg2000,
wheat production has increased by about 60%, area by about 24o/o andyield by about
29 per cent - one of the fastest advances in wheat production in the country. Most of
this advance has been made possible by the development and release of a number of
new high yielding varieties, which do well under conditions of limited irrigation. With the
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coming in of soybean in a big way in Madhya Pradesh, there has been significant
improvement in the management conditions and one or two irrigations are now widely
available for the wheat crop.

4.6.2.wheat research at various cooperating centres in Madhya pradesh
The lndore station in the last ten years has emerged as a major source of new
technology in the central zone. The new wheat varieties developed mainly at the
Regional Research Station of the lndian Agricultural Research lnstitute at lndore take
full advantage of the improved agronomic conditions. The new wheat varieties evolved
at this station during the period of review are described in the following table.

Table 8. Varieties evolved during l gg5-2000

Drum Wheat Hl 8381 (MalaVshree) Ugl Fertility and Timely sown
Hl 8498 (Malavshakt) High Fertility and Timety sown
HD 4672 (Malav Ratn-) Rainfed and Limited lrrigation

Bread Wheat Hl 1 41 8 (Naveenmtndo[ai)- HighFertiii@
Hl 1454 (Abha) High Fertility (Late sownJ

There are other important stations that have continued to do good work. Thus, the
Powarkheda station of the Jawaharlal Nehru Krishi Vishwavidyalaya has proposed for
release in the state a number of wheat varieties for rainfed timely sown conditions, for
irrigated timely sown conditions and for irrigated late sown conditions. Similarly the
College of Agriculture at Rewa has identified a large number of varieties for cultivation
in that part of Madhya Pradesh. The College of Agriculture in Gwalior has developed a
number of genotypes, which are being tested in the all lndia coordinated trials during
the current year. The RegionalAgricultural Research Station at Sagar, which works for
the two districts of Sagar and Domoh, has developed one variety JWS 17 for rainfed
conditions with a yield potential of 18-22 q/ha other genotypes developed by this centre
are being tested in the coordinated wheat trials.

The QRT would like to recommend that taking into consideration the emerging
importance of wheat crop in Madhya Pradesh the Jawaharlal Nehru Krishi
Vishwavidyalaya should strengthen its research programme on this important crop and
develop its stations particularly the one at Powarkheda that has a good history of wheat
improvement. The DWR should provide additional support if necessary to strengthen
this programme.

The newly created state of Chhatisgarh deserves support for wheat research at the
College of Agriculture, lndira Gandhi Agricultural University and its research station
at Bilaspur. Chhatisgarh of course is widely recognized as the country,s rice bowl
and rice is grown during kharif season on about 3.g m. ha area. ln rabi season,
25% of this area is sown by wheat or Lathyrus. The remaining area is left fallow. ln
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view of the high'rainfall in the state, wheat is not considered as an important crop.
However, wheat should increasingly find a place in the rice fallows under late sowing
conditions and a new technology has to be developed for this purpose. This fallow
land may be brought under wheat cultivation with minimum extension activities and
by encouraging seed industries to supply seed at the time of sowing. Fronfline
demonstrations have indicated that about 30 q/ha wheat yields can be obtained
easily in this area. lndira Gandhi Agricultural Universig has recommended and
submitted proposal for release of MP 5005 (Bilasa), MP 501 1 (Arapa) and Mp 5016
(Ratan) varieties to Chhatisgarh government. The QRT recommends that DWR
should carry out a survey of the potential of wheat crop in Chhatisgarh especially in
the rice fallows and take urgent steps to strengthen research for this purpose in
consultation with the state government. The Team believe that even very late sown
wheat in rice fallows may give better yields and returns than traditional crops like
lathyrus, which are currently being cultivated under very poor management.

ln Gujarat, Vijapur, the main centre for conducting research on wheat under irrigated
and rainfed conditions have four sub-centres i.e. Junagarh, Bardoli, S.K. Nagar and
Anand. Multi-disciplinary research is being carried out at Vijapur, Junagarh,
Dhandhuka and Arnej while Bardoli, Anand, S.K. Nagar and Tanchha are the testing
centres. During the period under report, out of the 23 varieties qualified for
identification under timely and late sown irrigated conditions, 13 were from Vijapur
i.e. G\N241, GW245, GW273, GW275, GW3o3, GW279, GW322, GW326, (bread
wheat), and GW1128, GW1129, GW10g2, GW1139, GW1172 (durum wheat).

Rajasthan is also a major wheat growing state in the central zone occupying 1/1gth
acreage of wheat in the country. lt contributes 10% to total wheat production in the
country. ln the state, wheat growing areas are categorized in two zone, north-west
zone, and central zone. The central zone comprises districts of Udaipur and Kota
divisions in the state. To cater the need of wheat research in central zone of the state,
Udaipur and Kota centres have been involved in wheat research programme. On the
basis of varietal evaluation under varying agronomic experiments, Udaipur centre has
identified Hl 8381, Hl 8498, DL-803-3, GW 273 for normal sown irrigated conditions,
Raj 3077, Rai 3777, GW 173 for late sown conditions, and Job-666 for problematic
soils. These varieties have been recommended for multi-location testing. Out of these
Hl 8498, GW 273, Raj 3077, DL go3-3 for normal sown and GW 173, Raj 3077, Raj
3777 for late sown conditions were included in the packages of practices.

During the period under report, Kota centre has recommended following varieties
(Tabl+9) for cultivation in Central zone for different production conditions.
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Table-9. Varieties recommended for central zone

Sr.No. Year of identification Name of variety Production condition
1 1 993 DL 803-3 (Kanchan) HF, NS, IR
2. 1 993 Raj 3077 HF, NS, Saline soil
3. 1 994 HW 2004 RF, LF, Dryland
4. 1 995 JWS 17 RF,LF, Dryland
5. 1 996 GW 273 HF, NS, IR
6. 1 996 Hr 84e8 (d) HF, NS, IR
7. 1 998 Raj 3765 HF, IR,LS
8. 2001 HD 4672 (d) RF, TS, LF, Dryland

Hh-Hrg , LF- Low ty Normal 'imely sown, Sown

4.6.3. Madhya Pradesh as lndia's potentiat wheat export zone
The real significance of the new technology and the associated production advance in
Madhya Pradesh is to be seen in a wider context to which the QRT would like to draw
special attention. Not only the wheat yields in Madhya Pradesh have increased with the
application of recently developed technology, more important the quality of wheat
produced in Madhya Pradesh is one of the finest in the world. This is particularly true of
the durum wheat but also of bread wheat. Central lndia as well as peninsula lndia have
had a long history of cultivation of durum wheat, which are especially suitable for pasta
products fetching a higher price in the market. ln addition, the wheat grains produced in
Madhya Pradesh are generally free from Karnal bunt, black point, motling of grains,
and the protein content is relatively high which goes up to 13 or 14 per cent. The
thousand grain weight of many of the recently developed varieties of durum wheat
varies from 49 to 60 grams. The durum wheat varieties also have a beta-carotene
content varying from 4-7 to 6.6 ppm. Thus, in quality lndian durum wheat is among the
best in the world.

Unfortunately the area under durum wheat in central and peninsular lndia started to
decline with the release of high yielding verities of bread wheat. Durum wheat varieties
of comparable yields were not available. However, thanks to the more recent work of
the scientists under the All lndia Coordinated Wheat lmprovement project, this problem
has now been overcome with a number of high yielding dwarf durum varieties released
in recent years and others are on their way. lt is now expected that the area under
durum wheat will increase. This has opened up altogether new possibilities for lndia to
emerge as a major exporter of wheat from central lndia and also the bread wheat,
which again meet the export requirements.

The QRT recommends that taking advantage of these advances, the lndian Council of
Agricultural Research should work with the Ministry of Commerce, Government of lndia
so that Madhya Pradesh could be declared as the country's major wheat export zone.
The state currenfly produces nearly g million tonnes of wheat. The production potential



37

with the new technology is as high as 15 to 16 million tonnes, a large part of this total
production should be earmarked for export and necessary infrastructure should be
created for this purpose. With the removal of restrictions on movement of food grains
from one part of the country to another, there should be no probtem in meeting the total
wheat needs of Madhya Pradesh, if necessary, fiom other parts of the country such as
Punjab. The premium in price that Madhya Pradesh wheat enjoys in the market should
be fully exploited.

4.6.4. Disease mana gement strategy
The cultivation of durum wheat in Madhya Pradesh and peninsular lndia is also
important for a scientific strategy for the containment of rust diseases. The bread wheat
varieties grown in central and peninsular lndia are generally resistant to most races of
stem rust, a resistance lacking in the durum wheat. The durum wheat on the other
hand carry resistance to leaf rust, which is a major problem in the north western region.
Cultivation of both durum and bread wheat in Madhya Pradesh would therefore be a
sound strategy for containmentof diseases caused by these two rusts. lt should help to
cut down on the build up of inoculum, which tends to spread to other parts of the
country. Thus it is extremely important that the area under durum wheat is increased in
Madhya Pradesh both for export as well as for management of rust diseases.

Finally the soybean-wheat rotation, which is now becoming popular in Madhya
Pradesh, is far more sustainable than the rice-wheat rotation in the North Western
Plains Zone. Soybean as a legume fixes large quantities of nitrogen, which is parly
available to the wheat crop. Similarly the phosphatic fertilizers applied to the wheat crop
are beneficialfor the succeeding soybean crop.

The QRT recommends that considering the impact of the new technology of wheat
production in Madhya Pradesh and the possibilities of major wheat exports from this
zone, there is a need to strengthen wheat research in the Central Zone. The eRT
would like to make the following recommendations in this regard.

1. The Regional Research Station of lndian Agricultural Research lnstitute at
lndore should be fully developed for genetic aialysis of rust resistance and forrelated plant pathology studies. A new infristructure both in terms ofglasshouses and equipment will be needed for this purpose.

2' The quality analysis laboratory at the lndore station should be developed tointernational standards. The qu1t1!y analysis carried out at this laboratory willbackstop wheat exports by providihg theretevant data and;i.o br;.ititating
the breeding programmes.

3' A major limitation in increasing wheat production in Madhya pradesh is thelimited availability of nucleus ind breeders' seed. The lndore station should
be provided with the air-conditioned facilities for storing *n"at!"irflasm andnucleus seed of related varieties.
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4.7. PeninsularZbne

Peninsular Zone includes parts of States of Maharashtra, Karnataka, Goa, Andhra
Pradesh and plains of Tamil Nadu. Wheat is a significant minor crop in this region and
it occupies around 1.02 million hectares with the total production at present of around
1.19 million tons. Average yield is low at around 1.17 tons/ha, however the front-line
demonstrations would indicate that the yield could be improved by about 12.g q/ha.
Clay soils dominate this region and average temperature in general is high and terminal
heat is very often a limiting factor. Maharashtna and Karnataka are the main wheat
producers of this zone and about 4Oo/o of the wheat is rainfed. Almost all the rain in this
region is received prior to the crop and the crop is entirely dependent on reserve
moisture. Stem and leaf rusts and sclorotium root rot are common in this region. ln
general the quality of wheat produced in this region is very high because of the dry
prod uction envi ronment.

Three species of wheat are cultivated in this region, namely, T. aestivum, T. durum and
T' dicoccum. Wheat research in Pune, Mahabaleshwar, and Niphad in Maharashtra
and Dharwad in Karnataka receive AICWIP support and centres in Akola and parbhani
in Maharashtra serve as testing locations. since there is so litfle wheat in Andhra
Pradesh, Goa, and the plains of Tamil Nadu, there are no research centres located in
these regions.

Maharashtra grows close to a million hectares of wheat each year of which around
60% is irrigated and the rest rainfed. Current yield is around 1.3 tons/ha and the
potential based on the front-line demonstrations are around 4.0 tons/ha. Bread wheat is
the most important species and it occupies close to 88% of the wheat area followed by
durum's with aroun d 11o/o area and Khapli wheat having around one percent area. Heat
tolerance, resistance to stem and leaf rust are the major research issues for germplasm
development.

ln Maharashtra, wheat research in collaboration with AlcWp is being done at Agarkar
Research lnstitute, Pune, Agricultural Research Station of Mahatma phule Krishi
Vidyapeeth (MPKV) at Niphad, and Regionalwheat Rust Research Station belonging
to MPKV at Mahabaleshwar..

The Agarkar Research lnstitute (ARl) at Pune started research activities on wheat in
1956 and since the 7th plan it is an active participantof the Alcwlp. AR! is active in the
collection, conservation of local germplasm and its use in their breeding work for all the
three wheat species. The institute maintains a well documented active collection of
around 1800 accessions, predominantly of durum wheat. During this review period they
have released two durum varieties one for the region and the other for the state and a
third one is almost ready for release. There is good progress in developing dwarf khapli
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and one of their'selection at present is in the advanced yield trial. The lnstitute is
involved in various basic research activities, such as: development of isogenic lines of
semi-dwarf wheats, development of long coleoptile semi-dwarf durum, development
and maintenance of aneuploid, inheritance studies of durum leaf rust resistance,
improvement of beta carotene in durum, identification of new sources of leaf rust
resistance, and genetics of foliar blight resistance. The station is an active participant in
conducting various national and international trials and observation nurseries. ln
general ARI can be classified as one of the very productive partner of the AlCWlp
system.

The experimental station at Niphad was established in 1g32 and since 1g71 it is
functioning as the Zonal Coordinating Centre for the peninsular Zone. A
multidisciplinary team consisting of breeder, physiologist, agronomist, and a plant
pathologist are active in developing wheat research at this centre. During this review
period this station was responsible for developing three bread wheat varieties and a
durum variety for Maharashtra State. However it is worth noting that the infrastructure
of this station is very old and needs urgent repairs and upgradation. Another major
problem that the station faces is the rapid transfers of its staff, which disrupts continuity
of research and causes inconvenience for the AICWIP because this is the zonal
coordinating centre.

The Regional Wheat Rust Research Station at Mahabaleshwar with AICW&BIP
supportwas established in 1971, for testing wheat varieties and advanced lines against
stem and leaf rusts under field conditions as well as controlled conditions. Initially only
material fom the Peninsular Zone used to be tested but given the fact that both stem
as well as leaf rust epidemics occur year after year under natural conditions in this
environment the facility of field testing was extended to material coming from all regions
of lndia' ln addition the station also undertakes rust survey and surveillance for the
zone. The station maintains 31 pathotypes of stem rust and 35 of leaf rust on universal
susceptible varieties Pusa 4 and Agra local. Also the station every year undertakes rust
virulence monitoring in the region. All the varieties of NlWs and AWs are
systematically tested against all the pathotypes, which are available at the station.
These varieties as well as all the national wheat screening nurseries are also
systematically tested for adult plant resistance under field conditions. Given the
limitations that the station experiences, they in general continues to provide good
service to the lndian wheat program. However, it is important to note that one of the
glasshouses at this station needs urgent renovation, their Jeep is very old and non
functional and as a result travelling to the field site, which is five kilometres away, and
survey work are difficult and that they have no computation facility. All these problems
need urgent attention.
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Karnataka is emerging as a sure supplier of quality wheat in lndia, because of the
commendable work undertaken by a multidisciplinary team supported by the
AlcW&BlP' \Meat area, production and productivity in this state have enhanced during
the past few years thanks to the dedication and hard work of this multidisciplinaryteam.
This centre was established in 1971. During the past ten years, the centre has released
eight wheat varieties, six of these (two each for bread wheat, durum and khapli) during
the review period. Many of their activities are done at the farmers, field and it is
commendable that scientisb receive excellent support from the sugar industry because
the sugar mills are enormously benefited by the new three year crop rotation involving
sugarcanesoya-wheat. This is one region, which has the potential to produce quality
wheat and barley and therefore the quality laboratory at this centre must be
strengthened. This location urgently needs a poly house to screen germplasm for heat
as well as various diseases. A vehicle was provided to them under the 9th plan,
however, they were not provided a driver and this need to be corrected.

4.8. Southern Hills Zone
lndian Agricultural Research lnstitute's Regional Station, Wellington is one of the most
important National Facility in lndia, which aims at providing support to various
lnstitutions scattered around the Country, in conducting wheat breeding and wheat
research' lt is located in the Nilgiri hills at latitude of 11o N, longitud e of 77 o E and at an
altitude of 1850m above MSL. The average annual temperature ranges from 5-250 C
with an average annual rainfall of 1500 mm received through South - West and North -
East monsoons. ln addition the station has assured irrigation. lt has an area of 42.65
acres of land of which little over 4 acres are unusable, two acres are occupied with
infrastructure and the rest 36 acres are in constant use. The agroclimatic conditions of
this location are such that three wheat crops can be grown in an year in succession.
Also it is a hot spot for all kinds of foliar diseases. Path breaking research in the late
forties and early fifties by the lndian Plant Pathologist have established that this region
is the source of initialstem rust inoculum for the northern plane zones.

The station was established in 1954 as a centre to breed rust resistantwheat for the
Nilgiri and Palani hills so that the source of initial rust inoculum for the northern plain
zone could be cut off. only dicoccum wheat used to be grown in this region and hence
the work of the station also centred on dicoccum wheat. ln 1965, Wellington was
designated as the main National Summer Nursery location and work on bread wheat
was also initiated in the same year.

At present the Wellington Station serves three distinct functions, namely: i) A station for
breeding wheat for the Southern hills, ii) Zonal co-ordination centre for the Southern hill
zone and iii) National summer nursery facility.
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4.8.1. Wheat breeding for the Southern Hills Zone
Wellington Station continues to do an excellent job in developing varieties for the
southern Hills Zone as well as for other zones. HW 10g5 and Hw 2044 released
respectively in 1997 and 2000 for the SHZ and the release of HW 2004 in 1996 in the
Central Zone and the proposal to release HW 2O4S for the peninsular and North
Eastern Zones are examples of this excellence.

The station has done commendable work in transferring alien rust resistant genes to
numerous commercial varieties of lndia. Hundreds of genetic stocks derived ftom this
outstanding effort in combining rust resistance in already established varieties through
backcrossing have been distributed to wheat breeders of different centres in the
country.

As there is almost negligible wheat area in the Southern Hills Zone at present, the
facilities of this station should be more fully used for the network programme as a
whole' While the centre should continue to undertake its limited wheat breeding
activities, the more important function of Wellington should be seen in two major
directions. First it should provide summer wheat nursery to plant breeders from the
other zones of the country where a second crop of wheat cannot be taken during the
hot season' Wellington has provided in the past excellent support to the plant breeders
fro NWPZ and other zones and the facilities of the station should be fully developed,
with the addition of more cultivable land, if necessary, for the summer nrr."ry.
Since 1965, Wellington station is the main summer nursery location for most of the
lndian wheat breeding centres. This station permits breeders to advance a generation
as *ejl as facilihtes faster progress in breeding for disease resistance. currenly some
twenty-eight institutions make use of this facility. A closer look at the most successful
wheat-breeding centres of lndia would indicate that those who make full use of this
facility are more successful than those who do not. lt is critical and essential that
breeders/and or plant pathologists visit the station at critical crop development stages
to make proper assessment and selection of their material. During the past few years
due to financial constraints, many researchers from state institutions are not able to
make adequate visit to Wellington. This trend if allowed to continue is bound to have
negative impact on the wheat improvement programmes of many of these state
institutions' lt is suggested that DWR should facilitate these visits of those who would
benefitfrom such help.

second and equally important, the Wellington station offers unrivalled opportunity for
study of wheat rusts, the stem and leaf rusts because it is a hot spot of these diseases.It is the southern hills from where the disease inoculum spreads to the central and
northern wheat growing belts of the country. Unfortunately, wheat rust studies have not
received much attention at the Wellington station. The Team recommends that DWR
should establish a wheat rust laboratory at wellington, which will study the origin,
evolution and distribution of the different rusts races of wheat and characterise them.
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The laboratory will also initiate a systematic rust-monitoring programme through trap
nurseries and undertake race identification in collaboration with the Flowerdale station
at Shimla. ln addition the wheat rust laboratory will carry out intensive genetic studies
on the different races of wheat rusts. The Team has noted that genetics of wheat
resistance in wheat has not received as much attention in the country as it deserves.
The proposed laboratory should become a centre of excellence for genetics of rust
resistance.

The Wellington station has been historically a part of the lARl and has served well the
scientists of that institute and of other centres by providing off-season facilities. An
understanding has already been reached that lARl will make available to DWR the
necessary land for allocation to plant breeders who make request to DWR for off-
season facllities. This arrangement has worked well. The Team now recommends that
a minimum of 10 acres of land should be made available to DWR, both for off-season
facilities and for setting up of a wheat rust laboratory.

4.S.2.lnfrastructure
The station has four approved senior staff positions. However, since the retirement of
the head of the station about 8 months ago the new head is yet to take charge.
Currently the principal scientist pathology is acting as the head of the station. one
senior scientist position for breeding is also vacant. Since the main function of the
station is to provide logistic support to all those who use the facility as a summer
nursery, it may not be important to fill these senior staff vacancies. However, this
cannot be the case for support staff. The station would urgenfly need three T1 position
for fleld management, one tractor driver and a jeep driver. These flve support staff
positions are critical and any delay in recruiting people will have repercussions on the
quality of services that the station provides to the collaborating institutions.

The station used to have a drying unit. However this has broken down beyond repair.
For the success of summer nursery operations this is an essential set up and it is
suggested that DWR should consider building and equipping a drying room.

Few years ago a new seed store was added to the station. However, the room is too
humid and so any seed stored in this facility will loose its viability. So, it is suggested
that this room should be equipped with a dehumidifier and also provision should be
made to build wooden stilts so that the seed sacks do not come in direct contact with
ground.

Plant pathology is an important activity of this station. A working glasshouse is a must
for the success of this activity. The current glasshouse need urgent repair and this
should receive priority.

Many visitors frequent the station and there is no common room for visitors to meet and
discuss common problems. So, adding a meeting room to the existing facilities of
Wellington would be very useful.



Chapter 5

strategic Research at the Directorate of wheat Research

5.1. Major programmes
Wheat research at DWR is conducted under five disciplinary units namely, Crop
lmprovement; Resource Management; crop protection and Hearth; euarity and Basic
Science; and Statistics and Social Science. Currently, there are 46 scientists working
for DWR and they contribute 35.1 person years towards research.

5.1.1. Crop improvement
Crop lmprovementis the largestgroup at DWR having 19 scientists and 17.7 person
years of their time is devoted for research ln all there are six major projects and 15 sub
projects. Major themes covered under these projects are, pre-breeding, yield
enhancement, activities related to genetic resources, breeder seed, biotechnology, and
malt barley.

5.1 .2. Resource mana gement
Five scientists in this group devote 3.5 person years towards research. Their efforts are
concentrated upon the development of eco-friendly and cost effective production
technologies for wheat based cropping system.

5.1.3. Crop protection and health
A total of eleven scientists, six at DWR, Karnal and flve at the Regional Centre at
Shimla devote 7.1 person years in research. There are two sub projects and major
themes addressed under these sub projects are; disease surveillance, generating
knowledge concerning major diseases and pests, understanding the cropping system
needs and development of IPM modules, quantifying rust variability and genetics of rust
resistance.

5.1.4. Quality and basic sciences
The wheat industrial quality team comprise of three scientists and they spend a total of
two person years in research. There are two sub projects addressing various quality
aspects related to bread and chapati making and also the work on grain hardness,
storage protein and their influence on the industrial quality of wheat.

5.1.5. Statistics and socia! sciences
This group is made up of seven scientists and they devote 4.g person years in
research' There are two sub projects under this unit dealing with data management,
use of information technorogy, technorogy varidation and impact assessment.
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5.2. Research projects at DWR (1999-2004)
Since 1993, research is organized based on projects and at presentthere are 12 active
projects and 25 sub projects.

DWR/RP/992
DWR/RP/9+2.1
DWR/RP/992.2
DWR/RP/992.3
DWR/RP/992.4
DWR/RP/992.5

DWR/RP/993
DWR/RP/9$3.1
DWR/RP/993.2
DWR/RP/9S3.3

DWR/RP/994

DWR/RP/9S5

DWR/RP/9$6
DWR/RP/9$6.1

DWR/RP/996.2

DWR/RP/9$6.3

DWR/RP/997.0
DWR/RP/997.1
DWRiRP/997.2

DWR/RP/998.0
DWR/RP/9$8.1

DWR/RP/998.2
DWR/RP/998.3

DWR/RP/9S9

DWR/RP/9910

DWR/RP/9911

DWR/RP/991 1 .1

DWR/RP/9911.2

DWR/RP/gS12
DWR/RP/99^12.1
DWR/RP/99^12.2

Germplasm improvement for !ndogangetic phins and central lndia
Breeding wheat genogpes for rice wheat system of eastern lndia
Breeding for leaf blight resistance in wheat
Germplasm improvement for rust resistance
Development of wheat genotypes for restricted irrigation conditions
lmproving durum wheat with emphasis on quality and disease resistance

New avenues for yield enhancement
Development of hybrid wheat
Winter x spring hybridization
Pre breeding for economic traits

Maintenance of biodiversity in wheat and barley

Maintenance breeding and seed production

Molecular approach towards wheat / barley improvement
creating novel variability for disease resistance, qualitv and vield
components in wheat from alien species usingin vitro t6chniciues
ldentification of molecular markeri linked to thle stripe rust idsistance
(Yr16) and head scd resistance oenes
Use of molecular marker technology approach in wheat quality
improvement

Malt barley improvement
Breeding for malting quality improvement
ldentification of reliable traitsfor malt quality and basic studies on aphid
resistance in barley.

Development of suitable plant protection technology through lpM
survey a.nd surveillance of crop health in wheat including post harvest
s^urveys (Market pathology)
Generating basii knowledle in important diseases and pests of wheat
cropping system induced changes in pest system and synthesis of lpM
modules

Quantifying variability in wheat and barley rusts and genCics ofrust resistance

lntensification of research on ecofriendty and cost effectiveproduction technologies for wheat based iropping;tate-m
Quality improvement of wheat for industrial and traditionatproducts
lmproving wheat quality for chapati and bread
Characterization of grain hardness and storage protein genes for the
improvement of indr-istriat quiiiti or oi"ari *[Eii'"'-" 

r Yv' rv€

lnformation, technology refinement and lmpact assessment
Management of data and use of information technology
Technology validation and lmpact assessment
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5.3. Achievements, evaluation and analysis
Directorate of Wheat Research (DWR), the headquarter of All lndia Coordinated Wheat
and Barley lmprovement Project, in addition to its overall coordination responsibilities,
has made significant contributions in various areas of wheat research.

5.3.1. Coordination and services
The Directorate is actively involved in the receip! evaluation and dispersal to the
cooperating Centres of the international wheat nurseries obtained from ClMMyT,
Mexico and ICARDA, Syria. New materials introduced through these nurseries
benefited almost all the wheat research centres in the country. ln addition to
internationalnurseries, indigenous material developed by lndian Breeders is also being
evaluated in national nurseries.

The Directorate maintains about eight thousand accessions of indigenous and exotic
origin. These accessions are being characterized. About 18g5 accession have been
deposited in the gene bank with NBpGR along with their passportdata.

The Directorate is also coordinating the Disease Screening Nurseries at multi-locations
against major wheat diseases. More than 3000 germplasm at different stages of
development are screened in fourteen disease screening nurseries every year.
Approximately 18000 germplasm have been evaluated against major diseases at hot
spot locations under artificial epiphytotic conditions during the revlew period.

The Directorate also provided the lead in the evolution and perfection of new tillage
technologies including the tillage machine in order to reduce the cost of wheat
cultivation. Zero tillage is widely adopted in Haryana, picking up in punjab and also in
the north eastern states. Raised bed system of planting wheat has been adopted by
the farmers of Sriganganagar and Hanumangarh areas of Rajasthan and is also
spreading to other parts especially where water is a limited resource. The rotary tillage
also has been found to be more cost effective and the productivity recorded is about 10
per cent higher than all other tillage options including the conventionalfield preparation
involving 6-12 operations. ln addition significantprogress has been made in the crop
diversification or intensiflcation, management of inputs like fertiliser and water and the
time of application for greater productivity and quality of produce.

The Directorate has established a tairly well equipped laboratory for quality analysis
and succeeded in developing product specific threshold values for various quality
parameters. For example, for making good quality bread the requirements are: hard
wheat with 12.0% protein content, 60 ml sedimentation value, 1.0 p/L ratio, 250 W
value, 9 or 10 Glu-1 score having 5+10 high molecular glutenin subunits (HMWGS)
and the specific threshold values for making biscuits, chapati etc. have also been
worked out.
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The Directorate plans to strengthen its pre-breeding activities in the coming years.
Another major approach proposed for the tenth plan is the use of molecularmarkers in
breeding for disease resistance and quality improvement.

5.3.2. Genetic resources
Maintenance and exploitation of Genetic Resources (GR) is probably one of the most
important functions of DWR. An active project; DWR/RP/9$4 entifled " Maintenance of
biodiversity in wheat and barley is in progress since 1gg3. This is a fairly large project
and some nine scientists contribute a total of 3.9 person years towards this activity. The
objectives of which are:
. Germplasm strengthening through exploration and exchange.
' Conservation and maintenance of active collections and identified genetic stocks.o Characterization/evaluationof the accessions maintained at the directorate.
' Data base managementand softwaredevelopmentfordisseminationof information.. Registration of potential germplasm and proven genetic resources.
5.3.2.1. Achievements
5.3-2.1.1. Germplasm acquisition: When the DWR was shifted from lARl, Delhi to its
current headquarters in Karnal it brought with it a collection of some 5000 accessions.
Since then the collection was expanded through an active mission of exploration and
acquisition from various national centres, international institutions and other countries.

5'3'2.1.2. Conseruation and maintenance: DWR has at its headquarters two medium
term storage facilities for its active collections, one for barley and the second for wheat.
At present it has 5007 barley and 7916 wheat accessions stored in these facilities. ln
addition these collections are also stored at NBPGR and also at SNF, Lahoul since
1997 and the viability of seed is monitored every year.

5'3.2.1.3. Characterization of genetic resources: Using UPOV and lpGRl guideline
some 2100 wheat accessions were described during the period of 19g5-2001. ln
addition some 3'120 barley accessions were also classified using minimal descriptors.

5'3'2.1.4. Documentation and database management A database with 52 field was
developed and most of the accessions characterized so far by the DWR form part of
this' ln addition an inventory list of some 30 thousand entries of material available at
various breeding centres in lndia was also developed. Using nomenclature as a means
of identifying duplications would indicate that there are over 5000 duplications. Two
separate inventories one dealing with varieties released after 1g65 and a second of
varieties released prior to 1965 are also available. Also, all the germplasm in storage
are documented. Two catalogues of wheat have been published which include
released and AW ll material.
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5.3.2.1.5' Registration of genetic stocks: So far flve genetic stocks were submitted
and approved for inclusion in the National Register.

5.3.2.2. Evaluation and Analysis.
Genetic resources research is recognized as an important function of DWR. However,
in relative terms the resources committed to GR is much less than what it really
deserves. Programs are in place to collect, and conserve germplasm. Activities for
systematic evaluation, character2ation, and documentation have also been initiated.

Genetic Resources should continue to receive top attention amongst the activities of
DWR. Protection of GR and proper utilization of these resources are extremely
important and this can happen only if they are properly described and documented and
so DWR must make sure that this activity is given additional attention.

GR become useful when we know what is available and this can happen only when we
have a systematic evaluation and documentation process in place. A good beginning
has been made by the DWR, however this needs to be strengthened and expanded.
DWR must move aggressively in registering many more genetic stocks so that they
become available to the breeders and are also protected.

A variety is a delicate balance of gene combinations put together by farmers or
breeders using their many years of experience and hard work. This is the first source
that a breederwould use for developing new varieties. Since the early 1gO0 till to date
a large number of wheat varieties were released in lndia. lt is possible that some of
these are lost. But many of them are preserved at various breeding centres. lt would be
ideal if DWR could acquire all available wheat and barley released varieties of lndia
that are kept by breeders at various centres scattered through out the country and
maintain as a group in its bank. Also, it is important that this collection once put
together should be grown out and evaluated by a group of senior wheat breeders for
the authenticity of entries.

It is recommended that the genetic resource activities should take the central stage of
the crop improvement program at DWR and all pre-breeding activities of the crop
improvement should be treated as part of germplasm enhancement. ln order to indicate
the commitment of DWR towards GR it would be better to rename the " Crop
lmprovement" group as "Genetic Resources and Germplasm Enhancement". This
would indicate to the out side world that the commitment of DWR is more towards
genetic resources and its enhancement rather than germplasm improvement.

Given the fact that lndia has varietal protection legislation and is part of WTO/GATT,
there is urgency to develop various forms of material transfer agreements. Since, the
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requirements of most of the crops will be similar it may be more appropriate that ICAR
itself take this as one of the top priority items.

There is need for entering into a formal agreement between the NBpGR and DWR to
make the work of GR transparent, formal and legal.

5.3.3. Pre-breeding
ln order to provide diversified working gene pool to wheat breeders at various centres,
DWR has initiated various pre breeding and related activities. These activities fall under
six sub-projects belonging to two projects.

1. DWR/RP199.2.1 Breeding wheat genotypes for rice wheat system of eastern lndia.
2. DWR/RP199.2.2 Breedingfor leaf blighiresistancein wheat.
3. DWR/RP199.2.3 Germplasm improvementfor rust resistance.
4' DWR/RP199.2.4 Development of wheat genotypes for restricted irrigation

conditions.
5' DWR/RP199.2.5 lmproving durum wheat with emphasis on quality and disease

resistance.
6. DWR/RP199.3.2 WinterX spring hybridisation.

5.3.3.1 . Ach ievements, eval uation and anatysis
5.3.3.1'1. Breeding wheat genotypes for rice wheat system of east lndia: ln all
there are three scientists involved in this project contributing 1.2 person years. This is
an ongoing project since 1993 and has some good achievements like identifying
various sources of germplasm for traits needed for this system, physiologic studies
defining trait associations, and developing screening techniques and methodologies.
Activities of this kind are commendable and should be continued including the
development of genetic stocks.

The last objective of this project is to develop high yielding wheat genotypes for tillage
interaction, temperature tolerance and disease resistance with cropping system
perspective. Given the fact that there are so many breeding centres in the Eastern
lndian region, DWR should encourage and support this activity in one or more other
centres rather than taking up the work by itself.

5.3.3.1.2. Breeding for leaf blight resistance in wheat: Six scientists form part of this
project and they contribute a total of 1.7 person years. This is also an ongoing project
since 1993 and has made significant contribution in expanding the knowledge
concerning leaf blight and also has developed some good genetic material. A new
simplified technique was developed to create artificial epiphytotics of leaf blight. Also, a
new double digit scoring system for evaluating breeding populations was developed.
Based on similar arguments like the previous project all breeding activities associated
with this project also should be disinvested to an appropriate breeding centre. All the
other objectives and on going activities under this project are worthwhile and should be
continued.
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5.3.3.1.3. Germplasm improvement for rust resistance: Two scientists from DWR
form part of this project and 0. 7 person years of their time is devoted to this project.
Like the two previous projects this projectwas also initiated in 1993. Breeding for rust
resistance is a common feature for almost all the breeding centres in lndia. ln addition
there are two centres of excellence for rust research, one under the DWR itself and the
second one at the lARl regional station at Wellington. Since there is no collaboration
with any of these centres of excellence and since there is excellent work under way in
these two stations and also at almost all the breeding centres, this activity can only be
seen as duplication and hence should be discontinued.

However, there is need to establish a strong research effort in doing genetic analysis of
rust resistance and pyramiding both adult plant resistance and major genes in various
genetic backgrounds and distribute these genetic stocks to the various breeding
centres.

5'3.3.1.4. Development of wheat genotypes for restricted irrigation conditions: A
total of 0.8 person years by two DWR scientists form part of this project. Also six
stations, Powarkheda, lndore, Vijapur, Niphad, Akola, and sagar are used for
evaluation. This is a fairly new project and the objectives are appropriate. tnitial results
would indicate that there are genotypes available that combine yield potential and
adaptation to moisture stress conditions. Efforts to identify component traits, use of
physiologic tools, and efforts to understand the underlying factors for water use
efficiency are important. However, it is worth noting that the project should resist the
temptation of becoming another breeding effort.

5.3.3.1.5. lmproving durum wheat with emphasis on quality and disease
resistance: Three DWR scientists contribute 1.1 person years of their time towards
this project. The prgect so far has done a good job in screening about 4S0 exotic and
indigenous accessions for quality and yield parameters. A good number of lines with
high protein and high beta carotene were identified and 15 of them were shared with
collaborators through the National Genetic Stock Nursery. All these lines were also
crossed with high yielding widely adapted genotypes and segregating populations were
distributed. Attempts were also made to use two tetraploid species for improving grain
characters. An advanced durum line, DW 1001 from the DWR combining high yield and
quality successfully completed final testing under the coordinated advanced varietal
trial. There is evidence that the project is making good progress in developing
germplasm with high yierd, quarity and disease resistance.

The previous QRT of wheat has made a strong recommendation for acceleration of
research activities on durum wheat. ln addition to the lndore station of lARl, the centre
at Vijapur is being strengthened to undertake activities of this nature. tt is true that
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DWR has an excellent facility for screening for various quality parameters. lt would
have been more appropriate had this activity been undertaken by the lndore and
Vijapur centres in collaboration with the DWR quality laboratory rather than DWR itself
undertaking this work.

It is suggested that DWR should continue its efforts in identifying various new sources
for quality and disease resistance and concentrate its efforts in conducting genetic
analysis and pyramiding genes for quality traits and diseases resistance and their
distribution to cooperating centres.

5.3.3.1.6. Winter x spring hybridisation: A total of 0.6 person years of two scientists
are invested in this project. This is a collaborative project between the DWR and
VPKAS, Almora, in an attempt to introgress useful variability from winter gene pool to
the spring background. The project was initiated in 1998 and it is too early to judge the
impact. Since there is enormous divergence between these two gene pools and also
since there are thermo-periodic and photoperiodic genes involved, attempts to reduce
variability through backcrossing and application of heavy negative selection at early
stages and shuttling the materialthrough at least two locations will be helpful in making
progress. Probably DWR should serye as the second location for selection, this would
allow the DWR scientistto dedicate more time on the project.

5.3.4. lnter-generic and inter-specific hybridisation
It is commendable that DWR has initiated this work in exploiting variability from wild
relatives of wheat. All the activities are undertaken under the project DWR/Rp/gg.3.3
entitled "Pre breeding for economic traits". Three scientists from DWR and two
scientists belonging to the lARl regional station at Wellington are involved in this
project. A total of 0.8 man-years is the investment of DWR towards this project.

5.3.4.1. Achievements
The work at present is limited to exploiting a few accessions of an agropyron
introgression by the name of "Buitre" from CIMMYT, a series of synthetic wheats also
from CIMMYT, and a few wield relatives.

The source material "Buitre" has long spike, high biomass, large number of spikelets
and more number of seeds per spike. However, it is poor in tillering, susceplible to
many diseases, and has very poor grain filling. Attempts are under way in rectifying
these traits through pre breeding and the most advanced material are now at F4 stage.
Both segregating material (54, F2 populations) and advanced lines (13, F4 lines)
derived from "Buitre" are being distributed to the collaborating centres.

Among the wheat progenitors probably Aegiolops squarrosahas the best variability for
heat tolerance and biotic stresses. 99 synthetic wheats from CIMMyT involving some
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of the best durum wheats and squarrosa were evaluated for their potential and the best
were distributed to the collaborating centres. ln addition these were combined with
some of the best wheats and the segregating populations were also distributed to the
col laborati ng centres.

A large number (33) of tetraploid wheats belonging to four species were evaluated for
yield components and some of them were found to have large spikes and good tillering.
These selected wild relatives are being crossed to wheats and segregating populations
shall be shared with the breeding centres.

5.3.4.2. Evaluation and analysis
Consistent and continued improvements of the genetic yield potential of wheat, having
built in disease resistance, and having good grain quality are the best ways in
protecting the interest of the resource poor farmer. Availability of usable variability is
key in achieving these goals. Variability from wheat wild relatives is probably the best
source and exploitation of this variability is extremely important in keeping the
momentum in wheat breeding. The success of the wheat variety pBW 343 is a clear
indication of what a small segment of exotic genetic material can do to enhance yield
potential and adaptation. At present the wheat wild relatives are under-utilised and
there is need to reverse this situation. lndia used to have few centres of excellence in
exploiting this important variability. Unfortunately with the retirement of scientist or the
scientist moving on to other jobs there has been lack of attention for making use of this
very important variability.

It is urgent that DWR take initiative in establishing a centre of excellence at lARl and/or
at DWR to exploit the variability from the wheat relatives. The work at lARl at present is
embryonic and it is important that lARl and/or DWR (depending upon who undertakes
this activity) make a commitment to support it for at least 10 years through the
deployment of a very senior scientist and resources. lt is strongly recommended that
DWR should support this initiative. This would also mean that the programme should
expand the capacity to produce large numbers of double haploids and the capacity to
do systematic embryo rescue work. The success of this would also depend on the
ability to acquire large numbers of parental species, its maintenance and evaluation. lt
is important to link these activities with that of the activities of the biotechnology group,
because these two groups have a lot to gain from the complementarities that exist
between them.

5.3.5. Hybrid wheat
5.3.5.1. Relevance
ln recent year wheat productivity has been stagnating in the northern belt, the main
wheat producer states in lndia. Deployment of hybrid wheat strategy is being
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considered as one of the major initiative for bringing in significant yield gains in this
crop' The advantages of this technology have been demonstrated by a number of
workers in the past and heterosis ranging from 5% to as high as 41% has been
realised.

5.3.5.2. Bottleneck
Wheat is a natural hybrid, encompassing A, B and D genomes. During evolution it has
undergone through a process of diploidization, which the present day hexaploid wheats
are akin to diploids in their breeding behaviour. Wheat is a self-pollinating crop and
therefore hybrid seed production at commercial level is the major impediment in
implementing the hybrid wheat technology. ln recent years, cytoplasmic male sterile
system primarily based on Triticum timophevi cytoplasm has received very high
attention of the breeders. However, the technical difficulties associated with the CMS
based three line system has forced breeders to look for alternative strategies. The
chemical hybridising agent (CHA) is one such strategy, which is being pursued both by
private and public sector institutions. The Directorate of Wheat Research opted for this
technology and in the last one decade has tried a large number of chemicals for their
male gametocidal effect without interfering with the functioning of the female
gametophytes.

5.3.5.3. Achievements
Research efforts on hybrid wheat using chemical hybridising agents (CHA) were
initiated in 1995 at DWR. During the period 50 different chemical molecules, a few of
which synthesized in collaboration with National Chemical Laboratory, pune, were
evaluated for their male gametocidal activity. Of these, only 5 chemical hybridising
agents, viz. CH 9701, CH 9702, CH 9708, CH 9831 and CH 9832 exhibited acceptable
levels of male sterility. Female sterility was lowest with cH g70g and cH gg32. The
most suitable stage of plant growth highly responsive to the spray of the chemicals, vis-
d-vis the genetic background (wheat genotypes to be used as female parents) has
been work out' Among 49 test hybrids evaluated during 1gg9-2000 only three hybrids
(HM 99168, HM 99160 and HM 9997) exhibited more than 15% standard heterosis. ln
the year 2000-2001, two hybrids HM 99168 and HM g997 again exhibited nearty 15%
superiority over the best high yielding variety pBW 343 at 3 locations.

5.3.5.4. Evaluation and analysis
The chemical hybridising agent (CHA) based male sterility has distinct advantages over
the CMS systems and therefore search for chemicals predominanily affecting male
fertility, without any appreciable detrimentaleffect on female fertility, was initiated by the
DWR. The chemicals were synthesized based on their scientiflc merits by National
Chemical Laboratory, Pune, and therefore, the approach being followed is not a hit and
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trial approach but based on sound scientific reasoning. The protocols for the spray of
the chemicals for realizing maximum male sterility have been developed. For
commercial hybrid seed production, however, there are still a few gaps that need to be
addressed. The major requirement is development of efficient pollination system. Like
rice, Giberlic Acid spray for elongating the spike bearing internode can be tried.
Likewise, mutants with altered floral morphology, most conducive to capturing the
pollen, can be another strategy promoting cross pollination.

5.3.5.5. Hybrid wheat - DWR stratery 2020
Heterosis, as demonstrated in the past, involved primarily already developed cultivars.
This is only a short term strategy for the exploitation of hybrid vigour in wheat
improvement. With the development of molecular breeding techniques, it is expected
that gene or gene complexes contributing to hybrid vigour will be discovered and
assembled to harness the heterotic advantages. lnitial studies have amply
demonstrated a very high degree of correlation between genetic distance and heterosis
and therefore, designing heterotic parents, which will not only address to the yield
potentials but also qualify of the produce, will be a distinct possibility. DWR will be
expected to locate and assemble the required gene pool in the heterotic parents and
supply them to conventional plant breeders for commercial exploitation. ln the
meantime, the application of chemical hybridising agents (CHA) identified by the DWR,
must be taken to a logical conclusion of commercialisation of the hybrid vigour in
wheat. The economic viability of this approach must also be clearly demonstrated.

5.3.6. Biotechnology
5.3.6.1. Relevance
Recent developments in the area of recombinant DNA technology and molecular
breeding have opened up altogether newer opportunities in crop improvement.
Within a short period of about two decades, these technologies have made much
deeper inroads than visualized in bringing in on one hand the preciseness,
reproducibility and time compaction in conventional plant breeding and on the other
hand provided access to a vast gene pool from across the biological world,
transcending the species and even phyla. Wheat crop fortunately is endowed with a
large amount of usable genetic variability form the available diploid progenitors and
a number of subspecies. Molecular tagging of desirable traits, and their mobilization
through breeding in wheat improvement, therefore, assumes great significance.
Moreover' with the vast cytogenetic knowledge gathered in this crop in the last
century and the availability of a number of aneuploid stocks provide an uncommon
opportunity of precisely locating the genes on the chromosomes. Already, genes
imparting resistance to various foliar diseases, yield and protein quality have been
tagged. As far as genetic engineering is concerned, wheat was found to be



54

recalcitrant to regeneration. Hence, the progress made in the area of genetic
engineering is in its infancy. Latest developments in a few laboratories around the
world do indicate a fare degree of success in transformation and regeneration of
wheat. Once perfected, these techniques will pave the way for developing
transgenics of economic interests.

5.3.6.2. Bottleneck
As of today very limited systematic work, in the area of molecular mapping,
character tagging and transgenesis in wheat in lndia has been initiated. Hence,
there are not many molecular markers available to the breeders. Likewise,
regeneration and transformation of wheat has not received any serious attention in
the country. ln addition, the general preparedness, measured in terms of available
human resource and infrastructure for applying molecular biology for wheat
improvement is not adequate and needs to be strengthened.

5.3.6.3. Achievements
The Directorate of Wheat Research, realizing the importance of molecular biology in
wheat improvement has set up a laboratory for Plant Biotechnology, to handle
molecular breeding related activities. The work undertaken in this area is
summarized below:

5.3.6.3.1. Tagging adult plant stripe rust resistance Yr 16 gene: Stripe rust, caused
by Puccinia striiformis, is a very serious pest of wheat and has in the past knocked
down a number of resistance genes. Adult plant resistant genes e.g. yr 16 and yr 1g
are now available to breeders for breeding stripe rust resistant varieties. Hence, a
programme has been initiated to tag Yr 16 gene using micro satellite markers.

5'3'6.3.2. Creation of repository of molecular markers: Molecular markers linked to
a number of leaf rust resistant genes, loose smut and high molecular weight protein
subunits have been procured from abroad.

5'3.6.3.3. Molecular studies on bread quality and kernel hardness: ln wheat,
Kernel hardness is a complex genetic trait and has been shown to have direct
correlation with protein content, hectolitre weight and thousand-kernel weight. The
recombinant inbred lines (RlLs) developed at DWR involving parents differing for this
trait, were screened using ISSR and RAPD primers. Eighteen markers were assigned
to T linkage groups covering 223.6 CM whereas 11 markers remained unlinked. A
multiple marker model explained percentage of phenotypic variation for kernel
hardness as 20.60/o, whereas that for protein content, hectolitre weight and thousand
kernel weight was 18.8%, 13.5% and 12.1o/o rcspectively. lt is concluded that the
kernelhardness is controlled by eTLs.
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5.3.6.4. Evaluation and analysis
The Directorate of Wheat Research deserves to be complemented for establishing a
biotechnology laboratory and initiating the work in the area of molecular breeding. The
work is in its infancy and needed to be strengthened on priority basis both in terms of
developments of infrastructure as well as human resources.

5.3.6,5. Vision of wheat molecular biology research at DWR
It is being visualized world over that in years to come molecular breeding will become
an integral part of normal crop improvement activities. Hence, adequate number of
trained personnel and basic infrastructure must be in place.

At present, the scientists involved in this programme are developing the molecular
markers on their own as well as creating a repository by importing from abroad a few
of the molecular markers linked to various traits of economic importance. Both these
approaches must be followed vigorously. The markers generated indigenously and
those obtained from other laboratories would require validation before they are used
in marked aided selections. Also a systematic marker aided selection programme
for wheat improvement would require development of critical mapping and tagging
populations. Since population development is a tedious and time consuming activity,
it is time that DWR initiates, alone or in association with its cooperating centres,
appropriate steps in this direction - starting from identifying the parents endowed
with contrasting traits of economic importance and their utilization in establishing so
called immortal mapping populations comprising of double haploids and recombinant
inbred lines. ln future a large number of genes for yield and quality traits are
expected to be discovered and therefore, their utilization in developing designer crop
would require in place a reproducible transformation protocol. lt is therefore,
suggested that work should be initiated in this area.

' Characterize germplasm for traits of economic importance, this activity can be
undertaken in association with the cooperating centres.

' Develop mapping and tagging population. Doubled haploids; Recombinant inbred
lines.

o Moleculartagging of the desirabletraits

. Validate the markers for marker aided selection

. Establish working linkages with
i) lnternational Wheat Triticum lnitiative for sharing the probes already developed

as well as for getting access to the latest developments in wheat genomics.ii) Rice Genome Sequencing Programme at NRCPB, Delhi w'ith the aim of
initiating wheat genome sequencing, at least of the ESTS, for converting them
into suitable markers and for deriving advantages from gene annotation and
related genoformatic work being undertaken

. lnitiate work in the area of genetic transformation.
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5.3.7. Wheat agrcinomy including precision farming
5.3.7.1. Research priorities
The priorities of research for \Mreat Agronomy and precision farming during 1gg3-g8,
at DWR Karnalwere:

(i) Tillage and crop establishment
(ii) Developing cost effective wheat production technologies
(iii) Diversification of rice-wheat system
(iv) Enhancing micronutrient availability in seed and physicochemical properties of

the soil, and
(v) lntegrated weed managementfor wheat

While setting these priorities, the main objectives were to (i) reduce the cost of
cultivation, (ii) improve inputs use efficiency and (iii) screen effective herbicides for the
control of Phalaris minor.

For reducing cost of production and improving inputs use efficiency, experiments were
conducted on: Zero-tillage system in wheat, furrow-irrigated raised bed systems,
diversification of rice-wheat system, and balanced use of micrenutrients with macro
nutrients with special reference to enhancing micronutrient availability in seed and
physicochemical propedes of soil.

5.3.7.2. Achievements
5-3.7.2.1. Tillage and crop establishment: The Directorate of \Meat Research has
improved or developed the various alternate tillage technologies, the details of which
are summarised here.

(i) DWR developed FIRB system (Furrow lrrigated Raised Bed-planting)for sowing
of wheat. This system has shown superiority over conventionii sowing ii
respect to water and nutrient use efficiency, easier possibility of mechariical
weed control and extent of lodging. The differences in yield, however, were not
sig nifi cant between Fl RB and conventional sowing.

(ii) Zero-till technology for wheat has shown promise under rice-wheat system
especially when sowing of wheat is delayed due to late maturity of basmaii rice.
The research results have revealed that sowing of wheat can be advanced by g-
10 days, the time taken for field preparation, leading to better growth and yield in
addition to saving of about Rs. 20001 per hectare on tillage cost. Seed and
nitrogen requirement for zero-tillage conditions may be slighfly higher than the
conventional practice of wheat sowing. All the genotypes-may not be suitable
for zerotillage conditions and the one with longer coieoptiles bnd initial vigour
may perform better under zero-tillage.

(iii)Surface seeding of wheat - this technology can be used where second crop is
not possible due to non-tilled condition. This may provide avenues for more
area under wheat cultivation, advances the sowing time, eliminate the tillage
cost and double the cropping intensity of the region.

5.3.7.2.2. Diversification of rice-wheat system: To sustain the long-term productivity
of rice-wheat system, efforts were made to preserve soil health and controlthe menace
of dreaded weed, Phalaris minor. As rice-wheat system is the most profitable and the
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farmers are not ready to switch over to other cropping sequence, it was thought to
diversity the system by introducing short duration crops like potato or vegetable pea.
Growing potato between the area timely planted rice and late sown wheat has proved
to be the best option with respect to higher returns compared to rice.wheat grown
traditionally or under zerotillage system. The rice-potatesunflower sequence gave the
highest returns but the benefit was only due to the price difference, which is bound to
narrow down if area under sunflower increases.

5.3.7.2.3. Balanced use of nutrients and integrated nutrient management: ln North
Western Plains Zone, where yield potentialis between 6.0 to 6.5 Uha, the crop requires
150 kg N, 75 kg P2o5, 50 kg Kzo and 25 kg Znsoa per hectare with 10 vha FyM. ln
North Eastern Plains Zone where yield potential is relatively low i.e. 4.5 to 5.0 Uha the
crop requires 150 kg N, 75 kg PzOs, 50 kg K2O per ha in combinationwith 25 kg ZnSOa
and 10 Uha FYM. Application of micronutrients through soil and foliar application helps
in increasing the micronutrient contents of grains, higher seed recovery and better
vigour for a longer time compared to seed from untreated wheat crop.

5.3.7.2.4. Effective control of phalaris minor
(i) Diversification of rice-wheat system is beneficial for the control of phalaris minor.

lntroduction of early maturing varieties of vegetable pea or potato in between rice
and late sown whet can be a most suitable oftion for weed management in general
and Phalaris minorin particular. Another option for the control of this dreaded weed
can be through introducing a crop like berseem in place of wheat once in 2 to 3
years.

(ii) Tillage practices for crop establishmentlike FIRB system with 3 rows of wheat over
ridges (beds) has given good results for minimising'phalans population.

(iii) For chemical control of weeds, experimental findings revealed that surfasulfuron
(Leader) @ 33.3 g/ha and metribuzin ( sencor) @ zsogha can be used as a
substitute to lsoproturon for g0 to 95 per ceni control of resistant biotypes of
Phalaris and 68 to 90 % of broad leaf weeds. The other herbicides found effective
against Phalariswere puma Super, Topik and Grasp.

5.3.7.3. Evaluation and analysis
The above findings were the outcome of several experiments conducted under one
mega project i.e. lmpact of tillage, nutrition, crop sequence on sustainability of rice-
wheat system. This project was later on merged into another mega project, r.e.
lntensification of research on eco-friendly and cost-effective production technologies for
wheat based cropping system during 1999. The objectives of this project are:
(il Optimising inputs for different tiilage options

1!il Optimising tillage practices for higher wheat productivity at tower cost(iii) Evaluating the role of bio-fertilizeis in economising N anO p application of wheat(iv) Diversificationof ric+wheat system for sustainediroductivity 
'

(rl Developing strategies for managementof crop residues
(vi) Developing package of practicei for hybrid wheat cultivation
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(ri!) Io develop the suitable weed management practices in wheat based system
(viii)To conduct on-farm trials for fine-tuning the technologies, their adoptioh and impact

assessment
(ix) Management of production technologies for cotton-wheat system
(x) Evalualion of soil physical and chemical changes under different tillage, cropping

system and residue management practices.

These objectives, in fact are titles of different experiments conducted under this project.
Although, conceptually the approaches are innovative and new but except for new
tillage options, diversification of rice-wheat system, and screening of new herbicides,
results of other experiments are not yet conclusive. To make wheat cultivation a
profitable preposition on long-term basis without adversely affecting the resource base,
results of following experiments may prove useful:
(i) Evaluating the role of bio-fertilizers in economising on N and P application to wheat.
(ii) Developing strategies for management of crop residues

The research on tillage and crop establishment led to the development of two
technologies i.e. Zero-tillage in wheat, and furrow-irrigated raised-bed planting system
(FIRB). lt is claimed that 25 to 50% saving in irrigation water, and 25 to 40o/o

improvement in nutrient use efficiency may be achieved by FIRB system. These
claims, however, are not based on scientifically recorded observations. These
calculations have been made indirectly. Therefore, it is suggested that to show
superiority of new techniques over conventional sowing, uptake of nutrients,
consumptive use of water, irrigation efficiency, rooting pattern and bulk-density etc.
should be measured in both the systems.

The FIRB may not be suitable for all soil conditions and cropping systems. ln fact the
FIRB system has been taken from Mexico where it is common in cotton, maize,
sorghum and soybean systems and wheat follows these crops. ln lndia, FIRB is being
tried in rice-wheat system. Since rice require more water and here it has to be grown as
upland crop, therefore to popularise FIRB in rice.wheat system, agronomy of aerobic
rice has to be developed first. Otheruvise FIRB system be popularised in systems like
sugarcan+wheat, cotton-wheat and pearl millelwheat. Optimum moisture content on
the ridges where sowing is done may also be determined, and methods should be
worked out to obtain this optimum moisture at the time of sowing on the top of the
ridges.

Similarly, Zero{illage is not suitable for all soil conditions and farming situations,
therefore, to develop precise agronomy it is imperative to specify the conditions and
optimum moisture content in the soil when zero-tilling will be more effective and
efficient. Longterm consequences of zeretilling may also be worked out. Basic
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information like 'root development, water and nutrient uptake and crop canopy
development under zerotillage and FIRB method may also be recorded.

lnvestigations on role of micronutrients for sustaining productivity are more urgent now
than ever. Agronomically, it would be important to increase soil nutrient supply capacity
(SNSC) to increase efficiency of applied nutrients, but increasing SNSC is not easy.
One possibility is to use organic sources of fertilisers. However, the release pattern of
these sources of nutrients better match the needs of the crop, resulting in higher
efficiency. Unfortunately, organic sources are not easily available in required quantities
in many parts of the country. Under such situations, recycling of crop residues assumes
considerable signifi cance

ln North Western lndia where DWR is located, three important crop rotations are
practised i.e. rice-wheat, cotton-wheat, sugarcaneratoon-wheat. ln addition, wheat is
also grown in maize-wheat and pearl millet-wheat rotations. However, most of the
research in agronomy remained confined to rice-wheat rotation. Production constraints
of cultivating wheat in all the above rotations may be identified through diagnostic
surveys with farmers' participation, and research efforts be initiated to workout solutions
to remove these constraints.

For developing precision agronomy, knowledge of variability in soil (soil fertility, soil
moisture, topography, vegetation cover etc.) and climate is most essential. For this, it is
suggested that DWR must create facilities for GIS and computer based simulation
modelling and one or two scientists be trained to work on these aspects.

5.3.8. Mechanisation
5.3.8.1 . Research priorities
The major emphasis of mechanisation of wheat cultivation was to develop new and/or
modify already available machines for sowing under zero-tillage, rotary tillage and FIRB
System' Recently, however, a mission mode project on rice-wheat mechanisation has
been sanctioned for DWR, Karnal under NATP with a lead Centre at CIAE, Bhopal.
The main thrust of this project is to popularise new tillage technologies like zero-tillage,
rotary tillage and FIRB system. The work is being done in farmers' participatory mode.
The issue of residue management especially sowing in the presence of loose residue
left behind after combine harvesting is also proposed to be addressed and the
development of suitable machines is to be done by clAE, pAU and GBpUAT and
subsequently tested by DWR.

5.3.8.2. Achievements
A machine called, "DWR Rotarytill drill" was got fabricated combining the rotator and
seed-cum-fertilizer drill. This machine is suitable for sowing wheat after rice in a single
operation leading to considerable saving on account of time and fuel consumption. This
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machine has also shown promise to simultaneously incorporate crop residues and can
be used for puddling/ field preparation for rice in a singre tractor pass.

For sowing on raised beds and simultaneous placement of fertilizer below the seed, a

bed maker-cum-seed drill named "DWR planter" was developed, perfected and got
fabricated from local fabricator. This planter prepares two beds covering an area of
about 1.4 m wide with options of sowing one to three lines on each bed. Provision is

also made for adjusting the height and width of the beds. ln this system, inter-culture
operations can also be mechanised if narrow -wheel tractor is available.

The zero tillage machine developed at GBPUA&T had problem of missing at places
due to rigid side driving wheel as the rice field has depressions due to footprints and
tractor tracks leading to patchy crop stand. This machine was modified and perfected
by bringing the driving wheel in front and making it floating type and replacing the side
driving wheel with another balancing wheel. The perfected version being used by the
farmers has two side balancing wheel and one front floating type driving wheel which
takes care of the uneven field after rice harvest leading to good crop stand.

5.3.8.3. Evaluation and analysis
The research on mechanisation of wheat cultivation was confined only to seed-bed
preparation and sowing. ln absence of Agricultural Engineer in the Directorate, a Soil
ScientisUAgronomist looked after the mechanisation work. They with the help of local
manufacturers of farm implements got the available machines improved or modified to
suit their conditions. Wth these effort machines like Zero-till drill was improved and
DWR rotary{ill drill and DWR Planterwere developed and further refined.

It is suggested that a post of Agricultural Engineer may be created in the Directorate so
that he takes care of all aspects of mechanisation of wheat cultivation like pesticide
spray, hoeing and interculturing, fertilizer placement, micro.irrigation (sprinkler, over-
head or drip), fertigation, combine harvester, residue chopper and collector efc.
Mechanisation should be given top priority in Xth Plan for bringing precision in
agronomy and reducing cost of cultivation.

Somehow we fail to recognise agronomy network like the wheat breeding network. lt is
important that we should recognise a few centres of excellence for wheat agronomy
and mechanisation. Moreover, there should be linkages between the DWR, rice-wheat
consortium and the cropping systems group to make their efforts more successful.

5.3.9. Wheat quality
5.3.9.1. Priorities, programmes and projects
As per the mandate of DWR, the breeding programmes were mainly focussed on yield
increase and disease resistance with a view to attaining self-sufficiency. Hence,
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attention to wheat quality research has been relatively less. However, the importance of
research on wheat quality was realized and work was initiated in this direction during
the second half of the 1990s. Research has been initiated to develop "producfspecific
quality wheats". ln a short span of 4 years, a world class Quality Laboratory with
relevant equipment and facilities has been set up at Karnal, with eight sub-centres
across the country. The advantages of this set up for analytical capabilities were also
extended to the barley improvementprogramme.

5.3.9.2. Achievements, evaluation and anatysis
5.3.9.2.1. lmplementation of SDS PAGE anatysis for storage proteins for
screening wheat lines: Although this technique has been routinely used worldwide in
many of the wheat research laboratories for screening diverse wheat lines based on
differences in their storage proteins, it was during the period covered by this Review
that DWR has set up the required facilities and has attained significant expertise in this
field. The released lndian wheat varieties, new breeding lines and advanced selections
are now catalogued for the protein profiles of high and low molecular weight Glutenin
sub-units (HMWGS & LMWGS), Gliadins and other proteins like Puroindolines or
Friabilins. Setting up of a full-fledged laboratory, standardization of these methods,
developing expertise that can train others in the country have been significant
achievements in a short time. However, maintaining the equipment assets through the
Annual Maintenance Contracts (AMC) with respective equipment manufacturers or
suppliers would be essential in future.

Two training workshops for determining the quality of wheat were successfully
organised for technical personnel from different industrial and public sector institutions.
More are planned during the coming years. Excellent laboratory manuals have also
been published. ln addition, "First Annual Workshop of NATp project on euality
lmprovement of Bread and Durum wheat (PSR 20)" was organized by DWR at lndore
during June 2001, with participation from lndustries as well. The importance of quality
attributes with respect to breeding for quality was also highlighted, wherein special
reference was made to achieving competitive advantage in the lnternational market.
The role of wheat gluten proteins and their subunits for different functionality in foods
like bread, pasta, biscuits efc. was elaborated.

5'3'9.2.2. Cataloguing of HMWGS composition of lndian wheat lines, together
with understanding functionality of protein fractions: Based on the results of
DWR analyses and the literature on bread and biscuit wheats for Glu-1 scores, DWR
has classified lndian wheat lines as specifically good for bread, biscuits, pasta or
chapati. Further, the overall analysis revealed that majorig of lndian advanced lines
(55%) possess Glu-1 subunits 2+12 and the other 40% possess S+10 subunits. ln
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addition, it has also been identifled that the non-compliance of lndian wheat lines
(possessing 5+10 subunits for threshold international standards) for better loaf
volumes may be due to various characters including the presence of 1B-1R
translocation in some of the lines. As a result of extensive analysis of wheat storage
proteins of different kinds in wheat varieties and their functionality, DWR has oulined
the threshold values for different types of wheat-based products as shown below.

5.3.9.2.2-1. Threshold values of quality parameters for bread: For making good
quality bread the wheat characteristics like >12o/o protein, >60m1 sedimentation value,
-1 PIL ratio, >250 W value, 9-10 Glu-1 score with 5+10 subunits and hard texture have
been identifled as the responsible factors. The wheat lines producing better quality
breads have been identifled.

5-3.9-2.2,2. Threshold values for quality parameters for biscuits
Work carried out at DWR during recent years revealed that the weak and soft wheat
with <10% protein and -50% Alkaline Water Retention Capacity (AWRC) produce
good quality biscuits. Strong negative correlation between AWRC and spread factor
has been established for lndian biscuit wheat. Further, importance of friabilin, pin A, pin
B, spread factor and AWRC in screening breeding lines have been apfly emphasized.
Further, cloning of the hardness gene has been done and molecular approach in this
direction in the long run will undoubtedly bring useful results.

5.3.9.2.2.3.ldentifying the threshotd values for pasta
Similarly, requirements of wheat for making good quality pasta (>12.s% protein,
sedimentation value>40m|, B-carotenerTppm, and y-gliadin 45) have also been
identifled' The breeding programme has considered these aspects and there are
several promising lines meeting these characteristics.

5.3.9.2.2.4. ldentifying the threshold values for chapati
Chapati being the major staple food in lndia, attention has been paid to the
physicochemical characteristics that make good chapati. presence of the HMW
Glutenin subunit 20 and a set of 3 y-gliadins have been identified as the major
components attributable to good quality chapati. Phenol test, although developed for
identifying durum wheats, has been useful to identify good chapati wheat and has also
gained wide use in lndustry.

The common notion that "for good chapati making quality wheat should have 1 0-12yo
protein with medium to medium hard texture" does not hold true any more as
demonstrated by DWR. The three varieties, now known to be best for chapati quality
have Glu-1 score of only 4, indicating that they are soft textured grains. Other varieties
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making good quality chapati vary in their Glu-1 score and do not show any relationship
with grain hardness.

The role of HMWGS in determining bread quality has been well researched in the world
during last 30-40 years. Today, it is possible to select a wheat variety for a desired
bread quality attribute based on the HMWGS composition. However, their role in
chapati quality needs to be established. Like bread, a scoring system based on the
protein composition for chapati quality attributes needs to be established. Although the
tedium involved in this research is considerable and it may take long time for
developing such a scoring system, but this needs more emphasis in future.

5.3.9.2.3. Development of specific quality determining kiudevices
Two major kits/devices were developed by DWR scientists: (1) The durum identification
kit which helps in identifuing the purity of durum wheat based on the phenol test, and
(2) Low-cost-Hectoliter weight measurement device Both have special merit, since
both are directly usable by customers at low cost, and with greater convenience.

It will be quite useful if more such easy-to-use kits are developed. This will help farmers
and business groups in buying selected varieties. For example, one of the major
attributes ls dough colour/stickiness development. Such kits also can be developed
based on the industries' needs. Similarly, a reasonably acceptable test for identification
of a wheat variety at Mandi level in the shortest possible time would be of great help to
the industrialsector in lndia.

ln planning for the selection of parents for breeding programmes the contribution of
the quality laboratory should be increased so that the directional breeding towards
improving the quality attributes of wheat lines can be carried out.

It is important that we classify all the different production environments in the country
with respect to the quality traits for which they are favourable. DWR should develop
a wheat map of lndia, which shows those regions that favour particular quality
characteristics.

5'3'9'2'4' Variation of protein in samptes form market and experimentaltrials
The observation of variation in protein content in samples from the market and the
experimental fields needs to be resolved through proper training to farmers and
cultivators' The 1% lower values of proteins in the market sample in general, may be
due to inadequate fertilizer application/ irrigation regime by farmers but that can be
overcome by providing the complete package of practice for each variety to farmers.
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Protein proflling using SDS PAGE has been a very simple and easy to use technique
but there are reports using capillary electrophoresis, which is faster (3 minutes per
sample) and may be explored for varietal differences.

Although, the importance of gluten proteins having a sizeable role in controlling
functionality of wheat based food products cannot be underestimated, other
components like polar lipids and hemicelluloses should be evaluated. We have litfle
information on these components with respect to lndian wheat lines used for
breeding programmes. These are smaller components of food matrix but may have a
major role as limiting factors.

Further, starch granule type A:B ratios may also be important with respect to wheat
line available. Recently, it has been demonstrated that the very old varieties in the
world had mainly large type A starch granules and the newer varieties have both A
and B type granules. This will be quite important since starch damage increases
during milling with the larger granules. Now the ratio is changing in newer varieties.

5.3.9.2.5. Usage of PGR and micronutrients for yellow berry controt
Alleviation of yellow berry in durum wheat using micronutrient and pGRs at speciflc
stages has been a good finding and needs to be recognised.

5.3'9.2.6. work on Dicoccum and its nutritionat importance.
Work carried out at Dharwad on Dicoccum breeding appears to have special
advantages as far as the nutritional improvement and functionality are concerned.
The role of this species in controlling the blood sugar and cholesterol levels has
been a very interesting finding since a significant percentage of lndian population is
diabetic. More emphasis should be given to the Dicoccum improvement through
directional breeding. The nutritional analysis may require some collaboration with
NlN, Hyderabad.

Looking into the overall significant and valuable contribu1ons, DWR has made
considerable progress in the field of quality improvement of lndian wheats. The focus
from "feeding population" will have to be combined with higher emphasis on the needs
of the consumer and customer (millers and processors). Keeping these aspects in
mind, it is important that DWR promotes the culture of breeding for quality attributes, to
make the lndian wheat rndustry as one of the most profitabre.

Wheat breeding programme should search for "parents for good quality" traits. lt is also
important that in all those regions having good potential for producing quality wheat, the
breeders must practice early generation selection methods in identifying better quality
genotypes. The internationalstandards of Canadian and Australian wheat boards need
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to be constantly followed, and accordingly required changes in our breeding
programme must be made.

Selection of lines for AW and NIW were made based on the yield and disease
resistance as the major criteria. This needs to be changed and quality aftributes should
be considered even if the yield is either at par with check or slightly less within certain
limits. These types of lines in NIVT should be advanced for AW. This would be
inevitable considering the changing lndian quality-conscious-consumers and the
requirements of the international market.

There are eight centres of quality laboratory. However, only a few appear fully
functional. They may be reduced to four or five, based on different zones and the work
should be distributed amongst them rationally. However, SDS PAGE equipment should
be made available at all the centres, as it does not require much investment. The other
four suggested centres should be equipped at least with the basic requirements like
SDS-PAGE and other low cost equipment. Some funding may be required to cover
these aspects in a fruitful manner and that may be budgeted appropriately.

States of Madhya Pradesh, Maharashtra and Karnataka are the ones endowed with
the environmental conditions to produce good industrial quality wheat. lt is
recommended that the lARl centre at lndore, ARI at Pune and the research centre at
Dharwad should be classified as centres for breeding for high quality wheat and they
should receive special support in establishing laboratories in screening their breeding
materialfrom the very early generations.

DWR should explore the possibility of using capillary electrophoresis for screening
varieties for protein composition. lf proved useful, provide the facility to DWR for protein
analysis in germplasm togetherwith training to the concerned scientists.

Analysis of starch granule type in different wheat lines may be attempted at least once
to check whether it has any merit. Secondly, analysis of hemicelluloses and polar lipids
should be analysed on a regularbasis.

Rapid, non-expensive tests or guidelines should be developed and placed to the wider
public knowledge that can help the industry to ensure that they pay the premium for the
right kind of variety. This may not be that difficult as it appears and once developed at
least for a few premrum varieties, it will be a boon to the lndustry.

One of the most important aspects is to have a stronger interaction between lndustries
and DWR. Both should be aware of each other's requirements and capabilities.
lndustries generally want larger quantity of genetically pure seeds (5-100 kg) for
experimental trials to flnd out a suitable variety for product speciflc functionality.
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Speciflc centres should be entrusted for raising higher quantity of seeds of product
specific promising lines. Private industries may be charged a higher premium for
ensuring the purity. This may involve contract farming. The modalities may be worked
out for (1) revenue generation through private company, (2) lncentives for those
associated with raising the seeds from breeder to farmer, (3) buy-back guarantee to
keep the farmers interest, and (4) ensuring the purity to private industries.

Secondly, while purchasing wheat or barley variety, the industry is looking for rapid
tests for milling yield, flour quality characteristics like sticky dough or dough colour, beer
and malt quality, biscuit and cookies characteri$ics. DWR should look into these
aspects with a view to developing rapid tests in consultation with lndustries. Basically,
the interaction between industrial requirements and DWR capabilities should be
si gnificantly enhanced.

Since large amount of data for several thousand wheat lines is collected over years
form different geographical locations, it should be possible to develop predictive models
for variety and functionality. Similarly, statistical correlation using principal component
analysis (PCA) can be developed to establish relationships amongst estimated
parameters of different varieties and their functionality or quality of a variety. There are
several packages available that may make predictability of quality possible.

Sensory evaluation has been carried out in a relatively arbitrary manner based on the
human perception. This needs to be approached scientifically. The CFTRI, Bangalore
has a sensory science department and collaboration may be developed with them.
The information generated from this set up will be useful in establishing correlation
between wheat quality analyses and functional attributes.

Methods should be standardized for Chapati preparation, evaluation and attribute
understanding. Unfortunately, currently, there are no standard methods for chapati
preparation or evaluation. Further, the role of band 20 HMWGS, together with y gliadin-
45 and others need to be further understood.

Keep track of changing requirements of standards for exports as the uniformity of
grains and quality of seeds are going to be extremely competitive for exports. For
example, developed countries are slowly moving to Sortex for evaluating uniformity

Studies on enhancing wheat seed storability should be initiated to compete in the world
market. Currently litfle is being done in this direction.

Both for wheat and barley new methods with simplicity and "easy to use approach,,will
have to be worked out. The trend for changing the quality testing methods is becoming
more prevalent, especially with barley malt but the same applies to wheat also.
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5.3.10. Technotogy validation and impact assessment
5.3.10.1. Priorities, programme and projects
During the period under Review, 1500 demonstrationswere conducted in 14 states
over an area of 3216 hectare covering 3336 farmers. A large number of farmers, some
1840, were from north east plain zone.

Demonstrations were mainly confined to (i) introduction of new varieties (ii) zero tillage
technology (iii) FIRB system of sowing and (iv) correct method of herbicide application.

Besides demonstrations, the Directorate also produced 5 documentaries/feature news,
organised 6 seed days, 4 wheat days, 14 farmers days and participated in 14
exhibitions, Krishi Melas efc.

Production constraint analysis through PRA technique was also initiated in
Muzzafarpur, Samastipur and Vaishali districts of Bihar, Gunta district of Jharkhand,
Kaithal and Karnaldistricts of Haryana and Muktsar and Bhatinda districts of punjab.

5.3.1 0.2. Achievements
The results of the demonstrations revealed that it is possible to increase present wheat
productivity by 1.5 to 2 folds by improved technologies. lt was also indicated that
replacement of old varieties with newer ones are most urgenfly required in NEpZ
followed by PZ and CZ; and also with durum wheat in central zone. New varieties
developed for rainfed situations produced 55 to 70% gain in the yield at several places
in CZ

Zero tillage technology reduces production costs, shortens turnaround time between
crops to ensure more timely planting in basmatigrowing region/problematicsoils where
water stagnates for a longer period. Farmers can save about Rs. 1882/- per hectare by
adopting zero tillage technology in wheat crop.

The farmers can save 30-40% water depending upon soil type and 20-25 percent
inputs by adopting FIRB system.

Application of optimum doses of weedicides has signiflcantly contributed to increase in
wheat yields

The production constraints analysis initiated in different districts of Bihar and Jharkhand
in NEPZ and in Punjab and Haryana of NWPZ revealed that in Bihar and Jharkhand
major constraints are high rental charges of machinery, non-availability of power
machines at proper time, fragmentation of land, limitations of state extension
machinery, non-remunerative prices, non-availability of storage facility and lack of
delivery system at village level.
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The cost of wheat production per tonne was Rs. 4090/- in Haryana and Rs. 41g01 in
Punjab. ln Haryana, although farmers are incurring more costs but they are harvesting
more output at harvest. Therefore, per unit cost of production is less there than that in
Punjab.

ln Haryana, land preparation and threshing contribute much to cost of production, while
in Punjab harvesting, labour charges and land preparation are important cost
contributing factors.

5.3.10.3. Evaluation and analysis
Frontline demonstrations, Kisan melas, farmers'days efc. are the methods of extension
for popularising agro-techniques. These methods make farmers aware about new
technologies. However, in this system of extension, it is not possible to get feed back
from farmers to make further improvement in the technology. Therefore, to validate
and refine technologies as per farmers' resources, to validate and refine technologies
as per farmers' resources, involvement of farmers is must from the beginning of on-
farm trials' Such participatory on farm trials provide enough scope for suggesting
modifications in the technology. From farmers' involvement, one can understand
farmers' need for making improvement in agro-technologies as per his need. ln the
Directorate, modern statistical tools have not been employed to assess the impact of
technologies. However, it is essentially required to get feed back from stakeholders
about technologies and refinement may be taken up through research accordingly.

5.3.1 1. Crop physiology
5.3.1 1.1 . Research priorities
The priorities were to focus on foilowing abiotic stresses:

(1) Higl-l temperature tolerance in wheat with emphasis on terminal heat stress(ii) Tolerance of wheat genotypes to moisture stress
(iii) Tolerance of wheat genotypes to water logging at seedling stage

Under these priorities, experiments were formulated with speciflc objectives as:
5.3.1 1.1 .1. studies on high temperature toterance in wheat

(r) Io identify traits associated with high temperature tolerance.
(b) To develop screening techniques for ioeniification of high temperature tolerance.

5.3.1 1.1 .2. studies on moisture stress torerance in wheat
(a) Understanding physiologicarbasis of moisture stress torerance.
(b) To evaluate available techniques for screening wheat genotypes for moisture

stress tolerance.

5'3'11.1.3. studies on water rogging torerance in wheat
(a) To assess variability in tolerance to water logging in advanced wheat lines.(b) To identify wheat genotypes tolerant to wateriog"ging at seedling stage.(c) To identify traits associated with water rogging t6ierance.
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5.3.1 1.2. Achievements
5.3.11.2.1. High temperature tolerance: Attempts were made to understand
genotypes and environment interaction under late sown environment. lt was revealed
that the biomass plays a crucial role in determining grain yield as compared to any
other factors. Among various traits and techniques studied, Canopy Temperature
Depression was found to be more convenient and reliable for screening large number
of genotypes. To assess the performance of wheat genotypes under late sown
condition, rank point based method for all traits together was proposed. Polyhouse
technique has been found to be more promising for screening wheat genotypes for
heat tolerance. This method is being standardised further. Based on data collected
during different crop seasons on 12 wheatgenotypes, a novel indexwas derived and
proposed for assessing magnitude of heat stress under field condition. Genotypes,
PBW 373, RAJ 3765, HD 2189, NW 1014, NIAW 34 have been identified as heat
tolerant sources and have been proposed for extensive use in breeding programme.

5'3'11.2.2. Tolerance to moisture stress: Genotypes differing in relative drought
tolerance were used to study the effect of pre-anthesis water deflcits on
photosynthesis, growth and yield. The results indicated that preOanthesis water deflcit
affects adversely the main shoot grain yield of most of the cultivars tested. The stress
induced reduction in main shoot grain yield could not be explained by the effects on
photosynthesis. The low yields under pre-anthesis drought among the dwarf types
compensated better for yield loss in main short by their tiller grain yield.

An attempt was made to quantify seedling traits of ten diverse genotypes in a sand
culture experiment under flve moisture regimes. Thirty days after seeding, germination
percentage, coleoptile length, longest root length, leaf area, root dry weight and total
root length. A positive correlation between reduction in biomass or seed yield under
stress with seedling dry weight and total root length showed high correlation with per
cent reduction in biomass and grain yield. Quantifying early vigour in terms of seedling
characters accurately in sand culture can be used for early generation selection of
drought tolerant lines.

5.3'11.2.3. Water logging tolerance: Experiments were conducted with more than
300 diverse wheat genotypes to assess water logging tolerance at seedling stage.
Results revealed that considerable genetic variability exists for water logging tolerance
in advanced wheat genotypes collected from national and international sources.
Genotypes such as HD 2329 have been shown to be relatively tolerant to water logging
at seedling stage. lndigenous and exotic genotypes showing less than 10% reduction
on water logging at seedling stages have been identified and are being put to
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confirmation test. These genotypes will be registered as genetic stock after conflrming
the results

5.3.1 1.3. Evaluation and analysis
Although priority was given to high temperature, moisture and water logging stress, but
high temperature stress received greater emphasis. The salinity stress was not even
touched, probably because CSSRI Karnal might be doing this type of work. ln that
case, DWR should have linkages with CSSRI Karnal for this work, and data should be
reported in the annual report of DWR for further use by wheat scientists.

Further, may be because of lack of scientific manpower in crop physiology, work on all
the abiotic stresses could not get due emphasis. lt is recommended that scientific
positions in crop physiology may be raised to initiate following research work in crop
physiology in future.

5.3.1 1.3.1 . High temperature tolerance
(a) Making a database of heat tolerance traits in various wheat lines and registering

the promising ones as heat tolerant sources.

(b) Use of molecular techniques in developing screening techniques for identification
of heat tolerant sources.

(c) Simplification of cell membrane stability methodology to improve efficiency of this
method in screening large number of genotypes.

(d) Understanding relationship between morphological markers and heat tolerance.
(e) Elucidating relationship between root traits and heat tolerance.
(f) Testing some of the physiological approaches such as potential stem reserve

mobilization in selection of breeding materialat F4 onwards.

5.3.1 1.3.2. Moisture stress tolerance
(a) Exploring possibility of evolving breeder friendly technique to assess potential ofwheat genotypes to withstand retreating soil moisiure and recovery after

cessation of moisture stress particularly keeping in view limited moisture
availability for wheat crop. Use of rain shelter and line x source sprinkler system
for screening wheat genotypes for moisture stress tolerance.

5.3.1 1.3.3. Water logging tolerance
(a) Determining variability in aerenchyma in wheat genotypes and its relevance to

water logging tolerance.

(b) Registering promising genotypes having repeatedly performed better under water
logging situations.

(c) Field screening of promising genotypes in north-eastern plain zone where water
logging is a perennial problem at seedling stage and also at cssRl Karnal for
assessing these genotypes for salt stress.
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5.3.12. Biotic stresses

ln order to reducb the losses caused by pests, three projects with 3 sub-projects were
initiated at DWR to generate basic information on important diseases and pests where
gaps exists in our knowledge. The achievements, evaluation, analysis and

recommendationsfor each project are given below;

5.3.12.1. Epidemiology and management of Karnal Bunt and soil health in wheat
based cropping system

5.3.12.1.1 . Achievements

Most susceptible stage for artificial inoculation is the emergence of visible awns for

Karnal bunt of wheat. One hundred and fifty five isolates of Tiltetia indica were
classified in 3 groups on the basis of electrophoretic banding and have been

designated as ET1 , ET2 and ET3, which also differed in their distribution. ET1 was

encountered in Himalayan foothills, ET2 in Punjab and Haryana and ET3 was observed
in Delhi and Western UP. ln wheat and rice rotation, Trichoderma spp. were observed

in soil during wheat crop while Helminthosporium sativum and Fusarium moniliforme

were isolated during rice crop. lt is indicated that this might be the reason for increased

incidence of foliar blight. ln zero tillage population of Tylenchorhynchusincreased.

Spraying of biocontrolagent eg. Trichoderma hanianum and T. virde at proper stage of
plant growth was effective in controlling Karnal bunt and seed treatmentwith T. virdein
combination with Vitavax 75 WP (1/2 dose) was effective in controlling loose smut of
wheat.

5.3.12.1.2. Evaluation and analysis

1. More extensive studies are needed on the ecology and epidemiology of Karnal bunt
of wheat. The disease is mainly weather dependent but no meteorologicalfactors
has been correlated with the severe incidence of the disease. More testing on
pathogenic variability is required on differentials to confirm the electrophoretic
grouping of T. indica into ET1, ET2 and ET3.

2. Simple isolation of H. sativum and F. monitiforme from soil should not be inferred as
the source of primary inoculum for foliar blight. lt should be confirmed
experimentally.

3. Preliminary report on soil health is confusing. A multidisciplinary project should be
developed to study the change in soil texture, nutrient status, flora and fauna
including pathogenic organisms and insect pests under different wheat based
cropping systems, tillage and other agronomic practices so that remedial measures
may emerge from the project.
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5.3.12.2. Development of suitable plant protection technology for wheat through
IPM

This project has been divided into three sub-projects.

5.3-12.2.1. Survey and suryeillance of crop health in wheat including post harvest
surueys

5.3.12.2.1. 1 . Ach ievem ents
A team of scientists regularly survey and monitor the appearance and spread of the
disease during the crop season and after the harvest in different mandies for black
point, ear cockle, black discoloration, head scab and Karnal bunt. The information is
reported in "Wheat Crop Health Newsletter" and sent immediately to all the cooperators
and extension agencies for quick action at their end. The Directorate has published 7
issues of the newsletter of the volumeS during the last crop season. The incidence and
severity of the disease and pests varied from season to season.

5.3.12.2.1. 2. Evaluation and anatysis
It is a very important activity of the Directorate giving information on the disease and
pest situation of the crop during the season.

5.3.12.2.2. Generating basic knowtedge in important diseases and pests of wheat
The project has started since July 1999 with 9 objectives and major emphasis has
been given to the pathotypes of leaf blight pathogens, screening of germplasm and
genetics of disease resistance, identification of rust resistant genes, study of pest
complex, population dynamics of major pests and their enemies including aphids,
assessmentof losses by aphids and managing insect pests.

5.3.12.2.2.1 . Evaluation and Analysis
1. The project has diversified objectives. lt should be recasted by merging the

objectives on two major problems included in the project r.e. leaf blighi anO apniOs.

2. Two distinctfungi namely H. sativum and A. triticina are involved in inciting foliar
blight of wheat. The antagonistic and/or synergistic effect of both the pathogens on
the disease development should be studied. Screening of genotypes witfi fungal
toxin in glass house has been shown to be feasible. Exlensive testing of the
technique should be done at more centres to compare with that of field screJning.

3. Special emphasis should be given to understand the incidence of foliar and root
aphids, which were not a serious problem earlier. ls it due to evolution of new
biotype of aphids or due to deletion of aphid resistance from the varieties in the
breeding process?

5.3.12.2.3. Cropping system induced changes in pest systems, development of
IPM modules and studies on pest risk anatysii tor KB of wheat.

Out of eight integrated pest management modules evolved, seed treatment with (L
virde + carboxion Yz dose (1.25 gtkg of seed)) soil treatment with insecticide (for
termite) and spray of metasystox 25 EC @ 150 ml/lra for aphid control and growing
resistant variety was the best module in controlling the diseases and pests.
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Earlier findings bn the control of loose smut by seed treatment with half dose of
carboxin and L virde or T. hazianum were demonstrated at farmers' field with high
degree of disease control.

Differential effect of zero tillage and FIRBS on diseases and pest incidence has been
observed. ln zero tillage incidence of termite and pink stem borer increased while the
population of Tylenchorhynchus declined in FIRBS. lncidence of powdery mildew
increased in FIRBS cultivation of wheat.

5.3.12.2.3.1 . Evaluation and analysis
Differential effect of zero tillage and FIRBS on the incidence of diseases and pests
needs a thorough study on ecology of the pathogens and insects with the changed
tillage pattern in different cropping systems. IPM practices should be developed to
minimise the cost of cultivation for different crop rotations prevalent in different zones.
Effect of weedicides, insecticides and fungicides should also be observed on non-target
soil microflora in relation to pathogens.

5.3.12.3. Quantifying variability in wheat and barley rusts and genetics of rust
resistance

5.3.1 2.3.1 . Achievements

1. During the routine survey and surveillance for rust pathotypes especially in NWpZ
samples are collected and analysed on differentiais to (now the distri'bution and
evaluation of new pathotypes, if any. More than 11,71O samples of rusts collected
and/or received from different parts 9f the country were analysed for pathotypes
and prevalence in different zones. Early detection of new fathotype! netfs indeployment of corresponding sources of resistant genes in ih" breeding
programme. This has helped in avoiding the major epidehic of wheat rusts in the
country.

2' During the review period 7 new pathotypes (3 for brown rust and 4 for yellow rust)
were identified. During 1996 a new pathotype of leaf rust was found to be virulent
on Yr g and in 1997 a new pathotype virulenion Lr g was encountered.

3' Ninety eight pathotypes of rusts are being maintained in pure form by serial
inoculations on living seedlings comprising of 34 pathotypes of leaf rust, 27 ofyellow rust, 28 of stem rust and 3 each of-Puccinia graminis avenae, p. coronata
avenae and P. hordei. Nucleus inoculum of all the fathotypes of wheat, barley,
oats and linseed rusts have also been stored in liquid nitrogen at -1g0 .c.

4' Nucleus inoculums of different pathotypes of wheat and barley rusts were suppliedto scientists in different parts of lndia for screening advanced g"neration material
under artiflcial epiphytotic conditions in field/ glass h6use.

5. ln all 6,837 lines including advance entries from AW-1 and AVT-2, NlvT, lw ofwheat and barley were evaluated against individual pathotypes of rusts at seedling
stage. Twelve lines of wheat and three lines of barley were observed to be resistant
to all the rusts of wheat and barley, respectively.
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6' A cytological m'ethod.was d.eveloped to confirm the presence of Lr 26/51 31/yr gresistant genes to all thepathotypes of rusts except pathotype 46511t one pair of
satellite chromosomes (lB/lR) that carries genes for multiple disease resistance hasbeen confirmed on 13 rines having the resiitance to ail the patnotyfes.- 

- '

7 ' Leaf tip necrosis and microflecking has been identified as morphologicalmarker for
Lr 34 gene

8' Lr 48 and Lr 49 have been identified in CSP 44 and VL 404 respectively. These
two genes are responsible for slow rust resistance.

L Alien genes of exotic origin namety_Lr^1.9 (RL 6040) Lr 28 (cs2D2M), Lr 32 (RL
5497), Yr 5 (6 Avocets) and Yr 1! (_CN 250'87) were crossed to agronomically
s.uperior variety pBW 343, up 2338, wH 54i, HUW 234 AND ill 1077 fordeveloping genetic stock.

10'With gene matching technique, rust resistant genes were postulated in advancevarietaltrialentries by inoculating allthe pathotyfes of rusts aiseedling stage.

5.3.12.3.2. Evaluation and analysis
Monitoring of variability in rusts by regular surveys is one of the major activities of the
centre. Analysis and identification of the rust races from samples collected show the
distribution and prevalence of the pathotypes. Maintenance of all the exiting races of
wheat present in lndia and neighbouring country in pure form by periodical testing on
differentials is commendable. These activities are the backbone of the rust
resistance-breeding programme in the country. ldentification of number of
morphological and cytological markers for important resistance genes is another
area of practical importance. Scientists at the station have also started studies on the
genetics of rust resistance, rust resistance breeding programme and maintenance of
resistant stocks. Three advanced training programmes for enhancing the skills of the
scientists were also successfully conducted.

From the review of the work done by the plant protection group it is suggested that
the following points needs to be addressed for making the programme more
successful;

(i) Cost-benefit ratio should be worked out with each recommended practice ofintegrated pest management module and control measures recommended forindividual disease(s) and pest(s). This will help in making decision to adopt thetechnology at the farmers'fields.

(ii) Two fungi i.e' H. sativum and A. triticina cause the leaf blight but theirsynergistic/antagonistic interaction in producing the symptoms has not beenstudied' Preliminary work on screening of germpiasm by fiathogen's toxin has beendemonstrated- This needs extensive iestiig on large scate ,n-d", glasshouse andfield conditions.

(iii) A multidisciplinary project should be developed to study the change in soit healthespecially soil physicochemical properties, flora and fauna in.rriing'p-.thog.nr,insect-pests under different wheat based 
"rofping 

systems, tillage and other
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agronomic piactices. This will help in understanding the differential effect of zero
tillage and FIRBS on the incidence of diseases and pests. Emphasis should be
given to understand the cause of severe incidence of foliar and root aphids, which
were a minor pests.

(iv)A project on trade pathology (post-harvest pathology) should be developed to study
the scab, black tip, grain discolouration, Karnal bunt and other grain associatei
problems in depth. Five species of Fusanum have been implicated, as the causal
agent of scab but all of them may not be pathogenic. Basic studies are needed in
depth on etiology, epidemiology and presence of fusarial toxins in grains, if any.

(v) A vehicle be provided for Regional Station, Flowerdale for enhancing the movement
of scientists. The office building of the centre has become too old and a new
building is badly needed to accommodate the office.

(vi)Additional funds may be provided to strengthen the laboratory facilities of plant
pathology at NDUA&T, Kumarganj so that basic studies may be initiated on foliar
blight of wheat and barley.



Chapter 6

All lndia Coordinated Barley lmprovement project

The Review Team recognises that the All lndia Coordinated Barley lmprovement
Project, which in the year 1992 was transformed into a Barley Network, was flnally
merged with the AICWIP during the ninth Plan. ln this way the AICWIP became the All
lndia Wheat and Barley lmprovement Project (AICW&B|P). ln the preceding five
chapters we have focused on the AlCWlP, which obviously takes up most of the
resources of DWR and receives a much higher priority. The QRT believes that even
though the barley crop in lndia has seen a major decline in area and production and its
use as human food has also declined, nevertheless in our view barley remains an
important crop for lndia. lts importance arises from the fact that grown on less fertile
lands it has the potential to become a highly valuable industrial crop both for domestic
uses as well as for export. This chapter focuses on barley improvement work keeping
in view this major objective.

6.1. Origin and evotution of barley network
During the pre-green revolution period, barley was one of the important crops in the
rabi season. Therefore, to give boost to research on barley, ICAR started an All lndia
Coordinated Barley lmprovement Project in 1966. However, later on when modern
high yielding varieties of wheat were made available to farmers, and irrigation facilities
expanded, yields of wheat increased. As a consequence, area under barley started
declining, so also its importance. Even in dry lands, yields of wheat are higher than
that of barley, and for this reason, in post green revolution period, wheat area has
expanded, and that of barley decreased. ICAR took the decision to restructure the All
lndia Coordinated Research Project on Barley to a Network of barley research. Later
on this network was merged with the All lndia Coordinated Wheat lmprovement
Project. ln the year 1992, it became an integrated part of the Directorate of Wheat
Research, Karnal.

Barley is being cultrvated over 0.76 m ha with a total grain production of 1.435 million
tonnes at an average yield of 1888 kg/ha. The area, production and yield of barley in
different states are shown in Table-10.

Although, area under barley is very low compared to that under wheat, even then it
could be considered a sizeable area for promoting research on barley, particularly for
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industrial uses. Research on quality improvement of barley especially for malt purposes
has to be strengthened.

Table-10. Area, production and yield of barley in different states
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6.2. Organization and structure
coordinated research in Barley is being conducted through a network of 7 centres
located at Hisar (Haryana), Durgapura (Rajasthan), Faizabad (Uttar pradesh), Rewa
(Madhya Pradesh), Bajaura (Himachal Pradesh) and Karnal (Haryana), with a strength
of 16 scientists. Besides these centres, a number of other centres like IARI, Shimla,
VPKAS, Almora' PAU Ludhiana and the R&D group of U.B. Ltd are also working on
barley improvement work. A scientist at DWR, Karnal has been identified to look after
the coordination work under the overall supervision of the project Director.

However, the QRT believes that for efficient and systematic work on barley, it is
necessary to have a whole time Network Coordinator with functional autonomy. The
Network coordinator shourd report to the project Director.

6.3. Review of barley coordinating centres

6.3.1. Uttar Pradesh
It is the largest barley growing state in the country having an area of about 0.332 m ha
with a total grain production of 0.668 m tonnes at an average yield of 2013 kg/ha.
Faizabad is one of the leading centres in the state for barley research. During the
period under report, the centre has released three varieties of barley for different
situations, and submitted proposals for release of another two varieties to the

99

States Area
( 000 ha)

Production
(000 tonnes)

Yield (kg/ha)

Bihar 42.1 49.6 1178
Sikkim 1.1 1.6 1455
West Bengal 54 5.0 926
Haryana 34.0 88.0 2588
HimachafPradesh 26.3 345 3112
Jammu & Kashmir 8.0 5.1 A?R
Punjab 33.0 -1080-- ?)72.
Uttar Pradesh 332.3 --------6666

2013
uetnt 0.2 0.1 500
Ma0nya Pradesh 88.0 95.9 1 090
rvranarasntra
Re1aatran --_

1.5 12 800
188.5 378.0

1435.8
,nntr,

All lndia

er Sla/
760.4



78

Department of A$riculture, Government of Uttar Pradesh. The detailed characteristics
of these varieties are presented in Table_1 1 .

Table-11. Barley varieties released during the review period from Faizabad.

ln addition' the centre has collected and maintained 351 hulled and hull-less barley
germplasm, six-rowed and two-rowed. The centre has also contributed 42 varieties in
coordinated trials during the last 7 years, the period of this Review.

A number of foliar blight resistant entries with better yield potential in sodic soil have
also been identified. The incidence of foliar blight in screening trial was very high. There
is a sound breeding programme and 335 single plant selections for different stress
conditions have been made including those for quality (malt) traits.

crop management practices have also been evolved and optimum date of sowing
(around 25 November) and fertirizerschedure (60 kg N, 30 kg pzos ha -,) worked out.
6.3.2. Rajasthan
Rajasthan is the second important barley growing state with o.1gg m ha areas, 0.31g m
tonne total grain production and 2005 kg/ha average yields. Durgapura ( Jaipur) is the

nt characters

rendra

maturing (112 days), erect pant type,
thrives better in sodic/problemati<
soils (pH 9.&10.3 and EC 4.24.6 d
sm-'). Average yield 25 q/ha, but
shows plasticity for yield (2333 q/ha),
ear are medium, synchronous andparallel. Waxyness on leaves,
peduncle preserves moisture in platt
for longer time.

x rowed, hutled, dwafr (6571nml
Extra early (108 days), Better yieid
potential (4045 q/ha) under irrigated
timely sown condition. DLnse
arrangements of spike lets, seed bold
plumped lustrous, due to 4g g test
weight, may be used in barley based
industries.

for notification
, six rowed, dwad FScm)lEEiiV

maturing tr ro oavsi" :;"i:"'$;l
plasticity for yield (22-92 q/ha), suited
for problematicsoits ( pH 8.910.3, EC
4.M.8 dsml), waxyness on peduncle
and leaves. Ears long synch
and parallel. No lodqinq.

rainfed in U.P.
Hull-less,ffi
irrigated condition of U.p.

Jau-3
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main centre for barley research in the state, where the work on crop improvement,
resource management, crop protection, quality improvement, and production of
basic/breeder seed is being undertaken. During the review period (1gg32001),
following varieties were developed for various situations of production.
RD 2503 was released for timely sown irrigated conditions of NWpZ and NEpZ. lt is
also suitable for malting.
RD 2508 was released for unirrigated/rainfed and late sown conditions of NWpZ. lt is
also suitable for malting.
RD 2552 was released for normal sown, irrigated conditions of NWpZ and NEpZ. lt
was also found suitable for saline/alkalinesoils and brackish water.
Proposals have also been submitted for identification of following varieties. RD 2511,
RD 2521, RD 2525, and RD 2541.

At the centre 840 crosses were attempted and 640 superior genotypes were tested in
state trials. From these 160 genotypes were included in |vT/NIVT out of which 50
were promoted to AVT.

Fertilizer scheduling for malt barley worked out ( 1/3 N as basal and 213 dose of N at
first irrigation). Plant protection measures were also developed.

6.3.3. Madhya Pradesh
ln Madhya Pradesh, Rewa centre is involved in barley research where a set of 161
barley accessions was collected and evaluated using 15 descriptor until 1996-97.
From 1997-98 to 200G2001, 106 new germplasm lines were added in old accessions.
From 1997-98 to 2000-2001, the centre has contributed, g genotype for rainfed
situations and 9 genotypes for irrigated conditions. The Centre is also involved in
developing agronomy i.e. practices for malt barley.

5.3.4. Haryana
ln Haryana, barley is grown as an important feed and industrial crop. The All lndia
Barley lmprovement Project at Hisar came into operation in November 1g70. At that
time, in Haryana, barley was grown in an area of 0.108 m ha producing 0.124m tonnes
of grains with the productivity of 1 150 kg/ha. The average yield of this crop in the state
now has increased to 2998 kg/ha (199S2000) but the area has decreased to 0.034 m
ha (199$2000). About 87% of this area is irrigated and remaining 13% is rainfed. The
area of barley in Haryana has almost stabilized around 0.04 m ha during the last five
years, and there is a shift from traditional areas of Mohindergarh and Gurgaon to non-
traditionalareas of Hisar, Rohtak and Sirsa.

With the setting up of new barley breweries in recent years in Haryana and great
demand of good quality of barley malt in neighbouring countries, it is expected that
demand for malt barley will increase and to cope with this demands, the area under this
crop is likely to increase in near future.
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Hisar centre has contributed six genotypes to AVT of network research, and through
mutation breeding developed three new sources of dwarfing genes namely BH 564
from tall variety BH87; BH 565 and BH 566 from tall variety RD 250g. These new
dwarfing sources are good general combiners and being used in the breeding
programme.

ln barley, yellow rust, blights and nematodes are important production constraints. ln
addition brown rust is also attacking barley. Therefore, there is a need to develop
barley varieties with multiple disease resistance. Nine genotypes ( BH 462, BH 4g0,
LBH 445 & 447, BH 503, BH 491 , BH 472, BH 446 & 4g7) with muttipte disease
resistance have been identified

Efforts are also being made at Hisar to develop hybrid barley involving two sources of
cytoplasmic male sterility (CMS) yiz. msm 1 and msm 2.

6.4. Barley Quatity
Although the barley quality breeding programme is in its early stages, a few promising
lines (DWR 27, 2a, UBE 441, UBE 466, UBE 499, uBE 990, K 633 etc.) with better
malting quality have been developed. The major achievement is the incorporation in
breeding programme of introduced barley material from various countries and
standardization of parameters of lndustrial importance.

At DWR, the important parameters have been identified for grains as well as malt
quality similar to the current world standards. The procedures for their routine analysis
have also been standardized. The Phoenix auto analyser is an extremely useful
instrument for the "malting behaviour" analysis of large number of samples. Other
required equipments for analysis are also available in quality laboratory at Karnal.

The protein composition analysis of barley has progressed well. The understanding
developed for the role of protein content and subunit composition appears well
addressed. The variety identification based on the SDS pAGE analysis, similar to
wheat will help developing complete database for Barley that can be utilized in future
breeding programmes. Further, more work with the hordein B: C ratio will provide
understanding of significance in relation to malting quality.

A number of grain and malt characteristics like grain size, 1000 kernel weight, husk
content, germinative energy, total & soluble protein content, malt homogeneity, friability,
Kolbach index, malt extract wort viscosity, filtration rate, diastatic power, B-glucan
content may effect malt quality. Promising lines developed at DWR were analysed for
these parameters.

Considering the difficulty in analysing so many parameters for breeding material in
early generations, attempts were made at DWR to established relationships between
traits and some of the functional attributes. Correlation between B-glucan content and
wort filtration rate revealed a negative association. Analysis of one hundred germplasm
lines showed wide variation in their B-glucan content (2.g-7.1%). Barley lines have
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been grouped into.three classes as high, medium and low B-glucan content. Similarly,
some of the lines were also analysed for establishing a correlation between wort
viscosity and filtration rate. The correlation between wort viscosity and Sglucan was
found to be positive in the samples analysed. Kolbach lndex.(Kl) and hot water extract
(HWE) showed positive correlation.

It should be noted that the basic process of malt preparation involves cell wall
breakdown and action of hydrolytic enzymes. Hence, attention should be paid to some
of the important hydrolytic enzymes like B-glucanase and proteolytic or cellulolytic
enzymes to understand the varietal differences in malting quality characteristics of
promising lines. lsoenzymatic studies may further explain some of the anomalies in the
behaviour of lines as far as malting characterbtics are concerned. Since malting is a
result of several complex reactions, multiple linear regression analysis may provide
information of contribution by different components

Perhaps, screening of barley germplasm based on starch type (amylose content) and
alpha and beta amylases' activity would provide useful information for malt quality
breeding. lt is known that the high amylose lines produced were of poorer malting
quality than the normal amylose parent. High amylose starch has features, which could
reduce malt extract.

The high amylose gene effects a number of starch characters, such as total starch
content, amylose. amylopectin ratio, granule size and proportion, by weight, of A- and
B-type granules. lt may also have pleiotropic effects on other grain components.
Alternatively, changes in starch content and granule dimensions may have implications
for the physical structure of the endosperm and its ease of disruption. The fact that
higher milling energies are also observed in lines carrying the waxy gene supports this
hypothesis. lt is also possible that amol is closely linked to other genes with
deleterious effects on quality. The development and utilization of molecular markers, to
saturate the appropriate area of the barley genome, will, therefore, be of particular
value in describing associations and allowing directed manipulation

Additionally, response of various lines to gibberellic acid for germination and
improvementof malt quality may again be usefulfor breeding purposes.

It should be noted that there are continuous improvements in the malt quality tests
world over' And we need to keep track of these tests (there is a chat room for those
associated with barley malt quality). For example, at ARS labs, some tests previously
considered as quite important have been abandoned because they have developed
other tests that measure the same characteristics better and more quickly. Other tests
that are not now used magsecome necessary in the future if we are to maintain the
competitiveness. The collabo'rative interaction with industry would be extremely useful
and steps in this direction should be taken.



Chapter 7

Recommendations

7.1. Policy lssues
1. The QRT noted that the rationale for the creation of Wheat project Directorate,

subsequently re-designated as the Directorate of Wheat Research, has not been
clearly spelled out and confusion continue to exist with regards to the status of
Project Director as well as the senior staff at DWR. The eRT recommends that
the DWR should be seen above all as the National Coordination Centre of the
AICWIP and that the Project Director should be recognised flrst and foremost as
the National Coordinator for the All lndia Coordinated Wheat lmprovement
Project Similarly, the Principal Scientists acting as Pls'should have their primary
responsibility in the AlCWlp.

2' l'he QRT recommends that a Project Coordination Unit consisting of 15 scientists
and the required administrative and supporting staff should be constituted to
assist the Project Director as the National Coordinator of the wheat programme.

3' The QRT sees little merit in converting DWR into a Central Wheat Research
lnstitute, which is how it appears to be functioning at present. The Team
recommends that DWR should retain its primary status as the National
Coordination Centre for the wheat project and additionally, it should carry out
strategic research for backstopping the country's wheat rmprovement
Programme.

4' The QRT recommends that DWR should have a strength of 40 scientists which
would meet the requirements of both the Coordinating Centre of AlCWlp and of
the strategic research being carried out by DWR at Karnal and its Regional
Station at Flowerdale, Shimla.

5' The DWR requires strengthening in terms of administrative support. The Team
recommends that DWR should be provided with a Senior Administrative offlcer
and a Finance and Accounts Officer.

6' The QRT recommends that considering the impact of the new technology of
wheat production in Madhya Pradesh and the possibilities of major wheat exports
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from this zone, there is a need to strengthen wheat research in the Central Zone
for which detailed recommendations are given in the Report.

7 ' The QRT recommends that taking advantage of the favourable conditions in the
C6ntral Zone for high quality wheat, the lndian Council of Agricultural Research
approach the Ministry of Commerce, Government of lndia, to declare Madhya
Pradesh as one of the country's major wheat export zones. The state currenly
produces more than I million tonnes of wheat. The production potential with the
new technology may be as high as 15 million tonnes. A large part of this
production should be earmarked for export and necessary infrastructure should be
created for this purpose.

8' The QRT noted that there is relatively little strategic research being carried out at
the different Cooperating Centres. These Centres with their human resources are
not well equipped for this kind of research. The Team recommends that DWR in
the long term improve the staff quality for strategic research. For the present, it
should involve Colleges of Basic Science in the SAUs and scientists in the ICAR
institutes for strategic research in priority areas, for example, genetics of disease
resistance and biotechnology. The criticism that the AlCWlp continues to follow
the beaten path will stay in the absence of new initiatives in strategic research and
in modern technology.

9' The investment made in wheat research has been repaid through increased
productivity and production many times over. lt is therefore not surprisirg that the
lndia's Coordinated \Meat lmprovement Project has become a model for
organization of commodity research in many other countries. The Team
recommends that ICAR commission a rate of return study for investments made
in wheat research in the country during 197G2000.

10'The QRT believes that lndia's collaboration with CIMMYT in wheat research
remains important. lndia acts as one of the donors of the CG system extending
financial support to CIMMYT as well as to a number of other CG Centres. The
QRT recommends that part of lndia's contribution to the CG Centres should be
designated as core restricted in support of collaborative projects of mutual benefit.
Another part should be dedicated exclusively for support of visiting lndian
scientists for extended periods to these CG Centres, especially to identify
germplasm and technologies of interest.
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11. Considering the contribution of wheat and barley research to industry and trade,
the QRT recommends that the Government should impose a 1o/o cess levy on
every tonne of wheat that is milled in the roller mills and every tonne of barley
processed by the malting/brewing industry. The funds generated in this manner
should be earmarked for the strengthening of wheat and barley research.

7.2. All lndia coordinated wheat and Barley lmprovement project
1. The Review Team noted that the North-West Plains Zone, the main wheat belt of

lndia, is presently dominated by a single variety PBW 343, basically of CIMMyT
origin. The Team recommends that a major objective of AICW&B;p should be
varietal diversiflcation in this zone, as indeed in all other zones, to contain the
threat of disease epidemics.

2. The QRT noted that many of the present day wheat varieties widely cultivated by
the farmers have a narrow genetic base because of the over dependence of many
breeders on one source for parental germplasm. lndia currenfly has one of the
largest wheat breeding programmes in the world. lt should be possible for lndian
scientists to develop high yielding varieties having wide adaptability, disease
resistance and desirable quality traits that can compete with the best in the world.
The QRT recommend that while the relationship with CIMMyT should remain
important, self-reliance in genetic improvement in wheat should now become an
important objective of the lndian programme. The broad genetic base, which
helps to overcome the problem of vulnerability, in the ultimate analysis, will
determine the success of the programme.

3. Reiterating the importance that the QRT attaches to the genetic diversification of
the wheat programme, it recommends that in constituting the different All lndia
coordinated trials an important consideration should be their pedigree, which must
be disclosed by the breeders. The DWR should recognize in a suitable manner at
the time of the annual workshop meeting the work of those breeders, who come
out with outstanding varieties using diverse germplasm.

4. lndia in the 1970's had successfully developed a major research programme on
interspecfic and intergenetic hybridisation in wheat with a potential to enrich the
national programme with new sources of genes for productivity, disease
resistance and grain quality. Unfortunately, this programme, which existed at lARl,
has been dismantled. The QRT recommends that DWR take urgent steps to
organize a major programme on distant hybridisation in wheat and identify one or
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two of its Cboperating Centres for the organization and implementation of this
project. The project should receive additional funding support ftom the ICAR for
this purpose.

As lndia's wheat production continues to increase leading to sizable surpluses,
time has come for a strong export focus in research. Breeding for export quality
wheats should become an important objective of the Alcw&Blp. The eRT
recommends that DWR should delineate areas where the agro-climate conditions
are especially favourable for grain quality of wheat such as in the state of Mp,
Maharashtra and Karnataka. The Cooperating Centres in these states should be
given a special mandate for the development of export quality wheats and they
should be strengthened for this purpose. ln addition, an overall awareness of
quality parameters should permeate the wheat programme as a whole. This in
practice would mean that the wheat breeders will be scoring for quality
parameters like protein content, gluten properties, milling and baking quality early
in the segregating generations, rather than at the end stage as is being done at
present.

The DWR should conduct a review of the laboratory facilities available for quality
work at the major cooperating centres and shourd help to re-equip their
laboratories for the new emphasis on quality.

The QRT recommends that the lARl centre at lndore, the ARI centre at pune, and
the one at UAS, Dhanruad should be designated as centres for breeding of high
quality wheat and they should receive special support in establishing labs for
screening their breeding materialfrom the very early generations.

The AICW&BIP has a large number of Cooperating Centres including 37 with
major funding support from the ICAR. However, only some of the centres are
active in research, as seen by the development of new varieties and technologies.
The QRT recommends that ICAR should designate the different centres under
two categories - advanced research centres and technology testing centres. The
funding support for the two types of centres should be reviewed. Overall, there is
a need to increase the number of active centres in the country. The eRT has also
recommended in the text of our report a number of Cooperating Centres for
strategic research on specific themes for which they should be suitably supported.

The QRT from its review of the structure of AICW&B|p find that the 59 centres,
which DWR coordinates, are defined as voluntary and non-voluntary centres. The

6.

7.

9.
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Team find liitle justiflcation for this kind of classification and recommends that the
Cooperating Centres should be of two kinds. First, funded centres that receive
budgetary support under the plan or non-plan from ICAR, and second, non-
funded centres that receive no support at all. We have listed in our Report the
funded and non-funded centres.

10. Wheat pathology remains of critical importance specially now when the volume of
the crop has seen a major increase over the years. The eRT has made a series
of recommendations in the body of its report with regards to studies on wheat
diseases. These include intensive research on ecology, epidemiology of Karnal
but, studies on soil flora and fauna including pathogenic organisms under different
wheat based cropping systems, screening of genotypes with fungal toxins under
glass house conditions and incidence of foliar and root aphids. The Team also
recommends cost beneflt analysis of recommended practices of lpM modules and
studies on trade pathology i.e. post harvest pathology to analyse the scab, black
tip, grain discoloration, Karnal bunt and other grain associated problems in depth.

11' For foliar and head scab screening, variation was observed in methodology and
recording of data. There is a need to develop precise protocol for production of
inoculum, stage and method of inoculation, and days after inoculation to score the
disease in a scale, to obtain comparable data from different centres.

7.3. Directorate of Wheat Research
1' The QRT on reviewing the existing mandate and mission of DWR has proposed

some changes. The new mandate in our view would better reflect the increased
responsibilities of DWR in terms of germplasm collection and enhancement,
advance in genetic yield potential, quality improvement for exports, broadening
the genetic base of the wheat programme, and organization of strategic research.
The new mission statement aims at making lndia the world leader in wheat
production.

2' The primary function of DWR is to successfully organize and manage the AlCWlp
and to assist the Cooperating Centres in the implementation of their research
programmes. An appropriate role for DWR for this purpose would be germplasm
development; pre-breeding and distribution of enhanced genetic stocks to the
Cooperating Centres. DWR should not be seen to be compeflng with the
Cooperating Centres in the evolution and release of improved varieties.
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consistent witii our other recommendations, the Team has proposed a new
structural organisation for DWR, which emphasises the creation of a National
Coordination Unit for wheat research, a Barley Network and DWR's strategic
research programmes highlighting particularly the work on plant genetic resources
and pre-breeding.

The QRT recommends that germplasm enhancement should receive major
attention from DWR scientists so that the introduced exotic material can become
more acceptable to lndian plant breeders for use in their research programmes.
As a prelude to pre-breeding, DWR should strengthen its programme on
systematic evaluation and documentation of new accessions. lt should be
possible to register many more genetic stocks and publicise them at the time of
the annualworkshop.

An important function of DWR is to facilitate germplasm exchange in the country
both in the public and private sector. However, with the emergence of intellectual
property protection regimes, DWR should develop a standard material transfer
agreement with all those who are not partners in the AICWP. These agreements
should ensure that there is equitable benefit sharing between all the parties.

The QRT was informed that while DWR has excellentcollaborationwith ClMMyT,
the different CIMMYT material, nurseries and collaborative research programmes
are not always canalised through DWR. The QRT recommends that as the apex
coordinating body for wheat research in lndia, all clMMyr germplasm and
research programmes intended for lndia should be canalised through DWR.

A large number of wheat and barley varieties have been released over the years,
with their seed scattered in different cooperating centres. The eRT recommends
that seed of all the varieties released since the inception of Coordinated project

should be collected, tested for purity and maintained at DWR in its gene bank.

The QRT, based on its review of the hybrid wheat programme at DWR, concluded
that progress so far is rather limited and there is no indication of a breakthrough.
However, the project is so important for lndia as the world's second largest wheat
producing country that strategic research on heterosis breeding is justified. The
research should focus on efficient hybrid seed production systems and on
combining parental lines with significant gains of at least 1 uha in yield. The
project in addition to classical methods should also employ molecular approaches,
which are now beginning to be available.

5.

6.

7.

8.
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9. The QRT noted that lndia continues to lag behind in the application of modern
biotechnology for the improvement of wheat. ln the text of our Report we have
made specific recommerdation relating to some of the biotechnological
approaches which DWR and its identified partners should develop in the field of
biotechnology.

10. As part of its strategic research, DWR should evaluate the role of bio-fertilisers in
economising on N and P application to the wheat crop. Also, DWR should evolve
strategies for better managementof crop residues.

11' Recognizing the importance of Southern Hills Zone as a major source of rust
inoculation for the central, north-western and north-eastern wheat belt, the eRT
recommends that DWR should set up a research laboratory at Wellington for
systematic monitoring of rust races, their origin, distribution and genetic
determination. Over time this new laboratory and the Flowerdale Station of DWR
should jointly become a centre of excellence for research relating to wheat rusts.
ln addition DWR should continue to provide off-season facilities to plant breeders
from different parts of the country both at wellington and Dalang Maidan.

12.lt is recommended that lARl should make available to DWR a minimum of 15
acres of cultivable land for setting up the proposed Rust Research Laboratory and
for off season nursery.

13.The QRT recommends that quality specifications and grading system, which the
export markets demand should be compiled by DWR in the form of a technical
bulletin for the guidance of the wheat scientists. ln the changing wheat market the
diverse needs of the consumers both in the domestic and export market should be
recognized.

14. The new emphasis on quality improvement of wheat both for domestic and export
markets calls for close interaction between DWR and the wheat industry
associated with diverse products like flour, biscuits and bread, pasta products of
diverse kinds, preparation of semolina (suzi) and related products. ln this context
DWR should also prepare a wheat maps of lndia, which demarcates regions
favouri ng particular qual ity attributes.

15.The QRT recommends that DWR should become the repository for all kinds of
information concerning wheat in lndia and the information unit must consolidate all
the databases on wheat.
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7.4. Barley Network
with large-scale diversion of barley areas to wheat in the past 30 years, an
impression appears to exist that barley is no longer an important crop for lndia. This
is not true. With the present cultivated area of 0.76 m. ha. and production of 1.435
m't' with an average yield of 1888 kgiha, barley remains an important industrial crop.
The production could be increased to 2 m.t. when one considers the fact that the
mean yield in the state of Haryana is 2998 kg/ha (1999-2000) compared to national
average of about 1900 kg/ha. The barley crop has acquired added significance in
view of the increasing demand for industrial uses with in the country and for exports.
The QRT makes the following recommendations to strengthen the barley
improvement programme.

1. The conceptof Barley Network organised in 1992 was basicallysound and the
Network should be revived. There should be a full time Barley Network
Coordinator located at DWR, Karnal, enjoying the same kind of autonomy as
Project Coordinators. The Network Coordinator should be reporting to the pD,
DWR, unlike the coordinators of AlcRp's, who report to the lcAR.

2. The Cooperating Centre at Hisar should be developed into an Advanced
Research Centre for barley crop with specialemphasis on breeding for industrial
quality. ICAR should provide additional funding support for this purpose. The
Advanced Centre will also provide training to young scientists from other
Centres.

3' The Barley Network Coordinator at Karnal should develop a referral library for
latest information on advances in barley research, especially with respect to
quality improvement. He should also bring out a six-monthly newsletter on
advances in barley research for the beneflt of the scientists at all the cooperating
centres.
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Annexure-l

Composition of the Quinquennial ReviewTeam

The Director General, lndian Council of Agricultural Research vide office order No. F.5-

1/99/FFC dated 27th April 2001 constituted the Quinquennial Review Team (aR! to

review the work done by the Directorate of Wheat Research including All lndia

Coordinated Wheat lmprovement Project & Bl.P (AICW&BIP) Centres for the period of

1.4.1993 to 31.3.1998. The period of review was subsequently extended till 1.3.2001

vide ICAR office order No.F5-1/99-FFC dated January/March, 2002. The composition

of the team is as follows;

1. Dr HK Jain Chairman
40, Suryaniketan, Vikas Marg,
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2. Dr. George Varughese, Member
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Scientist Emeritus,
Room No.216,
Lal Bahadur Sashtri Building,
lARl, Pusa, New Delhi-110O12.

4. Dr RL Yadav Member
National Coordinator,
NATP Project lmplementation Unit,
Krishi Anusandhan Bhawan (New Building)
lARl Pusa Campus, New Delhi- 110 012.

5 Dr RA Singh Member
214, UPHAR SPL, UDYAN II,
PO Ambedkar University,
Lucknow, UP-226025

6. Dr PP Vaishnav Member
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Hindustan Lever Research Centre,
Bangalore, Karnataka

7. Dr RK Sharma Facilitator/Secretary
Senior Scientist cum member Secretary (ORT)
Resource Management Programme
Directorate of Wheat Research, Karnal -132 001
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Annexurell

Terms of References to Quinquennial Review Team

l. Research Achievements and their impact
To impact and identify the research achievements of the lnstitute, projects/KVKs its
Regional Stations and Sub-stations, AICRPs operated by them vis-'d-vis sectoral
programmes since the previous QR and critically evaluate them. Commensurate
with the objectives, mandates and resources of the organisation, the socio-economic
impact of research on farmers/beneficiaries and traniferability of results to farmers
through extension should be critically reviewed.

ll. Research Relevance and budget allocation
To examine the objectives, scope arid relevance of the research programmes and
budget of the lnstitute for the next 5 years in relation to overall/state/reg-ional nalonal
plans, policies and long and short-term priorities. The committee may- also draw its
attention to the EFC/SFC Memo in relation to recommendations of the previous eRT
and also the Perspective Plan and Vision 2020 document of the lnstitution.

lll. Policies, priorities and strategies
To examine the policies, priorities, strategies and procedures adopted by the
lnstitute and the system in relation to Perspeitive Plan in arriving at these decisions
particularly the effectiveness of working of the Staff Research C6uncil, RAC and the
Management Committee as well as the Consultative machineries like Grievance Cell
and Joint Staff Council.

lv. Relationship/colraborationwithsAUsandotherstakeholders
Whether the research programmes of the past and proposal for future are inharmony with the Vision of ICAR (HQ) and the programme of related centres ofresearch and Agricultural Universities, state governr"ni, private sector and lARCs.

V. Linkages with clients/end users
To examine the kind_s of linkage established with the clients and endusers of researchresults, i.e' farmers/fislermen and the extent of interest displayed in conducting ,,on
farm research", on farmers fields and in organising demonstrations/trainingcourses forthe transfer of technology to extension agenties.

vl. Proposed changes in organisation, programmes and budget
To examine whether any changeJin tne organisaiional sefup are called for, to achieve animproved and effective working. The comiittee may also examine and draw attention toany imbalances in the staffing pattern consisteni with the scientific, technicalandadministrative needs as well aJ tne allocation of research funds towaros capital works,establishment and rese-arch contingencies. Further the committee may atso examine theresource generation efforts and assess the problems and prospects of the same Theprogress and problem of implementing Propct Based Budgeting may also be highlighted.
Ili!-". proposing major changes in orginisafion and functionlng, ineiri"riiuirnv in retation toICAR's rules, autonomy, resources etc. need to be kept in view.
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Vll. Organisation and Management
Whether 

. 
the organisational structure of the lnstitute is conducive to efficient

functionalArvorking autonomy, decentralisation and delegation of authority in day-to-day
rou.tine working and whether the Director and senior stiff are interestedin promoting i
collegiate and co-operate method of administration is to be assessed. The committee
may als_o critically examine the status of implementation of O&M reforms as introduced
by the Council from time to time and suggest ways and means to implement them at
the lnstitute level. They may also suggest further reforms to be considered by the
Council. The suggested staff ratio by the Council may have too be kept in view while
reviewing the staff position in the lnstitute.

Vlll. Constraints
To examine constraints hindering the lnstitute in achievements of its objectives and
implementation of its programme and goals and to recommend ways and means of
minimising or eliminating them.

lX. Looking forward
fo t99! into any other points considered relevant by the committee or referred to it bythe ICAR, the lnstitute Director or the Managemeht Committee, in respe.t or futrr"
project development, research prioritisation anJ management changes.

The above terms of reference may be modified at the suggestion of Director of
lnstitute/ProjecUManagement Committee of lnstitute/Project db-nn Headquarters/GB
keeping in mind any specific problems of the Institute.
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Annexure-lll

Schedule of Meetings and visits by eRT chairman and members

22nd August 2001

26-271h September 2001

21-24th January 2002

4-6th April, 2002

First meeting of QRT

Second meeting of the QRT

Third Meeting of the QRT

Fourth meeting of the QRT

lARl, New Delhi

DWR, Karnal

lARl, New Delhi

lARl, New Delhi

Visits

23-24 September 2001

28-29 June 2001

16-17 February 2002

21-23 February 2002

3-8 March 2002

5-6 March 2002

19-21March 2002

21-23 March 2002

Dr RA Singh

Dr RL Yadav

Dr George Varughese

Dr RP Sharma

Dr RA Singh

Dr PP Vaishav

Dr RA Singh

Dr HK Jain

DWR RS, Flowerdale, Shimta

DWR, Karnaland PAU, Ludhiana

UAS Dharwad

ARl, Pune

DWR, Karnaland HPKV RS,
Dhaulakuan
lARl, New Delhi

NDUA&T, Faizabad

lARl RS, lndore




