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FOREWORD
 

This was the second international winter wheat conference, following

by three years the first conference held in 1972 in Ankara, Turkey.
 
The second conference was organized jointly by the Agricultural Insti
tute of Zagreb, the University of Nebraska, and the USDA, Agricultural
 
Research Service, with major financial support from the Agency for In
ternational Development, U. S. Department of State.
 

The conference addressed winter wheat production problems, international
 
research in wheat, and opportunities for more effective cooperation in
 
improvement of winter wheat throughout the world. Many scientific dis
.ciplines were represented among 177 conference participants from 35
 
countries. Broad interface of these disciplines was evident from the
 
dialogue and participant discussions throughout the conference. Despite

the barriers of language, there was meaningful and useful exchange of
 
research information and ideas.
 

Much credit must go to Dr. Potocanac, his colleagues, and the Yugoslav
 
organizing committee for excellent conference arrangements. The con-

Iference facilities were outstanding as were all other accommodations
 
in Zagreb. The warmth, friendship, and the many courtesies extended
 
to the participants by their Yugoslav hosts helped make the conference
 
a success and a memorable experience for the visitors to Yugoslavia.
 

We are indebted to Ing. Ivo Kustrak, President of the Federal Committee
 
for Agriculture, for taking time from his busy schedule to come to Zagreb
 
to greet the participants and officially open the conference. We are
 
deeply indebted to the several institutes, combinants, and other organi
zations in Yugoslavia, Hungary, and Austria who shared their hospitality

with the conferees including excellent food, music, and wine. On behalf
 
of all the participants, I thank youl
 

Some speakers did not provide written versions of their presentations
 
as requested. These could not be included in this Proceedings. Some
 
manuscripts are included that were not presented at the conference,
 
either because the author could not attend or because the full agenda

could not accommodate presentation of the paper. Some editing of manu
scripts was necessary. Hopefully this did not alter intended meanings

of the authors. Informal floor discussions following presentations are
 
not included herein.
 

The risk of omission has discouraged me from attempting to identify each
 
of the many individuals and organizations who contributed to this con
ference. Their efforts are gratefully acknowledged.
 

V. A. Johnson
 
Chairman,
 
International Organizing Committee
 



EFFECT OF WHEAT BREEDING ON WHEAT PRODUCTION
 
IN YUGOSLAVIA
 

Josip Potocanac
 

Yugoslavia
 

Introduction
 

Yield, in general, is a very complex trait and the same refers to grain yield

in production of wheat. Yield is determined by many factors. 
 The major fac
tors affecting yield are: variety - its characteristics, and especially its
 
yielding potential and adaptability to environmental conditions, soil, and
 
crop management; growing conditions  day length, quantity and distribution
 
of precipitation, temperature fluctuations, and soil properties; and, finally,

management practices and technology in general, and particularly time of seed
ing, seeding rates, and fertilizer practice, especially response to NI, and
 
weed control. 
 (Heuser 1927/28, Jonard-Koller 1951, Lein-Rosenstiel-Wienhues
 
et al. 1954.)
 

Variety, of course, has a predominant role in yield formation - all its char
acters and especially its genetic yield potential and adaptability. Variety,

in conjunction with other yielding factors indicated above  with direct or
 
indirect effect, individual or complex effect on variety - displays its ge
netic yield potential. Thus, yield per surface area is determined.
 

In the event that "optimum composition of yielding factors" occurs, a maximum
 
yield is obtained (Lein Rosenstiel-Wienhues 1954).
 

This report will outline the role of wheat varieties in increasing yield per

hectare as well as improving wheat production inYugoslavia during the last
 
40 years.
 

Production Areas and Aro-climatic Regions
 

Percent of crop land in relation to the total arable land in.Yugoslavia in
 
1959 was 29.7% for all of Yugoslavia. (Figure 1)
 

The 29.7% of cultivated land is located mainly in the northern part of the
 
country in the river basins of Danube, Sava, Drava, and Morava, ise. in..
 
- AP Voivodina: 73.9% of the total area
 
- SR Serbia: 35.9% " " " "
 
- SR Croatia: 28.0% and more than 50% in the northern region
 
- AP Kosovo: 26.8%
 
- SR Bosnia & Herz.: 23.9% (northern part)
 
- SR Macedonia: 23.9%
 

Crop land compared to total arable land in SR Slovenia, the southern parts

of SR Croatia, SR B & H, and SR Monte Negro is less than 15%.
 

InOtorepec 1973, it is shown that the major crop production areas belong to
 
two agro-climatic regions, i.e., (Figure 2)

1. "insufficiently humid region" for growing crops. 
Annual precipitation in
 
this region, from west to east, averages 500-750 mm. All production areas in
 

Institute for Breeding and Production of Field Crops, Zagreb.
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AP Voivodina, the eastern parts of production areas in SR Serbia, and the
 
eastern parts of SR Croatia, 	as well as a small part of SR B & H belong ti
 
this region.
 

2. "moderately humid region" is in second place, both in view of asreage

and importance in crop production. Total annual rainfall from east to west
 
ranges from 800 to 1000 mm. The western parts of SR Croatia and Serbia and
 
the northern parts of SR B & H are covered by this region.
 

A small crop production acreage belongs also to "humid region" with annual
 
precipitation of 1000 to 1500 mm. The hilly north-western parts of SR Croatia
 
and a larger part of the mountain area in SR B & H belong to this agro-climatic
 
region.
 

Areas seeded to wheat compared to total seeded areas were as follows (Annual

Statistical Report of FNRJ 1960-1974): (Table 1)
 
- In the 1930-1939 period: 	 2,114,000 ha or 30.7% of the total seeded area.
 
- In the 1948-1958 period: 	 1,845,000 ha or 27.3% lower by 3.4% of total
 

seeded area.
 
- In the 1959-1973 period: 	 1,923,000 ha. or 27.5% of total seeded areas,
 

i.e., a small increase of wheat area.
 

Eighty-five % of wheat production inYugoslavia belongs to the three climatic
soil regions indicated above.
 

It can be seen (data for three years) that the "insufficiently humid region"
 
is predominant inwheat production both in view of seeded areas and average

yield per hectare, i.e. 1,026,000 ha and mean yield of 30.2 q/ha.
 

It is also shown that the highest mean yield was obtained in areas belonging

to the region with 750 mm rainfall. This refers to the western part of the
 
region (SR Croatia). Mean yield per hectare in regions with 500 mm of an
nual rainfall was slightly lower; i.e. the eastern part of SR Serbia.
 
The moderately humid region was poorer both in seeded area and inyield per
 
hectare.
 

Seeded area was 346,000 ha only, and mean yield per hectare was 25.4 q/ha.
 

Obviously, insufficiency in available soil water in some stages of wheat
 
growth, especially in the grain filling stage was a limiting factor for pro
duction in the 1st region. Excess in soil moisture was also a limiting fac
tor for modern production of 	wheat in some areas with unregulated air-water
 
relations.
 

Seeded area and yield per hectare in the "humid region" is by far lower. (Table 25 

Wheat Production and Wheat Varieties
 

Area seeded to wheat in the 1930-1974 period ranged from 1,845,000-2,100,000

ha. On the area indicated the following average yield was recorded:
 
- Period 1930-1939 
- Period 1948-1958 

--
--

11.3 q/ha 
11.9 q/ha; an increase of only 5.3% in comparison 
with the previous period. 
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Search for new wheat collections with improved agronomic and other traits was
 
urgent to replace the domestic winter wheat varieties mentioned (Poto~anac
 
1954-1956).
 

During the 1955-1959 period, a collection of high yielding early maturing
 
wheats from Italy was tested.
 

It was shown from results of testing in Voivodina that-Italian varieties out
yielded Bankuty, the leading variety in Voivodina at that time by 22.8 to 30.9%
 
(Table 3)
 
Results from testing in Zagreb were in accord with results obtained in Voivo
dina. However, the varieties tested -- especially S. Pastore -- surpassed
 
Osje~ka 6igulJa in yield by 29.5 to 55.5%. It was recorded as well that S.
 
Pastore, a representative variety of such a wheat type, in comparison with,
 
Osjetka 6i9ulja had:
 
- shorter plant height by 41.0 cm,
 
- was 7 days earlier, and
 
- its productivity per spike was higher. (Table 4)
 

Based on the data indicated, as well as on data on winterhardiness (PotoUanac

1960, Pototanac-Miladinovic 1960) such varieties were recommended for produc
tion.
 

In 1958, a nursery network was organized to evaluate the performance of the
 
varieties indicated in large-scale trials and, at the same time, these va-,
 
rieties were rapidly introduced to production.
 

Data from the territory of Voivodina show that:
 
- in 1959, Bankuty 1205 and 1201 occupied 85% of acreage, and in 1962 their
 

percentage decreased to 25% only.
 

- in 1959, S. Pastore occupied only 2% of acreage, and in 1962 this percent
 
had risen to 60%, and in 1963 to as much as 70% of seeded area.
 

-
 since 1963 S. Pastore had been displaced from production, and Leonardo
 
(Italian variety) and Bezostaja 1 (USSR variety) were introduced and
 
spread. (Table 5)
 

Spreading of high yielding varieties has occurred in the same way in othei
 
regions of Yugoslavia. This was due to improved yield, increased total pro
duction, intensification and mechanization of production.
 

Although gluten quality and baking quality of such varieties is poor, they
 

were leading varieties in production as early as the season of 1963.
 

In the 1968-1975 period the predominant varieties: (Tables 6A and 6B)
 

In the territory of Voivodina are two foreign varieties, Bezostaja 1 (USSR)

and Libellula (Italy), a small percent of Kavkaz (USSR) and the new Yugoslav
 
cultivars, Sava, Zlatna Dolina, and Biserka.
 

In the same period in Croatia, Libellula (Italy) prevailed, a small percent

of Kavkaz (USSR) is recorded and slightly higher percent of the new Yugoslav
 
varieties, Zlatna Dolina, Sanja, and Slavonka.
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-IMean yield in the 1959-1973 period was 21.8 q/ha compared with an increase,,
 
of 9.9 q/ha, or an increase of 83.2% per hectare in relation to the 1948
1958 period. In 1974 the mean yield was 34.1 q/ha, an increase of 12.3 q/ha
 
or 56.4% in comparison with the previous period.
 

The large increase in yield per hectare in the 1959-1973 period is associated
 
with a number of measures undertaken, most important of which was the intro
duction of high yielding varieties suited to the current crop management and
 
mechanized production practices.
 

Also, the increase in yield per hectare in 1974 was due to favorable weather
 
conditions and, in addition, to the improved yielding capacity of Yugoslav
 
high yielding varieties used in production.
 

Now, I will report in more detail about the wheat varieties that are used in
 
production:
 

During the 1930-1958 period the following Yugoslav winter wheat varieties 
,iwere predominant in production: 

- Osje~ka gigulja (U1) - developed by Dr. Kori' (Agricultural Institute -

Osijek). 
- Sp. M 39, M 530 and M 540 - developed by Prof. Tavar (Agricultural 

Faculty - Zagreb). 

These varieties were prevalent in the western areas of Yugoslavia (Borojevi6 
et al. 1956). In the eastern region the following varieties were predominant 
(Andelkovi 1969): 
- Bankuty 1205 and Bankuty 1201 - developed in Hungary (Laslo Baros) and 

imported to Yugoslavia about 1933.
 
- Novosadska 1446 and 1439 - developed by StoJkovid - Kislovski (Institute
 

for Research in Agriculture - Novi Sad).
 
- Krugevaka 22 and Rumska Crvenka.
 

The cultivars mentioned are mainly characterized by:
 
- plant height of 135-145 cm, late maturity, and susceptibility to rust;
 
- susceptibility to lodging;
 
- satisfying winterhardiness;
 
- good baking and flour quality.
 

Because of too tall plant height, poor lodging resistance, late maturity, and
 
susceptibility to rusts, the varieties indicated were not suited to the needs
 
of current production either in the "insufficiently humid region" or in the
 
"moderately humid" and "humid climatic region". In addition, due to their
 
late maturing character, they were not adequately adapted to our environment,
 
thus prematurity and reduced grain yields were recorded.
 

Unreliable and small production was realized using the cultivars indicated.
 

In time3 past, demands for wheat had been met even with such varieties. How
ever, after the Second aorld war, due to population growth and increased de
mands for grain consumption, the varieties indicated could not accommodate the
 
new needs.
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In 1974 and even more in the 1974-75 season, Yugoslav high yielding varieties
 
prevailed in production:
 

a) in the territory of SR Croatia (state farms): Zlatna Dolina, Sanja

Slavonka, Sava, and Biserka, and
 

b) in the territory of Voivodina: Sava, Zlatna Dolina, and Biserka.
 

The shift of wheat varieties in the 1959-1973 period resulted in intensifica
tion and mechanization of wheat production in Yugoslavia and in improving yield
 
per hectare and total grain yield.
 

Production at state farms was especially increased (statistical annual report).

Production at state farms in the 1951-1958 period was 15.8 q/ha (333.000 tons
 
resp.) while average yield in the 1959-1973 period was 34.7 q/ha (1,307.000
 
tons resp.). 
 Increase in yield per hectare was 219.6% and total production
 
was increased by 392%. (Table 7, Statistical annual report)
 

Increase in yield per hectare and in production was also recorded on private

farms. However, the increase in comparison with state farms was lower. Yield
 
per hectare was increased by 65% and grain production by 56.1%.
 

It can be seen that
 
-
 a small increase, both in yield per hectare and in production, was recorded
 

on private farms, and
 
- a large increase at state farms.
 

Neither domestic, late maturing, tall wheat varieties used in production from
 
1930-1958, nor varieties developed by breeding in the 1945-1955 period (such

as improved Osje~ka gigulja and Bankuty 1205), fulfilled the needs of advanced
 
and mechanized production and the demands of consumption of that time, and
 
foreign varieties had to be introduced.
 

This introduction proved to be advantageous and beneficial, as shown by the
 
results of production in the 1959-1973 period.
 

This situation in the period 1954-1956 resulted in a new view of variety as a
 
factor of production, and a group of genetic researchers and wheac breeders
 
in the 1955-1956 period (Borojevi6 1955, 1956, Poto anac 1955, 1956) developed
 
a new ideotype of high yielding winter wheat suited to current soil and crop

management. Breeding was undertaken in three breeding centers to develop a
 
genotype with higher grain yield per unit and with the following characters:
 
- semidwarf plant height, early maturing;
 
- winter type with satisfactory winterhardiness and resistance or tolerance
 

to rusts and mildews;
 
-
 superior in gluten quality and baking quality to the introduced Italian
 

wheats.
 

Comprehensive breeding work was initiated in 1957 and a number of varieties
 
were developed and registered under this program by 1971.
 

Sava, Biserka (Institute - Novi Sad), Zlatna Dolina, Sanja (Institute - Zagreb)
and Slavonka (Institute - Osijek) were fully accepted by producers. This is 
associated with the fact that, in addition to high yielding potential, stability,
and adaptability --
these varieties are well suited to mechanized production and
 
advanced crop management practices.
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Zlatna Dolina and Sava significantly outyielded Fezostaja 1 and always surpassed Libellula in yield in the trials. 
However, the difference was not

always significant. (Tables 8, 9, and 10)
 

Sava, Zlatna Dolina, Slavonka and Biserka always outyielded Libellula and
were significantly superior in yield to Bezostaja 1, Aurora and Kavkaz, both
in SR Croatia and AP Voivodina. The same is evident from the data on yield
recorded on state farms in SR Croatia and AP Voivodina.
 

Sava, Zlatna Dolina, Biserka, Sanja and Slavonka, both in 1973 and particularly

in 1974
 
- yielded above 55.0 q/ha over large areas;
- in both seasons they outyielded Libellula, and especially Bezostaja 1,


Kavkaz, and Aurora;

-
 they occupied more than 50% of the seeded area in AP Voivodina and SR
 

Croatia.
 

On the basis of these data, it can be said that in 1973 a second great shift
in wheat varieties used in production was initiated, that high yield in 1974,
in addition to favorable weather conditions, was associated with improved
yield potential of the Yugoslav high yielding cultivars; that this change is
still in progress; and, applying modern cultural practices, a further improvement in yield per hectare and in wheat production in general might be expected.
 

Effect of Wheat Breeding onWheat Production
 

It is evident from data and results related to wheat production in Yugoslavia
during a 1930-1974 period that, considering wheat varieties, soil and management practices, yield, and total production --
this period should be divided
 
to three subperbods:
 
- the 1930-1958 period 
-- the low yielding domestic varieties OsJe~ka
gigulja and the Hungarian varieties Bankuty 1205 and 1201 
as well as
other varieties of the same type were predominant in production.
 

Susceptibility of such varieties to lodging, diseases, and late maturity
determined crop management, yield and adaptation. The varieties were
not suited to heavier application of N-fertilizer and to mechanized production and, due to susceptibility and late maturity, repeated and severe
onsets of fungal diseases and losses were recorded, as well as pre-maturity
of grain and soil drought during the grain filling stage. 
This resulted in
reduction of yield and production, as for example, in 1954.
 

- the 1959-1973 period -- high yielding Italian cultivars S. Pastore, Leonardo
and Libellula, and the Soviet cultivar Bezostaja 1 prevailed in production.
 

Such varieties were characterized by lower plant height, improved lodging
resistance, higher grain ratio in the biological yield, early maturity
increased spike fertility, and, both in performance trials and in production, an increase in yield per hectare of 20 to 30% was recorded. This
enabled producers to intensify and mechanize wheat production and resulted
in an increase of total bread wheat in Yugoslavia.
 

- the third, current period: from 1974 on 
-- Yugoslav high yielding semidwarf varieties spread to production. Such varieties are resistant and
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tolerant to rusts and mildew, and possess improved winterhardiness and
 
flour quality.
 

Further increases in yield per hectare and in total production, further

stabilizing of production and recognition of variety as a factor in pro
duction improvement is anticipated.
 

During last 40 years a number of varieties have been developed by breeding,

both in foreign countries and in this country, and this is a great contribu
tion to improvement and increase of wheat production in Yugoslavia.
 

Yield per hectare has increased as has total production. Improvement in sta
bility and profit of wheat production has been attained, thus further intensi
fication of wheat production is provided.
 

In my opinion, new wheat genotypes are being developed applying genetics and
 
modern breeding methods both in foreign countries and in Yugoslavia, thus im
provement in wheat production will be continued.
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FUTURE INTERNATIONAL WHEAT IMPROVEMENT-TRENDS AND OUTLOOK
 

Abdul Hafiz, Egypt
 

Introduction
 

The last few years have reminded the world of the existence of a profound and

persistent food problem. 
This has also shaken the faith of many people in
the "Green Revolution" which was supposed to be taking care of increasing world

population. 
The Malthusian prediction that geometrically increasing populations
would eventually outstrip the planets' finite food supply has been made many
times. 
 But now, when the population is continuing to spiral upward at the

dizzy rate of 93 million people a year, this prediction is becoming more and
 more clear. 
 Six years ago, Britain's social philosopher C. P. Snow predicted

that a soaring population would collide with the limited food supply some 
time
between 1975 and 1980. 
 "At best", he noted, "this will mean local famine, to
begin with. 
At worst the local famines will spread into a sea of hunger". The
 
present unsatisfactory and alarming situation resulted in the holding of a World

Food Conference in November, 1974, at FAO Headquarters, Rome, where a number of
important decisions were made for easing the hunger pangs. 
 Most of the food
experts believe that a vast programme of international cooperation is necessary

to solve the current crises which involves shortage of food supply, depleted

reserve stocks & exorbitant food prices resulting in starvation on a scale
 
never seen before. However, there 
now is a growing realization of this serious

problem and greater chances and opportunities of international cooperation

involving work on different acpects of increased food production.
 

We, as wheat scientists, are faced with a problem of evolving high-yielding,

disease and lodging resistant varieties with better nutritional value for not
only irrigated areas but also for 
zones of unfavourable and hazardous climatic
conditions so that the wheat production will not be disturbed by whims of
 
weather.
 

In this paper, an effort is made to review the present trends of the inter
national cooperation in wheat improvement and production as well as 
the future
 
outlook of such efforts.
 

Present Activities and Trends
 

Progress in wheat improvement
 

The 1960's witnessed a big jump in the improvement and production of wheat.

The release of the semi-dwarf winter wheat variety "Gaine" 
in 1961 in the United
States followed by the release of the semi-dwarf spring wheats Lerma Rojo 64A

and Sonora 64 in Mexico, all of which owed their dwarf plant stature to the
Japanese Norin wheats, marked the beginning of new era in wheat yields. 
 These

varieties established a new record of potential yields of more 
than 10 tons/ha.,

never known before. 
 This was possible due to the introduction of genes of

relative photo-insensitivity through selection in two dLverse environments 
as
well of genes conferring resistance 
to a broad spectrum of pathogenic races of
 
stem, leaf, and stripe rusts through a dynamic scrambling of genetic material

followed by vigorous rejection of susceptible genotypes. This new concept,

injected into the breeding programme, gave rise to high-yielding, fertilizer

responsive, disease and lodging resistant varieties of much wider range of
 
adaptation than was visualized as possible before.
 

FAO, Regional Project, Field Food Crops, Cairo.
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Apart 	from the work on dwarf genotypes, the other high-lights of the wheat
 
improvement programme during this period are:
 

(i) Breeding-wheat for improved nutritional grain quality.

(ii)Breeding wheat for general and specific resistance (recombination


of different sources of resistance, multi-lineal concept, more

emphasis on tolerance rather than on complete resistance).


:iii) 	Accelerated wheat breeding programmes, which include:
 
(a) early generation selectings for wide range adaptability;

(b) growing of two or more generations a year;

(c) early yield-testing from F3 onward;
 
(d) yield-testing under different environmental conditions;
 
(e) early seed increase of promising lines.
 

,(iv) 	Physiological and morphological concepts in breeding for high yield

both under favourable and unfavourable conditions.


(v) 	New and quick screening methodologies for diseases, nutritive values,

water stress, winter hardiness, unfavourable soil conditions etc.
(vi) 	 Incorporating different related genomes for introducing disease
 
resistance, cold or drought tolerance etc. and for evolving new
 
crop species eg. triticales.
 

,(vii) 	 Using mutation breeding for developing lines and varieties possess
ing new desirable characters as well as 
using the mutants in con
ventional breeding programmes.
 

All these advancements have greatly added to the global efficiency and speed

of the 	wheat improvement work.
 

International Nurseries
 

An importantinmovarion in assessing genotype x environment relationships and
in generating an awareness of the yield potential of the dwarf genotypes was
initiation of the International Spring Wheat Yield Nursery by CIMMYT in the
early 	sixties. Actually, at that time, the true value of these vatieties
 was not fully known. 
It was only through this nursery that the varieties
 
revealed their over-all yield potential, disease resistance/tolerance and
adaptability to a wide range of climatic conditions. 
As a 	result, this nursery 	brought these varieties to the 
lime-light, extended their cultivation to
millions of hectares and brought in the green revolution whicn developed 
con
fidence 	amongst governments, scientists and farmers. 
 It revolutionized breeding
programmes and ushered in a new and productive era of national, regional and

international cooperation. 
Following the successful example of ISWYN, many
regional and international observation and yield nurseries 
(including International Winter Wheat Performance Nursery organized in 1968 by the University
of Nebraska in cooperation with the USDA) were started not only on bread wheat
but also on durum wheat and other crops species like barley, triticale, maize,
sorghum, soybeans as well as disease screening nurseries. By now, not only
the list of such nurseries is quite impressive but the results obtained are
also encouraging. The International Winter Wheat Performance Nursery has been

instrumental in identifying HYVs like Bezostaya 1, Sava, Blueboy, Atlas 66 and
Strampelli, now occupying quite substantial areas under commercial production

in many countries.
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Pre-requisites for the success of cooperative programmes
 

The success of such regional and international cooperation does not lie in the

preparation and distribution of nurseries or segregating populations. There
 
are many pre-requisites which are so essential for the effectiveness of these
 
programmes. 
 These include trained manpower, provision for necessary laboratory

and field facilities, proper management of the nurseries, recording of important

data and their correct interpretation, analysis of the results on 
the regional/
international level and continued follow-up. 
These factors are of great im
portance for the developing countries. Keeping in view this point, FAO collabo
rated with many aid-giving agencies to provide postgraduate training to the
 
local plant scientists, help in improving the working facilities, arrange occas
sional meetings, workshops, and seminars for the trained personnel, and maintain
 
an effective follow-up of the programmes as well as helping in extending the
 
research findings into the farmers' fields. 
 In 	the Near East and North African
 
countries, 16 training centres were arranged at CIMMYT Mexico, ( in collaboration
 
with Rockefeller Foundation), at Savalof - Sweden and New-Delhi - India, ( in
 
collaboration with SIDA) and at Rome (in collaboration with ISC 
- Istituto
 
Sperimentale per la Cerealicoltura) while two training centres are at present

underway in India and Iran. 
 Through these training centres 198 plant scientists
 
were trained in crop improvement and agronomy of wheat, barley, maize, sorghum,

millet and food legumes, 
'naddition to 70 persons trained on seed production

and certification through 5 courses arranged under the FAO/SIDA programme. 
All
 
these persons are now actively engaged in their national research programmes.

Considerable progress has been made in the transfer of technology from inter
national/regional to national programmes through 14 seminars, meetings and work
shops as well as through periodic publications. The various governments were

helped in preparing crash programmes on the extended use of HYVs with improved

cultural practices with the result that at present these varieties are grown on
 
over 
12 million hectares annually in this region, including India. From this
 
brief account, one can easily visualize the amount and extent of work done behind

the scenes before staging the play on the green revolution. This play was well

received and praised by some and, 
as usual, criticized by others with slogans

of bringing disparity between the rich farmers and poor farmers, making the former
 
group richer and the latter group poorer.
 

International Research Centres
 

The success of cooperative programmes led to the establishment of the Consul
tive Group on International Agricultural Research with 25 donor countries/

Organizations to identify (with the help of the Technical Advisory Committee
 
located at FAO, Rome) and financially support the establishment of International
 
Research Centres on important crops and disciplines to serve as centres of par

excellence on international level. 
At present, six international research
 
centres (CIMYT, IRRI, IITA, CIAT, ICRISAT, and CIP)* are already being financed
 
by this agency while one such international research centre (which will
 

* 	 CIMMYT = International Maize and Wheat Improvement Centre, Mexico. 
IRRI - International Rice Research Centre, Los Banos, Phillippines.
IITA = International Institute of Tropical Agriculture, Ibadan, Nigeria.
CIAT = International Centre for Tropical Agriculture, Cali, Colombia.
 
ICRISAT = International Crop Research Institute for the Semi-Arid Tropics,
 

Hyderabad, India.
 
CIP - International Potato Centre, Lima, Peru.
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,:workon durum wheat and feed barley apart from some other crops and systems

oftfarming) is likely to be established soon in the Middle East. A global
 
project on genetic resources has also started functioning under the auspices
 
of FAO with a view to setting a network of cooperative centres for collection,
 
preservation, evaluation and utilization of indigenous plant material.
 

Limitations of International Research Centres
 

'Although the International Research Centres have played and will play an im
portant role in advancing the work in wheat improvement and production, the
 
extensive publicity given to "Mexican Wheat" and to the "Miracle Rice" has
 
mistakenly generated a wide-spread belief that the technology developed by a
 
limited number of international research institutes will resolve the problems

of food supply for the developing countries. It is important to realize both
 
the strengths and limitations of these institutes. No doubt, they will be
 
one of the most important vehicles for generating promising new germ-plasm
 
and developing new basic concepts and principles for improvement of agriculture.
 
It is clear, however, that large amounts of applied research and increasingly
 
critical adaptive research will require competent attention at local level.
 
As Dr. Norman E. Borlaug has pointed out, it would be too much to expect that
 
a few scientists in given disciplives:plant breeders, entomologists, plant
 
pathologists, soil scientists and other agriculture specialists could embrace
-
the complex of problems encountered over any substantial region. To assume
 
that a handful of specialists - no matter how dedicated and able - could con
tinue to generate the type of widely applicable new technology necessary for
 
substantial boost in productivity over broad geographical areas is to live in
 
a dream world.
 

National Research Capabilities
 

In order to keep the research moving and meaningful it is necessary to build
 
up national research capabilities by developing enough trained manpower of
 
young, energet$(c and dedicated plant scientists through short, medium and long
 
term training courses to result in aggressive teams of research workers under
 
dynamic and dedicated leadership. The capabilities of the research team ought
 
to be high so as to perceive and plan imaginative research. The research team
 
should work in cooperation and not in a pyramid. For this purpose, we have
 
recently initiated the establishment of interdisciplinary national research
 
task forces in the 22 member countries of the Regional Project on the Improve
ment and Production of Field Food crops in the Near East and North Africa.
 
In each country there will be four task forces on winter cereals, summer cereals,

food legumes and oilseed crops, each headed by a chief. These interdisciplin
ary research and development task forces will be coordinated by the national
 
task force leader in each country for overall coordination of all the activities.
 

Each task force will have scientists from all related disciplines working to
gether because, even the brightest scientists in a single discipline, cannot
 
alone contribute significantly to production goals. It is certain that if
 
effective interdisciplinary research task forces are established to continue
 
and strengthen close cooperation between participating countries and with inter
national programmes, they will achieve a breakthrough in crop improvement and
 
production technology even greater than those which resulted from interdisci
plinary work at CIMMYT and IRRI. It is rightly said that, "to come together
 
is a beginning, to keep together is progress and to work together is success".
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It should be realized that no organization or institute can continue providing
technical help or 
financial support to the developing countries forever, nor
 
should it be the aim. 
It will be only through the development of national
.research capabilities that the developing countries will be able 
to stand on
 
their own feet.
 

Pooling of resources
 

It is not only advantageous but necessary to pool all the available financial
and other resources of national, regional, international, bilateral and mul
tilateral agencies in order to develop close working relationships with a view
to strengthening the activities of the national research institutes, upgrading
the technical skill of the national cadre, and initiating interdisciplinary

production-oriented research programmes and projects. 
Developing this type of
cooperation is very difficult if cooperating organizations become selfish, but
it is quite easy if the motive is to give credit to the national institutes

and the local plant scientists. 
 It is rightly said that "individual commit
ment to a group effort is what makes a team work, a company work, a society
work and a civilization work." 
 By such efforts the advantages of all the
cooperating agencies can be combined and their limitations overcome.
 

Extension of research findings
 

Extension of research findings is another bottleneck in achieving the break
through. 
Many times useful results remain confined to the files for years
while the researches continue for the sake of experimentation, making no posi
tive contribution towards increased production. 
As a result the governments
lose faith in the scientists resulting in an overall setback to agricultural

development. This vicious circle must be broken by the joint efforts of the

research staff and extension service through the implementation of carefully
prepared programmes covering a package of all the improved practices, a supply
of subsidized inputs and fixing of remunerative prices for both the inputs and

the produce. 
The recent extended use of high-yielding varieties of cereals
 
has shown the validity of this approach.
 

Future Outlook
 

There are the lessons which we have learned during the last 12 years from our

close association with the regional and international cooperative programmes.

We have great faith in their utility and the impact which they can make on
increased production. 
The countries have already realized the great importance
of this approach and are showing willingness to shift agriculture into high
gear. 
We must make the best use of this tempo. There are still many important

areas which need cooperative international efforts to improve varieties and
 
increase production. These include:
 

(a) increase and stabilize the yield of HYVs under irrigated conditions by:

(i)educating farmers in improved production technology (because


farmers are 
losing on an average about 40% of yield potential

of these varieties) and through


(ii) reducing genetic vulnerability of these varieties.
 
(b) to increase the yield potential of unirrigated wheat (which is great
e 
 ly responsible for large annual fluctuations in production) through


breeding of efficient varieties and developing suitable agro-techniques.
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1(c).to improve the nutritive value of newly-developed high-yielding
 
varieties.
 

(d) to increase and stabilize income of farming communities by develop
ing more productive and economical rotations, including the use
 
of leguminous crops and integrating with livestock.
 

(e) to improve the capacity of varieties to give better returns from
 
unit quantities of inputs of fertilizers and water and thereby help
 
to reduce the cost of production.
 

It umy be noted that the development of improved varieties alone will not solve
 
the complex problem of increasing production unless all the related disciplines
 
are also taken care of. It is only through a multi-disciplinary approach that
 
we can achieve the goal.
 

I will not touch upon the technical side of the breeding programmes such as
 
how to develop more high-yielding varieties resistant to major diseases and
 
pests as well as to lodging, drought, cold and unfavourable soil conditions and
 
with better nutritive value nor on requirementsbor low cost of production, etc.
 
The aim of this paper is to suggest the possible type of improvements which
 
can be effected with a view to strengthening international cooperation. The
 
main conclusions, which can be drawn are:
 

1. 	The international research centres and the research institutes of the
 
advanced countries should join hands in identifying problems and pre
paring such international breeding programmes which can oover the needs
 
of different geographical wheat growing areas of the world. They

should pool their resources in order to make the programmes more ef
fective and avoid duplication. The ultimate aim should be to strength
en national research programmes through provision of better facilities,
 
trained manpower, and genetic material as well as by developing local
 
leadership.
 

2. 	Since it will not be possible for one institute or centre to carry out
 
effective research programmes on spring and winter bread wheats, durum
 
wheat, wheat for irrigated and nonirrigated areas etc., it will be
 
desirable to assign the international breeding work to different suit
able international and other institutes with a strengthened mechanism
 
for 	cooperation.
 

3. 	The global project on net-work of genetic resources should take the
 
responsibility of collection of germ plasm, its detailed evaluation,
 
and maintenance, and to regularly supply useful material for different
 
national and multi-country breeding programmes.
 

4. 	The centres which have been assigned work on different types of wheat
 
should make financial and technical arrangements for training of plant

scientists (particularly from developing countries), prepare inter
national nurseries, and supply technical information.
 

5. 	Since it will be difficult for each centre to deal directly in its 
sphere of competence with individual developing countries, FAO as an 
inter - gpvernmental body should be made responsible to constitute con
venient groups of neighbouring countries through regional or subregion
al projects for out-reach activities, not only on the wheat crop, but
 
on all the important field food crops.


6. 	Sufficient trained manpower in each country should be developed to
 
conduct effective interdisciplinary national research along the lines
 
discussed earlier.
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7. 	A good follow-up of all these programmes should be kept through
 
properly prepared and coordinated visits of cooperating scientists
 
and holding of periodic meetings, seminars, workshops etc.
 

The 	importance of multi-country programmes (regional or international) has been
 
proved and well established by now. In addition to providing concerted efforts
 
in the identification and solution of common problems during a short period of
 
time and with considerable economies in scarce trained manpower, such programmes

should provide a central focal point in each country for cooperation and absorb
ing the help offered by bi-lateral and multi-lateral agencies. It is only
 
through such cooperative programmes that we can provide food for all, eliminate
 
hunger, malnutition and ill-health and bring about peace and prosperity in the
 
world.
 

References
 

1. 	M. S. Swaminathan; The role of genetic, agronomic and plant protection
 
research in increasing yield, nutritional value and production in cereals
 
(unpublished).
 

2. 	F. Albani; Concept and potential of interdisciplinary national research
 
task forces; Inf. Bulletin, Cereal improvement and production Near East
 
Project, May-August, 1974.
 



- 31 -

BREEDING STRATEGIES FOR WINTER WHEAT IMPROVEMENT
 

Neal F. Jensen
 
USA
 

Wheat improvement is an endeavor with significant international aspects. One
 
could, for example, discuss the relationship between wheat improvement and
 
world hunger. I have chosen instead to talk with you today on a less lofty

topic, but one just as international in scope and interest: 
the strategies

and methodology involved in wheat improvement programs.
 

While wheat breeders enjoy many common bonds touching theory, germplasm,

literature and so forth, they show great individuality in the operation (,f

their breeding projects. 
 It would be unusual to find two wheat breeders who

do things in the same way. 
 This is, in my opinion, a great strength in the
 
foundations of wheat improvement for it recognizes the uniquely creative con
tribuLions that the breeder brings to his craft. 
 It is a measure of the

sophistication of wheat breeders, too, that superior improved cultivars can
 
be developed using different breeding pathways. Recognizing this, I feel it
 
important to state at the outset that my views, which may emphasize certain
 
aspects of breeding, are intended to enlighten and not to denigrate other path
ways. The choice and integration of the procedural elements that constitute a

breeding program are, after all, the prerogative of the breeder.
 

The strategies for winter wheat improvement that I want to discuss with you

today are concerned with problems of procedure at the operational level of

wheat breeding. 
The goal of all wheat breeders is the superior cultivar. Since
 
a successful cultivar often represents an investment in time of from 10 to 15
 
or more years, the breeder is continually, and acutely, aware of the necessity

for constant evaluation of procedures the adjustments he makes should result
 
in a system pointed ever more efficiently to the production of superior cultivars.
 
The situations and options that can lead to efficient systems present a fascina
ting challenge to the breeder. Before we 
look at some of these I want to show
 
you some graphic representations of the plant breeding process for self-pollin
ated cereals:
 

Figure 1. - Three Stages of Wheat Breeding
 

The breeding process may be seen as divided into three stages, each of which
 
involves the breeder in quite different functions. For example, the entire
 
process may be divided into heterozygous and homozygous phases, where the
 
heterozygous phase deals with everything up to individual line selection
 
(usually F5 or F6), and the homozygous phase deals with all subsequent line
 
evaluations and variety release. 
 I would further subdivide the heterozygous

stage, separating the planning and hybridization from the handling of the early

generation progenies. I estimate that my personal time spent in the wheat

project (also barley and oats) is divided among these three phases in the ratio
 
of 40-10-50 percent; this is quite different from the time the labor crews
 
spend on wheat, which might be estimated at 5-10-85 percent.
 

With 40 percent of the breeder's time assigned to planning and hybridization

it is obvious that these steps are 
considered of critical importance to the
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creation'of the superior genotype. And indeed they are! The degree of excel
lence of a whole wheat breeding program rests substantially upon the sum of
 
the 	annual inputs of new hybrids.
 

Figure 2. - Variety Machine (Stage 3)
 

An entire breeding program can be represented as a segmented time "pipoline"
 
composed of from 10 to 15 annual input segments of homozygous selections, eack
 
of which decreases in number with attrition over time until all of the selec
tions in a segment disappear, either through discard or elevation to parent
 
or cultivar status. In our program at Cornell, for example, this "pipeline"
 
is replenished annually with approximately 10,000 new selections.
 

Figure 3., - Annual Procedural Flow (Stage 3)
 

The 	problem of processing this material falls under the homozygous stage, how
ever, this stage is reached only through intensive preparatory work in Stages
 
I and II to which I will now turn. I want to establish the point with you
 
that, while strategies for wheat improvement are important and effective in
 
all 	3 stages, the greatest leverage the breeder has to influence successful
 
results lies in Stage I, the planning and hybridizing section. What is done
 
here annually established the cumulative character of the wheat program and,
 
finally, the nature and chronological sequence of the results.
 

What are the elements of strategy for Stage I? In my view the important ele
ments include the problems of germplasm use, breeding systems, managing vari
abilty, multiple objectives and conceptual approach. Wheat breeders have
 
enormous germplasm resources available to furnish parents for a breeding
 
program, in fact, the numbers are so large that there is no feasible vay to
 
sample the banks for parents except on a specific genotype basis--certainly,
 
you will agree, a random draw for parents would be regressive. In my opinion
 
the finest kind of germplasm utilization today is that being done by Dr. Borlaug
 
and his colleagues in the CINMYT program in Mexico. Individual wheat breeders
 
can scarcely hope to mount programs of this size, nevertheless, good strategy
 
suggests a wider use of selected germplasm. In my 1975 hybridizing program I
 
find that we used for parents wheats from 9 countries of origin; to these were
 
added approximately 25-30 other cultivars or selections. Taken alone, this is
 
only a modest use of different germplasm, however, the next strategic step
 
involves how these are used in conjunction with other available techniques and
 
materials to effectively multiply the leverage on germplasm use. Here, I
 
would like to introduce the concept of a triple-tiered hybridization schen7e
 
which was published in 1970 as the diallel sele-tive mating system (DSM)I
 
The basic methodology involved is shown in:
 

Figure 4. - The DSM System 

Since I maintain in reserve hundreds of basic parent single cross stocks,'and
 
can choose from these at will as F parents to supplement the cultivars, the
 
breadth of germplasm entering the hybridization program annually is much larger
 
than the 30-40 cultivar parents would suggest. Genetic recombination is magni
fied by double crossing. Additionally, the selective mating procedures are a
 
powerful tool towards reaching a desired objective; here are two examples:
 

I/ 	Jensen, N. F. A diallel selective mating system for cereal breeding. Crop
 
Sci. 10:629-635. Nov.-Dec., 1970.
 



1973 FIGURE 2.Head Row Nursery 

10,000 lines J~1975 

1974 VARIETY MACHINE 
Screening Nursery 

1,500 lines
rWheat Selections 
500 in programSfrom50a previous years

Wheat Selections F'75 

Selections
S '73 72 "71 70 "69 "68 "67 '65'66 '64 '63 '63 

IME284186[049J7 19 27 0PRESSURE 396 16 0 5 

\DISCAI 
 -'--NEW
 

SCULTIV~A 



FIGURE 3. ANNUAL PROCEDURAL FLOW I) 

Head Row ScreeningNursery Nursery Master ] Cultivar
Nursery Production 

10,000 
lines 

15% 1,500 rod 33% 500(new) 1/3 yearsF6 selection row plots selection 
I 1,000(old) (approx.) 

500 
Discards 

1) Based on current Cornell program 

2) Master nursery remains approximately conant in size with ntries
(500) replacing discards 1500) 



FIGURE 4. 
DIALLEL SELECTIVE MATING SYSTEM 
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Dr. 	Robert Redden2/ scored plants for tiller number in the F2 of barley and
 
wheat using grid restrictions as suggested by Gardner V/. Intercrossing of
 
the 	mass selected high tiller individuals produced populations that were
 
compared with populations derived from random mating and from selfing. It was
 
found that selective mating of visually-selected high tiller plants advanced
 
selection for high tiller number by significant amounts in two cycles in wheat
 
and 	barley.
 

The 	second example involves breeding for high protein content in wheat. Pro
tein determinations were made in 1974 on seeds from 284 heads randomly drawn
 
from a mechanically-spaced F3 composite of single crosses, and 69 heads from
 
a F2 composite of double crosses. The results are shown in:
 

Figure 5. - Distribution of Percent Protein
 

This preliminary study showed that if the selections drawn from the F3 populatioi
 
were expanded to about 1,000, one could expect to discover about 14 wheat plants

with F4 seed protein contents between 16 and 17 percent in the Ithaca, New York
 
environment. In practice we plan to utilize this information in cyclic pro
cedures to produce a succession of populations with increasingly higher protein.

First, a selection screen for agronomic desirability will be imposed, that is,

selection will be only from visually superior plants, two heads will be taken
 
from each selected plant, one to be ground for protein determination, and other
 
placed in reserve to be recalled for parent use if shown to have exceptionally
 
high protein. These approximately 14 high protein parents can then be diallel
 
crossed to produce a new hybrid population in which the testing and crossing
 
can 	be repeated to begin another cycle or they can be simply pair crossed and
 
the 	7 hybrids diallel crossed. In addition, we will create a second hybrid

population, the parents of which will be not only these 14 high protein selec
tions but also other high protein sources and a reasonable number of high per
formance cultivars, selections or single crosses. If plant selection and
 
protein determinations are made in the F2 population (F seeds) the complete
 
length of one cycle, from cross to selection of the highest protein plants, is
 
only 3 years at Ithaca using greenhouse and field facilities, and this could be
 
shortened to 2 years if the hybrid seeds were vernalized and planted at once
 
for 	a greenhouse or summer crop.
 

A simple strategy to increase one's leverage on variability in a breeding pro
gram is to use hybrids of cultivars with broadly similar characteristics as
 
parents in any situation where the breeder would ordinarily use one of the
 
cultivars. Here are some examples of single, 3-way and double crosses whose
 
parents all meet the high milling and baking standards for soft white winter
 
wheat:
 

Figure 6. - Hybrid Parents to Supplement Cultivar Parents
 

One chooses appropropriate combinations for each breeding objective. The in
crease in variability injected into the whole program through these segregating
 
parents is obvious.
 

2/ 	Redden, R. J. and N. F. Jensen. Mass selection and mating systems in
 
cereals. Crop Sci. 14:345-350. May-June, 1974.
 

2/ 	 Gardner, C. 0. An evaluation of effects of mass selection and seed irradi
ation with thermal neutrons on yield of corn. Crop Sci. 1:241-245. 1961. 
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FIGURE 6. HYBRID PARENTS AS SUPPLEMENT
 
TO CULTIVAR PARENTS
 

IN CROSSES TO INCREASE POPULATION VARIABILITY
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If a wheat breeding program increases its use of germplasm, expands the numbers
 
of hybrid combinations and, overall, increases the numbers of hybrid seeds it
 
is difficult to avoid the use of composites. I use composites almost exclu
sively: the DSM, for example, is a composite breeding system. A significant
 
characteristic of a hybrid composite is its variability index in terms of
 
number of parents and number of crosses bulked together and this dictiutes how
 
it must be handled. A composite, for example, of the F2 seeds from only one
 
cross 
poses no handling problem; on the other hand, a composite of a large
 
number of crosses can pose critical management problems. For example, we have
 
a DSM high protein composite which included 1,500 crosses, 17,000 hybrid seeds
 
and produced Fl-grown seed (F2) weighing 80 kg. or approximately 3 million
 
seeds. This situation resolves itself into a sampling problem which we are
 
meeting by drawing and growing 20 aliquots from the original F annually for 5
 
years, or a total of 100 separately treated populations. A beiter alternative
 
to such high variability composites is to subdivide one's breeding objectives
 
into manageable categories. For example, I plan my entire wheat breeding pro
ject as one multiple objective system (by multiple objective I mean all the
 
desirable traits that singly or together represent superiority of performance).
 
By planting unvernalized seeds, using two planting dates and reducing room
 
temperature, our winter greenhouse crossing season at Ithaca is 4 months long.

In 1975 we made about 600 hybrid combinations. When each head of hybrid seed
 
is harvested it is assigned to an objective category. Here is how these are
 
arranged for composite handling:
 

Figure 7. - Table of Composite Formation
 
Figure 8. - Examples of Crosses Being Assigned
 

My discussion of these Stage I procedures at times has crossed the border into
 
State II, the handling of early generation material. Some have expressed con
cern over the possible loss of genotypes from composites due to competitive

disadvantage. I too, am concerned over this as a potentially serious defici
ency in the composite breeding system, however, my observations over three
 
decades lead me to conclude that there is no serious loss in the 3 or 4 years
 
i.e., F1 or F2 to the F in which populations are carried in this manner; for

example, I have followe the course of the dwarfing trait--certainly a charac
ter at a disadvantage in a crowded population--and find that it readily and
 
routinely is found in the space-planted F where line selections are made. I
 
do not doubt the effects of population shifts over longer, evolutionary, periods
 
of time but it does not appear to be a deficiency of enough merit to challenge
 
the marvelous efficiencies of composites in handling hybrid populations.
 

Composites are amenable to different mass selection procedures both in the plant

and seed stages, in fact, screening systems are necessary for the efficient hand
ling of large numbers of early generation plants.
 

We are ready now to leave Stage II and enter the homozygous Stage III. The
 
effective interface between the heterozygous and homozygous stages is the point
 
at which line selections are made. For us, this is either the F5 or F6 and the
 
handling procedure involves changing from a dense population to a very open
 
population, using mechanical spacing techniques.
 

The number of head selections removed from any one population may range from a
 
few to 1,000 or more. The average time of one person required for selection
 
is 20 to 30 minutes per hybrid composite.
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Now that we are in Stage III, the homozygous line evaluation and cultivar
 
release phase of wheat breeding, I must say that I have been strongly inr
 
fluenced in my approach to strategy here by an unfortunate fact of breeding,

namely, that 99.99 percent of all the wheats a breeder works with in his

lifetime are destined to be discarded. For example, the Cornell project has
 
released 11 wheat varieties since 1900. Our estimate is that during this

period 100 million plants have passed through Stages I and II, and 500,000

lines through Stage III. 
 Thus, the "varietal content" of the heterozygous

stages is about 0.1 parts per million, and that of Stage III is about 22 parts

per million. From this I have concluded that successful strategy dictates
 
minimal overall expenditure of effort, in other words, just enough effort to
 
screen effectively and to satisfy the requirements of what I call the retain
discard decision. 
This is a simple decision whose requirements are satisfied
 
by the answers to two questions (although they are seldom formally put):


1) assuming all unknown characteristics as favorable, would this genotype
 
make a cultivar?
 

and 2) is it wanted for any other purpose, e.g., a parent?
 

If the answers to both are "no" there is no other justification for further
testing. 

The result of this conceptual approach to breeding and testing is that it leads
to unorthodox methodology in Stage III. I wish to emphasize, not the unortho
doxy, but the significant increases in efficiency that result; I give you five
 
illustrations.
 

First, we use minimal replication of plots. Less than 1 percent of our wheat
 
lines ever enter a replicated nursery, that is to say, our Master Nursery contains 
one plot per year of each wheat line in the program; and in 1975, for
 
example, only 24 lines have been judged superior enough to be entered in a
 
replicated trial. 
 Why not replicate? My answer is: one replication, that is,

two plots of each entry, automatically doubles the project size or, expressed

another way, not replicating permits a breeder to see 
twice as much material
 
for the same cost and I think that is good strategy.
 

A second unorthodoxy relates to the field discarding of plots before harvest,

thus creating missing plots on a grand scale. 
 Overall, the rate of field dis
carding is high - as much as 
50 percent -; this is based on spot decisions in

the field plus carry-over decisions from winter examination of the cumulative
 
performance records.
 

A third unorthodoxy resulting in increased efficiency is this: since we expect

to have approximately 50 percent field discard of lines we anticipate and project for normal harvesting and processing capacity by doubling the number of
 
lines planted.
 

The fourth unorthodoxy is that all breeding and testing operations, with the

exception of cooperative nurseries, are at one location; all state, regional

or county trials were dispensed with almost 20 years ago. 
A basic reason for
 
this decision may be seen from a statistical analysis by White. / of 97 oat
 
regional trials from my oat breeding project conducted over a 10-year period

that showed the variety x location interaction to be almost non-existent. In
 

A/ S. B. White: Variance component analysis for a series of oat yield trials
 
in New York. Cornell University Ph.D. Thesis. 91 pp. 1958.
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wheat we have a 200 x 600 mile geographical zone in which a similar situation
 
exists.
 

Figure 9. - Variety x Location Interaction
 

A fifth and final unorthodoxy concerns the use of statistics. Needless to say,
 
the testing procedures I have described rule out the use of sophisticated or
 
computer-oriented tools. A desk calculator is sufficient for all data analysis
 
which is basically of two kinds: 1) analysis of a few replicated trials and 2)
 
summing operations for data accumulation on all other wheat lines. While it is
 
certainly true that performance data for any one year is insufficient for momen
tous decisions, I think we need to ask ourselves how much information we need
 
to make simple decisions such as to retain or discard. The genotype x year
 
interaction data accumulates with time for each selection retained and we measure
 
relative performance by intra-group comparison.
 

What are we to make of these sorts of strategies? I believe that some of these
 
have general application while others may be associated with the unique plant
 
breeder-project relationship that surely exists. Some strategies place a pre
mium on the art of wheat breeding and might not be suitable for persons with
 
lower experience levels, for example, young persons newly entering the profession.
 

The measure of a breeding system surely is related to how well it meets the
 
challenges of the agricultural arena. Four wheat cultivars have been produced
 
by the composite breeding system in the past 7 years: Yorkstar (1968) is the
 
oldest of these and is the dominant New York variety; it is also grown exten
sively in Michigan and Ontario, Canada. The broader-based composites now being
 
developec, are too young to have yet produced a cultivar, however, we anticipate
 
that the 'icreased genetic input, leveraged through crossing, will increase the
 
pay-off rate of superior cultivars in the future.
 

In conclusion, I have attempted to show that breeding for wheat improvement in
volves two categories of plant materials, heterozygous and iomozygous, in a dynam
ic three-stage process. I have tried to show also that overall strategies for
 
superior cultivar production all have the common characte.ristic of increasing
 
the size and scale of operations, e.g. greater breadth o germplasm use, expanded
 
genetic recombination, more hybrids and hybrid seed, attention to multiple ob
jectives and so forth. Because of this, solutions must be sought for in effici
ent and compensating methods that materially aid the breeder in managing size
 
and scale parameters, e.g., simplicity in field operations, statistics and
 
decision making, use of composites and selection screens, mechanization of hand
 
operations and so forth. We estimate that the application of these and other
 
techniques in the Cornell wheat breeding project has magnified the breadth of
 
germplasm input by a factor of 20 in the heterozygous stages, (from an average
 
30 crosses annually to 600) while at the same time reducing the operations in
 
the homozygous stage by two-thirds (from 31,000 rod row plots in 1948 to present
 
10,000). The station has released 12 wheat cultivars in 68 years; four of these
 
within the past 8 years.
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Location 109.76 

Year 199.77' 
Replication 38.04 

Variety X Location 1.69 
Variety X Year 23.36 
Location X Year 286.55 

Variety X Location X Year 25.74 
Error Component 63.30 

Total- 791.32 
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IDEOTYPES FOR HIGH PRODUCTIVITY, PERFORMANCE STABILITY
 
AND ADAPTATION 

Slavko BoroJevic, Yugoslavia 

Since the needs for bread and other wheat products are far trom satisfied for
 
the largest part of human population and since the area for wheat production
 
in many countries cannot be much enlarged, it is necessary to increase still
 
further the genetic potential for yield of wheat together with advancement of
 
all other measures on which the realization of yield potential dapends.
 

Having at our disposal such cultivars as Libellula, Bezosttia-1, Sava, Maria
 
Nimrod and several others among winter wheats; C. Marzotto, Irnerio, Siete
 
Cerros, Anza and others among spring wheats, we can speak about yield potential

approaching 100 quintals per hectare (Tables 1 and 2).
 

The sLiences of genetics and breeding are capable of creating cultivars of
 
wheat with the yield potential higher than 100 quintals per hectare. If such
 
a capacity is combined with good nutritional and baking quality, as well as
 
with performance stability, this will signify a new breakthrough in wheat
 
production and consumption of various wheat products.
 

Table 1. Some examples of maximal yields obtained on large agricultural
 
farms in Yugoslavia.
 

Wheat Area 
Cultivar q/ha in ha Farm and year 

Libellula 79.8 138 IPK Osijek, Dalj, 1974 
Sava 
Sava 

82.5 
76.0 

17 
22 

PIK Beeej, Be6ej, 1973 
PIK Zrenjain, Elemir, 1974 

Biserka 80.8 107 PIK Tamig, kanevo, 1973 
Biserka 
Zlatna dolina 
Zlatna dolina 

81.5 
84.9 
82.1 

21 
19 
96 

PD Novi Sad, Sirig, 1974 
IPK Osijek, -afice, 1974 
PIK Vinkovci, Lipovac, 1974 

Dunav 82.6 4 PIK Zrenjanin, Aerodrom, 1974 
Slavonka 101.1 1 D. Popovi6, Vinkovci, 1974 

DepatLunc oz uenecics ana riant areading, Faculty of Aldiculture, University
 
of Novi Sad, Novi Sad
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Table 2. Average yield on agricultural combinates in province Voyvodina

(Yugoslavia).
 

1971/72 1972/73 1973/74

Cultivar 
 ha, g/ha ha q/ha ha S,/ha x Rank 

Libellula (Italy) 15.247 37.2 22.154 50.6 57.818 51.6 46.5 
 4
 
Bezostaia-1 (USSR) 4.783 37.8 4.584 43.1 
 17.965 41.9 40.9 7
 
Aurora (USSR) 
 5.608 40.7 10.969 42.4 16.502 41.3 41.4 6
 
Kavkaz (USSR) 4.285 39.1 8.095 44.7 26.924 41.5 41.8 5
 
Sava (Novi Sad) 6.773 46.0 13.448 60.0 61.530 57.1 54.4 1
 
Biserka (Novi Sad) 383 39.5 
 3.657 58.8 21.032 56.4 51.6 3
 
Zlatna dolina (Zagreb) 103 48.0 2.098 54.9 17.864 55.3 52.7 2
 

Concepts of creating high yielding varieties
 

In the last decade several concepts have been developed with purpose of deter
mining the most effective way to create high yielding varieties.
 

Theoretical foundations for the elaboration of an agroecological model of
 
varieties in small grains have been laid most throughly by Mac Key (1966, 1970).
Donald (1968) pictured a model of spring ideotype for high productivity. The
 
type of high yielding varieties for intensive agricultural practise in Yugo
slavia has been elaborated in a new wheat breeding programme initiated in 1956
 
(Borojevic and Potocanac 1966, Borojevic 1971).
 

Finlay (1968) expressed the opinion that "selection for a particular plant type,
 
as 
in the model plant concept, rapidly narrows the range of genetic variability

because there are very few genotypes which will produce the desired phenotypes".

Supporting this view, Martinic (1973) emphasises also the importance of wide
 
genetic variability.
 

The model plant concept doev not mean the selection of one or few similar geno
types, but a certain plant type which includes several genotypes to utilize
 
agroecological conditions and to meet human requirements. 
 It is true that
 
present wheat plant type has many features in common, but it was the same
 
situation with old type varieties. The similarity in plant type is not only

the consequence of breeding concept but even more the requirement of agricul
tural practises. Primitive agriculture favoured a modest plant type with tall
 
stem capable of competing with weeds and shortage of nutrients, while modern
 
agriculture favours a short stature plant capable of using much nitrogen,

which can withstand dense canopy, satisfy requirements of mechanization, etc.
 

Wide genetic variability per se does not secure development of good commercial
 
varieties. Increase of genetic variability has been reported after mutagenic

treatments for many plants. However, most of that variability proved to be
 
deleterious and without breeding value. 
 It is not enough to have wide genetic

variability; it is necessary to produce definite genetic variability, and 
to
 
know clearly what plant type to select. Otherwise, to insist on broad genetic
 
variability without determining the main yield components which will ensure a
 
high yield potential, may cause confusion, particularly for young breeding
 
programmes in developing countries. Therefore, a model plant Concept can be
 
a useful guide in creating new cultLvare.
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Genotypes for hiah Productivity
 

How can genetic potential for yield over 100 q/ha be created? In wheat as a 
allopoliploid species, great possibiLities of new recombinations and mutations
 
of genes exist combined with the effect of artificial and natural selection 
in different environments. The most successful method of producing new recom
binations of genes is the hybridization of gerttically divergent parents.
 

After the World War I Nazareno Strampelli in Italy made a breakthrough in 
increasing genetic potential for yield by crossing Italian, Dutch and Japanese
varieties. What was new in Strampelli's (1932) breeding programme was the 
change of the wheat plant type. From tall straw, late maturity, lax spike, 
and low productivity, he changed to short straw early maturity, and highly 
fertile spike types. Many productive cultivars were obtained (Mentana, San 
Pastore, etc), which together with cultivars developed later by M. Bonvicini 
and M. Lollini (Fortunato, Funo, etc.), A. Trentin (leone, Libellula, etc.), 
N. Hichahelles (Mara, Conte larzotto), and several others, have served as new 
sources of genes for high productivity and have made a large impact on many 
breeding programmes in the world. 

In the first stage of the Yugoslav breeding programme, these Italian varieties 
were used extensively to produce cultivars like Vuka, Brkulja-4 (Table 3) and 
others. In the second state of breeding, genes for dwarf straw, fertile spike
lets and a large number of kernels per spike of Italian varieties have been 
combinedwith genes for rust and mildew resistance and winter-hardiness from 
American varieties (Purdue, Kansas and other lines), resulting in such new 
semi-dwarf high-yielding cultivars as Sava (Table 3 and 4), Zlatna dolina, 
Slavonka and others. Many of these crosses were actually winter x spring type 
combinations from which winter genotypes for transitional continental climate 
were selected. 

The appearance of Russian productive varieties after 1961, with good winter
hardiness and quality (Bezostaia-l(rable 5), Mironovskaia-808, Aurora, Kavkaz), 
came as a new Rource of genes needed for the progress of our breeding programn. 
Crosses of Italian varieties (Argelato, Libellula etc.) and new Yugoslav seui
dwarf varieties with Russian varieties, characterize our third stage of breed
ing, from which new varieties with high yielding potential and good quality are 
being obtained - Novosadska Rana 1 and 2, NS-12-31, NS-14-82 and others (Tab. 3). 

This type of semi-dwarf high yielding winter habit genotypes, together with 
Italian and other semi-dwarf winter varieties and Mexican spring type varieties
 
(Borlaug, 1965, 1968) represent a further change in 'iheat plant type, the main
 
characteristic of which is the change in the ratio between vegetative and
 
generative parts to improve harvest index. It has been rathi.r easy to develop
 
semidwarf and dwarf statare of stem, but size and structure of leaves and spike 
have remained almost as in tall straw varieties. Therefore, further improve
ments should be made to achieve a yield potential over 100 q/ha. 

Canopy structure with even distribution of plants in space, with more erect 
or loopy leaf architecture, with optimal leaf area index and In8 leaf area 
duration, to which disease resistance should be added, will improve source
 
capacity and should result in more effective photosynthesis (Borojevic, 1973). 
Changes in spike structure should correspond to these changes in vegetative
 
parts to give a better sink capacity (Fisher and Kohn 1966, Lupton et al. 1974). 
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Table 3.' The first stage of wheat breeding in Novi Sad since 1957 

IBRIDO-STIRPE 2/RYE 

HEINE-VII x 129 VULGARE LINE 
4. 

Cultivars: BACKA. DUNAVI PANONIJA
 

MARA x FUNO
 

Cultivar: BRKULJA-4
 

The second stage of wheat breeding in Novi Sad since 1960
 

FCRTUNATO2 x REDCOAT (CI 13170)
 

Cultivars: SAVA. BISERKA. DRINA
 

CAMPODORO/HEINE -VII
 

NS-116 x BEZOSTAYA-1
 

Cultivar: PARTIZANKA
 

The,third stage of wheat breeding in Novi Sad since 1965
 

'1M14 VII/IBRIDO-STIRPS U1/SELKIRK/S.PASTORE/IARA
 

/(NS-262 x BEZ-I) x MR. 808/ x NS-435
 

Cultivarst NOVOSADSKA RANA-1 and 2 

BEZOSTAYA-1 x SAVA
 

Lines: NS-14-67, 14-82 etc.
 



Table 4. Pedigre of Cultivar S A V A 

(Yovi Sad, Yugoslavia) 

Hope x 

-(Canada) 

Hussar 

(Australia) 

Supreza P.I. 
(USA) 

103833 x Fultz Sel. CI 
(U) 

11845 Trumbull 3 x Purdue G 2343-A4-28-52 

Spijk x 
(Hol.) 

Squareiead 

(Engl.) 
Purdue 40122 (F 1 ) x Purdue D 3932-A3-1 

Akagoaughi 

(Japan) 

x (Wilbelaina 

(HOl.) 

Torwe x Rieti) 

(Italia) 

Purdue 3983-9-2-1-2-2-4 x Purdue 4126-A9-32-2-2 0 

Lauro Bassi 
,,(Italia) 

x Damiano 
(Italia) Purdue 4548-A2-5-18 

ForFortunato2 

(Italia) 

Is 

x Redcoat (CI-13i70) 

(USA) 

I (NS-611) 



Table 5. PedLgree of Cultivari B E Z 0 S, T A T A.1 

Spijk x Squarehead
.(Rol. ) (Ensl.) 

Wilhelmina x Rieti
 
(Holand) (Italia)
 

Thn 
Ibrido 21 x Akagouiughi 

(Italia) (Japan)KrLmke 

,VSSR) i editerranean Ardito 

__ I --- (Italia) 

Ful: x Landcaster
 

Banatka Kanred-Fulcaster 266-287 
(Hungry) USA)
 

hstnaa x Ukrainka
 
(USSR) (USSR)
 

Lutescens 17 X 
(OSSR) 

4
 
bezostaia-4
 

Amaricano 44 x Barieta
 
(USA) (Spain)
 

x Vencedor 

CArt,)
 

x K.an 33 

Skorospelka 2 
(USSR)
 

B HZ 0 S TA I A-1 / 
8. V. Rabinovt, 1972 
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This can be achieved by increasing either the number of spikelets per spike,
the number of kernels per spikelet, absolute kernel weight, or by combinations 
of these. 

The genes for more effective leaf structure on dwarf stem exist, but success
ful recombinations have not yet been made. 
The genes for high sink capacity

may be sought in new varieties which may 
not need to possess many characters
 
to counteract limiting environmental factors, particularly temperature and

moisture stress. Namely, such varieties have greater yield potential than 
winter varieties with high resistance to low or high temperatures or spring

varieties with short vegetation period.
 

Therefore, it seems that crosses between new intensive winter type Yugoslav

and Italian varieties with West European varieties may be highly promising.

If strong winterhardiness is needed, Russian, American and other productive

varieties should be used. High productivity can be also expected from crosses
 
of new winter type European varieties with high yielding spring type Mexican,
 
Italian and Indian varieties.
 

Our fourth stage of breeding is similar to this proposed crossing programme

in which the emphasis is on yield potential higher than that of Sava combined
 
with good quality. There are of course many other possibilities depending on
 
agroecological conditions, requirements of market, etc. 
Suggested cross com
binations are based on the principle of genetic divergence, having in mind
 
that at least one parent and if possible two, must possess genes for high

number and weight of kernels per spike. Characters such as resistance to lodg
ing, resistance to diseases, etc. contribute considerably to source capacity,

but alone are not capable of building high yield if sink capacity is small.
 

Methods of selecting parents for hybridization are very Important for the suc
cess of breeding. 
According to Bhatt (1970, 1973) the method of multivariate
 
analysis by which parents 
are selected on the basis of differences in several

characters, gave better results in yield, range of variability and transgressive

segregation, than the random or conventional method.
 

When geetically divergent parents are chosen, methods of crossing should be
 
given careful attention. If the simple cross method is applied, both parents

should be intensive to obtain lines superior to the better parent. 
 If one
 
parent must be 
an extensive variety (donor of didease resistance or similar),

it is useful to apply one back-cross to the intensive, better adapted variety,

thus introducing 75% of its germ plasm. 
If three-wily, successive, or other
 
complex crossing methods are applied, it is importmAnL to decide which parent

will be used last since it introduces 50. of its germ plasm to the new hybrid

material. 
When a high level of yield is reached and only few characters need 
to be improved, the application of different versions of convergent cross 
methods may give good results (Mac Key 1962, Borojevic and Potocanac 1966).
 

The search for efficient methods of selection for yield is a permanent problem

in plant breeding. There are several proposals on how to select the highest
yielding lines, when to start selection for yield, what methods of testing to 
use, etc. (Shebesk and Evans, 1973, Townley-Smith et al., 1973). In any case,
long experience and several studies show that it is neccessary to grow large

F2 populations, to restrict visual selection as much as possible, and to test
 
as many lines as possible for yield. 
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Performance stability and adaptation
 

Performance stability is a result of varietal adaptation which depends on
 
characters by which a variety counteracts limiting factors of environment and
 
also on genetic composition of the variety.
 

It has been considered a rule that varieties with wide adaptation have lower
 
yield potential, but perform above average, while varieties with high yield
 
potential have narrow adaptation, perform well in favourable environments and
 
poorly in unfavourable ones (Finlay and Wilkinson, 1963). New achievements
 
in crop breeding show that it is ;ossible to obtain high yield potential and
 
wide adaptation from which perfoirmance stability will result. This is clearly
 
demonstrated in the IWW N in case of the variety Bezostaia-l (Stroike and
 
Johnson, 1972) and the variety Sava. According to Eberhart and Russell (1966),
 
a stable variety will be one with high mean yield, unit regression coefficient,
 
and deviations from regression (environmental index and yield) as small as
 
possible.
 

The variety Bezostaia-l was leading in the IWWPN for three years but it was 
replaced by variety Sava (Table 6). That the yield potential of Sava is greater
 
than that of Bezostaia-l is also shown by the distribution of yield ranks
 
which, for Bezostaia-1, demonstrate normal distribution over 3 years while for
 
Sava the distribution exibits strong left assimetry in the direction of high
 
ranks (Table 7). The difference is even more pronounced in favour of Save in
 
very good environments (sites where the average yield was over 50 q/ha) and in
 
good environments (average yield over 30 q/ha), while in poor environments
 
(average yield below 30 q/ha) Bezostaia-l showed somewhat better performance 
(Tables 7 and 8). The regression coefficients for Bezostaia-1 were about 0.9
 
for all 3 years and for Sava above 1.0. The deviations from regressions for 
Bezostaia-l were much smaller for two years than for Sava (Table 6 and Figure 1). 

Producers are interested in having varieties with high yield and performance
 
stability over years at their production location. Since the interaction
 
between the genotype and year is greater than between the genotype and location
 
(Allard and Bradshaw, 1964), which was also confirmed in Yugoslavia (AndJelkovic,
 
1970), it follows that varieties with performance stability over years have
 
wider adaptability than varieties with performance stability in one location
 
or smller region, but which may possess equal yield potential. However, there
 
are regions where varieties with specific adaptability give the highest yields.
 
One example is the variety Starke which showed the right assimetry in the dis
tribution of yield in the IWWPN (Table 7 and 8, Figure 2), but in Sweden was
 
among the leading varieties. 

Therefore, wide or general adaptability should not contradict narrow or specific 
adaptability. It is good to have both types of adaptabiliy in order to utilize 
most effectively different environments for obtaining maximal yields. 

The adaptation of a variety depends also on its genetic composition. If a
 
variety represents a pure line or a pure variety, the adaptation is based on
 
the ecological homostasis (individual buffering), while the adaptation of a 
multilineal variety or synthetic variety Is based on the genetic homeostasis 
(population buffering) (Allard and Bradshuw 1964, BoroJLvic 1972). It is
 
expected that genetic homos.sis could ensure greater performance stability,
 
but not neccessarLly a higher level of ykeld than ecological homostasis.
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Table 6. Stability parameters for comparing varieties tested in the
 
International Winter Wheat Performance Nursery.
 

(IWWPN)
 

(Six divergent varieties are taken)
 

Cultivar Year 
Mean yield 
inq/ha 

Regression 
coefficient 

Variance of 
regression 

Sava 
(Yugoslavia) 

1971 
1972 
1973 

40.5 
41.7 
44.8 

1.04 
1.26 
1.41 

107.9 
56.9 
52.7 

x 42.3 

Bezostaia-1 
'USSR) 

1971 
1972 
1973 

40.2 
43.3 
38.5 
40.7 

0.94 
0.90 
0.88 

22.3 
53,6 
20.4 

Centurk 
(USA) 

1971 
1972 
1973 

40.1 
39.2 
40.7 
40.0 

1.20 
0.91 
0.97 

36.2 
81.7 
46.8 

Strampelli 
(Italy) 

1971 
1972 
1973 
i 

37.8 
31.6 
37.8 
35.7 

1.14 
0.99 
1.05 

121.1 
179.5 
95.5 

Lerms Rojo 64 
(Mexico,spring) 

1971 
1972 
1973 
i 

34.1 
22.8 
26.0 
27.6 

0.75 
0.71 
0.62 

88.9 
252.6 
247.4 

Starke 
(Sweden) 

1971 
1972 
1973 
R 

28.8 
27.7 
24.0 
26.9 

1.34 
1.01 
1.03 

171.0 
141.4 
118.8 
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Table 7. Distribution of yield ranks of some genetically divergent wheat
 
cultivars in the IWWPN for 3 years (1971-1973) (96 Sites)
 

Rank
 
Cultivar 1 2-5 6-10 11-15 16-20 21-25 26-30
 

Number of sites 
Sava 16 30 15 12 13 7 3 
Bezostaia-l 4 21 34 18 13 4 2 
Centurk 5 22 19 17 23 8 2 
Strampelli 7 18 13 11 10 12 18 
Lerma Rojo-64 3 10 7 6 7 13 34 
Starke 2 7 5 6 7 17 51 

Where the average yield of the trial was i,50 q/ha (13 sites) 
Sava 4 6 1 1 1 
Bezostaia-1 3 4 4 2 
Centurk 1 6 1 1 3 1 
Strampelli 3 1 3 2 3 1 
Lerma Rojo 64 2 1 1 9 
Starke 1 2 1 1 3 5 

Table U. Distribution of ranks of some genetically divergent wheat cultivars
 
in the 3-years IWWPN where the average yield of the trial was 30 
q/ha (60 Sites). 

Rank
 
Cultivar 1 2-5 6-10 11-15 16-20 21-25 26-30
 

Number of sites
 
Saya 14 21 10 7 6 1 1 
Bezostaia-1 2 9 24 14 8 2 1 
Centurk 4 14 9 12 15 5 1 
Strampolli 5 11 11 10 7 7 9 
LermsRojo 64 2 6 5 3 3 12 25 
Starke 1 6 4 6 5 30 

Where the average yield gf the trial was 4 30 q/ha (36 sites) 
Sava 2 9 5 5 7 6 2 
Bezostaia-1 2 12 10 4 5 2 1 
Centurk 1 a 10 5 8 3 1 
Strampelli 1 6 4 1 3 10 1 
Lerm Rojo 64 2 4 2 3 4 3 7 
Starke I I 1 1 2 9 19 
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Figure 2. 	 Regression of yield of varieties Starke and Centurk on 
environmental index of the IWWPN grown in 1973. 
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Considering the large variability of agroecological and agrotechnical condi
tions in the world's wheat growing areas, many genetically different varieties
 
are needed in order to obtain the best varieties according to yield and
 
quality. Local and state boundaries should not prevent the growing of increas
ingly better varieties no matter which country they come from. It is the
 
purpose of our international cooperation to identify the best yielding varieties
 
and to stimulate breeding for still better ones.
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THE POTENTIAL OF SEMI DWARF WINTER WHEATS
 

F. G. H. Lupton
 
England
 

Introduction
 

Straw Peight has been an important selection criterion in winter wheat breed
ing for many years, and has become of special interest in recent years as
 
farmers have attempted to increase yield by use of ever increasing quantities
 
of nitrogenous fertilizer. The general trend is well illustrated in Figure 1,
 
in which the increasing yield of succe3sively introduced British varieties is
 
compared with their decreasing straw lengths.
 

Although the development of shorter strawed varieties has always been an
 
important breeding objective, there have been a number of major stages in this
 
production. The first important step was 
taken by the Italian breeder Strampelli
 
in the later 1920's, when he crossed the 
short strawed Japanese wheat Akagomughi
 
to an F1 hybrid of the Italian land variety Rieti with the high yielding Dutch
 
variety Wilhelmina. This cross gave rise to the high yielding short strawed
 
selections Ardito and Mentana which have been widely used in crossing progranes
 
throughout the Mediterranean region and also in South America and southern
 
Russia. The next major advance came with the introduction of the short strawed
 
French wheats. The first of these, Bersee, introduced in 1936, was still tall
 
by modern standards arid the major impact was not felt until after the Second
 
World War, when a series of shorter varieties was released making possible the
 
economic use of heavy doses of nitrogenous fertilizer. The best known of 
these,
 
Cappelle-Desprez, has been very widely used in subsequent breeding work and
 
appears in the parentage of eleven of the fourteen varieties currently recom
mended for cultivation in Britain.
 

Interest in short strawed wheats has been greatly increased recently, and has
 
led to a number of new short strawed varieties, such as Maris Templar and Maria
 
Huntsman in Britain, Libellula in Italy and Sava and Zlatna Dolina in Yugoslavia.
 
In the development of their varieties, British breeders have been selecting for
 
recombinations of polygenic factors determining straw height. The stage has
 
now been reached, however, when further progress requires the exploitation of
 
major genes, and we are now developing crosses based on the Norin 10 dwarfing
 
genes which have been so successfully used in the CIMMYT spring wheat breeding
 
programme and elsewhere. The Italian and more recently the Jugoslav breeders,
 
have been exploiting major genes since Strampelli used Akagomughi in his cross
ing programme. There are however important differences between the genes for
 
dwarfness in this variety and those derived from Norin 10.
 

Breeding semi dwarf wheats in Britain
 

The British semi dwarf winter wheat programme is based on a number of selections
 
which we received from the late Dr. J. A. Rupert. These had been developed by
 
him in S. America, but were selected from Norin 10 derivatives developed by

Dr. 0. A. Vogel in Washington State, USA. The lines we received from Dr. Rupert
 
were derived from crosses with French wheats adapted to the region in Chile
 
where he was working, but they proved to be very susceptible to most of the
 
diseases prevalent in Britain. A number of very promising selections were how
ever obtained after two crosses to varieties adapted to British conditions.
 
The first of these, Maria Fundin, was marketed last autumn, and a second, Hobbit,
 

Plant Breeding Institute, Cambridge.
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is likely to be released this year. Maria Fundin is the first semi dwarf wheat
 
available in Britain. It was the third highest yielding variety in our National
 
Trials though it is not quite so high yielding as the taller variety Mars
 
Huntsman. We have, however, a range ut advanced selections currently in national
 
trials and hope that one at least of them may set a new standard for yield in
 
British agriculture (Table 1). There are however a number of problems still to
 
be overcome. First it has been found that many of the semi dwarf wheats are
 
unduly susceptible to Septoria spp and i has been suggested that the micro
climate of a dwarf wheat crop is specially favorable to these diseases as it is
 
easy for the spores to splash from leaf to leaf under their very dense canopy.
 
Although this factor is undoubtedly of some importance, we have found that the
 
level of susceptibility varies nearly as much amongst the semi dwarf wheats as
 
it does amongst the taller ones and have been able to select for resistance in
 
our newer 	lines.
 

Table 1. 	Yields of winter wheat varieties on contrasting soils near Cambridge,
 
1974. (% Cappelle-Desprez)
 

Medium Chalky Light
 
loam boulder clay Greensand chalky loam Height
 

(Trumpington) (Boxworth) (Bar Hill) (Fowlmere) (cm)
 

Maris Huntsman 107 	 131 - 123 105 
Marls Templar i1 	 132 117 125 97
 
Mars Fundin 104 127 110 129 79
 
Maris Hobbit 115 	 128 117 116 87
 
TJB 259/95 	 116 139 127 126 89
 
TJB 240/1834 114 	 125 124 137 88
 
TJB 368/268 125 	 142 129 142 81
 
Cappelle-Desprez 58.5 54.5 47.9 32.6 102
 

(q/ha)
 

Weed control may also present problems, and it has been suggested that semi
 
dwarf wheats may not be sufficiently competitive to weeds. Problems certainly
 
may arise 	when poor crop stands are obtained on land of low fertility, but under
 
better conditions, we have found that the dwarf wheats tiller more freely than
 
taller varieties and should therefore offer more severe competition to weed
 
species. 	A more serious problem arises because many semi dwarf wheats are sus
ceptible to the substituted urea herbicides, such as metoxuron and chlortoluron,
 
used to control grass weeds such as Alopecurus agrestis. To my mind, however,
 
this is essentially a problem for the chemist who should produce new sprays,
 
though again we have found that tolerance in simply inherited and that some of
 
our newer dwarfs are tolerant.
 

Physiology 	of yielding capacity
 

The value 	of semi dwarf wheats in modern agricultural systems is partly due to
 
their short stiff straw which is capable of withstanding very high levels of
 
nitrogenous fertilizer without lodging. The high yields obtained are, however,
 
also brought about by differences in their developmental physiology, resulting
 
in a redistribution of dry matter so that a greater proportion of the total
 
dry weight is harvested as grain. Fundamentally, the Normn 10 derived dwarf
 
wheats differ from taller varieties and from many other dwarf varieties, such
 
as those derived from Akagomughi, in being unable to utilize the growth
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hormone gibberellic acid (GA) the presence of which normally causes increased
 
straw height. As a result, the GA accumulates in the plant tissue reaching
 
very high concentrations (Radley 1970). My colleagues Gale and Marshall (1973)
 
have studied the response of Norin 10 derived dwarfs to exogenous GA and found
 
that they showed little cesponse in terms of stem elongation. They found
 
however that while applied GA increased apical dominance and so decreased
 
tillering in the taller controls, it caused a highly significant increase in
 
tiller production in the dwarfs. This phenomenon was seen when they grew
 
plants of tall and short strawed plants under controlled conditions in a growth
 
room and was subsequently confirmed in the field, where it was found that the
 
tiller production of the semi dwarfs was greater than that of taller varieties.
 
The increased tillering capacity was associated with an increased number of
 
ears per square metre of crop, and is an important component of the high yield
ing capacity of the semi dwarf wheats (Lupton, Oliver & Ruckenbauer, 1974). 

A growth analysis of selections from a cross between semi dwarf and taller 
varieties has shown that yielding capacity is determined by the combined effects
 
of carbohydrate supply and capacity of the plant to store that carbohydrate.
 
Combined consideration of these two factors, sometimes known as the "source" 
and "sink" for carbohydrate, accounted for about 90r. of the yield variance in 
the growth analysis, while either component considered alone only accounted for
 
about 50% of the variance (Lupton, Oliver & Ruckenbauer, 1974). Carbohydrate
 
supply to the grain is mainly derived from current photosynthesis (Thorne 1971),
 
and there are indications that the photosynthetic efficiency of the dwarfs is
 
sometimes greater than that of taller varieties (Lupton, 1972). Carbohydrate
 
in the grain is also partly obtained by translocation of reserves from the in
ternodes, or other sites of temporary storage. There is little evidence of
 
varietal differences in this component, though there may be scope here for future
 
selection by the breeder. My colleagues Austin, Ford & Edrich (1973) have how
ever compared the net photosyntneti" rate' of an erect leaved variety with one 
with horizontal leaves of approximately the same area but which caused more 
mutual shading of the lower leaves. They found that although the photosynthetic
 
rate of the erect leaved -variety was greater, there vas no varietal difference 
in yield because the horizontal leaved variety translocated more reserves of
 
carbohydrate from the stems.
 

There is little direct evidence concerning varietal differences in the capacity
 
of the grain to store carbGhydrate. Lupton, Oliver & Ruckenbauer (1974) have
 
however shown that the ear primordia of the high yielding semi dwarf variety
 
H1obbit are larger throughout their development and provide a larger sink for
 
carbohydrate. It is also likely that the larger number of ears per square 
metre of the bemi dwarf wheats may provide them with more sites at which car
bohydrate can be stored.
 

The number of spikelets per ear is determined at an early stage of crop devel
opment when supply of carbohydrate is unlikely to be limiting. The number of 
fertile flowers developing per spikelet is however determined shortly before 
anthesis, at a stage when buth the ear and the stem are growing rapidly and 
competition for available carbohydrate rmiy te intense. It has therefore been 
suggested by Bingham (1972) that the reduced demands which the stems are likely
 
to make in sh.rt strawed varieties may release more carbohydrate to the ears,
 
which are therefore likely to produce spikelets with more fertile flowers. This
 
hypothesin is supported by the observation that many semi dwarf wheats have
 
ears with many grains per spikelet.
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Use of extreme dwarf varieties
 

Most of our work in breeding semi dwarf wheats at Cambridge has been based on
 
genes derived from Normn 10. %4e have however, a range of crosses derived from
 
the extreme dwarfs Tom Thumb and Minister Dwarf. There is some doubt concerning 
the origin of Tom Thumb, though it may have been collected in Tibet; Minister
 
Dwarf was selected at Gembloux, Belgium from a cross involving Minister,
 
Triticum spelta and the possibly synonymous dwarf variety Tom Pouce.
 

Gale & Marshall (1975) have shown that the short straw of both varieties is 
determined by the same dominant gene (Gal3 ). This blocks the utilization of GA,
 
as in the case of Nrin 10, causing it t1hiccumulate at high concentrations.
 
In this case, however, the gene is stronger in its effects and also limit the 
production of c-amylase by the aleurone layers of the endosperm. This effect 
could be of considerable economic importance in Britain, where bad weather at 
harvest frequently induces premature germination, and excessive a-amylase 
production, resulting in grain of poor quality for bread making. We have also
 
found that some of our highest yielding varieties, in particular Marls Huntsman,
 
have high contents of a-amylase even when weather conditions at harvest are not
 
conducive to premature germination. We have therefore started a crossing pro
gramme to see whether it is possible to exploit the gene limiting premature 
production of c-amylase. It should perhaps be emphasized that the gene does
 
not limit production of a-amylase to a level which would impede normal germina
tion of the embryo. 

The programme is made more difficult because the stems of Tom Thumb (47 cm) and 
Minister Dwarf (53 cm) are too short for direct agronomic exploitation and the
 
varieties have other disadvantages, such as poor ear conformation and excessive 
susceptibility to disease. It is therefore necessary to select for combinations 
of minor genes giving tall segregates which still carry the gene Gal3. The gene 
has also been used in a programme investigating the feasability of developing Fl 
hybrid wheats in Britain, working on the premise that such wheats are likely to 
show heterosis for vegetative vigour and are therefore likely to reach a suf
ficient straw height.
 

Conclusion
 

In this brief review, I have contidered first the progress which we have made in 
the breeding of semi dwarf winter wheats, and secondly the physiologic basis
 
upon which these advances have been nmde, and on which any future progress should 
be planned. As I have said earlier, the belection of shorter strawed wheats is
 
no new plant breeding objective, and it ii not therefore surprising that the 
semi dwarf varieties which are now cultivated have l)en derived from very differ
ent origins. The successes of Sava and Libellula and other varieties developed 
for Southern Europe bpeak for themselves, and I feel that our varieties from 
further north, combined with the demonstration of their dintinctive gibberellic 
acid metabolism, show similar promise lor the future. I also feel that there 
is no reason why the disease problems to which I referred earlier should not 
be overcome by selection, possibly supplemented by suitable fungicidal sprays. 

I therefore feel that the area under semi dwarf winter wheats is likely to 
increase greatly in the next few years wnd that they may dominate European wheat 
growing areas in the next decade. 
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DEVELOPMENT OF WINTER VARIETIES FOR 
LOW RAINFALL, NON-IRRIGATED AREAS 

John 0. Schmidt 
United States 
Introduction
 

A discussion of this 
topic presents a number of problems. No generalizations

are possible. The first problem is one of defining a low rainfall area,
a moisture-stress environment. 

or
 
rhe total amount of precipitation is importantbut so is the distribution. 
In a recent paper Schmidt et al (1973) divided


the Great Plains of central United States into a "low plains" area where elevation was 600 m or less and precipitation of b00 mm or more and a "high plains"area with elevations above 600 m but precipitation below 600 nmi. The latter
region was considered to be the mointure-stress situation. In filny situatilons,600 numprecipitation dividing line rnight not scum very plausible but in the

Great Plainb environment it is. 
 Consider also these s ituations to name but a 
few: 

- Start with winter rainfall and end with complete drouht. 
- Start with minimum winter rainfall, followed by errat.c : unner rainfall 

but end with high teramratures and hot winds. 
- Overall high rainfall but occurring in a very unpredictable pattern. 
- Overall low rainfall but occurrinL; in a very predictable pattern.

Thus any program for developing drouiht tolerant beor rebistant varieties must 

geared to the environment at hand.
 

A second problem is that varieLy pertormance is very comple.-_ Yield is the
ultinmte mieasurement of variety ,)erfurnance 
 and it repre.mnt, the cumulative

effects of many interactionb of which inoisture stress is only one, but a very

important one. Since variety perfornance is bo cmple,<, :;election criteria
for drought resistance would not be expected to be 
 very simple, and they aren't.Simple tesW for drought resistance have not been devised, or they are extremelydifficult to use satislactorily on a large scale. Di;jing up a wheat plant to
look at the coot system 
 is not very comples but it Is hardly practical on
 
populations 
 of 50,000 plants or lines. 

Thus the literature on developing wheat varieties for low-rainfall areas ormoisture-stress situations is quite confusing, often conflicting, and difficult

to relate to varietal performance in the field. However, 
 many physiologistsare at work in this area and their findings regarding gross morphological traits 
may be helpful. 

Gross Morphological Traits of Wheat Plants Related to Performance 
under lloisture Stress. 

Dr. L. P. Reitz (1974) in discussing the breeding of plants for more efficientwater use says that plant breederb have "muddled" along because they reallydon't know what combination of characteristics will lead 
to maximum production

under moisture-5treus conditLions. Vugel (1973) agrees that it is extremelydifficult to determine what parts of the first and most affected by moisturestress and ha-e the must significant effect on grain yield. I would likepreface thin discussion of gross morphological traits in wheat related to 

to 

performance under low rainfall with two pertinent quotes from Keith Flinlay (1968):
 

University of Nebraska, Lincoln, Nebraska. 
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"Different genotypes that have the same yield and adaptability vary 

greatly in plant type."
 
"Widely adapted genotypes have characteristics that extend over a 
considerable range of variability but always tend to be intermediate,
 
whereas genotypes which are specifically adapted to either high or
 
low yielding conditions tend to have more extreme characteristics."
 

A. Plant maturity
 

Most researchers agree that earliness is desirable in varieties 6rown in low 
rainfall areas. Reitz (1974) states that in the Great Plains of the central
 
United States earliness (from I to 20 days earlier) in relation to the moder
ately late maturing variety Kharkof was worth 0.54 q/ha for each day earlier 
at Manhattan, Kansas, 0.6 to 1.2 q/ha at Lincoln, Nebraska, and 0.6 q/ha at 
Woodward, Oklahoma. Asana and Williams (1965) point out that early varieties 
are fair insurance against warm and dry weather. However, many res archers 
point out that highest average yields tend to come from the nedium-early 
maturity varieties. Any extenbion uf the grain-tilling; period would increase 
yield but in many areas there are problems at both ends. In the Great Plains, 
late spring frosts can be damaging at the beginning or flowering period while 
high temperatures and hot winds are damaging at the end of the period. Thus 
we have essentially a maximum 35-day filling period at Lincoln, Nebraska. 
Medium-early maturing varieties utilize this period the best. In contrast, 
Vogel (1973) pointed out that the current soft wheat varieties of the USA PacLfic 
Northwest are 4 to 10 days later than varieties grown 30 years ago. 

B. Plant type
 
1. Awns
 
Most researchers agree that awns are important in wheat varieties for low
rainfall areas. Atkins and Norris (1955) found awned lines of isogenic
 
pairs produced on the average about 5. more grain, were 2.1 g/l000 kernels
 
heavier and had superior volume weight. McDonough and Gauch (1959) working 
with the Mindum durum variet point out that awns are close to the develop
ing kernels both physically and vaucularly, have high photosynthetic acti
vity and are xeromorphic in structure with fewer stomates. They state that 
the contribution of the awn increates as soil moisture levels approached 
the wilting percentage for the variety used. In their experiment, awn 
contribution to total dry kernel weight was 417. of that of the entire spike 
and 12% of that of the entire plant. Mc Neal et al. (1969) reported that 
awned segregates had heavier kernels and higher volume weight than their 
awnletted sibs and 77 higher yield at one of two locations. Less-rapLd 
senescence of the awn as compared to leaves under stress conditions may be 
one of the chief values of awns in variety performance (Evans et al. 1972). 
Vogel ct al. (1963) titated that awned derivations from a cross had a 10". 
advantage over awnlest derivations, but Vogel (1973) adds that grower 
acceptance ot awned types over awnless ones does not necessarily follow. 
Although not all of the literature reports favor awns for varieties for low
rainfall areas, awned varieties w,,ld be preferred by most wheat breeders 
in those regions. 

2. Spike size and spike fertility
 
Asana (1966) and Asana et al. (1971) believe that under moisture stress 
conditions in India, grain number. per spike is an important and constant 
trait providing yield stability. Asana (1966) suggests that under such 
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conditions the main spike contributes most to yield and therefore selection
 
for large main spike size (or large number of Brains per spike) under
 
either low rainfall conditions or even under irrigation would have bene
ficial results. De'irlicakmak (1973) suggests that a large head with 
good floret fertility can fluctuate and compensate with favorable late 
spring conditions if tiller production is low due to poor early spring 
conditions. On the other hand, Vogel et al. (1963) point out that in 
eastern Washington (USA) semi-dwarf lines with large spikes regardless 
of tillering have not been as productive as those with intermediate spike 
size suzh as found in Gaines. Gaines does have good spike fertility.
 

Donald (1968) in his 4escription of a wheat ideotype calls fur a large 
spike with high spike fertility but with tillering approaching the uni
culm level. Finlay (1968) reported superior yield stability and high 
average performance for the Mexican wheat varieties which feature above
average spike size and spike fertility. In contrast, successful wheat 
varieties of the Great Plains (USA) have not been noted for either large 
spikes or high spike fertility. In fact, research at Nebraska (:. D. 
Schroeder, "The inheritance of the multiple-spikeletcd trait in wheat, 
and its effect on yield and yield components," M.S. Thesis University of 
Nebraska, 1973) suggests that the Turkey-type wheats carry an additional 
inhibitor of spike fertility apparently not present in modern European 
and Far Eastern wheats. 

One concludes from the literature reports that the trend will be toward
 
somewhat larger spike size with increased spike fertility even under low
rainfall conditions.
 

3. Kernel weight
 
Asana (1966) and coworkers (Asana and Williams, 1965; Asana et al., 1971)
 
are quite positive in stating that high 1000-grain weight contributes
 
heavily to stable varietal performance and high yield under high tempera
ture and water stress conditions. Vogel (1973) reported that while we
 
have assumed that those lines with w'*ll-developed kernelt under drought
 
stress were drought tolerant, the highest yieldinL lines under those same
 
conditions (Northwest, USA) produced grain slightly "pinched" and lower
 
in volume weight. Those varieties with well-developed grain apparently
 
were not reaching their peak productiveness.
 

In Nebraska yield tests, 1000-brain weight has been highly variable from 
location to location and year to year but varieties will respond similarly 
to each other. Grain yield need not be relate to kernel weight as shown 
in tests in 1973 and 1974.
 

Yield and 1000-kernel weight data for these varieties
 
in Nebraska tests in 1973 and 1974.
 

1973 1974 

Variety 
Av. yield 

/ha 
Av. 1000-kernel weig

grams 
ht, Av. yield 

(q/ha 
Av. 1000-kernel weight, 

grams 

Centurk 29.6 22.8 32.9 26.5
 
Sa~E 31.6 27.6 32.9 32.8 
Lancota 28.9 27.0 32.9 31.7
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The Centurk variety has satisfactory milling yield rAnd an excellent yield
 
record over a range of environments dispite its low 1000-kernel weight.
 
However, our observations are that, in general, varieties with larger
 
kernels are more responsive as conditions change from early drought stress
 
to more favorable conditions during grain filling and thus can compensate
 
better.
 

4. Leaf size, carriage and duration
 
datson (1952) states .nat leaf area is the major determining factor in crop
 
yield. Most observers agree that the flag leaf, peduncle and spike con
tribute the most to photo.synthesis and ultimately to yield. However, under 
moisture-streus conditions photosynthesis may not be the limiting factor.
 
Reitz (1974) says he learned very early in hib breeding of wheats for the 
Great Plains that wide-leaf varieties burned up under stress. Asana (1969) 
agrees that leaf benescence is common under drought conditions and therefore 
the size of leaves (leai area index, LAI) or even flag leaves may not have 
all that much importance. lie states that reduction in leaf number does 
not show a corresponding reduction in grain production. Vogel et al. (1963) 
suggest that leaves of highly productive varieties under low rainfall con
ditions should be medium-sized to small both in length and width. Donald
 
(1968) suggests that plants with erect small leaves might have lower evapo
transpiration and have greater dry matter production per unit evapo-trans
piration than the larger, horizontal-leaf plant. Bingham (1971) agrees
 
that if LAI is large, then it would be advantageous to have them erect. In
 
drought conditions where plant populations are lower, Asana (19b8, 1969)
 
suggests that L.he horizontal arrangement is superior for light interception.
 
Bingham (1971) suggests selecting lines in which the duration of photo
synthetic surfaces is longest. Bozzini (1973) agrees that there should he
 
selection for good leaf persistence and further that there be selection for 
good dark green leaf color but that these need not be large leaves. Vogel
 
(1973) suggests staying away from lines that tend to "hay-cure" instead of
 
ripening over a normal and extended period. 

One would conclude that large leaves could be a disadvantage for wheats for
 
low-rainfall areas. Rather, varieties having smaller and narrower but per
sisting dark green leaves carried semi-erect might be the most useful.
 

5. Tillering ability
 
In the Great Plains of central United States, tillering ability of winter
 
wheat varieties has been emphasized. Since moisture is often deficient
 
at fall seeding, seeding rates are extremely low ranging from less than 30
 
kilos/ha in the high plains to 100 kilos/ha in the low plains. If moisture
 
stress persists throughout the development of the crop period, some grain
 
production is still possible from these low seeding rates. If moisture
 
conditions improve, the wheat plant will respond by tillering to produce
 
a grain crop commensurate with moisture availability. However, many
 
tillers so produced will not bear hei3ds. Whether these are beneficial or 
actually detrimental to the rest of the plant has not been clearly defined.
 
Thus Bingham (1971) points out that shoot sL;rvival and not tillering
 
ability, per se, is the important factor. Pfn,'hus (1969) points out that
 
there is a relationship between root growth and tillering but that tiller
 
growth stimulates root growth and not the reverse. He reported, also,
 
that durum wheats, often thought of as being more drought resistant, exceed
 
common wheats in the root producing capacity of their main tillers. Asana
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(1966) states that the earlier maturing varieties usually have a omaler
 
number of tillers. Pinthus' (1969) data regarding maturity and tiller
 
number are inconclusive.
 

The ability to produce tillers would appear to be most beneficial when
 
moisture is limiting at the early stages of a long growing period, but
 
when moisture coming late in the growing season could be exploited by
 
providing additional spikes per unit area. As stated by Bingham,
 
selection should be for tillers that survive and produce spikes. Vogel 
et al. (1963) list high tillering ability as a necessity for wheats of
 
the Pacific Northwest (USA).
 

6. Roots
 
Research alluded to above by Pinthus (1969) suggests a direct relation
ship between tiller and root production. Also, there is some relation
ship between maturity and root development. It is reported that root
 
growth slows with the initiation of the reproductive period for the main
 
shoot and the first or second tiller terminates at heading (Pinthus 1969,
 
Asana and Williams 1965). According to Pinthus, early varieties occa
sionally initiate new tillers which in turn stimulate new root growth.
 
Pinthus and Asana and Williams agree that later-maturing varieties could
 
and should have a deeper and better developed root system which in turn
 
should lead to greater drought resistance. Unfortunately, this later
 
maturity usually throws these varieties into a period of heat stress that
 
cancels out any benefit of a better root system.
 

Derera et al. (1969) caution against exerting too much pressure for in
creased root growth since translocation of too much photosynthate to the
 
roots would be at the expense of top growth. However, they found good
 
correlation between the number of nodal or coronal roots and yield and
 
stated that these roots were more important than seminal roots. Donald 
(1968), however, suggested that the ideal wheat plant should have a high
 
proportion of seminal roots. Derera and coworkers suggested that select
ing for root weights produced at heading and flowering would be the most
 
profitable.
 

Oggema and Wabwota (1973) suggest that the ability for seed to germinate
 
under low soil moisture and the development of better root systems be
 
combined in a breeding program for drought hardiness. They suggest ger
minating F2 seeds in either mannitol or hypertonic medium salt solution
 
to identify those that will germinate under low moisture availability and
 
then grow the desirable F3 lines in sar, cultures under roisture stress.
 
After the root systems of all plants have been examined, the desired plants
 
are transplanted to the field. Obviously this would entail considerable
 
work in a large breeding program.
 

We will be hearing more about this topic in a later session.
 

7. Coleoptile length and strength and seedling emergence
 
Seedling emergence, especially as it relates to coleoptile length and
 
strength, has becow- a problem with the introduction of the semi-dwarf wheats
 
since there is a relationship between plant height and coleoptile length.
 
Work at the New Mexico and 0yoming Agricultural Experiment Stations relating
 
to coleoptile length differences in wheat proceeded the introduction of the
 
semi-dwarf wheats. 0,)op seed placement necessitated by dry soil conditions
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at planting has accentuated the problem of short coleoptile length. Allan
 
at al. (1962) have investigated this in detail. Correlation between the
 
semi-dwarf trait and coleoptile length is not absolute and some progress
 
has been made in producing semi-dwarf lines with better emergence ability
 
from deep seeding. They, as well as Vogel (1973), and Bozzini (1973)
 
pointt out that rapid germination after seeding is important under low 
rainfall conditions. 

8. Plant height 
There has been a general height reduction in wheat varieties on a world
wide basis. Some of this has been i, the form of the semi-dwarf varieties 
'ut uIl ,Krf-ly in the reduction of height in so-called conventional varve 

ieties. It has often been suggested that there is a correlation between
 
plant height and root production. Validity of this relationship has been
 
questioned. What is more probable is that there is a relationship be
tween total plant productivity above ground (biomass) and root growth and
 
that semi-dwarfs that retain good total plant productivity could have good
 
root systems.
 

The value of the peduncle asu a site for photosynthesis was mentioned earlier. 
Asana (1968) favors the selection of lines in which the peduncle is longer 
relative to the other internoues. In line with that, Bozzini (1973) suggests
that dwarf plants be selected in which the peduncle (last internode) is 
twice as long as all the others together. Vogel et al. (1963) statp, that 
produtLive semi-dwarf varieties have a much longer btraw to grain ration 
than taller types but that the straw should ne of medium diameter and semi
wiry in nature. Such types aiong with the long-peduncle type suggested by
Bozzini would be lodge resistant but still capable of considerable bending 
in stormy weather. 

C. Composite plant type for low rainfall areas then would be: 
Awned.
 
Intermediate in spike size with good spike fertility.
 
Above average in kernel weight. 
Medium to small-sized leafed both in width and length, dark green in color
 
and with good leaf duration.
 
Well-tillered with high tiller survival for spike production.
 
Vigorous in root development with maximum root production at heading.

Able to emerge rapidly even from deep seeding or low. 
Semi-dwarf or of short plant height but retaining total plant production
 
of the taller types.
 

Moisture Stress and Soil-borne Disease
 

Vogel (1973) points out that not enough attention has been directed toward
 
breeding for resistance to diseases associated with moisture-stress situations.
 
Often these pathogens are most active at or below the wilting point of wheat
 
plant. Therefore, a breeding program in the very low rainfall regions should
 
include breeding for resistance to soil borne pathogens such as the Fusarium 
root rots. In connection with this, rapid establishment after seeding is 
important as well as good and rapid recovery from winter damage. 

In western Nebraska very early seeding under favorable conditions may lead to
 
excessive fall growth and tiller production. If this period is then followed
 
by a moisture-stress situation, die-back of tillers occurs and invasion by
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,Helminthosporium spp. follows. While this is largely a managernt problem,
 
the use of varieties with inherently high tiller production poses a problem.
 

Testing in regions where these conditions exist is a necessity.
 

Population Structure 

Winter wheat production in the semi-arid Great Plains of central United States
 

became a reality with the introduction of the highly heterogeneous land variety
 

'Turkey' from South Russia in 1874. Whether its adaptation to that region was
 

due to its heterogeneity or to inherent drought tolerance is difficult to say.
 

However, its genetic make-up would fit Allard and Bradshaw's (1964) description
 

of a population bufferred against environmental fluctuations. Highly selected
 

pure line varieties might not have this elasticity. Therefore, early genera

tion selections, usually in the F3 , have been utilized with considerable success
 

in these environments. The late Professor P. P. Lukyanenko favored early
 

generation selection. The varieties 'Aurora' and 'Kavkaz' are F3 selections.
 

Host of the recent varieties released by the Nebraska Agricultural Experiment
 

Station have been F3 selections.
 

Wide Area Testing
 

In 1931, the U. S. Department of Agriculture and the experiment stations of the
 

Greet Plains region organized a cooperative testing proge'sm in order to identify
 

superior winter wheat varieties for that region. The testing sites range from
 

320 N latitude in Texas to 500 N latitude in Alberta, Canada, and from Illinois
 

in the East to the Rocky Mountains and beyond in the Wlest. In 1974 the number
 

of testing locations totaled 37. Moisture availability at these sites ranged
 

from excessive to deficient and the testing provided variety reaction informa

tion in one year that might have required years to accumulate at one test site.
 

Analyses of these data enables each state experiment station to plan varietLal
 

releases more efficiently and to withhold some potential lines from release
 

that showed obvious deficiencies somewhere in the region. Performance is still
 

the final criterion.
 

The effectiveness of this testing can, in part, be measured by farmer acceptance
 

of varieties identified as superior performers in the nursery. 'Pawnee', one
 

of the first to come out of this broad-environment testing program, was released
 

in 1942-43 and by 1949 was grown an about 4.5 million hectares; 'Scout' and
 

'Scout 66' with 3.5 million hectares dominated the late 1960's and early 1970's;
 

while 'Centurk', released in 1971, probably already occupies about 1.5 million
 

hectares in 1975. This is ample evidence that varieties with outstanding
 

records in the environmentally wide-based regional nurseries will perform equally
 

well in the hands of the wheat grower.
 

Summary
 

At this point in wheat breeding, effective procedures or selection criteria for
 

developing drought-resistant or drought-tolerant varieties can not be clearly
 

delineated. More cooperative research between the practical wheat breeder and
 

the wheat physiologist is clearly indicated. Tests for selecting for improved
 

physiological functions must be :;imple and suitable for ute on large numbers of 

plants or lines. However, certnin breed ing trends are discernible from this 

literature review. Our own philtiophy at Nebraska ce r .a inly ti, being modified. 
As suggei;ted by DrB. Finlay and Vogel, extreme morphological types do not fit 

well into moisture-stress sftuationb. Types with superior performance over 
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these highly variable environments tend to be intermediate. Spike size (kernel 
number) and kernel weight should increase as plant water-use efficiency improves. 
Total plant productivity needs to remain high but needs to be redesigned by 
internode relationships - proportionally large peduncles but overall reduced 
plant height. Shoot survival, not tiller number, is important. Population
 
buffering through heterogeneity obtained by advance of outstanding early genera
tion selection has merit. Testing over a wide range of environmentb is a must. 
Performance is still the final criterion. 
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BREEDING WHEAT FOR WINTER HARDINESS 

E. H. Everson and C. R. Olien
 
United States
 

Introduction
 

The northern limits of fall-seeded winter wheat in the Northern Hemisphere 
are largely determined by winter temperatures. Winter rye is far more 
resistant to low temperatures and i grown farther north than winter wheat. 
winter barley and winter oats in that order. If we study the freezing hardi
ness 
of the world wheat and rye co' '!ctions through artificial freezing tests,
 
we would obtain curves approximating those in Fig. 1. Relatively few winter
 
wheat cultivars are highly resistant to low temperatures. A number of rye

cultivars are more winter hardy than winter wheat, and some wild grass species

have greater hardiness than either winter rye or winter wheat. We also have
 
observed that dormant seed with relati-ely low moisture content survives tem
peratures as low as -190C. What are the physiological mechanisms which impart

cold tolerance or freezing resistance to winter cereals and how are these
 
mechanisms inherited? If we can discover the genetically controlled traits
 
which modify freezing damage, we can place breeding for iinter hardiness on a
 
scientific basis. 

The wheat species grown today are the product of more than 55 million years of 
plant evolution, for tt was in the Eocene Epoch that the grasses appeared. We 
may never know the period when the 7 chromosome species, Triticum aegilopoides
(wild einkorn), Triticum speltoides (Aegilops), and Aegilops squarrosa evolved. 
However, current evidence suggests that the species with 28 and 42 chromosomes
 
evolved during the last 15-25 thousand years.
 

Evolution of wheat species was undoubtedly a random and chance process with
 
interspecies and intraspecies hybridization accelerated by the movement of seed
 
through commerce, war and human migration. Great environmental changes occurred
 
providing an ever changing array of environmental niches. To survive meant
 
adapting to the environment and producing seed. This adaptation, when frost
 
resistance is considered, was undoubtedly reached through a number of different
 
physiological pathways which involve the interaction of water and plant sub
stances. The gene pools available to breedets t-day are composed of cultivars
 
with these traits widely distributed as a result of thousands of generations
 
of chance hybridization followed by natural selection.
 

The Nature of Winter Hardiness
 

Salmon (1932) was one of the first investigators to publish his observations of
 
genotype by environment interactions on winter hardiness in wheat. le noted
 
the differential injury to and survival of winter wheat varieties 
in dry and wet 
soils. lie stated that Red Rock was among the most important red wheats in 
Michigan and was referred to in the Michigan Agricultural Experiment Station 
literature as being winter hardy. However, he noted that at the Minnesota Agri
cultural Experiment Station, with more severe and quite different conditions,
Red Rock is nonhardy. lie concluded that the relationship between cold resistance 
and adaptation could not always be clearly established. When we compound wet 
and dry soils with disease and inuect injury to the plant, ice sheets and soil 
heaving, it is easy to see why little progress has been made in screening winter 
wheat genotypes for hardiness undert ield conditions. 

Agricultural Research Service, USDA, and Michigan State University, East Lans L, 
M1 rh4 uAn 
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The crown is the most vulnerable part of a winter wheat plant to freezing

injury. Not only does it contain the meristem needed for growth of new

tissues, but it is 
a very diverse part of the plant and different patterns

of freezing occur simultaneously in its various tissues (Olien, 1961). 
 The
lower crown, with its root-like vascular structure, is especially susceptible
 
to high intensity freezing.
 

Three types of freezing processes occur in hardy cereal crowns: (a) non
equilibrium or high intensity freezing, (b) equilibrium or low intensity freez
ing, and (c) frost desiccation (Olien, 1973 and 1974).. Figure 2 is the freezing

response curve 
for Genesee wheat with varying crown moistures showing the LD5o
for high and low intensity freezing. Non-equilibrium or high intensity freezing
 
occurs when a plant crown with high moisture content is in a heat sink (soil

frozen with a high moicture content) uhere the. temperature is decreasing;

freezing occurs quickl,. The fast rerijoval of heat does not allow time for water
 
molecules to diffuse to areas where crystal growth Ls unrestricted. The excess
 
free energy of ica growth is dissipated by formation of ice structures and
 
disruption of tissut,s (Olien, 1965 auduc
Shearman et al., 1973). Under nonequili
brium freezing wheat is killed at temperatures of 0 to -15C depending on the
free energy of freezing which is a function oi crown naisture in a standard 
freezing teit (Metcalf et al., 1970). The inju- uteer thigh intensity freezing

is histological and takes place in specific tissues nand pLant regions (Olien

et al., 1q68). Equilibrium freezing occurs when lJid water Ia clsely associ
ated with the plant components and heat is slowly ;e.wved from the 
tiss,.os

containing ice (hardened plant with low moisture content 
in dry frozen soil).

The system ii never displaced fLr from equilibrium, ,trd little frec energy is

available for disrupting the tissue by growth of ice. 
 7Mv kill temnxrature for

wheat during equilibrium freezing varies between -15 and 20C. 
 Thu free energy

of freezing is dissipated by shifts in activation energies of water transition
 
as adhesion and more complex bonding interactions develop b:tween ice and plant

components. 
 The -,tee energy of freezing (wnere a gas phase separates ice from
 
the cell system so that injury occaz, from frost dessJcatioi) is dissipated by

a shift in vapor pressure. Typical dessicatoa shrinkage occurs in the tissues
 
when the plant is in very dry soil and the 
kill temp:rature is betw,'een -25 anL
 
-30C (Olien, 1971),
 

The Genetic Control of Winter Hardiness
 

Metcalf et al., 1970, obser'ed interactions in kill ter peratures between geno
types and moisture content in crowns under artificial freezing conditions.
 
Everson and Gullord (1973) and Cu)lord er al., :eported sign!Hifcant
,s1975a

interaction in freezing hardiness evaluatee 
as merLote. ratines berween wheat

selections and freezing condition indicating that different gene systems were
 
operating in cereal genotypes under different freezing ;sresses 
as described
 
above.
 

Gullord et al. 
(1975b) studied freezing hardiness in a cross b,-ween Genesee,
 
a soft white winter wheat, and 4inoka, a hard red winter wheat. Freezing hardi
ness (Fig. 3) was found to be quantitative in character controlled by riony

genes. Significant interaction between F2 families and the level of freezing

intensity (Fig. 4) suggest.5 that some of the genes controlling freezing hardiness

under low intensity freeting are different from genes controlling freezing

hardinbss under high intenity freezing although there probably are some genes

in common. Note that family 142 for example, is resistant to freezing under
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both high and low intensity freezes, whereas, line 83 Is resistant to freezing
 
under one but not the other. A significant interaction between backcross
 
families (Fig. 5) tends to support the F2 data. 
Each F2 and BC family plotted
 
is the mean of 32 observations.
 

A six parent diallel in which the cultivars Arrow, Genesee, Mirononokaja 808,
 
Dual, Winoka and Kharkov 22MC were crossed and a four parent diallel in which
 
the cultivars Monon, Dual, Yogo and Minturki were crossed were tested under
 
high and low intensity freezing (Gullord et al., 1975b). The diallel analysis

showed that freezing hardiness was controlled by partially dominant genes

mostly additive in their effect. Kharkov 22MC and Winoka were 
the hardiest
 
followed by Dual, Mirononskaja 808, Genesee and Arrow in the first diallel.
 
In the second diallel, Minturki was the hardiest followed by Yogo, Dual and
 
Monon. In this study a highly significant negative correlation was 
found
 
between moisture content (a component of stress energy) in young wheat leaves
 
of the hardened plants and f-eezing hardiless evaluated under both high and
 
low intensity freezing. Low moisture content was controlled by partially
 
dominant genes mostly additive in their effect. Some of the genes controlling

moisture content in wheat leaves may be pleioLropic to some of the genes con
trolling hardiness.
 

It appears probably that this partially dominant system of genes, which are
 
mostly additive in their effect, are involved in water distribution and transi
tion in the 
crown and along with other genes which involve general adaptation

to a specific environment form the basic genetic matrix for frost hardiness.
 
Large increases in hardiness beyond the limits of this system will require the
 
discovery of other genetically controlled plant traits which modify freezing
 
stresses in the crown.
 

Analysis of energy relationships in freezing is a key factor in identification
 
of traits that involve water and its interactons with plant substances. 
 Tech
niques have been developed by Olien (1974) of the analysis of: (a) water
 
distribution and transition, (b) crystal growth patterns; (c) stress vectors;
 
(d) freezing kinetics; and (e) thermal transitions. These techniques provided
 
the physiological basis for the genetic study. Also, a water soluble poly
saccharide has been found which alters crystal growth patterns by functioning
 
as a kinetic inhibitor (Olien, 1965 and Shearman et al., 1973). By itself this
 
character endows a variety with very little winter hardiness. However, when
 
added to the partially dominan* additive gene system in the adapted cultivar
 
described previously, we should transcend present limits of frost hardiness.
 
In c preliminary screening of a random sample of the world collection, con
siderable varietal variation in the level of this inhibitor has been found. 
The trait will be studied genetically, and the new genes incorporated into 
the gene pool used to develop commercial cultivars. 

Breeding for Winter Hardiness
 

The, single most important objective in wheat breeding is breeding for varietal
 
adaptation for without it wheat production would be uneconomical. High stable
 
grain yields are a measure of adaptation of winter wheat varieties in the area
 
where they are grown. Some of the characters which contribute to adaptation
 
and high stable yields are: winter hardiness, short and/or stiff straw, optimum

yield components (tillering capacity, kernel number per head and kernel weight),
 
disease and insect resistance.
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The success of a breeding program depends upon the ability of the breeder and 
his cooperating plant physiologist, plant pathologist, entomologist and quality
 
chemist to assemble a gene pool which not only enhances adaptation but also
 
utilization. As an example of the complexity of these gene pools, the Michigan
 
wheat breeding program is working with more than 30 known characters. We know
 
the genetics of at least 20 of those characters and only three have simple
 
inheritance patLerns. The genetics of the other 10 or more characters are
 
partially understood and/or are under study.
 

The genetic problem or plant breeder's dilemma is in handling a number of
 
traits or characteristics simultaneously in a breeding program of a self pol
linated crop such as wheat. For instance, if 10 characters were each controlled
 
by a single dominant gene and half of the dominant genes were in each parent,
 
with independent assortment an F2 population of 1,084,576 plants would be
 
required to get a single plant homozygous dominant for all ten loci. After
 
several generations of selfing this will approach 1 in 1024 or 1 in (2)10.

With linkage, quantitative inheritance, low heritability and more than 10 char
acters involved, the problem when approached by Just a sim'le hybridization

*pproach becomes absurd. The breeder can improve his odds ior recovering desir
able plants through parent build,g, backcrossing and recurrent selection.
 

Parent building can be viewed at, the development of a gene pool of individual
 
lines with similar or quite compatible genetic backgrounds for adaptation and
 
quality. Through a modified backcrossing program, oxotic genes are introduced
 
into a vumber of Michigan breeding lines which have broad general adaptation
 
and acceptable quality. The breeding program is modified in that as soon as
 
che exotic gene is associated in a line with high yield and satisfactory qLality,
 
backcrossing ceases. Seldom are more than two or three backcross'd employed.
 
These new lines with exotic genes and other associated residual iLeterozygosity
 
are then considered part of the gene pool and used in intercrossing with different
 
improved lines with two things in common: high yield (adaptation) and satisfac
tory quality. This approach was used to introduce cereal leaf beetle resistance
 
into the Michigan gene pool from exotic wheat lines from China and Russia. It
 
is also currently being used to breed winter hardy or frost resistant wheat
 
varieties for Michigan.
 

Conclusion
 

Because winter hardiness is a complex trait both genetically and physiologically,
 
a systematic approach is needed to understand and manipulate the many variables
 
that affect survival. Winter hardiness involved general adaptation to a specific
 
environment as well as various forms of frost hardiness, therefore, it depends

on obtaining an optimum combination of a large number of genes. It is probable
 
that large increases in hardiness much beyond present limits require finding new
 
genes in plants from world collections and incorporation of them into the gene
 
pools used to develop commercial cultivars. Such transfers of genetic and
 
physiological information can be done more directly where simple inierited
 
component traits have been identified. 

Since winter hardiness is a complex trait, most field experiments have been 
plagued with a high degree of genotype by environment interaction even when re
latively adapted materials are tested. It now appears that field screening or
 
assessment of germ plasm collections for winter hardiness cannot be made in a
 
non-adaptive varietal background.
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If a breeder does not have a cooperating plant physiologist with whom to 
pursue artificial freezing and component research, other approaches could be
 
used. Hybrid populations, constructed with one or two back crosses to the
 
adapted but less hardy parent would provide a valuable population matrix fGr
 
selecting for hardiness. Progress using this approach, would be understand
ably slow. 

Re fe rences 

Everson, E. H., and M. Gullord. l9?3. Cultivar testing under variable freeze
 
intensity as related to plant breeding. Int. Wheat Genet. Symp., Proc. 4th.
 
Mo. Agr. Exp. Sta., Columbia. p. 505-510.
 

Gullord, M., C. R. Olien and E. H. Everson. 1975a. Evaluation of freezing 
hardiness in winter wheat. Crop Sci. 15:153-157. 

Gullord, M., E. 11.Everson and C. R. Olien. 1975b. Inheritance under controlled
 
stress conditions of freezijig hardiness in winter wheat (Triticum aestivum
 
L.). Crop Science (in press).
 

Metcalf, E. L., C. E. Cress, C. R. 01;n and E. H. Everson. 1970. Relationship
 
between crown moisture content a LJ killing temperature for three wleat and 
three barley cultivars. Crop Sci. 10:362-365.
 

Olien, C. R. 1961. A method of studying stresses occurring in plant tissue
 
during freezing. Crop Sci. 1:26-28.
 

Olien, C. R. 1965. Interference of cereal polymers and related compounds with 
freezing. Cryobiology 2:47-54. 

Olien, C. R., B. L. Marchetti, and E. V. Chomyn. 1968. Ice structure in harden
ed winter barley. quarterly Bulletin of the Michigan Agr. Exp. Sta. 50:440-448.
 

Olien, C. R. 1971. A comparison of desiccation and freezing as stress vectors.
 
Cryobiology 8:244-248.
 

Olien, C. R. 1973. Thermodynamic components of freezing stress. Jour. Theor.
 
Biol. 39:201-210.
 

Olien, C. R. 1974. Energies of freezing and frost desiccation. Plant Physio
logy 53:764-767.
 

Olien, C. R. 1974b. Winter hardiness in barley - Stress Analysis. Mich. Agr. 
Exp. Sta,, Research Report 247, p. 1-10. 

Salmon, S. C. 1932. Resistance of varieties of winter wheat and rye to low
 
temperature in relation to winter hardiness and adaptation. Kansas State
 
Univ. Tech. Bull. 35.
 

Shearman, Linda L., C. R. Olien, B. L. Marcl.etiti and E. H. Everson. 1973.
 
Characterization of freezing inhibitors from winter wheat cultivars. 
Crop
 
Sci. 13:514-519.
 



- 84 -

THE STATUS OF AN PROSPECTS FOR HYBRID WINTER WHEAT
 

C. F. Hayward
 
United States
 

Introduction
 

Interest has been high in expectation of hybrid wheat due to the proven
 
success of hybrids of other crops, the rapid depletion of wheat surpluses and
 
the daily awareness of food shortages throughout the world.
 

While farmers and wheat breeders Alike have longed for hybrid wheat since the
 
nmrits of hybrid corn were realized years ago, the possibility seemed remote
 
because of the morphology and flowering mechanism of the self-pollinated wheat
 
plant.
 

Following the discovery of effective biological systems of cytoplasmic male
 
sterility and pollen fertility restoration in wheat, the possibility of hybrid 
wheat becoming a commercial reality tock on a new light. Hybrid wheat research 
programs were started by public and private agencies throughout the world. 
However, it soon became evident that much of the publicity on hybrid wheat, 
erpecially regarding time of release, wail premature and ahead of research. 
Many more complicated problems were involved than first anticipated by many 
researchers.
 

After the big upsurge in hybrid wheat research, most public agencies and several
 
private agencies have dropped or drastically curtailed their hybrid wheat res
earch efforts. Perhaps the main reasons for the pessimism and curtailment could
 
be listed as: 1) high cost of research; 2) questionable heterosis in a self
pollinated polyploid; 3) the nicking and seed set problems, including timing 
of the receptivity of the male-sterile to the maximum pollen load of the pol
linator, the total amount of pollen available and the efficiency of cross
pollination when depending upon wind to transfer the heavy pollen grain from
 
the anthers to the stigmas; 4) the questionable economic profitability of wheat
 
hybrids when considering production costs, seeding requirements, the large acre
ages 8rown on low yielding dry land areas and the competition of more profitable 
crops; 5) the belief that yield gains can be achieved as rapidly by the con
ventional pure-line method; 6) many public institutions deciding to do more basic
 
research and leaving more of the oiplied hybrid research and development to
 
private agencies; 7) the failure to find adequate high yielding pollen restorer 
systems of good oi;ronomic types that perform well in hybrid combinations under
 
varying environmental conditions; and 8) the cost, personnel and difficulty in
 
finding isolated acreages involved in A-line increases and hybrid seed production. 

Yet, several commercial companies in the U.S. and a fe, public institutions
 
have remained optimistic and have expanded their hybrii wheat programs. This
 
persistence is now paying off as high yielding wheat hybrids of desirable type, 
i.e. good height, maturity, straw-strength, disease resistance, and possessing
 
good milling and baking qualities, are being produced and marketed on a limited
 
scale. Rapid expansion is expected in the next few years in both the hard and
 
soft winter classes.
 

Pioneer Hi-Bred International, Inc., Hutchinson, Kansas.
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History of Hybrid Wheat Development 

A history of the achievements leadin6 to the creation of wheat hybrids is in 
order: 
Kihara (1951) substituted the nucleus of Triticum vulgare Into Aegilops caudata
 
cytoplasm by repeated backcrossing and successfully produced a male-sterile. 

Fukasawa (1953) reported similar results producing a male-sterile durum using 
Aegilops ovita as the female and Triticum durum as the pollinator. Later 
Fukasawa (1955) crossed an emmer var. Kotschyanum to the male-sterle durum and 
observed restored fertility. Also Fukasawa (1958) reported the transfer of 
common wheat nucleus into the cytoplasm of Aegilopb ovata and obtained male 
sterility. Although several undesirable effects accompanied these crosses, 
these Japanese scientists showed the scientific basis and principles involved 
for hybrid wheat production and their efforts encouraged further research, Later 
Kihara (1958) reported the transfer of the nucleus of Triticum dicoccum into 
the cytoplasm of T. timopheevi and obtained normal female and male fertility. 
Now additional research for more efficient tools and efficiency in techniques 
was in order. 

Wilson and Ross (1962) showed that when common wheat chromosomes were transfer
red to the T. timopheevi cytoplasm, male sterility resulted. Cytoplasmic male
 
sterility resulting from T. timopheevi cytoplasm did not appear to be associated
 
with deleterious phenotypic changes as was observed with A. caudata and A.
 
ovata cytoplasms.
 

Restoration for the Kansas male-steriles with T. timopheevi cytoplasm was first
 
reported by Schmidt, Johnson and Maan (1962) and Wilson (1962). These glowing
 
reports indicated that all r.cessary tools for the commercial production of
 
hybrid wheat had been discovered--cytoplasmic male sterility, A-lines, and
 
fertility restoration systems, R-lines. It was also reported during the 1960's
 
that wind pollination was feasible for successful field seed production (Wilson
 
and Ross, 1962; Livers, 1963 and 1964; Porter and Lahr, 1963; Kherde et al.,
 
1964; Bitzer and Patterson, 1965 and 1967; Holland and Roberts, 1965, Olson,
 
1966; Rajki and Rajki, 1966; Johnson et al., 1967; Wilson, 1968).
 

However, many unanticipated problems began showing up that delayed commercial
 
release of wheat hybrids for several years. Literature reviews, progress reports
 
and papers presented by many investigators began appearing soon after 1962.
 
While most hybrid wheat research data were positive in nature, a number of
 
investigators reported little or no heterosis and were more pessimistic on the
 
future of hybrid wheat. Suggested references for reviewing hybrid wheat progress
 
since 1962 are: Briggle, 1963 and 1964; Tenth Hard Red Winter Wheat Workers
 
Conference, 1965, pp. 45-69; Atkins, I. M. et al., 1967; Patterson and Bitzer,
 
1966; Rodiguez et al., 1967; Livers and Heyne, 1966 and 1968; Proceedings...
 
Eleventh Hard Red Winter and Eleventh Hard Red Spring Joint Wheat Workers 
Conference 1968, pp. 24 and 100-134; Hayward, 1968 and 1974; Holland, 1968; 
Ingold, 1968; Johnson and Schmidt, 1968; Sanchez-Monge, 1968; Rajki and Rajki,
 
1968; Roberts, 1968; Wienhues, 1968; Wilson, 1968; Zeven, 1968; Curtis and
 
Johnson, 1969; Myers, 1969; Chase, 1971; Proceedings...International Wheat
 
Workers Conference, 1971; Singh and Singh, 1971; and DaVries, 1974.
 

Excellent papers and reviews of hybrid wheat research were also presented at the
 
First Internttional Winter Wheat Conference in Ankara, Turkey, 1972, by Hihaljev
 
and Borojenic and by Milohni'.
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11ybrid Wheat Cytoplasmic Male Sterility Systems 

Most researchers have been primarily using Triticum timopheevi cytoplasm since

Wilson and IDsb (1962) reported this cytoplasm did not have adverse effects
 
as exhibited by Aegilopa ovata and Aegilops caudata. 
Other researchers soon

reported uimilar data regarding the adverse effects of A. caudata 
 and A. ovatabut good r.t.ult with tinopheevi cytoplasm (Livers, 1963; Porter and Lahr,
1963; Kherde and Porter, 1964; Porter Ct al., 1967). 

A number of alien cytoplasms are now being investigated by researchers to
evaluate their potential as additional sources of male sterility as well as for

other possible beneficial contributions to wheat hybrids (Sasakuma and Maan,1974). 
 Busch and Maan (1974) reported that preliminar, results indicate that
newly established nucleo-cytoplasmic combinations might be useful in providing

new sources of genetic variability for wheat improvement. Lucken (1973) stated

he had introduced bread wheat genomes into the cytoplasms of several Triticum
and Aegilops species and found some 
of these cytoplasms to have favorable effects
 
on plant vigor, male fertility, seed gertrinations and seed development. 

Only a few of the investigations with alien cytoplasms have been mentioned and
mainly to illustrate the research being done and some of the potential values
in future hybrid wheats. Currently we are using a number of different cyto
plasms in our hybrid breeding program and it is assumed that other hybrid programs
 
are doing likewise.
 

Fertility Restorer Systems for Cytoplasmic Male Sterility
 

One of 
the main reasons for the delay in the commercialization of hybrid wheat
 
has been due to the complex problems in 
finding reliable pollen restoring R
li .ds that restore adequately under adverse environmental conditions and possess
desirable agronomic attributes when used in hybrid combinations. 

Under certain fertile environments, we have found selections from the two-gene
(Rf1 and Rf2) R-lines obtained from Dr. Livers, Prim/epi and several of our own 
earlier developed R-lines to give good restoration. Yet, under sterile environ
ment of our fiberglass greenhouses, these various R-lines failed to give completerestoration. 
At this point Prim'pi (Oehler and Ingold, 1966) was giving the best
 
restoration percentage.
 

We also found considerable variation in the 
ease of restoration among our cyto
plasmic male-steriles. There results indicated that we needed to search for
different R-genes and combine them into a more complete restorer that would over
come the environmental and genetic variability problems.
 

Our assumptions were that we 
should combine genetically different R-genes that

appeared to give additive effects, and perhaps, we would need to locate at

least one R-gene located on each genome. Also, it was theorized that perhaps
the male-sterile system might contain modifier or complimentary gene(s) or even
 an 
inhibitor gene that was affecting the action of our earlier restorers.
 

It now appears our best restorer systems contain at 
least three major genes plus
modifiers. We believe there may be 
a complimentary gene in both our male-sterile

and restcrer systems when full restoration is obtained in certain hard-to-restore
 
soft winter male-stariles. 
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Additional research needs to be continued to isolate additional R-lines even
 
though we have isolated R-lines that have given good restoration throughout
 
the hard red winter wheat region where our hybrid program is most advanced.
 

Triticum zhukovskyi has been investigated by several researchers and foutid to
 
be a source of male-sterile cytoplasm and to carry fertility restorer gene&
 
(Maan and Lucken, 1967; Rana and Swaminathan, 1968; and Miri, 1968).
 

Gomaa and Lucken (1972) found two restorer lines, R5 (T. zhukovskyi/3* Justin)
 
and BR4704 (T. boeoticum - A. squarrosa/durum//Chinese Spring) that produce 
fertile, vigorous hybrids when crossed with Ms (I. boeoticum) Chris; and also 
fertile hybrids when crossed with Ms (T. timopheevi) Chris. These researchers
 
suggest that procedures using two cytoplasms could aid in manipulating restorer 
genes for R-line breeding. 

A strong fertility-restoring gene (Rf3 ) in T. spelta wab reported by Tahlir (1970)
 
for restoring male-sterile T. timopheevi cytoplasm.
 

Lambers and Qualset (1960) reported on their restorer work using the Texas
 
World Collection composite, T. zhukovskyi end Primepi. The male-sterile was
 
the variety Bison carrying T. timopheevi cytoplasm. 

Since the variety Prim~pi hes been one of the most potent sources of restoration 
of T. timopheevi cytoplasmic tiiae oterility, there has been considerable interest 
and some disagreenent in the number of gene(s) involved and their mode of action.
 
It now appears the most logical explanation has been presented by Miller, Schmidt
 
and Johnson (1974).
 

Johnson and Patterson (1974) intermated four different sources of genes for
 
fertility restoration to study the interaction of restorer genes in homozygous
 
and heterozygous conditions. In their studies they found both general combining
 
ability and specific combining ability to be highly significant for pollen pro
duction characters and for seed production.
 

leterosis in Hybrid Whea 

Most researchers have reported heterosis in wheat hybrids of the magnitude
 
found in corn and sorghum. In hybrid wheat tests heterotic yield levels have
 
been reported from a minus figure on a few tests to a few tests reaching a 
fantastic level of 100% increases. However, in the past few years when hybrids 
could be evaluated on larger field scales, indications are that hybrids are out
yielding their parents by 15 to 30 per cent. 

In 1963, Livers and Heyne (1968) initiated a study to determine hybrid vigor
 
by intercrossing nine varieties of well-adapted hard red winter wheats. Only
 
10 hybrids were involved in the 1964 trial while the full diallel of 36 hybrids

and 9 parents were grown in four replications in 1965 through 1967. The hybrids
 
collectively exceeded 111 varieties by 20, 37, 37 and 35% in these four years

with the average hybrid superiority for the period being 32 per cent. The best
 
hybrid consistently was 30% better than Lhe best variety for the area. Similar
 
results were obtained on 10 wheat hybrids grown at three locations (Livers and
 
Heyne, 1966). Livers (oral communication) stated that only in 1967 was there
 
a moderate amount of location-genotype interaction.
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Livers and Heyno (1968) also compared the thirty-six F2's with parents during 
1966 and 1967. The F hybrids averaged 1067. of the ti -parent level but only 
92% of the ietter ,)arint average. Th. tI's grown under similar conditions in 
1166 and 1967 averaLed 1334 of the nld-parellc and 1137 of th hiLhcr parent. 
Liver' (oral communication of uipuulished data) stated that with 1968 data 
added to the above trials, the hybrids for five years averaged 130% above the 
mid-parent. The three years .,fF2 data, 1968 added, show the average F2 yield 
to be 104% of the mid-parent. These data show little promise for the cotmercial 
use of hard red winter (It.W) wheat F 'a. Liver's stated that it appeared the 
1KW wheat hybrids pruduced under reafistic cultural conditions can express 
hybrid vigor comparable to that obtained in other crops. 

Bitzer et al. (1968) reported results of crosses made among eight distinctly 
different soft red winter wheat lines in a diallel fashion to estimate hetem
beltiosis and gene action for several characters incIuding yield. In 18 of 
28 F hybrids bitzer et al. found heterobeltiosis for yield ranged from -15.8 
to 4U.UL/.. 

Rodreguez et al. (1967) presented data showing that 23 of 25 hybrids studied 
produced grain yields significantly higher (about 30.) than the highest yield
ing chec.k variety, Iluamantla Rojo. Two yield tests with 20 F1 hybrids were 
grown at Ciudad Obregon in 1964-65 and involved crosses of Mexican varieties 
with varieties from the United States, Canada and Argentina. Thirteen of 20 
hybrids outyielded Iluamantla Rojo, the highest yielding check. Five of the 
hybrids outyielded the check variety by more than 1000 kilos per hectare and 
eight of the hybrids outyielded it by more than 500 kilos. 

During 1964-65, six different hybrids were evaluated for the yielding ability 
of the Fl, F 2 and F3 generations at CIANO. The yield of the F2 generation 
dropped from 18 to 22 per zent below that of the Fl hybrid and further reduction, 
but to lesser degree, occurred in the F3 generation (Rodreguez et al. 1967). 

Fonseca and Patterson (1964 and 1965) studied heterosis of 21 Fl hybrids, a 
seven parent diall.e1 cross, in 1962-63 and 1963-64. The F2 's of the 21 crosses 
were also evaluated in 19b3-64. 

The mean yields of the F1 hybrids, 1962-63, were significantly higher yielding 
than the highest parent. In 1963-64, all F1 's and seventeen F2 's were higher 
yielding than any of the parents with heterobeltiosis in the F1 ranging from 112 
to 136% (better parent - 100%). Results obtained by these researchers pointed 
out the importance of general combining ability suggesting additive gene action 
for heading date, height and yield. 

Heterosis for yield and yield components was studied in Fl, F2and F3 generationg 
in ten crosses of common wheat under normal spacing (Singh and Singh, 1971). 
Yield performance of the F, hybrids and their parents was compared with the hig 
parent of the cross and the best variety for the area of the test site. Eight 
F 1 hybrids exceeded their better parents but the mean F 1 differences were signif
icant in two crosses only. These hybrids exceeded their high parent by 44.3 
and 36.4% respectively. Yield heterosis ranged from 1.8 to 42.37. with four 
crosses showing appreciable heterosis. A sharp reduction in yield was observed 
in the F and F3 as compared to the F1. The average 2 and F3 yields were 35.0 
and 4b.41 below the F1 respectively. Singh &nd Singh (1971) suggested that high 
yielding parents with high genetic diversity should be chosen to find the best 
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combination for wheat hybrids. Most hybrid wheat researchers have tound this
 
sugestion to be true.
 

Studies on heterosis and competition in the 11 of 8 inter wheat varieties,
 
usinL a 4:x4 unsymmetrical diallel, uas reportkd by Bailer (173). IL: used pav
ants F"2 populatios and currespondinb mictures under b environmer.ts (3 locations 
and 2 years). Dr. Baler found heterosis in the F2 aod cuIpeLition in 1iXturt.s 

to be relevant to the material tested and significantly cotre lated. Ile in
dicated there are mainly adcitive genetic effects noted as tigipitiLcant b1enetal 
combinin abi and that andity etimatet co:iclutled -Anen qp~ cii,, competitive
 
effects art? of imiyortLance in L i.,turc, . (oun iderai ,ic1 l-h : . -a., naotu6 oul.
 
thv t.ata oct r' OrLed s b irile I plaitt were ;nvo,'v&,,.
 

allan (1)73) btateu that grail yielus of h)bricb anu the ir male restocir ;I l
female parents were tested in 1)7U, 1971 and 1)12 at 4 t', 7 diverbe envirun
ment-managernent sites. Allan reporttd nodebt to hi;,h levlt of hetLouit, waro: 
achieved uy some hybrids at ccrtain sitet. each yvar an; inciveas above 23 and 
27, over the hith parents and the NuLaiitce. W respectively.variet' were icaturcd, 

Only a few hybrios appearedl to be gcnerally adapt,.d to all testingi tites. At
 
sites capable of higher yield dotteatial, the sCniuvaf rather than the .tnenard
 
height parenti. Lave the greatest ruturn.
 

Similar results of yield hetcrosis in ki winter wheat hybrids have been reported
 
by BrijLle et al. (9t4); Patter.on aid Bitzer (966); i :ijkl and i¢aJki (1966, 
1967); Johnson et al. (1967); Nerkle et al. (1967); Wi.lson (1963); Barabas et 
al. (1973).
 

erkle, Lahr and Porter (unpublished data) investigated wheat hybrids involvi:Iq
 
three restorer lines and several cyboplasmic male sterile ltg,e j'rown in tritAs
 
in 1970 and 1971. They reported no hylbrid produced significantly more grail
 
than the highest yielding, coimx-rcial variety in the trial". 

Seed bet and beed Production Pr-)blens 

To be economically feasible to produce and market hybrid seed wheat, ve beli-ve 
seed sets must be in the 50 to 70 per cent level with the ratio of male sterile
 
to pollinator in the range of 2:1 or 3:1.
 

Important factors in obtaining relatively consistent annual hybrid beed yields 
in production fields are: 1) nicking of male sterile and pollinator, as explained 
earlier; 2) temperature, humidity and rainfall during the pollinating period; 
3) wind velocity strong enuugh to keep the buoyancy of the heavy wheat pollen 
at a high level; 4) female flowers that open wide, remain open and receptive for 
a considerable time for better receptivity, and pollinators tha produce large 
well-extruded anthers; 5) ratio of female to male strips in seJ production 
fields; 6) direction o± planting strips in relation to the preiailing wind&. 

We have conducted studies varying the btrips of female from 6.1 to 12.2m. and 
have used ratios of male sterile to male of 1:1, 2:1 and 3:1. Our data for most 
locations tested indicated a 2:1 ratio is most efficient providing the male 
sterile strip is not over 9.14 m. in width. Seed sets are higher nearer the 
pollinator at all ratios. Limited data indicate that when we use a pollina
tor which produces an abundance of good large anthers that are well-extruded
 
when they shed pollen, we can reduce the size of the pollinaRtor strip down to
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about 301m. without reducing seed set very much. However,'when we,,increase
 
the width of the male sterile, seed set drops rapidly.
 

Several researchers have reported seed set percentages and/or ratios of male
 
sterile to pollinator (Livers, 1963 and 1964;,Porter and Lahr, 1963; Kherde.
 
et al., 1964; Bitzer and Patterson, 1965; Rajki and Rajki, 1966, 1967, 1968;
 
Johnson et al., 1967; Porter and Tuleen, 1968; Wilson, 1968; Sanchez-Monge,
 
1968; Barnett and Patterson, 1969; Mahaljev and Borojevi, 1972; and MilohiC,
 
1972).
 

Mahaljev and Borojevic' (1972) found seed set in cms lines pollinated by dif
ferent pollinators, to depend greatly upon temperature and relative air humid
ity at time of flowering and fertilization of wheat. Their highest seed set
 
was in 1967 and 1970 when the temperature was from 14-160 C. and relative
 
humidity below 60/. Viability of pollen also studied by Watkins & Curtis (1967).
 

Other investigators (Rajki, E. and Rajki, S., 1966; Johnson et al., 1967;
 
Wilson, 1968; and others including our researchers) also have shown that tempera
ture and humidity are very important at the time of pollination and fertiliza
tion if good seed sets are obtained.
 

Zeven (1968) reported that the number of pollen grain above a wheat field was
 
an important factor affecting seed set. Anand and Beri,(1971) showed that cross
 
pollination of wheat was affected by pollen load and wind direction.
 

According to DeVries (1974), pollen shed is influenced by biological iactors
 
of the wheat flower and these factors interact with weather which is very in
fluential on the amount of pollen shed at a given time and on the period that
 
pollen is airborne.
 

Additional Experimental Results in Hybrid Wheat Research
 

Our first experimental hybrids tested in 1970-71 were very disappointing in
 
their performance (Table 1); In a replicated test grown in three states only
 
one hybrid out of 39 equalled the yield of the highest yielding check variety
 
and only 14 equalled or exceeded the average of the checks. The checks were
 
also shorter in height and earlier in maturity.
 

Perhaps similar data were found by other researchers and this might indicate
 
why they became discouraged with the potential value of wheat hybrids.
 

Table 1. 	 1970-71 Hybrid Wheat Performance Test 
3 Locations (Kansas, Nebraska, Oklahoma) 

Yield Test Wt. Height Date Per cent %Flour 
g/ha kR/hl cm Headed Lodsingi Protein 

39 Hybrids 24.2 73.6 93 5/12 13.3 14.1
 
(19.9-26.9) (71.4-74.9) (89-97) (6-15) (8-23) (13.5-14.6)
 

6 Checks 25.2 75.3 83 5/9 18.5 13.7
 
(23.3-26.9) (72.1-77.9) (71-89) (6-13) (0-35) (13.0-14.0)
 
Only one hybrid equalled highest yielding check.
 
-Only 14 hybrids equalled or exceeded average of checks.
 
Check varieties: Parker, Bison, Satanta, Sturdy, Tascosa and Agent.
 



However, we realized we had been selecting R-lines for their restoration
 
ability only with little or no emphasis on yield, maturity, straw-strength and
 
other desirable agronomic traits. This procedure seemed necessary because
 
of the difficulty in isolating adequate restorers. In a 1970-71 yield trial
 
involving the R-lines used in producing these first 39 experimrental hybrids

and the leading varieties grown in the area, the R-lines were either at or
 
near the bottom of the test in yield. This we had anticipated by visual
 
observation of the R-lines the previous two years.
 

Significant expression of heterosis in hybrid wheat grain yields has generally

been difficult to find. In our opinion, the performance of earlier hybrids
 
was disappointing due partly to 1) the incomplete fertility restoration system,

2) the low yield level of inbred lines making up the hybrids and/or 3) too few
 
hybrid combinations evaluated to find maximum heterosis (Hayward et al., 
1972).
 

For these reasons emphasis in our early research work was devoted to searching

for more efficient fertility restoration systems and the accumulation of a
 
diverse germplasm pool from which to develop superior inbred lines.
 

Realizing our early R-lines were poor wheat specimens other than their restor-.
 
ing ability, we 
initiated an active greenhouse program of transferring the
 
R-genes to high yielding normal height and semidwarf lines. With limited seed
 
available and limited space, we were able to produce small quantities of over
 
200 hybrids, using a number of male steriles, in greenhouses. Based on seed
 
quality, we selected 200 experimental hybrids and planted them in single l.5m.
 
rows at a seeding rate o? 42.6kg per ha in 6 replications and using 6 check
 
varieties. 
 This test was planted late due to the delay in harvesting the green
house seed and it also was planted on a plot of a lower fertility level than
 
our other yield tests. 
 The results of this test are given in Table 2 (Hayward,

Urich, et al., 1971).
 

Table 2. 
 1970-71 Hybrid Wheat Performance Test
 
Hutchinson, Kansas
 

Yield 
g/ha 

Range 
q/ha 

Height 
cm 

Range 
cm 

200 Hybrids 32.1 19.4-39.6 91 79-102 
6 Checks 24.5 22.6-28.0 86 74-94 

Average of hybrids was 14.6 above highest check variety.
Average of hybrids was 31.0% above average of checks.
 
Highest yielding hybrid yielded 41.4% above highest check.
 
Check varieties: Triumph, Agent, Tascosa, Caprock, Sntanta and
 

Parker.
 

This test indicated the type of heterosis that could be expected if high yield
ing, good type R-lines were used in the hybrid combination. The average of
 
the 200 hybrids was 14.6 per cent above the highest yielding check variety and
 
the average of the hybrids was 31.0 per cent above the average yield of the
 
checks. The highest yie'ding hybrid outyielded the highest yielding check by

41.4 per cent.
 

While these data were from one year and one location only, they gave us the
 
encouragement to expand our hybrid program.
 



- '92 

Since 1971, we have made several thousand crosses and test crosses annually.
 
'
with'th, objective'of developing high yielding, short-statured, cytoplasmic


maldesteriles and restorer lines o 
diverse germplasm and selecting for disease,

insect and lodging resistance, winter hardiness and good milling and baking
 
qualities.
 

We have sifted through the world collection of approximately 20,000 wheat lines
 
and varieties from all parts of the world plus selecting and obtaining germ
plasm from many different sources. The crossing, selection and testing of wheat
 
lines from these sources make up the nucleus of our conventional (pure lini)
 
program. It is imperative that a strong pure line breeding program be main
tained in order to provide continuous superior inbreds for our hybrid program.
 

During the past two years we have tested several hundred experimental hybrids

and culled them heavily based on their performance. Many of these new hybrids
 
are proving to be superior in both straw-strength and yield. Our most advanced
 
hybrid test last year, which contained 24 hybrids and 8 standard varieties,
 
was grown at 13 locations and in three to four replications. The data show
 
that the average yield of the hybrids was 15.7% above the average yield of the
 
standard varieties. Some hybrids exhibited a higher per cent of hybrid vigor

at certain locations indicating where they are best adapted. For example, the
 
highest yielding hybrid at York, Nebraska yielded 23.4% above the highest
 
yielding standard variety (Hayward, 1974).
 

Table 3 compares the four HRW hybrids we 
released last fall with eight varieties
 
and one of our promising experimental HRW lines (W443) that we are currently
 
converting to a male-sterile.
 

The average yield of these four hybrids (HR900, HR925, HR975 and HR976) was
 
19.1% above the average yield of the eight standalrd varieties. The average

lodging per cent was 
29.3% for the hybrids vs. 5% for the standard varieties.
 
This would indicate that the superior straw-strength of the hybrids would
 
allow farmers to add additional inputs of fertilizer for further yield advance.
 
All four hybrids have good milling and baking characteristics. HR900 is early

in maturity, HR925 is medium and HR975 and HR976 are medium-late in maturity.

Since the supply of these hybrids was limited, they were distributed over as

wide an area as possible in Kansas, Oklahoma arid Texas where they are currently

recommended. Further testing is continuing in additional states but only limited
 
data are available for these areas.
 

Table 4 is 
a summary of a high fertility test comparing varieties, advanceJ
 
experimental lines (W558, W603 and W443) and two experimental hybrids (X3004 and
 
X2172). The fertilizer applied was 188-81-30kg/ha and the harvested plot size
 
was 1.5m. x 7.6m. Harvesting was intentionally delayed for two weeks to observe
 
lodging and shattering of the entries. 
 Over 50% of the wheat grown in Kansas
 
is the variety, Scout, and Scout derivatives. Scout has an excellent yield

record which accounts for its popularity. Its weakness is mainly in weak straw
 
as evidenced by the low yield shown in Table 4. In fact, Scout was 907. lodged

before heading. These data show the need for straw-strength under high fertili
zation and under high genetic yield levels of some of the newer experimental
 
lines and hybrids.
 

There has been much speculation regarding seeding rates of hybrids versus 
varie
ties. Several researchers have reported that the seeding rates of adapted

hybrids could be reduced by as much as 507. without reducing yield, due to the
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Table 3..- Summary - Performance of four commercial released hard red winter,
wheat hybrids, eight standard varieties and one experimental line, r 

1973-74. 

Date Ht. Per cent Leaf Test Wt. Yield 
Entry Headed cm. Lodging* Rust** kgs/hl*** q/ha 

1. HR900 5/9 109 58 MS 77.2 25.,4 
2. HR925 5/13 112 39 HR-MS 76.8 25.2 
3. HR975 5/14 119 10 MR 
 75.7 26.5
 
4. HR976 5/15 
 117 10 MR 76.2 25.3
 
5. W443 5/10 97 20 MR 74.3 
 24.6
 
6. Centurk 5/11 107 63 MS 76.7 23.3
 
7. Scout66 
 5/11 114 56 MS 77.5 23.0 
8. Parker 5/9 109 53 S 
 77.9 21,9
 
9. Trmp. 64 5/5 
 114 83 S 76.7 21.8
 

10. Sturdy 5/5 97 10 MR 21.3
75.3 

11. Agent 5/14 117 29 
 MS 75.4 20.8
 
12. Satanta 5/11 102 89 S 20.5
77.5 

13. Tascosa 5/12 112 89 
 S 79.3 19.6
 

Average yield of hybrids 25.6
 
Average yield of varieties 21.5 

* Average of three locations - Hutchinson & Assaria, Kansas 
and Enid, Oklahoma 

** MR - moderately resistant
 
MS - moderately susceptible S - susceptible
 

*** Average of 13 locations in three states - Kansas, Oklahoma and Nebraska. 

Table 4. 
Summary of high fertility test comparing varieties, experimental
 
lines and hybrids* Hutchinson, Kansas, 1973-74.
 

Yield
 
Entry q/ha
 

Parker 21.7
 
Scout 66** 14.9
 
Satanta 16.1
 
W558 31.5
 
W603 29.5
 
W443 30.5
 
X3004 23.4
 
X2172 32.9
 

* Fertilizer rate: 188-81-30 kg/ha
 
V' 907. lodged before heading
 

Plot size: 1.5m x 7.6m Harvest date: July 10, 1974 (date ripe -
July 27; left until July 10 to observe 
lodging and shattering.) 

haterotic expresoion of hybrids in emergence, vigor and extra tillering. Other
 
researchers, Briggle (1963) and Fonseca and Patterson (1964), 
indicate hybrids

do not yield better at the lower seeding rates. If hybrids do excel under 
higher seeding rates, it probably is due to heterosis expressing itself under
 
high seeding competition.
 



We have' conducted 'a-, three; year yield test to' compare the yields: of entries 
seeded at'33.6 kg/ha vs."67.2 kg/ha. During 1971-72 and 1972-73.'there was not 
a significant yield difference in seeding rates but the 1973-74 results (Table
5) show a significant advantage for the higher seeding rate in every entry 
except WH2178. The experimental hybrids yielded significantly higher than the
 
varieties at both seeding rates.
 

Yields of the check varieties (Scout 66, Parker, Triumph 64 and Tam 101) were
 
lowered an average of 18% when the seeding rate was reduced from 67.2 kg/ha
 
to 33.6 kg/ha. However, yields of the 16 hybrids were reduced by only.11%
 
when the seeding rate was reduced. This appears to be an indication of the
 
increased tillering ability of the hybrids. Hybrids may not lower the optimum
 
seeding rate because of their larger seed size, Uut it seems logical to assume
 
that the increased tillering ability may reduce the loss when a poor stand i6
 
obtained. The seeding rate study for the 1974-75 crop year is being handled
 
as a population study with the rates rarging from 16.8 to 84.1 kg/ha based on
 
an average seed size. This study has been planted at four locations in Kansas
 
and three seeding dates at the Hutchinson, Kansas location.
 

A study was initiated in 1973-74 to determine if there is a yield advantage in
 
wheat grown from large seed (usually found in hybrids) versus small or bulk 
(not sized) seed. Four varieties and two experimental hybrids were selected 
for the study and gram weights were taken of 1000 kernels of each size and each 
entry. The test consisted of 8 replications with the plot size being 1.52m. x 
4.57m. All plots were seeded at 800 seeds per plot and this is equal to 33.6 
kg/ha assuming a weight of 35 gms. per 1000 kernels. Seed for the test was
 
separated from the bulk by screening. A summary of the results from the seed
 
size study is given in Table 6. There was a significant yield advantage in
 
favor of the large seed over the small and bulk in every instance and a signi
ficant advantage of the bulk over the small size seed in all entries except
 
the varieties, Danne and Centurk. Perhaps these results are magnified due to
 
the low seeding rate.
 

Variations in seeding rates and seeding dates are used as methods of improving

the nick between certain male steriles and pollinators. Last fall a test was
 
planted to see if the nick in hybrid seed production could be improved by vary
ing the following cultural practices:
 

1) Seeding rate; 22, 45, 67, 90 kg/ha.
 
2) Nitrogen level; 0, 28, 56, 84, 112 kg/ha.
 
3) P205 level; 0, 22, 45, 67, 90 kg/ha.


Two male steriles and two R-lines were included in the study at the above seed
ing rates. Fertilizer was applied at 25 possible combinations of N and P205.
 

We are repeating and enlarging a study comparing hybrids made on T. timopheevi
 
cytoplasm with those made on normal cytoplasm. Last year the test was small
 
and the results inconclusive. However, certain hybrids with timopheevi cytop
lasm yielded less than the same hybrids with normal cytoplasm. The larger plots
 
and additional entries included this year should provide more adequate data for
 
studying cytoplasm effects on hybrid yields.
 

Due to thc increase in damage caused by wheat streak mosaic and soil borne
 
mosaic in recent years over a large area of the hard red winter wheat region,
 
we are initiating a screening and testing program for these virulent diseases.
 
Presently most of our new experimental hybrids have shown Qond rai4QIntne 
 t-n
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Table 5. 'Summary- yield trial of hybrids, varieties and experimental lines 
seeded at 33.6 kg/ha vs. 67.2 kg/ha (Hutchinson, Kansas; 4 reps, 

' 1.52m.,x 4.57m. plot size; planted October 20, 1973) 

Seeding Rate (33.6 kg/ha) Seeding Rate (67.2 kg/ha)
 
Entry Yield (g/ha) Yield (g/ha)
 

WH2178 34.3 34.3
 
'WH2172 32.6 
 36.2
 
WH2045 30.9 35.3
 
WIOl 30.9 . 33.0
 
WH3005 29.6 34.6
 
WH2176 29.2 34.0
 
WH2180 29.1 32.8
 
TAM 101 29.0 34.1
 
WH2173 29.0 31.5
 
WH2117 28.9 32.0
 
R300 27.3 30.5
 
WH2181 27.1 31.7
 
WH3004 27.0 28.3
 
WH2043 25.9 30.2
 
WH2041 25.6 30.5
 
WH2115 25.1 30.2
 
R53 24.7 27.8
 
R299 24.5 28.1
 
WH2039 24.3 27.1
 
Parker 24.2 27.7
 
Scout 66 23.5 29.5
 
R71 23.2 26.2
 
WH2113 23.1 28.9
 
Triumph 64 21.1 28.9
 
WH2111 20.6 25.0
 

Avg. exp't hybrids (16) 27.6 31.4
 
Avg. ck varieties (4) 24.4 30.0
 
Avg. exp't lines (5) 26.1 29.3
 
* 5% LSD - .72 q/ha 

** 1I. LSD - .95 q/ha 

Table 6. Summary of results from seed size study 1973-74.
 

Small Large Bulk (no separation 
Gram wt. Yield Gram wt. Yield Gram wt. Yield 

Entry 1000 knls q/ha 1000 knls q/ha 1000 knls q/ha 

WH2180 24.9 25.5 40.8 31.1 36.1 28.2 
TAM 101 21.8 25.4 41.4 30.0 32.9 28.8 
WH2223 26.1 26.3 38.8 27.9 30.1 26.2 
Danne 21.8 22.5 38.9 23.3, 28.1 22.3 
Satanta 16.1 15.6 26.1 20.1'- 23.5 17.6 
Centurk 20.4 20.2 27.0 22.2 22.0 20.1 

Avera ge 21.8 22.6 35.5 25.8 28.8 23.9 

All plots were seeded at 800 seeds per plot. This is equal to 33.6 kg/ha
 
assuming a weight of 35 gins. per 1000 kernels. The test consisted of 8 reps
 
with plot size of 1.52m. x 4.57m.
 
Seed for these tests was separated from the bulk by screening.
 

* LSD sig. at the 57. level = 29.30 kg/ha.
 
** LSD sig. at the 17. level 38.25 kg/ha.
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.theisoil borne mosaic virus in all areas where they have been tested. Many 
of the leading varieties are susceptible or only have an intermediate toler
ance to soil borne mosaic. Also we are working with various fungal diseases
 
including the rusts, smuts and mildew. 
While most of our disease work involves
 
genetic resistance, we also are testing chemical controls.
 

Gametocide Studies to Produce Male Sterility in Wheat
 

Interest in the possibility of using chemical gametocides to induce male sterility

in wheat was stimulated following gametocide research in other crops (Iwahori et
 
al., 1970; Kaul and Singh, 1967; Lcwer and Miller, 1969; Porter and Wiese, 1961;
 
and Rowell and Miller, 1971).
 

Rowell and Miller (1971) reported their investigations indicated the feasibility
 
of producing usable male sterility in wheat with Ethrel.
 

St-Pierre et al. (1972) reported results with Ethrel showed differences among 
treatments, among varieties and for interaction of varieties X treatments observed
 
for six characters under each environment. Their results indicated it could be
 
determined when was 
the best time to apply Ethrel to induce male sterility even
 
though the two environments gave different responses. St-Pierre et al. indicated
 
it should be possible to make crosses among varieties under controlled environ
ments using Ethrel to induce the male sterility.
 

In our studies in both greenhouse and field replicated applications on three hard
 
red winter wheat varieties, we applied Ethrel at rates of 2000 and 4000 ppm at
 
early, mid and late-boot stages and just after full head emergence, but prior

to pollination. Wheat spikes in the greenhouse and 10 spikes per treatment in
 
the field were covered with glycene bags to prevent cross-pollination and to
 
observe if male sterility or male and female sterility occurred.
 

Our results with Ethrel were disappointing in both greenhouse and field trials.
 
In greenhouse trials, the 2000 and 4000 ppm applications caused only partial

sterility on most heads and both male and female sterility on a few heads,
 
especially at the 4000 ppm rate. Anthers and pollen appeared normal on most
 
heads at the light rate and many heads at the heavier rate when treated after
 
the heads were fully emerged. The heavier rate caused considerable side effects, 
i.e., difficulty in spike emergence at the early application stages, more female
 
as well as male sterility, yet not complete male sterility irk all spikes, some
 
chlorosis of leaves, a shortening of the internodes and in some cases a shorten
ing of the flag leaf. A few spikes were prematurely killed at both rates but
 
more at the heavier rate. Field trials gave similar results with definite dele
terious side effects noted especially at the 4000 ppm rate.
 

Similar experiments were conducted in 1971, 1972 and 1973 with the chemicals;
 
UNI-D513, RH-531, RH-532 and RH-2956. Different rates were applied at the early,

mid and late boot stage and also after heading but prior to pollination. Three
 
replications and three varieties were used in the tests.
 

Severe dwarfing and yellowing were the most noticeable side effects of all treat
ments and dates of treatment but the effects were more pronounced with the ear
lierand heavier treatment. Ten spikes of each treatment were bagged. Sterility

ranged from 0 to 100% with many of the 100. steriles being both male and female
 
sterile. Some partials as well as spikes with no noticeable effect were noted.
 
Our results indicate these chemicals have little promise as wheat gametocides.
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In,1973-74, greenhouse and field experiments were conducted in the 
same manner
 
aspreviously described but with the chemical DPX 3778. 
Only minor early
 
plant symptoms were observed but there was some tendency for straw breakage

and light and premature yellowing on some plants in the later stages of growth.

Several spikes were found to be male sterile, but many partials or normals
 
were also evident. However, with the minor deleterious effects and since
 
some male sterility was observed at the rates and methods used, DPX 3778 will
 
be repeated in our tests.
 

Dr. Richard Johnson, University of Illinois, (unpublished data, 1974-75) report
ed encouraging results with the chemical DPX 3778. Treatments were applied 
to
 
four winter wheats last spring at rates ranging from .6 to 4.5 kg/hectare. The
 
only noticable effect was a delay in anther extrusion with the 4.5 kg rate and
 
gll plants set seed. In greenhouse tests rates were increased to 9 kg/hectare
 
and only 0.2 seeds per spike were observed. Additional field tests with rates
 
ranging from 4.5 to 26.9 kg/hectare are presently underway.
 

Borghi et al., (1973) evaluated ethephon as a possibility to induce male steril
ity. In their research they sprayed single applications at 4000 and 8000 ppm
 
and produced nearly complete male sterility and suggested that the most sus
ceptible stages appeared to be early and mid-boot. It was pointed out that
 
ethephone reduced production to less than 405. of the concrol. By subdividing
 
the total dose of the chemical into several treatments, these researchers re
ported complete male sterility was induced and accomparnied by seed production

equal to 60% of the control. They stated their best results were obtained with
 
2000 ppm of ethephon sprayed at early, mid and late boot and early heading.
 

While chemical gametocides may or may not ever be applicable for producing
 
commercial wheat hybrids, they do show merit for continued research. 
Such chemi
cals could be of value for making wheat crosses and eliminating hand emasculation.
 

Other Useful Areas of Basic Research
 

Other methods of producing hybrid wheat are now receiving attention and such
 
basic research should be welcomed. Chemical male gametocides have been discussed
 
and the other proposed system is the chromosomal male-sterility system (Driscoll,

1972 and 1973). The 'XYZ' system of chromosomal male-sterility appears to have
 
merit and needs further study.
 

Sears (1972 a and b and 1973) reported on the successful transfer of leaf-rust
 
resistance from Agropyron.
 

Sasaki et al. (1973) reported promising male-fertility-restoring mutants obtained
 
by X-irradiation of seeds of male sterile, T. timopheevi Bison. He reported
 
one of the mutants that restored fertility had no chromosomal change when com
pared with the original Bison.
 

Advancements made in the wheat protein research to increase both the quantity
 
and composition are encouraging to wheat breeders (Johnson et al., 1973).

These studies show protein per cent and the supply of the essential amino acid
 
lysine have been increased through genetic advance.
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-Dual purpose winter hybrids are very important due :to the need for pasture

as well as grain. This is particularly true in areas where the environment
 
promotes fall, early winter and early spring growth. 
We have never believed
 
sterile forage hybrids would be profitable to the farmer, but we have con
tinuously worked toward the development of dual purpose wheats.
 

Investigations in the use of mitochondrial efficiency in breeding hybrid and
 
pure line wheats have been presented by several researchers (Sage, 1973; Sage
 
and Hobson, 1973).
 

Conclusions
 

Commercial wheat hybrids are now being marketed on a limited scale with larger
 
quantities expected in the near future. Shorter, better-strawed hybrids with
 
a higher yield potential and better disease resistance can be expected in
 
limited quantities this fall. 
With the better straw further yield advance can
 
be expected from heavier fertilizer applications and the ability to perform
 
well under irrigation.
 

The contribution of quality testing to the breeding program is illustrated in
 
the quality of the four new hybrid wheat releases. All have mellow character
istics typical of the wheats currently grown in the hard red winter area.
 

Some 200 experimental hybrids were evaluated last year and 300 are in perfor
mance trials this year. A large number of combinations need to be evaluated
 
in order to find the hybrids that exhibit the highest degree of heterosis.
 
Also we are in the process of cataloging male steriles and R-lines for their
 
specific merits, i.e., disease reaction to certain rust races, combining abilit
 
with other genotypes, maturity, height, straw-strength, winter hardiness and
 
quality characteristics. Such cataloging will allowus to change hybrids more
 
rapidly as the need arises.
 

There are still problems to be solved before we see wheat hybrids on vast acre
ages of wheat land. But with continued progress and development, and if the
 
economic picture is favorable, the prospects for large scale commercialization
 
of hybrid wheat within a few years are excellent. The monetary return the
 
farmer can expect from hybrid seed wheat over varieties will be the ultimate
 
determinant factor in hybrid wheat success.
 

Summary
 

Following the discovery of effective biological systems of cytoplasmic male
sterility and pollen fertility restoration in wheat, the possibility of hybrid

wheat becoming a commercial reality took on a new light. Persistance in hybrid

wheat research is beginning to pay off as high yielding wheat hybrids of good

agronomic type and with good milling and baking qualities are now being pro
duced and marketed on a limited scale. Further improvement and more rapid
 
expansion is expected in the next few years in both hard and soft hybrid winter
 
wheat classes. Additional restorer (R-line) and cytoplasmic male-sterile
 
systems are in the making. Further basic research in producing hybrid wheat
 
by different methods is expected, i.e., chemical gametocides and chromosomal
 
male-sterility systems. Many other basic research areas are underway or being

expanded to provide additional germplasm, improved techniques and knowledge for
 
the development of better wheat inbreds and hybrids. Better cultural and man
agement systems can be expected which will benefit both the hybrid seed wheat
 



.99- 

producer'and the farmer growing the wheat,hybrids. With these advancements
 
we should see improvement in hybrid wheat progress similar to that which we
 
have witnessed in corn and sorghum.
 

Acknowledgment
 

Research accomplishments in our Cereal Seed Division have only been possible
 
through the cooperation, interest and hard work of all our personnel. My
 
special thanks goes to Dr. Max A. Urich who has been an integral part of our
 
t6tal wheat research program since its initiation in 1966.
 

Literature Cited
 

Allan, R. E. 1973. Yield of wheat hybrids of the Triticum timopheevi nucleo
cytoplasm system. 4th Intern. Wheat Genetics Symposium, 311-317.
 

Anand, S. C. and Beri, S. M. 1971. Seed setting in male sterile wheat.
 
Indian J. Genet. P1. Breed. 31:132-135.
 

Atkins, I. M., Kherde, M. K., Lahr, K. A., Merkle, 0. G., Porter, K. B., Rooney,
 
L. W., Wilson, L. T. and Wright, T. G. 1967. Hybrid Wheat Research in
 
Texas. Texas A & M Consolidated PR-2467-2472.
 

Baier, W. H. 1973. Heterosis and competition in different characters of wheat
 
(Triticum aestivum L.). 4th Intern. Wheat Genetics Symposium, 19-25.
 

Barabas, Z., Sagi, F. and Kertlsz, Z. 1973. Special ways for hybrid wheat
 
breeding. 4th Intern. Wheat Genetics Symposium, 323-328.
 

Barnett, R. D. and Patterson, F. L. 1969. Factors influencing pollen dis
persal and cross-pollination of soft red winter wheat (Triticum aestivum L.)
 
Agron. Abst. 61:2.
 

Bitzer and Patterson. 1965. Cross-poliination potential in Triticum aestivum
 
L. Agron. Abst. 57:8.
 

Bitzer, M. J. and Patterson, J. L. 1967. Pollen dispersal and cross-pollina
tion of soft red winter wheat (T1iticum aestivum L.). Crop Sci. 7:482-484.
 

Bitzer, M. J., and Paterson, F. L. and Nyquist, W. E. 1968. Gene action and
 
hybrid vigor in an eight diallel cross of Triticum aestivum L. Agron. Abst.
 
60:4.
 

Borghi, B., Bonali, F. and Boggini, G. 1973. Induction of male sterility in
 
wheat withEthephon for hybrid seed production. Proc. 4th Internat. Wheat
 
Genetics Symposium, pp. 337-343.
 

Briggle, L..W. 1963. Heterosis in Wheat--a review. Crop Sci. 3:407-412.
 

Briggle, L. W. 1964. Hybrid wheat--what it means to wheat production, Cereal
 
Sci. Today. 9:59-65.
 

Briggle, L. W., Daum, R. J. and Stevens, H. 1964. Expression of het rosis in
 
two wheat crosses. Crop Sci. 4 No. 2:220-223.
 



Busch, R. H. and Maan, S. S. 1974. Effects of alien chromosomes on agronomic

'and of 0ul hats. Agron., Abst .650.
ytat wosrng 


Chase, S. S. 1971. Estimates of commercial profitability in hybrid' seed-"
 
production of the small grains. Economic Botany Vol. 25, No. 3:330-334.
 

Curtis, B. C. and Johnson, D. R. 1969. Hybrid wheat. Scientific American. 
'' 220, 5:21-29.
 

Driscol l C. J. 1972. XYZ system of producing hybrid 'heat. Crop Sci. 12i
 

516-517.
 

Driscoll, C. J. 1973. A chromosomal male- sterility system of producing hybrid
 
wheat. Proc. 4th Internat. Wheat Genetics Symposium, pp 669-674.
 

Fonseca, S'., and Patterson, F. L. 1964." Hetero'sis' in a diallel cross" of? seven 
winter wheats. Agron. Abst. 56:66-67. 

Fonseca, S. and Patterson, F. L. 1965. Diallel analysis and gene action in
 
crosses of Triticum aestivum. Agron. Abst. 57:11.
 

Fukasawa, H. 1953. Studies on restoration and substitution of nucleus of
 
aegilotricum. I. Appearance of male-sterile durum in substitution crosses.
 
Cytologia 18:167-75.
 

Fukasawa, H. 1955. Studies on restoration and substitution of nucleus (genone)

in Aegilotricum. II. The interrelationships between Greta cytoplasm and
 
fertility restoration factors. Cytologia 20:211-217.
 

Fukasawa, 11. 1958. Fertility restoration of cytoplasmic male-sterile emmer

wheats. Wheat Inf. Serv. 7:21.
 

Gomaa, A. S. and Lucken, K. A. 1972. Genetics of male fertility and plant vigor

restoration in common wheat with Triticum timopheevi and T. boeoticum cyto
plasms. Agron. Abst. 64:8.
 

Hayward, C. F. 1968. 
 Progress in hybrid wheat research. Pacific Northwest
 
Crop Improvement Assoc. Meeting. Spokane, Wash.
 

Hayward, C. F., Urich, M. A., Ely, K. K., and Banning, E. M. 1971. Wheat News
letter contribution.
 

Hayward, C. F., Urich, M. A., Ely, K. K., Banning, E. M. and Clarksoni, R, L. 
1972. Wheat Newsletter contributon. 

Hay:ward, C. F. 1974. The answers are coming in on-:hybrid wheat; '*PioneerHy-
Bred International, Inc., Analysts Meeting, Des'Moins,7 6Iwa. 

Ho1land, R. F., & Roberts, F. H., Jr. 11965. Poteiitialsand problemsein hybrid 
wheat. Agron. Abst. 57:24. 

Holland, R. F. 1968. Hybrid breeding techniques and probles' Wheat Aisoc. of 
Am. Seed Control Officials, Okla. City, Okla. pp. 1-6.
 



1-01 -

Ingold,. M. 1968. Male sterility and restorer systepns in wheat. Euphytica, 
17:694-74.
: 

Iwahori, s., Lyons, J. M. and Smith, 0. E. 
1970. Sex expression in cucumber
 
plants as affected by.2 -chloroethylphosphonic acid, ethylene, and growth

regulators. Plant Physiol. 46:412-415.
 

Johnson, J. W. and Patterson, F. L. 1974. Interaction of genetic factors for
 
fertility restoration in hybrid wheat. Agron. Abst. 66:55.
 

Johnson, V. A., Schmidt, J. W. & attern, P. J., 1967. Hybrid Wheat in the. 

.united States. Qualitas Plant. Mater. Vegetabiles 14:193-211. 

Johnson, V. A. and Schmidt, J. W. 
1968. Hybrid Wheat, Adv. in Agron. 20:199-233.
 

Johnson, V. A., Mattern, P. J., Schmidt, J. W. and Stroike, J. E. 
1973. Genetic
 
advances in wheat protein quantity and composition. 4th Intern. Wheat
 
Genetics Symposium, pp. 547-556.
 

Kaul, C. L., and Singh, S. P. 1967. On induced male sterility in wheat, sunn
hemp and onion. Indian J. Pl. Physiol. 10:112-118.
 

Kherde, M. K., Porter, K. B., Merkle, 0. G. and Atkins, I. M. 1964. Cross
fertilization of male-sterile wheat (T.aestivum) and forage production of
 
sterile hybrids having different cytoplasms. Agron. Abst. 56:70.
 

Kihara, H. 1951. Substitution of nucleus and its effects on genome manifesta
tions. Cytologia, 16, 177-193.
 

Kihara, H. 1958. Fertility and morphological variation in the substitution
 
and restoration backcrosses of the hybrids, Triticum vulgare X Aegilops

caudata. Proc. 10th International Congress of Genetics.
 

Lambers, D. H. R. and Qualset, C. 0. 1969. Observation on restoration of pollen

fertility and outcrossing of cytoplasmic sterile wheat. Wheat Inf. Serv. 29:
 
23-25.
 

Livers, R. W. 1963. Investigations with cytoplasmic-genetic male-sterile wheat
 
and inheritance studies of fertility restoration. Agron. Abst. 55:84.
 

Livers, R. W. 1964. Fertility restoration and its inheritance in cytoplasmic

male-sterile wheat. Science 144:420.
 

Livers, R. W. 1964. Seed yields of field-grown male-sterile wheats subjected

to wind-borne pollen. Agron. Abst. 56:72.
 

Livers, R. W. and Heyne, E. G. 1966. Field performance of Kansas wheat hybrids

in 1964, 1965, and 1966. Agron. Abst. 58:11.
 

.Livers, R. W. and Heyne, E. G. 1968. 
 Hybrid vigour in hard red winter wheat.
 
Proc. 3rd Int. Wheat Genetics Symposium. Aust. Acad. Sci. Canberra. pp. 431
436.
 

Lower, R. L. and Miller, C. H. 1969. Ethrel(2-chloroethanephosphonic acid) a
 
tool for plant hybridizers. Nature 222:1072-1073.
 



7-1)102

ucenK+ A.-973.1 Cytoplasmdifferences.? Thei: ujse!in [wh~e~at breeding.'
 
Agron. Abst. 65:73.
 

MI~aanS. S. and L'ucken,- K. A-.'1967 Additional cytoplasmic male steriliy 
"ferti ity restorat on' systems-in'Triti um; Wheat,InformationSer. M0.
 
23-24:6-9.
 

.:Merkle,0. G., Porter!,- '.+and
Atkins, I. M. 1967. Heterosis inWheai i
 
Texas Expt. Sta.' Progr. Rept. 2468, 6-7;.
 

Mihaljev, I. and Borojevi', S. 1972. Researchwork on hybrid wheat using-T.

timopheevi male sterility restoration of 'fertility !system at Novl-Sad.Proc.
 
Intern. Winter Wheat Conf. Ankara, 304-314.
 

Miller, J. F., Schmidt, J. W. and Johnson, V.A. 1974. Inheritance of genes

controlling male-fertility restoration in the wheat,cultivar Primepi. Crop

Sci. 14:437-438.
 

Milohni , J. 1972. 
 Hybrid wheat breeding. 1st International Winter Wheat
 
Conference Proceedings. Ankara: 294-303.
 

Miri, R. K. 1968. Male fertility and sterility in the hybrids of crosses of
 
T. zhukovskyi, T. sphaerococcum and T. aestivum with common wheat carrying

T. timopheevi cytoplasm. Wheat Inf. Serv. 27:2-4.
 

Myers, H. E. 1969. Hybrid wheat and hybrid barley. Proc. of the 15th Annual
 
Farm Seed Conf., A.S.T.A., K.C., Mo., pp. 7-16.
 

Oehler, E. and Ingold, M. 1966. New cases of male-sterility and new restorer
 
source in T. aestivum. Wheat Inf. Serv. 22:1-3.
 

Olson, R. J. 1966. 
 M.S. Thesis. Wash. State Univ., Pullman, Washington.
 

'Patterson, F. L. and Bitzer, M. J. 1966. 
 Purdue Univ. Res. Progr. Rept. 222.
 
1-4.
 

Porter, K. B. and Lahr, K. A. 1963. Cross-pollination of male-sterile winter
 
wheat having Aegilops caudata and Aegilops ovata cytoplasm. Agron Abst. 55:87.
 

Porter, K. B., Lahr, K. A. and Merkle, 0. G. 1967. 
 Seed set on male-sterile
 
wheat. Western Soc. Crop Sci. Meeting. Crop Sci. Abst. pp. 17.
 

Porter, K. B. and Tuleen, N. A. 1968. Cross-breeding male sterile wheat and
 
rye. Agron. Abst. 60:17.
 

Porter, K. B. and Wiese, A. F. 1961. Evaluation of certain chemicals on
 
selective gametocides for wheat. Crop Sci. 1:381-382.
 

Proceedings...Eleventh Hard Red Winter and Eleventh Hard Red Spring Joint Wheat
 
Workers Conference. 1968, pp. 24 and 100-134. 
 "
 

Proceedings...International Wheat Workers Conference, 1971.
 

Rajki, E. and Rajki, S. 1966. Research work on hybrid wheat ,atMaritonv
Nr,

Acta Agronomica 15:199-214.
 



Rajki;.;E. ahd iRajki, S.- 1967.,, ,Researchwork :on hybrid wheat at Martonvasdr,
 
l W'Acta Agron;I Hung., 16:240-246.
 

Rajki, E. and Rajki, S. 1968. 
Research work on hybrid wheat at Martonvasar,
 
III. Euphytica 17, Suppl. 1:43-48.
 

"Rana,.R. S. and Swaminathan, M. S :. Triticum zhukovskyi as
1968. 
 a source of
 
male sterile cytoplasm and fertility restorer genes. Wheat Inf. Serv. No.
 
27:'1-2.•
 

Roberts, T. H. Jr., 1968. Progress report on hybrid wheat. 
Federation of
"'i-International Seedsmen, New York City, N. Y.
 

Rodriguez, R., Quiiones, M. A., Borlaug, N. E., Narvaez, I. 
1967. Hybrid

Wheats: Their development and food potential. 
Centro Internnacional de
 
Mejoramiento de Maize Trigo. Research Bull. 3, 1-37.
 

Rowell, P. L. and Miller, D. G. 1971. Induction of male sterility in wheat
 
with 2 -chloroethylphosphonc acid (Ethrel). 
Crop Sci. 11:629-631.
 

Sage, G. C. M. 1973. Mitochondrial efficiency in breeding hybrid and pure-lini

wheat. 4th Internat. Wheat Genetics Symposium. pp. 861-864.
 

Sage, G. C. M. and Hobson, G. E. 1973. The possible use of mitochondrial
 
complementation as an indicator of yield heteroris in breeding hybrid wheat.
 
Euphytica 22:61-69.
 

Sanchez-Monge, E. 1968. Approaches to hybrid wheat in Spain. 
Euphytica 17,
 
Suppl. 1:35-41.
 

Sasaki, M., Nishiyama, K. and Yasumro, Y. 1973. 
 Male-fertility-restoring
 
mutants induced by x-rays inwheat. 
 Proc. 4th Internat. Wheat Genetics
 
Symposium, pp. 295-299.
 

Sasakuma, T. and Maan, S. S. 1974. 
Cytoplasmic male sterility-male fertility

restoration systems in Triticum durum. 
Agron. Abst. 66:60.
 

Schmidt, J. W., Johnson, V.A. and Maan, S. S. 1962. 
 Hybrid-wheat.- Nebr.'
 
Expt. Sta. Quart., 9,9.
 

.Sears, E. R. 1972a. Chromosome engineering in wheat. Stadler Symp. 4-23-38.
 

,Sears, E. R. 1972b. Agropvron-wheat transfers through induced homoeologous'
s
 
pairing. Can. J. Genet. Cytol. 14:736.
 

Sears, E. R. 1973. Agropyron-wheat transfers induced by homoeologous pairing.

Proc. 4th Internat. Wheat Genetics Symposium, pp. 191-199.
 

Singh, K. B. and Singh, J. K. 1971. Potentialities of heterosis breeding in
 
wheat. Euphytica 20, No. 4:586-590.
 

St-Pierre, C. A. and Trudel, M. J. 
1972. Effects of Ethrel on 14 spring

wheat varieties. Agron. Abst. 64:28.
 



Tahir, C. M. 1970. Production of male-sterile and restoration lines of,,.
 
Pakistani wheat varieties with As. ovata and T. timopheevi cytoplasms.,
 
Wheat Inf. Serv. No. 30:23-26.
 

Tenth Hard Red Winter Wheat Workers Conference, 1965. pp. 45-69.
 

Vries, A. Ph. de, 1974. Some aspects of cross-pollination in wheat (Triticum
 
aestivum L.) 4. Seed set on male sterile plants as influenced by distance
 
from the pollen source, pollinator:male sterile ratio and width of the male
 
sterile strip. Euphytica 23:601-622.
 

Watkins, R. E. and Curtis, B. C. 1967.. The effect of temperature and relative 
humidity on the viability of hard red winter wheat pollen. Western Soc. 
Crop Sci. Meeting., Crop.Sci. Abstracts, p. 17. 

Wienhues, F. 1968. Long-term.yield analysis of heterosis inwheat and barley.
 
Variability in heterosis, fixat.on of heterosis. Euphytica 17 (Suppl. 1):
 

v49-62. 

Wilson, J. A. 1962. Material prepared through DeKalb Agricultural Assoc.
 
Inc. and Contribution to Wheat Newsletter, 9:28-29. 

Wilson, J. A. and Ross, W. M. 1962. Cross-breeding in wheat Triticum aestivum 
"II. Hybrid seed set on a cytoplasmic male-sterile winter wheat composite, 
subjected to cross-pollination. Crop Sci. 2:415-417. 

Wilson, J. A. and Ross, W. M. 1962. Male sterility interaction of the
 
Triticum aestivum nucleus and Triticum timopheevi cytoplasm. Wheat Inf.
 
Ser. No. 14, pp. 29-30.
 

Wilson, J. A. 1968. Problems in hybrid wheat breeding. Euphytica 17 (Supp. 1):

13 -33. 

Zeven, A. C. 1968. Cross-pollination and sources of restorer genes in
wheat and a semi-hybrid variety. Euphytica 17:75-81.
 

http:fixat.on


- 105 -

SPRING X WINTER CROSSES FOR WINTER
 
AND SPRING WHEAT IMPROVEMENT
 

4. Kronstad, A. Klatt, A. Bayraktar and S. Rajaram
 

nlte States
 

,f utilizing winter x spLing crosses to create greater genetic
 
is not new. In the past wheat breeders, frequently out of neces
ade such crosses to incorporate specific genes for disease
 
r for some other agronomic trait to improve eithei winter or spring
 
s. In fact, many old, well-known varieties such as Hybrid 128
 
t (1924), Rex (1933), Thatcher (1934) and Federation 41 (1942), all
 
n winter x spring crosses. The spring wheat variaty Hope was used
 
to transfer stem rust resistant genes into winter varieties and
 
Perhaps the winter x spring crosses which received the greatest
 

ce the semi-dwarf varieties which gave rise to the so-called Green 
These crosses resulted from the use of the height dwarfing genes
 
ter selection, Norin 10 Brevor, in combination with the day-length
 
ipring type wheats. Many other examples where varieties have been
 
)mwinter and spring crosses can be cited by most wheat breeders
 
which have evolved from their own programs.
 

Joseph A. Rupert, in reviewing the many examples of successful
 
Lng crosses, felt that if someone would develop a program whereby
 
idspring varieties could be systematically crossed, that it would
 
-at deal more genetic diversity for future varietal improvement in
 
Lng and winter wheat growing areas of the world.
 

1960's, Dr. Rupert, working in Chile with the Rockefeller Foundation
 
frved that under those environmental conditions winter and spring
 
be made to flower simultaneously under field conditions, thereby
 
opportunity for exploiting many of the desirable genes thacl had
 
isolated from one another by a strong vernalization mechanism
 
winter wheats. In 1968, Dr. Rupert moved the program to the
 
California at Davis and subsequently to Oregon State University
 

,f 1971 where it became a part of the Rockefeller Foundation sup
,-CIMMYT-Oregon State program.
 

)ert's sudden passing, Dr. M. M. Kohle of the CIMMYT staff assumed
 
.yfor CIMMYT's role in the cooperative effort at Oregon until he
 
to the triticale program in Mexico. Dr. Bob Redden, who is current
i, also played a role in keeping the program viable until the Oregon 
I adjust and assume more of the responsibility. 

collections which Dr. Rupert developed while in Chile have been 
the U.S. National Repository at Fort Collins, Colorado and to 
laryland in the U.S.A. This is known as the Dr. Joseph A. Rupert 
[dis available upon request to wheat breeders throughout the world. 

.ewinter x spring hybridization program is conducted in three
 
he initial crosses are made in Mexico at Toluca where the vernaliza
length requirements for winter wheat varieties can be satisfied,
 
ting the crossing with spring types. The resulting F1 seed is divid
segments with one remaining in Mexico and the other two sent to
 

egon.
 

University 
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The F1 material remaining in Mexico is integrated into the spring wheat improve
ment program by top and double crossing to spring type materials at CIANO, an
 
experiment station located at Ciudad Obregon. After subsequent evaluation and 
selection, the advanced lines are disseminated throughout the existing inter
national nurseries coordinated by CIHMYT. The worth of these materials is 
becoming quite apparent in many nurseries where the winter x spring derived 
selections are exhibiting increased head length, improved tillering capacity, 
superior yields, and in addition, maturity and height similar to the present 
spring varieties.
 

In Oregon and Turkey, the winter x spring F's are top and double crossed with 
emphasis placed on the winter type wheats. Here a major objective is to incor
porate earliness, winterhardiness and other desirable agronomic traits including 
grain yield into the crosses. 

Three major testing sites are utilized in Oregon. These include the Hyslop 
Agronomy Farm (1000 rmwwinter rainfall), Pendleton Experiment Station (370 mm 
winter rainfall), and the Sherman Experiment Station (250 mm winter rainfall). 
The latter two sites are located in the eastern part of the state. Due to the 
mild winter temperature in western Oregon, both winter and spring type wheat 
survived including the F populations from fall planting at the lyslop Agronomy 
Farm. In addition, due to excessive winter rainfall at this site, effective 
screening can be done for S ptoria tritici, yellow rust, Puccinia striiformis, 
leaf rust, Puccinia rubigo-vera tritici, yellow dwarf virus, powdery mildew, 
ErysiPhe pramines tritici, Ohliobolus Bramninis and utilizing special techniques, 
Cercosporella herpotrichoides. At both the Pendleton and Sherman locations 
evaluations can be obtained for common smut, Tilletia caries, Tilletia foltida, 
yellow rust, Puccinia striiformis, leaf rust, Puccinia rubigo-vera tritici, 
and Cercosporella herpotrichoides. A fair degree of winterhardiness is also 
required at both Pendleton and the :3herman Stations. The latter location 
provides an excellent evaluation for droughlt stress as well. Furt.hermore, the 
germ plasm is evaluated under a sunmer fallow system which allows the breeding 
program to take into consideration the variety x management system interaction. 
This is very important under low rainfall conditions as current varieties have
 
the genetic potential to yield far more than is now being realized due to 
limited moisture. In dryland areas, if maximum yields are to be obtained, 
improved management systems must be employed which conserve more moisture for 
crop production. It is equally clear that as changes in management systems are 
evolved, varieties must be developed which fit into the new cultural practices. 
A specific example can be cited whereby if a summer fallow system will allow 
the farmers to seed into the previous year's moisture and hence earlier, then 
varieties must have resistance to Cercosporella herpotrichoides which is a very 
serious disease with early seeded wheat. 

Conditions observed on the Anatolian Plateau of Turkey are quite similar to 
those in eastern Oregon; however, the soils on the Plateau contain a higher
 
percentage of clay and the environmental adversites encountered during the grow
ing season appear to be much more limiting in terms of the final yield of the 
crop. The major research activity in the winter wheat producing areas of Turkey 
is located at the Wheat Rescarch and Training Center at Ankara. Other work is 
being conducted at Eskisehir, Edirne and a number of other off-station sites 
including two sites in eastern Turkey. In the past few years, in order to insure 
the success of the crossing program, the winter crossing blocks were also estab
lished at Izmir where the major spring wheat breeding program is located. 
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-The major objectives of the program involve selecting materials which combine
 
earliness with good winterhardiness and drought resistance. Yellow rust,
 
Puccinia striiformis, is the major disease; however, screening techniques are
 
being developed for several other diseases associated with dryland wheat pro
duction.
 

The lt Winter x Spring Screening Nursery consisted of entries from both the
 
Oregon and Turkish program which represented various populations, collections,
 
and segregating materials including several CAR lines from Dr. Rupert's Chilean
 
program. This material was sent to 19 countries where winter wheat is grown
 
under a winter rainfall pattern. Upon receiving the data, the information was
 
summarized and returned to the cooperators prior to their crossing season this
 
year,
 

This year's 2nd Winter x Spring Screening Nursery consists of 1034 entries com
bining materials from both Turkey and Oregon. The nursery was sent to 27
 
countries representing 40 different breeding programs. Also, as a part of the
 
nursery, are 124 winter durum entries provided by the Turkish program.
 

Perhaps the major difference in the 2nd International Screening Nursery in
 
contrast to the Ist, is that many of the entries represent selections made from
 
segregating populations rather than varieties or established lines. Every
 
effort will be made to have the information from this year's screening nursery
 
available to the cooperators prior to their subsequent crossing season.
 

In order to provide additional information regarding the genetic potential of
 
various lines, the crossing blocks and selected F2 , F3 and F4 populations are
 
sent to countries where special conditions or limiting factors prevail. This
 
material is incorporated into their breeding programs and superior types are
 
recycled through the winter x spring program.
 

From all indications, the desired goals are being realized with the winter x
 
spring program. The materials evaluated ro date suggest that a new reserve of
 
genetic germ plasm is now available to both the winter and spring wheat breeder.
 
In addition to sharing germ plasm and information, of perhaps even more im
portance are the very excellent lines of communication that have developed
 
between the cooperating scientists. The potential contributions from this
 
program go far beyond the development of new and improved wheat varieties, in
 
that it provides an opportunity to help the millions of less privileged people
 
on the earth by providing more food through increased production on the millions
 
of hectares of rainfed land where winter wheat is frequently the best adapted
 
crop.
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BREEDING FOR SPROUTING RESISTANCE INWHEAT"
 

Gosta Olsson, Sweden
 

In north-western Europe we have much rain during the harvesting period and,;
under such conditions, there is 
a great risk that the wheat and rye kernels
will germinate in the ears before harvesting. Breeding for resistance against
sprouting in the ears 
is very important in this district.
 

In some varieties of wheat the grains are able to germinate even before they
are fully ripe. 
 Others will not sprout until a period of after-ripening has
passed. 
 This phenomenon of delayed germination is usually called seed-dormancy.
The duration of this period depends 
on external conditions such as, for instance,
the temperature before and after maturity but it depends also on 
the variety.
As early as 1914, Nilsson-Ehle demonstrated that the duration of dormancy in
wheat varieties is largely determined by genetic factors.
 

It has been established that different colour genes give different dormancy
ratings. It is 
a well known fact that varieties with white grains are more
liable to sprout before harvesting than those with red grains. 
But some red
colour genes give only a weak dormancy while other genes give a high degree of
dormancy. 
The seed colour is associated with differences in the structure of
the coat layers. 
 It is usually assumed that dormancy is coupled to some 
factor
situated in the coat layers of the grain. 
The water and oxygen permeability of
the aleurone layer may be of importance. If the pericarp and testa above the
embryo are damaged or removed, the dormancy is usually broken.
 

Belderok (1961, 1968) has shown that there is 
a close correlation between the
degree of dormancy and the contents of bound disulphide linkages in the coat
layers. 
 Dormant wheat is not capable of releasing glutathione and cysteine
from peptides or from soluble protein already present in the embryo. 
However,

this is possible in after-ripened grains.
 

In our breeding for sprouting resistance all plants with white grains are discarded. 
 But there are also great differences in seed dormancy between varieties
with red grains. As 
can be seen in Table 1, Breustedt 6825-47 and Kolibri have
 a much longer dormancy period than Opal and Snabbe.
 

Table 1. Seed dormancy in different spring wheat varieties. (The number of~days

between the harvest ripe stage and 501 
germination).
 

Dormancy period in days
Variety 1970 
 1971 1972 1973 
 1974 Means
 
Opal 
 " 
 - - 5 -
Sonora 64 " 



- - 9  .
Snabbe 17 9 11 6 12 
 11
Svenno 18 8 20 9 22 
 15
Amy 35 12 24 14 29 
 23
Rang 33 
 11 25 12 33 
 23
Pompe 38-
 13 26 14 
 31 24

Timgalen 23
Kleiber 55 33 35 
 34 55 
 42Selpek " 
 30 37 57 .
Kolibri 72 38 
 32 38 71 
 50
 
Breustedt 6825-47 -


The Swedish Seed Association, Svaldf.
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I-tc 'islvjtq importantz thati the durat ion of seed~idormancy is,investigated for.Jnew 
varieties cultivated in humid districts but it is not 'a-+good character for 
screening for sprouting resistance... 

Screening Methods
 

Sprouting involves a complex of chemical and physical reaction..such as:,
 
a) Increasing oxygen-permeability of the grain coat layers..
 
b) Formation or release of gibberellins in the embryo.
 
c) Release of glutathione and cysteine.
 
d) Synthesis of hydrolytic enzymes as for instance alpha-amylase-in the
 

aleurone layer.
 
e) Degradation of starch.
 
f) Growth.
 

Treatment of dormant grains with gibberellic acid breaks dormancy and results
 
in a rapid production of alpha-amylase and glutathione - cysteine. An increase
 
in alpha-amylase content increases the breakdown of starch and changes the
 
viscosity of a flour suspension.
 

As selection methods for sprouting resistance we are using either alpha-amylase
 
activity or the viscosity of a flour suspension. The alpha-amylase activity
 
is determined with a colorimetric method (Olered 1967). This analysis is used
 
for selection of single plants because only small grain samples (0.5 - 5.0
 
grams) are needed. The ears are usually treated in a moist chamber for some
 
days before threshing and analysing.
 

The other method used isbased on the viscosity of a flour suspension and called
 
the falling number method. The falling number depends principally on the alpha
amylase activity but also to some extension on the starch quality. The falling
 
number method iseasier to handle than the alpha-amylase determination and
 
therefore the falling number is used for paying the Swedish farmers after sprout.
 
ing resistance. It is also used for analyzing varieties and new breeding materig
 
in our comparative trials.
 

Breeding Results
 

Screening of different material has shown good sprouting resistance, for -instance
 
in the following varieties:
 
Winter wheat: Apollo, Breustedt 460/42, Florian, Hilgendorf 61, Red coat.
Stella, Sylvia, Tenor, Wiersum 6224 A23.
 
Spring wheat: Atle, Breustedt 6825-47, Frontana, Jufy I, Klein Condor, Kolibri,
 

Peko, Strube 4926.
 

,Ingeneral there is a good agreement between seed dormancy, a low alpha-amylase
 
content and a high falling number. In some cases, however, the starch quality
 
also influences the falling number.
 

The possibility to transfer seed dormancy from varieties as Frontana, Breustedt
 
6825-47 and Strube 4926 to Swedish varieties is illustrated in:'Table 2.
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STable 2., 'Recurrent:backcrosses o.transfer seed dormancy.to;aS,wed@h:e±ig
 
:.;,wheat varietyir
 

Dormancy in days

Variety 1971 
 1972 	 1973 Mean
 

Svalfs Prince 12 26 16 18.,
 
Sv 68882-9, Frontana x Prince3 57 42 20, 40
39 50

Sv 69517, Br 6825-47 x Prince3 58 52 


Sv U 67653, Strube 4926 x Prince3 57 53 44 51
 

The segregation in F2-populations from crosses between varieties with differ
ences in sprouting resistance is shown in Tables 3 and 4. In our material
 
no attempt has been made to calculate the number of genes responsible for
 
sprouting resistance. The general idea is, however, that dormancy is inherited
 
dominantly. Studies of Sander (1964) gave evidence of one-factor inheritance
 
of dormancy with some indication that two factors may be involved in some
 
crosses. Piech, Ruszkowski and Jaworska (1970) claim that the energy of ger
mination of seeds presumably is conditioned by two cumulative genes. Several
 
investigations (Akerman 1936, Gfeller and Svejda 1960) have fully confirmed
 
Nilsson-Ehles earlier results of the correlation between susceptibility to
 
sprouting and grain colour and the trifactorial nature of its inheritance.
 
But it is not yet known whether the relationship between seed-coat colour and
 
length of dormancy is based on pleiotropic gene action or on linkage. Many
 
other genes must have influence upon the damage by sprouting.
 

Table 3. 	Segregation in alpha-amylase content in F2-material in spring wheat.
 

i-Varieties 	 1-3 4-6 7-10 11-15 16-25 26- n
 

43 15 , 102. 	 40
Sv 61447 x U 60218, F2 4 21 48 25 9 3 10
 

U 60218 2 'i0 ' 40'
 
Sv 61447 13 15 10 2 40
 
Sv 61447 x Sv 60363, F2 9 35 43 17 4 2 110
 
-Sv 60363 ,. . 7 14 19 40.
 

Table 4. 	Seed germination 7 days after harvest in crosses of winter wheat
 
Kron x Eka and Ibrido x Dankowska Graniatka and in the inital
 
forms (from Piech, Ruszkowski and Jaworska 1970).
 

rParents Percentage of germination seeds
 
:and 0 1- 11- 21- 31- 41- 51- 61- 71- 81- 91-':Mean
 

offspring 10 20 30 40 50 60 70 80 90 100 : 4
 

Kron 6 8 1.9 
F2 1911 9 3 1 .1 .2 
Eka 2 4 3 8 1 1" 55.2 

Ibrido 1 13 4.3
 
F2 16 14 13 4 1 2 11.8
 
Dankowska 1 2 2 9 5 3 68.2
 



Table 5 shows the correlation between sprouting in ears (graded 0-10), alpha
amylase content and falling number for two varieties, Frontana and Sv 01312,
 
and lines 	selected from crosses between them. At lease one iine"has a better
 
value than the best parent.
 

Table 5. 	Sprouting resistance in Frontana, Sv 01312 and 6 lines from crosses
 
between Frontana and Sv 01312.
 

Sprouting Alpha-amylase Falling
 
Varieties in the ear content number
 

Frontana 1.5 8 255 
Sv 01312 10.0 746 213 
Line of Frontana x Sv 013122 2.5 65 231 

x " 2.0 24 218 
x 3.0 19 238 
x 2.0 5 350 
x " 1.5 6 350 

0.5 	 3 350
 

Diagram 2 shows the great differences in falling-number for four spring wheat
 
varieties at continuous sampling. These differences reflect of course also
 
differences in seed dormancy.
 

Finally I will call attention to the fact that many'other factors such as good
 
straw stiffness, open ears and ears without hairs will help us to prevent
 
sprouting 	in the ears.
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THE ACTUAL STATE AND MAIN PROBLEMS
 
OF WINTER WHEAT BREEDING IN DANKOW AND ROGACZEWO, POLAND 

Tadeusz Wolski, Poland 

.,Wheat is the second most important cereal crop after rye in Poland covering

,about 2 million hectares. Winter wheat strongly prevails 
over spring wheat

(1.79 as compared to 0.25 mil. ha). 
 The different growing conditions and
 
non-stable climate that change from year to year justify the cultivation of
regional varieties and some 
cultivars showing good adaptation to all growing

regions (Kostecki and Wolski, 1963).
 

Winter wheat breeding in Poland has a tradition of more than 100 years. 
Dankow
 
is the oldest existing breeding station in the country. At the beginning of

the"century Aleksander Janasz obtained several varieties at this station. 
 The
 
most successful one was Dankowska Graniatka, which gained a leading position

in Poland in the period between the 
two World Wars and has been cultivated also
 
in the North-western regions of the USSR.
 

Since the sixties nitrogen fertilization has been greatly intensified in 
 Poland.
 
State and private farms required new high yielding wheats, much more resistant
 
to lodging than were the Polish varieties existing at that time. 
 Some foreign

cultivars were introduced, but most of them proved to be ill-adapted to our
 
changeable climate. The Swedish wheats Odin and Starke did fairly well in the

North, but proved too late in development and not satisfactory in drought

resistance. German varieties succeeded rather well in the West, but their
 
winterhardiness proved unsatisfactory as did some Italian wheats and the French
 
Etoile de Choisy, introduced in the Southwest. The Russian Bezostaya 1 did
 
not do as well under our conditions as it did in South-eastern Europe. Only

the Russian varieties Mironovskaya 808 and Kavkaz proved to be a success,

although the cultivation of the former is limited by its poor resistance to
 
lodging, and of the latter its recent susceptibility to mildew.
 

Our joint breeding program at the stations Danfkdw near Warsaw and Rogaczewo-

Chorynr near Poznai was started after the Second World War and in the years 1959
61 it shifted to the breeding of modern short-straw varieties. We started by

a series of mostly 3-way crosses including French and Polish wheats. 
The first
 
3 varieties obtained in the program were accepted for cultivation in 1970 after

:2 years of official testing. The pedigree of these and other more recent varie
ties is presented in Fig. 1. The English Squarehead plays an important role in
 
this pedigree, as is the case for most European wheats. 
 The Italian Ardito,

French Etoile de Choisy, German Heine IV, and Polish Dankowska Graniatka,

Wysokolitewka Szt.vwnooloma and Dankowska Biala are the most important contribu
tors to this pedigree.
 

It seems worth mentioning that Grana and Dana were released to farmers 10 years

after the original cross had been made (Wolski 1972). 
 In the subsequent 2 years

Grana gained a leading position and, owing to intensive early reproduction, all
 
requests for elite seed could be satisfied.
 

At present, 6 varieties obtained in our program are cultivated on 70% of the
 
total wheat area. Only one other olish variety of minor importance remains
 
under cultivation, as well as 3 foreign varieties. Among these latter varieties
 
Mironovskaya 808 is the most important (Fig. 2).
 

Union of Plant Breeding and Seed Production.
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Our leading variety Grana presents a fairly advantageous combination of high
 
yielding potential and resistance to lodging with a satisfactory degree of
 
winterhardiness and some tolerance to diseases (Wolski 1974). Top yields
 
(surpassing in some cases 8 tons per/ha) were obtained from this variety in
 
the last 3 years by several state and private farms. Aria, a sister variety
 
to Grana, surpasses it in grain quality and winterhardiness, but is inferior
 
in yielding potential and resistance to mildew. Luna is an early, short wheat
 
of the South-European type, less winterhardy than the former varieties. Malw:a,
 
originating from our substation Debina in the North, is very resistant to lodg
ing with rather good grain quality, partially resistant to Cercosporella
 
herpotrichoides, but susceptible to leaf and ear diseases. The newest variety
 
Jana (33866) represents another type with very high yielding potential and longer
 
stems. Dana is in many respects simildr to this variety, being inferior in
 
yield, but well adapted to lighter soils.
 

Since Polish varieties were regarded as an interesting source of winterhardiness,
 
it is worth while to present some information on our new varieties from this
 
point of view. The last 2 years with extremely mild winters did not give us
 
opportunity to test winterhardiness under natural conditions. Most of our
 
knowledge therefore is based on provocative trials from preceding years and from
 
freezing experiments which give some deviations from results obtained under
 
natural conditions. Fig. 3 presents a set of results that correspond with other
 
data and was obtained in Rogaczewo-Chory in 1972 under provocative conditions.
 
The test was made on an elevated bed 50 cm high and in boxes with 2 seeding
 
times (optimal and postponed for 2 weeks). This method has been previously
 
presented by the author (Wolski 1962).
 

It is evident that under hard winterkilling conditions in boxes none among our
 
new varieties equal the older Polish Eka Nowa and the Russian Mironovskaya 808.
 
Only Grana and Aria proved to be superior to Kavkaz under more or less pro
vocative conditions, Aria being less susceptible to late sowing. Under strongly
 
provocative conditions Dana and Jana are clearly inferior to both previous var
ieties. It seems, therefore, that an improvement of winterhardiness of the new
 
type is still necessary.
 

Fig. 4 presents yields and resistance to lodging of some of the new varieties
 
and lines as compared with Grana. Jana represents a marked increase in yield,
 
which is partially due to an improvement in resistance to mildew and to ear
 
diseases (Septoria and Fusarium). C 97569 is a wheat of good grain quality
 
(both milling and baking value) and with good resistance to lodging. Among our
 
newest lines receily tested in less numerous trials, 25069 is a high yielder
 
with a resistance tc mildew and ear diseases superior to Jana. C 108671 com
bines high yield with a remarkable resistance to lodging and partial resistance
 
to leaf and stem rust.
 

With Grana and still more with Luna a new short type was introduced to Polish
 
farmers. The plant height of Grana is, in average conditions, 100 and, of Luna,
 
90 cm. Farms situated on rich soils in regions where there is no danger of
 
drought are interested of course in still shorter varieties with more resistance
 
to lodging. For this purpose a number of crosses have been made with such semi
dwarf parents as linen from Novi Sad, Gaines, Tom Thumb and more recently
 
Mexican spring wheats and the dwarf Bezostaya. The only successful short parent
 
in the earlier crosses proved to be the line 7-17-4 from INRA - Clermont-Ferrand,
 
originating from a cro:3s between a French winter line and a dwarf Mexican spring
 
wheat (Paquet 1968).
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Some of our progenies from the cross 
of 7-17-4 with Grana combined in the F4and subsequent generations short straw with a degree of winterhardiness equal

to Grana. The first selections from this cross were tested in a yield trial
 
in 1974 (Fig. 5), giving under heavy nitrogen fertilization, grain yields

slightly inferior to Grania combined with distinctly shorter straw and superior
resistance to lodging. As it seems from a study of the yield components, the
thousand-kernel weight of these lines is the chief factor limiting yield;
this feature being associated with their poor resistance to ear diseases.
 
Some new more promising lines of this type are under testing.
 

Although resistance to diseases is, under our conditions, an important factor
influencing yield, such Grana instancevarieties as for possessing only a 
limited tolerance to diseases are successfully cultivated. The importance of

this variety did not decrease in 1972, after it had been severely attacked by
 
an infection of stem rust, the most heavy we have had since 1932. 
 Recently,

the danger of mildew and of ear diseases has much increased. In breeding for

resistance our is obtain horizontal typeaim to of resistance, similiar to 
that of the well known Mironovskaya 808.
 

Another problem of growing importance, partially connected with resistance to
diseases, is the reaction of wheat varieties to unfavourable crop rotation.

Fig. 6 shows grain yields of 3 varieties in 3 trials, one of them at the Sobotka 
Exp. Sta, with wheat cultivated continuously for three years. The strong and

negative reaction of Grana and Nironovskaya 808 to such conditions is evident,
 
as well as the lack of reaction of Iaris Huntsman. The data presented indicate 
the need of testing under such conditions and even of starting a special breed
ing program with the goal of obtaining varieties for unfavourable rotation.

Such varieties are needed by some big farms which geow wheat after wheat twice
 
or even more times.
 

The breeding of Grana, Luna, and Dana which has been an important step forward

from the point of view of agronomic value, has been at the same time a step
backwards in grain quality from the bakers point Ariaof view. and Malwa are 
distinctly better in this respect, but still there is 
a need of high milling

and baking quality wheats, as represented only by Hironovskaya 808. Kavkaz
 
which also possesses high grain quality is, under Polish conditions, rather
 
susceptible to sprouting. 

In order to meet this demand, a special program has been started by both stations 
in the sixties, based on a technological laboratory organized at the Da~k~w-
Laski Station. The first variety obtained in this program, C 97569 is undergoing

official testing. 
 Its agronomic value is presented in Fig. 4 and its farinograph

in Fig. 7. This variety also possesses advantageous milling value. A number of
 
new selections from the quality program are under testing in breeders trials.
 

The program of Rogaczewo-Choryh and Darik6w-Laski Exp. Stations presented here is
 
not a unique one in operation at present in Poland. Three other multistation 
programs are competing with us, with some 
promising new varieties under official
 
testing.
 

The entire wheat breeding in Poland is coordinated by a committee of breeders

which is in charge of preliminary tests, screening methods, and assembling and 
evaluating collections. 
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Sur nary 

As the result of work under a joint program of the Rogaczewo-Choryn and Da6kw-

Laski Exp. Stations in Poland, 6 varieties have been released, Grana being
 
the most widely grown winter wheat in Poland.
 

This variety and a few others represent the modern type with short straw and
 
much improved resistance to lodging. Data are presented concerning the winter
hardiness of new varieties as well as same other characters.
 

Further efforts are concentrated on making progress in yield, resistance to
 
lodging, resistance to diseases, winterhardiness, and improved grain quality.
 
Breeding and testing of some semi-dwarf lines with satisfactory winterhardiness
 
also is in progress.
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WINTER WHEAT IMPROVEMENT IN WESTERN CANADA 

M. N' Grant
 

Hard red winter wheat has been grown in the prairie provinces of western Canad
for7about 70 years, but it has never occupied much more than 80,000 ha. 
The
total area of wheat production in Canada is about 12 million ha, but it is
devoted largely to hard red spring wheat. 
 Almost all of the hard red winter
wheat production is located in the southern part of the province of Alberta,
immediately east of the Rocky Mountains (3). 
 Since winter wheat makes more
efficient use of spring moisture, it generally outyields spring wheat. 
Over
 a 10-year period from 1965 to 1974, using crops grown on 
fallow land at Lethbridge with no fertilizer added, winter wheat yielded 2,300 kg/ha compared
with spring wheat at 1,930 kg/ha (U.J. Pittman, unpublished data). Therefore,
we would like to see winter wheat grown over a much wider area, but expansion

has been limited by the high probability of winterkill whenever the crop is
 
grown outside the southern Alberta area.
 

The climate of the winter wheat growing area is continental, with short, hot
summers and long, cold winters. 
The lowest recorded temperature, -430C, has
occurred four times in the pabt 70 years. 
 However, periods of mild weather
occur frequently in the winter with temperature maximums up to +150C. Extreme
fluctuations in temperature can occur in
a matter of hours. Consequently,
this area, although having on the average a 
mild winter, is one inwhich only
very hardy, well-acclimatized plants can survive.
 

The summer temperatures are somewhat less extreme. 
 The maximum temperature
has exceeded +38
0C only twice in the past 70 years. The nights are usually
cool. 
 The average annual rainfall is 40 cm, comprised of 25 cm from rain and
15 cm from snow. About 8 cm of rain falls in the month of June.
 

The winter wheat varieties grown in western Canaca are dinalta and Sundance.
Both were developed at the Lethbridge Research Station and are well adapted to
this area. 
Winalta is of good milling and baking quality (almost equal to our
hard red spring wheats) and is satisfactory in yielding ability and winterhardiness. Sundance, while not as good as Winalta in milling and baking quality, is superior to Winalta in yielding ability and winterhardiness.
 

The objective of our breeding program is to introduce greater winterhardiness,
greater yielding ability, and eventually resistance to the virus disease,

wheat streak mosaic.
 

Let us deal first with winterhardiness. 
Over many years, I have tested varieties from many regions, including the U.S.A., northern Europe, southern Europe,
China, and the U.S.S.R. Most of these introductions have not been sufficiently
winterhardy under our conditions. 
 The ones that have shown the most promise
for winterhardiness have originated in the U.S.S.R. 
Two very hardy varieties
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are Ulianovka and Alabaskaja. Under our conditions, they are far superior

in winterhardiness to Bezostaja and Mironovskaja 808.
 

At the present time' in my breeding program, the most winterhardy lines have
 come from the 
cross Winalta X Alabaskaja. 
These lines are also high yielding

and resistant to shattering.
 

In the matter of yielding ability, it has proved difficult to combine high-'
yielding ability with high winterhardiness. At present, Sundance is 
our best
yielding and most winterhardy variety. 
The American varieties are early
maturing and generally yield less than Sundance under our conditions. The
German, Polish, and Scandinavian varieties tend to mature too late. 
 The varieties from the U.S.S.R., such as Bezostaja, Kavkaz, and Aurora, look very
promising in the early part of the summer, 
 but appear to suffer in the hot
month of July and do not yield as much as one would expect.
 

An interesting situation occurred in 1974, presumably because of an unusual
weather pattern. In southern Alberta, the 72
-year average rainfall for June
is about 8 cm and the mean temperature is +150C. However, in 1974, June had
only 1.5 
cm of rain and a mean temperature of +180C. Several days were above
+320C. At harvest time, we were surprised to find a reversal in yield among
the varieties from Canada and those from the U.S.S.R. 
The Canadian varieties
 were 
low in yield, relative to Bezostaja, Kavkaz, and Aurora, which were unexpectedly high. 
In fact Kavkaz, Aurora and Bezostaja yielded 2,831, 2,656,

and 2,448 kg/ha, while Winalta produced only 1,742.
 

Perhaps this indicates an adaptation of these varieties to a growing-season
weather pattern differing from that normally experienced at Lethbridge. 
 This
information on adaptation may be useful to breeders in other countries.
 

I would like to describe briefly the efforts that some of my colleagues are
making to identify and isolate resistance to the virus disease, wheat streak
mosaic. We eventually hope to incorporate this resistance into our winter
 
wheats.
 

Wheat streak mosaic is
a perennial threat to winter wheat production in western
Canada and is potentially the most serious virus disease in the hard red winter

wheat region of the U.S.A. (9).
 

As Slykhuis (8) demonstrated while working at the Lethbridge Station, the
wheat streak mosaic virus is carried from plant to plant and spread from field
to field by a tiny, wind-blown mite, Aceria tulipae Keifer. 
 The leaf symptoms
consist of characteristic pale green and yellow streaks, followed later by a
more severe blotchy condition. At maturity, the plants are stunted and produce
fewer heads than healthy plants. Yields are seriously reduced (2).
 
The disease can be controlled by cultural methods (3), but sometimes it is
impossible to carry these out at the proper time. 
 Therefore, itwould be
desirable to develop varieties with effective resistance to the disease.
 

The most promising sources of immunity are Agropyron elongatum (Host.) Beauv,
and Agropyron intermedium (Host.) Beauv. 
Several attempts have been made totransfer the immunity from Agropyron to wheat by hybridization (4). 
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In screening 286 Triticum-Agropyron lines at Lethbridge for reaction to the.

"'wheat streak mosaic virus, R. I. Larson and T. G. Atkinson found one wheat-,

,like'line that was 
immune to the virus when tested by manual inoculation.
Cytological investigation revealed that the line had 21 pairs of chromosomes,

-18 pairs from wheat and 3 pairs from Agropyron elongatum, and that this indeed
 
was a triple alien substitution (4). 
 The Agropyron chromosomes were shown to
 
be substituting for chromosomes 4D, 5D, and 6D of wheat.
 

Experiments involving crosses 
between the Triticum-Agropyron line and 
common

"wheat suggested that genes contributing to immunity from wheat streak mosaic
 
virus were carried 
on two of the three substituted Agropyron chromosomes.

It appears now that the homoeologue for 4D contributes nothing to resistance
 
to the virus. The homoeologue for chromosome 50 delays 
 the development of

"the disease, and that for 6D contributes a considerable level of resistance.

When homoeologues for both 5D and 6D are 
present, there is a high level of
 
resistance but the full immunity found in the original Triticum-Agropyron

line is not recovered. This leads one 
to suspect that another wheat chromo
some is carrying a gene or genes important to immunity.
 

Another interesting and significant aspect of this research program is the
 
discovery that the original Triticum-Axropyron line, resistant to the wheat

streak mosaic virus when manually inoculated, is also resistant to colonization
 
by the mite vector, Aceria tulipae (5). Nonviruliferous mites can cause leaf
 
rolling and leaf trapping symptoms 
as a result of their feeding action on sus
ceptible plants. The presence of the virus is 
not necessary to produce these
 
symptoms.
 

The three Aropyron chromosomes homoeologous for chromosomes 4D, 5D, and 6D of

wheat have been substituted separately into Rescue spring wheat. 
 When exposed

to feeding by nonviruliferous mites, the lines 
carrying 4D and 5D substituted

chromosomes exhibited severe 
leaf rolling, but the 6D substitution line was
 
as free of symptoms as 
the original triple alien substitution line of Triticum-

Agropyron. This very significant finding by Larson and Atkinson indicates the

feasibility of using the resistance 
to the mite, derived from one chromosome
 
of Agropyron elongatum, as 
an effective method of controlling the wheat streak
mosaic disease, as earlier recognized by Andrews and Slykhuis (1). 
 We believe
 
that the new approach of using resistance to the mite may be more important

than the immunity to wheat streak mosaic virus found by D. G. Wells in Agropyron

intermedium, at 
least for our area. Wells' material, although immune to the

virus, is highly susceptible to 
the mite and is, therefore, prone to attack

by another less commonly recognized virus carried by Aceria tulipae, the wheat
 
spot mosaic virus.
 

In any event, there is now available the immunity to wheat streak mosaic virus
from Agropyron intermedium, found by Wells at South Dakota; the high level of

resistance to 
the virus derived from Agropyron elongatum chromosomes that sub
stitute for wheat chromosomes 5D and 6D, found by Larson and Atkinson at

Lethbridge; and the resistance to colonization by the mite vector derived from

the Agropyron elongatum chromosome that substitutes for 6D, also found by

Larson and Atkinson.
 

In time, 
these genes for resistance should be transferred to winter wheat.
 
Larson at Lethbridge is hopeful that, by using the nullisomic-5B effect, she
 
may be able to accomplish the desired translocations, as Sears (7) did for
 
resistance to leaf rust. 



Some encouraging work has already been carried out. 
M. D. MacDonald at Leth
bridge has crossed Winalta winter wheat with Rescue spring wheat carrying the
 
6D homoeologue from Agropyron elongatum and has grown the F, generation. 
 The

plants from this cross are wheat-like, large, and vigorous, with many tillers
 
and broad leaves. The homoeologue for 6D does not appear to be causing any
 
deleterious effect.
 

If the vigorous growth exhibited in the F1 is retained in future generations,

this wheat carrying a chromosome from Agropyron elongatum could have 
 eaas
 
an-annual forage crop.
 

The 	primary objective, however, is to produce a satisfactory hard red winter

wheat variety for grain production, resistant to both'the wheat streak mosaic
 
virus and the mite vector. We believe substantial progress has been made at
 
Lethbridge toward this objective.
 

References
 

1) 	Andrew, J. E., and J. T. Slykhuis. 1956. Reaction of winter wheat varie
ties and Triticum X Agropyron hybrids when inoculated with streak mosaic


• virus by the mite vector Aceria tulipae Keifer. Plant Dis. Rep. 40: 513-516
 

2) 	Atkinson, T. G., and M. N. Grant. 
 1967. An evaluation of wheat streak
 
mosaic losses in winter wheat. Phytopathology 57: 188-192.
 

3) Grant, M. N., U. J. Pittman, J. S. Horricks, N. D. Holmes, D. T.Anderson,

and A. D. Smith. 1974. Winter wheat production in Western Canada. Can.
 
Dep. Agr. Publ. 1056 (revised). 16 pp.
 

'4) 	Larson, Ruby I., and T. G. Atkinson. 1970. Identiy of the wheat chromo

somes replaced by Agropyron chromosomes in a triple alien chromosome sub
stitution line immune to wheat streak mosaic. 
Can 	J. Genet. Cytol. 12:

145-150.
 

-5) Larson, Ruby I., and T. G. Atkinson. 1972. Isolation of an Agropyron

elongatum chromosome conferring resistance to the wheat curl mite on a
 
Triticum-Agropyron hybrid. 
Can. J. Genet. Cytol. 14: 731-732.
 

6) 	Larson, Ruby I., and T. G. Atkinson. 1973. Wheat-Agropyron chromosome"
 
substitution lines as sources of resistance to wheat streak mosaic virus
 
and its vector, Aceria tulipae. Proc. 4th Internat. Wheat Genet. Symp.,
 
pp. 173-177.
 

-7) Sears, E. R. 1973. Agropyron-wheat transfers induced by homoeologous

* 	 pairing. Proc. 4th Internat. Wheat Genet. Symp., pp. 191-199.
 

8) 	Slykhuis, J. T. 1955. 
Aceria tulipae Keifer (Acarina: Eriophydae) in
 
-	 relation to the spread of wheat streak mosaic. Phytopathology 45: 116-128.
 

9) Smith, E. L. 1972. Winter wheat improvement problems in the U.S.A. Proc.
 
1st Internat. Winter Wheat Conf., pp. 28-36.
 



-. 129 -

RESULTS OF THE MARKER GENE .MTHOD FOR HYBRID WHEAT 

Z. Barabas and Z. Kertesz 

Hungary
 

Introduction
 

:;Anywheat breeder can produce hybrid wheat. But as seed cost is one of the
 
most critical factors, the success of hybrid wheat is ultimately determined
 
by economic hybrid seed production.
 

Other limitations of hybrid wheat also are related to economics. 
 In the case
 
of costly seed we need a better heterotic effect, perfect restoration.
 

Hybrid wheat production by means of marker genes can be more economic than the
 
drill-strip method (Barabas, 1972, 1973, 1974; Barabas et al. 1973). 
 The main
 
advantages of the marker gene method are:
 
1. 	 The seed of the parents can be sown mixed without any strip manipulation.
2. 	The seed set will be higher and the land covered by the pollinator can be
 

reduced.
 
3. 	The hybrid grain can be separated from the parent grain after harvesting
 

through the use of an optical color sorter.
 
4. 	This method also permits the use of cytoplasmic, genetic and chemical male
 

sterility for hybrid production.
 

Some special problems arise with the marker gene method. The following consider
ations must be taken into account to arrive at the value of the marker we use: 
1. 	The separability of the purple colored seeds from the other ones 
(red,-amber,
 

white). 
.2. The value of the purple-seeded lines from the breeding point of view
 
3. 	The tranferability of this purple color into other lines.
 
4. 	The effect of the purple genes in the final product of the hybrid and
 

whether it can be inhibited or not.
 

The 	Separation of Purple from Amber Seeds
 

,A-cooperative experiment was 
carried out with the SORTEX firm (Gunson's Sortex
 
Ltd, de Fellner) in 1974 to determine the quality and the cost of seed separa
tion. Seeds produced from a non-selected population of a purple-seeded PP-I line
 
(Steinwedel W 199 -
C.I. 7809 from McIntosh) were mixed with amber-colored durum
 
seeds. The mixing ratio was 1:5 purple - amber respectively.
 

For the color separator (Sortex 962) we required the following when we separated
 
the purple seeds from this seed:
 
- The amber fraction must be completely free from purple seeds.
 
- We allowed some contamination of purple seeds with amber.
 

We got perfect separation even when we used the maximum speed (250 kg per hour)

of the separator. The machine has a "cleaning grade" Even when used at
too. 

this speed, 350 kg per hour, we could not 
find any purple seed in the hypothetical

hybrid (amber fraction). The purple fraction was minimally contaminated with
 
purple.
 

Considering the recent performance of SORTEX machines, 
the cost for separating

100 kg of seed would be no more than US $2.00. The mentioved procedure appears
 
to be economic.
 

Cereal Research Institute, Szeged.
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Value of the Purple Lines in the Breeding Program
 

Several lines having purple seed color were used; PP-l from McIntosh (Australia)
PP-3 from Copp (New Zealand) and PP-5 from G. Kimber (USA). 
A number of experiments have been carried out on the PP-I line and its sublines. 
Mostly the
above mentioned lines have spring growing habit. 
Segregation for some characters
 as plant height or resistance was obtained. 
However, all the segregants have

purple pericarp color. We succeeded in selecting lines having high protein
content in the seed. 
 The seed protein per cent and lysine content of some
purple lines and current and studied varieties in Hungary are presented in
 
Table 1.
 

Table 1. Protein and lysine values for 
common wheats and purple (PP) seeded
 
lines (Szeged, 1974).
 

Entry 
 Protein Lysine per Lysine per

No. Cultivar Content Unit Protein 
 Unit wt of grain
 

504 7 Cerros 11.9 3.36 
 40.0
505 Tobari 66 15.0 2.73 
 49.5
 
503 Bezostaya 1 15.8 2.59 

502 Bdnkuti 1201 17.3 2.60 

40.9
 
45.0


506 Atlas 66 
 18.3 2.40 43.9
 
509 PP 401 x Oleson F2 18.8 '2.12 
 39.9
 
508 PP 401/29 . 20.3, 1.97 42.0
 

With regard to lysine content, we could not find any correlation breaker. But
 some lines have a higherprotein content than Atlas 66 in 
our environment.
 

Of course the purple lines also need some improvement. Data for some important
characters of the purple lines are 
compared with those of the Bezostaya 1

cultivar under Szeged conditions in Table 2.
 

Table 2. The value of the purple lines in the breeding program compared with
 
Bezostaya 1.
 

P401' Bezostava 1 

Growing habit spring winter
 
Plant height (cm) 100- 110 
 90-100
 
Resistance to mildew: 9 7
 

stem rust: 40 MS 
 30 MS/S

leaf rust: 40 MS 
 20 MS
 

Yielding capacity poor good
Protein content (.) 20,3 
 15,8

Farinograph value 
 A2 A2
 

According to the data the PP-401 subline's yielding capacity and straw strength
have to be improved first of all. 
 Its spring habit is not favorable. Otherwise, it is very likely that the high protein content of the PP-401 is combined
 
with good baking quality.
 



On the bsais of thse examinations we nave oegun.,a wide ranging crossing program

to combine the purple seed color with other desirable characters (dwarfness

resistance etc.). d c (
 

For this, we need to know something about the genetics of the purple color. 

Inheritance of the Purple Pericarp Color of the PP-l Line
 

The most detailed information about our widely used purple line developed by

McIntosh (1967) is that the purple pericarp color is controlled by two in
completely.dominant genes. 
 We have made many crosses and reciprocal crosses
 
to study the behaviour of the purple color in different genetic backgrounds.
 

Our results completely agree with those of McIntosh in the Fo 
and F generations.

In the case of hybrid Fo seeds, the color of the pericarp is that ol the female
 
parent. There is 
no xenia effect because the pericarp originated from maternal
 
tissues. 
 The color of the seeds growing on F plants will vary from moderate
 
purple to yellowish depending on the genetic lackground of the parents. The
 
purple color is clearly incompletely dominant.
 

In the F2 and following generations McIntosh got a segregation of 15 purple

colored: 1 white or red. In our experiments we got a segregation which fits
 
the 12:4 or 11:5 ratio Table 3.
 

Table 3. Segregation for pericarpium color in the F2 generation of some purple
 
non-purple crosses.
 

Fg Segregation

Combination :Purple Non purple Total No Ratio: X2 P 

PP-i x Bzt 1 
PP-l x Mrn 808 

250 
46 

102 
13 

352 
59 

12:4 
12:4 

2.96 
0.35 

0,10-0.05 
0.70-0.50 

PP-i x Brg 2 67 27 94 12:4 0.49 0.50-0.30 
PP-l x GKT 8001 783 412 1195 12:4 56.96 0.001 

11:5 5.61 0.05-0.01 

It would be simple to suppose that a one gene effect with a segregation of 3:1
 
exists, but we get an almost continuous variation in color in the F2 , so this
 cannot be true. 
 But: we did get a 12:4 ratio. We suppose this is a modification
 
of the 9:3:4 ratio, where the first two groups of phenotypes cannot be separated.

This is perhaps a recessive epistasis, where the recessive genotype at one locus
 
supresses the expression of alleles at the other locus. 
 The fact is that the
 
final product of the hybrid has a seed color like hard red wheats, which are
 
well accepted by farmers and millers almost all over 
the world.
 

Transferring the Purple Pericarp Color
 

To transfer the purple color character is not a serious problem. In this grow
ing season we have more than 400 combinations of the PP-I line in the F1 - F5
generations. There are a large number of segregants with purple pericarp

because the inheritance of the character is relatively simple.
 

On the basis of the experiments discussed, and others, it 
seems very likely that
 
our marker gene method has practical value and could be introduced for produc
ing hy rid wheat.
 



Hard work is in progress to accumulate purple genes as well as restorer,
 
dwarf, winter-habit, and other genes.
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GENETIC BASIS FOR',!HiGH 'SPIlK'E PRODUCTIVITY 

1.SVetka.Koric, Yugoslavia
 

Introduction
 

Nowadays much consideration is given to wheat because it still is the most
 
important crop for the nutrition of mankind. 
By comparing the high productiv
ity of the new fruitful wheat cultivars with old ones, we realize that much

has been accomplished by breeders but there still isn't enough wheat. 
There
fore, it is important to find new genes in order to increase the profit and
 
productivity of this important cereal.
 

It is certain that productivity depends on many factors which can be divided
 
into genetic factors and phenotypic factors of the environment. They are
reciprocally very dependent and no success can be realized without the influence

of both. High productivity is the result of many different components among

which the most important and basic are the number of grains per spike and their

weight i.e. the spike productivity and the number of spikes per unit of area.
 
Each of these components 
can be analyzed further so that, for instance, the

number of grains per spike depends on the number of the spikelets per spike and

the number of grains per spikelet while the weight of the spike depends on the

number of kernels and the weight of 1000 kernels etc. All these characteristics
 
are quantitative and depend on complex genetic factors 
- genes about which we

know relatively little. True, many authors (Borojevic, Johnson, Paroda, Rasmusson
 
and others) have studied the problem of productivity by researching some com
ponents and their mutual dependence, but the oroblem still is not solved.
 

A certain contribution has been the discovery of the branching genes of Triticum
 
aestivumn ssp. vulare "Rm, Ts, Nr", and the study of their influence on the

other hexaploid wheat gene complex. 
Thanks to some of these results, we can

explain the influence of certain genes on the increase of spike productivity

and, accordingly, the productivity of aestivum wheat.
 

Methods and Materials
 

The gene material of the wheat we are studying is rich with genes, because,

by planned continuous mutual crossing of best lines and cultivars, we accumu
lead various polymeric genes among which are the fertility genes.
 

The crosses that preceeded the creating of this material began in 1921 and have
since been continued by adding new characteristics and genes to the best exist
ing material.
 

The first material used for crossing originated from different countries but
mainly from Italy, France, England, Germany, Sweden, Czechoslovakia, USA,

Argentina, and Japan. 
Hence new genes were brought in from the sortiment of the
whole world, especially those necessary for highly productive cultivars inorder
 
to increase productivity, stability, and quality.
 

Therefore, each selection was 
the result of complex crossings, and that is the
 
reason why, in certain combinations, there appeared various spike forms among

them branched, fourrowing and floribunda. I believe that the branched spike

form of wheat will in the future be important in the production of wheat and

that, with its potential productivity, itwill replace the normal spike forms.
 

Institute for Plant Breeding and Plant Production, Zagreb.
 



i.Results and Discussion
 

As previously mentioned, by accumulating genes, phenotypical fertility genes
appeared in the branched and fourrowingspike form. These new forms were registered in 
our selection material in 1946 in the combination (S91 x T25).
They appeared among the descendants of a line with normal spike form. 
The
most fertile one possessed 28 well-developed spikelets per spike. 

By further crosses and selection, homozygous lines with well developed branchedand fourrowing spikes were bred and genetic analyses were performed on them.After several years of work it has been demonstrated that branching is controlled by factors Rm and Ts which act complementarily an6 polymerically to
form the branched spike, and that the inhibitor - normalizator prevents its
manifestation. 
Such a spike remains normal with a large increase in grain
productivity depending on the accumulation of the branching genes.
 

This was proved by numerous morphologic analyses of the F1 
and F2 descendants
and further generations of the different combinations of crossing. 
These
descendants show large difference in productivity of normal spikes when com
pared with their normal parent (Table 1).
 

Therefore, the branching genes act positively on the increase of productivity,
not only of the branched and fourrowing spike form but also of the normal spike
when inhibited by the inhibitor factor Nr. 
 The productivity of such "heter
ozygous" normal spikes could be increased by increasing the number of spikelets
per spike, the number of grains per spikelet, or 
the weight of 1000 kernels.
This means that the 
same genes in interaction with other genes stimulate the
increase of spike productivity in different ways.
 

Our research proved by the normal spike form, with the influence of inhibitor

Nr, a positive interaction between the branching gene and gene QQSS which
usually controls the normal spike form. 
By interaction between the branching
gene Rm and Ts and the square headod QQ, with the influence of the inhibitor
Nr, the increase of number of grains per spikelet is stimulated. We have thus
far registered 7-8-9 grains per spikelet and even two grains in one floret.
By interaction with the speltoides SS the branching genes increase the number
of spikelets per spike and prolong the spike rachis. 
We have achieved in some
combinations over 30 spikelets 
on the rachis node. 
 But, when the influences
of QQ and SS are equal, the weight of 1000 grains increases (Table 2).
noticeable increase in weight of 1000 kernels is 

A
 
seen in Tables 3 and 4. This
 means 
that increase in productivity of a normal spike depends on 
the genetic
structure of both parents. 
Accordingly for success 
it is necessary to accumulate
in the branching component as 
much as possible, polymeric branching genes, and
in the normal component, corresponding genes for positive interaction. 
The
effect is 
even greater if, in the normal parent, there is 
a branching gene.
This is not rare in our selection material. 
It has been shown that the gene
complex of all selections with large productive normal spikes 
is more or less
enriched with branching genes Rm and Ts and the inhibitor Nr. 
 The inhibitor
could be used to even greater extent, but no extensive research has been carried
 

out in this respect.
 

As the branching genes Rm and Ts act positively on the increase of the spike
productivity of the branched,fourrowing and normal spike, they can be calledfertilitygenes and they are a very important basis for high productivity of
 
the spike.
 



Table 1. Influence of the branched genic complex in F1 , F3, and F4 
generations compared with the normal parent.
 

Variation 	Number of 
 Variation Seed-
 From D 	 Weight
of number 	kernels 
 of seed - weight normal m
Combination 	 D. of 1000
kernels 	 per spike weight per per spike 
 parent 
 kernels
 
per spike 	M + m spike M + m * D 

Ramifera x Vlatka
 
F1 54-90 67.60 + 2.16 2.00-4.70 
 3.12 t 0.10 + 0.54 
 0.120 20.93 :44.31
F3 56-100 70.44 t 2.18 1.80-4.00 
 2.96 + 0.11 + 0.38 0.127 14.73 41.79
F4 52-108 78.50 -t 2.74 1.30-3.90 2.90 0.10 
 + 0.32 0.118- 12.40 37.89
Normal cult. Vlatka with
branch.genic. compL.40-81 
 62.60 + 1.37 1.75-3.60 
 2.58 + 0.064 
 40.10
Ramifera x 	Ranaja 12
 
F1 33-85 56.62  1.38 1.50-3.70 
 2.48 t 0.043 + 0.68 0.07 37.77 44.08
F3 35-80 64.32 ±k 2.42 
 1.30-3.90 
 3.05 + 0.11 
 + 1.25 0.12 69.44 47.87
F4 35-92 60.34 + 3.60 
 1.30-4.30 2.54 + 0.16 + 0.74 0.17
Normal.cult.Ranaja 12 32-66 	 41.11 41.98
43.75 + 1.40 1.25-2.70 1.80 + 0.05
Ramifera x Acciaio 	 - 41.1439-108 63.28 + 2.11 
 1.40-3.80 2.55 4 0.07 +,I.02 -: 008 66.70 37.66 

F3 35-75 56.83 * 1.76 
 1.20-4.40 
 2.18 + 0.06 + 0.65 0.07 42.48 48.36
F4 46-79 62.50 + 2.13 
 1.90-3.50 
 2.62 + 0.76 + 1.09
Normal.cult.Acciaio 	 0.09 71.24 42.01
29-58 
 47.60 -T 1.46 0.90-1.90 1.53 - 0.04 
 32.18
 

Table 2. 
The positive influence of the branched genic complex on augmentation of productivity of normal
 
spikes in F6.-


No. of Kernel Average 
 Increase % Increase 7.
Normal cultivar kernels weight weight 
 ± m M + D D% based 1000 based on No. per spike per spike per spike 
 kernel of kernels L
 
M weight
 

(Ram. x H303) x Ram 
30-100 0180-5.30 
 3.18 *0.086 0.98 44.5 
 1.69 42.81
H 303 
 19-82 0.80-3.80 2.20 
 +0.063
 
-
(nD = 0.106 GD ---0.32) ,Ram. x Fiorello 
 14-60 0.50-4.00 
 2.00 ±0.065 0.50 
 33.3 "23.7579955
Fiorello 
 16-42 0.30-3.30 
 1.50 	 +0.043 

(mD = 0.024 GD 0.072) 

http:0.30-3.30
http:0.50-4.00
http:0.80-3.80
http:0180-5.30
http:0.90-1.90
http:1.90-3.50
http:1.20-4.40
http:1.40-3.80
http:1.25-2.70
http:1.30-4.30
http:1.30-3.90
http:1.50-3.70
http:1.75-3.60
http:1.30-3.90
http:1.80-4.00
http:2.00-4.70


Table 3. 'The yielding capacity per spike' mfsreprisnnomllesn

the year 1974.
 

C No. Number of Seed- Weight of 
Combination of kernels weight 1000, 

No. 1974 spike per spike per spike kernels-" 

2300 H303/1 1 92 4.40 
Vigorka 2

3 
87
86 

3.90 
4,20 

47.16 

2297 H303/1 1 91 4;20 
iVigorka 2, 891 4.0 45.07 

-3 84' 3.70 
2502 G316/1 1 88 4.50 
'ZKxS.P. 2 87 3M90 46.82 

'3 77' 3040 
3412 G316/2 1 83 3.70 

2 ' 82 3.90 47.10 
3 77, 3.80, 

1099 ,Acciaio x 1 100 410 
Rm 2 95 390, 41.34" 

3 88 
2468Rm-x Acciaio 1 106' 4.10", 

2 91 3.80 41.34 
3 85 3.60 

2979 /Rm x Haj'/ x 1 90 4.20 
Mex 2 86 4.20 48.01 

3 76 3.10 
2515 /Rm x H303/ 1. 85 4.30,' 

x Rm 2 73 3.40 46.52 
3 72 3.00 

2972 /Rm x H303/ 1 84 4.30 
k Rm x Aurora 2 80. 4.10 

3 76 3.90 55.01 
4 
5 

67 
62: 

3.90 
4.10 

1401 /Rm x/Sl. x 1 88 4.60. 
Nebr/xRm 2 82 3.60 47.13-

3 741" 3.30 
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Table 4. Yielding capacity per spike of some branched lines and normal 
combinations with branching genic complex in the year 1974.
 

Combination 
-. 
1974 

No of 
spike 

Number of 
kernels 
per spike 

Seed-
weight 
per spike 

Weight of 
1000 
kernels 

Phenotype 

1095' 

11435/3 

2 
3 
1 

Branched spikes
130 5.10 
128 4.60 
113 3.90 
143 6.60 

36.65. 

46. 15 

Branched white 
Awnless spike 

Branched red 

1428/6 

146'2V1 

1 

I 

122 

130 

6.20 

4.20 

50.81 

32.30 

Awnless spike
Branched whiteAwnless spike 

Branched red 

1937 1 157 5.00 33.09 
Awnless spike 
Branched red 

2853 1 

2 
151 

130 
6.70 

6.1i0 
45.55 

Awnless spike 
Branched white 
Awnless spike 

1355 
1428/3 
99 

247. 

Normal 
1 
1 
1 
2 

31 

spikes with branching genic complex 
112 6.24 55.70 
98 6.20 63.26 

103 6.70 
96 4.20 50.33 
97 4.00u11 4.80 

2 106 4.60 
3 
4 
5 

103,. 
00 
96 

4,70 
4.40 
4.70 

45.04 
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These data could have great importance for practical breeding of wheat. I
 
should point out that in our branching genes are frequently used for creating

highly productive normal cultivars. 
 In Table 3 are shown some combinations
 
in which relatively high productivity of a normal spike is achieved under the
 
influence of the branching genes. 
 Last year (1974) we had spikes weighing as
 
much as 4.40 grams with around 90 kernels per spike with the weight of 1000
 
kernels over 45 grams. 
 In Table 4 are shown the spike productivity of the
 
branched spike and the newest normal combinations and some fertility compon
ents such as the number of kernels per spike and the weight of 1000 kernels.
 
The high productivity of these newest combinations has been achieved with the
 
influence of the branching genes. Last year (1974), there was not as a large
 
a number of kernels in the branched spikes as there should have been according
 
to the branched genotype. However, there were a number with over 140 grains
 
per spike with the spike weighing 6.60 grams and the weight of 1000 kernels
 
being 46.15 grams. However, almost the same weight was achieved in the normal
 
spike form possessing the branched gene complex: 6.70 grams (spike weight),

103 kernels per spike and the weight of 1000 grains being over 50 grams.
 

No doubt, the branched spike with its 
 high fertility potential is of importance,

but I believe that the branching genes will be utilized mainly for highly pro
ductive normal spike forms, and, perhaps in future, for the fourrowingand

branched spike form. Certainly, a large number of grains does not mean produc
tivity if the other positive characteristics are not present; but the highly

productive spike forms with the branched gene complex show new possibilities

for the increase of wheat productivity.
 

Conclusion
 

Discovery of the branching genes Rm and Ts and the inhibitor Nr, and especially

the research results of their complementary influence and interaction with the
 
other genes of the hexaploid genome is an important contribution to science
 
and, hopefully will be useful in agriculture. These discoveries may have great

importance for the creation of new highly productive cultivars on 
the basis of
 
a normal productive spike, a fourrowing spike, or a well-developed fertile
 
branched spike.
 

The branching genes should be a new element for increasing spike productivity

in wheat breeding and for productivity itself. If so, they can be called
 
"fertility genes".
 

The first step in utilizing these gem would be the breeding of highly productive

cultivars with a normal spike containing 80-100 kernels per spike, weighing 3-4
 
grams or more; and then the breeding of a fourrowirg spike with 80-130 grains per

spike or more, weighing 3-5 grams, and finally the breeding of a fertile branched
 
spike containing 150-200 well developed and top-quality grains per spike, and
 
weighing 6-8 grams or more. Top-quality grain of branched spikes might be
 
utilized even in near future, because such a spike already exists. 
 However,

further research is necessary to determine which elements are needed to increase,
 
on the basis of a branched spike form, production per unit of area. Such research
 
is extremely complex but it will certainly lead to positive results.
 

The branching genes are a group of genes registered in the subspecies Triticum
 
aestivum ssp vulgare and as yet are not fully utilized. There still is a pos
sibility to utilize them as a basis for increasing wheat productivity.
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Summary
 

The branching genes Rm and Ts registered in Triticum aestivum sap vulgare act

reciprocally and control the development of the branched spike, while the gene

Ts itself controls the fourrowing spike. 
 It has also been proved that the

factor inhibitor Nr prevents the manifestation of the branching gene. 
Such a
 
spike has a normal form but much increased productivity and looks like a
 
luxuriant heterotic spike.
 

The production of grain in a well-developed branched spike may be very high.

We have achieved a number with over 200 grains and in the furrowing spike even
 
120 grains or more. 
The branching genes in interaction with the other genes

of the hexaploid genome, positively influences normal spike productivity i.e.

with the influence of the inhibitor. This increase may be based on the in
creased number of spikelets per spike, the number of grains per spikelet, 
or

increase of weight of 1000 grains. 
Because of their complex positive influence
 
the branching genes could be called fertility genes.
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Figure 1. A well developed branched spike selected
 
from the teratologic form by continued
 
crossing and selection. 



Figure 2. 	The positive influence of the branching 
genic complex on the productivity of 
normal spike. 
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Figure 3. 	The positive influence of the branched
 
genic complex on augmentation of grain
 
number per 	spikelet. 



Figure 4. 	The positive influence of branched genic
 
complex on augmentation of the grain number
 

per spikelet to such a degree that in some
 
florets there are developed two seeds. 
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Figure 5. The positive influence of branched genic

complex on augmentation of the grain number
 
per spikelet to such a degree that in some
 
florets there are developed thrae seeds.
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ROPE.S OoF rTHELOCAt YUGOSLAV WHEAT PoPULATOI 

Milanka Jankovid, Yugoslavia 

Introduction
 

Yugoslav populations differ in their response to environmental conditions.
 
They are adapted for growing under dry and wet conditions and soils of dif
ferent fertility. Native varieties and populations differ in yield capacity,
 
disease resistance and milling and baking quality.
 

Triticum vulgare comprises the largest and the most important class of wheat
 
in Yugoslavia. With little exception, the total wheat acreage is occupied by
 
common wheat.
 

Triticum durum and Triticum turRidum are found mostly in southern part of the
 
country - Macedonia and Montenegro. Etmer and Einkorn are grown to a limited
 
extent. 
They differ from other wheats in that most of the kernels are not
 
removed from the chaff in threshing.
 

In our collected material was detected a great richness of varieties and forms.
 
Yugoslavia is a part of the Balkan region and many new subspecies and groups of
 
wheat are revealed here. Macedonia is especially rich in different species and
 
forms.
 

Our attention has concentrated on the intraspecific composition of particular

populations and on 
the botanical study of the varietal composition of certain
 
Linnean species.
 

Results
 

The majority of wheat populations consist of 4-7 strains according to the
 
importance of varieties in the populations. They ara evaluated as follows
 
-
varieties which are dominant in population,
 
- varieties of less frequency, and 
- varieties without practical importance, but which are of interest for
 
science and which indicate possible origin of populations.
 

In Yugoslav populations common wheat with its strains dominate. 
Our common
 
wheat is of either winter or spring habit. Most of populations and varieties
 
are weak stemmod and usually adapted to semiarid or arid regions.
 

The data in Table 1 are different from the data published earlier on the botani
cal composition of autonomous populations of bread wheat in the Balkan Peninsula
 
and especially in Yugoslavia. Thus it was proclaimed by Vaviloff (1922/23) in
 
a recapitulation of all published treatices on wheat, that there were only 11
 
varieties of bread wheat. 
 LomeJko has found 37 varieties of bread wheat on the
 
territory of Yugoalavic. However, in the author's research, 30 varieties were
 
found in eastern part of Yugoslavia.
 

Triticum boeoticum Boiss.,Triticus viridoboeoticum Jakupc.,Triticum pseudobooo
ticum Flaksb.,and Tritictm pancici are grown as grass in Kosovo, Macedonia and
 
south Serbia. All are very rea;istant to leaf rust, stem rust, and powdery mildew
 

Institute for Small Grains, Kragujevac.
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Table 1. The form diversity of Yugoslav bread wheat (Triicum aestiv L.
ssp. vulgare Vill. Host. Mac Key)
 

Strains 
 Frequency Strains 
 Frequency
 

albidum Al. 4+ sardoum Kdrn 
 4+
alborubrum Kdrn 
 ++ milturum KYrn
banaticum Lomejko 	 ++
 

+ caesium Al.

caesiolutescens Lom. 	 +
 

x delfi 
 x
erythrospermum Kern 
 4+ nigroaristatum Flaksb. +erythroleucon Kdrn + 
 nigroerythrosperm. Flaks.
plencerythrosp. Flakab. 	 ++
 
x ingrediens Vav. 	 +
pseudoingrediens Flake. 
 + ferrugineum Al.
fulvosinereum Flakab. 
 4+ subfulvocinereum Flakab.
subferrugineum Vav. 	 x
+ suberythrospermum Vav. 
 x
plenoferrugineum Flaksb. 
 x leucospernum Krnlutescens Al. 
 +++ velutinum Al.
graecum Koorn. 
 + turcicum Kbrn 
 X
subgraecum Vav. 
 x pseudograecum Flaksb. 
 x
pseudofulvocinereum Flaksb. x 
 plenoerythrospermum 
 x
 

+,; - dominant; 4+ less frequency; + rare; x very rare
 

Table 2. The wheat strains of eastern part of Yugoslavia.
 

S"cies 
 Serbia Kosovo 
Bosnia Macedonia Montenegro 
Diploid 2n - 14 AA genome 
Triticum boeoticu Boiss.
T. boeoticum Boiss. 
 + + 
 - +T. 	viridoboeot. Jac. + - + . + 


T. 	 pseudoboeoticum

Flakaberg. 


T. pancici Flakab. 
+ + 	 + 

-
+ + 
 - + 	 -

T. 	uniaristata Bis. - - . 
TritLcuu monococcu L.Var. simpheropolitanum


Drozd 
 - + -Var.punctatum Stranski 	
- + 

- .

Var.parallelicum Stran. 	

++
 
- . 

Var.macedonicum Papag. + + 
-.	 

+
Var.pseudomaced.Flaksb. 	
- + 

.	 +Var.vulgare KUrn 
+ + 	 + 
.... 
 +
 

Tetraploid 2n = 
28 	genom AABB
T. dicoccum SchUbl. 
 + * .. . .
T. 	 turgidum L. + + 

+ 
-

T. 	 durumDesf. + + + +.T. 	 cylindrica Host. + + + + + 
_.ovata L. 
 + + 
 + +
T. 	aristata Wild. +
 

+ + - + +T. 	triuncialis L. + * ++ 
 +
 
Hexaploid 2n 
" 42 geno. AABBDD
T. eastivum (Viii Host)


Mac Key 
 + + + 
 + 
 +
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in seedling stage. In the adult stage they were imune and moderately resistant
 
to Oulema melanopa L. They have no economic importance. Triticum monococcum
 
in the determined strains is resistant in both stages against leaf rust, stem
 
rust, and powdery mildew and moderately resistant to Oulema melanopa L.
 

Populations of Triticum dicoccum are found inSerbia, Bosnia and Montenegro.

All Triticum dicoccum grown in the eastern part of Yugoslavia belong to the
 
subspecies europeum. In 1928, Serbien emmer or serbica alba was united with
 
tartaricum from Russia, into one group tartarobalkanicum. Our collected sam
ples belong to the strains volgense and maturatum.
 

All collected populations of durum wheat grown in the eastern part of Yugoslavia
 
are spring habit. The durum wheat areas are Macedonia, Montenegro, South
 
Serbia and Hertzegovina. The kernels of many entries are very hard, transluc
ent and very often had an amber appearence. The durum wheat has economical
 
importance for the macaroni industry. Sometimes it is very difficult to dif
ferentiate Triticum durum and Triticum turgidum L. that occur very often in the
 
Mediterranean area. The spike of Triticum ismuch thinner, the glumes are long
er, the kernels are longer too. Some entries which belong to the strains
 
italicum, hordeiforme, and apulicum are resistant to cereal leaf beetle.
 

Triticum turgidum L. is mostly cultivated in Macedonia and Montenegro. Depending
 
on the color of the spike, awns, kernels, the following strains were identified:
 
lusitanicum L. and gentile Al.
 

Table 3. The form diversity of Yugoslav durum wheat.
 

Strains Frequency Strains Frequency
 
Triticum durum Deaf sap. mediteraneum
 

apulicum Kdrn x affine Korn +
 
leucurum Al. ++ reichenbachii KMrn +
 
leucomelan Kbrn x murciense Korn + 
hordeiforme Kdrn +4+ obacurum Korn + 
fastuosum Lag. + melanopus Al. X 
boeufii Flaksb. + italicum Al. 4+ 
provinciale Flaksb. x alboprovinciale Flaksb. x 
erythromelan Krn. x coerulescens Bayle K 

Table 4. The form diversity of Yugoslav poulard wheat.
 

Strains Frequency
 

lusitanicum L. 44+ 
melanatherum Korn + 
gentile Al. + 
dreischtanum Kifrn +4+ 
speciosum Al. + 
herrerae Korn K 
megeloplitanum K6rn 4+ 
salomonis K6rn + 
nigropseudosalmonis Flakab. 9 
rubroalbum Flaksb. 4+ 
muscible Haciz. x 
dinurum Al. x 
pseudomirabile Pers. x 
nigrobarbatum Deaf. x 
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'Resistance to diseases
 

In 1970, 1971 and 1972 we tested a large number of populations of wheat (1507)
in the greenhouse and the field. 
 The wheats were tested with races 61 and 77

of Puccinia recondita tritici, with races 14 and 21 of Puccinia trauminis
 
tritici, and with 0, 3, 7, 13 and 15 of Erysiphe graminis tritici.
 

Infections in the greenhouse were 
carried out separately with each race, and
adult plants were infected with a mixture of races 
in the field nursery.

Reactions of different varieties were different. Reaction types in the seed
lL% stage to race 61 of Puccinia recondita were as follows: two were immune,

15 very resistant, 18 resistant, 8 moderately resistant and 100 varieties
 
segregated. All others were susceptible.
 

Reactions to race 77 of Puccinia recondita tritici are shown in Table 5. 
In

this case 18 were very resistant, 10 resistant, 12 moderately resistant and
 
68 varieties segregated.
 

Also in Table 5 are data for young plants to 14 races of Puccinia graminis

tritici. In this case 197 of 1507 investigated varieties had reactions with

different resistance types, 227 segregated susceptibile and resistant plants.
 

Reactions of the same wheat populations to race 21 of Puccinia graminis tritici
 
were 7 immune, 6 very resistant, 9 resistant, 10 moderately resistant, 128
 
segregated and all others were susceptible. Reactions of collected varieties
 
to races 0, 3, 7, 13 and 15 of Erysiphe graminis trizici were: young plants in

three varieties were resistant, 13 varieties were resistant to race 3. Young

plants in four varieties were resistant to race 7, in 10 varieties to race 13,

and in two to race 15.
 

Reactions of varieties in the adult stage to Erysiphe graminis triticL were as

follows: 7 varieties immune, 8 very resistant, and 11 moderately resistant.
 

Few of the collected varieties were resistant in the adult stage. 
 Infectioai -as
carried out with mixture of races 
(61+77) in one, and 14+21 in another case.

To Puccinia recondite tritici 3 varieties were immune, 2 very resistant and 13

moderately resistant with very low coefficient of infection.
 

A lower number of varieties were resistant to .Pucciniagraminis tritici. Only

one variety was immune, two resistant, and three moderately resistant with
 
infection type 2.
 

Resistance to cereal leaf beetle
 

In this investigation the majority of samples of winter wheat were 
tested against

cereal leaf beetle.
 

Samples of winter wheat tested in the nurseries under artificial infestation

have shown different degrees of resistance to cereal leaf beetle. 
 The react:onu

of some wheat varieties against the cereal leaf beetle are 
shown in Table 6.
All belong to Triticum sestivum sop. vulgare strains including erythrospermuM,

sardoum, ferrugineum, nigroaristatum, graecum, albidum, alborubrum, etc. Of

tested samples none was immune. Most samples expressed a high degree of suscepti
bility. The positive correlation between resistance and pubescence of leaves 
has been established. 

1507 
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Tafe'5. Disease reactions of common wheat populations to: 

'o0 R R MRtype2 
Puccinia recondita tritici Erikson 

Adult stage (61+77)
 
3 2 
 6 	 .- 13 

Seedling stage
 
Resistant to race 61
 

2 15 	 18 8 
Resistant to race 77
 

- 18 10 12
 
Puccinia graminis var. triti€cr
 

Adult stage (14+21)
 
-.	 2 
 3
 
Seedling stake
 
Resistant to race 14
 

16 45 47 85
 
Resistant to race 21
 

7 	 6 
 9 10
 
Erysiphe graminis
 
Adult stage
 

-
 8 	 11
 
Seedling stage
 
Resistant to race 0
 

" -	 3 
Resistant to race 7
 

" -	 4 
Resistant to race 13
 

-	 2 
Resistant to race 15
 

2
 

Cereal leaf beetle resistance of each entry was based on number of eggs per 10
 
ems on a visual rating estimate of the amount of larval and adult feeding


damage. The notes on egg density and adult larval feeding damage were taken
 
each year in the most optimum period.
 

Quality of collected populations
 

The quality of collected populations was investigated by the sedimentation test
 
(Zeleny). More than 200 samples were analyzed. 
In Table 7 are shown the samples 
with sedimentation values of more than 50 ml. 

According to Pumpjanski (1967) varieties can be classified into three quality
 
groups: 	 a) good quality: sedimentation index higher then 50 ml,


b) medium quality: sedimentation index from 30 to 60 ml#
 
c) poor quality: sedimentation index less than 30 ml.
 

Many populations had sedimentation Indexe from 50-60 ml. Three populations had
 
sedimentation indexs of 65 to 70 ml.
 

The highest index is in a population from Strumica with 70 ml. The second one 
is
 
a population from RazanJ and third one is a population from Kacevo with a sedi
ment index of 65 ml. 
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Table 6. 	Resistant varieties of Comon wheat to Cereal leaf beetle (Oulema
 
melanopa L.).
 

Eggs Imagos feeding Larval feeding

Population Locality density -damage damam.
 

1. 5azinovidi-Ratka 0 1 	 1
 
2. 	 Cubra I 1 1 
3. 	 GrlJan 1 1 1
 
4. 	 6ubra 1 1 1 
5. 	 ZaJe~ar 0 1 1 
6. DulJe-Suva Reka 1 1 1
 
,7. DulJe-Suva Reka 11 1 1
 
'8. latina-Ibar . 3., 1 1
 

9. 	 §latina-Ibar 1 1
 
10. Zabari-Kosovska Mitrovica 01 
 3 
11. Staro Nagoricane 2 1 	 1 
12. Prespansko Jezero 11 
 1
 
13. Prespansko jezero 	 1
1 	 1
 
14. Negotino (Vardar) 
 0
 
15. Dojran 0. 	 1

36. Lubani~te-Sv. Naum 0 3 
17. Lubanilte-Sv. Naum 3, 1 	 1
 
18. Lubaniite-Sv. Naum 
 1

19. Harjanovi -Travnik 0 1 	 1
 
20. Kremna Tara 	 1 1 
 1
 
21. Komar-Donji Vakuf 0 1 	 1
 
22. Komar-Donji Vakuf I 1 	 1
 
23. Komar-Donji Vakuf 0 1 
 1
 
24. Komar-Donji Vakuf 0 1 	 2
 
25. Komar-Donji Vakuf 0 1 	 1
 

Table 7. 	Survey of s2dimentation values for 27 populations with high quality.
 

Sedimentation

Number Locality 	 Republic value ml
 
1. Klatievo-Gornji Milanovac 3erbia 	 50
 
2. Ralanj-Setka 	 I 
 65
 
3. Hero'ina 	 I 55
 
4. Jugbogdanovac 	 o 
 54
 
5. BresniUici 
 of 	 58

6. Raika-Kopaonik 
 " 	 60
 
7. Raik-Ue 
 , 	 54
 
8. Ajvajlija 	 ML 50
so#0 

9. Paralovo 
 i 	 50
 
10. Paralovo 
 50
 
11. Kosovska Mitrovica 
 54
 
12. Kosovska Mitrovica 
 o 	 57
 
13. Kosovska Mitrovica 
 t 	 58
 
14. Kosovska Mitrovica 	 o 60
 
15. GornJe KormilJane-Kumanovo Hecedocis 56
 
16. GornJe Kormijane-Kumanovo 01 	 57
 
17. Gornje KoruiIjane-Kumanovo ." 	 57
 
18. Ov~e PoIJe 	 .04 60 
19. Ovte Polje 	 50

20. Ovie Polje 
 52
 



Table 7. Continued
 

Sedimentation
 
Number Locality Republic value ml
 

21. Strumica Macedonia 70
 
22. Drenovac 
 54
 
23. Bela Crkva 
 58
 
24. Kacevo 
 65
 
25. Dralevidl-Nova VaroJ 
 57
 
26. Dulje-prizren Kosovo 
 56
 
27. Snagovo-Zvornik Bosnia 50
 

Frost resistance
 

Frost resistance and winter hardiness of native populations were investigated

in the field and in cold chambers (Table 8). The majority of populations of
 
Triticum aestivum are characterized by high frost resistance. The highest

frost resistance was found in populations under the names tarinska, Bugarka

and samples from Kosovska Mitrovica and Razanj.
 

The lowest frost resistance was in the varieties Prolifik, Ranka, and Vidovaa.
 
Good frost resistance was found in the varieties Rumunska crvenka, Bankut 1201.

and Krugeva~ka 22. Native populations, especially those originating frrA the
 
central part of Serbia, are characterized by high frost resistance.
 

Table 8. Winter survival of some varieties and populations in cold chambers.
 

Winter survival in % Average for three
 
Variety at -140C. 15 hours years (H)
 

Bankut 1205 84.5 82.4 86.5 84.4
 
Rumaka crvenka 86.7 84.2 85.6 85.5
 
Rumunska 80.1 85.6 86.4 84.0
 
LeganJ Avnlett 80.1 80.0 83.0 81.1
 
Leganj Avned 78.4 72.2 81.0 
 77.3
 
Krusevacka 22 82.5 91.2 89.0 87.5
 
Krusevacka 22 64.3 72.3 65.4 
 69.3
 
Starinska 88.7 89.2 88.3 88.7
 
Bugarka 82.0 86.9 87.2 
 85.3
 
Prolifik 
 51.4 57.7 60.9 56.6
 
San Pastore 59.1 60.5
63.5 61.0
 
Ranks 59.1 53.7 61.4 58.0
 
Vidovaca 38.6 42.3 58.6 
 43.8
 
Population Race 82,5 84.0 86.8 84.4
 
Population G.Hilanovac 82.5 83.8
84.0 83.4
 
Population K.Mitrovica 86.1 86.0 88.4 84.1
 
Population Raska 82.6 83.6 86.4 84.2
 
Population Leposavic 85.7 87.6 83.2 85.5
 
Population Razanj 82.5 86.8
84.0 84.4
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Summary 

The Mediterranean Center and Balkan Peninsula are very interesting as sources
 
of different native form and populations of wheat. Many spontaneous forms 
and populations are still grown in different parts of Yugoslavia, especially

in the mountainous regions of Serbia, Macedonia, Kosovo and Bosn4. These
 
form have great importance as sources of new germplasm for disease resistance
 
and other agronomic characters.
 

In the period from 1968 to 1973 there were collected 1805 entries of wheat.
 
They belong to Triticum aestivum sap. vulgare Vill. Host., Mac Key; Triticum
 
durum Desf.; Triticum turgidum L.; Triticum dicoccum Schbl.; Triticum monococcum 
L.; and Triti ticu Boiss. Some entries of 5 Aepilops species also were 
found. Some entries are resistant to plant disease in varied degrees. In the 
collected material there are samples with high quality class "A" and higher 
protein content than other soft wheat varieties grown in eastern regions, es
pecially the new high yielding varieties. The majority of populations of the
 
Triticum aestivum sap. vulgare are characterized by high frost resistance.
 



"SRESEARCH 'ON HYBRID WHEAT AT ZAGRPEB 

M. JQpt a dJ. Mi.lohnic*1480o1avla 

Introduction
 

For the last fifteen years the combining ability of wheat and utilization of
 
heterosis have been the subject of extensive research in the world. Here In
 
Zagreb, the studies of the combining ability of wheat started in 1970 and
 
this report gives a short survey of the results obtained. 

Test 1(1970-1971).
 

In 1970, 36 F1 hybrids were developed at Zagreb in a ten-parent incomplete

diallel cross. In 1971, 66 F1 hybrids were developed in a twelve parent diallel
 
cross. 

Combining ability tests were performed in a randomized block design with 5
 
replications. The parent varieties and F hybrids were sown in two meter long 
rows and spaced at 20 x 5 cm. The following characters were analyzed: grain

yield per plant, yield components, plant height and earliness in heading.
 

Results - The best hybrid out-yielded the best variety by 3.2 gins/plant in the 
two-year average. The mean of the hybrids was better yielding by 1.2 gin/plant 
than the parents mean (Table 1).
 

The incidence of hybrid vigor of 66 F1 hybrids grown in 1971 is presented in
 
Table 2. Six hybrids headed earlier Ehan the earlier parent; 53 hybrids headed

earlier than mid parent; while only 7 hybrids headed later than mid parent. 

Thirty-seven hybrids were taller than taller parent and 29 were taller than mid 
parent. No hybrid was shorter than mid parent. Tall hybrids showed a strong 
inclination to lodging.
 

Of all the yield components hybrid vigor was most expressed in the weight of
 
1000 kernels. Forty-six hybrids had a higher weight of 1000 kernels than the
 
better parent, 20 hybrids were higher than the mid parent, while no hybrid was
 
lower than the mid parent. 

The number of kernels per spike showed the poorest vigor. There was no heterosis 
in as many as 26 hybrids, i.e. they were poorer than the mid parent. 

As regards grain yield per plant, 57 hybrids out-yielded the better parent, 4
 
hybrids the mid parent, while only 5 hybrids did not demonstrate haterotic effect.
 

Fig. 1 shows the averag heterosis (116%) and the average heterobeltiosis (110)
for 66 hybrids from the 12-parent diallel cross. The best combiners were lines 
KS-1081, K-ill-H and the French variety Etoile de Choisy. 

The best hybrid K-1ll-H x Bezostaja 1 out-yielded the better parent Bezostaja I
 
by 447% and the mid parent by 48%. 
 For high yield of hybrids it is necessary for
 
hybrid vigor to appear in all three, or at least two yield components (Fig. 3).
 

*Deceased
 

Institute for Plant Sreeding and Production of Field Crops, Zalreb.
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Table 1. Yield of parents.and F, hybrids in a half-diallel cross of wheat,
 
Zagreb 1970 and 1971.
 

mlYield (gins/pilant)
 

Entry 1970 1971 
 Average
 

The best variety 13.2 8.5 
 10.8-

Parents mean 11.2 7.8 9.1
 

The best hybrid 17.1 11.0 
 14.0
 
Hybrids mean 12.4 8.3 
 10.3
 

Table 2. Frequency of hybrid vigor of 66 Fl hybrids in a twelve-parent

diallel cross of wheat. Zagreb, 1971. 

Hetero- No 
Character beltiosis Heterosis haterosis Total 

Earliness 6 53 7 66 
Plant height 
Spikes per plant 

37 
27 

29 
31 

0 
8 

66. 
66' 

Kernels per spike 10 30 26 66 
1000 kernels Vt. 46 20 0 :-66 
Yield per plant 57* 4 5 66; 

14 hybrids significant at 0.05 level
 
9 hybrids significant at 0.01 level
 

Test 2 (1972-1974)
 

In 1972, 1973 and 1974, the 
same parents were tested by the top-cross method.
 
The high-yielding variety Zlatna Dolina and the good quality variety Bezostaja

I were used as tester varieties.
 

The methods of sowing and character analysis were the same as in Test 1.
 

Results - The yield in gins/plant for the tester varieties Zlatna Dolina and
Bezostaja 1, the bert hybrid and hybrid mean are presented for each investiga
tion year in Table 3. The best hybrid, and even the hybrid mean on a three
 
year average basis, were better than the average of the better yielding tester
 
variety Zlatna Dolina by 5.5, and 1.9 gms/pant respectively.
 

Almost all hybrids headed earlier than the later variety Bezostaja 1, and were
 
taller than the shorter variety Zlatna Dolina.
 

As regards yield components, all hybrids had higher weight of 
1000 kernels than

Zlatna Dolina, and almost all hybrids produced more spikes per plant and more
 
kernels per spike thin Bezostaja 1.
 

The majority of hybrids out-yielded the high-yielding tester variety Zlatna 
Doline, and all hybrids out-yielded Bezostaja 1. 

The best combiners were again the K-Il-H and Ka-1081 lines. 
 The best hybrid

Zlatna Dolina x K-il-H out-yielded better parent on a three year average basis 
by 44%. Even the intravarietel hybrid Zlatna Dolina x Zlatna Dolina out-yielded 
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tile femaled parent tester variety by 8%. On , Aritiai hybr4he. intra 
Bezostaja 1 x Bezostaja 1 was poorer tha n the tester valrietvlatia DlalHnA 
(Fig., 2). 

Table 3. 	 Yield of parents (12) and F, hybrids (24) in topcroses.. Zareb, 
1972, 1973 and 1974. 

Yield Rsi/plant
Entry 	 1972 
 1973 1974 Average
 

Zlatna Dolina 6.9 12.5 8.5 9.3
 
Bezostaja 1 6.8 8.2 8.1 7.7
 

The best hybrid 12.4 19.5 12.6 14.8 
Hybrids mean. 9.2 13.6 10.9 11.2 

Table 4. 	Performance of 24 F1 hybrids in top-crosses. Zagreb, 1972, 1973 ,
 
and 1974.
 

Better than check variety
 
Character Zlatna Dolina Bezostala 1 

1972 1973 1974 1972 1973 1974 

Earliness 17 13 8 23 22 24 
Plant height 24 24 24 19 18 19 
Spikes per plant 1 3 13 23 24 23 
Kernels per spike 4 9 8 20 24 23 
1000 kernels wt. 22 24 24 11 12 7 
Yield per plant 23 16 23 24 24 24 

17* 4* 13* 17* 22* 15* 
Significant at 0.05 level
 

Test 3 (1973-1974) 

In 1972 and 1973 in isolated plots, F1 seed was produced by wind pollination
 
on 5 A-lines (mat-San Pastore, mst-Abbondanza, mst-Etoile de Choisy, mst.
 
Libellula 	and mst-BezostaJa 1) crossed with the R-line Prime'pi.
 

The trial, which included 5 F1 hybrids of wheat on a male sterile basis, 5
 
corresponding pollen fertile parent analogues (B-lines) and the R-line Primpit 
was sown in a randomized block design in five replications. The size of the 
basic plot was 5 sq.m, and 500 seeds were sown per 1 sq.m. 

Results -	 The yield of the best variety (7422 kg/ha) was higher than the yield
of the best hybrid (6566 kg/ha). Accordingly, the parent mean was higher than 
the hybrid mean.(Table 5). Only one hybrid was demonstrated by haterobeltiosis
 
for earliness and grain yield/ha.
 

All five hybrids demonstrated heterosis for plant height and 1000 kernel
 
weight. 
No heterosis appeared in any hybrid in number of spikes/sq... The
 
reason could be the decreased germination of F1 seed which appeared in seed
 
production, particularly in 1972, owing to pre-harvest sprouting.
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Four hybrids had fewer kernels per spike than the mid parent as a consequence
of incomplete fertility restoration.
 

Only the hybrid mt-Bezostaja 1 x Prim pi out-yielded both parents, with hater
osis of 109% in 1973 and 111% in 1974.
 

According to its quality characters, this hybrid was, like the majority of otmrs,
intermediate to the parents. Only the hybrid mst-Libellula x Prim6pi bamd
negative heterosis in some quality characters (loaf volume) (Table 7).
 

Table 5. Yield of parents (6) and F1 hybrids on male-sterile basis (5).

Zagreb, 1973 and 1974. 

Yield (ka/ha)

Entry 
 1973 1974 Averaze 

The best variety 7392 7452 7422
 
Parents man 
 6569 6594 6581
 

The best hybrid 6548 6584 6566
 
Hybrids mean 
 5764 6310 6037
 

Table 6. Frequency of hybrid vigor of five F1 wheat hybrids on male-sterile" 
basis. Average of two years (1973 and 1974). 

Hetero-
 No

Character beltiosis Hterosis heterosis Total 

Earliness 
 L 3 
 1 5

Plant height 
 5 5 
Spikes per sq m - 5
Kernels per spike 1 4 5

1000 kernels wt. 5 5
 

Grain yield per ha 4 5
 

Table 7. Quality characteristics of the best hybrid and its parents.
Zagreb, 1974. 

Parents 
and 

hybrid 

Water 
absorp. 
1%) 

Quality number 
by 

lHankoczy 
Quality 
group 

Loaf 
volums 
_u 

BIzostaja 1 
mt-Bet. 1 x Prim. 

57.4 
58.4 

84.2 
58.3 

A2 
B1 

434 
429 

PriMIpi 54.9 42.7 C1 412 
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Table,8., Restoration of pollen fertility in wheat with T. UmuopheevL 
cytoplasm as indicated by seed set of bagged beads of Fi test
plants grown at four locations in 1974.
 

Seed set T7,. 
R  line Weihenstephan Zagreb Szeged Berlin Averain 

Standard: 
PriLmpi 93 87 85 58 81 b 
New selection: 
Zg 2146/73 Rf 98 93 90 79 90 a 
Zg 2152/73 Rf 101 98 87 73 89 a 
ZS 2153/73 Rf 97 100 88 67 88 a 

Values followed by the same letter are not significantly 
different at 0.05 level. 

A comparison of the results of diallel and top-cross tests, the seed for which
 
was produced by castration and hand crossing of normally fertile varieties,
 
and the last test of F1 hybrids on sterile basis shows a considerable failure
 
in the yield of hybrids on sterile basis. We completely agree with Allan's
 
statement (1973) that the following two are the main factors reducing hybrid
 
yield capacity: 

1. inefficient male-fertility restoration system, and
 
2. excessive plant height of hybrids.
 

The Pri dpi variety, so far the most efficient restorer, is not satisfactory
 
enough in restoring pollen fertility. Test 3 also shows the considerable effect
 
of the A-line upon fertility restoration. It was the easiest to restore fer
tility in mst-Bezostaja 1, and the most difficult in mst-Etoile de Choisy. We
 
support Hayward's opinion (1975) that the male-sterile system might contain a
 
modifier or complementary gene(s) or even an inhibitor gene which can affect 
the action of the same restorer line. 

With the aim of combining different Rf genes and improving the ability to re
stoM pollen fertility, we started cross-breeding different Rf sources in 1968.
 
By means of the pedigree method selection was carried out for agricultural
 
characters up to the F generation, and then testing was started to determine
 
ability to restore pollen fertility. The first testing of ten lines on the
 
cm-tester of mst-BezostaJa 1 was carried out in 1974 at 4 locations (Zagreb, 
Szeged, Weihenstephan and Berlin). Three of the 10 testcd lines showed at all 
4 locations better ability to restore pollen fertility than the Prime'pi variety, 
which served as the check (Table 8). As tests are still continutng, it is 
likely that even more efficient restorers will be separated. 

The adverse side effects of the timopheevi cytoplasm, such as lower germination 
and winterhardiness (Kilohni6 1972, Jot and ilohni6 1974), low resistance to 
diseases (Washington and Haan 1974, Jot and Glatki-Jo't 1974) and pre-harvest 
sprouting (Doig et al. 1975) can also have a limiting effect on the realization
 
of full capacity of hybrid yield. In this respect, when choosing the female
 
parent for hybrid combinations, attention should be paid to the specific in
teraction of the timopheevi cytoplasm and aestivum nucleus.
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Summary
 

The grain yield of F1 hybrids in diallel crosses (66) and topcrosses (24) was 
tested in Zagreb froi 1970 to 1974. In both tests a high level of heterosis 
was recorded. The beat hybrids of normally fertile parents (seed production 
Ly emauculation and hand pollination) out yielded the best parent by 44%. 

In 1973 and 1974, five hybrids on a sterile basis were tested. The variety 
Primepi was used as the male parent R-line in all hybrids. In the two in
vestigation years only one hybrid demonstrated heterosis in grain yield (1107.), 
while other hybrids were poorer than the mid parent. 

Despite the small number of tested hybrids, the conclusion can be drawn that
 
three factors reduced the hybrid vigor capacity:
 

1. Inefficient restorer system, 2. Excessive plant height, and
 
3. Adverse side rffects of timopheevi cytoplasm. 

All the three factors can be eliminated by further selection.
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TKE STUDY OF THE HERITABILITY OF ELEMENTARY CHARACTERISTICS
 
OF GRAIN YIELD BY MEANS OF VARIANCE PARTITIONING
 

IN F2, Bl, AND B2 GENERATTA !S OF WINTER WHEAT HYBRIDS
 

I. Zonic, D. Petrovic, and B. Jovanovic
 
Yugoslavia
 

Geneticists and agronomists are familiar with the importance of quantitative

characteristics of plants and domestic animals for the production of raw materials and food for the nutrition of people and domestic animals. 
Quantita
tive characteristics are those which can be measured by some measure units
and those which show a continuity when the hybrid'n charactertit itcs segregate. 

In a strictly genetical sense, quantitative propertIest depend on th, effect

of many small effect genes. "hense are polygenes or minor genen, many of which 
act additively. It Ia not possible to meastur the ttrtngthi of efft,'t of such 
an individual gene upon the concerned phtenotypc chatracter lst I,. 

The total additive tffetrt of many ttch polygncts can be dete rmined by mathe
matical or biometrical methods which have been 
 worked upon by matty geneticistsduring the last six decaden, Such genetical Invet igathton provide it vat a4td

well-known field of genetics 
 known as quantitative genttics, biometrical genet
ics, and population genetics. 

Quantitative properties are very Important chtracterintica in an economical and

agricultural ent.e. For example: 
 grain yield and other raw materials, carbo
hydrates, oil, protein, and textile fibres contents. These propertien are very
complex in hereditary, developmentail. and imiorphologi nI neie. Method" of quan
titative or popul at ion genet ion enab-t ti to determint titio exteta the geno
type characteritticti of grtin yield and tle vield! of other fruits 111d raw ma
terials In plants and domentic animals. :rin fertility of itcertain wheat
variety depends on several elem,.ntary charartu rlnt ira or subrhtaractrtrntica

such am number (ifpltnta per I isquare meter; ttiutbtr oif eatrn per p10int; grain

weight per ear; and grain wellit per plant. Yield oif whentt ,r other sptec|i

In the field rtprersenta a simple 
 mult ipl let i of the ment toned elementary

character Int I!.n These elementary yield chnrnctcr list I-n are 
 in correlatlve
dependence, thus with the variation of one charactertntic ttit- other et-lmentary

characterIntcts are being chitnfted 
 nn well. It taltt.s change in yield at*a re
sult of the product of thon charncter it Ira.
 

Climatic and nol I ondil iolns modify cniderably the qunit iat |ve characterl
tic*, ao fihat yielld and it" ompolneCntn are conle rnbily hangel titdlffern t 
yearn and lou alitien, altbough they are phenotypic ton-ht-ritatl, tanprc. Al
though t here INa 4 con0sderableipheotypl)I varialbiltyWv If yIt 1., rar h variety
or tenotype lia ne itheritable potrnt fl of elementary rharaiterist Ia as well 
aI of the whole yield produet. 

The componenta and potent ial of y ield depend on gens tit the ganotype of eachplant, type. Arcirdli g t, thu finals of Inhrittince, Pch typo anti plant line
taken a crra iti rank in vield e,,mpared to the other types and varipletio Theyield potent lal an! otItr quaintittivo chrcterittc of a phaenotype are by
inharitanve determittel wiitin limits of an amplitude which in either Muller 
or larger fii en, It pritVpp, 

Collopo oit Apillt lite, University of Relarade 
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The inherited basis of yield is especially based on homozygote genes (Polygenep)

2
effect on the additive average effects (d - D). The dominant genes (EhZ = H)


act to a certain extent, as well. The evidence of fertility and its elementary

characteristics are effected by climatic and soil conditions, i.e./ 
agrotechnics.
This effect (E) Is non-heritable, but is rather strong and amounts to 50% for 
individual characteristics.
 

This means that the yields are integral phenotypical characteristics that de
pend on heritable effects of genotype and the non-heritable, but rather strong,
 
effect of environment (E).
 

Hethods applied in such genetic investigations have especially an aim to deter
mine this additive part (D or A) which should represent the relatively most
 
stable genotypic part of a quantitative characteristic such as wheat grain yield.
 

The study of the genotype of grain yield and its sub-characteristics consists
 
mainly of partitioning the total variance of these characteristir i in the F2
generation into the heritable (Vc) and non-heritable portion of the variance
 
(E); then the partitioning of the heritable genotypic variance into the addi
tive homozygote effects (VA) and the effects of the domitant heterozygote genes

(allele).
 

The Investigation Aim &nd Method
 

The variance of the additive characteristics represents the most important part
of the quantitative trait of the genotype. Variance resulting from the additive 
gene effect, though many well known geneticists use this term with reserve, rep
resents a breading value upon which depends the possibility of selection of geno
type* with larger and more adaptive breeding value in the F2 and further genera
tions of the hybrid. Additive variance represents the largest part of the heri
table effect in the F and backcroun generations. That i why the total or
 
phenotypic variance (Vp) i divided into heritable, genotyplc variance and non
heritable or environmental variance (VE). (;enotypic variance in F2 and the 
first backcroas generations R1 and B A. partitioned Into variance of additive
 
gene effects (Vn - additive variance? and variance due to the effect of devia
tions of dominant heterozygote alleles (V1 - dominance deviations). 

The next aim in the genetic sense is the determination of heritability levels 
of the mentioned oub-characteristics or yield components. These are very in
teresting characterlatics In gene and economic sense. Heritability io deter
mined by the heritability ratio, h2 . This genetic value Is determined from 
the relation of additive variance (VA) to the total phenotypic variance (Vp), 
so the heritability ratio Is:
 

Vh2 --_A 
Vp,
 

When h2 has a large positive value, the addiitive variance is large, so heri
tability i.e./ genotype value Is larger and the possibilities for selection 
are also larger as well as the procuring of genotypes with more favourable 
characteristica.
 

The study of genotype characteristics with these qualities depends on the de
termination of the number of special factors (K) which influence the quantitative
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characteristics. These factors are not definite loci or genes but larger units
 
or gene blocks. 
To be able to estimate more surely the effects of elemental
 
characteristics upon the grain yield, correlative relations have been deter
mined between these characteristics and their resultant yield. 
More certain
 
genetic evaluation in this sense can be obtained on the basis of genetic cor
relative coefficients.
 

Materials and Methods
 

In order to finalize these investigations, several known varieties were crossed
 
in 1971. 
 In the next year the Fl generation was obtained and reciprocal back
crosses were made according to the pattern: B1I 1h x F, ; B2
- P2 x Fl. In
1973 an experiment was planted which consisted of t 1 parents PI and P2 , F1 and
 
F2 generations, and the first bsckcross reciprocal generations BI and B2.
Eighty grains of each population were planted 5 "m from each other In rows
 
30 cm apart. 
 For these studies three simple and three backcross hybrid combinations were used. 
 The simple hybrids were: 1) Jubtlejnaja x N. Sad 175;

2) Jubilejnaja x S. Pastore; 3) JubileJnaja x Leonardo.
 

To determine genotype components of variation of F2 and III generations, classi
cal formulas for quantitative and blometrical Investigations according to R. A.

Fischer and K. Mather were used. 
We applied the methods for population geneti
cal investigations from which the following values derive:
 

VPl + VP 2 + 1
 

VF2 -1/2D + 1/4H + E. E 1 2 1
 

3
 

VB1 + VB2 - 1/2D + 1/2H + 2E. Backcrosses: Bi.../P1XP2/XPl;
 

1... PlxP2/XP2 9
 

D w Additive variance 
 E - Environment; Environmental deviation@ 
(a Breeding value) 

P3 " Female parent

H w Dominance deviations P2 * Male parent
 

h2 . VA h2 
 Degree of Heritability

SP' 
 VA-D" Additive variance 

Vp - Phenotypic, total variance 

h2, " P1
VF2 VP2 X 1002
 
VZP2
 

The determination of the number of heritable effective factors for the respective

traits was done with the help of the values:
 

K (PI - P2 )2 w k, the number of the effective factors of larger4 D sles than the locus (gone). 
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It is necessary to add that the experiment was made on a relatively small num
ber of plants. Forty thousand various measurements and calculations were done.
 

By the use of given formulas for genotype variance in F2 generation (VF2) and 
the first backcross generation (VB - VB ), the phenotype variance (Vp) was par
titioned into the heritable, (genotypicai) pirt (VG) and the non-heritable part
(E)derived from the environmental effects. Genotypical variance then was par
titioned Into the additive component (D) and the component due to dominant gene

effects (11). Determidation of the genetical component D means at the same time
 
determining the additive variance and the breeding value for a given character
istic. The additive component should be considerably greater than the dominant
 
component It.
 

The value calculation of these genotypical components was done by the use of

formulas for VF and VB + VB_. The procedure for the calculation of these
 
values for the gombinat Ions ( 3ubilejnaja x San Patore) x Jubilejnaja ... a

B1, and (Jubilelnala x Snin Pastore) x San Pastore 
... - B2 for the yield com
ponent "car number per plant" was as follows:
 

+VP -1/2D +1/411 + E E W VPl + VP2 VFI E1.525 
3 

VD1 + VB2 - 1/2D + 1/2H + 2E VF2 - 1.509 VB l + VB2 a 2.517 

VP2 = 1.509 - 1/2D + 1/4H + E..... 1.509 - 1/2D + 1/411 + 1.525
 

V3I + V - 2.517 - 1/2D + 1/211 + 2E...2.517 - 1/2D + 1/211 + 3.050 

1.008 - 1/211 - 1/4H + E; 1/4H - -0.517
 

11 - -2.068 

V7 2 - 1.509 - 1/2D + 1.008 

1/2D - 1.001; D - 2.002 

This method Of calculation gave genotypic values D and H and the phenotypic
values E for three elemental nub-characteristics of yields 

1. number of ears per plant;

2. grain weight per ear; 
3. grain wet-ht per plant.
 

This was determined In thi, Invetitigtton for the F2 , B1, and B2 generations of 
three hybrids. Non-heritable phenotypit-Zl variance (Vp) was obtained for three 
parents and their Fl generatiou. 

On the basis of this procedure, the genotyi: vartanco was determined (VC) and 
the non-heritable variance (VE) for the hybrids F2, BI, and B2 generation. 



Results
 

The following values for the studied hybrid combinations were obtained:
 

I. Jubilejnaja x N. Sad 
- 175
 
Ear number per plant ------
D - 1.880 

H - 1.002Grain weight per car ------ D 
 0.6414 
II* - 1.0143Grain weight per plant D -- - 5.9034 
H - - 4.0452 

li. 	 Jubilejnaja x Leonardo
 
Number of ears per plant 
--	D - - 8.3859
 

I1- -16.7718
Grain weight per ear 
------ D - - 0.2462
 
H a 0.4892
 

Grain weight per plant 
----	 D - -13.6502 
It- 29.8068 

III. 	 JubileJnaja x San Pastore
 
Number of ears 
per plant -- D - 0.7408 

If- 0.1932 
Grain weight per ear ------ ) - 0.4268
 

If - 0.4404
Grain weight per plant 
----	 1)- 0.7550 

II - 5.2660 

The genotypical 	componentri .D IIiahotld lihnve 	 apotit Ive value. However. inthis experiment the two omponcnti, motit oft en had a negative sign except inthe combination Jublijnaita x S. l'antore where the, 1) valuts, were postivetl. Titenegative valI ti 	(-I) and (-I) arer ti,.)cti , for mic h genet ic I nvetet Igat Inti. 

The negat Ie 1) and II c'omponents r mnly from thed v ivye 	 farge deviation.s ofenvironment (I.) 	 which amount to mor. than 507 of total varlance 	 In tome canes.The negative valueti nlgget, that tfor th,,it, trait, the domInant gene effectsoften larger than t he add itlve component (1)) which ri(otuld 
are 

have a much larger
value than 411 the otlher genotype ,,omlp,)nentfi t age-ther.
 

Additive vriance generally dterminen the reiemhlance of tie traits betweenthe parentti and 	 offiopring. A 	larger additlve variance enable., by a naturalor 	artifivInaI tielection from the po)pltltion, the Obtaining of genotypes ofmore vital or adaptnble characterifetict. 

llere the firtit hackcroan reciproal generation (B1, 12) was studied. It givesnearly double greater variance than the VV: . 1iackcrosming enlarges the variance sum due to the dominnnt genet. dev ation foi 1/4 If. 

For study of quantitativ. cnnracterlnt cti, one should apply double or multiplebackcroming to 	determino,
more 	nurely the additive variance. Ily backcro"Xing,
the number of homozygous alleles isenlarged by one half in each generation and

the fixed additive component is enlarged.
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The additive component (D) has shown itself as positive for hybrid characteris
tics (Jubilejnaja x San Pastors) in the F2 and BI-B 2 generations.
 

On the basis of the additive genotypic component (D) and phenotype variance VF2
 
one can determine the heritability ratio h for the characteristic "Ear number
 
per plant" according to the formula:
 

h2 
" VF2- P
 

VF 2 

For instance, for the characteristic "Ear number per plant" the values from the 

above formula are:
 

VA/D/- 0.7408 Vp,/ - Phenotype/ - 1.509 - VF2
 

h2 
 VI) - 49.1% -h2
 

Vp
 

In this hybrid combination a high degree of heritability, h2, was found, and it
 
amounted to 49% for the characteristic "ear number per plant". This means that
 
the additive variance amounts to nearly half of the phenotype variance.
 
Analogous to the charicteristic "ear number per plant", we find the additive 
variance for theme other characteriuticis a well. 

For "grain weight per ear" the heritability is 

h2 
 VA 0.4268 " 8",%.
 
VP.56
 

According to the obtdined result the heritability for the "grain weight per spike"
amounts to 84% while for "grain weight por plant" h2 - 91% as the heritability
is very high for both characterlmtics. At this magnitude there is no popoibility

of domin4nce varlanCe, an.d especially of environmental non-heritable deviation.
 

For the heritability ratio h2 - 49% for the characteristic "ear number per plant" 
one can determine effective number of factorn (k) or genes which effect thls 
characteristic. These factors are not strictly determined genetic loci (genes),
but can represent some larger units or gene blocks within chron)Somes.
 

The number of effective factors was determined on the bIaits of the formula: 

K a I 
_ D 

k. The values I'1and i'2 represent the parent averasge for this 

characteristc . 1, - 3.66, P2 - 3.15. Formerly wo obtained the additive vari
ance D - 0.7408. 
Thus K1 -

2.,9T -0.08
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This result shows that eight effective factors influencing this characteristic
 are involved. In this example probably these factors are linked in
a chromosome so that they cannot exist and behave independently.
 

For the characteristic "grain weight per ear" according to the same formula we
find the value for the number of effective factors (k)- 0.279 i.e./ 28 factor
 

We must emphasize that in this experiment the heritability ratio (h2) 
was easy

to calculate according to the Kramer-Mahmud formula:
 

h2 uVF2 - VpI . VP2 

VF2
 

Thus the results for h2, 
according to this method, differ Insignificantly at
the 3rd and 4th decimal place in comparison with the same results for h2 obtained when partitioned VF2 upon genotypical components D and H and the phenotypical component E, which is a 
more complicated biometrical process.
 

Cenetical Investigations in this experiment have some general characteristics. 
The genotype components (D,11) determination was done on the basis of partition
of the F2 generation variance (VF2) and the first reciprocal backcross genera
tion: (VBi + VB2).
 

The hybrids F, F2, 01,B1 2 and the parental genotypen PI and 112 were planted

in the same year, and from this genetical uwter li the data on behaviour and

genetical 
 evaluation of the hybridn characteripsticti were were done on a relat ively nimall number of plants 

taken. 
(60) from 

The 
each 

Investi-
tybrid

gationn 
generation and from parcntnl types. 
 Otherwise, for the genetical evaluation
of the investigated characteristics, forty thousand (40,000) dif,,rvrent measuresmnts and calculationn were made. Due theto environmental effect theon plotoin the field and relatiw' lv nmall number of plants, and due to the fact that
there were no repli ations, tihe ,ffect of ,*xte rnal, non-heritable factors (F)
was great (50Z). Therefore, Ptenotypical components, 
 th6 rdditve variance (D)and the allele dominsnrt' variance (11) wete n-gative for some characteristics,

and therefore useless for thin Inventigation.
 

Only for one hybrid combination van the additive variance (D) 
 a positiveone for all the investigated characteristics. On thin basis we determined thenumber of ao-called effective factors (k) for some characte'iatica. The addi
tive variance (VA - )) deriven from averagetihe additive effect of genes and

Is conaidered gxenotypically fixable 
and very Important. 

An lnvestigatLion such an thin should not be made In openan space which cannotbe controlled, but only in completely controllable conditions of a phytotronwhere It Is posible to evaluate genotypical components. 
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NUCLEAR -CYTOPLASMIC RELATIONS IN THE 
SUBTRIBE TRITICINAE
 

K. Gotoov, P. Popov, and I. Panayotov
 
Bulgaria
 

Research concerned with hybrid wheat breeding in almost all countries where

work on this problem is conducted, centers around practical application
activities, namely the 
breeding of male sterile lines and fertility restorers
 
and the evaluation of their combinin 
ability with the purpose of obtaining

hybrid combinations with high hecerosis effect. Questions related to flower
 
biology in wheat, the pattern arrangements, and method of hybrid seed produc
tion are also widely studied. The results obtained are encouraging and
 
disclose promising perspectives for hybrid wheat, especially in regions with
 
favourable climatic conditions.
 

It must be noted, nevertheless, that studies concerned with theoretical prob
lem and, in particular, studies on cytoplasmic-nuclear relationships which
aim to use 
new sources and to enlarge the enetical foundations of hybrid wheat
 
are comparatively scarce.
 

Almost the entire breeding work concerned with the application of heterosis in
wheat is based on the cytoplasm of 1. $imopheevi, which possesses very good
sterilizing abi.ity for most soft wheat cultivare and has almost no effect on 
the soft wheat phenotype (Wilson and Ross, 1962, etc.). 
 The most important

drawback of 
cms on the basis of T. timopheevi is the complicated mode of fer
tility restorer.tion which makes the breeding of Rf 
lines an exceptionally

difficult task (Main and Lucken, 1968, Nettevich vt al., 
1968). As a rule,

fertility restoration is controlled by 2-3 major genes plus genes with minor
 
effects as well as inhibitor and modifier genes (Talast et al., 196d, Yen et 
al., 1969). Therefore, the seed set of the hybrids is influenced not only by

the restorer, but also by the genotype of the sterile form as well as 
by
 
environmental conditions.
 

besides the I. Ljvj2eevt cytoplasm a number of other cms sources have been 
discovered in Triticum, Ahegi.lop 
 and Soel which are either not well studied,
and for that reason are not used, or posseas some drawbaLks, preventing their 
practical application (Kihara, 1951, Fukasawa, 1953, Mean and Lucken, 1971,

1971a). For thosr reasons the Bulgarian 1hybrtd wheat breeding programme in
cluded the task of searching for new, better cma sources (which possesj a 
simpler system of fertility restor4tion) as well as the comparative study of 
the sterilizing cytoplasms, already kngwn, but still not in use.
 

With this aim, a widely spread hybridization work was carried out during the
 
1970-1973 period, including the genera A.,ilops, Triticuo, etc. and, by way of
 
the substitution backcross procedure, a gradual inclusion of the wheat nucleus
 
in alien cytoplasm wat achieved. 
 In this way 9 new cm& sources were obtained;

namely: An. triuncalls., Ae. aucheri, At. triaristata, Ae. biuncialts, At. 
cglymnarts, An. mmchrochaets, At. comosa, At. heldreichL , and An. reo. (Fig.
1, 2, 3, 4, 5). Sterile analogues of the best, Bulgarian soft whoat cultivars 
are now being developed am well as restorers of tertility. 

Institute for Wheat and Sunflower, Tolbukhin
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These studies have shown that the alien cytoplasm of some sources has a pro
nounced effect, not only on fertility, but on some other properties as well
 
(Table 1).
 

Table 1. 	New sources of cmb and the influence of their cytoplasm* on the
 
phenotype of wheat.
 

No Cytoplasmic donor 	 Influence on growth and development
 

1. 	 equilops auchert Normal growth and development, blight
 
decrease in female fertility.
 

2. 	As. biuncialia Inhibits growth and development, normal
 
female fertility.
 

3. 	Ae. columnaris Strong inhibition of growth and develop

ment, normal female fertility.
 
4. 	Ae. comosa Inhibits growth and development, normal
 

female fertility.
 
5. 	Ae. heldreichii Inhibits growth and development, normal
 

female fertility.
 
6. 	Ae. machrochaeta Inhibits growth and development, normal
 

female fertility.
 
7. 	Ae. recta Inhibits growth and development, normal
 

femaLe tet-111ity.
 
8. As. triaristata 	 Inhibits growth and development, normal


female fertilit0i. 

9. 	Ae. triuncialis Normal growth and development, shortening 
of the period to heading, normal female 
fertility. 

At. triuncialil cytoplasm proved 	most promibinh for practical application among
 
the newly 	found sources. It has a good sterilizing ability for mobt wheat cul
tivars and no unfavourable bide effects.
 

Along with the named genera, subntituting crobseo were mA-Je for the gradual 
inclusion of the soft wheat nucleus into the cytoplabm of 1. monococcum, T. 
abyiflnicum, T. aethiopi('um, T. dicoccum, 1'.dtcoccoldes, T. paleocolchicwm, 
T. polonicum, 1. turanicum, T. hanaltricum, T. &pelta, T. vavilovii, T. 
tunjicidum, Ae. vartabilib, Ac. kts hyi, Ae. Ey indrica, Ae. ventricosa, 
As. lonxissima, Ae. &haronensis, Ae. crassa, and Aq. juvenalis, 

All of those have normal cytoplasm and the plants obtained proved fully fertile
 
or with partial sterility. Therefore, they could not be of use in a hybrid
 
wheat breeding programme.
 

Results from comparative studies conducted by the authors, after considering
 
the main factors of effectivity (sterilizing ability, universality, stability
 
under various conditions and side effects on wheat) as well as foreign refer
ences, gave grounds for the division of all known cms sources into the follow
ing main groups (Table 2): 
1. 	With high sterillzing ability, having no urfavourable effect on wheat. 

a) The T. tUnxPjLhcvvi group to which belong alao T. zhukovsky, T. iovu 
T. militinae, 1. timococcum. b) 	T. ararsticum. c) [. dicoccod (song
Yar~e"i;6-5. dj As. ,-'oltodes. ,T A.' triuncialls.". .
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Table 2. Classification of cm sources of wheat according to their suit
ability for breeding work.
 

Group Peculiarity of cms 	 Sources of cme
 

I 	 High sterilizing ability without Triticum timopheevi
 
negative influence on 'iheat. T. zhukovakyi
 

T. araraticum
 
T. dicoccoides (some varieties)
 
Agljlops apeltoides
 
Ae. triuncialis
 

it 	 High sterilizing ability, slightly Ae. caudata
 
decreasing female fertility. Ae. aucheri
 

III High sterilizing ability, .ith Ac. ovata
 
infavourable influence on growth Ao. triaristata
 
and development. A.. columnaris
 

As. biuncialis
 
As. comosa
 
Ae. heldreichii
 
A.. machrochaeta
 
As. recta
 
T. boeoticum
 
T. ronococcum
 
Secale cereale
 

IV 	 Unsufficient sterilizing ability As. umbellulata
 
4nd negative effect on wheat.
 

2. 	With high steriliting ability but with reduced female fertility.
 
a) As. caudlts. b)Ae. aucheri.
 

3. With high steriling ability but with unfavourable influence on the 
wheat phenotype. a) As. ovate. b) A.. triatisrata. c) As. cglumer[ii. 
d) A*. bjuncialis. a) 1. bsottcu . f)1. monococcum. S) S_. cerals. 

4. 	With insufficient sterilizing ability, a) Ae. umbellulata.
 

Most promising for practical use are the sources which belong to the first
 
group. They have a high sterilizing ability, but no ,infavourabie effect on
 
wheat. So far, only the T. timOpheevi cytoplasm has been used, but as already
 
pointed out, In this case the restoration of fertility is accompanied by a
 
number of difficulties. Therefore, a detailed study of the remaining source
 
from the saw grop 2uggesta itself for discovering a more appropriate cyto
plasm from the plant breeders point of vinw.
 

Besides the studies of cma sources, studies on the genetics of fertility res
toration and on the discovery of new sources of fertility restoration ability 
deserved to be enlarged concerni1ng the T. tilmphervi cytoplasm as well &a the 
still unapplied male sterile sources. At first it ws considered that the 
At sources could be obtained mainly from the tytoplasmic dunor species. For 
this reason the first fertility restorers were developed on thatbasos in the 
cases of A*. ovate, Ae. €od~tg, T. IjmopheevI. boe of the remaining cut 
sources were used as well. Later it was established that, along with the 
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so-called cytoplasmic donor's "proper" factors, Rf genes could be found in -

other species which are far more distant in their relationship both to wheat
 
and to the sterile cytoplasmic donor.
 

Accordingly in the Bulgarian breeding programme, the aim was set in 1971 to
 
discover new stable and universal restorers of the T. timopheevi cytoplasm.

For 	that purpose wheat male sterile forms were crossed with individual species

of Aegilops, Triticum and Agropyron. In order to establish the presence of

Rf genps in the respective species the authors used certain newly developed 
methods, namely:
 
1. 	Inclusion of the alien species nucleus into T. timopheevi cytoplasm.

2. 	Inclusion of the wheat nucleus in alien species cytoplasm and using the
 

fertile plants of later generations in tests of male sterile forms with
 
T. timopheevi cytoplasm.
 

3. 	Hybridization between sterile wheats possessing T. timopheevi cytoplasm

and alien species and after that backcrossing with normal wheat.
 

4. 	Hybridization between sterile wheat possessing T. timopheevi cytoplasm

and alien species followed by treating with colchicine in order to obtain
 
amphidiploids.
 

The 	results obtained showed that besides the well known restorers, genes res
toring the fertility of male sterile forms with T. timopheevi cytoplasm are
 
present in the following species: Aegilops columnaris, Ae. triaristata, Ae.
 
crease, Ae. juvenalis, Ae. biuncialis, Ae. k'tshyi, Ae. longissima, Ae.triuncialis, Ae. variabilis, and Agropyron glaucum. 
Work in this fild con
tinues and the authors hope to discover new Rf genes. At present the transfer
 
of restoring factors into 
common wheat is being accelerated as well as the
 
study of their stability and universality.
 

Of course, the discovery of new fertility restorers is not the only problem.

In the case of T. timopheevi cytoplasm quite a number of restorers have been
 
found, but the use of this diverse gene pool is as yet very restricted (Table

3). It is evident that, in practice, neac'ly the entire hybrid wheat breeding
effort a constructed on the basis of several sources only i.e./ Marquis 2 ,
 
Marquis , Primepi, T. spelta v.duhamelianum, which, as it is well known, do
 
not possess universal restoration ability. Almost no studies have been con
ducted on the remaining restorers and they are not used for breeding purposes.
Naturally, before they are included in hybridization, their efficiency and
 
the 	mode of their restoring ability inheritance should be studied. No doubt,

there exist among them some which ensure full restoration of fertility and in
 
this way breeding work will be facilitated to a considerable degree.
 

In conclusion, it should be pointed out, that a considerable diversity of cmi
 
sources and of fertility restorers exists which permits a considerable enlarge
ment of the genetical foundation of hybrid wheat breeding. The possibilities

for 	discovering new cms sources and restorers are not yet exhausted.
 

Nevertheless, a most detailed study of this gene pool is necessary to discover
 
1) a sterility - fertility restoration system which is simpler and easier for
manipulation and 2) to discover efficient fertility restorers for the T. 
timopheevi cytoplasm that are highly stable and universal and, if possible,

with monogenic control of the restoration ability. Coordination and close
 
international cooperation is necessary for the solution of this problem.
 



Table 3. Sources of Rf genes for common wheat with T. timopheevi cytoplasm.
 

Sources of Rf genes Restoration degree 


Triticum timopheevi 


QLT. timopheevi-Ae. squarrosa) 
amphidiploid 

T. spelta v.duhamnlianum 

T. macha 

ABD-13 (T. dicoccum Vernal x 


Ae. squarrosa - amphidipl.) 

T. zhukovskyi 


T. polonicum v.vestitum 

T. paleocolehicum

(T. boeoticum-Ac. squarrosa) 

.mphidiploid
 

T. dicoccum v. Hokudai 

v. atratum 

v. K 1725, K 35099, 


K 20544
 
. dicoccoide, v. kotachyanum 

v. spontaneoum 

T. timonovum 

T. durum v. reichenbachii 

i. drum variucies 


MS Bison mutation 

T. aestivum varieties 

Agropyro glauc w (W.A.H. 172) 


Aegilops ovata 
As. columnaris 
Ae. triaristata 
As. crassa 
Ae. J~vr~natis 

Ae. bi jncialis 
Ae. kotschyi 
Ae. longissima 
Ae. triuncialis 
Ae. variabilis 
Secale cereale 

Good to very good 


Partial to complete 


Complete 

Partial 

Partial 


Very good 


Complete 


Very good

Very good 


Good 

Partial to complete 


" ' 

Complete 

Partial 

Very good 

Partial 

Up to 707, 


Complete 
Partial to complete 

Very good 


Very good 

Good to very good 


o 

,,

to 

" 

" 

if 

to 

,of 


Complete 


Authors
 

Schmidt et al., 1962,
 
Wilson, 1962
 
Talaat et al., 1968,
 
Yen et al., 1969
 
Kihara and Tsunewaki, 1966
 
Kihara and Tsunewaki, 1966
 
Kihara and Tsunewaki, 1966,
 
Zeven, 1967
 
Miri, 1968, Haan and
 
Lucken, 1968
 
Kihara and Tsunewaki, 1967
 
Miller and Schmidt, 1970
 
Maan and Lucken, 1972
 

Kihara, 1963
 
Lacadena et al., 1966
 
Krupnov and Hramova, 1970
 

Gilmore et al., 1973
 
Lacadena et al. 1966
 
Skurigina, 1966
 
Kihara aoad Tsunewaki, 1967
 
Bozzini and Scarascia-


Mugnoza, 1972
 
Sasaki et al., 1973
 
Oehler and Ingold, 1966,
 
Zeven, 1967, Haan & Lucken,
 
1968, and other.
 
Nettevitch et al., 1968.
 
Our data
 
Zeven, 1973
 
Our data
 

,,
 
I
 
to 

to
 
,,
 
of
 
,,
 
o 

Gilmore et al., 1973
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SOME NEW RESULTS IN THE FlED OF 
NITOCHONDRIAL COMPLEMENTATION 

F. SagL and Z. Barabt's 
Hungary
 

AlthouSh its biochemical basis is still not clear and its practical value

is still questionable, the mLtochondrLal complementatLon (NC) as a preselection

test for combining ability seems 
to have continued attractivity and interest

for plant breeders. At the 4th International Wheat Genetics Symposium, a 
short account was given about our first results obtained in 1973 with MC in 
a complete diallel system of seven winter wheat varieties (1). Details were
presented at the 7th Congress of EUCARPIA last year in Budapest (2). According
to this, In 21 combinations there was a significant positive correlation be
tween yield/plot of the real hybrids at low plant density and degree of com
plementation in l:l mixtures of the parental mitochondria. Nevertheless, a
 
correlation between yields at high plant density and MC did not exist. 

Again in 1974 all but five of the hybrids mentioned above were sown and their

yields were compared with the corresponding MC values obtained in 1973. The 
correlation between yield/plot at 
low plant density and 1C values was weaker
 
than in 1973. However, the correlation between yields over the two years was

also less expressed. A correlation between yLeld/plot at high plant density
and MC was not present, as was also observed in 1973. 
As for the pattern of

relationship between yield and MC, there was no difference again, because
qualitative agreements between yield and C at both seed rates, qualitative
disagreements between MC and yield at both seed rates, and better quantitative

agreement between NC and yield at low or high seed rate were found, respectively. 

These results show that the MC as a laboratory preselection method is not free
from some uncertainities. Therefore, in order to obtain more evidence of its 
reliability, combinations of the U. S. variety Sturdy with the Russian Bezostaya
I and Kavkaz, the Bulgarian Russalka, the Yugoslavian Sava, and the Hungarian
Szeged Dwarf and 6KT 8001 were investigated both for yield and MC as in the 
earlier experiments (2). 

In contrast to the 
first results, in this set of combinations a correlation
 
between yield/plot at low seed rate as a measure of heterosis and MC values on 
the one hand, or SCA and MC on the other has not been obtained. There was agree
ment between yield heterosLs of the crosses and NC of the mixed parental
mitochondria in three cases only, e.g. Sturdy x Kavkaz, Sturdy x Sava and Sturdyx Szeged Dwarf. However, on a quantitative basis, degree of heterosis and NC
did not correspond each to other even in these combinations. 

The reasons for discrepancy between the first encouraging and the afore-men
tioned discouraging results are not known. 
We suppose that NC and mitochondrial 
activity in general reflect the yielding ability of a given variety rather than
its adaptability. Thus, in case of a less adaptive cross 
having a more sen
sitive energy production and conservation system, a correlation between the
actual yield and NC cannot be expected owing to the overshadowing effect of 
unfavorable environmental conditions, that is, when the variety x year inter
action is significant. This seems to be a reasonable explanation for the
 
contrasting results obtained with MC in wheat, barley, and maize by various
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authors (McDaniel, (3)vs. Ellis et al., 
(4)Sarkissian and Srivastava, (5)
vs Ellis et al., (4) or Zobl et al., (6) and Hanson t al., (7)). McDaniel(8) also points out that the correlation between yield and HC depends considerably on the nutritional status of the plants. 
Consequently, comparative
investigations should be repeated in phytotrons, both under optimal and stress
 
conditions.
 

It was observed on the electropherograms of extracts from combined parental
mitochondria exhibiting complementation that there is an increase in therelative activity of the slower moving anodic cytochrome oxidases compared tothat of the always predominant faster migrating isoenzymes. Since this phenomenon 
occurred more frequently in the mitochondrial combinations showing com
plementation not confirmed by the yields of the corresponding hybrids, we
conclude that these slower migrating cytochroms oxidases are more sensitive
to environmental factors than the faster migrating ones. 
 Changes in isoenzyne
patterns due to environmental effects have already been described 
(9, 10).
 

Besides the Sturdy combinations mentioned above, an additional combination,
Sturdy x PP 1 was also studied using the MC test. A remarkable heterosis(18.57. over Sturdy, the better "parent") was found. Although grain yield data
of this 
cross will for the Uirst time be available this summer 
for comparison
this observation is still of importance with regard to the high protein content
 
of the PP strain.
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YUlURI IIC CW PHYSIOLOGY IN WHEAT BREEDING 

R. A. Fischer
 
Mexico
 

Although I have spent the last 5 years studying the physiology of spring vheat
 
in a low latitude environment, I shall attempt to deal in a more general
 
sense with the important question contained in the title of my paper. Never
theless, I hope you will excuse me if the majority of my examples are drawn
 
from the spring wheat situation with which I am most familiar.
 

Past Role of Physiology
 

The role that physiology has played in the past and present breeding efforts
 
to increase wheat yields has at best been an indirect one. Breeders are fmi
liar with most physiological concept:s and have commonly used some of these to
 
justify selection criteria and ideotypes that in their breeding experience
 
have proved useful. Some concepts have been particularly valuable in this sense:
 
for example, photoperiodism and vernalization which alone explain to a large
 
extent adaptability in wheat. For other concepts however, their appropriateness
 
has never been established experimentally, although this does not mean that the
 
selection criteria themselves are not valid. In other words, the breeder was
 
right but for the wrong reasons, and in any case, the reasons were not essential
 
for genetic progress. To some extent, the use of physiological concepts by
 
breeders is due to physiologists who, with the best intentions, claim to be
 
applying physiology to crop imirovement, but who never quite manage to establish
 
the relevance of their ideas. In this case the physiologist was wrong, but with
 
the right intentions. At best physiology has been retrospective with the tacit
 
assumption that what has happened in the past as judged by a study of a small
 
group of genotypes can be extrapolated into the future. One particular problem
 
in the past has been that of keeping up with the breeders; often the material
 
under study has become obsolete before the study has terminated.
 

Future Role of Physiology
 

Having almost destroyed my case at the outset, I must now change direction. I
 
believe that physiology has a important role, perhaps an essential one, in
 
future breeding for higher wheat yields. There is a good precedent coming
 
from the rice crop for n king such a statement. I think most will agree that
 
much of the rapid progress made in increasing tropical rice yields under good
 
management has been due to the application at the outset of soundly based con
cepts of rice crop physiology. These concepts particularly as related to canopy
 
structure led to the formulation of a tropical rice ideotype (Jennings 1974).
 
In additionx to this precedent with rice, other re~sons for favouring an impor
tatUfuture role for physiology are as follows:
 

(1) 1 cannot claim to know the winter wheat situation, but I believe that with
 
irrigated spring wheats, the rate of yield progress has slowed and perhaps we
 
are now on a yield plateau (Fig. 1). Breeders will inevitably turn their atten
tion not only to new breeding techniques (Frey, 1971) but a':, to physiology.
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(2) Crop physiology is a 
much younger science than breeding. Only in the last
40 years or so has it received any attention (Watson 1968) and only recently
have crop physiologists reached a balanced understanding of the gross aspects

of crop growth, development and yield, and the complex interactions involved
(see for example the recent books of Eastin et al., 1969 and Evans, 1975). 
 Thus
they are now in a 
much stronger position than ever before to contribute.
 

(3) There have been substantial improvements in instruments available for the
rapid measurement of physiological traits in the field. 
 It is now at least
feasible (but not necessarily worthwhile) to measure stomatal aperture, leaf
photosynthesis, leaf temperature, leaf water potential and leaf osmotic potential
in a breeding program. 
New laboratory techniques for the rapid determination

of levels of hormones, mineral elements and even enzymes mean that these parameters could also become selection criteria. The increasing availability of
controlled environment facilities is another technological improvement enhancing

the relevance of crop physiology to breeding (Taylor and Frey, 1972). 
 In fact
already they are being used in regular breeding programs to assess freezing

hardiness.
 

(4) Finally the contact between plant breeders and crop physiologists is closer
 now than ever before. 
The creation of research teams specifically directed

towards improving a given crop and including both physiologists and breeders
(as well as pathologists etc.), such as are seen in the international crop
centres, is a good example of this. 
 The appearance of crop physiology courses
in University departments involved with training plant breeders is
a further

important example of the improvement in communication.
 

I am suggesting that physiology, in particular crop physiology, will play a
greater role in wheat breeding. 
There are many areas where this could happen,

including that of the development of new and unconventional breeding techniques
(such as haploidy or somatic cell culture). However, I would like to concentra~here on the role of physiology in achieving higher yield potentials via

selection, whether in parents or progeny, in
a conventional field-oriented
breeding program. By yield potential, I mean grain yield in the absence of
limitations due to disease, weeds or nutrients. 
 This does not mean of course
that we should not be concerned with breeding for disease control, weed suppression etc.and that physiology does not have a role to play there as well. 
Never
theless yield potential is the key issue in this presentation.
 

Physiological Basis of Grain Yield
 

At the outset it is useful to present a brief summary of the present understanding of the physiological basis of grain yield in wheat. 
In the fifties and
early sixties crop physiologists viewed grain yield inwheat from the point of
view of photosynthesis during the grain,-filling period since it had been est&blished that the 
source of most of the grain carbohydrate was current photosynthesis. Subsequently, various studies have emphasized the role in grain yield

of storage capacity, commonly called sink strength, and meaning the ability of
the grains to store the products of photosynthesis, largely in form of starch
in the case of wheat. 
Finully, the view has arisen that yield is simultaneously

limited by both sink and source. 
An excellent summary of the situation was
presented by Bingham (1971), incidentally a wheat breeder, who stated that "the
relative importance of these source and sink characteristics varies according
to the environment, but itappears that they interact in such a 
way that neither
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is fully exploited in many field situations". Other more recent reviews 
(Thorne, 1973; Evans, Wardlaw and Fischer, 1975) have added little to the basic 
model of grain yield put forward by Bingham. As interpreted by me and illus
trated by my experimental results, this model is as follows. 

An irrigated spring wheat crop in northwest Mexico fixes CO2 approximately 
according to Fig. 2. Thia is essentially related to the solar energy (leaf
 
area index, light interception Fig. 2) and to its utilization in photosynthesis
 
(Fig. 3). At the same time as the crop is growing (accumulating dry matter)
 
it is going through morphogenetic changes, reflected in so-called stages of
 
development or differentiation. Commonly recognized phenological stages are
 
shown along the axis of Fig. 4. Development controls the distribution of the 
products of photosynthesis. Thus dry matter accumulates at first in roots and
 
leaves, then roots, leaves and stems, then spikes and stems, and finally grain
 
(Fig. 5). Also it appears that some dry matter is temporarily stored in stems
 
around anthesis and later moves on into the grains.
 

Improvement in the yield potential of spring wheats through plant breeding,
 
besides involving the elimination of obvious genetic defects, has led to reduced
 
stature and increases in harvest index (HI), that is the ratio of grain dry

weight to total dry weiglit (Ephrat et al, 1965; Fischer and Aguilar, 1975).
 
Total dry matter product ion and presumably basic photosynthetic efficiency has
 
changed little. Modern wheats appear to be distributing more of their dry matter
 
to grain because they kave more grains or in other words, greater storage capaci
ty or sink. A reasonable hypothesis, supported by much circumstantial evi
dence, is that they have more grains because when the spikes are growing, there
 
Is less competition for growing stems (See Fig. 5).
 

Physiological Studies in Mexico - Genotype Comparisons
 

Given this very general picture of the physiological basis of grain yield in
 
wheat I would now like to deal specifically with my studies in Mexico. There
 
spring wheat is grown under irrigation during the dry winter cropping season.
 
This low latitude (around 25 to 300 N) low altitude environment is rather
 
similar to that of much of the wheat growing regions in Egypt, Sudan, Pakistan
 
and northern India.
 

One approach has been to take a large set of genotypes (30 to 40) each season
 
and grown them under optimal agronomic management with, wherever necessary,
 
protection against lodging and disease. A streamlined crop growth analysis
 
has been carried across all genotypes. This last season weekly leaf photo
synthesis and leaf permeability (stomatal opentng) measurements were also
 
included. However for the sake of brevity I wish to present here simply the
 
final grain yields and soma related parameters for two of these seasons (Table

1). The data is given in unusual but hopefully useful manner: for each para
meter the top 25. of the genotypes, the next 25%, the next 25% and finally the
 
lowest 25%.were determined. For each of these groups, known as quartiles,
 
mean yield is shown. The closeness of the relationship of the non-yield para
meter to yield is seen by comparing quartile yields for the parameter to those
 
where the genotypes were ranked by yield itself (first column).
 

The 1970-71 trial in Table 1 contained a wide range of genotypes, some obviously 
ill adapted. These latter constituted approximately the lowest yield quartile. 
For this trial, the best relationships with yield are seen with HI (positive), 
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Table 1. Mean grain yield (zero moisture S/m2) of genotypes constituting the 
four quartiles in rank for each of the parameters shown. One ax
periment in each of two years at CIANO, Mexico; optimal agronomy, 
neglegible lodging and disease; maximum and minimum values of each 
parameter clso shown.
 

Quartile 
number of 
genotypes (n) 

Grain lield 
t/m1 

TDW 
R/m2 

HI 
% 

Height 
cm 

GrainR 
100/m' 

Flowering 
days 

1970-71 
Maximum 709 1840 45 150 204 112 
Minimum 396 1360 27 53 93 80 

1. n-7 647 603 632 479 589 546
 
2. n-7 599 564 608 562 609 575 
3. n=8 543 558 530 600 570 571
 
4. nn7 469 530 490 608 486 560
 

LSD 57. between quartiles - 29 
1973-74 

Maximm 726 1730 49 127 210 100 
M4i nimum 485 1310 33 50 130 72 

1. n*8 691 647 662 0')5 653 634 
2. n-7 654 663 657 623 663 639
 
3. n=7 623 604 623 677 642 644
 
4. n=8 573 622 599 638 587 625
 

LSD 57% between quartiles - 25 

* TDW - Total dry matter; HI - harvest indx 

height (negative), grains/M 2 (positive) and to a lesser extent total dry weight
 
(positive); days to anthesis shows no relationship. It should be emphasized
 
that these relationships were found in the absence of lodging.
 

The second trial shown (1973-74) contained a more restricted set of genotypes,
 
from which all obviously poorly adapted material had been discarded. What
 
remained was something more equivalent to the advanced generations with which
 
the CIMKYT breeders are presently working. Yields were higher and the yield
 
range reduced. Associations with yield were less obvious, especially for
 
height, but were in the same directions as before.
 

Amongst many other things yet to be completely analysed, the above studies em
phasize the present association of high yield with reduced stature, improved
 
dry matter distribution and generally increased grains/m2 . It is curious that
 
maturity (day to anthesis) does not appear to be important. One may have
 
expected wheats which take longer to anthesis to develop greater total dry matter
 
and more grains/m2 . There is a tendency for the former but presently no ten
dency for more grains/m 2 ; thus harvest index tends to be less. These trials and
 
others, principally involving different dates of seeding, indicate that the later
 
genotypes spend their extra time during Lhe tillering stage, largely before
 
floral initiation. Increased growth then which leads to greater tillering
 
appears to be of no consequence for yield in our environment.
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Hrvest Index and Numerical Components of Yield 

The consistent relationship between yield and HI has lead us 
to testing aspects

of the usefulness of HI as a selection criteria. 
In 1973-74 forty homozygous

genotypes 	were grown as 
spaced plants, where the distance between plants (about

60 cm) was similar to that to be found in an F2 
nursery. The same genotypes
 
were also grown in large plots which were adjacent to the spaced plants and
 
were managed identically. 
The aim was to see what characters measured on the
 
spaced plants would predict performance in the more relevant large plots,

where mean yields ranged from 485 to 764 g/m2 
(dry grain). Grain weight/plant

and other numerical components of yield were of little or no value 
as yield

predictors (Table 2). On the other hand HI and especially HI determined on 
central shoots of the plants showed a strong positive relationship with the
 
plot yields. There were good physiological reasons to expect such results.
 
Donald (19f8) has pointed to the vast difference in environmental resources
 
available 	to spaced plants compared 
to plants 	in a crop. It is not surprising

that performance under the one situation is not closely related to performance

under the other. On the other hapJ HI, a distribution ratio, appears to be
 
rather stable in the face of changing resource 
level: increased competition

reduces tillering and total dry weight but the distribution of dry weight within
 
the remaining tillers is largely unaltered. Spaced plant HI correlated closely

with plot HI (r-0.75**) and the 
mean HI across all genotypes was similar in each
 
situation (45% for spaced plants, 42 
 for plots).
 

Table 2. 	Phenotypic correlations between genotype means for grain yield

measured in large plots and various characters measured on spaced

plants; 40 genotypes, CIANO, Mexico 1973-74. 
Large plots yields
 
involve a small correction for stripe rust.
 

Character 	measured 
 Correlation
 
on spaced plant 
 coefficient
 

Grain weight/piant 
 0.31*
 
Spikes/plant 
 -0.11
 
Spikelets /spike -0.07 
Grains/spikelet 0.28 
Kernel weight 
 0.32* 
Grains/plant 
 0.04
 
Harvest index/plant 
 0.54**
 
Hrvest index/shoot+ 0.65** 

+ Determined on single central shoots taken from the spaced plants.
 

The application of these results to real F2 
populations is complicated by

heterozygosity. 
There is the possibility of interplant competition (see Hamblin
 
and Donald 1974) and further segregation, and also the problem that the sample

size now becomes a single plant,not 20 or so homozygous plants as in the above
 
study. 
 On the other hand the logistics of measuring HI on many plants in the

field does not seem to me a serious limitation, especially if the measurements 
are made only after the elimination of plants with obvious genetic defects. 
Rosielle and Frey (1975) recently reported on the use HI as a selection criteria 
in oats where in the absence of heading date and height variation HI was closely
 
related to yield.
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The above results serve to illustrate another point; namely that the numerical
 
components of yield are not very useful predictors of yield. Breeders have
 
long been aware of compensation between yield components due to competition for
 
limiting resources (Adams 1967; Nickell and Grafius, 1969). Many studies have
 
confirmed the restricted usefulness of these components as selection criteria,
 
largely because the interdependence of components means that associations be
tween yield components and yield are often not linear and because the optimum
 
levels of components varies with environments and population (Byth, Caldwell,
 
and Weber, 1969; Frey, 1971). Nevertheless I wonder how many breeders would
 
agree with Bingham (1971) who pointed out that "high yielding varieties may
 
differ considerably in number of ears, spikelets per ear and grains per spikelet"
 
and concluded that "probably no one of these components has a special advantage
 
in reaching higher yields". I conclude, with some reservations about extremely
 
high values of this component, that grains/m2 is what really sums up the effec
tiveness of the preanthesis period and as a physiologist I am inclined to approach
 
its control from the point of view of dry matter production and its distribution
 
in this period. I also fail to see the importance of thc many reported diallel
 
and related genetic studies which attempt to measure the association of yield

with its numerical components. In the cases where yield is measured on spaced
 
plants or even microplots, the relevance of the conclusions to understanding
 
per hectare yield are at best very dubious and at worst downright misleading
 
(for example there is a strong tendency to overemphai;!Ize the importance of til
lering and spikes/plant).
 

Environmental Manipulation of a High Yielding Variety
 

Returning to the physiology studies in Mexico, besides the comparisons of many
 
genotypes mentioned above we have adopted another major approach to the question
 
of understanding yield limitations. One of the highest yielding genotypes the
 
dwarf variety Yecora 70 was chosen, grown under optimal agronomy in the field,
 
and subjected to various environmental manipulations at different stages of
 
development. These manipulations included shading, thinning, crowding, carbon
 
dioxide fertilization, cooling, heating and finally photoperied alteration. We
 
now have results for 2 to 5 seasons in the case of each factor mentioned.
 

The shading results have been summarized (Fischer (1975). Figure 6 is an example
 
of the responses observed. Shading always reduced crop dry matter accumulation.
 
However shading up until 55 days after seeding (10 days after termiual spikelet
 
formation at the main shoot apex or approximtely the jointing stage) has little
 
effect on grain yield. Shading from 55 days until 85 days (just before spike2
 
emergence) always red ced yield, often substantially, due to reduced grains/m
 
(via reduced spikes/m and reduced grains/spikelet). This period corresponds to
 
that of maximum dry matter accumulation in the growing spike (see Fig. 4). The 
effect of shading after flowering, during grain filling, on kernel weight and 
grain yield depended on the grain number/ml of the crop. When grains/m2 was low 
(1972-73) yield reductio;s with post-anthesis shading were small; on the other 
hand when grain number/m was high (1973-74) reductiorewere greater. It is not 
surprising that the response of yield to reduction in post-flowering photosynthate 
depends on the demand or sink for such photosynthate. It is perhaps surprising 
that the year to year variation in weather is such that in some years (2 out of 
5) the crop is substantially sink limited and in other (3out of 5)much less so. 
This largely reflects variation in solar radiation, and to some extent temperature 
in the period 1 month prior to anthesis. 



- 184 -


The other types of environmental mtipulatLon employed generally supported theconclusion that the period of dry matter accumulation in the growing spikesis the most crLtLal for yield in the Mexican environment. Pre-anthesis treatmnts which increased graLns/m 2 (CO2 fertilizatLon, coiiing) lead to greater
grain yield thereby demonstrating that the crop has the post-anthesLs photosynthetic capacity to fill more grains. 
Bingham (1971) and Thorne (1973) work-
Ing inother environments have also emphasized grain number as a major yield

bottleneck.
 

The post-anthesis period has already received considerable attention from
breeders (through selection for greater and longer-lasting leaf area). 
 Also
the unused genetic potential for kernel weight An the crop situation in Yecora
70, being about 25%, is markedly less than that for spikes per plant or floretsper spLkelet (50 to 757. of the former and 507. of the latter presently succto light competition in the crop during the above meatLoned critical period).
These points and the above results from pre-anthesLs treatments suggest that
the easiest path to yLeld Improveuent may be through increasing dry matter accumulation in the growing spikes. 
Alternatives here include increasing total
crop photosynthesis during this critical period. 
 Since this corresponds to
a period of high leaf area indices and since most current varieties have a more
horizontal leaf orientation, increasing leaf erection should theoretically
increase crop photosynthesis. A second alternative is to increace the fraction
of photosynthetic products going to the growing spikes; this however touches
on an area of great ignorance. How this partitioning is controlled when there
are competing sinks in this case growing stem 
and growing spikes is not understood. 
 I favour a third alternative: that is increasing the duration of the
period during which the spikes grow. 
It was possible to do this artificially
by cooling the crop during the period: dry matter occumulatLon in tb.* crop was
probably unaffected while the rate of development was slowed, more graLns/m2
and higher yield resulted. 
The challenge is to delay development in this period
genetically. We know that development in earlier periods before and during
spikelet differentiation is under genetic control; independent genetic control
of the length of the period of dry matter accumulation in the growing spike is
required. 
 Pinthus (1967) has pointed to the potential of winter by spring wheat
crosses as a 
way of favorably modifying the phenologLcal pattern of spring wheats.
Pugsley (1971) has taken advantage of such crosses and for these and various
other reasons, the International Maize and Wheat Improvement Center is heavily
engaged in spring x
winter crosses (CIO4YT, 1973). My results would suggest
that the striking increases in spike size seen in progeny of such crosses and
coming from a longer re-floral initiation period are less likely to lead to
increases in graLns/m 
than would Increases in the length of later developmental

periods.
 

Physiological Selection Criteria and Their Verification
 

This rather long discussion of my physiology research program serves to illustrate the basis upon which physiologists suggest ways plant breeders can
further increase yield potential. Often these suggestLonsLnvolve selection
criteria, which in general are based on the following:
(1) Simple 'rafts controlled by few genes: these are largely morphological
(height, awnedness, waxiness, leaf size) or phenologLcal (daylength insensitivity).
 

(2) Traits thLch from the physiological point of view are of intermediate complexity and ought to Involve more than a few genes, for example photosyntheticrate per unit leaf area, nitrate reductase activity, photorespLratLon.
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(3) Complex traits. controlled by many gene, but necessarily close to yielditself, otherwise the effort involved in measuring them is not worthwhile; for
example harvest index, leaf area duration after anthesis.
 

It goes without saying that with any potential selection criteria it must bepossible to assess 
large numbers of individuals quickly if it is to be used
for selecting progeny. 
However man's ingenuity in devising economic and ef
ficient screening techniques is surprising if the trait involved is of sufficient potential value (for example see Moss, Krenzer and Brun, 1969). 
 In addition more expensive screening methods could be justified in the 
case of selection
 
of potentially valuable parents.
 

In all cases with selection criteria it is implicit that yield variation is
related to variation in the trait proposed. The relationship is commonly

assumed to be 
linear, but it could be curvilinear leading to the possibility

of an optimal levtl of 
the trait for maximum yield. This has often been reported for numerioal components 
 of yield; for example when yield is considered the product of grain/m 2 and kernel weight, the commonly observed inverse
relationship between the 
two under competition implies an optimum number of
 
grains/m 2 for maximum yield (Graflius, 1971).
 

The strong positive relaL&ionships of reduced stature, and daylength insensitivity at low latitudes, 
to yi6td have been particularly helpful to breeders.

However it seems unlikely that other simple traits which have such a strong

influence on yield will be uncovered. 
Rather the effect of such traits will
depend to a considerable extent on the environment and on the level of many

other characters in the genotype. 
Thus seasons and populations in which

traits are studied have substantial effects on relationships. For example in
Mexico in some years post-anthesis photosynthate supply was 
less important for
yield than in others; related characters such as flag leaf area may show similar variation in their relationships to yield. 
For such reasons relationships
which are relevant to breed. nE hrcgrams fthat is 
ones determined on an appropriate sample of genotypes and seasons) aro unlikely to be very strong. 
Another
 way of saying this is that there are many paths 
to high yield and especially

in the case of traits physiologically-removed from grain yield, many other
 
traits are also involved in determining high yield.
 

Correlations with yield, although statistically significant, may show coeffi
cients of only 0.3; thus 
there are many exceptions to the rule. Even with
correlations of 0.8 or 
better, determined breeders have the ability to find
striking exceptions. 
 This does not mean that the rule was not or is no longer
useful, unless of course it was based on linkage groups which the breeder has
broken. Generally it means 
that other characters with positive effects on

yield have been brought in thereby displacing upwards the yield relationship
with the original character. 
 Thus I believe that significant r values of 0.3
 
or higher are useful especially as it ia possible to combine a whole series
 
of such yield-related characters into selection indices.
 

It is not an easy task to satisfactorily test the importance of a trait as a
potential selection criteria. Alternatives here have been discussed by Hill*

Ris Lambers (1973). Sources of variation must first be located, after which
this variation is incorpcated into a more or less 
common genetic background.

The methods of Lsogenic pairs or population isogenlcs can be used. The trait

of interest however must be tested in several genetic backgrounds, iu other
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wIords mny isogenic pairs or several populations. For this reason it 
seem 
that the isogenic population method is more appropriate although perhaps the 
diallel selective mating system of Jensen (1970) could also be employed here. 
It would enable th. creation of a single large population containing all
 
relevant genetic backgrounds. With the population methods a large number of 
more or less homozygova lines exhibiting variation in the character are final
ly derived for extensive yield testing. In other wordb to properly test a 

-suggested selection criteria requires a swAll breed:Lng program (with the co m 

pensation that useful genotypes may be generated ill buch a project). There 
are understandably fev examples of such population studies (for example those 
of McNeal, Baldrige and Berg, 1969; Berdahl, Rasmussen and Ross, 1972; Lebsock,
 
Joppa and Walsh, 1973), yet this appears to be the only satisfactory way to 
get the physiologist's suggestion tested and, if successful, adopted by pleat 
breeders. There has been too much hypothetical discussion of the merits and 
demerits of different plant features and too few thorough efforts to test these 
ideas. In the CIMMYT physiology program such a study to test the importance of 
erect leaves was initiated two years ago by Dr. Htlle Ris Lambers. Even so it 
may prove too time consuming for its completion exactly along the lines out
lined above.
 

Physiological Understanding and Short-cuts to High Yield
 

The magnitude and tedious nature of the studies required and the fact that in 
the final analysis one's predictions of further yield progress (beyond that ob
tained in the actual study itself) always involves extrapolation, will tend to 
preclude wide adoption of the above kind of breeding-physiology. Many will
 
prefer to take a reverse route whereby the best physiological knowledge, albeit
 
obtained from a limited sample of genotypes, is combined with breeding experi
ence in the formulation and construction of ideotypes, where theoretically all
 
characters are optimised, or in the more feasible stepwise modification of key
 
limiting characters in the highest yielding genotypes presently available.
 
Examples of the latter are seen in my suggestions for making the leaves of
 
Y¥cora 70 more erect and lengthening its spike growth period. There may be
 
much scope for identifying parents which when crossed ought to be physiological
ly complementary: for example the crossing of materials with excess post-anthesis
 

2
photosynthetic capacity or source to those with excess grains/m or sink. Evans
 
(1975) refers to the possibility of steady stepwise progress in the past and
 
into future through the small improvements first of sink, then of source, then
 
sink again etc. The chances of quick yield progress seems greater following
 
these lines (for example the tropical rice experience) yet there will be many
 
failures and one will never be quite sure whether the progress occurred because
 
of or despite the conceptualizing. One recent development which may eventually
 
prove very useful here is the construction of physiologically-sound dynam.c
 
models of crop growth and yield. However wheat compared Zo other crops his as
 
yet received relatively little attention from crop modelers (see Evans 1915).
 

Yield Testing
 

I have explored two somewhat distinct approaches to the application of physio
logical knowledge to breeding for greater yield potential. However in both 
cases the situation is rather complex and therefore the likelihood of very 
reliable predictions not great. A pragmatist may conclude that the only way 
is to select directly the yield, and in or- more pessimistic moments, I am 
Inclined to agree. However measuring yield is not easy. For example I believe
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that yield masurements on spaced plants in many environments are of little
 
or no value, and once plants with obvious defects have been discarded one
 
may as well take plants at random. Studies conducted by breeders have tended
 
to support this (McGinnis and Shebeski 1968; Knott, 1972). Nevertheless
 
several other alternatives for obtaining a more valid estimation of yield
 
ability in early generations have been proposed. These include testing F2
 
or F3 bulks in reasonably large plots (Busch, Janke and Frohberg, 1974).
 
Kicroplots whether they be hill plots (Frey 1965; Rasmusson and Cannell,
 
1970), miniature rod rows (Jensen and Robson, 1969) or other devigns (for
 
example Briggs and Shebeski, 1971) also attempt to approximate the competitive 
environment of a crop, in these cases with the limited amount of seed avail
able from single F2 or F3 plants. However one must remember that yield pre
dictions from results so obtained are generally far from perfect. In my experi
ence under Mexican conditions correlations between microplot and large plot
 
yields were not very high. In this environment where water and nutrients are
 
supplied in abundance light is the major limiting environmental resource.
 
Thus I believe that the breakdown in the relationship comes from light competi
tion between adjacent microplots due principally to differences in height and
 
spreading ability of the genotypes, factors which have nothing to do with yield
ing ability in large plots (see also Hamblin and Donald 1974). Even in larger
plots, small height differences can confound genotype yield differences to a 
surprising extent if the whole plot is harvested (Tovey et al. 1973). Thus a
 
simple thing like measuring the yield of a reasonable sample of progeny from 
a cross is either fraught with uncertainty (microplots) or dependent on sub
stantial resources in land and time (large plots).
 

Conclusion
 

In conclusion I leave you with another uncertain prediction: that is whether
 
crop physiologisto will be present at your meeting in some 10 years time. In
 
the final analysis, so in mary of the aforementioned questiono the subjectivity
 
of the predictor enters into the question. Thus my feelings and hopes are
 
that physiologists will prove of even greater value to plant breeders during
 
the next 10 years than during the past and therefore will be present ingreat
er numbers in future meeting3. I do think however that this will depend in
 
particular on crop physiologists working more closely with vigorous breeding
 
programs and in fact engaging in breeding projects themselves. This in turn
 
could be facilitated in many cases by a broader training for physiologists and
 
expecially breeders, and in reorganization of agricultural research so ah to
 
bring breeders and physiologists together in viable crop-oriented research
 
teams. 
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..Figure Captions
 

Fig. 1. Yield progreee in spring wheats of Mexican origin. Yield shown as a 
% of,Siete Cerros 66 which was always present in the International trials (top 
graph). In the physiology trials at CIANO, Yecora 70 was the common variety; 
Siete Cerros 66 was frequently present and yields were converted to the Siete
 
Cerros base using a ratio of Yecora 70 to Siete Cerros 66 yields of 1.07
 
(n-l0). Only top yielding varieties shown for international trials; all vari
eties released in Mexico shown for physiology trials. For international trials
 

points are the average of from 60 to over 400 site-years. For the physiology
 
trials yields are the average of at least 3 trials covering at least 2 of the 
5 years shown; more commonly they represent 8 to 10 trial-years. In the phy
siology trials disease was negligible and lodging prevented in taller varieties.
 

Fig. 2. Total dry weight (TDWg/m2), photosynthetic area index (PAl), light
 

transmission (at soil level) and solar radiation for a crop of the dwarf spring
 

wheat variety Yecora 70 grown under optimal agronomy at CIANO Mexico in the 
1973-74 winter season. Total dry weight does not include roots, Light inter
ception by foliage a 100 - light transmission. 

Fig. 3. Crop growth rate (g/m2/day) and growth per unit radiation intercepted 
by the crop (g/Mcal) for the crop of Fig. 2. 

Fig. 4. Distribution of total dry weight (including roots) in the crop of Fig.
 
2. Root fraction estimated from root/shoot ratios obtained in other experiments. 

Also shown is live shoot number ( /m2 ). 

Fig. 5. Approximate distribution amongst key organs of the increase in total
 

dry weight at different times in the life of the crop shown in Fig. 2. Note
 

the figure does not consider transfer of dry matter from one organ to anotLer
 

after temporary storage in the former; transfer from stem, which decreases in
 
dry weight, to grain, thereby augmenting its increase in dry weight, is quite
 
important from day 110 onwards.
 

Fig. 6. Grain yield as a percentage of control for single shading periods in
 

1972-73 and 1973-74; Yecora 70, CIANO. In 72-73 shading was of 3 weeks duration
 

and 657. intensity; in 73-74 it was of 2 weeks duration at 67% intensity. Pointb
 
are shown at the middle of the shading period to which they correspond. 
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PHOTOPERIODISM, VERNALIZATION AND
 
ADAPTATION IN COMMON WHEAT
 

Zdravko Martini'
 

Yugoslavia
 

Photoperiodism
 

The reeponse of wheat varieties to photoperiod is of a quantitative nature.
 
This reaponse does not only depend on genotype examined and the day length
 
applied in the experiment, but also on some other growth and development

factors. For example, favorable day length and higher temperature of spring
 
sowing will not influence, usually, the development rate of winter varieties,
 
if their vernalization requirement has not been saturated by adequate sowing

time or presowing cold temperature treatment of 1-10 0C. On the other hand,
 
low temperature stimulating the vernalization process in winter varieties does
 
not stimulate their response to photoperiod.
 

Numerous genotype-environment interactions which modify the response of vari
eties to photoperiod seem to occur frequently in natural environments when wheat
 
varieties, especially spring types, are grown under natural day length close to
 
critical day length of the given varieties. In such a situation two varieties
 
which are very similar under experimental conditions can clearly differ in their
 
response to natural photoperiod, because of differences in the range of a criti
cal day length among varieties and genotype-environment interactions. This
 
clearly shows the quantitative nature of the phenomenon discussed.
 

Different investigators use different criteria for a quantitative evaluation of
 
response to photoperiod of varieties (Kirby, 1969 and others). The best method
 
from the stand-point of practical plant breeding is undoubtedly the one by

which the varieties and early generations are examined under two or more natural,
 
photo.eriodically contrasting, environments. Although this method does not
 
allow separation of the response of varieties to day length from their response
 
to all other environmental factors and their interactions, it does allow measure
ment of response to photoperiod as a part of a more important and more complex

characteristic of varieties known under the term adaptation width. 
 This method
 
of evaluation was extensively used by CIMMYT scientists (personal communications)
 
and was efficient in producing varieties both widely adapted and with low sen
sitivity to photoperiod. But the testing of response to photoperiod by this
 
method is primarily available to big international programs and, to some extent,
 
to those scientists cooperating in such programmes.
 

In our investigation since 1962, the quantitative criterion used for response
 
of varieties to photoperiod has been the delay of heading caused by shortened
 
natural day length of 11 1/2 hours as compared to the number of days to heading

of the same genotype grown in the same experiment under the natural long day
 
conditions of 13 1/2 to 15 3/4 hours. The shortened photpperiod treatment
 
started with the 3rd leaf stage and was applied for 50 days. Thereafter, all
 
variants were grown under the natural length day of about 15 hours. 
 Some details
 
of the method follow:
 

Department of Genetics and Plant Breeding, Faculty of Agriculture, University of
 
Zagreb and the Institute for Breeding and Production of Field Crops, Zagreb.
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Darkening boxes - The varieties were covered from 5:30.p."m. to 6:00 a.m. and, 
thus, the day length of 11 1/2 hours was realized.
 
The temperature in the darkening boxes was 0.5 to 10C higher than that in the
 
open air in spite of the fact that there was a free air flow in the darkening
 
boxes.
 
The experiment was conducted in three replications with day length as a factor
 
of the first order and the varieties as a factor of the second order.
 
The varieties were arranged for each replication at random and the arrangement
 
was the same for the different day length treatments in a replication.
 
It is seen in Fig. 1 that delay of heading was dependent primarily on the geno
types. The data represent well the long term results based on the investiga
tion of 139 varieties in one or more years. There are two clearly distinguished
 
populations of genotypes: one with low (L) sensitivity to photoperiod (the range
 
of the response from 3-13 days) and the other with high (H) sensitivity (the
 
range from 23-33 days). Only one variety i.e. Centurk from Nebraska, showed a
 
response between the two groups.
 

The method we used is also a complex one and it does not allow measurement of
 
exactly the response of a genotype to photoperiod only. However, it is simple,
 
inexpensive and produces sufficient amount of differentiation among varieties
 
and repeatable results which fit fairly well with the response of genotypes to
 
different natural day length in international trials.
 

Names of varieties after abbreviations in Figure 1. 

Abbreviation Name Abbreviation Name 
AKm Akakomugi Mrn Mirna 
Aur Aurora Mnh Minhardi 
Be Bezostaya-l Mnt lMentona 
Blb Blueboy Mr N Mars Nimrod 
CE C. Elia Nd-63 Nadadores 63 
Crb Caribo ND Nord Desprez 
Crs Chris Nr-60 Nainari-60 
Crm Crim NS-602/67 NS-602/67 
Ctk Centurk Nt Newthatch 

:Clg Cologna Pd E Probsdorfer Extrem 
Et Etoile de Choisy Rna RanaJa 12 
alb Golija-belija/l Slk Selkirk 
Gns Gaines Slv Slavonka 
Gtr Gentile rosso Sw Sava-67 
Ini Inia 66 S.P. San Pastore 
Kvz Kavkaz Tmw Timwin 
Lblt Libellula U-1 U-1 
Le- Leone Vgk Vigorka 
If". Lilifen W1 Zlatna Dolina 
M"808 Mironovskaja 808 7 C Siete Cerros 

Vernalization Requirement
 

Although the genetic variation of vernalization requirement seems to :beunder
 
simple control, like that of photoperiodism, the phenotypic..expression ofthe
 
trait is of a quantitative nature.
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Effective vernalizing temperature varies in the range of -6 to 150C with an
 
optimum between 1 to 70C (Hansel, 1953). According to some authors, under
 
short day conditions, the vernalization process is running slowly up to 250C
 
(Dolguin, 1962). In our experiments (Martini6, 1974), under long day condi
tions, the winter varieties San Pastore and U-i headed erratically at about
 
140 	days when sown with unvernalized seeds and grown at a temperature above
 
150 C. In the same experiment the vernalized controls headed uniformly at 45 
days (San Pastore) and at 59 days (U-I). The response of varieties to ver
nalization treatment may be influenced by the temperature at the time of embryo 
development and by the temperature applied after vernalization treatment. All 
other growing factors influencing growth and development of varieties influence 
directly or indirectly the response of varieties to vernalization treatment. 

There are three main groups of varieties according to their vernalization
 
requirement.
 
a. True spring wheats - which do not respond at all or respond very little to 

presowing vernalization treatment. 
b. Intermediate types - which head uniformly in spring sowing when sown with 

unvernalized seeds but delay heading for a certain number of days in com
parison with vernalized controls, and 

c. 	True winter wheats - which do not head at all or do not head uniformly and
 
strongly delay heading when they are spring sown with unvernalized seeds.
 

However, this classification is very general because there are continuous quan
titative differences in response among varieties, especially in the second and
 
third groups (Martini6, 1964, 1967, 1973).
 

The responses of some spring, intermediate, and winter varieties to vernalization
 
treatment in sprouted seeds from 0 to 60 days at 1 to 40C when grown in natural
 
spring environment near Zagreb, Yugoslavia are as follows:
 

'Newthatch' (USA) does not respond to vernalization treatment and belongs to
 
nearly true spring wheats.
 
'Abbondanza' (Italy) delays heading for 10-12 days with nonvernalized control
 
and belongs to intermediate wheats.
 
Winter wheat 'Minhardi' fails to head uniformly if vernalized for less than
 
30 days.
 
Winter wheat 'Bezostaya 1'fails to head uniformly if vernalized for less than
 
40 days.
 
Etoile de Choisy fails to head uniformly if vernalized for less than 50 days, and,
 
Heine VII fails to head even when vernalized in sprouted seeds for 60 days.
 

Adaptation
 

There are two opposite types of adaptation in common wheat i.e. wide-general and
 
narrow-specific adaptation which primarily exist in theory. The commercial
 
variety specifically adapted to a certain growing region should be, in fact,
 
generally adapted to the climatic variation in that region when grown extensively
 
there for a certain number of years. However, genotypes in collections and lines
 
of breeding programmes as well as commercial varieties do differ in their adapta
tion width if tested by different methods and investigators (Finlay 1963, 1968,
 
Allard and Bradshaw 1964, Johnson, Schafer and Schmidt 1968, Bell 1972, Stroike
 
and Johnson 1972, Schmidt, Johnson and Stroike 1972 and others).
 

Although the spread of a variety does not depend on its adaptation type only but
 
on many other factors which sometimes do not have anything to do with the biology
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ofa variety, the width of spread of a variety is highly and ultimately related
 
to its adaptation type. Many famous varieties like 'Marquis' in Canada, 'Kharkov'
 
or 'Selkirk' in the USA, 'Sirban Prolific' in Yugoslavia, 'Bankuty' in Hungary,
 
Yugoslavia and some other countries,'Capelle Desprezlin England, and interna
tional varieties like Mentana, Florence-Aurora, San Pastore, Libellula, 
Bezostaya 1, Siete Cerros and others became famous primarily because of the width 
of their adaptation to the agro-climatic conditions in regions where they were 
widely grown. 

The outstanding performance of a variety in regional or international
 
trials does not mean necessarily that the variety will be an outstanding perform
er on farmers' fields where genotype-environment interactions are fully expressed.
 
The regional and international nurseries offer the possibility for evaluation of
 
adaptation width of cultivars. In trying to understand the performance of vari
eties in the International Winter Wheat Performance Nursery (IWWPN) 1969-74, I
 
compared in each year the average yield of the variety Bezostaya-l with high
 
yield performance and high stability with the average yields (1) of the maximum
 
yield varieties group, (2) of the minimum yield varieties group and (3) of the
 
all varieties group (Table 1).
 

Table 1. Results of the International Winter Wheat Performance Nursery, 1969-1974.
 

All sites Min.-yield Top-yield Max.-yield 
Year and vars. varieties variety varieties 
(No. 
sites) 

No. 
var. Yield 1/ 

No. 
var. Yield-/ q/ha Yieldl/ 

No. 
var. Yield!/ 

1969 23-30 78.4 12 33.4 Bezostaya 1 10 112.9 
(19) 43.0 100.0 
1970 28-30 76.0 14 31.6 Bezostaya 1 15 115.0 
(33) 39.6 100.0 
1971 20-30 86.9 15 40.7 Blueboy 17 124.9 
(30) ........... . :_ 41.2 101.7 
1972 28-30 83.7 11: :35.5. Bezostaya 1 17 127.7 
(33) 42.3 100.0 
1973 30 89.9 7 37.1 Sava 14 133.5 
(33) 44.8 115.5 
1974 30 91.1 11 50.5 Kavkaz 17 129.9 
(38) 44.5 106.4 

1/ In relation to Bezostaya 1.
 

It is seen in Table 1 that the maximum yield varieties group consisting of 10 to
 
17 varieties out of 30 (depending on the year), gave a yield of 25 to 34. higher
 
than that of the variety Bezostaya 1. Much closer to the yield of the maximum
 
yield varieties group was the yield of the top-yield variety Sava in 1973 but
 
there still remains a gap of about 19%.
 

The average yield and rank of top yield varieties which for one or more years
 
ranked among the first five in the IWWPN 1969-74 is presented in Table 2. Three
 
varieties only,i.e. Bezostaya 1, Sava and Zlatna Dolina,ranked among the first
 
five during three successive years of the investigation. The average rank
 
(1969-71) of the variety Bezoataya 1 was 1.7 and that of Timwin, which ranked
 
for two years only among the first five, was 4.0. In the period 1971-73, Sava
 
was first with an average yield ranking of 2.0, Bezostaya 1 was second with 4.0,
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'Table 2. Average yield and rank of top-yield varieties in IWWPN, 1969-1974.
 

Year (number of sites)
Variety 1969(19) 1970(33) 1971(30) 1972(33) 1973(33) 1974(38)


Rank q/ha Rank q/ha Rank q/ha Rank c/ha Rark q/ha Rank q/ha
 

Bezostaya 1L 1 43.0 1 39.6 3 40.2 1 42.3 8 38.8 4 41.8 
Blueboy" 2 40.5 18 29.8 1 42.1 40.5 7 39.3 40.2
7 11 

Sturdy 3 38.8 8 32.2 11 35.8 - - -
TimwinL 4 38.2 2 35.4 7 38.5 .. . . . .

San PastoreL 5 37.2 25 26.6. ,15 :36.3 -  - _A-.-
Scout 9 36.1' ,3 .34.7 12, 35,7: 
 - - . : .Arthur 10 35.8 4 34.1 8 .,37.4 - -


Parker 7. 364 5 .32.9 20, 34.1 
 - . *,-


York Star 13 34.0, 13- 30.9 5 .39.0 - - A.
CenturkL -  - 4 40.0 9,39.2, 4 40.8 -,,.. -

Probsdorfer - - ,6/ 38.6 4, 41.,
 

.ExtremH . 6,38.6 . 4,o.41.0 ,9 38.3 . , .
 
ava-
 - 2 40.5 1,. 41.7. 1 44.8 - -

Dacia . .. . 2
. 41.9'" 6 39.3 9 40.4
 
Ziatna
Dolinal,........ ..
->< , . 5.,....47 3 41.5 .541.6 

KavkazL "... 
 1 44.5AuroraL .. 
 ...... ...
 
BurgasL .. " - 42.1
" 3, 
Mean (20 to 33.7 . '30.2 35,9 . 35.9! 38.1

30 yars.)
 
L lou, H = high, sensitivity to photoperiod
 

and Blueboy was 
third with an average yield ranking of 5.0 respectively. For the

third three-year period (1972-74) Zlatna Dolina ranked first with an average of 4.3,

while Bezostaya 1 was second with an average rank of 5.3. 
 It should be mentioned

here that all five varieties with the highest average yield rankings in the IWWPI

(1969-74) belong to the group with low sensitivity to photoperiod.
 

In the International Spring Wheat Yield Nursery (ISWYN), 1969-71, I compared in

each year the average yield of check varieties group (these should represent the

real yield potential of the nursery, if checks are well chosen) with the average

yield (1)of a top-yield variety (which should represent high yield varieties

with side adapLation), (2)of the maximum yield varieties group (which should
 
represent the maximum yl.eld potential of the nursery), and (3)with the average

yield of all varieties of the nursery. 
It is seen in Table 3 that the average

yield of the maximum yield variety groups was 36 to 45% higher than that of the

check varieties groups were overyielded by the top-varieties by 12 to 15% in
 
three successive years.
 

It can be concluded concerning the yield and adaptation pefformance of varieties
 
that there is a 
gap up to 347 between the average yield of top-yield varieties

and maximum yield varieties groups in the IWWPN, 1969-74. 
There is another gap

even higher, amounting to 45%, existing between check varieties groups and
 
maximum yield varieties groups in the ISWYN, 1969-71. It seems to me that these
two gaps can be better understood and overcome in trials and commercial production

only through intensive cooperative work in breeding and research as well as
 
through free international exchange of breeding material and research results.
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Table 3. The results of the ISWYN, 1969-1971, in relation to the averages of
 
local checks for 57 to 66 sites.
 

Year (number of sites)

Avera ,of group 1969 (58) 1970 (57) 1971 (66)
 
or variety No. No. No.
 

var. q/ha Rel. var. q/ha Rel. var. q/ha Rel.
 

Maximum yield 29 41.1 144.7 24 42.6 140.6 27 
 50.3 135.9
 
varieties
 

Top-yield variety PnJ-62 31.7 111,6 1+ 34.8 114.9 14+ 41.4 111.9
 
Local checks - 28.4 100.0 - 30.3 100.0 - 37.0 100.0
 
All varieties 50 36.5 93.3 50 
 27.4 90.4 50 35.5 95.9
 

+ 	 25 - LR x P-41603
 
3
4+ 22 - LR x NIOB xAne


From 7 varieties or lines wbich ranked among the first five in one or more years

in the period 1969-71, only Siete Cerros expressed high ranking in all three years.
 
No. var. - Number of varieties in the group. 

Some varieties fall in the same group at different sites.
 

Discussion and Conclusion
 

The interrelations of vernalization requirement, photoperiodism and adaptation

width as well as those of vernalization requirement, photoperiodism, life cycle
 
and cold tolerance were discussed in previous papers by the author (Hartinic'

1972, 1973, 1974 and 1975). Concerning vernalization requirement and photo
periodism a variety to be widely or generally adapted should be a near-true
 
genotype with low sensitivity to photoperiod. However, a lot of known and un
known correlation exceptions and compensating mechanisms are needed to make
 
widely adapted varieties.
 

Low sensitivity to photoperiod seems to be of primary importance in spring types
 
grown during the short days of the winter seasons in lower latitudes. In those
 
regions, if temperatures do not fall below 10-150C after sowing for a certain
 
number of days, true spring types are needed.
 

However, much remains to be explained concerning the beneficial effect of low
 
aensitivity to photoperiod in winter wheat regions at about or below 450 of
 
latitude where rapid spring growth starts along with the day length of about
 
or above 12 hours.
 

Improvement of adaptation width of varieties achieved irtsome parts of world
 
through numerous correlation excoptions and compensating mechanisms, if used
 
properly, can help in the improvement of adaptation types of varieties in other
 
parts of the world. Regions at obout or below 450 of latitude represent unique
 
wheat breeding regions (Feekes 1973) in many respects.
 

The intensive cooperative work in breeding and research and especially free in
ternational exchange of breeding material and research results are today of pri
mary importance for the further practical and theoretical progress.
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ROOT STUDIES OF SEMI-DWARF AND TALL WINTER WHEATS
 

J. R. Welsh, Fred Cholick, Fredrick Holbrook and John Pepe

United States
 

With the advent of semi-dwarf winter wheat genotypes on a conercial basis,
 
interest has increased regarding the question of any relationship that might
 
exist between dwarfing genes and root development in these genotypes. Con
cern has been expressed on the part of winter wheat breeders that reducing

the height of the plant will also produce a shortened and inefficient root
 
system. This has been of special concern in drought affected areas of
 
production. The Colorado State University research program has been partic
ularly interested in this question because of extensive use of CIMMYT semi
dwarf genotypes in our breeding program for hard red winter wheats. 
To
 
provide research information in this area, we have conducted a series of
 
studies directed toward the investigation of any relationships that may or
 
may not exist between semi-dwarf genes and root development patterns and water
 
extraction efficiencies. The following is a summary of a series of experiments
 
that we have conducted in wheat root development and water utilization.
 

Neutron Probe Studies 

This experiment was conducted at the Akron, Colorado Experiment Station under
 
dryland conditions. This location receives an average of 430 mm of precipita
tion annually. The experiment was planted on an alternate winter wheat-summer
 
fallow rotation. Two tall and three semi-dwarf genotypes were studied (Table

1). The cultivars Centurk and Trapper represented adapted tall hard red winter 
wheat varieties for the Great Plains. Nugaines is a high-yielding, soft, white 
winter wheat from the Pacific Northwest. It derives its semi-dwarf gene from 
Normn 10. Previous production testing showed it not to be well adapted to the 
dryland growing conditions of the Great Plains. TX65A1268 is a hard red winter 
wheat released by Texas A & M University as TAM 103. It carries the Normn 16 
semi-dwarf gene source. It is quite well adapted to Great Plains production 

Table 1. Summary of average yield and plant height of two tall and three
 
semi-dwarf winter wheat cultivars.
 

Cultivar Yield KZ/ha Plant Height cm 
Akron Fort Collins A/ Akron 

1973 1974 1970 1973 1974 
Trapper 2080 2588 107 87 70 
Centurk 3064 2821 104 82 68 
Nugaines 2162 2225 85 53 56 
TX62A2712-6 2978 2742 81 64 63 
TX65A1268 3506 2890 89 62 58 

!/Irrigated. 

conditions. TX62A2712-6 is a hard red winter wheat from the breeding program
 
at Texas A & M University. It has given good yield performance in the Southern
 
Regional Performance Nursery and derives its semi-dwarf gene from the cultivar
 
Seu Seun 27.
 

Agronomy Department, Colorado State University, Fort Collins, Colorado
 



The experiment was conducted in the 1971-1972 and 1972-1973 growing seasons.
 
The cultivars were arranged in a four replication randomized block design.

Access tubes were inserted in the middle of each plot to a depth of 270 cm.
 
Soil moisture readings were taken at 1-2 week intervals during the growing
 
season at 30 cm increments, using a Troxler neutron probe and scaler. Water
 
loss was used as the measure of each cultivar's rooting pattern. In 1971
72, measurable water was removed to 120 cm depth, while in 1972-73, the loss
 
increased to the 180 cm depth. This difference was due to additional water
 
deeper in the profile in the 1973 season. No significant differences in the
 
total amounts of water extracted were found among the cultivars in either
 
1971-72 or 1972-73 (Figures 1 and 2). TX65A1268 was intermediate in its
 
water use in 1971-72, but used the lowest amount in 1972-73. Other cultivars
 
were grouped very closely in both years. Data showed that there was no dif
ference between the cultivars in the amount of water lost at each depth (Fig.

3 and 4). We also calculated the time sequence at which each cultivar utilized
 
water at any depth. Again, there was no difference between cultivars in this
 
characteristic. This study failed to demonstrate any relationship between
 
semi-dwarf genes and moisture extraction patterns.
 

Radioactive Labeling Studies
 

A second experiment was initiated to utilize radioactivity in determining root
ing patterns of the same cultivars that were studied in the neutron probe

experiments. This experiment was conducted in 1972-73 and 1973-74 under dry
land field conditions at the Akron Research Center. Again, the plots were
 
grown on an alternate winter wheat-summer fallow cropping rotation. The culti
vars were planted in a complete randomized block design with four replications.


32 
At soft dough stage the radioactive isotope p was applied to the foliage of
 
32
one plant in each plot. The p was translocated into all plant parts, in

cluding the root system. After a five-day stabilization period, a soil core
 
was taken directly below each plant and evaluated for radioactivity in each
 
15 Li increment. These data were then used to establish the rooting pattern

of each cultivar at soft dough stage of development. Soil moistures were deter
mined gravimetrically at harvest to compare soil moisture remaining under the
 
different cultivars. Neither p32 data (Tables 2 and 3) nor the soil moisture
 
data (Tables 4 and 5) produced any significant differences between cultivars.
 
All five cultivars produced radioactivity to a depth of 300 cm in both years
 
at this stage of development. The timing and arrival of these roots at any

particular depth were not determined, as the radioactivity was applied at a
 
specific stage of development. The tall cultivar, Centurk, and the semi-dwarf
 
cultivar, TX65A1268 were the high-yielding lines in both years. These data
 
fail to eatablish any relationship between moisture use patterns or rooting
 
depths and the semi-dwarf genes involved in this experiment.
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Table 2. 	 Mean percent p3 2 in the soil profile at 30 cm increments for 
each of the five cultivars at Akron, Colorado, on July 10, 1973.
 

F ratio 
Depth 	 TX62A TX65A Grand d.f. 
in cm Trapper Centurk Nusaines 2712-6 1268 Mean 4. 12
 

0- 30 14.5 18.9 21.1 23.9 14.6 18.6 1.587
 
30-160 16.6 13.0 14.1 12.0 16.8 14.5 .164
 
60- 90 20.7 15.0 16.3 15.3 8.4 15,1 1.55
 
90-120 8.0 9.1 5.0 6.1 6.7 7.0 .325
 
120-150 7.7 111 
 12.1 5.6 12.4 9.7 1.189
 
150-180 4.8 '8.0 4.2 7.6 7.8 6.5. .444 
180-210 6.9 8.7 8.4 7.3 8.2 7.9 .204 
210-240 6.1 5.4 -5.5 9.1 9.6 7.1 1.884 
240-270 7.7 4.6 9.7 5.0 9.8 7.4 .593 
270-300 6.3 6.2 3.6 8.2 5.6 6.0 .910 

Table 3. 	 Mean percent p32 in the soil profile at 30 cm increments for 
each of the five cultivars at Akron, Colorado, on July 7, 1974. 

F ratio
 
Depth TX62A TX65A Grand d.f.
 
in cm Trapper Centurk Nuzaines 2712-6 1268 Mean 4, 12
 

0- 30 18.1 15.4 14.3 9.8 11.1 13.7 .693
 
30- 60 8.0 11.5 6.2 5.5 6.3 7.5 .842
 
60- 90 11.7 11.2 13.3 20.0 14.7 14.2 ".791
 
90-120 11.7 10.3 6.7 11.0 10.9 10.1 .262 
120-150 6.2 4.3 12.4 5.6 5.0 6.7 "1.356
 
150-180 8.9 6.6 
 14.4 13.3 3.8 9.4 4.299*
 
180-210 10.1 9.4 11.2 9.6 11.5 10.4 .054
 
210-240 11.4 7.4 7.8 5.5 14.1 9.2 .594
 
240-270 5.8 14.0 6.8 10.0 8.3 9.0 .816
 
270-300 8.2 9.8 6.8 9.6 14.3 9.7 .656
 

Tukey's Mean Multiple Separation Test, Depth 150-180 cm
 
TX65A1268 Centurk Trapper TX62A2712-6 Nugaines


3.8 6.6 8.9 	 13.3 14.4") 

Tukey's Q.o 5 a 4.85 
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Table 4., Mean percent water in the soil profile at 30 cm increments for,each of the five cultivars at Akron, Colorado, on July 10, 1973. 

Dpth F ratio
TX62A TX65A Grandin cm Trapper Centurk Nupaines 2712-6 1268 Mean 4. 
d.f. 
12 

0- 30 7.2 8.4 8.3 9.3 8.9 8.4 .932
30- 60 9.1 
 8.0 8.9 9.2 9.5 9.0 
 .195
60- 90 7.4 
 7.0 6.4 
 6.7 7.5 
 7.0 .256
90-120 6.7 5.9 
 6.1 6.5 
 6.2 
 6.3 .236
120-150 5.9 
 5,8 7.5 
 7.1 7.1 
 6.7 1.03
150-180 7.3 
 8.6 8.1 
 9.5 10.5 8.8 1.25
180-210 8.6 
 9.3 8.2 
 8.4 10.3 9.0 .4727
210-240 8.9 
 9.6 8.2 
 9.4 10.7 
 9.4 .5688
240-270 7.1 9.2 
 8.0 9.6 
 10.8 8.9 
 .840
270-300 6.0 
 8.5 7.0 
 7.5 10.0 
 7.8 2.00
 

Table 5.1 Mean percent water in the soil profile at 30 cm increments for
each of the five cultivars at Akron, Colorado, on July 7, 1974.
 

Depth F ratio
TX62A TX65A Grand
in cm Trapper Centurk Nupaines 2712-6 
d.f.
 

1268 Mean 4. 12
 

0- 30 12.5 12.6 11.6 13.6 
 11.4 12.3 
 1.839
30- 60 12.6 11.7 11.1 11.6 
 11.6 11.7 
 .8845
60-,90 8.5 
 .7.8 8.7 
 8.1 7.8 
 8.2 2.390
90-120 7.7 
 ..8.4 8.1 8.4 
 9.1 8.1 
 .4283
120-150 6.5. 
 "9.1 8.2 
 8.5 8.5 
 8.1 4.392*
150-180 
 9.6 12.4 
 11.5 12.6 12.8 11.8 
 2.76
180-210 12.0 
 11.2 12.2 
 12.4 12.1 
 12.0 1.656
210-240 12.0 
 10.7 12.4 
 12.5 11.7 
 11.9 1.475
240-270 11.7 
 9.8 11.9 11.9 
 10.4 11.2 
 1.757
270-300 10.5 
 7.8 10.3 10.8 8.8 9.6 
 1.858
 
Tukey's Mean Multiple Separation Test, Depth 120-150 cm
 
Trapper Nugaines TX65A1268 
 TX62A2712-6 
 Centurk
 

6.5 8.2 
 8.5 8.5 
 9.1
 

Tukey's Q.0s 2.08 

Greenhouse Tube Study
 
This experiment was conducted to check our field findings under a set of artificial conditions. The erperiment utilized the same five cultivars which had
previously been studied in the field. 
The experiment was designed as a complete
randomized block with four replications. 
Tubes 15 cm in diameter and 300 cm
in length were drilled with holes 3 cm in diameter and 15 cm apart down the
entire length of the tubes. 
 They were filled with topsoil and the moisture
was brought to field capacity. As the tubes were filled, gypsum blocks were 
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placed in alternate holes with the access wires out through the holes. 
These
 
were used to follow the moisture extraction patterns over time. One vernalized
 
seedling was planted in each tube and a rock mulch applied to the surface to
 
prevent moisture evaporation. No additional water was added during the 
course
 
of the experiment. At soft dough stage the plants were labeled with p32 and
 
root samples were taken horizontally from each hole.
 

In following the moisture extraction patterns over time (Fig. 5-8), the c€,Iti
var TX62A2712-6 extracted less water during the 66-98 day portion of the
 
growing period (Fig. 6-7) than other cultivars. By maturity, this cultivar
 
had extracted approximately the same amount of water as the others 
(Fig. 8).

This would indicate that this cultivar conserves water during the early part

of the vegetative growth period. Nugaines and Trapper e-tracted the greatest

amount of water while Centurk and TX62A2712-6 extracted the least amount of
 
water. All cultivars were removing moisture at the 300 cm level at the end
 
of the experiment. In studying the p32 date, Nugaines and Trapper had the
 
greatest portion of roots at the lower levels of soil profile compared with
 
the other three cultivars. These were the same two cultivars that extracted
 
the greatest amount of water. One of these, Nugaines, is a semi-dwarh while
 
Trapper is a very tall cultivar. Neither the moisture data nor the P data
 
yielded any evidence to show that there was any relationship between dwarfing
 
genes and rooting patterns. This tudy did illustrate that there may be dif
ferent expressions of root development associated with different genotypes

under artificial conditions of measurement. These differences were not observed
 
in the field studies.
 

Greenhouse Water Efficiency Studies
 

This experiment was conducted to measure water use efficiency and rooting

patterns of the two cultivars, Trapper and TX62A2712-6, under artificial con
ditions. The experiment was designed as a complete randomized block with three
 
replications. Containers 61 cm in diameter and 92 cm deep were filled with
 
topsoil and the moisture brought to field capacity. As the containers were
 
filled, gypsum blocks were placed at 15 cm increments. One container of each
 
cultivar was placed on a lysimeter which allowed a daily measurement of total
 
moisture loss. Five vernalized seedlings were planted across each container.

A rock mulch was applied to the surface of each container to eliminate evapor
ation, and no further water was added for the duration of the experiment. The
 
gypsum block data indicated that the tall cultivar, Trapper, used more water
 
more rapidly to a greater depth than did the semi-dwarf cultivar. The lysimeter

data (Fig. 9) indicated that Trapper used a greater proportion of the available
 
water earlier in the growing season than did TX62A2172-6. They had both used
 
approximately the same amount of water by the end of the 
season. The center
 
plant in each barrel was labeled with p32 at the soft dough stage. The data
 
showed that Trapper had a higher percentage of its root activity in the bottom
 

Table 6. Agronomic measurements of Trapper and TX62A2712-6 under greenhouse

conditions.
 

Height 
Leaf 
Arei Tiller Grain 

H20 
Used Grain/cm H20 

cm cm No. ams cm 

Trapper
TX62A2712-6 

94.7 
73.7 

647 
382 

11.2 
9.4 

36.1 
39.8 

13.1 
12.1 

2.76 
3.29 
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one-third of the system than did the semi-dwarf cultivar. Morphological

measurements including height, leaf area, number of tillers, and grain yield

were measured for each cultivar (Table 6). Trapper had an average leaf area
 
of 647 cm
2 and an average of 11 tillers per plant. The semi-dwarf cultivar

had an average leaf area of 381 cm
2 and an avera ge of 9.4 tillers per plant.

Trapper had an average yield of 8.68 gm per plant and the semi-dwarf had an
 
average of 9.69 gm per plant. In calculating water use efficiency as expres
sed in grams of grain/cm H20, Trapper had an efficiency ratio of 2.75 while

the semi-dwarf cultivar had a ratio of 3.28. These data would suggest that
 
this semi-dwarf cultivar was more efficient in the utilization of moisture
 
in production of plant parts and grain yield than Trapper. 
This experiment

also indicates that the semi-dwarf gene does not produce any particular

detrimental effect relative to moisture use efficiency 
under limited moisture
 
conditions.
 

SUMMARY 

Several years of experimental data from semi-dwarf and tall winter wheat
 
genotypes failed to establish any relationship between rooting patterns and

semi-dwarf height genes. 
 Under natural dryland field conditions, all cultivars

performed in approximately the same manner. 
Yields were not reduced because
 
of semi-dwarf genes. All cultivars had root systems to a minimum of 300 cm

in depth at the end of the growing season. Studies under artificial conditions
 
in the greenhouse tended to demonstrate more rooting pattern differences than
did field studies. Again, these differences did not indicate any detrimental
 
effect associated with semi-dwarf. Preliminary evidence under artificial

conditions indicate that there may be a useable variation between genotypes

for water use efficiency. The relationship between water use efficiency and
 
dwarfing systems is not established.
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ASSOCIATIONS OFNITROGEN -FIXINGB'ACTERIA 'WITH -ROOTS 
; !OF FORAGE. GRASS, AND GRAIN SPECIES 

Johanna D6bereiner , John H Day and Joachim F. W. von B(6 low
 
Brazil
 

Introduction
 

"As a consequence of the world energy crisis, interest in research branches
 
which search for ways of supplying the major part of the nitrogen necessary
 
for plant and animal protein production through bioloRical fixation of at
mospheric nitrogen, is growing steadily. Besides legume grain crops and
 
forage legumes, the possibility of obtaining N2 -fixing grasses is being inves
tigated by several approaches. Bacterial geneticists were able to transfer
 
Nif+ genes into several common soil bacteria (Dixon and Postgate 1972) and the
 
possibility of such transfer into the higher plant cells is being studied
 
(Cocking 1975). Rhizobium N2-fixation thought to be confined to the specific
 
legume-nodule environment, has now been induced in vitro by soluble substances
 
excreted by root callus of several non-leguminous plants (Scocraft and Gibson
 
1975, Child 1975). A more immediate rewarding approach seems to arise from
 
the N2-fixing grass bacteria associations which have now been found in tropical 
forage grasses (Dommergues et al. 1973; Balandreau and Villemin 1973; Dubereiner, 
Day and Dart 1972; D6bereiner and Day 1974), rice (Yoshida & Ancajas 1971, 
Dommergues et al. 1973) and maize (Balandreau and Dommergues 1972, Raju et al.
 
1972, BUlow and D6bereiner 1975).
 

In this paper the most important results of these studies are summarized and
 
their potential for more efficient and perhaps increased protein production
 
discussed. Research lines toward this goal are suggested.
 

Haterials and Methods
 

Assays for nitropenase activity Although detailed description of the methods
 
used in all studies is not possible here, a general outline of the methodology
 
is important to properly understand the paper. In most experiments discussed
 
here nitrogen fixation was estimated by measuring nitrogenase (N2-ase) activity 
with the acetylene reduction method (Hardy et al. 1968) with certain modifi
catiom devised for grass roots (D6bereiner et al. 1972, Abrantes et al. 1975). 
These est:1ates have at times been confirmed-by-KJeldahl or 15N analysis

(Rinaudo et al. 1971; D6bereiner and Day 1974, 1975; De-Polli and Salatti 1975)
 
and whenever possible should be accompanied and supported by measurements on
 
intact soil-plant systems.
 

Several assemblies have been used for such in situ assays (Balandreau and
 
Dommrgues 1972; Dart et al. 1973; Day et al. 1975; Abrantes et al. 1975b) but
 
all have severe limitations especially in heavy soils. There are also restric
tions on the number of samples which can be handled and therefore easier and 
more rapid methods had to replace the in situ measurements for all studies 
where large numbers of samples have to be handled, e.g. selecting plant geno
types, regional field surveys and root physiology studies.
 

Empresa Brasileira de Pesquisa Agropecuiria and Universidade Federal Rural do
 
Rio de Janeiro - Km 47, via Campo Grande, ZC 26, Rio De Janeiro.
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Based on recent studies (Abrantes et al. 1975b), the following methodology
 
can now be recommended for N2 -ase activity assays in grass and grain crop
 
roots, removed from the soil: To allow maximal photosynthate accumulation,
 
roots are removed from the soil in the afternoon. Either entire small plants
 
or parts of the roots of large plants are collected with a hoe. The latter
 
was specially useful in maize plants which after assaying were able to
 
continue growth and produce seeds (Billw and D16bereiner 1975). The roots are
 
immediately dipped into distilled water (C1" in tap water inhibits N2-ase
 
activity) to avoid drying and excessive oxygen access, placed into bottles of
 
sufficient capacity (0.5 g dry weight basis in 100 ml free volume) and closed
 
with a gas tight seal.
 

The gas phase is replaced by three evacuations to 340 mm Hg and refilling with
 
N2 which leaves approximately 2% 02 in N2. These bottles are preincubated

overnight to overcome a lag in C2H2 reduction onset (D*bereiner et al. 1972;

Abrantes et al. 197 5b) and then the gas phase again replaced with-N2 . Finally,

1% 02 and 12% C2H2 are added, by volume. Depending on the activity of the
 
roots, two to 6 hour acetylene reduction rates are then determined by inject
ing 0.5 ml gas samples, into a gas chromatograph with hydrogen flame ionization
 
fitted with a Poropak R or N column (Dart et al. 1972).
 

Identification of N?-fixing sites 
 The most active root samples selected as

described above are cut into 0.5 to 1 cm long pieces and placed into 1 ml plastic

syringes. These are filled with a gas mixture of 1% 02 and 12% C2H2 in N2 and
 
used as incubation chambers by plugging the needles into rubber bungs. 
 Ethylene

production is measured by injecting 0.5 ml of the gas maxture in the syringes

into the gas chomatograph. With this method very large numbers of small root
 
pieces can be assayed and selected for more or less active sites.
 

Enrichment cultures for N2-fixing Spirillum The classical bacteria isolation
 
methods for aerobes or anaerobes are unsatisfactory for the micro-aerophyllic

N2-fixing Spirillum and perhaps it was the lack of appropriate methods which
 
caused the delay in information on this apparently most important group of N2
-

fixing bacteria. Although there is still little information on these organisms,

it is clear that one of the major problems in their study is the poor 02 pro
tection mechanism of their nitrogenase enzyme, which does not allow isolation
 
of the bacteria on aerobic plates, in the absence of combined nitrogen. For
 
N2 -dependent growth in bubble cultures, p0
 2 0.01 to 0.015 atm is optimal (Day

and D6bereiner 1975). The most convenient medium for enrichment cultures is,
 
therefore, a semi-solid N-free malate medium (Ddbereiner and Day 1974; Balow
 
and Dgbereiner 1975) where oxygen diffusion is limiting and the highly mobile
 
organisms select optimal location according to oxygen needs.
 

When root pieces with high N2-ase activity are placed into such media, fine
 
white nodulating pellicles form within two days, which consist mainly of
 
Spirillum of various sizes but always with characteristic mobility and lipid

bodies. Such cultures invariably reduce C2H2 when tested without disturbing

the pellicle. After one or two transfers into the 
same N-free semi-solid
 
medium, a loop of the pellicle is streaked out into malate medium containing
 
some yeast extract. Characteristic dry, raised or umbonate, irregular or
 
circular white colonies, often with greenish centers can be identified after 
8 to 10 days. Single colonies are transferred to semi-solid malate medium to 
check for C2H 2 reduction. N fixing strains are streaked out into potato agar
(200 g potatoes cooked in 1 liter water, and 0.25% sucrose and 0.25% Na-malate
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added to the water after filtration). After one week colonies on potatoragar
are characteristically pinkish, of various sizes (up to 1 cm or more), circular
 
or irregular, raised and curled.
 

Results and Discussion
 

Nitrogenase activity in forage grasses Data summarizing most observations
 
up to date on N2 -ase activity in field grown tropical forage grasses are given
 
in Table 1. Large variations between samples and locations can be observed
 
but the potential fixation of N2 is considerable in several species, and should
 
be able to furnish most of the nitrogen needed by these plants. However, the
 
actual contribution of these systems to the N economy should not be overestimated
 
because this depends on numerous, still undefined factors which interfere with
 
the rather unatable grass bacteria associations, and which will be discussed
 
further in this paper. It is however clear from Table 1 that root N2 -ase activ
ity is many times more important than soil activity, a conclusion which con
tradicts classical rhizophere concepts which will have to be revised. It has
 
now been confirmed in numerous experiments that washing the roots can even
 
increase N2-ase activity in Paspalum (D6bereiner 1973), and Digitaria (Abrantes
 
et al. 1975a). Surface sterilization of maize roots yielded more activity N2
fixing enrichment cultures (Bhlow and D6bereiner 1975). 

Nitrogenase activity in Rrain crops In Table 2, results of a preliminary test
 
with various grain crops are presented. In this table, which refers to measure
ments of different species planted within one experiment, comparisons may be
 
more valuable thanabsolute values which are rather low. It indicates that
 
complete establishment of the plants is necessary before N2 -ase activity be
comes significant. This confirms observations on leaf color which was typical
 
of N-deficient plants during the first weeks but many of the plants turned deep
 
green thereafter and started to grow fast. This would also be expected because
 
in all these species it was observed that the most active root pieces were
 
always mature, thick roots. These observations were especially pronounced in
 
sorghum which started to fix N2 in January only.
 

Although the data in Table 2 are low in comparison with the best forage grasses
 
and especially with maize (Tablesl and 3) they indUcac possibilities for N2
fixation in grain crops in the tropics and may justify large scale screening

of millet and sorghum genotypes. Furthermore the mean N -ase activities measured
 
on wheat roots was comparable with that of the poorer millets. It should be
 
stressed here however that wheat plants, grown in summer in Rio de Janeiro
 
State did not at all look like a normal crop. Plants were only 20 cm high when
 
they started to flower and before all the other plants had started to grow most
 
vigorously, the wheat was already dry. The mean value of 48nmoles C2H4/h/g
 
roots was obtained from 12 plants, four of which were about twice as high as the
 
remaining and dark green. The activities of these four plants were 46, 238,
 
164 and 142 nmoles C2H4/h/g dry roots respectively. Root pieces from these
 
plants yielded 100% N2-fixing Spirillum enrichment cultures (Table 5).
 

Very promising data have recently been reported for maize N2-fixation (Bulow
 
and Ddbereiner 1975). A general survey can be observed in Table 3. Some of
 
the most striking data obtained with S1 line selections are summarized in Table
 
4, together with observations on teosinte and sorghum planted in the same ex
periments and which are also very encouraging and much higher than the values
 
given in Table 2. Whether this difference is due to sorghum genotype or soil
 



Table 1. Potential of N2 fixation in field grown tropical forage grasses associatd ;with N -fixin=bacteria 

(minimal and maximl values for mans of 6 samples).
 

,N2-ase activity nmoles Estimates from -, C . 

Pla ts eceso nrC2 H4 /h/g maximal values
.Plantspeces Country 
 gN/ba/day 
 Reference
Rots Soil Roots* Soil**
 
Andropogen gaynus (C4 ) 
 Nigeria 15 - 270  302
Androposen sj. (C ) - Day & Dart unpublishedIvory Coast 50 - 380 
 - 425 - Balandreau et al. 1973Brachieria =Utica C) 
 Brazil 150 - 750 
 0 817 0 Dbereiner &Day 1975
B. rugulosa (C) 
 Brazil 
 5 - 150 -B. brachylopha (C4) 166 - Dbereiner & Day 1975Ivory Coast 100 - 140 
 - 157 - Balandreau et al. 1973Bulbostylis aphylanthoides Ivory Coast 
 74 - 83 Balandreau et al. 1973Cynoden dactilon (C4) Brazil 
 17 - 269 0 -.0.07 300 30 Dbbereiner &DayCynoden dactilon (C 4 ) Nigeria 10- 50 - - 56 

1975
 
- Day & Dart unpublished
Cyverus rotundus (C4 ) Brazil 10 - 30 - 33 -Cyperus 22. (?) Nigeria 

Dbbereiner unpublished
 
Cyperus obtusiflorus (?) Ivory 30 - 620 

2 
-
-

694 
2 -

-
Day & Dart unpublished
Balandreau et al. 1973
 

Digitaria decumbens (C4) Brazil 
 21 - 404" 0-- 0.35 - 452 156Hyparrienia tufa (C4) Brazil DSbereiner &-Day 1975
20 - 30 -0 015Hyparrhenij rufa 33 66 Dboereiner & Day 1975(C4 ) Nigeria 30 - 140 - 156Hyarrhenia dissoluta (?) 
- Day & Dart unpublishedIvery Coast 10 - 15
Melinis minutiflora (C4) Brazil 

- 17 - Balandreau et al. 197313 - 41 0,- 0.19 45 84 DSbereiner & Day 1975
Panicum maximum (C4) Brazil 20 - 299 0 -- 0.15 335 66 DMbereiner & Day 1975Panicum maximum (C4) Nigeria 75 -Paspalum notatum (C) 84 - Day & Dart unpublishedBrazil 2 
- 283 0 - 0.33 634 148 Dbereiner & Day 1975Paspalum comersenli () Nigeria 25- 30 
 - 33 -Pennisetum purpureum (C) Brazil Day & Dart unpublished 
Pennisetum purpureum (C) Nigeria 

5 - 954 0 - 0.09 1068 ., 38 Ddbereiner & Day 197560 - 67 - Day & Dart unpublished 

* based on 5000 kg roots/ha
 
** 
based on 2 x 106 kg soil/ha.
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Table 2.. itrgenase activity on roots, of field grown grain, crops duringi the 
ume,rmonths in Rio do Janeiro State., 

N2 -ali,at ivity- (nuoles 'C2H 4 /h/g)* 
Nov. 26 Dec.20 Jan. 21 

Pennisetum amp.ricanum**
 
Tiflate pearl millet 
 0 "1 145 '05
 
Star pearl millet I_'51 '42 56,

23DA x 18DB pearl millet 119", 215 177
 

Eleusine caracana 
IE611 finger millet 4 14 0
 
3802 finger millet 
 .. 58 77
 

Sorghum bicoler
 
Local cultivar 9 57 155
91 57 

Triticum aestivum 

Wheat IASS20 
 48 

* Values are related to 8 dry roots and are means of 4 samples from 3 rows each 
in the November sampling and of one row in the remaining samplings. Three 
5 m rows of these grains were planted in randomized blocks, in a hydromorphi¢
sand, fertilized with PK and minor elements. 
 The experiment was planted
 
October 15, 1974.
 

** Millet seeds were kindly provided by Dr. Litzenberger, USDA
 

Table 3. Nitrogenase activity-on washed maize roots grown in summer on different
 
, sites around the University Campus.
 

*."" No. of nmoles C2 H4 /h/g
SSite . . Ferti-. plants dry roots* 
'No. Soil lizer Cultivar analyzed Means Maximal values 

1 ',Red yellow podzolic none Hybrid 9 74 * 20 170

2 :Red yellow podzolic none Hybrid 10 133 * 93 361
3 Red yellow podzolic NPK Synthetic IPEACS-III 10 268 t 151 478

4 Red yellow podzolic NPK Synthetic IPEACS-III 9 ,265 + 209 710

5 Glay hydromorphic PKMo S lines UR-1 
 15 267 i1840 6846
5 Glay hydromorphic PK SIB crosses UR-l 
 9 441 + 164 625
 
6 Red yellow podzolic Pl~o Piranlro (brachytic) 16 272 + 254 1131
 
6 Red yellow podzolic PK Pirango (brachytic) 16 291 + 320 1260
 

* Roots removed from 6 to 10eeks old maize plants from various field experiments. 
N2 -ase activity assaya as described under materials and methods. 

can not be said. The mean N2 -ase activities of the S1 maize lines reached 
,:values 20 times higher than those of the original cultivar. The highest values
 
came close to soybean N2 -ase activities at flowering stage (9000 to 12000
,

nmoles C2H4/h/g dry roots and nodules) grown under comparable soil and weather
 
conditions (Neryand Ddbereiner 1975).
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*.Tablo 4,&'&
Nitrogenase activity on roots of field grown maize, sorshum and
 
teosinte in simmer (January) and after cool nights (April).
 

No of 
January 

Max. No of 
April 

Max. 
samples Mean observ. samples Mean observ. 

Maize 
Cv. Piran'o 24 646* 1870 7 1098 2104 
Cv. UR-1 30 234 1650 ...... 

S1 line 122*** 
" 61 

10 
10 

7124 
2026 

13700 
6846 

10 
10 

706 
606 

3013 
2372 

130 10 1870 4612 10 364 2125 
" 102 10 1793 6121 10 920 3303 
" 115 10 418 1533 10 486 1103 

Sorghum 
Redlan A x B 4 1364 2973 16 

. 
1053 9833 

Teosinte** 
Jutiapa 3 0 4 75 303 
Bolsas 3 0 5 244 717 

* 	 Values represent nmoles C2H4/h/g dry roots. All results are from field 
experiments at UFRRJ, in gray hybroorphic soil fertilized with PK and 
sprayed with 1 kg/ha of amonium molybdate one or two months after plant
ing. All plants were near flowering stage when the samples were taken.
 
Mean 	maximal and minimal temperatures in January were 30.80C and 21.50C
 
and in April 28.70C and 17.9 00C respectively.
 

* 
 Seed kindly provided by Dr. W. C. Galinat, University of Massachusetts.
 
*** These S1 lines from Cv. UR-1 were selected among 276 lines in two 12 x 12
 

simple lattice field experiments,after prescreening of one plant per line.
 
Difference between selected lines in January were significant at p - 0.05
 

* although variations within lines were very high (B(flow and D bereiner 1975).
 

If the maize root N -ase activities are extrapolated into k& N2 fixed/ha/day,

about 2 kg are obtained (1500 kg dry roots/ha). Of course maize root specific

activity will have to be much higher than that of forage grasses if it is to
 
become economically important because of the much higher shoot/root ratio in
 
maize. In situ measurements on Intact soil plant systems of maize, in France
 
in July showed day night fluctuations of 807. with daily maxima up to 1000 nmoles
 
C2H4/h/g dry roots (Balandreau and Dommergues, personal communication). It
 
seems therefore possible that maize N2-fixation may play a role under tempera
ture 	climate as well.
 

The lerge variability between maize genotypes indicate the potential of plant

breeding work for improved N2-fixation. Significant differences between maize
 
(Bulow and DLbereiner 1975), Paspalum .notat, Digitaria decumbens and
 
Pennisetum pu~pureum have been reported previously (D~bereiner and Day 1974,
 
1975) and we would now consider plant breeding the most promising of the agrono
mic practices for increasing N2 -fixation in grasses and grains.
 

Seasonal variations and interference of soil factors Variations in N2-ase
 
activity with plant growth cycle from January to May in Pennisetum purpureum
 
and maize, can be observed in Fig. 1. In maize the variations in N2 -ase activity
 
can be attributed to the growth cycle. They were similar in a crop planted in 
sumer when optimal temperatures for N2 -fixation prevailed during most of the 
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Fig. 1 - Seasonal variation in N2-ase activity on the roots of two crops of 
4 ield grown maize (brachytic cv Piraniro) and one of Pennisetum purpureum. 
All plants are grown with PK fertilizer but without nitrogen unless stated. 
(A) Spring sown maize (29-11-1974) in red yellow podzolic soil. Values are
 
means of 4 samples from 6 plots each. Full lines from plants sprayed with
 
1 kg/ha of ammonium molybdate, broken lines without. (B) Autumn sown maize
 
(5-2-1975) in hydromorphic soil. Values are means of 6 to 10 samples taken
 
at random. Soil temperatures taken at 3 p.m. (10 cm depth) during the growth
 
period of the maize crops in 1975 are shown superposed. (C) Pennisetum
 
purpureum grown in 1973: Values are means of 4 samples of 5 plots each;
 
either with (full lines) or without (broken lines) 20 kg N as NH4NO3 applied
 
every two weeks. Flowering occurred around March 5.
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ttme, and in a second crop in autumn (March till May). N2 -ase activity in 
.,forag grasses became very low once night air temperatures dropped below 180C 
(Dbbereiner and Day 1974b). West (1970) reported impaired photosyntheis in 
Diaitaria decumbens caused by low night temperatures which is considered to 
be responsible for the lack of growth of this and similar C4 forage grasses
 
in winter (night temperature below 150C). Although maize and sorghum are C4 
plants they do grow in spite of such night temperatures. It is therefore
 
interesting to observe that they also fix N2 (Table 4, Fig. 1).
 

Besides the night temperature effects on photosynthesis of the plant, soil
 
temperatures have to be considered as direct environmental influence on N2-ase
 
activity. Although these two factors are evidently related to each other,
 
their effects must be separated. Optimal N2 -ase activity of pure cultures of
 
Spirillum and of maize roots was at 310 C (Fig. 2) (Neves et al. 1975) but 
tolerance was up to 40°C which is much higher than that observed in legumes
 
(Dart et al. 1975). Although Spirillum strains isolated from maize and Digitaria
 
did not show differences in N2-ase activity at optimal temperature ranges, they
 
seem to be quite distinct in their tolerance to cool temperatures so that at 
220 C the maize strains were five times more active than the strains isolated 
from Dipitaria (Fig. 2). 

More detailed studies on ecological factors limiting N2-ase activity in field 
grown Di~itaria decumbens cv transvala are shown on Figs. 3 to 5 (Abrantes et 
al. 1975a). In this plant soil temperatures and NH + concentration in the 
soil were shown to be the main limiting factors of 42-ase activity. The mul
tiple regression equation for these two factors is - -113.77 - 0.77X3 + 6.21X 49 
where X3 represents NH + concentration and X the soil temperature. The mul
tiple correlation coefticient for these two variables was highly significant 
accounting for more than half of the variability (r2 - 0.56). NH + concentra
tions in the soil water of 100 ppm which according to the equatio would permit 
a N2-ase activity of 50 nmoleg C2H4/h/g dry roots at 32.60C correspond to 20 kg 
N/ha (107. humidity and 2 x 10D kg soil/ha). This seems reasonable as it has 
been shown that applications of 20 kg N/ha did not affect N2-ase activity of 
Digitaria and Pennisetum grown in the field, even if repeated 6 times (Fig. 4C). 
These observations are of fundamental importance because they indicate pos
sibilities of taking advantage simultaneously, of mineral nitrogen fertilizer 
and biological N2 fixation. 

Soil humidity did not affect N -ase activity although it was significantly cor
related with NH + content in tie soil solution (r - -0.65). Observing the data 
more closely (Fig. 5) it can however be seen that once the wilting point is 
reached N2 -ase activity is low. Similar observations have also been made in 
maize. This is in contrast to observations on temperate rhizosphere N2-fixation, 
which showed highly significant correlations with soil humidity. (Day et al. 
1975; Vlassak et al. 1973). There are apparently different systems operating. 

A fourth important ecological factor is oxygen tension which is of fundamental
 
importance, as can be observed on roots removed from the soil and on pure
 
cultures of Spirillum (Fig. 6) (Abrantes et al. 1975b; Day and Dobereiner 1975).
 
Very little is known about the oxygen protection mechanism in intact soil grass
 
systems where changes in p02 in the gas phase above the soil have little effect
 
(Dobereiner et al. 1972).
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Fig. 2 - Effect of incubation temperature on N2-ase activity of 3 Spirillum 
strains isolated from maize roots (broken lines) and 3 strains isolated from 
Digitaria decumbens cv transvala roots (full lines). Superimposed is the 
N2 -ase activity of maize roots 
(thick full line) assayed at the incubation
 
temperatures. 
The Spirillum cultures were grown in 2 ml semi-solid N-free
 
malate medium in 7 ml vials. Values are means of 3 replicates. The maize
 
root data are means of 6 replicates (see Materials and Methods).
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water (1060C) present in the same samples. N2-ase activity assays as stated
 
in Materials and Methods. Correlation coefficient highly significant(r+ -0.56).
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Figure 5. Correlation of soil humidity with N2-ase aettvitg in field grown
 
Digitaria decumbens roots, Water content determined at 106 C. The wilting

point was at 5% 4 0 (humidity retained at 15 atm). N2-ase activity assays
 
as stated inMatehlals and Methods. Correlation not significant.
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Fig. 6 -Effect of PO2 on N2-ase activity of Digitaria decumbens roots and
Spirillum cultures. The roots were preincubated at PO2 0.02 at= and
 

incubated at stated PO2 when C2H2 was added (see Materials and Methods).
 
The pure cultures of Spirillum, isolated from Digitaria roots were grown
 
in 40 ml of liquid galactose medium sparged with 50 ml/min, of gas mixtures 
of giveiiPO2 in N2 and 0.1%. CO2 The whole cultures were analyzed for
. 


total nitrogen by KJcldahl analysis after two days growth. Values are
 
means of two strains 3 replicates each.
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Sitof N2-ase activity and responsible microorganisms When small (5 m)
 
Rahitari-root pieces, collected in the field, were asmyed for N2-a
se
 
ectivity, it was found that the N2-fixing sites were not uniformly distributed
 
)ver the whole root system but followed the Poisson distribution, indicating
 
discrete sites. When high fixi root pieces were compared wita inactive
 
pieces, after treatment with TC , it became apparenZ that groups of cortex
 
cells filled with TTC reducing bacteria were more common in the active pieces

(D6bereiner and Day 1974). Although Tetrazolium reduction is no specific
 
reaction for nitrogenase it does indicate strongly reducing conditions within
 
these cells. Patroquin (Personal communication) observed very similar TTC
 
reducing bacteria within cortex cells of a N2-fixing C4 marine grass.
 

In the Paspalum notatum-Azotobacter paspali association the identification of
 
the N2-fixing microorganism was easy (Dbbereiner 1966, 1970; D1bereiner et al.
 
1972) because these bacteria grow well on common N-free agar plates. For the
 
isolation an~d identification of N2-fixing Spirillum which has now been shown
 
to be the major responsible in the Digitaria and maize associations (Ddbereiner
 
and Day 1974; Bilow and Ddbereiner 1975) it was necessary to develop specific
 
methods, which are described in the methods section. With actively N2-fixing
 
Digitaria roots highly significant correlations of root piece N2-aee activity

with Spirillum enrichment culture activity were obtained without problems.

With maize roots such correlations were only obtained when the roots were sur
face sterilized (Bulow and Dobereiner 1975).
 

A more general idea of the frequency of Spirillum occurrence in different geo
graphic regions and also on various roots can be obtained from Table 5.
 
Although tropical conditions seem much more favourable for Spirillum develop
ment, it has been found in several samples from the subtropical south of Brazil
 
and even in 2 out of 7 grass root samples from Northern USA. Two rhizosphere
 
soil samples from grasses collected in the USA also contained N2-fixing 
Spirillum sp. Of interest especially to the audience of this meeting, is the 
high incidence of Spirillum in wheat root pieces collected from two of the 
N2-fixing wheat plants grown under tropical environment. Similar to the C 
grasses, mature thick roots yielded more active enrichment cultures. Two A2 
fixing Spirillum strains were isolated from these cultures which are similar 
to the strains of Spirillum lipoferum isolated from the N2-fixing enrichment 
cultures obtained with roots from the USA and all but one from Southern Brazil 
did not grow or fix N2 in the N-free malate medium but reduced some C2H4 in the 
presence of yeast extract. All tested maize, Digitaria, sorghum and 2 out of 
3 wheat isolates obtained from km 47 grew rapidly inmedium without yeast 
extract, more than 300 nmoles C2H4 being produced per h in 24 h old cultures
 
(2ml).
 

Discussion on Possibilities to Obtain N2-fixing Grain Crops
 

In contrast to the sparse data on N2 -fixation in grain crops we were able to
 
present last October (Dbbereiner and Day 1974), we can now say that possibili
ties of obtaining maize, sorghum and millet which are able to cover part of
 
their nitrogen requirements through biological N2-fixation, in association with
 
N2-fixing bacteria, do exist and might even become possible in wheat. These
 
possibilities seem more likely in tropical regions for the following reasons.
 
(1)Optimal temperatures for bacterial growth and N2-ase activity are high and
 
will be found for prolonged periods only in these regions. (2)Light energy
 
input and specially its more efficient use by the C4-grasses is characteristic
 

+ Triphenyl Tetrazolium Chloride
 



of,.tropical species. (3) The use of nitrogenfertilizers is.-more expensive,.

and less effective due to fast lixiviation intropical regions.
 

Table 5. Occurrence of N2-fixing Spirillu- inGraminease roots under dif
ferent climatic conditons.*
 

Spirillum enrichment cultures
 
No. No of nmole
 

Region of sampling and plant, ,.. ....	 of -fix.CHA
 
cultures Cultures cul ture***


Pullman, Washington 48Y N _1
 
C3 grasses 
 9 2 52**
 

Julho Castilho, S. Brazil 
 I,.30%S

Wheat 
 6 1 3
 
Lolium 
 6 0 -
C4 grasses -, 24 .. 1 -'.34.,


Cruz Alta, S. Brazil .300.S-

Wheat
 
Field I 
 6 ,O -,
 
Field II 
 7 7 - 12
 

C4 grasses '6 _82
 
Rio de Janeiro (Km 41; 23oS 6 3 2
 

Wheat
 
Plant I, thick roots 
 10 10 88
 

fine 	roots 
 10 10 .44
Plant II, thick roots 
 . 10 0 
fine 	roots 
 0, 10 17
Sorghum, cv, Redlan 
 .0 9 ,28
 

Maize
 
lines UR-1
S1 	 i,'30 _29 51


Pirando (brachytic) 
 .10" 10 34
 
Piranlo (brachytic) root surf. steril, 
 10 10 142


Panicum maximum 
 68 60 107

Melinis minutiflora 
 68 20 25
 

* 	 5 rm long root pieces placed into N-free semi-solid malate medium (2 ml in
 
6 ml vials) and incubated for one day at 320C, than closed with rubber
 
stoppers and 12% C2H2 injected. One hour C2H4 production rates measured
 
without disturbing the pellicle. 

** This culture was incubated for 3 days. 
*** Means of N2 -fixing cultures only. 

As yet, the possibility of finding N -fixing grain crops in temperate climatic
 
conditions cannot be eliminated. Spirillum strains have been found to vary in

their tolerance to cool temperatures (Fig. 2). Very efficient N2 -fixing strains
 
have been isolated from C4-grass roots collected in Rio Grande do Sul, Brazil's

major wheat growing state. Other N -fixing bacteria capable of root associa
tions with temperate grasses or grains might be found.
 

The following research lines are suggested by the authors which, based on the

knowledge to date, seem the most promising in order to assess the role of N2
-
fixation in grain crops all over the world and find ways to explore this potential.
1. Preliminary surveys on N -ase activity of germplasm collections, grown under
 
a variety of climatic conditions and fertilized withP,Kand Mo but with little
 
or no fertilizer nitrogen.
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2. -Isolation and identification of N -fixing microorganisms from roots with
 
high N2-ase activity and studies of their physiology.

3. Identification of ecological factors which limit N2-ase activity in grass
 
roots.
 
4. Studies of levels and forms of mineral nitrogen fertilizers which do not
 
affect grass N2-ase activity.

5. Studies of lime, phosphorus and molybdenum requirements of grain crops

relying on biological N2-fixation.
 
6. Breeding of grain cultivars with higher N2-ase activity.

7. Inoculation experiments, in regions where no appropriate N2-fixing bacteria
 
occur, with highly efficient strains.
 

Summary
 

Recent studies in Brazil and other tropical countries have shown considerable
 
N2-ase activity associated with the roots of many forage grasses and some
 
grains. These activities, if transformed into nitrogen fixed, indicate potential gains of up to 1 kg N/ha/day in Pennisetum purpureum and nearly 2 kg

in the best maize lines. These high rates of N fixation have so far been
 
confined to plants possessing the C4 photosynthedic pathway and have opened up

a 
new field of research which may lead to agriculturally important grain and
 
forage crops which under tropical environments can cover a large part of their
 
nitrogen needs through biological fixation.
 

In this paper the most recent data available on N2-ase activity associated
 
with forage and grain crops are reviewed. The importance of plant genotype

and the potential for enhancement of this nitrogen source through plant breed
ing are discussed with maize, Pennisetum, Paspalum and Digitaria. The effects
 
of growth cycle and season are pronounced. While most forage grasses were
 
active only during the hot summer months (December-March) maize and sorghum

showed aloo considerable N2-ase activity, at flowering stage (April-May), when
 
planted in autumn. Among the main ecological limiting factors of N2-ase
 
activity are soil temperature, NH4+ concentration, and PO. Soil humidity

affected N2-fixation only when the wilting point was reaced.
 

In all grasses studied to date N2-ase activity shows varying degrees of sen
sitivity to oxygen, optimal activities being at P02 far below that of air.
 
Intact soil plant systems provide near optimal oxygen tensions for N2-ase
activity which is always higher than that on roots removed from the soil.
 
Nitrogen fixation on the roots has been shown to be localized on discrete sites
 
in Digitaria decumbens cv transvala and probably also in maize is intra or
 
inter-cellular rather than a classical rhizosphere association. 
N -ase
activity of Spirillum enrichment cultures was significantly relate3 (P - 0.01)
to the activity of small root pieces and itwas concluded that at least in 
Digitaria and maize, Spirillum lipoferum is the major responsible bacteria 
for root N2-ase activity. Similar Spirillum strains were also isolated from
 
wheat roots showing some N2-ase activity under field conditions, in Rio de
 
Janeiro State.
 

Research lines are suggested which may lead to the assessment of the potential

of N2-fixation in grain crops all over the world and which will help to find
 
ways to explore this potential.
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AGRONOM!C TECHNIQUES TO-IMPROVE THE
WHET'YIEID IjN-LOW AjNFALI.'AS 

Ing.Agr. Adolfo E. Glave
 
Argentina,
 

Cereals are cultivated and wheat farming is practiced 
 in a large part of the
world with limited precipitation. 
Each year there is notable displacement
of wheat by crops of greater remuneration in areas of rainfall below 500 mm.
 

Because of these circumstances, water and soil come 
to be the principal factors
that- limit wheat yields in nearly all the world. Because of this, we must
utilize with the greatest efficiency, the water accumulated in the ground and
 manage the ground with good practices to achieve the highest productive capac
ity.
 

The efficiency of water accumulated in these regions will depend on the distribution of the annual rainfall. 
This distribution may be winter-spring as
it is in the Pacific North-West of the United States and the Middle Oriente,
spring-summer in the Great Plains in the central United States and Europe,
autumn-spring in Argentina, and summer 
in many countries of Latin America.
 

The wheat production in different levels of rainfall and distribution, and the
application of agronomic techniques must be regulated or changed in some wayfor each situation. 
To get a greatest water efficiency on the soil profile, it
is necessary to apply a group of practices of soil management to obtain the best
 
conditions of seeding.
 

Agronomic Techniques
 

Agronomic techniques over the world have developed after many years with excellent results. 
One of them is seasonal mulch fallow developed in the western
part of the United States comprised of more than 15,000,000 ha. This practice
is used in areas with rainfall less than 400-500 mm but in 
some regions in
Nebraska and in Central Argentina, is applied with a rainfall of 700 mm.
 

Fallow efficiency depends in great part on rainfall distribution. It also depends
on how well the farmer stores the water and how he 
uses the water conserved in
the ground. This efficiency changes between 16 and 38%.
 

In the Great Plains of the United States the practice of fallow is made preferably during winter. The standing stubble that remains during the winter is
useful in preventing the snow from blowing off the soil. 
The snow that isretained and accumulated by the stubble straw serves to support and increase

the water content of the soil. In Argentina it is tne practice after the wheat
 
harvest to incorporate the stubble into the soil.
 

Leaving the residues on 
the ground surface is called in agriculture "stubble
mulch tillage". In this system of management the dead residues such as wheat
stubble straw or other residues provide excellent protection to the soils and
avoid as much as 
90% the risks of wind erosion and 80/. of water erosion. It is
 very important to protect the ground during the fallow period to avoid a complete

failure of the crop and the destruction of the soil by erosion.
 

Experimental Station, Bordenave.
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b
6obain maximum fallow yields t 
following points must be considered:
 

"-'Enough
protection of the ground surface to avoid evaporation of accumul
ated precipitation and control of wind and water erosion.


B- Maintenance of texture and porosity of the soil surface to increase water

infiltration and aeration of the ground.


C- Tillage as needed to control weeds.
 

In point A we must consider in the mulch fallow the quantity, kind, and water
content of the residues. The quantity changes according to the kind and density

of stubble.
 

Thie following proportions according to the soils are suggested:

Soil texture Quantity of residues (kg/ha)

Sandy 
 more than 2,000

Loamy 
 1,500

Loamy clay 
 1,000

Clay 
 800
Generally legumes residues decompose more rapidly than cereal straw. 
Oats
and barley residues decompose more rapidly than those from wheat and rye. 
 When
the speed of the residues decomposition is greater the effectiveness and pro

tection will be less.
 

Short re'sidues of less than 7 cm may be covered by the soil in the tillage or
easily taken by the wind or water. Extremely heavy residues do not decompose
so easily and cause machinery troubles. 
 These should be partially incorporated
into the soil, When the moisture content of the straw is very low, the residues
become brittle and lose efficiency in the protection of the soils.
 

In the second consideration B,adequate roughness and porosity of the ground
surface must be kept through the tillage. The size of the granules and the
stability and density of the aggregates are the principal aspects of the soils
for resistance to wind and water. Reduction of wind velocity near of the ground
surface by these small barriers and residues on the ground surface provide

protection also to the impact of rainfall drops.
 

Cultivation direction and strip tillage of 50 or 60 m 
width, placed at right
angle to the predominant wind contribute to defense of the soil and the follow
ing wheat crop by more than 80%.
 

According to the kind of soil, the width of the strips should be as 
follows:
 
Kind of soil 
 Width of strip (inmeters)

Sandy 
 6 ,

Loamy sand 
 7.5
 
Granulated clay 
 24
 
Fine sandy loam 
 30

Sandy clay 
 45
 
Loamy 
 75
 
Loamy clay 
 84
 
Clay loamy 
 105
 

The third aspect C is concerned with tillage to eliminate weeds. Inmulch
fallow, as a general rule, every kind of vegetation must be controlled by mechanical or chemical means. 
 The greatest problem of fallow during mechanical tillage
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operations in semi-arid regions Is the increase of erosion and loss of moisture. 
In some years rainfall increases the number of required tillage operations and
 
makesit very difficult to control weeds, especially if the rainfall occurs
 

: 	immediately after tillage. Recently experimentation with chemical fallow has 
given good results in increasing soil moisture conservation by an estimated 40%. 
Also, it was shown that, through this system, the physical properties of soil 
were not altered. One of the problems is the price of the chemicals and the 
high percentage of residues remaining on the ground surface. It is possible 
that a combination of tillage with the use of chemicals will give better results. 

Tillape Equipment
 

Lately the development of special machinery for mulch tillage has contributed
 
to preparation of better seedbeds and improved wheat cultivation.
 

These implements must have determinate mechanical characteristics to be used
 
successfully in dry farming such as:
 

a- Efficiency to manage mulch stubble.
 
b- Capacity to incorporate and reduce vegetable residues.
 
c- Capability to provoke and to support an adequate roughness in 'porosityof
 

the soil surface.
 
d- Avoid losses of soil moisture.
 

These characteristics determine the kind of implements and the time of tillage.
 

The machines may be divided in two groups according to use:
 
1- Those that till and mix the ground (one way disk, offset disk, single and
 

double tandem disk, chisel plow, and mulch treader).
 
2- Thone that till and sub-surface without inverting or mixing the soil
 

(sweep plow, rodweeder with or without semi-chisels).
 
It is necessary to consider which machines must be used in each case and the
 
turbulence that the impleme-nt must give to the ground in each operation to obtain
 
the desired results. Each of these implements, will provoke in the fallowed
 
ground changes that depend on the deepness of the cut and the tillage velocity
 
and the ground temperature, moisture, and kind of residues.
 

Knowing in each case the initial quantity of residues and considering these
 
factors, the quantity of residues that will remain on the soil surface after
 
each tillage operation can be calculated.
 
Computed percentage of reduction of residue remainder in each operation:
 

Implement % Reduction
 
Sweep plow, 75 cm length 10
 
Chisel plow 25
 
Rodweeder 5-10
 
Rodweeder with semi chisel 10
 
One way disk (7.5 cm tillage depth) 30
 
One way disk (13 cm tillage depth) 70
 
Tandem disk 50
 
Mouldboard plow 95
 

In agriculture under stubble mulch, many difficulties may exist at certain times.
 
Success or failure will depend on the farmer's knowledges and abilities as well
 
as the discernment with which he adopts any particular system.
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Fertility
 

Ingeneral, addition of nitrogen to stubble mulch soil aids the microbial action
 
and decomposition. Stubble straw diminishes nitrogen compared 
to bare fallow.
 
Application of nitrogen and phosphorus is needed 
to overcome this. An aggregate
 
of 60 kg/ha of nitrogen and 40 kg/ha of phosphorus during the fallow increases
 
development of the wheat plant, and increases protein efficiency and value in
 
the grain.
 

Sowing
 

Sowing of wheat on stubble muich fallow is preferably done with special deep
 
furrow sowing machines. These have the ability to put the seed on firm soil
 
and in contact with moisture and protect the development of the crop from erosion
 
risks.
 

Drills which make this semi-deep furrow sowing come provided with hoe openers
 
and press wheels or convex press wheels. The width of the hoe openers range

from 3.5 cm to 22.5 cm according to the sowing type and the experiences of the
 
farmer for obtaining the best results. Such a drill produces small soil tur
bulence and consequently a smaller loss of moisture. Farmers have the opinion
 
that using narrow hoe openers .n dry years provides greater retention of mois
ture in the soil. Wheels are in general iron or rubber wheels and hollow and
 
narrow (5 to 15 cm). Convex double packed wheels (450 angle) also are used for
 
soils with a greater quantity of loam and clay. The usage of this type of
 
wheel doesn't produce a crust in furrow sowing following precipitation of rela
tive intensity as one observes with a larger frequency of compacting wheels.
 
At the same time, the drill must have a height of 60 cm between the ranks of the
 

-drill and the hoe opener. This separation allows free displacement of the straw
 
through the drill.
 

The distance between each hoe opener cannot be less than 42 cm and they must be
 
offset to avoid the straw catching in the mouldboard of the drill. The distance
 
between the furrows can range from 17.5 cm to 35 cm. This doesn't change their
 
efficiency but the greater separation between furrows is 
advisable owing to the
 
control against erosion that this system provides.
 

The experiment station at Bordenave, Argentina for many years has studied the
 
distance between tillage furrows ranging between 15 and 70 cm. 
 In this last
 
case low seeding rate has been introduced. The results are promising.
 

Sowing depth: The best sowing depth is estimated between 2.5 and 4 cm for soils
 
of fine texture (silty clay loam, clay loam) and 5 cm for those of coarse texture
 
(sand, loamy sand, loamy fine sand).
 

Seeding rate: The seeding rate is determined according to the rainfall quantity
 
that the crop receives and the elevation of the production area. The sowing rates
 
range between 35 and 65 kg/ha. 
 This gives 150 to 220 plants per square meter.
 
The lower rate has given better results.
 

Conclusions
 

Soil mulch management in the Argentina semi-arid region, in the Great Plains of
 
the United States and in different areas of the world, is a sure and effective
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way to accumulate soil moisture and to avoid soil erosion. 
Besides stabilizing

and increasing yields between 40 and 50X, it improves grain quality. 
Each of

the practices discussed perform a basic function in obtaining the desired
 
'results.
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CHEMICAL PESTICIDES IN IMPROVED WHEAT-PRODUCTION
 

Alexander Bauer 
Austria
 

_'Numerous factors contribute to attainment of the ultimate aim of our combined
 
efforts - to reacb and secure the high yields necessary to feed an ever-growing
 
world population.
 

For many years intensive and deep-reaching research has been conducted in the
 
most important areas such as genetics, plant-breeding, agrotechnique, cultiva
tion practices, fertilization, etc. We also know much about action of plant
 
protection chemicals. We know compounds to solve certain problems and can make
 
recommendations. Comparatively little work has been done, however, to evaluate
 
the importance of pesticides and their share of influence in the total effort
 
to reach this goal.
 

Intensivation of crop production and the still growing share of cereals in the
 
rotation have brought rather fast reactions from nature, w"'uy of them unexpect
ed, creating new problems, which, in the time available, cannot be solved by
 
the "conventional" methods like breeding for resistance.
 

The most rapid and economical solutions are often the development and use of
 
Some of these shall be examined.
chemicals for these new fields and methods. 


The recent breakdown of genetic disease resistance against new races of Puccinia
 
graminis; the rapid development of hitherto unimportant cereal diseases in many
 
regions; and changes in the spectrum of weed populations are perhaps the most
 
striking examples.
 

The widespread and frequent use of hormone-type herbicides in cereals has been
 
one of the basic factors in the rapid increase of yields. Today nearly all
 
types of broad-leaved weed-infestations can be controlled by one type or a com
bination of herbicides. Their selectivity against monocotyledons was once an
 
additional asset. This lack of action however has brought about an entire
 
change in the weed population. Many countries today face serious problems by
 
infestations with Avena fatua, Apera spica-venti, Aloiecurus myosuroides,
 
Lolium esp., etc. in cereals.
 

Polish publications (1)indicate possible losses of 6-7 q/ha caused by Apera
 
spica-venti infestations. We can evaiuate the importance of the problem by
 
taking into account that an infestation with 25-150 plants per m

2 decreases
 
yield an average of 2 q/ha and the "threshold of harmfulness" - described as
 
the maximum number 2f weeds per m2 tolerable without negative influence on yield
 
- is 2 plants per m for Apera spica-venti (2).
 

It is practically impossible to control the3e grasses inwheat without applying
 
chemicals. A variety of compounds has been and is still being developed for
 
this purpose.
 

The majority of these products is used preemergent, i.e./immediately after seed

ing of winter wheat inautumn. Some are also applied postemergent with adequate
 
action and selectivity.
 

Rohm and Haas Ges.m.b.H. Vienna
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The advantages of preemergent herbicides are numerous:
 
1) Elimination of weed competition at the seedling stage of the crop.
2) Nutrients are fully available for the crop.

3) No weather problems at application time - "if you can sow you can spray".
4) Possibility of combined sowing and spraying increases economy and saves energy.
5) No serious contamination problems in case of aerial application (inSeptember 

to 	November not many susceptible crops are under cultivation).
 

The disadvantages i.e./less good control of late appearing broad-leaved weeds
 
and sometimes reduced selectivity of some products for certain wheat varieties,
 
are clearly superseded by the advantages.
 

Experiments inFrance have demonstrated the feasibility of split-applications 
pre- and postemergent - to give sufficient Avena sp. control to sustain economi
cal wheat production in this heavily infested region. In France alone more than
1,000,000 ha are treated with grass-herbicides. Poland lists a minimum of 10-15% 
of the wheat and rye-surfaces as endangered (Total surfaces: Wheat 1.7 million,

Rye 4.1 million ha) by Apera spica-venti caused losses in yield of 3-5 q/ha.

Rumanian statistics give a minimum of 100,000 ha for treatment. Assuming an
 
average loss of 4-5 q/ha, this adds up to 500,000 tons annually in the cited
 
countries alone, offsetting the treatment costs by far.
 

There are also other factors to be considered:
 
The threshold of harmfulness for grasses ismuch lower if we calculate their
 
immense proliferation rate.
 
Most f the grain produced has to be handled and shipped to the consumer. 
Despite cleaning there are considerable quantities of weed seeds transported.

Canadian publications state 33 carloads of mainly Aena fatua seeds are moved
 
daily (3). Consider this useless energy spent.

Many of the grasses are hosts to pathogens that also attach wheat, thereby mul
tiplying the infection potential.

The most widely used preemergent herbicides also control dicotspecies like
 
Stellaria, Veronica, Galium, etc., which are increasingly harder to control by
hornome-type herbicides due to the development of resistant varieties. 
No
 
resistance has been observed against preemergent herbicides and this dangerous

problem will be at least retarded by their use.
 

Another consequence of the intensified production is the development of various
 
cereal diseases. They have been apparent for many years. Their occurence has,

however, rarely influenced yield levels. The frequency and intensity of their 
attack has increased rapidly in the last few years and the disease resistance
of some important wheat varieties has been negatively influenced. Chemical
control will be the main method in the next years to sustain the high yield levels. 

The most important diseases are Puccinia esp., Septoria sop., Erysipha graminis,
Cercosporella, Fusarium sop. and Ophiobolus.
 

The main reasons for their growing importance are: 
1) Increased share of cereals in crop rotation.
 
2) Ne: agrotechnical methods.
 
3) New varieties of high yield capacity but with less disease resistance.
 
4) High N-fertilization prolongs the growing period and gives more chance for
 

infections.
 
5) 	New races of diseases and break-down of resistance. 
6)	The changed weed spectrum brings new hosts for the pathogens (more grasses


than weeds).
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These factors lead to an average loss of 10-15.; the upper limit being oftennear 40-50.... . .. . . . 

Most of the time, complex infections occur and it is nearly impossible to determine the losses caused by each disease separately. A rough calculatien attrib
utes 
losses of about 2.5 q/ha to diseases like Cercosporella and Ophiobulus,
while diseases attacking primarily leaves and heads cause 6-7 q/ha. 
In case of
simultaneus attacks losses can be catastrophic. These figures have been confirmed by French test results, where itwas found that foliar applications of
fungicides brought yield increases of 10-15% even in 
cases where no optical

difference between treated and 	untreated plots could be observed.
 

In France and Benelux 600,000-700,000 ha are treated annually. 
In the dryer
eastern countries such regular attacks are not yet common, but a fast increase
of foliar diseases is,however, noticed and all countries have started special
programs in this direction. The following official Franch figures in Tables 1
and 2 should give an idea: (4) 

Table 1. Importance of the most important winter wheat diseases in Northern
 
and Southern Francl, 1970/1971.


A - average grade of attack 	 1-0
 
9=total attack
B - number of tests where an attack was noted 

North 
 South

1970 
 1971 
 1970 
 1971
Diseases 23 tests 35 tests 
 10 tests 13 tests
 

A B A B A 	 AB 	 B 
Septor'a 4.4 16 
 3.8 25 3.8 7 4.1 7
FusariAm 
 3.2 14 3.5 19 4.4 3 3.7 4
Erysiphe 2.9 3.6 4
12 28 
 5 3 11
Puccinia 1.3 2 2 
 2 0 	 0
0 	 0


(P.Glumarum)
Puccinia 
 1.1 1 0 0 1.1 3 4 3
 

(P.Graminis)

Puccinia recondita2.5 10 
 3.8 9 4.7 7 2.5 11
Cerco sporella 2.4 5 2.2 10 2.4 4 2.6 
 1
 

Table 2. Loss of yield caused by winter wheat diseases in Northern and
 
Southern France, 1970/1971.
 

1970 
 1971
 
North South North 
 South
Total number of tests 
 15 	 6 
 19 14

Tests with loss of yield 4 6 16 11 
Average loss in% 4.7 13.3 
 16. 14.6Maximum loss in% 
 12 21.7 
 38 34.9
 

What methods of control are available? 
The best and most elegant method breeding for genetic resistance - is handicapped by the long time necessary to develop a new variety and it 
seems somewhat utopic to attempt to develop a variety resistant to the whole disease
 
spectrum.
 



Agrotechnical methods i.e. weed control, soil preparation, 'crop rbo tiOn, tter
 
straw-incorporation etc., bring only negligible results.
 

The main emphasis is on chemical methods of control, either by seed treatment
 
or foliar application.
 

Various specialized products 
for seed treatment to control seed-borne diseases
 
have been developed and 
are sold today, mainly against Erysiphe graminis and
 
Ustilago. Some are restricted to seed production because of still unsolved
 
residue problems. Originally, foliar applications were directed against

Erysiphe graminis and a number of systemic and contact fungicides have been used.
 
The growing importance of the other diseases, mainly Puccinia ssp. and Septoria
 
nodorum, has necessitated the use of combinations to enlarge the spectrum of
 
activity. 
 A look at the list of products used shows a preference for combi
nations of an ethylenbisdithiocarbamate, mainly Hancozeb, with a systemic

fungicide of the BCM type, covering a very wide range of diseases (4).
 

Experience in Western Europe and large-scale tests in some Eastern countries
 
show that the most economical results are achieved with two treatments. The
 
first should be at stage 7-8 (according to the scale of Feekes)i.e. when the
 
flag leave is showing but still rolled up; the second at 10.3-10.5 i.e. when
 
50" of the heads have appeared.
 

Growth stage key for cereals
 
Stage
 

1 One shoot (number of leaves can be added).
 
2 Beginning of tillering.
 
3 Tillers formed, leaves often twisted spirally. In some varieties
 

of winter wheats, plants may be "creeping" or prostrate.
 
4 
 Beginning of the erection of the pseudo-stem, leaf sheaths begin

ning to lengthen.
 
5 Pseudo-stem (formed by sheaths of leaves) strongly erected.
 
6 First node of stem visible at base of shoot.
 
7 Second node of stem formed, next-to-last leaf just visible.
 
8 Last leaf visible, but still rolled up, spike beginning to swell.
 
9 Ligule of last leaf just visible.
 
10 Sheath of last leaf completely grown out, spike swollen but not yet


visible.
 
10.1 	 First spikes just visible (awns just showing in barley, spike
 

escaping through split of sheath in wheat or oats).
 
10.2 Quarter of heading process completed
 
10.3 Half of heading process completed
 
10.4 Three-quarters of heading process completed

10.5 All spikes out of sheath 
10.5.1 Beginning of flowering (wheat)
 
10.5.2 Flowering complete to top of spike
 
10.5.3 Flowering over at base of spike
 
10.5.4 Flowering over, kernel watery ripe 

11.1 	 Milky ripe 
11.2 	Mealy ripe, contents of kernel soft but dry

11.3 	Kernel hard (difficult to divide by thumb-nail)
 
11.4 	Ripe for cutting. Straw dead.
 

(After Z. C. Large. 1954. Plant Pathol. 3:128-129)
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The basic reason for selection for these stages is the preventive protection

of the two top leaves and the head based on the known fact that the elimination
 
of the flag leaves reduces yield about 35., of the second leaves about 10%,

and a severe attack of disease on the heads can reduce 1000-kernel weight about
 
457. 

The graphs that follow show the correlation between N-fertilization, fungicide

application and yield. The better utilization of nitrogen in all treatments
 
and the decrease of yield in the untreated plots is very pronounced and the

economical advantage evident. It is therefore possible to approach the genetic

yield capacities of certain wheat varieties much closer by applying high nit
rogen rates and simultaneoudy treating against foliar diseases.
 

The optimal way of application is by airplane or helicopter. For conventional
 
equipment, France and also the GDR have introduced a simple method of "leading
tracks" left out at sowing time at equipment working distance to be used for
 
all kind of applications of fertilizaers, herbicides and fungicides. This
 
reduces the normal loss caused by wheel tracks from about 400 kg/ha to 50 kg/ha.
 

A conservative estimation of the economy of the treatments shows a minimum
 
surface of 2-3 million hectars inEurope alone needing treatments (these figures

increase annually), bringing yield increases of 4-5 q/ha or 
1.0 to 1.5 million
 
tons of wheat.
 

One disease of considerable and rising importance is Puccinia triticina Erikson,

called Puccinia recondita in the US. It appears regularly inmany of the

wheat-producing regions of the world including the USA, France, Poland, Rumania
 
and parts of the USSR. Yield reductiomup to 307. are possible, India reporting 
severe epidemics with 30 and more loss (5). Until now the control of this
 
disease is possible but not very easy and economical.
 

A newly developed compound, 4-n-Butyl-l,2,4"triazol, coded RH 124, commercial
 
name Indar, has recently been introduced by the Rohm and Haas Company. It is
 
a systemic fungicide exclusively active against leaf-rust in very low dosages.

It can be applied by seed treatment or by adding to irrigation water for spring

wheat or by foliar application on winter wheat, preferably in combination with

hormone type herbicides to eliminate the need for an additional treatment. A
 
granular formulation also will be available.
 

Results of trials in the USA (6) indicate that protein can usually be increased
 
significantly only when rust is controlled on susceptible varieties. 
 Net
 
returns run from $3.59/acre at a 5% loss level to $58.43/acre for a 30% loss.
 

This discussion on the use of pesticides inwheat production should not be 
con
sidered a scientific onm. Rather, it is intended to evaluate chemical plant
protection methods as fast, safe, effective, economical, and readily available
 
measures to safeguard the complex task of producing enough food in the years to
 
cown. 
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FIELD PHOTOSYNTHESIS OF WINTER WHEAT DURING THE 
.;GRAIN-FILLING PHASE UNDER HIGHLY FERTILE CONDITIONS 

N. M. de Vos
 
The Netherlands
 

A series of trials was carried out to determine how much winter wheat could yield

in highly fertile conditions. 
A range of modern winter wheat varieties was tested

under the best obtainable growth conditions, including a complete prevention of
 
loss by pathogens.
 

One of the aims of these trials was to find a kind of reference level with which
 
results from other experiments could be compared. 
Also they were meant to show

how wide the gap still is between actual and potential grain yield, mainly due
 
to fungal diseases. This gap still has to be bridged by conventional breeding.

Finally such a study might indicate how further progress in yield level could
 
be achieved.
 

In all these trials the recently introduced standard variety 'Clement' gave the

highest yield. 
 Therefore this variety was chosen to study photosynthesis after
 
anthesis. 
For a certain crop structure the amount of assimilates stored in the
 
seed mainly depends on the rate of activity of the green plant parts during the
 
grain-filling stage and its duration. 
Hardly any data can be found in literature
 
on photosynthesis of winter wheat in this stage, especially for highly productive

conditions.
 

Material and Methods
 

Winter wheat 'Clement' was grown on a deep, reclaimed clay loam. To prevent

lodging the whole field was sprayed with chlormequat chloride (1 kg active
 -
ingredient ha 1) at stage F5 (Feekes scale). Half of the plots were inten
sively sprayed from the tillering stage till after anthesis (Table 1). 
 Thus

all negative effects of minor attacks by eyespot, Septoria tritici, and S.
 
nodorum, stripe and leaf rust, mildew and aphids could be prevented. Nitrogen
 
was supplied in growth stages F4, F6 and F8, the total amount being 120 kg N
 - 1
ha . In this way a crop was obtained which could serve as a reference crop.
 

Table 1. Spraying program in winter wheat trials with complete disease
 
control.
 

Date Growth stage Compound Control of
 
April 16 5 benomyl + carbamate Septoria tritici + eyespot

May 2 6 benomyl + carbamate Septoria tritici + eyespot

May 17 8 sulphur + carbamate Septoria, mildew
 
May 30 10 sulphur + carbamate Septoria, mildew
 
June 4 BASF 3172 (liquid) stripe rust
 
June 10 
 dimetoate aphids, leaf rust

June 13 benomyl + carbamate Septoria nodorum, leaf rust
 
June 20 10,5,4 as June 10 
 stripe rust
 
June 28 
 as June 13 Septoria + leaf rust
 
July 10 11,1 
 as June 13 Septoria + leaf rust
 

Institut voor Biologisch en Schaikundig Onderzoek van Landbouwgewassen,
 
Wageningen
 



Uptake and release of carbon dioxide were measured with a-mobile apparatus such
 
as described by Louwerse and Eykhoudt (1975). A perspex chamber of 80 x 80 cm
 
was placed over three rows of wheat, row distance 25 cm, thus comprising about
 
340 culms. The C02-content of the incoming and outgoing air was determined by

infrared gas analysis. Soil respiration was excluded by a small overpressure
 
in the enclosure.
 

Results
 

Crop photosynthesis
 

The rate of photosynthesis was measured during six consecutive weeks, starting
 
Just after the onset of grain growth. An example of the daily course of net
 
photosynthesis on a rather clear day is given in Figure 1. At a light intensity


-
of about 0.15 J cm 2 min-1, the CO2 uptake compensates the release of C02 due to
 
respiration. From that point on there is a rapid increase in the net CO2 uptake.
 
The relationship between rate of photosynthesis and incident light can be seen
 
more clearly from the response curves presented in Figure 2 for Week I, Week II-

IV, Week V, and Week VI.
 

Light saturation was reached at about 4.5 J cm-2 min-1 during the first four
 
measuring periods. Later the saturation value was lower, due to the declining
 
green area but even on the last measuring date the value was well above that
 
for individual leaves.
 

Obviously the highest photosynthesis level was reached in the first week with a
 
-2 hmaximum of 6.5 g CO2 m 1. This value was similar to those found for other
 

C-3 crops, such as potatoes, young grass swards and flax, but definitely lower
 
than found for the C-4 crop maize (Alberda e.a. 1975). For the second week the
 
light response curve was slightly lower, but no further decline occurred until
 
the fifth week. It is not clear whether this initial decrease should be re
garded as a first sign of senescence. The difference might be cajsed by an
 
increased energy demand for the transfer of soluble carbohydrates and nitrogenous
 
compounds into starch and protein, a process with an estimated efficiency of about
 
0.75 	(Penning de Vries 1974). The difference in daily production between Week I
 

-1 -1
and the next three weeks amounts to only 13 kg dry matter ha day for average
 
light conditions in July. The period of high activity was much longer than
 
found by other authors (Lupton 1972, Puckridge 1973), probably due to stress
 
conditions, inducing a more rapid decline. This experiment with 'Clement' showed
 
that a high rate of photosynthesis can be maintained at least 30 days after an
thesis, provided no stress factor.- in-rfere The level of photosynthesis was
 
clearly lower in the following weeks as can also be seen from Figure 3, giving
 
the course of photosynthesis during the grain-filling phase for two levels of
 

- 1
incident light, 4.3 and 2.2 J cm 2 min- , respectively. The decline is almost
 
linear with time.
 

It is useful to compare these data with the course of the green area of those
 
plant parts that contribute most to the grain production (Figure 4). The senes
cence of the penultimate leaf but also of the ear proceeded more quickly than
 
that of the flag leaf blade, whereas the flag leaf sheath and the peduncle
 
started to yellow last. Determinations of enzymatic activity did not show any
 
signs of senescence in the flag leaf blade before the first symptoms of yellow
ing became visual.
 



-s253-


The above-mentioned data pertain to a crop which could be kept free from dam
age by fungal diseases. On the control plots no difference was observed in the
 
first two weeks. Afterwards the green area decreased much faster than that in
 
the disease-free crop. The difference between the dates of the onset of the
 
linear decrease was about 9 days, sufficient to explain the large difference
 
in yield as shown in Table 2. It must be stressed that such differences will
 
only be found in experiments with a very thorough spraying program. Moreover,
 
the modern varieties require favorable growth conditions to realize their high
 
yield potential. An adequate moisture and nitrogen supply are prerequisites
 
for such experiments. Further the difference will depend on the severity of
 
the fungal infections and their interactions. Experience gained during the
 
last four years indicates that the average difference between "intensive care
 
crops" and the controls will amount to at least 1500 kg per ha under Dutch con
ditions and with the now available varieties.
 

Table 2. Yield data and crop characteristics of Clement winter wheat.
 
(F - treated with fungicide, C - control) 

Grain Total Nitrogen Protein L A I
 
yield yield uptake content at L A D
 
(16%) (16%) kg/ha % anthesis
 
q/ha g/ha
 

F 101.0 217.8 213 11.7 5.7 26.4
 

C *76.3 174,6 211 12.5 5.7 18.4 

Table 3. Yield composition of Clement winter wheat.
 
(F - treated with fungicides C - control) 

Yield of Average Ear Kernel
 
grain grain number number
 
(16%) weight per m2 per m2
 

q/ha (mgr.)
 

F 101.0 43.1 511 23600
 

C 76.3 36.5 509 20900
 

To check whether the light response curves found for winter wheat 'Clement' give

realistic values, the cumulative dry matter yield was calculated for the period
 
from June 24 until July 15, based on hourly values for the incident light. This
 

-1
calculated yield amounted to 4900 kg ha-l, whereas a value of 5030 kg ha was
 
found from periodic biomass determinations. This result shows that the method
 
used gives a realistic picture of the actual production (see also Figure 5).
 

A point of criticism might be that the fungicides have an effect of their own.
 
It could be shown that carbamate and benomyl did not influence the rate of
 
photosynthesis, respiration or transpiration of flag leaves. It has to be
 
investigated further whether these compounds have a direct effect on the senes
cence rate, to ensure that the effects found are not artefacts.
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Discussion
 

,Theyield level reached in this trial with the variety 'Clement' was high but
certainly not unique. 
In other trials with complete control of diseases many
varieties attained similar yield levels to that of 'Clement'. This holds for
varieties with a wide variation in genetic background such as 'Kranich', 'Caribo',
 
'Mars Huntsman', 'Multiweisz', selections from Weihenstephan material and also
some Yugoslavian varieties. 
However, no variety or selection was found to be
superior to "Clement' under disease-free conditions and grown according to the
best agronomic standards. 
We can then ask how can further progress be achieved?
Several possibilities may be considered, such as 
the distribution of assimilates,
the delay of senescence, the rate of photosynthesis, sink manipulation or crop

structure.
 

Already during most of the grain-filling stage the grain-growth rate reaches a
high value, the average amounting to 210 kg ha- 1 day 1 for the period from June
24 until July 22. The calculated net assimilation of the crop was 233 kg dry
-
matter ha-1 day 1, indicating that about 90% was used for grain filling. 
Although this number will be somewhat overestimated because of a certain contribution from pre-flowering carbohydrates, stored temporarily in stems and leaf
sheathes, it indicates that little progress can be expected from an improved

distribution percentage.
 

At first glance delay of senescence could provide the best measure to increase
the yield level: 
 even a shift of four days would suffice for an Increase of
about 800 kg dry matter ha-1 in the seed or nearly 1000 kg of grain at 16%
moisture. 
Whether such genetic differences exist, has hardly been investigated.
It might be worthwhile to apply the growing technique of complete disease control in special studies on material with large genetic differences. Possibly
these should include the triticales, making use of the prolonged postanthesis
stage of rye (Kolbe 1974). However, it is not sure that a mere delay of yellowing is sufficient to reach the higher level. 
 In several experiments it
was found that ears ripened although the flag leaves were still green. 
So
the real limitation may have to be sought in the growth duration of the ker
nels as well.
 

So far, differences found in the rate of photosynthesis could not be used in
breeding programs. 
Differences of 20% in flag-leaf photosynthesis have been
reported (Stoy 1965, Dantuma 1974), 
at least for plants raised in a growth
chamber, but these were shown not to be related to the crop growth rate.
Even if these differences are partly artificial, they point to the existence
of important effects of the leaf structure. However, virtually nothing is
known about their significance for breeding purposes.
 

In experiments with a high yield level the number of kernels per m
2 lies between 18 and 23000. There is
no direct evidence that an increase in this number goes together with an increased rate of photosynthesis. Most evidence of
a sink effect is rather circumstantial. However, experiments carried out by
Fischer at CIMMYT showed that an enhanced kernel number (obtained by crowding
after anthesis) could induce a substantial yield increase (CIMMYT Report,
1973). It would be very internsting to analyze how such an increase was reached:
 



Leaf position may be important with respect to the microclimate within the crop
 
stand. The outcome of crop simulation studies, however, shows that no favorable
 
effect of erect leaf position on growth rate can be expected at least at our
 
latitude and the normal leaf area of modern wheat crops after anthesis (Loomis
 
and Williams 1969, Goudriaan 1975).
 



1U5 EFFACTIVI USE OF FERTILIZERS IN WHEAT PRODUCTION 

R. A. Olson and D. H. Sander
 

USA
 

Introduction
 

A vast quantity of literature exists detailing fertilizer response of thewheat crop grown on different soils and under varied environmental conditions
throughout the world. 
A major portion of this literature was generated during
the two previous decades with maxumum yield as the primary objective when fertilizers were, for the most part, quite readily obtainable and inexpensive.The onset of the world energy crisis beginning in 1973, however, with concomitant quadrupling in cost of fertilizers, together with environmental concerns
prompted locally by non-judicious use of fertilizers have modified the earlier
perspectives on fertilizer use by farmers. 
 The result has been an increased
 
awareness of the need for obtaining maximum efficiency in the utilization by
crops of applied fertilizer nutrients to satisfy economic as well as environ
mental requirements
 

The basic principles of effective fertilizer use dre: application of the kind
of nutrient(s) needed at an appropriate rate and time of optimum yield and
quality of the specific crop, use of an efficient chemical carrier of each
nutrient applied, and placemant by a method that assures maximum accessibility

to the crop's root system. It will be the objective of this paper to touch on
these principles in respect of the wheat crop and in the light of present world
 
realities.
 

Response of Wheat to Fertilizers
 

The wheat crop must rank as one of the more responsive among major world cropsto fertilizers (Figure 1). 
 This probably attributes in considerable part to
the fact that wheat is grown primarily in temperate regions or at high altitude
in the tropical regions where cool soil temperature during much of the growingseason restricts the release of nutrients from mineralization of soil organic
matter and fro* native mineral breakdown. International attention has been
attracted in the past decade to the significant role that inorganic fertilizers
must play for assuring the food supplies required by a burgeoning world population (23). Amorg the essential nutrients, responses to N and P have been most
pronounced world around, t-a probability of deficiency being governed by inherent fnoil properties, yield obtainable and past soil/crop mwnagement practices.
This does not man that other elements are unimportant sinc. on certain soils
deficiency of K, Zn, S, Hg or 
other nutrient may be the primary limiting factor
 
to economic production. 

Eacton _(I and fertilizer use
 

Although the wheat plant has a very wide adaptation in respect of soil pH, being
grown on soils strongly acid to moderately alkaline in reaction (from pH £5 to
>8), the effective nutrition of the crop is markedly Influenced thereby and,
accordingly, the required fertilizer practice.
 

Joint FAO/IAE Division of Atomic Energy in Food and Agriculture, lANA, Vienna,
and the University of Nebraska. 

i 
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Liming of acid soils in temperate regions of the world accomplishes the primary

objective of enhancing availability of one or more of N, P, Ca, Mg and 4o,

while in humid subtropical regions the major benefit is likely to be the
more 

alleviation of Al, Mn and/or Fe toxicity. Adjustment in pH upwards in a short
 
time interval for nutritional advantage is readily achieved by liming, but

reduction in pH of calcareous soils is rarely feasible other than over 
long

time intervals through annual utilization of acidifying fertilizer materials.
 

Varied genotype adaptability has been recognized in wheats in response to the
 
malady of Al toxicity associated with strong acidity, and wheat breeders are
 
encouraged to make genetic selections resistant to the toxicity since soil cor
rection could prove wore difficult and costly than development of a tolerant
 
variety (7). It may well be found at the other extreme of pH, where low
 
solubility of P and trace element compounds restricts the availability of
 
these soil nutrients to the crop, that fertilizer requirements of wheat could
 
be reduced through genotype selections possessing stronger root capacity to
 
extract these elements from soil under high pH, calcium-carbonate saturated
 
conditions. Such variety x fertilizer interactions are most likely to be en
countered at the upper and lower extremes of soil pH and deserve more serious 
investigation by the plant breeder/production team than has been carried out
 
in the past.
 

Determining nutrients needed
 

Soil classification maps that delineate soil worphoiogical units in detail at
 
the farm level are invaluable for predicting likelihood of crop response during

the early years of commercial fertilizer use. 
 The data in Figure 2 depicting

pH, absorbed P and exchangeable K of major soil aeries from a region of Nebraska
 
are indicatie (2). During the 1950's it was possible to predict with reason
able certainty that P response would occur on eroded Holdrege soils but was
 
quite unlikely on the other three soils depicted, while K responsa would not be
 
expected on any of the four and most certainly not on the Holdrege.
 

In a similar way, regional response data from numerous fertilizer trials as
 
summarized by FAO in developing countries have been most useful in getting fer
tilizer use programmes underway (5). This approach in determining the nutrient(s)

needed represents essentially the same principle as suggested above in reflect
ing the current nutrient status of representative soils in a specified locality.

Neither method is very reliable for diagnostic purposes on a given field, however,

in regions of diversified soil/crop management and especially after intensive
 
fertilizer use has begun.
 

A concept receiving wide credence in the more advanced countries during the past

decade of inexpensive fertilizer was that of supplying the amount of nutrient
 
as fertilizer that would likely be taken up by the crop. 
Many regarded this
 
as a reasonable procedure from a conservation standpoint, but it is quite

illogical when account is taken of the wide di'rersity in nutrient delivery

capacities of different soils, some having virtually unlimited reserves of
 
specified nutrients and others being almost devoid of any native reserve. 
Such
 
a programme can perhaps be justified from a purely economic point of view during

periods of oversupply and low cost of fertilizers, but it may well contribute
 
to environmental pollution in an unacceptable way in some 
localities.
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Ultimately one must look V! plant or soil analysis for arriving at a reliable
prognosis of the soil's nutrient status in relation to the crop that is to be
 
grown. 
Although plant analysis is ertremely useful for understanding problems
in nutrition related to the soil-plant system, its utility is restricted by
the fact that with most nutrients it is impossible to correct the deficiency

in the current crop. Moreover, extreme limitations are imposed in calibration
 
by the plant part analyzed, the stage of crop development, the time of day

when sampled, the environmental conditons just prior to sampling, etc.
 

Soil testing in the final analysis is the only practical method by which the
 
nutritent needs of a given field for wheat production can be ascertained. The
 
procedure not only affords the mears for diagnosing need of a particular nutrient

but additionally will take note of any excess that may tend to accumulate 
as
 
fertilizer use becomes extensive. 
 Reliable extraction procedures for a major
ity of the essential nutrients have been developed which evidence good correla
tion with crop nutrient uptake data in certain soil regions. Good correlation
 
can almost certainly be obtained with one or another extraction procedure for
 
each of the nutrients in all major soil regions. Thereafter, all that remains
 
is to calibrate the soil tests with yield response to fertilizer from field
 
experiments in making the tests useful for any specified region. 
No test can
 
have anything more than empirical meaning, however, until such correlation and

calibration work has been done with soils of the region. 
The tracer method

becomes an irvaluable tool for correlation %tudies with quick chemical testing

procedures on soils of recognized soil regions, affording direct indication of
 
a crop's response to the soil nutrient environment quicker and more reliably
 
than obtainable by conventional methods.
 

It perhaps goes without saying that soil testing should look at more than the
 
surface soil alone and rather should take 
into account as much of the rooting

zone as possible. This is especially true for the more mobile nutrients like

N but is also important for the less mobile ones like P (note F!gure 2). 
 The
 
time and effort involved in obtaining profile nutrient data of reliable char
acter through soil testing are considerable, but costs are small in comparison

to expenditures for fertilizer in modern crop production.
 

Rate of nutrient application
 

Optimum fertilizer rate is governed by the nutrient supplying capacity of the

soil rooting zone and by the combination of genotype with the various environ
mental factors that determine the yield obtainable. An appropriate rate for
 
representative soils of a given region can be designated after a series of
 
fertilizer trials in the locality which will be valid during the first very few
 
years as fertilizers are being introduced into that region. 
Once fertilizer
 
use has become commonplace, however, differences in requirement from one field
 
to the next will be increasingly evident due to differential soil nutrient
 
residuals accompanying varied soil-fertilizer-crop management and differences
 
in drainage/aeration and accelerated erosion among soil units. 
 In short, if

160 kg N and 100 kg P205/ha proved the optimum treatment for an irrigated wheat
 
crop in the year a fertilizer rate experiment was conducted on a given soil,

it is most unlikely that this would still be the optimum rate on that soil after
 
five years of such treatment.
 

Soil testing can serve an invaluable role in assessing the most economic rate of
 
nutrient to be applied for the wheat crop. 
Note in Figure 3 how wasteful it
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would have been if 67 kg N/ha had been recommended for all of the 118 fields 
represented (18). Only a few fields would have benefitted, while the majority
would have given no return for the N applied above 45 kg, and several would 
actually have experienced yield loss! We can say with reasonable conviction
 
that no supplemental fertilizer N is required for yield of winter wheat vari
eties in use in Nebraska ifmore than 120 kg minral N exists in the rooting

profile at planting.
 

There are many reasons beyond the most obvious economic one to keep fertilizer 
nutrients applied to soils from reaching excessive levels. Increasing amounts
 
are 
likely to escape the crop rooting zone to become potential environmental
 
pollutants the greater the excess. Further, the excessive element may have 
damaging physiological effects on the crop by delaying crop maturity or by having
deleterious interaction with other essential nutrients, e.g. K on Mg, Zn on Fe,
P on Zn, etc. 

JIM of fertilizer application
 

The time of fertilizer nutrient application can have much to do with the efficien.
 
cy of its utilization by the wheat crop as well as on the physiological development of the crop. Phosphatic materials and other nutrients of low mobility
 
in soil must be placed in the seedling root zone at or before the time of plant
ing for best results. Fertilizer N on the other hand, will normally evidence
 
greater utilization efficiency when applied at thu tillering stage than if

applied at planting (Table 1). In fact. it has been established that N taken 
up at a late stage of growth, as following the boot stage, Is preferentially

absorbed into the grain with very limited equilibration with N already in the
 
vegetative portions of the plant (6).
 

Tim of N application may also have bearing on various maladies st the wheat crop.
High N availability from planting time onwards has been known to accentuate winter 
frost damage of wintor wheat due to the excessive succulence of the plant
material when the first heavy freeze occurred. Similarly. som disease problems

like root rot have been promoted by excessive fall growth associated with a high
level of nutrition. In years of limited rainfall such heavy fall growth is un
acceptable from the standpoint of soil moisture depletion as well. Lung term
Nebraska studies indicate, for example, that the probability of yield reduction 
from N use due to these factors to four times greater than with spring treat
ment. But very deficient N supply during stand establishment In the fall. on
 
the other extreme, has been associated with severe winter kill in some cases. 

Huch of winter production in the Mediterranean region depending on winter and 
spring rainfall would beeift from spring top dressing over planting tim ap
plication of the major portion of the required N. Potential looses of N to 
runoff, leaching, amonl volatilization, and dentrification are thereby minl
sized with further benefit of enhanced water utilization efficiency by the crop
(16). The delayed treatment also reduces the possibility of overetimulation 
which is ever a hazard indry far~iwng regions. 

kL1b 2L rillmir u.PL"SL2 
Proper fertilizer application requires first that there to no harmful lit effect 
to the germinating seed and seedling. Care moust be exorcised In placement of 
those carriers with high salt Index that little or none comes in direct contact 
vith the seed. At the ln time, there is the nutritional objective that the 
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?able 1. 	 Effect of tine of fertilizer application and nutrient carrier on the
 
utilization of fertilizer N in wheat grain (6)1/.
 

Nitrogen Yertilizer applied at Grain Proportion of applied
 
Carrier Plaqtin Tillerina Yield in s&rain
 

ksgi/ha kgN/ha kg/ha% 

*4*NO03 60* 60 5279 17.5 
60 60k 22.1 

CO(*NH2)2 60* 60 5077 15.5 
60 60* 21.0 

(*NH1 4 ) 2 S04 60* 60 5136 16.4 
60 60* 23.6 

Control 0 0 3305 

* 	 Nitrogen tagged with 13N. 
./ 	 Average for 7 irrigated experiments in A.R.E., Hungary, India, Iran, Lebanon, 

Pakistan, and Romania. 

placement 	employed assures the moat efficient crop utilization of the applied
 
nutrient and the least loss from the soil-plant system. With these principles
 
in 	mind, it is commonly observed that maximum response of wheat per unit P 
applied In calcium phosphate materials (low salt index) accompanies seed place
ment. But with amonium phosphates and other N and K carriers, separation of 
seed and carrier is required for assuring that no germination inhibition of 
med will 	occur.
 

A third consideration in placement is that there may Ie either beneficial or 
detrimental interactions between two or eore nutrient carriers applied simulta
neously. 	The best known positive interaction is that of M1, ion placed with
 
fertilILer P on plant uptake of the latter; a negative one to the loss of MI3 
that can result as an alkaline material is placed in contact with urea. 

Effective placamnt of fertilizer nutrients for the wheat crop is determined 
to a considerable extent by the nature of the chemical carriers oployed. 
Anhydrous ammonia is highly toxic to germinating seed, which necessitates its 
placement below the level of drill performance. Other solid and liquid matrt
al bearing N, although less toxic than M1 must be placed separate from the 
seed from the standpoint of germination inglbition due to salt plasmolysis.
Although larget quantities will cause no harm under favourable moisture condi. 
tions, stand loss at the expense of yield can occur with no more than 10 k1 
N/ba placed In the seed raw if no rain is received for some week# atter planting. 

Investigation with chemical carriers of low mobility nutrients like P and K 
applied to the msjrity of soils have indicated increasing crop utilitation 
efficiency with incrasing solubility of the material. Thus. greater yield 
response per unit I' Applied has been found with ammonium phosphates and mono-' 
calcl|v phosphate than with th less soluble dicalcium and tricalcium phosphates# 
and per unit K frotm potassitas chloride or sulfate than from potassium silicates. 
Tklre are decided soil interactions, e.g. the efficacy of metaphoephate ad 
baic slag of low water solubility when used on strongly acid soils In contrast 
with their poor performance on alkaline soils. 
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Comparable results have usually been obtained with different chemical carriers
 
of N so long as each was used in a way to compensate for its own specific 
characteristics (note Table 1). Thus, urea-containing materials should be
 
incorporated into soil and not be left on the surface, especially on cal
careous soil; Nl3 must be applied under favourable moisture conditions and 

isted sufficiently deep to preclude excessive loss; no carrier should be 
applied in significant quantity adjacent to the seed; ammonium sulfate should
 
not be the carrier tor continuous use on strongly acid soil*; etc. As a result,
 
the N carrier receiving greatest acceptance by farmert where a choice existed 
has been the one costing the least per unit N. Anhydrous ammonia has acquired

preemineno tn midwestern U.S. because it sells for around one-half the cost 
per kilo N of solid materials, making the purchase or rental of the required
 
pressure equipment a practical procedure for large farm operations.
 

Significant interaction occurs between N carrier and the time of application,

especially as NH3 is compared with other materials. The required injection 
procedure for N 3 naceSiLtaes the application of this material ptior to plant
ing the crop. By reason of the depth that it needs be placed, however, and its 
limited mobility until nitrification occurs in the following spring, NH73 acts 
not greatly different from spring applied nitrate carriers for the winter wheat 
crop.
 

Tagged fertilitzer materials can serve a most useful role indetermining moat
 
effective time and method of application and chemical carrier efficiency under 
a specified soil environment. This is the only method for measuring directly 
the efficiency with which a given fertilizer increment is utilized by the crop.
 

h111A 1111 21 111M arriers 

Solution products compounded of urea 4nd amnium nitrate and augmented as
 
required with P, K and trace elements, have grown greatly In acceptance by wheat 
farmers in the U.S. In the pest decade. Convenience in handling together with
 
competitiveness in cost to solid carriers have been responsible for this growth,
The agronomic effectiveness of solution materials isgoverned by the sam prin
ciples as for the individual solid carrier components. The favourable experience

in the U.S. suggest* a good probability of rapid acceptance of solution materials 
elsewhere as local manufacturing facilities permit their production. 

Anhydrous amonia can be converted Into 'aqua ammonia' by dissolving inwater, 
usually in proportions of I part Nil to 3 parts watler, thereby simplifying its 
handling by eliminating the need to? high pressure equipment. Its efficient use 
by the crop is controlled by the same rules as for anhydrous.
 

Granulation of solid materials t normally accomplished to facilitate ease of
 
handling and application In the field. A fairly coarse granulation is additional
ly beneficial for P materials of high solubility applied to soils with a strong
 
fixing capacity. On the other hand, law solubility P compounds must be finely 
divided to afford maximum availability of the nutrient to the crop. 

The bulk blend and spread process of fertilizer merchandising and distribution
 
has grown appreciably in acceptance throughout the grain belt of the U.S. during

the p Ot decade, It permits labor saving and unit cost reduction in shipping,
mixing and spreading of the bulk materials compared with bagged and factory
blended solid materials. Principles of nutrient utilisation by the mop apply 
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equally as for each of the basic carriers of nutrient employed. Since bulk
 
blending and spreading entails mixing N, P, K and other nutrient carriers, most
 
of which are non-mobile nutrients in soil, spreading before final tillage is
 
essential for deriving full benefit of the non-N components of the mixture.
 
Such application is not the most efficient for the majority of nutrients,
 
necessitating higher rates for achieving specified yield objectives, with
 
environmental pollution implications.
 

Soil Moisture - Fertilizer Interaction
 

In much of the world's land area devoted to wheat production, availability of
 
soil moisture is ever a foremost limiting factor. Moisture conservation prac
tices are fundamental to wheat culture under these circumstances including such 
controls as can be effected by tillage practices, residue management and irri
gation. Recognition of this fact isespecially pertinent to fertilizer practice
 
in view of the potential overstimulation hazard, i.e. the promoting of excessive 
early vegetative growth that cannot be supported by the soil moisture remain
ing for the latter portion of the growing season. It is especially important
 
to recognize the potential that exists for overstimulation with non-Judicious
 
use of fertilizer N.
 

When appropriate balance is effected between time and rate of nutrient applica
tion and the moisture available to the wheat crop, however, it becomes apparent
 
that optimum fertility isessential to maximum water use efficiency by the crop
 
(17, 24). This does not mean to say that fertilizer substitutes for water, but
 
rather that the well-fed crop utilizes more effectively the water that is avail
able to it. Actually, the combination of kind and rate of fertilizer Applied
 
for optimum yield will result in a very small increase inwater consumption, 
normally much smaller in proportion to the total water use than the ratio of 
fertilized to non-fertilized yield such that WUE of the crop is significantly 
increased by fertilization. 

During the early years of fertilizer N use on a N deficient land area it has 
been proved feasible to forecast the ratL of N needed for optimum yield by the 
amount of moisture storage in the rooting profile at the beginning of the growth 
season. For example, in that portion of Nebraska having around 50 cm annual 
rainfall, approximately 22 kg N/ha could be economically used for each 7 cm 
available moisture stored in the rooting profile at planting with continuously 
cropped land having only modest inherent N delivery capacity (19). After several 
years of fertilizer N use, however, it has become apparent that the amount of 
residual mineral N in the soil rooting profile from prior fertilizer treatments 
mst be iutegrated into the formula (18). 

Fertilizer Needs of Wheat and Environmental Quality 

Increasing amounts of fixed N in rainfall, stream and lakes with each passing 
year have made fertilizer N suspect in the eyes of world citizens by reason of 
the sometric growth in its consumption during the recent generation. Phosphorus 
fertilizers have also become suspect as environmental pollutant for the same 
reason. Excessive N03-N in water and foods is known to be inimical to health 
of human& and animals, and concentration of P and N is a major factor associated 
with eutrophication of surface waters. 
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Most comprehensive investigations on the subject have evidenced limited impact 
of fertilizer use by farmers on nutrients contained in ground- and surface 
waters to date and rather the wastes of humans and animals have been the pre
dominant source (1,4, 14, 25). In the case of N, nitrate coming from mineral
ization of soil organic matter after the land was broken for cultivation and
 
that from local geologic deposits in the mantlerock have been significant con
tributors as well. These facts notwithstanding, excessive non-judicious use of
 
fertilizer has been found responsible in places for nutrient contamination of
 
water, and intolerable levels of N03-N in various leaf crops consumed by man
 
and animal have sometimes been traced to excessive N fertilizer application.
 
It goes without saying that fertilizers must be used in accordance with the
 
various principles elaborated here in order that, with the greatly expanded use
 
required for feeding mankind in the future, agriculture will not be condemned
 
as a major polluter of the world 3nvironment.
 

As one regards the amount of percolating water required to flush an applied 
pulse of N through a soil rooting profile in the presence of a growing crop, it 
becomes clear that the single most important factor controlling the amount of 
N likely to leach from the root zone in a given crop season is the amount of 
mineral N in the lower portion of that root zone at season's start. Accordingly, 
this must be the first point of reference from the standpoint of environmental 
protection against N pollution of groundwater. 

Quality of Wheat as Influenced by Fertilizer Use
 

Effective fertilizer use as it enhances quantity of grain produced can have 
significant bearing on such quality factors inwheat as amount and balance of 
essential amino acids in protein contained, test weight, and baking quality (loaf 
volume) of its flour. Other less tangible factors are modified composition of 
various elements essential to human nutrition and varied vitamin contents. 
Especially are kind and amount of protein in the grain of ultimate impact in 
recognition of the world's shortage of protein for human consumption and the 
fact that food grains presently supply around 2/3 of that available for human 
nutrition. 

Variety, soil fertility and environment are the primary factors that determine 
the protein content of wheat, while a number of other production factors like 
tillage method, residue management, pasturage, etc. interact directly or in
directly to varying degree. Varietal improvement through plant breeding pro
grams of the past have focussed especially on climatic adaptation, disease and
 
pest resistance, increased yield potential and improved milling characteristics.
 
The improved variety usually contained a lower protein percentage by reason
 
of diluted N and other minerals in the higher yield obtained. Only recently
 
have plant breeders begun to investigate seriously means for increasing geao
types' capacity for absorption, translocation and utilization of N as the 
foundation for increased grain protein sy-.hesis, by traditional methods of 
selection and crossing as well as by induction cf mutations with irradiation 
and chemical mutagens. Some varieties of wheat haw been developed with higher 
protein percentage and protein yield potent-!!, _-ith Indication that protein 
genes in the improved variety promote more efficient and complete translocation 
of N from plant to grain (11, 12). The data in Figure 4 are indicative in 
demonstrating the consistent 2%+ greater protein content of the experimental 
C1 14016 at all rates of applied N than possessed by the commercial variety 
Lancer. Further, the experimental had not surpassed peak grain yield at 135 
kS applied N/ha and its protein yield was continuing as a straight line function# 
whereas Lancer was on the declining portion of the grain yield curve with 
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protein yield leveling off at the high N rate. Not to be overlooked, however,is the fact that most of the N required for the increased protein yield mustbe provided ultimately by the soil or by the fertilizer supplement. But
varietal selection will become an increasingly significant factor in production

practices directed toward maximum protein yield and quality.
 

It can be stated as a general axiom that those production factors (with N heldconstant at some nominal level) that favour grain yield depress protein percentage by reason of N dilution. Thus, as expressed in Figure 5, increased
yields accompanying greater moisture availability from a deficiency condition
at a given level of N will be inversely related to protein content (22). 
 This
does not mean to imply that high grain yield and high protein percentage are
 
unobtainable simultaneously.
 

Among all known essential nutrient elements, 
none has the impact of N on grain
protein content. 
Sulfur, too, can have major effects on protein synthesis since
the metabolism of S and N seems to be 
closely related with one part readily
available S being required for each 12-16 of S for maximum protein production
(20,21). Other plant nutrients have little effect on grain protein except for
 a usual slight reduction in percentage protein if yield is increased by their
 
application.
 

Nitrogen rate
 

Percentage protein in the grain is generally found to increase with increasing
rate of N applied. 
This is true at least above some minimal rate where sometimes grain yield is raised at 
the expense of protein content, but even in this
 case 
total protein yield is enhanced. 
Rate of protein increase from this low N
rate onward is normally a near straight line function until some quite excessive
rate of N is employed, well above that required for maximum grain yield. 
 Maximum
protein yield is obtained with some 
N rate between that required for maximum
grain yield and that for maximum protein percentage (Figure 6).
 

The previously noted overstimulation hazard in the drier regions is most acute
with excessive fertilizer N, which element has greater vegetative stimulationeffects than other nutrients. Such excessive vegetative growth uses availablesoil moisture at the expense of grain yield, but the reduced yield is usuallyassociated with shrivelled grain possessing higher than normal protein percentage.
 

Since the quantity of N required to maximize grain yield is not sufficient to
produce maximum protein, it is clear that the relation between N cost and value
of increased protein determines the 
rate of N a producer will use. Without
reimbursement for protein enhancement, the 
farmer will apply only sufficient N
to optimize grain yield. 
 In Nebraska with varieties presently produced the N
rate required for most economic yield under favourable weather conditions will
provide grain with a protein content of around 11 percent (Figure 7). 
 The
correlation presented in this figure although significant is not at all precise,
giving evidence of the 
influence that several other environmental factors have on
the protein/yield relationship as data are acquired from varied locations. 
Other
investigators have rep:rted this optimum yield/protein relationship as a 'thres
hold' for the crop under consideration (8, 10).
 

k of N application 

Grain protein percentage in winter wheat is almost always greater from spring
than fall application of N. 
The percentage tends to become progressively higher
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so time of spring N application is delayed, providing precipitation is received 
to carry the N to the root system. If applied foliarly, application can be
 
delayed to the point that the entire expreossid N effect is on protein and not 
at all on yield, maximum protein percentage accompanying application around 
the flowering stage.
 

It is clear that the latest possible application of N to soil, commensurate 
with crop stage of developmeait and growing conditions that permit ready N uptake$ 
affords maximum protein yield, This is partially explained by the fact that 
delayed N is available in quanttty tor grain formation and has not been exces
sively imobilized inunnecessary esgetative growth. Perhaps equally important 
is the reduced opportunity for N losses with late &pplication, as previously 
detailed, because of P., active well-established root system in the @oil for 
absorbing N. 

Sinificance of residual mineral N
 

Impact of residual mineral N in soil Isequally important to protein as to grain
 
yield (note Figure 3). Large differences iii grain protein, without .,dditional 
N applied, accompany differernt residual N levels in the soil rooting profile.
 
These differences are retained as parallel ottaight line functions seross the
 
normal range of fertilizer N rates employed (15). With the data available to 
date it sims unlikely that protein level could be made equivalent with any 
reasonable N rate under rainfed conditions, further that some modest level of
 
residual mineral N in the root zone isessential for maximum combined expression
 
of grain yield and pr'otein content. A likely explanation is that root activity
 
oeclines from the soil surface downward as moisture is depleted through the 
growing season preventing utilization of even heavy N treatments, much of which 
remain in the surface soil during the year of treatment. Some quantity of N03-N 
in the deeper horizons is thus necessary for full protein expression since the 
N taken up late is known to be most afficiently channeled to grain (6). 

ABLno acid distribution In Protein 

Quality of protein in wheat grain for human nutrition is governed by the pro
portions of the essential amino a:ids (EAA) in the protein. The most limiting 
amino acid in wheat it lysine with lesser shortages of tryptophan and mthionine. 
Traditional uses of wheat, especially in the production of flours suitable for 
bakery products, h-to required characteristics of the endosperm that were 
acquired through centuries of selection and more recently through plant breeding.
These characteristics are wapecially related to the glutenin component, increases 
in whch are at the expense of albumins and giobulins which havt greater con
centrations of lyaine. Thus, any adjustments in the wheat plant's structur4 in 
respect of the glutenin fraction to accomplish rheological objectives must be
 
weighed against any associated loss innutritional value.
 

As previously noted, N fertilizer above soe minimal rate achieves an increased
 
protein content of wheat grain. Furthersore, such elevated protein from N fer
tilizer treatment is known to enhance loaf volum of bread made from the wheat 
flour (3,19). The nutritional value of the N fertilizer grain, however, has 
comonly been found to be lowered with an increased proportion cl prolamine at
 
tbo expense of globuliGs and albumins, and associaLed loss in lysin. Added un
certainty in the issue is railed by the fact that protein components are not 
synthastaed in parallel. With rrolains accumulating especially in tw latter 
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steps of grain development, itwould seem that late N applicatiorowhich maximize 
protein formation may not necessarily accomplish an improvement innutritinal 
quality. Genotypic differences have been recognized, however, in both wheat and 
rice where the inverse relationship between percentages of protein and lysina 
did not exist (12, 13). It has also been observed that in a given environment 
the higher protein varieties of wheat afford greater lysine 2jr unit w ght of 
arlii even though negative correlation exists between percentages of protein 
and lysine. Other studies on wheat (9)and barley (26) indicate that high 
rates of N fertilization applied at a late growth stage do not necessarily 
depreciate protein quality from the lysine standpoint and that genotypic dif
ferences exist in the relationship. 

Quite obviously, much work remains to be done in fully elaborating the role of
 
fertilizer practices on protein quality of wheat. It seems quite probable that
 
certain nutrient interactions which have been studied only from the standpoint
 
of grain yield might have significant impact on IEAA distribution in the grain
 
protein. We might logically investigate the impact of certain of thi trace
 
elements associated with enzyme systems when applied in combination with late N
 
on the protein/EAA relationship, likewise the result of combined N and S infusion 
into the plant at a late growth stage. 

Summary and Conclusions 

Inorganic fertiliters have contributed tremendously to the world's enhanced pro
duction of wheat since WW1, especially in the highly developed countries with 
recognized need for a vast expansion in their use in the developing countries. 
This use must ba adjusted to known basic principles concerning time, rate and
 
method of application for assuring most efficient utilization of the applied
 
nutrient(s). 

Properly calibrated soil testing is recognized as the most practical meaure for 
assuring that the right kind of nutrient application is made and at an appropri
ate rate for satisfying economic and environmental requirements. The practice
 
become increasing essential with time of intensive fertilizer practice. Although 
methods have been established for the extraction of most essential nutrients from 
soil, it is mandatory that the tests employed be correlated with and calibrated 
to the soils of the region where the soil testing is being done. 

The elements most comonly required for maximizing wheat yields in most soil 
regions of the world are M and P, although locally any one of the other soil
derived nutrients may be the primary limiting factor. Phosphorus must be applied 
at or before planting to assure its presence in the rooting tone and will 
normally give maximum return per unit applied wnen placed with the seed. Nit
rogen due to its mobility and potential for volatilization and leaching losses 
will usually afford greatest return in grain and protein yield when the major 
portion is applied at a somwhat later stage of growth, as at tillering, and 
should not be applied in quantity with the seed. lncreasing N rate beyond that 
requi:4d for optimum yield results in increasing protein percentage, nutritional 
value of which t markadly influenced by genotype involved. Much remains to be 
achieved in studies of the EM balance In the grain as influenced oy fertiliser 
practice.
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: SEARCHING FOR AN OPTIMAL METHOD OF VERNALIZATION 

Z. Barabas, F. Sagi, and L. Paradi
 
Hungary
 

Introduction
 

The number of generations grown per year is an important factor in the effective
 
breeding of plants. While five to six generations of spring wheat can be grown
 
per year, only three of winter wheat can be grown because winter wheat requires
 
a vernalization period in order to head. 
Although this varies continuously

(Fedorov, 1974) from 0 to 70 or 80 days, in extreme cases it 
can be even more.
 
From Klippart 1857 (in Murneek-White, 1948) we now have much information about
 
vernalization. Many questions, however, remain unanswered. Regarding its
 
genetics, three or four genes are involved (Pugsley, 1973), but the most im
portant effect among them is that of the Vrn I gene due to its epistatic ef
fect. Krursilin (1963), Gott (1957), 
and Chujo (1966, 1969), in Mukade (1973)

reported that the speed of vernalization is not proportional to the temperature.

It proceeds more rapidly at 8-110C than at O°C. Also, the light conditions and
 
the developmental stage influence the speed of the process. 
 The vernalization
 
occurs in light more rapidly than in the dark. Overextended vernalization may

result in devernalization (Derera 1973, Feekes 1941, Rajki 1960).
 

Chemical Vernalization
 

We do not know the physiologic processes of vernalization. How can low tem
perature act through some transcription to force the plants to bring about
 
culm elongation and the generative period connected with this? 
 It is probable

that an inhibiting agent is maae ineffective in some physiologic way. Theo
retically, therefore, the vernalization process could be replaced by some
 
chemical treatmeat. If thAs succeeds, winter wheat could produce as many

generations as does spring wheat. In some semi-winter species, such as
 
Hyoscyamus or winter barley, chemical vernalization has been achieved with
 
gibberellins. In the case of winter rye or winter wheat, efforts to replace

the chilling effects by chemicals have failed (Barabas-Sagi, 1974).
 

Tomita (1963, 1964, 1963) suggested treating winter wheat seedlings with adeno
sinemonophosphate (AMP). When his experiments were repeated on various winter
 
wheat varieties, we produced an inhibition of growth in the seedling stage
 
rather than hastened vernalization. We have found no sign of the AMP helping

the plants into relm elongation. The concentrations 1-675 ppm also failed in
 
combination with partial vernalization (0, 15, 30, and 45 days cold treatment)
 
in our experiments (Barabas, Sagi, 1974).
 

Tomita (1973) also suggested another way to neutralize the hypothetical in
hibiting agents of the endosperm. By treating the endosperm of the seeds with
 
trypsin he obtained interesting results. The protein fractions of the treated
 
seeds changed and this change was associated with culm elongation. We have
 

Cereal Research Institute, Szeged
 



- 273 

repeated the experiments of Tomita with various trypsin treatments, concentra
tions, and winter wheat varieties. We observed no change in the protein quality

of the wheat endosperm and induction of culm elongation was unsuccessful.
 

We also tried to recognize the inhibiting agents by heterotransplantation. The
embryo of winter wheat was transplanted into the endosperm of spring wheat seeds,
but culm elongation did not result. Spring wheat embryos In winter wheat endo
sperms, however, reached culm elongation without problems. The cultivars used 
were Bezostaya I winter and Tobari 66 spring wheat.
 

Also in opposition to Tomita's result, we detected no 
inhibiting agent and also
 
failed to replace vernalization with any chemical. treatment. In spite of these
 
negative results we may not exclude the possibility of replacing the cold effect
 
by some chemical treatment.
 

Pifluencing Vernalization Period by Li. ght and Temperature Treatments 

Cott (1957), Chubo (1966, 1969) in Mukade (1973) report that 
instead of 1-2 0 C,

the use of 8-110C, and the replacement of the dark treatment by a light one, 
 can 
shorten the period of vernalization. Two winter varieties, Red Star and Sava,
 
were used in our experiments. Both are uniform and of good vitality. Light
 
treatments were 500 and 1000 lux at 2 and 7'C In 
a cold room as well as 5000
 
and 20000 lux in Conviron phytotrons at 7C.
 

Effect of Temperature
 

Our experiments clearly show that higher temperature will decrease the period

of vernalization. This effect, however, isnot independent of the light levels.
 
The vernalization conducted under dark conditions varied little with the various
 
treatments. It was successful when the treatment lasted between 35 and 42 days,

whether the temperature was at 2 or 70C. Under dark conditions all of the plants

developed culm elongation by the 77-78th day of these treatments. Vernalization
 
under lighted conditions gives better results at 7C than at 2°C.
 

The speed of the vernalization process is significantly higher at 70C. This is
 
valid for all the variants except for the 42-day cold treatment. Under lighted

conditions, the optimum length of the treatment period falls between 28 and 35
 
days at 7C. At this temperature the plants reach the culm elongation without
 
exception by the 70th day. 
 This can be achieved under dark conditions only by

77th day, after 42 days of cold treatment.
 

Effect of Light
 

Of course, the effect 3f temperature is also influenced by the light intensity.

Vernalization withcut light treatment at 2'C is
more successful than the same
 
treatment under light (500 lux). Elongation ends by the 8th day. Here the opti
mal duration of the process is 42 days, and this, but only this, is valid at the
 
various temperatures investigated. At 70C, however, the vernalization is
more
 
successful under light treatment. Culm elongation ends by the 64th day.
 

Mukade et al. (1973) reported that vernalization took less time when it 
was
 
treated by Vitalux lamp instead of a fluorescent light source. However, the
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intensity of light was not taken into account because Vitalux had 3600 lux and
 
the fluorescent had 6100. Our experiments show the following results under dif
ferent light intensities.
 

The cultivar Red Star did not reach culm elongation after 0-7 days vernalization
 
independent of light intensity. After 14 days culm elongation at 1000 lux begins
 
relatively late (on the 68th day) but every plant reached culm elongation.
 

The vernalization variants at 21 and 28 days vernalization show an early beginning
 
of culm elongation and every plant will reach it at both 1000 and 5000 lux within
 
a short time. Culm elongation began on the 55th day. For the 28-day treatment,
 
the number of plants in culm elongation for the 1000 lux variant reaches the 5000
 
lux one. The process lasts much longer at 20000 lux. After the 28-day treatment
 
the first plants achieved culm elongation on the 67th day but the process did not
 
end until the 80th day of the experiment.
 

I should mention that, after a 28-35-day vernalization period, only small differ

ences result in the time required for the plants to reach culm elongation. But
 

this does not diminish the superiority of the higher temperature (70C). This
 
advantageous effect over the 20C treatments is valid for all variants.
 

Summary
 

We found that the vernalization period is shorter at a higher temperature (7
0C
 

compared with 20) and under light conditions compared with darkness. Development
 
of the plants is much better at a lower (between 500-5000 lux) than at a higher
 
(at 20000 lux) light intensity. This process ends optimally on the 67th day of
 

the experiment when all of the plants reach culm elongation in the winter wheat
 
variety Sava.
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KFFECTS OF THE DEPTH OF PRE-SOWING TILLAGE
 
OF SOIL AND FERTILIZER APPLICATION ON YIELDS
 

AND GRAIN AND FLOUR QUALITY OF WHEAT
 

Boris Simeonov and Nicola Vanchev
 
Bulgaria
 

4ny experiments have been made to examine the effects of pro-sowing tillage 
of soil and fertilizer application to wheat grown after corn (1, 2, 3, 5, 7, 
8, 9, 10, 11, 12, 13). 

The results show that, when not irrigated, almost all soil types, save leached
 
maroon forest soils, perform best after shallow pre-sowing ploughing (10 - 12
 
cm) or harrowing. If the field is overweeded, the soil too compact, and enough
 
moisture is present, ploughing to 18-20 cm is recommended, followed by addi
tional cultivation for decreasing the clods.
 

The areas under irrigation in this country have increased in the last few years.
 
This provides the opportunity of providing the soil with water, if dry weather
 
occurs in autumn, so that the pre-sowing tillage becomes easier.
 

In searching for the answers to questions connected with the ways of pre-sowing
 
tillage of soil and fertilizer application to wheat and their effect or. yields
 
and quality of grain and flour, a complex experiment was made in the fields of
 
the Experimental Station "K. Malkov" in Sadovo town, Plovdiv district in the
 
1967 - 1971 period. 

A meihod of fractional plots was used in the experiment in six replications with 
30 m harvested area. The variety under test was Becostaya 1. After harvesting 
the corn for grain the soil was irrigated to its water absorption capacity to 
the depth of 1 meter absorption capacity, according to the formula: m-10 x Px r x 
A. 

The following were tested in the experiment:
 
A. Tillage;-l) Harrowing 8-10 cm; 2) Ploughing 10-15 cm; 3) Ploughing 20-25 cm;
 
4) Ploughing 30-35 cm.
 
B. Fertilizer application; 1) No fertilizer - check; 2) N6 0P4 oK3 0 used; 3) N120 
P8 0K60 used; 4) NIOP120K9 0 used; 5) N240P160K120 used. 

All of the potassium and 2/3 of the phosphorus were applied with the pre-sowing
 
tillage and the remaining 1/3 of the phosphorus with the pre-sowing harrowing. 
One third of the nitrogen was applied with the pre-sowing herrowing, and the
 
remainder in early spring.
 

The soil is leached chernozem smolnitsa. Its mechanical composition proves to 
be one of the most difficult soil types in this region. The quantity of humus 
is about 1.90. and the reaction of the soil is faintly alkaline (pH - 7.1-7.7). 
Sona of the indices characterizing the water-physical properties of the soil 
are given in Table 1. 

Characteristics of the region are comparatively mild winters and hot dry sumers. 
The average annual rainfall is 554 m. Most of the precipitation falls in May, 
June and November. A long drought beginning in mid-July until the first days 
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Table 1. Water physical properties of soil. 

Maximum Moisture Volume Porosity in
 
Maximum hydroscopic in the weight in Relative 7. of soil
 

Profile whc moisture drying maximum weight volume in
 
cm 7 % laver whc max, whc
 

Al 0-30 29.84 12.89 17.89 1.45 2.69 38.29
 
A2 BI 30-46 32.74 15.83 20.92 1.4/4 2.71 36.53
 
B2 46-77 30.27 14.76 19.19 1.46 2.71 35.06
 
Cl 77-103 28.50 12.71 16.52 1.56 2.72 34.19
 

of October is also repeated almost every year. Spring drought, in March and
 
April, is a frequent occurrence.
 

In the period before pre-sowing tiilage, soil moisture as a result of the
 
irrigation, ranged between 21.00% and 23.60X in the top 40 cm which is near
optimal for the purpose of the experimentation.
 

The average actual depth of tillage in the different varianta, the working

width, and resistance were determined (Table 2). In deep ploughing to 30-35 cm,
 
the tractor has to overcome resistance twice as large as that of ploughing to
 
depth of 10-15 cm, and nearly 4 times greater than with harrowing. Therefore,
 
using shallow cultivation, the period of pre-sowing tillage can be significantly
 
shortened as a result of the higher speed and increased wor:king width which
 
will, in turn, permit sowing at the optimum time.
 

Table 2. Traction resistance at the tillage of soil.
 

Actual depth Average work. Traction
 
Way of tillage of tillage, ing width, resistance,
 

cm m ki
 

Harrowing 8.0 3.9 840
 
Ploughing 10-15 cm 14.0 1.3 1480
 
Ploughing 20-25 cm 23.5 1.3 1800
 
Ploughing 30-35 cm 33.8 1.4 3100
 

Observations on soil water build-up show, that in a dry autumn such as 1969,
 
if the ploughing is 20-25 or 30-35 cm deep, this layer of soil dries up quickly

and by sowing time the moisture in comparison with the shallow cultivations
 
is 3.0 to 4.6% less (Figure 1). There areno regular differences due to depth 
of tillage in spring. Afeer May in dry yep'cs, the percentage of moisture in
 
deeply cultivated soil is higher. If the precipitation is normally distributed,
 
the soil water build-up is not affected by the way of tillage.
 

Yields obtained for the different years and the a-verage for four years are
 
given inTable 3 and Table 4. Yields from shallow cultil'ated plots (harrowed
 
and ploughed to 10-15 cm) are 160-210 kg/ha higher (the average for 4 years)
 
or 10-11% more than from the deep cultivated ones (20-25 and 30-35 cw). When
 
fertilizers are applied, no differences in yields were established. If tkw
 
average data for the four years is considered, there are no proven differences
 
in yields attributable to ways of tillage taken as # whole with all the variants
 
of fertilizer application.
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Table 3. Grain yield, kg/ha. 

Vartints of Variants of soil tillam
 
fertilizer Harrowing Plouahing. 10-15 cm
 
application 1967 1969 1970 1,971 1967 1969 1970 1971
 

Check 2250 1040 1470 2760 2180 1050 1570 2870
 
N60P40K30 3030 1890 2910 3530 3070 1790 2860 3670
 
H120P8 K  
 2750 2380 4030 3750 3950 2300 2870 3860
 
N180P10 0 4470 2600 4370 3630 4370 2560 4300 3760
0 120 - 2980 4430 3370 - 2820 4170 3520Ploughing, 20-25 cm 
 Ploughing, 30-35 cm
 
Check 20;0 880 1360 2540 1760 880 1410 2760
 
N60P40K3 2940 1710 3150 3600 2880 1650 3360 3780
0 
N120P80 a0 3600 2140 4150 3950 3890 2090 4120 3910 
N18 P20410 4290 2560 4450 3740 4370 2330 4490 3660 
N240P160K120 2680 4290 3390 - 2570 4550 3360 

Tabl 4. Average yields for four years.
 

Grain yield Differences
 
Variants kg/ha P . D proven
 

A. fertilizers applied
 
Check 1804 517 -1683 000
 
N60P40K30 2864 821 - 623 000
 

3487 1000 - -N120P80K60 
N180P120K90 3750 1075 + 263 -+ 

2633 755 - 854 000N240P160K120 


GD 5. 173
 
GD 17. 237
 
GD 0.1% 321
 

B. soil tillage
 
Harrowing 3077 991 - 28 -

Ploughing 10-15 3105 1000 - -

Ploughing 20-25 3037 978 - 68 
Ploughing 30-35 3078 991 - 27 -

GD 57 129
 
GD 17 170
 
GD 0,1% 222
 

Fertilizers have by far greater influence on wheat yields than tillage. The 
yield increases proportionately with the rate of fertilization until it reaches 
the optimum rate of N12 0 P8 0K6 0 for the variety. When the rate is further in
creased the yield iseither unchanged or slightly decreasen. 

On the basis of the data on yields we can conclude that in meteorologically 
different years, the optimum rates of N, P, and K a&not the same. In the 
dry 1969 a very well expressed increase of yield was observed due to the higher 
rates of N, P, and K which reached their maximum values. In 1970 the highest 
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yield obtained was from the rate Ni80P 12OK9O but after that, this increase
 
is considerably smaller. In the comparatively moist 1971 the results were
 
completely different from those obtained in the dry 1969. In all variants
 
of tillage the highest yields came from the plot where Nl2oP8oK6 n was applied.
Unver dry conditions, yields decrease if the rate of fertilizer6pplication
 
is lower than N18oP1 20 K90 , regardless of tillage variants.
 

Grain quality of wheat is of extreme importance these days (4, 6, 14). In
 
Table 5 are tabulated the re3ults from the analyses of sowe technological

qualities of grain and flour. The data show that fertilizer application
 
has strongly affected these indices, while the influence of soil tillage is
 
more elusive. Thus for example, protein content of grain has increased 4-5%
 
as the result of fertilizers, with exception of the dry 1969 when it
was no
 
more than 3.27.. The vitreous kernels were below 80% in the treatment with
out fertilizers, but when the rate of fertilization was increased these
 
amounted to 85-887.. The content of wet gluten as well as dry gluten in the
 
flour is in positive correlation with the protein content of grain. Depending
 
on fertilizer application, water absorption capacity and sedimentation and
 
valorimeter values change in the same way.
 

Table 5. 	Technological qualities of gain and flour, averaed for two years.
 

Soil tillage N P K N P K
 
Quality indices cm Check 120P80K60 240 160 120
 

Crude protein, % Harrowed 	 11.38 12.92 15.06
 
Ploughed, 	10-15 11.53 13.28 14.95
 

20-25 11.60 13.28 14.37
 
30-35 11.65 13.39 15.88
 

Vitreous kernels Harrowed 74 80 87 
7 Ploughed, 10-15 75 82 85 

" 20-25 74 82 88
 
" 30-35 74 80 
 85
 

Wet gluten in 70% Harrowed 23.9 26.8 33.2
 
flour Ploughed, 10-15 24.9 29.3 35.5
 

" 20-25 26.3 29.6 
 35.9
 
" 30-35 25.6 27.9 35.1
 

Dry gluten, % Harrowed 8.4 9.5 11.5
 
Ploughed, 10-15 8.7 10.5 12.3
 

o 	 20-25 bl.7 10.9 
 12.4
 
" 30-35 8.6 
 9.8 	 11.5
 

Absorbtion, % Harrowed 	 60.2
57.4 	 62.8
 
Ploughed, 10-15 57.6 60.9 64.5
 

1 20-25 59.1 61.0 63.9
 
o 30-35 57.6 62.2 65.5
 

Valorimeter Harrowed 68
56 68
 
value Ploughed, 10-15 60 67 73
 

o 	 20-25 56 70 73
 
30-35 55 68 76
 

Bread volume, ml Harrowed 442 451 463
 
Ploughed 10-15 435 455 460


" 20-25 455 460 460
 
" 30-35 462 463 473
 

HD index of Harrowed 0.49 0.50 0.52
 
bread Ploughed, 10-15 0.48 . 0.50


" 20-25 0.51 0.51 
 0.50
 
" 	 30-35 0.48 0.47 0.48 
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The same table shows some of the baking qualities of flour for 1970 and 1971.
It is obvious that the variety Bezostaya 1 has manifested its very 6ood baking
quality in all the treatments. The only exceptions are the high rates of fer
tilizer application (N18 0 P12 oK90 and N240olIboK120), when bread volume tended
to remain the same and even to decrease, The other indices of baking6 qualities
of flour are not affected by differences in tillage but fertilizer application
has favourably influenced all valUeb. This is %,ellexprebsed in the baking 
values.
 

!r 
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Conclusions
 

1, Shallow pro-sowing tillage (harrowing or ploughing to 10-12 cm ) Is better
 
to use fov soil preparation after corn (Zea mays) for grp'n if irrigation is
 
done. The traction resistance is 2-4 times smaller tOan the deep cultivations
 
and efficiency of machines is much higher. 

2. The effects of pre-sowing tillage on yields depend on whether fertilizers 
will or will not be used. When no fertilizers are applied, cultivations to 
the depth of 10-15 cm cause an increase of yields of 10-117.. If fertilizers 
are applied the effects of soil tillage are eliminated. 

3. Under the conditions of the four test years when this study was made, the 
highest average yield was obtained from treatments with fertilizer application
 
at the rate of N18oP12oK9o . From an economical point of view N12 0 P8 oK6 0 is
 
most effective rate.
 

4. Grain qualities of wheat are not cllanged by the depth of pre-sowing tillage.

The fertilizer application that is optimum for the variety has significantly

positive effects on the quality of grain and flour too.
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CONTRIBUTION OF INDIVIDUAL PLANT PARTS TO GRAIN YIELD
 
AND PROTEIN CONTENT AND QUALITY OF TWO WHEAT VARIETIES
 

DIFFERING IN PROTEIN CONTENT
 

Soad Youssef and All Salem
 
Egypt
 

Introduction
 

Rational judgements on how to maximize yields by altering the form of develop
ment of a crop plant through breeding or husbandry can only be made with In
formation on the physiological process that determines the yield of the plant.
 

In recent years a number of crops have been studied to determine which partsn
of photosynthetic systcm act as sources of photosynthates in the harvestable 
product. Pauli and Laule (1959) reported losses of 32% of .rain yield when 
'Pawnee' wheat plants were completely defoliated during five dayti preceding 
heading. They attributed this loss to kernel size and/or number of kernels 
per head with different m=gnitudes at different stages of wheat growth. 
Sticker and Pauli (1961) found a decrease in yield of 23, 35, 43, and 95% re
spectively from removing approximately 33, 50, 67, and 100% of the leaf area 
at late boot anJ anthesis stages of sorghum. Rastogi and Singh (1971) re
ported a significant decrease in grain yield/plant and 100-kernel weight, and
 
a non-significant decrea';e in the number of grains per plant on removal of 
main shoot and/or tiller leaves. Mikesell and Paulsen (1971) found that re
moval of flag leaves at anthesis decreased the N-content in the grain of high 
protein wheat lines more than was contained in those leaves. Removal of lower 
leaves at anthesis also reduced grain N but more in low than In high protein 
lines. 

Hunter et al. (1973) attributed the reductioi4 In maize yield by 55% to the re
duction of 100-kernel weight and the reduction by 40% due to decreased number
 
of kernels per head as the result of defoliation treatments. KIlmenko and
 
Kryukova (1973) showed that removal of the top leaves of winter wheat at the
 
early stage of flowering reduced grain protein content to 11.5% and grain
 
yield to 70.1% compared with 14.4 and 100% respectively in the control plants.
 

In this study an attempt was made to determine the relationship between de
foliation and yield components/plant and protein quantity and quality of two
 
wheat varieties that varied in protein content.
 

Materials and Methods
 

A field experiment was conducted at the Kafr el Sheikh College of Agriculture
 
farm in 1973-1974. Two wheat varieties were selected on the basis of previous
 
performance of protein quantity and quality. These varieties are Giza 155
 
which is low in protein quantity and quality and Chenab which is high in pro
tein content and medium in quality. The two varieties were sown in experimen
tal plots 4 x 4 meters, 20 rows four meters in length and 20 cms. apart.
 

Alexandria University, Alexandria and Tanta University, Tanta
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After three weeks from sowing the plants were thinned by hand to one plant at a
 
distance of 15 cm between each plant. By the heading stage thirteen defoliation
 
treatments were Imposed randomly on ten individual plants chosen at the center 
of each row of each variety. The defoliation parts assigned to either the main 
shoot or the largest tillrr were as follows: (1) flag leaf blade, (2) second 
leaf, (3) third leaf, (4) fourth leaf, (5) all leaves, and (6) spike. The con
trol was without defoliation. The plots werr- irrigated five times and fertil
ized with one kilogram of ammonium nitrate (33% N). After one month from sow
ing, at the nuture sitage, plants were clearied and weighed to determine total 
dry weight, Ti length of the main nhoota and side tiller pitkes from each 
treatment and variety were measured and averaged. Spikes of the main shoot 
and side tillers were threshed separately by hand to determine grain yield per 
plant. Two hundred-kernel weight was recorded. Protein content and sedimenta
tion value were determined according to the standard methods outlined by the 
A. A. C. C. (1962).
 

Results
 

The effects of thirteen defoliation or ear removal treatments on total dry
 
matter and grain yield are shown in Table 1. Chenab yielded more dry matter
 
and grain yield than Giza. Removing the flag leaf blade from the main shoot
 
reduced grain yield of the main spike 27.3 and 24.8% whereas the reduction in
 
grain yield of the side tillers amounted to only 3.07 and 3.7 for Giza 155 and
 
Chenab, respectively. The total reduction of grain yield, however, was about
 
5% for both varieties. On the other hand, removing the flag leaves from the
 
tillers reduced the grain yield per plant more than 30%. The lower leaves 
defoliation from either the main shoot or side tillers had a smaller effect 
on grain yield than the flag leaves. Complete defoliation of the main shoot 
reduced grain yield about 5% whereas it was reduced 80% upon removal of all 
leaves from tile tillers.
 

It is clear from Table 2 that the different defoliation treatments have little 
effect on spike length. The largest decrease in spike length occurred when 
all leaves were removed either from the main shoot or side tillers. The 
length of the main spike was increased upon removal of the tiller spikes. 

Hundred kernel-weight was affected by the defoliation treatments as shown in 
Table 2. Removal of the flag leaf from the main shoot or the tillers had the
 
most influence on the 100-kernel weight after the complete defoliation treat
ment. The 100-kernel weight of either the main or tiller spikes was increased
 
when the counter spikes were removed.
 

Grain protein content and sedimentation values are shown it!Table 3. The o der
 
of importance of leaves for protein translocation to the grain were flag leif,
 
second, third and fourth leaf from either the main shoot or tiller. A compLete
 
defoliation of the main shoot or tillers reduced protein about 16.5 and 23.0
 
percent for Giza 155 and Chenab respectively. Sedimentation valites were af
fected slightly as a result of the defoliation treatments. The sedimentation
 
values of the main spike grains were lowered as a result of the various de
foliations of the main shoot whereas the sedimentation values of the tiller
 
grain were not affected and vice versa.
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Table 1. Effect of different defoliation treatments on grain yield and dry
 
matter content of two wheat cultivars.
 

Main spike : Tiller spikes : : % 
Parts : Grain : + or - : Grain : + or  : Grain yield/ : Dry matter/ 

removed : yield : % from : yield : % from : plant of plant of 
: (g) : control : g : control : control control 

Main shoot 
Flag leaf 1.60 -27.30 40.5 - 3.57 95.2 97.2 
Second leaf 1.80 -18.20 41.0 - 2.38 97.0 97.3 
Third leaf 1.95 -10.10 42.0 -- 99.5 97.4 
Fourth leaf 2.05 - 6.80 42.0 -- 99.8 97.4 
All leaves 1.20 -45.40 41.0 - 2.38 95.3 94.8 
Spike -- -- 43.0 + 2.38 97.5 93.2 

Tillers 
Flag leaf 2.10 - 4.50 28.0 -33.30 68.2 75.7 
Second leaf 2.15 - 2.30 30.0 -23.80 72.8 77.5 
Third leaf 2.20 -- 33.5 -20.20 80.8 81.3 
Fourth leaf 2.20 -- 35.0 -11.90 84.4 84.5 
All leaves 2.05 - 6.80 20.0 -52.30 49.5 69.0 
Spikes 3.00 +36.40 -- -- 6.8 35.7 
Control 2.20 -- 42.0 -- 44.2* 81.2* 

Main shoot 
Flag leaf 2.55 -24.80 52.0 - 3.70 95.2 96.0 
Second leaf 2.75 -18.30 52.5 - 2.80 96.5 97.2 
Third leaf 2.94 -11.90 53.0 - 1.85 97.5 98.0 
Fourth leaf 3.06 - 7.90 54.0 -- 99.6 99.5 
All leaves 1.86 -47.50 51.0 - 5.55 92.2 94.7 
Spike -- -- 54.5 + 0.93 95.2 91.0 

Tillers 
Flag leaf 3.15 - 4.95 33.3 -38.90 61.5 78.7 
Second leaf 3.20 - 3.03 37.0 -31.30 70.0 81.7 
Third leaf 3.24 - 1.98 44.0 -18.50 82.3 89.8 
Fourth leaf 3.28 - 0.66 48.0 -11.10 94.7 92.2 
All leaves 3.10 - 6.60 27.1 -53.70 52.7 74.0 
Spikes 4.40 +36.30 -- -- 7.7 28.4 
Control 3.30 -- 54.0 -- 57.3* 105.5* 

* Grain and dry matter per plant in grams
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Table2,...
Effect of different,defoliation treatments on spike length and 100.
 
kernel weight.
 

Main Spike : Tiller Spikes : Main Spike : Tiller Spikes

%Parts :Length:+ or - : Length:+ or - : 100 :+ or - : 100 :+ or 
removei& : (cm) :%from : (cm) :% from : kernel:% from :kernel:% from
 

:control : :control :wt.(g):control :wt.(g):control
 

Giza 155
 

Main shoot
 
Flag,leaf 
 8.8 -.7.37 8.0 . . 3.21 -34.10 4.44 -1.34
 
Second leaf 9.1 -4.22 
 8.0 - - 3.74 -23.20 4.48 - 4.45 
Third leaf 9.3 '2.12 -- 1.9,3.97" -18.50 4.50 -

'
Fourth leaf 9.5 80',. -14.40 4.50
 
All leaves 8.2 -13.70 78 -2.50 2.65 -45.60 4.30 - 4.45
 
Sp '.e - 8.1 +1.25 .. .. 4.56 +1.33
 

Tillers *± - . 

Flag leaf 9.5 -- 1.T72 -10.00 4.64 - 4.73 3.00 -33.30 
Second leaf 9.5 7.4_ 4.73.J:-- -7.50 - 2.88 3.50 -22.20
 
Third leaf 9.5 -- 7.6 -5.00:: 4.79 -16.60 3.80 -15.50
 
Fourth leaf 
 9.5 -- 7.8 -2.50 4.82; -10.30 4.00 -12.20
 
All leaves 
 9.1 -4.22 6.7 -16.30 4.53 - 6.98 2.07 -54.00
 
Spikes 12.0 +26.30 - -- 4.95 + 1.85 -- --

Control 9.5 -- 8.0 -- 4.87 
 -- 4.50
 

Chenab
 

Main shoot
 
Flag leaf 12.5 -7.42 11.5 -- 4.25- -29.10 5.53 - 2.12
 
Second leaf 13.0 
 -3.72 11.5 -- 4.89 -19.30 5.58 - 1.24 
Third leaf 13.3 - 1.48 11.5 -- 5.06 -16.50 5.65 --

Fourth leaf 13.5 -- 11.5 ,- 5.49 -12.70 5.65 --
All leaves 12.0 ! -11.20 .11.4' -0.87 3.52 -41.90 5.33 - 7.43 
Spike -- 11.5 . . ---- .. 5.70 +.0.50
 

Tillers
 
Flag leaf 13.5 -- 10.7. 6.97, 575 - 5.10 3.85 -31.90
 
Second leaf 13.5 
 -- 10.9 - 5.22 5.81 - 4.10 4.58 -18.90
 
Third leaf 13.5 -- 1.3 - 1.74 
 5.84 - 3.60 4.90 - 1.33
 
Fourth leaf 13.5 11.5 5.91z
-. -- - 2.50 5.13 - 9.20
 
All leaves 13.1 - 2.97 9.8 -14.80 ,562' 7".-30 2.65 ,-53.20
 
Spikes 15.5 +14.80 .... 6.21 + 2.50 ..
.. 

Control 13.5 -- 11.5 6.06 ,- 5.65 
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Table 3. Effect of different defoliation treatments on protein content and
 
sedimentation value of two wheat cultivars.
 

,:MainSpike : Tiller Spikes : Main Spike :Tiller Spikes
:Parts : Protein : + or - : Protein : + or - :Sedimentation:Sedimentation 
removed : % : % from : % : % from : value : value 

: : control : : control : cc 
 cc
 

Giza 155
 

Main shoot
 
Flag leaf 9.03 -15.30, 9.45 - 0.84 11 14
 
Second leaf 9.41 -11.70 9.46 - 0.73 12 14
 
Third leaf 9.60 -10.00 9.48 - 0.52 12 
 14
 
Fourth leaf 9.71 - 8.90 9.50 - 0.31 13 14
 
All leaves 8.90 -16.50 9.40 - 1.36 11 13
 
Spike .-- 9.60 + 0.73 --
 13
 

Tillers
 
Flag leaf 10.40 - 2.40 8.43 -11.50 15 12
 
Second leaf 10.53 - 1.22 8.56 -10.20 15 13
 
Third leaf 10.55 - 1.03 
 8.73 - 8.40 16 13
 
Fourth leaf 10.57 - 0.84 
 8.91 - 6.50 16 13
 
All leaves 10.27 - 3.66 7.93 -16.70 14 q1' 
Spikes 10.83 + 1.60 ---- 18 --
Control 10.66 -- 9.53 16-- '14 

Chenab
 

Main shoot
 
Flag leaf 10.72 -17.40 11.57 - 1.11 16 20
 
Second leaf 11.10 -14.50 11.60 - 0.85 20 20
 
Third leaf 11.91 - 8.20 11.66 - 0.35 22 22
 
Fourth leaf 12.33 - 5.00 11.70 
 -- 22 22 
All leaves 10.03 -22.80 11.49 - 1.80 16 20 
Spike -- 11.76 + 0.42 16 20 

Tillers
 
Flag leaf 12.45 - 4.08 9.79 -16.70 20 16
 
Second leaf 12.64 - 2.62 10.10 -13.70 20 16,

Third leaf 12.73 - 1.93 10.73 - 8.30 21 18
 
Fourth leaf 12.35 - 1.02 11.07 - 5.40 22 18
 
All leaves 12.26 - 5.55 9.01 -23.00 15
16 
Spikes 13.37 + 3.05 -- -- 24 
Control 12.98 -- 11.7 -- r20'22 




Discussion
 

Yield losses when leaves were removed apparently were caused by the additive
 
affects of the loss of stored nitrogen, decreased subsequent nitrogen accumu
lation and translocation to the grain as well as smaller quantitites of photo
synthesized carbohydrates. The yield losses were mainly due to kernel size
 
and density as the 100-kernel weight decreased to values approaching 50% and
 
the spike length was affected slightly by defoliation. Flag leaves had the
 
most influence on grain yield and kernel weight. According to Mikesell and
 
Paulsen (1971), the role of leaves in transfer of N to the grain was considered
 
three-fold. First, while the leaves transpire daily and photosynthesize, up
take of N by the culm is promoted. Secondly, nitrogen taken up is reduced in
 
the leaves via nitrate reductase and thirdly, leaves directly supply grain
 
with nitrogen by mass transfer from the vegetative parts after heading. Re
moving the flag leaves from either the main shoot or tillers decreased the
 
grain nitrogen content of the corresponding spike over 15% which was con
sidered in excess of the amount of nitrogen in the leaves by Milvesell and
 
Paulsen (1971). Removing the lower leaves affected the grain N-content more
 
in Giza 155 (low protein) than in Chenab (high protein). This seems to in
dicate that the lower leaves were less actively involved in reduction of
 
soil N and translocation of vegetative nitrogen to the grain. In other words,
 
grain protein in the low protein variety depended on translocation of N al
ready present in lower leaves in contrast to the high protein variety which
 
required continued assimilation of N by the flag leaves after heading.
 

On the whole, all the leaves contributed only about 20% of the nitrogen in
 
the grain by mass transfer. The other vegetative parts as well as direct
 
absorption and transport of nitrogen to the grain must be the means of de
positing the other 80% of nitrogen in the grain.
 

In conclusion, the reasons for the increased level of nitrogen in the high
 
protein wheat variety seem to be: viability and continued assimilation of
 
N by flag leaves after heading, efficiency of translocation of vegetative N
 
present at heading, and the quantity of nitrate reductase. The higher amount
 
of N in the flag leaves of high protein cultivars than in low protein culti
vars was already reported by Johnson et al. (1967), Mikesell and Paulsen
 
(1971), and Salem and Youssef (1975). Efforts to improve wheat grain protein
 
content might profitably emphasize longevity and viability of flag leaves.
 
These results provide a logical basis for plant breeders to construct new
 
high-yielding plants by developing them with a large photosynthetic area.
 

Summary 

Thirteen defoliation or ear removal treatments were applied to the main shoot
 
and the longest tillers of two wheat varieties at heading stage. A reduction
 
of up to 50% in both the grain yield and hundred kernel weight and up to 15%
 
in the spike length occurred as a result of the various defoliation treatments.
 
Removing the flag leaves at heading caused a sharp decrease in the N content
 
in the grain of the high protein variety only. However, removing lower leaves
 
at heading decreased N content at a lesser degree in both varieties. On the
 
other hand, protein quality was affected slightly by the different defoliation
 
treatments.
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ZELATIONSHIP BETWEEN C14 02 UPTAKE.AND TRANSLOCATION
 
OF ASSIMILATES BY PLANT ORGANS AND YIELD IN WHEAT
 

Tomslawvupina, Slavko Borojevi6, and Ljubinko Vasiljevi&
 
Yugoslavia
 

The results obtained by Asana (1955), Watson (1952, 1963), and Stoy (1965,

,1969),indicated that in the source of vegetation the roles of some organs in
 
seed formation changed in dependence of varietal characteristics. Mac Key

(1966) cited the data of Boonstre (1937) according to which the green parts

of the spike, after fertilization, participate in seed formation with 34%,
 
top internode with 29%, second top leaf with 18%, and all lower leaves with
 
7%. It should be pointed out that these results were obtained on the basis
 
of defoliation and by the method of shading of some leaves and other green
 
organs. More recent research conducted with radioactive carbon C14 indicate
 
that the roles of various organs in the formation of wheat seed yield are
 
somewhat different.
 

The following wheat varieties were examined: Bankut 1205, Bezostaja 1, Sava,
 
San Pastore, Crvena zvezda, NS-732, and NS-735. 
Earlier research (Borojevid

and dupina, 1969) had indicated divergent characteristics of these varieties.
 
The plants were grown in the field at the experimental field of the Institute
 
of Agricultural Research in Novi Sad in 1969 and 1970.
 

Ten plants of each variety were taken at the stages of heading and milk maturity.

They were transported to the laboratory and exposed to the atmosphere containing
 
radioactive carbon C1402 . The exposure was performed in climatic chambers under
 
stable conditions of light of 12,000 luxes, temperature of 250 C, and relative
 
air humidity of 70%. 
The plants were taken out after one hour; radioactive
 
matter was then separated in various organs (leaves, stem, spike) and fixed
 
during boiling by 80% C2H5OH. The total radioactivity in certain leaves, stems,

and the spike of the primary stem was determined on total dry matter in imp/100
 
sec., as well as the radioactivity of some organic compounds.
 

On the basis of the obtained results, the following conclusions can be drawn:
 
There was a significant positive correlation between the seed yield per m. sq.

of the examined varieties and C1402 uptake by primary stem, both at the stage

of heading and at the stage of milk maturity. There was a significant positive

correlation between seed yield and C1402 uptake by spike at the heading stage.

However, significant correlation between the above parameters was not found at
 
the milk stage of maturity.
 

The intensity of C140 2 translocation into sugars of primary stems was positively

correlated with seed yield per m. sq. at the heading stage and also at the milk
 
stage.
 

The majority of the examined lines, at the heading and milk stages showed sig
nificant differences in certain plant parts regarding carbon uptake which could
 
be related to the yields of these varieties. About 90% of C140 2 taken up during
 

Institute of Agricultural Research, Faculty of Agriculture
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the process of photosynthesils.,was .incorporated.,into compounds soluble in 80%
 
C2H5OH. However, the incorporation into insoluble compounds was much lower
 
10 to 12% in relation to the total radioactivity of all compounds.
 

Various C14 incorporation in reserve matter in the seed indicated different
 
quantitative relations of these compounds in seed which ultimately conditions
 
not only the quality of seed but also the quality of flour.
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V TIONINTHE VERNALIZATION REQUIREMENTS
 
IN WINTER WHEAT CULTIVARS
 

Torao Gotoh
 
Japan
 

Introduction
 

Many researchers have suggested the possibility of a wide range of variation

in the vernalization requirements of winter wheat cultivars. 
Kakizaki and
Suzuki (1937) proposed classification of wheat cultivars by their heading

reactions in successive sowings. 
 Their method has been widely practised in
Japan. 
Recently, Takahashi and Yasuda (1970) tested the expression of winter

habit under continuous light and moderately high temperature. They assumed
that, under these conditions, the retardation of heading would correspond
with vernalization requirements. 
It was thought that Takahashi's and Yasuda's
methods might avoid disturbances caused by different sensitivity to daylength.

However, the method proved to be inadequate in the classification of true
winter types because 
no reliable correlation was found between vernalization

requirements and degree of retardation of heading under the mentioned conditions (Gotch 1971). 
 Riddle and Gries (1958) and Grant (1964) performed tests

under long day and warm temperature after various degrees of vernalization
 
to compare the vernalization requirements of several wheat cultivars.
 

In this report, the author tried to get a general idea of the variation of
vernalization requirements in winter wheat cultivars by a method similar to

that used by Riddle and Gries and by Grant.
 

Materials and Methods
 

Materials: 
The cultivars selected for this experiment, mainly from the IWWPN (International

Winter Wheat Performance Nursery), are 
listed below, along with their origins

and years in the IWWPN.
 

Years 
 Years
Cultivar Origin 
 in IWWPN Cultivar Origin 
 in IWWPN

Rashid Iran 
 1974-75 Maris Huntsman England 1975
Kirac 66 Turkey 1972-74 Martonvasar 2 Hungary

Likafen 
 Chile 1974-75 Mironovskaya 808 USSR 

1975
 

Rousalka Romania 
 1972-74 Timwin USA 
 1969-71
Atlas 66 USA 
 1969-75 Zenith 
 Switzerland 1972-74

Norin 10 Japan --- Kavkaz USSR 
 1974-75
Marimp 3 Italy 1972-74 Aurora USSR 
 1974-75
Bolal Turkey 1974-75 Bezostaya 1 USSR 1969-75
Blueboy USA 
 1969-74 Manella 
 Netherlands 1974-75

Tam USA 1971-73 Lely Netherlands 

Sava Yugoslavia 1971-73 Probstdorfer 

1975
 
Austria 1971-73


Kitakamikomugi Japan 1975 
 Extrem
 
Talent France 
 1975 Jubilar West Germany 1974-75
Favorit Romania 
 1975 Caribo West Germany 1972-74
Demar 4 Italy 1974-75 Hokuei 
 Japan 1971-73

Sieve Italy 1975 
 Diplomat West Germany 
 1972-74
 
Gaines USA 
 1969-70
 
Maris Nimrod England 1971-73
 

Tohaku National Agricultural Experiment Station, Morioka, Japan.
 



Cold treatment:
 
In early experiments on the vernalization of wheat, many researchers gave

cold-treatments to germinating seeds. 
 Some researchers tried to halt plant

growth during the treatments by restricting the water content of the seedlings.

However, Purvis and Gregory (1952) realized that growth during vernalization
 
was important and beneficial and stabilized the vernalization effect. Gott
 
(1957) vernalized green plants under light, and Friend and Purvis (1963) re
ported the important role of light on the stabilization of vernalization.
 
Chujo's experiment (1969) clearly showed that the effect of vernalization
 
increased proportionally to the length of illumination given during the ver
nalization. Recently, Mukade et al. (1973)found that Vitalux A lamps were

superior to white fluorescent lamps as 
light sources during vernalization.
 

Vernalizatiun experiments on germinating seeds were usually conducted at 10 
-
30C to halt plant growth during the treatments. However, as already stated,

growth during vernalization has been found to be important, making deveranli
zation effect of high temperature ineffective. Chujo (1966) found 80 - 110C
 
the most effective temperature under continuous illumination. The most effec
tive temperature range shown by Tione and Metzger (1970) was lower than that

found by Chujo. However, their experiments were done in darkness and seemed
 
to be disturbed by increased respiration.
 

Gott (1957) observed almost the same vernalization effects on seedlings of dif
ferent ages, while Mukade et al. (1973) found a prominent effect on just-sprouted

seeds not covered by soil. 
According to the author's unpublished data, vernal
ization outdoors proceeds in direct proportion to the vernalization from the
 
1-leaf stage.
 

The cold treatment used in this report is as follows: 1-leaf stage, 80C, ca 2000
 
lux of continuous illumination by Vitalux A lamp.
 

Growing conditon after vernalization:
 
Plants were grown from winter to spring in the greenhouse. The minimum tempera
tures were always 200C, and the maximums were kept below 250C by automatically
operated windows. Day lengths were 
lengthened to 24 hours by the supplemental

illumination of 500 - 600 lux at night.
 

Estimation of vernalization requiremenc:
 
The criterion for the complete fulfillment of vernalization was considered by

this author to be when the flag (final) leaves on the main stems were fully
 
extruded from the 
leaf sheaths within 34 days after the end of vernalization.
 
As the duration cf vernalization is increased, the number of days until the
flag leaves are fully extruded becomes less and arrives at a plateau at about

34 days, even in the extreme vinter cultivars. Many researchers use the
 
number of days to anthesis or heading as a standard measure but some varieties
fail to head or head incompletely in cases of incomplete vernalization. Therefore, the number of days until the flag leaves appear seems to be more reliable.
 

Results
 

Vernalization requirements of IUWPN cultivars:
 
The number of days 
to appearance of flag leaves in the vernalization experiments

is shown in Table I. The figures, made by dividing by 1O,counting digits 5 and
 
higher as 10, and disregarding any less than 5 (to make the evaluation easier),

are shown in Table 2. From these tables, an estimation of the vernalization
 



Table 1. Number o days to flag leaf emergence after vernalization.. 

' 
V.R. Duration of vernalization (days)
 
"Cuiitvar 0 5 10 15 20 25 30 35 40 45 50 55 60 65'70...
 

Rashid "0 29 23 21 20 16 16 8 11
 
Kirac66 5 3 21 22 18 14 15
 
Likafen 107" 42 !34 3113.27 24 22 19
 
Rousalka 25 103 83 54 40 28 24 29 24
 
Atlas 66 25 80 54 45 37 34 27 25 26
 
Norin 10 1:25 64 54 40 33 30 28 25
133 

Marimp 3 30 '1V 97 72 36 43126 31 30
 
Bolal 35 88 42 42 33 26
 
Blueboy 35' 48 39 32 28
 
Tam 40 41 27 37 29
 
S-va 40 '"'24 105 87.63 56 43 38 34
 
Kitakamikomugi 0 105 '100 84 58 39 42 36 28 29 31
 
Talent 5 58 56 50 40 2824 23
 
Favorit 50 69 61 43 37 39 34
 
Demar 4 50 61 45 44 43 3627
 
Sieve 50 50 51 51 44 35 33 27
 
Gaines 55 182 77 69 42 41 42 36 18 23
 
Maris Nimrod 55 44 37 43 38 34 30 25
 
Maris Huntsman 55 45 38 43 38 34 29 26
 
Martonvasar 2 55 44 39 40 38 34 30 26
 
Mironovskaya 808 55 55 46 42 37 32
 
Timwin 55 59 50 48 45 30 24 19
 
Zenith 55 66 50 56 58 33 29 21
 
Kavkaz 601 
 43 43 38 3532 26
 
Aurora 60 45 44 42 36 30 27
 
Bezostaya 1 60 136 53 53 42 38 26 26
 
Manella 60 57 58 54 40 32 26 26
 
Lely 60 58 58 50 44 33 28 27
 
Probstdorfer ExtM"60" 42 50 46 40 34 30
 
Jubilar 65 47 49 44 43 39 32
 
Caribo 65 61 63 47 44 40 32
 
Hokuei 65 129 40 43 51 40 35
 
Diplomat 70 69 65 59 53 47 38125
 

V.R.: Vernalization requirements in days.
 

requirements of each cultivar may be made. Thus, IWW-, cultivars have 7
 
groupings, according to the degree of the vernalization requirement. Group 1:
 
Rashid is non-responsive and considered a true spring wheat. Group 2: Kirac
 
66 and Likafen are slightly responsive. Group 3: Rousalka, Atlas 66, Marimp
 
3, and Norin 10 belong to the 25 - 30 days group. Group 4: Bolal to Kitakami
komugi belong to the 35-40 days group. Group 5: Talent, Favorit, Demar 4
 
and Sieve belong to the 45 - 50 days group. Group 6: Gaines to Probstdorfer
 
Extrem belong to 55 - 60 days group. Group 7: Jubilar, Caribo, and Diplomat
 
of West Germany and Hokuei of Japan belong to the extreme winter group. One
 
of the most winterhardy, Mironovskaya 808, reportedly converted from a spring
 
wheat, was estimated toneed a vernalization of 55 days.
 



Thble 2. Simplified figures of number of days to flag leaf.
 

V.R. Duratiop of vernalization (days)

Cultiv0 50 52025 035 40 4550 55 ,6:65'70
 

Rashid 3222 , 11 
Kirac 66 +5 2 
Likafen 10 4 3 3 3 3 . 2 1 
Rousalka 25 10 8 5 4 3 2 3 2 
Atlas 66 25.8 5 5 4 3 3 3 3 
Norin 10 25 13, 6 "5 4 3 3 3 3 
Marimp 3 30, 12 10- 7 4 4 3 3 3 
Bolal 3' . 
Blueboy 35 5 4 3 
Tam 40 -434' 
Sava 40 12 "11 9 6 4 4 3 
Kitakamikomugi 40. 11 .10 8 6 4.- 4 4 3 3 '.3 
Talent 5 4 3 2 2 
Favorit 50 4 4 4 
Demar 4 50- 6,-,,,;-5 4 4 4: 3 
Sieve 50 51.,5 5 4 3 
Gaines 55 . 18 8j-7 4 4 4 4 2 2, 
Mars Nimrod 55 4 4 4 4 3 3 3 
Marns Huntsman 55 5 4 4 1-4, 3 3 31 
Martonvasar 2 55 4 4 4 4 3 3 3 
Mironovskaya 808 55 5 ,' 3 
Timwin 55 6 5 5 5 3 2 2 
Zenith 557 5 6 6 3 3 2 
Kavkaz 604 4 4 4 3 3 
Aurora 60.,4 4 4 3. 3 
Bezostaya 1 '60 -5 5 A 4 33 
Manella .60-6-65 4 3 3 3 
Lely 606 5 4 3 3 3 
Probstdorfer Extrem 60 4 5 5 4 3 3 
Jubilar 651 5 5 4 4 T-3 
Caribo 656 5 44 3 
Hokuei 65 4 4 5 4 
Diplomat 70 7 7 6 5 3.., 

V.R.: Vernalization requirements in days.
 

Heterozygosity of vernalization requirements within cultivars:
 
Winter wheats complete vernalization before the onset of spring, but their
 
growth apices remain vegetative due to the cold climate. Frequently, some
 
variation in the vernalization requirement can be maintained in a cultivar.
 
This type of segregation is found in Rousalka and Blueboy as shown in Table 3.
 

Table 3. Separation of types within some cultivars.
 

Duration of vernalization (days)
 

Cultivar 0 10 15 20 25 30 35 40
 

Early segregants 90 76 42 34 28 20 25
 
Rousalka (6)*(7) (4) (4) (4) (5) (5)
 

Late segregants 122 104 63 44 32 30 34
 
(4) (5) (5) (6) (6) (4) (5)
 

Early segregants 81 33 33 26 25
 

Blueboy (4) (4) (4) (4) (5)
 
Late segregants 109 57 44 35 31
 

(3) (6) (5) (6) (5)
 
* ( ): number of segregants 
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Relationship between vernalization requirements and winter survival rate:
 
The author compared the degree of vernalization requirement and winter
 
survival rate as shown in Table 4. Marimp 3, Atlas 66, Rousalka, and Kirac
 
66, which require short durations of vernalization, were definitely inferior
 
in winter survival. However, among cultivars which require more than 33 days
 
of vernalizatioin, a clear relationship could not be found.
 

Table 4. Compirison between 	vernalization requirement and winter survivar 'ate.
 

V. R. 	 Winter survival rate * 
Cultivar 	 (days) IWWPN IWWPN IWWPN Mean 

-1972 1973 1974 

Kirac 66 5 79 84 75 79.3 
Rousalka 25 84 87 77 82.3 
Atlas 66 25. '71' 80 71 75.3 
larimp 3 30 '57' 71 69'" 65.7 
Blueboy 35 " 1'90.' 89 77 85.3 
Mario Nimrod 55 ' 87,' 86 75', 82.7 
Bezostaya 1 60 9lf 92 183" 88.7 
Caribo 65 90 88 75 84.3 

88 79 86.0
Diplomat 70 91 


* Winter survival'data were taken from Nebraska Bulletin on IWWPN.. 

Discussion
 

In this report, cultivars of IWWPN were used to find the range of variation of
 
vernalization requirements in winter wheat cultivars. Because the IWWPN con
tains representative cultivars found in a wide area of winter wheat cultivation,
 
the results obtained here may be used to make some general statements.
 

The author's finaing that there is no clear-cut relation between winterhardiness
 
and vernalization requirements coincides with the conclusion of Grant (1964),
 
namely that winterhardiness is not always associated with a long vernalization
 
requirement. Winterhardiness seems to be governed by another physiological
 
trait which hts no connection with the vernalization requirements.
 

About 30 cultivars from the IWWPN were tested for degree of vernalization
 
requirement. Rashid was non-reponsive and classified as a true spring type.
 
Kirac 66 and others were slightly responsive and classified as semi-winter
 
types. Bezostaya 1 and others were classified as true winter types. Among
 
the true winter type wheats, no clear relation could be found between ver
nalization requirements and winterhardiness.
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IPOSSIBILITIESOF CULTIVATION OF WINTER WHEATS,
 
,IN HIGH... ALTITUDES OF NORTH INDIA 

M. K. Upadhyay and Rajendra Kumar 
India
 

The area sown to wheat in the northern hills of India is approximately 144
 
thousand hectares, and, at present, spring wheat varieties such as Kalyansona,

Sonalika, Ridley and Girija are under cultivation. However, the possibility of
 
cultivation of winter wheats in the dry-temperate zone of the northern hills
 
exists and is being explored. The dry-temperate zone comprises the Laddakh re
gion of Kashmir, Lahaul-Spiti, Kinnaur and Pangi Valley of Himachal Pradesh, and
 
high altitude regions of Uttar Pradesh. 
These are the areas of scanty rainfall
 
(less than 25 cms. annually) and severe winters (minimum temperatures below-150C)

with or without snow cover. The summer season is, however, milder. As the spring

wheats suffer severe winter injury during November-April, the crop is sown in the
 
summer (May-October) in this zone.
 

According to Borojevic (1972) "to survive temperatures below -150 C or lower, when

they are without snow cover, wheat varieties must possess genetic resistance to
 
low temperatures." 
 The winter wheats are known for high tillering and winter
hardiness in addition to having genes for high yields. 
Moreover, cold tolerance
 
in winter wheats is usually in good agreement with their winterhardiness in the
 
field (Levitt, 1956 and Dantuma, 1958). It would, therefore, be useful to ex
plore the possibility of cultivation of winter wheats during winter months in
 
the dry-temperate zone of the north Indian hills. 
The International Winter
 
Wheat Performance Nursery was, therefore, grown at Simla during the winter of
 
1971-72 and 1972-73 in order to identify superior winter wheats for this region.
 

Simla is located at an altitude of 1900 meters. The latitude and longitude are
 
320 N and 770 E respectively. The soil is loam in texture with greyish brown
 
color and normal in soil pH. The average annual rainfall is 1500 mm. Informa
tion on average temperature and rainfall from December to May (for 1971-72 and
 
1972-73 seasons) is presented in Table 1.
 

Materials and Methods
 

A set of 29 winter wheats from sixteen countries along with Kalyansona and Lerma
 
Rojo 64 (spring wheats) was grown in a randomized block design with four replica
tions, for two seasons, 1971-72 and 1972-73. The nursery was grown under medium
 
fertility irrigated conditions. Plot size was six 2.5 meter rows 23 cms. apart.

Observations were recorded on each variety for days to flowering and maturity,

height, thousand-grain weight and grain yield in all the replications. 
Combined
 
analysis of variance was done for all the five characters. Estimates of compo
nents of variance were also worked out from the combined analysis.
 

Results
 

Information regarding means for five agronomic characters is presented in Table
 
2. A perusal of these data showed that Lerma Rojo 64 was the earliest to flower
 
and mature followed by Moldova, Victor I, Rousalka, Strampelli, Kalyansona, and
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Marimp 3. These varieties also exhibited good yield potential. In fact, Lerma
 

"Rjo.64 was the top yielding variety followed'by Strampelli, Kalyansona, Victor I
 
Marimp 3, Golden Valley, Moldova and Rousalka. Starke, Jyva, Clarion, Diplomat,
 
and Vakka were the latest flowering varieties and were also low yielders.
 

Varieties with shortest plant height were Kalyansona, Carifen 12, Rousalka,
 
Golden Valley, Strampelli, and Victor I. Atlas 66 and Kirac 66 were the tall

est varieties in the nursery. Rousalka, Lerma Rojo 64, Strampelli, and Moldova
 
possessed the highest thousand-grain weight.
 

Combined analysis of variance (Table 3) showed significant differences for va
rieties, years and varieties x years interaction for all characters. The esti

mates of variance components are presented in Table 4. The magnitudes of these
 
components indicate the relative importance of the corresponding sources of
 

variation. For flowering, maturity, height, and grain yield the estimates of
 
varieties is the largest component of variation. The variety x year component
 
of variation is also of sizeable magnitude for maturity, height, and thousand
 
grain weight. The error component is considerably larger than variety x year
 
interaction for height, thousand grain weight, and grain yield.
 

The season 1971-72 was favorable for wheat production. Rainfall was quite good
 

during the months of February (tillering stage) and April (flowering stage) and
 

temperature was also favorable for crop growth (Table 1). During 1972-73 the
 
weather was quite dry during tillering and flowering stages and the temperature
 
was higher.
 

Discussion
 

The present studies revealed considerable amount of genetic differences among
 

the winter wheats for all the characters studied. A perusal of the range of
 

variation (Table 2) also substantiates this point. It was also observed that
 

the variety x year interaction component was of smaller magnitude as compared
 

to the variety component of variance for grain yield. This indicated that it
 

is possible to predict the performance of varieties for this character over
 

years. A perusal of data presented in Table 2 showed that Lerma Rojo 64,
 

Strampelli, Kalyansona, Marimp 3, Victor I, Moldova, and Rousalka were among
 

the top yielding group of varieties in both the years. However, the yield
 

level of varieties was considerably lower in 1972-73 season. It appears that
 

the dry spell and high temperatures at the time of tillering and flowering
 

stages hastened the maturity of high yielding and early maturing genotypes
 

and consequently the yield level was lower in 1973. An examination of Table
 

2 also revealed that the group of early maturing varieties took fewer number
 

of days to mature in this season. It was interesting to note that the group
 

of late maturing varieties took a larger number of days to mature in the same
 

season. It seems that pre-monsoon rains (91 cms.) in the month of May, 1973
 

delayed the maturity of late genotypes. It may be pointed out here that early
 

maturing varieties had already matured by the month of May, 1973. These studies
 

also showed that the early maturing group of varieties were also good yielders
 

in both the seasons while late maturing types, namely Starke, Jyva, Diplomat,
 

and Vakka, were poor yielders.
 

The varieties Diplomat, Vakka, Jyva, NE701132, and Moldova showed differential
 

response in these two years for height. For thousand-grain weight Backa,
 

Carifen 12, Hokuei, and Zenith showed differential response. The variety x
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year component of variation was also of sizeable magnitude for height, thousand
 
grain weight and maturity indicating, thereby, that some varieties behaved dif
ferently for these characters during the two years. Differences in means also
 
were substantial for height and thousand-grain weight in the two years. Differ
ences in means for maturity were obscured due to the differential response of
 
early and late maturing varieties in 1973.
 

The significant variety x year interactions for all the five characters in this
 
study indicated that the relative performance of several varieties included in
 
this experiment was not the same in each of the two years of testing. Signifi
cant mean sum of squares for years suggested that there were wide variations in
 
environmental conditions in these two years. An examination of meteorological
 
parameters presented in Table 1 also points in this direction. It would there
fore be necessary to test the winter wheats at more than one location and over
 
a more extended period of years in order to obtain more accurate estimates of
 
differences among the varieties for yield and its components. The present
 
studies have, however, clearly indicated the superiority of some early maturing
 
varieties such as Moldova, Rousalka, Strampelli, Marimp 3, and Victor I for
 
yield and other characters studied. These winter wheats have given comparable
 
yields with the spring wheats Lerma Rojo 64 and Kalyansona at Simla and have
 
now been included in the multi-location tests for testing their adaptability
 
in the dry-temperate zone.
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Table 1. Precipitation and average temperature during the two crop seasons.
 

Month Rainfall (inmm.) Minimum temperature Maximum temperature
 
1971-72 1972-73 1971-72 1972-73 1971-72 1972-73
 

December 2.5 11.0 6.50C 5.90C 19.50 C 13.1 0C
 
January 22.5 36.0 4.90C 4.60C 12.40 C 8.80C
 
February 103.0 14.0 2.90C 7.30C 11.60 C 12.3 0C
 
March 3.0 80.0 10.10C 9.30C 20.4 0C 15.6 0C
 
April 112.5 7.0 11.5 0C 15.3 0C 21.3C 24.8 0C
 
May Nil 91.0 18.1 0C 18.10C 28.1 0C 26.80C
 



Table 2. Means for five characters of winter wheats grown at Simla during 1971-72 and 1972-73.
 

Thousand grainVariety Days to flowering Days to maturity Height weight Grain yield
1971-72 1972-73 1971-72 1972-73 1971-72 
1972-73 1971-72 1972-73 1971-72 1972-73
 
(from January 1) (from January 1) (cms.) (gms.) 
 (qlha)
Bezostaya 1 117 111 146 142 79 86 23 
 33 14.3 15.0
Strampelli 111 111 146 133 
 72 63 
 33 33 31.9 16.0
Victor I 112 109 143 129 66 72 29 27 
 27.9 18.1
Marimp 3 112 108 
 146 134 81 82 26 
 31 25.5 20.2
Rousalka 111 111 
 141 137 61 66 33 
 37 22.1 14.8
Moldova 112 111 141 132 84 95 
 32 33 23.0 14.9
Dacia 120 112 141 141 95 
 76 27 32 20.1 12.1
Kirac 66 115 112 146 145 109 
 100 27 29 19.5 10.1
Golden Valley 114 111 152 139 69 
 62 28 31 19.7 18.3
Sava 116 110 141 14) 
 72 74 
 15 22 12.5 12.8
Backa 113 109 146 138 
 76 66 26 34 20.6 16.0
Atlas 66 115 108 141 140 
 107 104 21 27 
 18.6 13.5 LBlueboy 116 109 141 142 91 85 
 19 30 20.8 16.4
Centurk 118 112 146 142 85 81 
 17 23 13.6 15.6
Tamwheat 102 116 111 146 139 87 
 76 15 25 14.7 7.5 1
C.I.15074 123 118 146 154 
 105 94 
 22 29 14.9 10.2
NE701132 120 115 141 146 
 97 84 
 24 30 14.1 11.9
Lilifen 123 117 152 153 77 71 23 34 
 9.0 -7.3
Carifen 12 129 126 152 157 61 61 26 34 
 11.4 5.3
Mars Nimrod 131 132 
 155 162 84 75 25 
 33 12.9 4.1
Caribo 131 128 
 156 158 96 81 21 
 31 12.9 4.2
Diplomat 138 137 162 170 85 61 
 26 31 7.8 14.0
Probstdorfer Extrem 128 124 152 158 90 
 88 21 30 11.8 4.2
Clarion 137 132 159 173 
 70 66 25 30 
 7.7 3.6
Zenith 131 132 157 
 162 81 74 17 29 
 12.2 5.2
Hokuei 123 120 146 156 84 79 
 16 29 7.5 4.1
Jyva 138 138 160 172 
 93 65 
 29 30 6.8
 



Table 2. (concluded) 

Thousand grain 
Variety Days to 

1971-72 
flowering 

1972-73 
Days to maturity 
1971-72 1972-73 

Height 
1971-72 1972-73 

weight 
1971-72 1972-73 

Grain yield 
1971-72 1972-73 

(from January 1) (from January 1) (cms.) (gins.) (q/ha) 

Vakka 138 133 158 168 86 63 24 28 8.2 3.3 
Starke 144 142 167 180 74 70 28 23 1.5 0.4 
Lerma Rojo 64 
Kalyansona 

95 
115 

96 
104 

136 
146 

122 
132 

84 
61 

89 
64 

38 
30 

31 
33 

34.2 
31.0 

17.7 
15.9 

Mean 121.3 117.7 148.6 148.2 82.6 76.5 24.7 30.1 16.4 10.8 

Range 95-144 96-142 136-167 122-180 61-107 61-104 15-38 22-37 1.5-34.2 0.4-20.2 

C.D. -2.72 2.29 1.58 1.58 11.17 6.55 4.06 :6.08 6.70 4.9 

C.V. 1.14 1 0.99 0.54 0.54 6.89 3.34 8.37 10.24 20.58 23.8 



Table 3. 	Combined analysis of variance for five agronomic traits of winter wheats grown at Simla, India during
 
1971-72 and 1972-73.
 

Source of Degrees of : Mean Sum of Square - Thousand Grain -
Variation Freedom : Days to Flowering Days to Maturity : Height : Weight :.Grain Yield 

Varieties 30 975.65** 945.55** 1063.80** 128.75** 196202.28** 

Years 1 875.70** 12.-20** 2390.70**- 1896.45** 222912.10** 

Varieties x Years 30 15.33** 153.50** 175.68** 45.67** 21232.20** 

Replications/Years 6 148.88** 4.33** 1121.87** 360413** 347125.65** 

Pooled Error 180 3.32 1.30 39,59 13.89, 9498.20 

**Significant at 1% level.
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Table 4. Estimates of components of variance for f4w
characters from the combined analysis.
 

2 2
Character 02v a vy a e
 

Flowering 120.04 3.00, 3.32 

Maturity 99.01 38.05 !1.30 

Height 11i1.01 34.00 39.59. 

Thousand grain weight 10.38 7.95 : 13.89 

Grain yield 21871:.26 2933.50 '9498'.20 



PROCESSING AND NUTRITIONAL QUALITY OF HIGH PROTEIN WHEATSV/ 

P. J. Mattern, K. P. Vogel and V. A. JohnsonA/
 
Un.ted States
 

Early laboratory efforts to improve the nutritional quality of wheat dealt,,

with screening activities to identify lines with improved lysine and/or protein

from existing germ plasm in the USDA World Wheat Collection. Next, we were
 
interested in the kernel morphology and any possible artifacts due to kernel
 
size, germ size, etc. which could influence protein and/or lysine values.
 
These studies were published (1).
 

Most of the breeding and genetic research at the University of Nebraska to,

produce wheats with improved protein and/or lysine has relied on the chemical
 
analyzes of whole grain samples. Variability for these analyses could be due
 
to differences in bran or endosperm content.
 

Recently, we have been examining the kernel components in order to determine
 
where certain high protein and/or high lysine effects reside. One is imuedi
ately confronted with a problem of separation of kernel components before
 
meaningful analyses can be made.
 

A crude approach would be to mill to a constant rate of flour extraction, but
 
milling differences between hard and soft wheats and differences between pro
tein gradients in endosperms of low and high protein wheats produces artifacts.

Researchers (2,3, 4) have reported variation in protein content within the
 
endosperm. The subaleurone cells of high protein wheats are high in protein

and were reported to range from 33 - 547. protein (2). During milling these
 
cells break into flour particles larger than 35g. If one milled to a low rate

of flour extraction the high protein subaleurone material would be analyzed

with the bran layer. This problem is particularly important to an understand
ing and interpretation of the nutritional properties of a 
wheat flour milled
 
at lower rates of extraction from a high protein wheat.
 

A number of physical methods for separating bran, germ and endosperm have been
 
suggested, but most are 
tedious and can only be used for small samples. A
 
method suggested by Gene W. Lenser of ConAgra to produce endosperm and non
endosperm fractions appeared promising and it proved to be a useful procedure
 
for our needs.
 

This paper will use the milling terminology in which "endosper.' refers to the
 
starch endosperm, and "bran" refers to the non-starchy kernel components in
cluding the aleurone layer. Botanically, however, the aleurone is classified
 
with the endosperm fraction.
 

1/ The research was funded in part by the Agency for International Development,

U.S. Department of State, under Contract Nos. AID/csd-1208 and AID/ta-C-1093.
 

2/ Professor of Agronomy, Department of Agronomy, University of Nebraska, and
 
Research Agronomists, Agricultural Research Service, U.S. Department of
 
Agriculture, Lincoln, Nebraska.
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Procedure to Determine .7. Endosperm in Wheat 

Twenty gram samples of wheat were tempered to 14.57. mqlsture for 24 hours and 
milled on a Brabender Quadrumat Jr. Experimental Mill-. The sifter on the
mill was removed and the mill stock was sifted into two fractions on a mechan
ical shaker with a U. S. Standard Testing Sieve No. 50 (297 micron openings).
 

The bran fraction on the sieve was placed in a small Osterizer blender jar
and stirred for one minute at slow speed in 50 ml of an 80:20 (v/v) absolute
 
ethanol:acetone mixture. The endosperm adhering to the bran was removed and
 
suspended in the washing solution. The flour suspension was filtered through
 
a 70 GG silk cloth (236 micron openings). The bran in the blender jar was
 
given a second washing with 50 ml of the washing solution and rinsed out of

the blender jar on to the silk cloth. 
The cloth and washed bran were placed
 
on a watch glass and dried in a 550 C oven for 12 hours.
 

The suspended endosperm (flour) particles were filtered with a Gelman Type E
 
fiber glass filter from the washing solution filtrate using vacuum filtration.
 
The filter and endosperm particles were dried on a watch glass for 12 hours
 
in a 550 C oven.
 

After drying the recovered endosperm was pulverized with mortar and pestle

and combined with the mill flour to achieve 100/. recovery of the endosperm

material. The material was placed in a humidity controlled cabinet (5) for
 
72 	hours to bring to constant moisture.
 

The bran samples were also brought to constant moisture in a humidity cabinet.
 
After weighing, bran samples were ground prior to analysis with a Udy Cyclone

Sample Mill. Complete details of analysis and calculations will be publh3hed (6).
 

Application of the Fractionation Technique
 
to Produce Separation of Bran and Endosperm
 

Protein and lysine studies on whole grain samples were reported (7) on materials
 
regrown from selected USDA World Wheat Collection items. One hundred and
 
twenty-nine of these samples and four replications of six check varieties were
 
sampled for evaluation with the new bran washing and reconstitution techniques.
 

Photographs of the bran before and after washing are shown from a soft (Atlas

66) and hard (Scout 66) wheat in l'igures 1 and 2, respectively. Although the 
washed bran from both wheats contain some endosperm they are quite similar in 
appearance. Therefore, there is an improvement in separation of bran and en
dosperm over the normal milling process. 

Information on test weight, 1000 kernel weight, and certain milling and fractions

data for these samples is listed in Table 1. Kernel size was highly variable.
 
Hilling yields reflect typical differences due to endosperm hardness types. 
 Per
cent endosperm varied considerable and points out why flour data, even at con
stant flour extraction rates, are not necessarily giving relative data on lysine

and protein1. Sample recoveries were satisfactory considering the number of
 
steps involved.
 

3/ 	Mention of firm names or trade products does not imply that they are endorsed
 
or recommended by the University of Nebraska or Department of State over other
 
firms or similar products not mentioned.
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i7Original whole grain analyses for protein and lysine are compared to those,
caculated from bran and endosperm components in Table 2. Comparisons are
most satisfactory and substantiate the usefulness of the method. 
Correlations
of calculated protein (%)and original grain protein was r n0.98. 
Calculated
lysine () and original grain lysine correlated r - 0.93. 

A main objective for developing a fractionation process was to determine the
 
true breakdown percentages of protein and lysine between bran and endosperm.
Data for this study are listed in Table 3.
 

The larger range in values for percent of protein and lysine in the endosperm
indicates substantial variation among wheats. 
Outer layers of the starchy
endosperm are known to contain the highest protein content (2,3l 4). 
 The

affect appears to be more pronounced in higher protein wheats. Data to be
presented (6)indicates the outer layers of the endosperm are also higher in

lysine % protein.
 

The method presented is less tedious than hand methods and provides the potentialfor examining a relatively large amount of germ plasm material for a breeding
program concerned with improving the protein nutrition inwheat. 
It is importan
to know the location in the kernel of the improved protein and/or lysine. 
For
example, varieties containing the greatest amount of protein and/or lysine in
the endosperm would provide the best nutrition for those wishing to produce a
flour from milling. 
 Also, higher protein contents in the bran would be less
 
available in a whole grain diet.
 

Quality Potential for Processing
 

To this time our efforts have been primarily concerned with identifying the
nutritional potential of germ plasm. 
 One can look at processing differences
in protein quality of the diverse parental types. If needed quality is known
for a particular end use, one could simultaneously make improvements in both
nutritional and processing quality in
a breeding program.
 

Quality Salection for Bread Production
 

.The mixograph, a dough (flour-water) recording device, provides information
 
on the potential of a flour for production of bread. 
A number of progenies from
several crosses #ere screened with a mixograph requiring 10 grams of flour (8).
Mixograms from Nap Hal, CR 8156 and selected progeny are shown in Figure 3. Nap
Hal has extremely poor mixing and baking quality and CR 8156 is an improved type.
It
was possible to identify progeny with mixing qualities of the better parent.
If the nutritional potential were identical the breeder would have the added
advantage of selecting the progeny with the best bread baking potential.
 

Mixograms from Nap Hal, CI 13449, and their progeny are shown inFigure 4.
Again, itwas possible to select the best possible material for use by breeders
who would be interested in wheat to be processed for bread production.
 

Mixograms of progeny from Atlas 66 crosses are shown in Figure 5. Curve 1 is
typical of the parental type Atlas 66. 
Curves 2 and 3 are progeny from miscellaneous parents which show mixing properties associated with good baking

potential.
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We are not knowledgeable on quality requirements for wheat products other than 
for bread production. If small samples of wheat were available from various
 

,,:countries which produced the extremes of quality for their traditional wheat
 
products, we could perhaps devise screening tests for protein and starch types
 
which could be used to identify useful progeny for existing wheat products.
 
After germ plasm was identified for a particular country there would need to
 
be a competence to reselect nursery material with good agronomic characteristics
 
for a wanted quality type. With this approach one could have the most efficient
 
process to combine yield, nutrition, and processing quality into a single wheat
 
type.
 

Phytate Problem in Wheat
 

Phytic acid, inositol-hexaphosphoric acid and its salts, the phytates, occur
 
in the seed coats of many cereal grains. Phytic acid forms insoluble compounds
 
with metals including calcium, iron, magnesium, and zinc. In diets these in
soluble compounds are excreted and mineral deficiencies can be produced (9, 10).
 

We are currently screening parental wheat materials for their phytate content.
 
We are particularly interested in determining if genetic variability for phytate
 
exists. Also, if growing environments can affect phytate levels. This infor

.mation will have its greatest use for wheat breeders and nutritionists in coun
tries which consume cereals as the whole grain.
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Table 1. Miscella eous data from 1973 World Wheat Collection spicial study 
nursery.. .. 

Standard 
Variables Mean Range Deviation ' 

Test weight (kg/hl) 77.89 70.95 - 83.85 3.279 
1000 Kernel wt. 40.63 24.95 - 57.94 7.351 
Hilling yield (7) 71.2 63.1 - 78.8 3.18 
Flour weight (&)A/ 
Bran flour wt. (g)2/ 

12.70 
1.60 

11.28 - 14.09 
.92  2.50 

.58 

.390 
Washed bran wt. (8)./ 3.15 2.56 - 4.77 
7. Endosperm 81.9 72.8 - 85.5 
Sample recovery 7. 98.1 96.3 - 99.2 0 

1/ Average DW  17.8 g. 
2/ Dry weight basis. 

Table 2. Comparison of data from original analyses and calculated composites
 
from 1973 World Wheat Collection special study nursery.
 

Standard
 
Variable Mean Range Deviation 

Grain (7.protein) 16.39 11.20 - 21.00 2.29 
Calculated gra n 16.60 11.36 - 21.16 2.32 
(7 protein)!/ 

Grain lysine (7.) 0.47 0.37 - 0.60 0.059 

Calculated grain 0.47 0.36 - 0.59 0.056 
lysine (W)i/
 

1/ The correlation of calculated grain . protein and grain . protein 
r - 0.98**. 

2/ The correlation of calculated grain lysine (%of sample) and grain 
lysine (% of sample) - r - 0.93**. 
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Table'3. Data for protein and lysine inendosperm and bran fractions 
from 1973 World Wheat Collection special study nursery.
 

Standard
 

Variable Mean Range Deviation
 

% of kernel protein in endosperm 79.3 70.5 - 84.9 2.47
 
7.of kernel lysine in endosperm 68.0 58.8 - 74.8 2.94 
Endosperm, 7. protein 16.1 10.8 - 21.0 2.43 
Endosperm, lysine/protein (.) 2.45 2.14- 3.08 .166 

19.0 13.1 - 25.1 2.40...Bran, o. protein 
Bran, lysine/protein (7) 4.40 3.23- 4.97 .286 
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A A 

Figure .1,,: 8ran from.Atlas 66, SRWW. Lefgt,. normal,; right, "washed",bran., 
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Figure 2,.+Bran +frOm Scout+66, HRWW. 
 Left, ,norml;right, "washed"' bran.
 



Figure 3. Mixograms of:
 

a. Nap Hal parent
 
b. CR 8156 parent
 
c-d. Quality selections from Nap Hal x CR 8156 progeny
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Figure 4. Mlxograms of:
 

a. Nap Hal
 
b. CI 13449
 
c-d. Quality selections from Nap Hal x CI 13449 progeny
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Figure 5. Atlas 66 progeny lines showing.variatjon In potential bakini 
quality. 



BREEDING FOR IMPROVED NUTRITIONAL QUALITY IN WHEAT 

V. A. Johnson, P. J. Mattern, 
J. E. Stroike, and K. D. Wilhelmi
 

USA
 

I reported on this topic to the First International Winter Wheat Conference 
held in 1972. 
Today I will discuss research findings from the ARS-Nebraska
 
program since 1972. Detailed information may be found in our "Report of

Research Findings" under Contract Numbers AID/csd-1208 and AID/ta-c-1093
issued by the ARS and University of Nebraska inApril of this year.
 

Our research is conducted under eight broad objectives that include 1) con
tinuing search for protein and lysine genes; 2) transfer of protein and lysine 
genes to productive, agronomically acceptable varieties; 3) physical and 
chemical studies of protein; 4) small animal and human bioassays of nutritional
 
value; 5) supervision of the international winter wheat performance nursery;

6) production practices and soil fertility; 7) physiologic studies of nitrogen

metabolism; 8) dissemination of research information and germplasm. 
My remarks
 
will address the first four of these objectives.
 

Genetic Variation for Protein and Lysine
 

We have uncovered substantial variation for protein content in wheat. 
Total
 
protein variation among common wheats in the World Collection ranged from 7,22%.

The genetic component of this variation appears to be approximately 5 percent
age points. We believe that much of this can be transferred to productive

agronomically acceptable varieties.
 

Of total variation for lysine ranging from 2.3 to 4.2%, only 0.5 percentage

point can be demonstrated to be genetically induced. 
This is approximately

17% of the normal lysine/protein level of 3.(r. in wheat. Although much less
 
than the opaque-2 effect in maize, we believe it to be of sufficient magnitude
 
to be useful in breeding programs.
 

Lysine expressed as percent of protein is negatively related to protein (figure

1). 
 As grain protein conLent increases, lysine decreases. The relationship

is non-linear. Increases in protein between the levels of 7 and 15% result in
 
substantial depression of lysine/protein. Increases of protein above the 15%
 
level have little further effect on lysine.
 

Lysine expressed as percent of grain weight increases as the protein content
 
of the grain increases, suggesting that the tendency for high protein to contain
 
less lysine has relatively small effect compared with the contribution of in
creased protein toward increased amount of lysine in the grain (figuire 2).

Amount of lysine in wheat grain, therefore, can be increased effectively by

increasing its protein content.
 

We have analyzed more 
than 3500 durum wheats and 600 spelt wheats for protein

and lysine. Additionally, the small number of diploid wheats in the World
 
Collection also were examined. Total variability for protein and lysine was
 
similar to 
that found among the Triticum aestivum wheats. We conclude that
 

U. S. Department of Agriculture, Agricultural Research Service, University of
 
Nebraska, Department of Agronomy, Lincoln, Nebraska.
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the tetraploid and diploid wheat species offer little advantage over the
 
hexaploid wheats for genetic improvement of protein and lysine.
 

We utilize the regression of lysine per unit protein on protein among wheats
 
in the World Collection shown in figure 1 to adjust lysine values to a common
 
protein level. This largely eliminates the effect of protein on lysine and
 
permits valid comparisons of the adjusted values among wheats that differ in
 
protein content. K. Vogel re-evaluated 600 wheats of the Collection grown
 
in Arizona in 1972 and 1973 to test the reliability of the regression based
 
on the entire collection for adjustment of lysine values (figure 3). Al
though the range of protein variation was much less, the relationship of
 
protein and lysine was similar ineach year of rechecking to that determined
 
for the entire collection.
 

Development of High Protein-High Lysine Varieties
 

Genetic Linkages
 
We have relied heavily on genes for high protein in Atlas 66 in our initial
 
breeding work. Atlas 66 carries at least two major genes for high protein
 
derived from the Brazilian variety Frondoso. One of the genes is closely
 
linked with a gene that confers adult plant resistance to some physiologic
 
races of leaf rust. Dr. R. Morris of our wheat group utilized monosomics
 
and whole chromosome substitutions to identify chromosome 5D as a carrier of
 
the linked protein gene. The possible involvement of the other Group 5 chromo
somes has not been reliably established.
 

Mesdag and associates analyzed Atlas 66-derived high protein lines and popula
tions from the Nebraska program. They determined the existence of some
 
association of the high protein effect with tolerance to aluminum toxicity
 
and concluded that the aluminum toxicity tolerance was genetically linked
 
with a portion of the high grain protein complex. There is recent evidence
 
the linked genes are on chromosome 5D (personal communication -- C. Konzak).
 

High Protein Variety
 
The Nebraska Agricultural Experiment Station and the Agricultural Research
 
Service, USDA, will publically release and distribute seed of a new high pro
tein hard red winter wheat variety (C.I.17389) in 1975. It is the first such
 
release from our high protein breeding program. Two other states will join
 
in the release. C.I.17389 has the pedigree Atlas 66/Comanche//Lancer. Its
 
performance in Nebraska and regional trials has been outstanding (Table 1).
 
C.I.17389 combines excellent productivity, field resistance to leaf and stem
 
rust, and excellent milling and baking quality with genetic potential for I
 
to 2 percentage points of additional protein in its grain.
 

Table 1. Performance of C.I.17389 in Nebraska statewide trials in 1973 and 1974.
 

Grain yield (q/ha) Proteln contentl/(7.) 
Variety 1973 1974 2-yr. av. 1973 1974 2-yr. av. 

CI17389 (NE701132) 28.6 32.6 30.6 15.5 15.0 15.3 
Centurk 29.3 32.6 31.0 13.9 13.7 13.8 
Scout 66 29.3 31.3 30.3 13.9 13.8 13.9 

l/ Dry weight basis.
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The performance of C.I.17389 at 25 test sites in the IWWPN in 1972 and 1973
 
is shown in table 2. It was comparable to the semi-dwarf Texas variety TAMl02
 
and to Zenith but was less productive on the average than Centurk and Marie
 
Nimrod. Its average protein advantage over these varieties ranged from 1.1
 
to 2.3 percentage points. C.I.17389 lacks the short stature and straw strength
 
to perform well in areas of high rainfall and intensive production.
 

Table 2. Performance of C117389 in the IWWPN in 1972 and 1973 (25 test sites),
 

Average yield Average protein content 
Variety (q/ha) (W) 

C117389 (NE701132) 40.7 15.5 
Zenith 39.7 14.4 
Centurk 43.9 14.0 
Tam 102 ,9.9 13.5 
Maris Nimrod 43.4 13.2 

Correlation (yield vs. protein) r -.. 3** 

K. Wilhelmi of our wheat group is doing a comprehensive study of varietal
 
responses to level and time of nitrogen fertilizer. Earlier studies indicated
 
that high protein lines derived from Atlas 66 are capable of translocating
 
more nitrogen from their foliage to the grain than ordinary varieties.
 
Wilhelmi's data confirm this for C.I.17389 takes up more soil nitrogen per
 
unit area than varieties with which it was compared.
 

Opportunities for Further Protein Increases by Breeding
 
We have identified several wheat varieties that produce above-normal levels
 
of protein in their grain. One of these, Nap Hal, also exhibits elevated lysine
 
per unit protein in its grain. Nap Hal was crossed with Atlas 66 to ascertain
 
whether the two varieties possess genes in common for high protein or whether
 
the genes were different. If the latter, it should be possible to achieve by
 
breeding higher levels of protein in wheat than that possible from Atlas 66.
 

F2 progeny bulk rows grown in the F3 generation at Yuma, Arizona under irrigation
 
and very high soil fertility in 1971 were analyzed initially. The protein fre
quency distribution shown in figure 4 strongly suggested transgressive segrega
tion for protein. 
All progeny bulk rows were advanced to the F4 generation
 
without reselection and their grain re-analyzed (figure 5). Again there was
 
evidence of transgressive segregation for protein.
 

Selections from promising F2 progeny bulk rows were grown in F5 head rows in
 
1973. A few are shown in table 3. Very high soil fertility promoted excess
ively high levels of grain protein in the parent varieties. Many of the
 
selections produced grain protein 3 to 5 percentage points higher than the
 
parental levels. The selections were advanced to the F6 generation. Nitrogen
 
fertilizer applications were reduced to achieve more normal levels of grain
 
protein in the experimental material. Lower fertility reduced the protein
 
content of the parent rows to approximately 147. (table 4). Numerous F6 rows
 
were identified that combined protein levels ranging from 17 to nearly 207. with
 
lysine values above 3%.
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Table 3. 	F selections from tie cross Nap Hal/Atlas 66 grown at Yuma,
 
Ahizona in 1973 tOat exhibit promis e of grain protein. 

Lysine/ Adjusted
Variety Row No. Protei n protein lysine/protein 

sNapHal of 9. rows 26.0, 3.1 3.3
 
Atlas; 66 .. of 9t rows .19.9 12'.8 3.0
 

-NapHal:Atais:'665 ) 24.2 2.8 3.0
( 15,138

'Ir ., j i " "' '!,"" " 14,169 23.7 2.9 3.1
 
ofg 	 15,164 23.7 2.9 3.0


.11,602 23.4 3.1, 3.2
11,40 23.4 3.1 3.3 

12,926 22.5 3.0 3.2 

../Dryweight, basis
 

Table 4. 	Representative Fl rows from Nap Hal/Atlas 66 grown at Yuma, Arizona 
in 1974 that exhibit very'high protein combined with the Nap Hal leve 
of lysine. 

Protein Lysine per unit protein
 
-
Name or pedigree 1974 row no. (% dwb) Unadi. Adjusted P
 

Nap Hal (parent) cof 17 rows 14.1 3.3 3.4
 
Atlas 66 (parent) iof 17 rows 14.6 3.0 3.1
 
Centurk (check) x of 17 rows 12.3 3.1 3.1
 

Nap Hal/Atlas 66 (F6) 7453 19.8 3.2 	 3.4
 
P - - .... .. .. . 6349 19.1. 3.2- ;3-4 -

7227 18.7 3.1 3
 
6645 18.5 3.0.
 
7107 18.4 3',2 A 
7128 17.9 3.2. 3.4 

I" 10234 17.0 3.2 3.4 

/ Adjusted to 13% protein 

In figure 	6, protein and lysine data for parent and F6 progeny rows are plotted

against the World Collection regression of lysine on protein to show the mag
nitude of protein advances achieved from the cross Nap Hal/Atlas 66. It is
 
readily apparent that Nap Hal and Atlas 66 possess different genes for high

protein that function additively when combined. Further, the protein advances
 
appear to be possible without sacrificing the lysine advantage of Nap Hal.
 

Nap Hal produces small soft textured seed. The seed of Atlas 66 is substanti
ally larger than that of Nap Hal. Seed of many of the very high protein F6
 
progeny rows was equal to or better than the parent seed in size and plumpness.
 

Opportunities for Increased Lysine Conten,
 
C.I.13449 produced the highest lysine value among 12,600 common wheats in the
 
World Collection. On an adjusted basis, its lysine value was 0.5 percentage

point above expectation according to the regression of lysine on protein.
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C.I.13449 is a semi-dwarf soft wheat experimantal line of wheat developed at
 
Washington State University. It has below-normal protein content.
 

Nap Hal was crossed with C.I.13449. F2 progeny bulk rows grown in the F
 
generation at Yuma, Arizona in 1972 were analyzed. 
The frequency distribution
 
for adjusted lysine per unit protein appears in figure 7. There was strong

evidence of transgressive segregation for lysine. Selections from bulk rows
 
were propagated at Yuma in 1973. Rows were readily identified in which the
 
Nap Hal level of protein was combined with levels of lysine higher than in
 
other parent variety (table 5).
 

Table 5. F4 selections from the cross Nap Hal/C.I.13449 grown at Yuma, Arizona
 
that exhibit promising combined high levels of protein and lysine in
 
their grain.
 

Lysine/ Adjusted

Variety Row No. Protein! / protein lysine/protein
 

Nap Hal x of 26 rows 17.5 3.2 3.4
 
C.1.13449-...- R of 2 rows 15.5 3.1 3.3
 

Nap-l l/C.1 13449 (F4) 16,900 19.4 3.4 3.6"

4) 16,927 
 17.8 3.4e 6
 

16,921 17.7 3.'4'
 
18,640 16.8. '4 3
 
17,330 16.2 3.6" 3.8
 
16,442 15.3 3.5 3.7.
 

I/ Dry weight basis
 

The best of these were advanced to the F5 generation under reduced soil nitrogen

level at Yuma, Arizona in 1974. 
The general level of protein was substanti
ally lowered from that of prior years but recovery of lines with Nap Hal protein

level combined with high lysine was possible (table 6). This is seen graphi
cally in figure 8. The somewhat higher-than-normal lysine levels of C.I.13449
 
and Nap Hal, when combined, produced progeny with lysine levels that exceeded
 
either parent variety. The protein values of the progeny ranged from that of
 
C.I.13449 to the Nap Hal level and higher.
 

Both parent varieties produce small seed. The seed of progeny rows also was
 
generally small but comparable to or better than the parent varieties in
 
plumpness.
 

The best of the Nap Hal/Atlas 66 and Nap Hal/C.1.13449 are undergoing repli
cated performance evaluation inArizona in 1975. 
 They are being used extensive
ly in crosses with productive agronomically superior wheats from the United
 
States and Europe and the Soviet Union. A special observation nursery comprised

of 280 of these and other high protein-high lysine wheats from our program was
 
distributed to 23 sites in 19 countries. We have requested that a sample of
 
seed from each harvested row be returned to our laboratory for protein and
 
lysine analyses.
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Tab1e6 6:-Representative F5 rows from Nap Hal/CfI3449 ,goi' at Yuma, Arizona
 
',i%'.in 1974 that exhibit promising combi'ned high=:levels 'of protein and
 

lysine.
 

Protein Lysine per unit protein 7
 
Variety Row no. 7. Unadi. Adjuste-I/
 

Nap Hal (parent) i of 39 rows 14.4 3.3 3.4
 
Atlas 66 (parent) i of 8 rows 11.2 3.5 3.3
 
Centurk (check) i of 38 rows 12.5 3.1 3.1
 
Nap Hal/CI 13449,(F 5 ) 11635 .5.& 3.4 3.6:
 

10866 15.0 3.4 3.6
 
12582 14.9, 3.5< 3.7
 
13140 14.6 3.5 3.6
 
14177 14.1 3.6 3.
 
10841 13.6 3.5. 3.6 
11668 13.6 3.5 3.6
 

1/ Adjusted to 13. protein 

Dr. L. A. Klepper of our wheat group may have successfully extracted high protei

lines from CIMMYT spring wheat populations. While an employee of CIMMYT he
 
analyzed seed from 7,500 F2 plants of several different crosses. The best were
 
advanced to the F4 generation in Mexico and to the F6 generation inYuma,

Arizona. In 1974 at Yuma, seed produced by 105 of these agronomically promis
ing lines ranged in protein content from 11 to 18. This suggests the wide
spread presence of genes for elevated protcn inwheat breeding programs.
 

Seed Fractionation Studies
 

The Nebraska wheat protein research has utilized whole grain analyses for
 
protein and lysine selection. Such analyses do not provide information on
 
where in the seed the high proteir and high lysine effects reside. High pro
tein and high lysine would be of most value if they resided in the starchy

endosperm since it is utilized in the production of white milled flour from
 
wheat. Protein and lysine effects in the bran fraction would be useful only

if whole grain is eaten.
 

The parent varieties Nap Hal, Atlas 66, C.I.13449, and Centurk were cleanly

separated into starchy endosperm and bran fractions. The whole grain and
 
each fraction was analyzed separately to determine the location of the high

protein and high lysine effects. Analytical data are summarized in table 7.
 

Table 7. Protein and lysine content of whole grain, endosperm and non-endosperm
 
fractions of 4 wheat varieties grown at Yuma, Arizona in 1973.
 

Protein contenti %7. Lysine content (% protein)

Variety Whole Endosperm Non-endosperm Whole Endosperm Non-endosperm 

grain fraction fraction grain fraction fraction
 
Nap Hal 19.6 18.9 24.5 3.1 2.5 4.6
 
Atlas 66 19.4 19.3 19.8 2.8 2.5 
 4.4
 
C113449 15.5 14.5 19.6 3.1 2.8 4.4
 
Centurk 15.4 15.0 19.6 3.0 2.5 
 4.5
 
L.S.D. 05  1.0 0.9 1.0 no ns ns 

1/ Dry weight basis
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In Nap Hal the high protein effect is present in both the starchy endosperm
 
and bran fractions whereas in Atlas 66 it appears to be confined entirely
 
:o the starchy endosperm fraction. Our data suggest that the high protein
 
:ontent of the Nap Hal bran results from the very high lysine-r 4ch protein
 
content of the aleurone layer. If so, the elevated 'ysine of the whole grain 
of Nap Hal is attributable mainly to the high protein content of its aleurone.
 
In contrast, the elevated lysine of C.1.13449 is detectable mainly in the
 
starchy endosperm fraction and, therefore, can be transmitted to white milled
 
flour.
 

Extensive seed fractionation of World Collection Wheats and progenies from Nap 
Hal/Atlas 66 and Nap Hal/C.I.13449 crosses was done by K. Vogel. He deter
mined that whole grain analyses of protein strongly reflect protein differences 
of the starchy endosperm and can be utilized for selection purposes (table 8). 
This is due to the fact that the starchy endosperm comprises as much as 857. 
of whole seed weight. Large differences inwhole seed protein content not 
involving endosperm differences are not likely. In contrast, wheats with high 
whole seed lysine do not always have high endosperm lysine and whole grain 
analyses would not efficiently identify endosperm lysine differences. Because 
of the large effect of protein on the lysine content of the protein, particu
larly in the 10 to 157. protein range, adjustment of the lysine values to a 
common level of protein is necessary for reliable selection. 

Table 8. 	Protein and lysine content of whole grain, endosperm, and non-endospers
 
fractions of lines selected from Nap Hal/Atlas 66 and Nap Hal/C113449
 
crosses.
 

Protein content/ (7.) Lysine content (7.Protein)
 
Line no. Whole Endosperm Non-endosperm Whole Endosperm Non-endosperm
 

grain fraction fraction grain fraction fraction
 
Nap Hal/Atlas 66
 

15138 24.2 23.6 25.8 2.8 2.3 4.4
 
12120 23.6 23.2 26.7 2.9 2.5 4.5
 
10078 23.3 20.9 25.5 2.7 2.7 4.0
 

Nap Hal/CI13449 
18640 16.8 15.6 24.9 3.4 3.0 4.7 
16946 16.5 15.6 22.6 3.2 2.6 4.6 
16691 16.1 15.3 22.6 3.3 2.6 4.5 

I/ Dry weight basis
 

Nutritional Bioassays
 

Weanling mice were used as test animals to evaluate the nutritional value of
 
wheats differing in the protein content of their grain. Wheat with increased
 
protein content provides more of each of the essential amino acids and, there
fore, should be more nutritious than lower protein wheat. Test varieties were
 
fed on an equal grain basis to measure the combined value of protein quantity
 
and quality by computation of feed efficiency ratio (FER). FER is equal to
 
weight of feed consumed divided by weight gain of the test animal. Low FER
 
values, therefore, indicate better feed efficiency than high FER values.
 

When wheat grain constituted as much as 757. of the diets, all of the test wheats
 
provided adequate nutrition and differences in the test wheats were not readily
 
detected. Reduction of grain in the diets to only 567. was necessary for
 



significant differences in the test wheats to be demonstrated. With few , 
exceptions, higher protein content of test wheats resulted in more favor
able FER values.
 

FER values 	for whole ground wheat and white milled flour from Nap Hal, Atlas
 
66, Centurk, and Bezostaya 1 are shown in tables 9 and 10. Protein levels 
of the grain were significantly correlated with favorable FER values in both
 
whole ground grain and white flour diets.
 

Table 9. 	FER values for whole ground grain of 4 wheat varieties differing
 
in protein and lysine content evaluated by mouse bioassay.
 

Protein Lysine per FER (56% grain in diet)
 
Variety content unit protein A s.d.
 

Nap Hal 	 18.7 3.1 9.9 1.8
 
Atlas 66 	 17.5 2.9 9.8 L.8
 
Centurk 	 14.6 2.9 11.9 L.3
 
Bezostaya 	1 13.2 2.8 14.3 i.2 
Commercial 	sample: 13.3 3.0 :14.4 p.9 

LSD •050 "" 	 3; 7" 	 3.7 

Correlations (n - 20)
 
-Protein vs. FER a -. 66*
 
Lysine/protein vs. FER = -.21 (ns)
 

Table 10. 	 FER values for white milled flour from 4 wheat varieties differing
 
in protein content evaluated by mouse bioassay.
 

Flour
 
Variety Protein Lysine per FER (567. flour in diet)
 

unit protein
 

Nap Hal 16.5 2.2 10.8 1.8. 

Atlas 66 17.2 2.1 12.6 1.6 
Centurk 12.4 2.2 17.7. 3.1 
Bezostaya 1 11.1 2.0 25.3 10.6 
Commercial sample 12.2 2.2 31.6 20,#5, 

LSD 05  	 15.8 

Correlations (n - 20)
 
Protein vs. FER - -.54*.
 
Lysine/protein vs. FER - -.09 (ns)
 

Weanling mice also were fed wheat diets formulated to contain equal amounts
 
of wheat protein to evaluate the quality of the protein. The small number
 
of test animals in each experiment and the high non-diet associated animal
 
variability encountered led to large experimental errors and significant

protein quality differences among the test wheats generally could not be
 
demonstrated.
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In the future, protein quality determinations of new wheats from our program
 
by animal bioassay will be limited to a relatively small number of advanced
 
lines that exhibit moderately high to high lysine content based on chemical
 
analyses. The rat probably will be used as the test animal.
 

Germplasm Distribution
 

We believe that experimental materials being developed in the ARS-Nebraska
 
program have high potential value for nutritional improvement of wheat through
out the world. Promising high protein-high lysine lines from Atlas 66, Nap
 
Hal, and C.I.13449 crosses are being crossed extensively with agronomically
 
superior wheats from many countries.
 

It is our intention to evaluate early generation progenies from these crosses
 
for protein and lysine with minimal selection pressure for agronomic traits.
 
These materials in which the gene frequency for high protein and high lysine
 
will be high, will be available for distribution to cooperators upon request.
 
Further selection for local agronomic worth could be made with expectation
 
that most of the selections would possess the protein and lysine genes.
 

New crosses made with such wheats by cooperators would require protein and
 
lysine analytical capability to assure retention of the protein and lysine
 
genes in selections from the new hybrid populations. Where such laboratory
 
capability does not exist, the Nebraska laboratory is prepared to aid in
 
developing cooperative arrangements to assure the necessary analyses.
 

The Nebraska wheat group solicits new agronomically superior wheat strains
 
from other countries to be utilized as recipient genotypes for the high
 
protein and high lysine genes.
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NITRATE ASSIMILATION ENZYMES AND SEED PROTEIN IN WHEAT 1/ 

2/

L. A. Kleppe r


United States
 
Introduction
 

It has been estimated that 90-95 percent of the nitrogen of wheat grain protein

is derived from soil nitrate. This nitrate must be taken up by the plant roots,

translocated to the leaves and enzymatically reduced to the level of ammonia
 
for protein synthesis. This pathway is illustrated by Figure 1.
 

NADH NAD
 

NITRATE - b NITRITE -- 4 AMMONIA KETO ACIDS 

AMINOACIDS
 

LIGHT ENERGY
 

PROTEIN,
 

,F.igure.,,1. 	 ',
Pathway of nitrate assimilat ion.
 

Nitrate is reduced to nitrite by nitrate reductase utilizing NADH as electron

donor. 
Nitrate reductase has been localized outside the chloroplast (7).

Nitrite is further reduced to the level of ammonia by nitrite reductase which

has been localized inside the chloroplast (7). This series of reductions is
directly driven by photosynthetic energy derived from light (2). 
 Nitrite reduction is an integral part of photosynthesis while nitrate reduction is not.
 

This process can be further illustrated by Figure 2 which shows a direct 
competition for photosynthetic energy by two systems. Ferredoxin, a pivotal

electron donor can furnish electrons for CO2 fixation or for nitrite reduction.
 

_/ This research was funded in part by the Agency for International Development,

U. S. Department of State, under Contract Nos. AID/csd-1208 and AID/ta-C-1093.
 

2/ 	Assistant Professor of Agronomy, Department of Agronomy, University of
 
Nebraska, Lincoln, Nebraska.
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Figure 2. Competition for photosynthetic energy.
 

However, nitrite reduction is more closely linked to photosynthesis than CO
 
fixation. Ferredoxin can directly donate electrons to nitrite reductase. 
 io
 
'fix C02, ferredoxin must first reduce NADP to NADPH. 
Also, the plant cannot
 
permit nitrite to accumulate for it is 
an extremely toxic compound. My research
 
at Nebraska has implicated nitrite as the primary toxin which accumulates due
 
to herbicidal action (5, 6). 
 The vast majority of herbicides in use today

interfere with normal nitrate metabolism and cause nitrite accumulation. This

diagram also illustrates one reason why it is extremely difficult to select and

develop wheats that are both high in yield and high in grain protein. There is
 
a direct competition for energy between carbohydrate and nitrogen metabolism.
 
To further complicate this competition, the first step of nitrate assimilation,

nitrate reduction, is thought to utilize the first sugar formed in photosynthesis

(4). This aspect is illustrated in Figure 3.
 

3 -phosphoglyceraldehyde, formed by photosynthesis, passes from the chloroplast

into the cytoplasm where it is oxidized by NAD-dependent triose phosphate

dehydrogenase ind, in turn, reduces NAD to NADH. 
This NADH is then available
 
for nitrate reduction. After reduction to nitrite, nitrite enters the chloro
plast for further reduction by direct photosynthetic energy. In all, to reduce
 
a single nitrate molecule to the level of ammonia, eight electrons could be
 
used to reduce four molecules of CO2 into sugar.
 

The wheat plant is normally almost totally dependent upon nitrate as its source
 
of nitrogen for protein. 
If this plant is capable of producing large amounts
 
of protein it must be capable of reducing large amounts of nitrate. The level
 
of nitrate reductase represents the plants' potential input of reduced nitrogen

available for protein synthesis. Wheat plants cannot synthesize protein with
out a source of reduced nitrogen, therefore, high levels of nitrate reductase
 
are needed.
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Correlation of Nitrate Reductase with Protein in Wheat
 

Dalling (3) in Australia has shown a significant relationship between reduced 
nitrogen input estimated from nitrate reductase assays and actual vegetative
 
nitrogen from seedlings to boot stage (Table 1).
 

Table 1.
 
Wheat Variety r Values
 
Olympic + .92**
 
Argentine IX + .95**
 
Timgalen + .98**
 
Gatcher + .98**
 
Petit Rojo + *97**
 

Eilrich et al. (1) also obtained significant correlations with seasonal nitrate
 
reductase activities versus grain yield (r - +.94**) and grain protein produc
tion (+.87**) with wheat.
 

Measurement of Nitrate Reductase Activity
 

There are two methods available for the measurement of nitrate reductase activity.

The in vitro method which has been available for more than 20 years involves
 
isolation of the enzyme and requires expensive laboratory equipment and reagents.

The in vivo assay measures nitrate reduction in intact leaf sections. It is a
 
simple, rapid technique and only requires a minimum of equipment. Correlations
 
between the in vitro and in vivo assays are high (r
- +.85** to +.99**) (3). 

To briefly describe the in vivo nitrate reductase assay: Wheat leaf tissue can
 
be analyzed at any stage of growth. 
 The leaves are cut into 1 cm sections,
 
weighed (250 mg) and placed into 50 ml beakers. The reaction solution is added
 
(5 ml) which contains 0.05M phosphate buffer (pH 7.5), 0.05H KNO3 and 0.27.
 
Tergitol 15-S-7 (a non-ionic surfactant). The addition of the correct surfact
ant has increased levels of enzyme activity from 10-30 fold over that of previous

techniques. The beaker and its contents are placed under vacuum and released. 
This process causes anaerobic incubation conditions and also permits the rapid
 
entry of the reaction solution into the leaf tissue. 
 The beakers with their 
contents are incubated at 330C in darkness for 30 to 90 minutes. After incuba
tion the reaction is stopped by a reagent which turns red in the presence of
 
nitrite. Optical density of the solution is determined at 540 nm to determine
 
the amount of nitrate reduced to nitrite. Several people can easily analyze

200-300 samples daily. 
Complete details of this technique have been previously
 
published (5, 6).
 

Variation of Nitrate Reductase Activity
 

It has previously been reported that two-fold differences existed between wheat
 
varieties using the in vitro assay. 
Research conducted by my laboratory during

the time I worked for CITIOYT resulted in similar conclusions testing varieties
 
with the in vivo method. In this study nitrate reductase activities of 87
 
wheat varieties were compared with 3,546 individual F2 seedlings representing

97 different genotypes (Figure 4). Eight hundred ninety-six F2 seedlings (25%)

had activities lower than any variety. 
The greatest number of F2 seedlings
 
were in the 2-3 class of activity which is the lowest range that any variety

reached. The absence of varieties in the lower classes of activity infers that
 
normal selection techniques (yield, desirable agronomic characteristics, etc.)
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have eliminated low nitrate reductase plants. This suggests that high nitrate
 
reductase is a more desirable trait than low nitrate reductase. Only 24 G( 
the 3,546 seedlings (0.67%) had activities higher than any variety. This
 
indicates that selection can be made and varieties developed with even higher 
levels of nitrate reductase activity.
 

Recent Nitrate Reductase Research
 

Individual seedlings of different varieties have been tested for their nitrate
 
reduttase activity. These seedlings were grown under carefully controlled
 
environmental conditions and analyzed when seven days old by the in vivo method.
 
Results characteristic of this research ae shown in Figure 5. Individual seedl
ings of Centurk and Atlas 66 were tested and a frequency distribution of nitrate
 
reductase activity was plotted. The two populations appear to differ in nitrate
 
reductase activity which corresponds with their ability to produce grain protein.
 
Nap Hal, also a high protein progenitor used in our Nebraska program, falls into
 
the same range as Atlas. Other wheats tested such as Biserka, Zlatna, and MV-2
 
(data not shown) fall into the Centurk range of activity but with less variation
 
(amore narrow distribution). Bezostaya appears to have a distribution similar
 
to that of Centurk. We intend to select seedling plants which are high in
 
nitrate reductase activity, both from varieties and from F2 and F3 segregating
 
generations, in an attempt to increase the grain protein content of wheat.
 

Further studies have been conducted within the variety Centurk. Ten single
 
heads of Centurk were selected and ten seedlings were analyzed from each head
 
as shown in Table 2. This effort was to establish whether actual genetic vari
ation existed within the variety or the variation in NRA was due to the assay
 
system.
 

The range of activity, mean, standard deviation, and coefficient of variation
 
were determined. The largest differences were shown by seedlings from heads
 
5 and 6. These two heads showed considerably wider ranges, lower activities
 
and more variation than seedlings from the other heads. This suggests that
 
approximately 20 of the Centurk population is lower in activity than the re
mainder. There data agree with the distribution shown in Figure 5 including
the occurrence of several in the high range (heads 2 and 4) with a small coef
ficient of variation. In repeated tests such as this the standard deviation
 
for individual heads is much smaller than that of seedlings grown from bulked
 
Centurk seed. This points to genetic variation for nitrate reductase activity
 
present within the variety Centurk.
 

Table 2. Variation in NRA among seedlings from separate heads of Centurk.
 
Centurk NRA*
 

Head Number Range _ s C.v
 
1 10.1 - 14.5 12.0 1.2 10.0 
2 12.2 - 14.9 14.0 1.0 7.1 
3 11.8 - 16.1 13.6 1.6 11.8 
4 11.2 - 18.8 14.2 0.9 6.3 
5 4.4 - 12.7 8.4 2.7 32.1
 
6 5.4 - 10.0 7.3 1.7 23.3
 
7 11.0 - 13.5 12.2 1.0 8.2 
8 10.7 - 14.5 11.9 1.1 9.2 
9 11.4 - 13.6 12.4 1.0 8.1
 

10 10.8 - 13.9 12.0 1.1 9.2
 
* Data based on NRA (umoles nitrate reduced, GFRT-1 Hr"1 ) on ten 

individual seedlings.
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Conclusions
 

To obtain high yielding, high grain protein wheats the plants must be capable

of reducing large amounts of nitrate. Nitrate reductase activity has been

significantly positively correlated with reduced nitrogen content of the plant.

By means of the simple in vivo nitrate reductase assay, wheats with higher

genetic potentials can be identified, isolated and studied. 
 I feel that this
 
is a tool now available that can be used by the breeders to aid in the deve
lopment of superior wheats.
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QUALITY IMPROVEMENT OF EUROPEAN WHEATS
 

Ir. J. Mesdag
 

Netherlands
 

Introduction
 

When preparing this lecture, it became obvious that the scope of the title 
;
 
would have to be narrowed to quite an extent.
 

I decided to confine myself to the western part of Europe and to winter wheat.
 
Also the majority of the examples would be on baking quality, for the simple
 
reason that improvement work for fodder quality is very limited in Western
 
Europe.
 

Notwithstanding these restrictions, a variety o" aspecte can be surveyed. 
One
 
aspect forms the differences from country to country, as e.g. in the processes

used for bread making; these different processes of breae aking will require

differences in baking quality of wheat. 
Another aspect is the percentage of
 
the total production that countries need for their consumption at home. For
 
some countries this consumption is as high as 100%, others do not grow enough
 
to be self supporting; France however, grows an essential part of its wheat
 
area for export. Of course, all this has an effect on the type of wheat grown
 
in various countries.
 

Where an essential element in the discussion on breeding wheat for quality in
 
Europe consists in the combination of productivity and quality, in the follow
ing the accent will be laid only on these two characteristics.
 

Aims and Effects of Wheat Breeding in Scme
 
Countries in the Western Part of Europe.
 

France 
As for wheat in France the situation is different from the one in neighbouring
 
countries, and that for several reasons. 
 The first reason is the type of bread
 
that is wade. The French loaf is a hearth loaf, which means that it is not baked
 
in a pan.
 

The demands for baking quality with the French breadmaking process are lower
 
than for the baking procedure in countries as England and the Netherlands.
 

Further the French bread is baked from a type of flour that is milled from one
 
type of wheat; this may be one variety or a mixture of varieties which all have
 
nearly the same baking quality.
 

In France the Chopin alveograph is used to control the technological quality of
 
the wheat. This is a device to investigate dough properties. The result is
 
commonly expressed in W in accordance with Chopin.
 

For a survey of the wheat crop in France some figures may be useful. From 1960 
to 1972 the increase of the mean yeild per hectare was 55% and the wheat pro
duction of the country increased with 58%. The total consumption of bread wheat 
remained at the same level. At present it involves nearly 1/3 of the total 

Institute De Haaf'f, Wageningen 
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French wheat production (Simon, 1974). It is obvious that these trends effec
tuated big changes in the market. The net export of wheat increased from 7%
 
in 1960 to 37. of the increased production in 1972; in absolute figures, the
 
export increased to 8507. of the amount in 1960. Besides, an increasing part
 
of the wheat yield is used foc fodder.
 

This greatly changed selling pattern influenced the aims of breeding for qualit5
 
Also, in the admission of varieties, the technological quality appropriate for
 
the French type of bread is no longer the only criterion. The criteria of other
 
E.E.C. countries may be used to judge varieties destinated for export. A third
 
group of varieties may be licensed when they are suitable for feeding purposes,
 
and for such varieties the content of protein serves as the criterior for 
quality.
 

Table I (after Linais, 1975) demonstrates the rapid increase of productivity
 
in a number of varieties introduced since 1959: Champlein, Joss and Maris Hunts
man. It has to be remarked that the technological quality of these varieties
 
is poor. Thus these varieties are examples of the rapid increase of productiv
ity by breeding when no attention is paid to tne technological quality.
 

Table 1. 	Yield leve s of main winter wheat varieties in France between 1951
 
and 1974 1/.
 

Yield in Relative Technologica 
Trial period Varieties kg/ha yield-2/ quality 31 

1951-'55 Vilmorin 27 3790 100 good
 
Cappelle 4600 121 good
 

1961-'65 Cappelle 4830
 
Champlein 5130 128 poor
 

1966-'70 Champlein 5510
 
Joss 5720 133 poor
 

1971-'74 Joss 5990
 
M. Huntsman 6610 146 	 poor
 

I/ after 	Linais, 1975. 
2/ Vilmorin 27 - 100.
 
3/ French criteria.
 

The same table demonstrates the considerable increase of yielding ability of 
Cappelle in comparison with that of the older variety Vilmorin 27. From another 
source (Jonard, 1951) it is known that the technological quality of both var
etis is equal. Another opportunity to compare yielding ability and technologica
quality is given in Table 2. The variety Top yields 8% more than Cappelle, 
while the W value is the same. Comparison of the yield figures denonstrates 
that the newer variety Top yields better than the older variety Champlein. 

From these examples it is concluded that it has been possible for the breeders
 
to introduce a new variety with a higher yielding ability, while the level
 
of technological quality was maintained. In some other new varieties both
 
the yielding ability and the technological quality, in comparison with Cappelle,
 
are increased, as is the case for the varieties Capitole and Hardi (Table 2).
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,Table;2.'YieJld, technological quality and distributtgn of some main winter 
wheat varieties in Northern France in 1973!'. 

.year Kernel yield Technol. Area for
VarLety of (rel. to qual seed multiplication
release Champlein) (W)2 / (percentage of total) 

Champlein 1959 100 4 
 18
 
Capitole 1964 
 98 7 
 18
 
Joss 1966 
 102 3.5 
 14

Hardi 1969 
 102 7.20
 
for comparison:

Cappelle 1946 
 94 6 2
Moisson 1962 
 97 5. 
 2

Top 1970 102 6' 7H. Huntsman 1973 109, 3: 0.3 

I/ after: Simon, 1974.
 
2/ W : 8 or 9 means very good


2 means very poor.
 

Thus it may be concluded that in France a certain level of baking quality can
be combined with improved productivity, but that a delay in the breeding of
such varieties with this combination of characteristics is evident, in comparison with the breeding of varieties with improved productivity and worse quality.
 

Another fact is interesting enough to draw your attention. 
The recently in
troduced English variety Mars Huntsman has a very high productivity (109% of
Champhsin in 1973). 
 (Table 2). The area for seed multiplication increased

from C.3% of the total area for seed multiplication in 1973, to 3.8% in 1974,
which is a rapid increase under French conditions. And, because of the poor

baking quality of this variety some groups in France feel uneasy about the fast
growing importance of this variety. 
Some people discuss the possibility of a

lower price for this type of wheat for fodder purposes.
 

When one takes an objective look at the situation, and when the wheat merchants
 
are able to trade batches of such varieties serarate from batches with value for
the mills, one tends to conclude that during the first years coming, enough

possibilities must be available to sell this type of wheat for fodder purposes.
 

Great Britain
 
During 1966-1969, imported wheat provided 70% of the needed amount for human

food and 24. of the amount for feed (Elton & Greer, 1971) inGreat Britain.
For bread making a mixture of about 20% of home grown wheat, 207. of imported

weak wheat and 60. of imported strong wheat is used. 

The impediments for millers and bakers to use a higher percentage of home grownwheat are well defined: 1) it has a rather low protein content; 2) generally
it har a soft texture and lower strength; 3) the absence of a marketing systemwhereby large quantities ot home grown wheat with a consistent q jality can be
 
made available.
 

In different periods during this century attempts have been made to improve the
quality of the home grown wheat with the purpose to increase the amount of this
 
source used for breadmaking.
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In Table 3 the data for kernel yield during two periods and three single years 
are presented as relative figures in comparison to standard varieties. A
 
score 
for the bread making quality and the year of release are also presented.

For the two periods a brief description was available (Recommended list, 1948; 
Reiss, 1958) and for the three single years the scores from the Recommended
 
Lists are presented.
 

Table 3. Yield and bread-making quality of winter wheat varieties in compara
tive trials in Great Britain.= .
 

Year Bread-making Relative yield 
Variety of quality 

release score 1949-'52 1953-'5b 1962 1966 1975 

Yeoman 1916 excell. 88
 
Holdfast 1938 excell. 88 93
 
Bersee 1938 5 100 100
 
Hybrid 46 1952 4 108 100 100
 
Dominator 1957 7 103
 
Milfast 1957 9 103 90
 
Cappelle D. 1953 105 97
5 103 
Elite Lep. 1960 7. 102 102 
Champlein 1962 5 '105 107 105 
R. Perdix 1964 
 2 	 109 
M. Widgeon 1964 8 	 100 98
 
M. Nimrod 1971 
 2 	 117
 
M. Huntsman 1972 3 
 120
 
M. Freeman 1974 7 
 106
 

1/Compiled from: 	Bullen et al., 1955; Reiss, 1958; and N.I.A.B., Farmers
 
Leaflet No. 8, 1962, 196b, 1975.
 

It is evident from the table that the successive older varieties yield less than 
the newer ones, e.g. in the order Holdfast, Bersee, Hybrid 46, Cappelle, 
Champlein, Maria Huntsman. 

So=e varieties had excellent baking quality as e.g. Yeoman, Holdfast,Dominator,
 
Hilfast, Elite Lepeuple and the more recent variety Maria Widgeon.
 

Looking at the combination of yielding ability and quality we observe e.g.
 
the varieties Dominator and Milfast with bread making qualities nearly iden
tical to that of the older variety |Ioldfast, and with 10% higher yield. Already

five years earlier the variety Hybrid 46, which yielded more than Dominator or 
Milfast, had been released. A next improvement in the combination of both the 
characteristics was the French variety Elite Lepeuple. This variety has a 
yield level close 	to that of Cappelle and a bread making score of 7, which is
 
higher than that of Cappelle, while Cappelle has an unsatisfactory quality for 
British standards.
 

The variety Maria Widgeon, from the cross (Cappelle x Itoldfast) is a product
of the purposive breeding program ot the Plant Breeding Institute of Cambridge. 
The purpose of this cross was to combine tLm bread making quality ot Holdfaut 
with the yielding ability of Cappelle (Bingham, 1962). The yield level has 
been increased with 15 over Holdfast (Table 3). But at the same time other
 
varieties with a poor quality have been released and with higher yield than 



Marie Widgeon. This yield difference varies from 10 for Rothwell Perdix to.
 
about 20% for the newer varieties Maria Huntsman and Marie Nimrod.
 

It thus appears that the cultivation of wheat with valuable bread making pro
perties under British conditions is feasible. This quality can be combined
 
with higher yields by appropriate breeding programs. But when the yield po
tential of wheat varieties in general is improved, the improvement of yielding
 
ability of the good baking varieties is often delayed.
 

B. R. D. (Federal 	Republic of Germany)
 
In 1974 the amount of wheat milled for human consumption in this country was 3.8
 
million tons; 747. of this amount was home grown wheat. (Seibel, 1975), During
 
the last years nearly the same amount used for human consumption was used for
 
animal feeding (Eurostat, 1974).
 

Already from the twentieth, the wheat breeders in Germany try to improve the
 
baking quality. In this lecture a restriction has to be made to the more recent
 
period of this work. We want to look for some trends in the varietal situation
 
in relation to the combination of yielding ability and baking quality. We have
 
available the results of yield trials in Bavaria, the Southern part of the B.R.D.
 
In this state about 1/3 of the total wheat harvest in the B.R.D. is grown.
 
Therefore the situation in this state presents an indication for that of the
 
whole B.R.D, although I am aware of big differences in conditions between
 
Bavaria and e.g. the Northern States.
 

In Table 4 the results of a number of yield trials, spread over Bavaria, are
 
presented. For five periods of 3 years each, the mean kernel yield in kg/ha is
 
presented and from this an increase in yield during the period of 12 years is
 
clear. This increase has to be attributed to the change in cultural practices
 
and to the use of more productive varieties.
 

Table 4. Yield of winter wheat varieties grouped into two classes for baking 
quality, grown in 	Bavaria (Southern German)!'.
 

Year of Release yield 
Varieties release 1962-64 1964-66 1967-69 1968-70 1972-74 
B-varieties 
Schernauer 1954 102 101 101 99 
Felix 1961 101 101 95 
Jubilar 1961 106 103 100 99 
Caribo 1968 
 106
 
Kranich 1969 105 
Benno V 1973 123 
A-varieties 
Tenor 1960 97 92 
Florian 1960 102 98
 
Markus 1963 101 95
 
Diplomat 1966 101 100 99
 
Kormorarm2/  1973 101
 

Average yield
 
(kg/ha) 4590 4190 5530 5410 5630
 

I/ Compiled from: 	Zeitler, 1973 and Landessortenversuch. 1972, 1973 and 1974
 
der Bayerische Landesanstalt fur Bodenkultur und Pflantenbau,
 
Freising-Munchen. 

2/ 51l.ghtly restricted number of trials. 
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For a number of varieties the kernel yield (relative to the absolute yield 
level in that period) is presented. The varieties are grouped according to
 
the official German classification for baking quality into B-varieties, and
 
A-varieties, the latter being the varieties with an improved baking quality.
 
The varieties are further grouped according to the year of release.
 

It is evident that the yield of a variety decreases when compared with the mean 
actual yield of the successive periods. For some varieties the change is a
 
very rapid one (as e.g. for the varieties Felix from the second to the third
 
period, and Florian and Tenor from the first to the second period).
 

Another comparison has to be made for the yielding ability between some vari
etie8 of the 3-group and some of the A-group. The A-variety Tenor yields less 
than Felix, which was released one year later. The A-variety Florian yields
 
as much as the older B-variety Schernauer during the first period, but less
 
during the second period. The variety Diplomat, released in 1966, gives the
 
same yield as Jubilar, but Diplomat yields more than the older variety Felix.
 
In the same way the newest A-variety Kormoran, although it yeelds less than
 
the newest varieties of the B-group, gives a higher kernel yield than the
 
older B-varieties.
 

Thus an increase in yielding ability, due to the breeding work, is attained
 
for the varieties in both quality groups, but the varieties of the A-group reach
 
a certain yield level with a delay.
 

During the last year, not only in France, but also in the B.R.D. a discussion
 
about some recently introduced winter wheat varieties is going on. These new
 
varieties are very productive, but the technological quality is very poor.
 

Especially the bad dough characteristics of these varieties give difficulties
 
during the mechanical process. The loaf volume too is unsatisfactory (Boiling
 
& Meyer, 1975). It seems that a limited portion of 20 percent of such a variety
 
in a mixture has already a detrimental effect on the dough characteristics of
 
the mixture. Thus the difference with other varieties of unsatisfactory quality
 
seems to be that, in this case, these varieties do not behave as a neutral mass,
 
but that they actively make the dough characteristics of the mixture worse.
 

The mills in the B.R.D. fear that the area under such varieties will increase
 
rapidly. One of the concerns is whether the trade will be able to separate
 
the batches of such varieties from the others. The Research Institute for
 
Cereals at Detmold (B.R.D) actively tries to develop a simple and reliable
 
test for separation of this kind from the others.
 

Austria
 
As the essential part of the development of the wheat market in Austria during
 
the last 25 years we see the attempt to increase the supply by home grown wheat.
 

In 1951 still 35. of the wheat for bread consumption had to be imported to im
prove the baking quality (ltansel, 1971). 

In 1961 the amount of wheat harvested in the country was sufficient, but only 
partly had the desired technological quality (Prinost, 1963). Especially the 
gluten content was poor, and therefore much attention was givei to the system 
of nitrogen manuring. 



In Austria plant breeding has contributed considerably to the increase of
 
productivity, as well as to the increase of the technological quality of the
 
wheat varieties.
 

The variety Stamm l01, released in 1951, yielded 15% higher than the variety
 
Austro Bankut, which was up to then one of the three main varieties. The
 
quality of the new variety (expressed as the "Wertzahl") was slightly better.
 
A new variety, Record, released in 1958, which was a selection of Stamm 101,
 
yielded equal and had the same useful quality. It had also been improved in
 
some other characteristics. Mainly this variety made the Austrian wheat
 
market independent from imported quality wheat.
 

A very interesting example of the possibilities with a selection for yield
 
increase, while maintaining a high quality level, is presented in the breeding
 
scheme of the variety Probstdorfer Extrem (Hansel, 1971). The breeder had an
 
exact knowledge of the differences between the parent varieties in yield com
ponents as well as in quality characteristics. These differences between the
 
parent varieties were chosen as the first criteria for a sharp selection in
 
a very broad offspring. The result of 14 generations of selection is a variety
 
which yields 13% more than the best parent and which has the same excellent
 
baking value ("Aufmischwert") as the best parent.
 

It is remarkable that this variety, Probstdorfer Extrem, as an entry in the
 
International Winter Wheat Performance Nursery, gives a very high yield of
 
protein per hectare, due to the favourable combination of protein content
 
in the kernel and kernel yield. And this holds for very different envJron
mental conditions (Stroike, 1972; Stroike, 1973). In my opinion this fact
 
presents very strong indicatious for useful sources of higher protein content
 
(and of higher protein yield per unit of area) within the European assortment
 
of winter wheat varieties.
 

A survey of technological quality in terms of loaf volume according to the Rapid
 
Mix Test for the varieties mainly used in Austria is presented in Table 5.
 
According to these f43ures the loaf volume of the varieties Probstdorfer Extrem
 
and Erla Kolben is 231 bigger than the mean of the loaf volumes of the varieties
 
Caribo and Jubilar, while that of Record is 29% above this mean. In the same
 
Table the importance in Austria of these varieties is indicated by the per,:ent
age of the total area under winter wheat for seed multiplication in 1972.
 

Table 5. Loaf volume and relative importance of some main winter wheat varieties
 
I
in Austria! .
 

Loaf volume according to the Area for seed
 
Variety Rapid Mix Test multiplication in 1972
 

cc relative (Percentage of total)
 

Erla Kolben 548 123 9 
Record 572 129 21 
Probstd. I xLrem 549 123 45 
Diplomat 479 108 7 
Caribo 449 7 
Jubilar 442 , 0 

j/ Compiled from: WaltI, 1971 and Rossoll, 1972.
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Sweden
 
Besides Austria, Sweden is another example of a country which is eilt-support
ing 	as far as wheat is concerned, and that for a long time. For this reason
 
the 	increase and/or the maintenance of the level of technological quality has
 
been an aim of plant breeding activity during 50 years.
 

In Table 6 some figures are presented for three Swedish winter wheat varieties
 
which have played a very important role during the last 30 years; the same
 
figures are added for a recently released variety. Relative figures for kernel 
yield are presented for pairs of varieties. The mean yield of the older variety

of a certain couple is mentioned (in kg/ha) and this number is fixed at 100%.
 
These mean yields are determined in a high number of trials.
 

Table 6. Yield and loaf volume for four main winter wheat varieties in
 
I/.
 comparative trials in Sweden
 

Year of Kernel yieldL/ Loaf volume
 
Varieties release 1946-'53 1955-'62 1967-"72 (rel.)
 

Eroica 1943 
 100 100
 
Banco 1952 100
105 105
 
Starke 1959 107 
 100 100
 
Walde 1972 
 107 97
 
Absolute yield of standard
 
variety 4014 4487 5390
 

kg/ha kg/ha kg/ha
 

_/After: Fajersson, 1954; 1964; 19,'4. 
2/ Average of trials throughout Sweden. 

The yield trials were performed in different periods and the increase in yield

level is demonstrated by these mean yield figures.
 

From the comparison of the three pairs of varieties the increase of yield

potential due to variety is evident. 
The baking quality of the same varieties
 
is indicated by the relative figure for loaf volume. From these figures it
 
may be concluded that, where the yield potential of the varieties increased with
 
20% (for Walde in comparison with Eroica), the baking quality was nearly main
tained at the level of Eroica. This level of baking quality implicates a very
 
useful technological quality for Swedish conditions.
 

Conclusions
 

1. Cultivation of wheat with high baking quality in Western Europe is fesible,
 
however, it is difficult to combine this characteristic with high yield and
 
yield stability. 

2. 	The interest of trade, production and breeding for baking quality of home 
grown wheat will increase when the degree of self-support of a country for 
that product increases. 

3. 	The yield of varieties with good baking quality is generally lower, but
 
increases as rapid am that of varieties which do not have an adequate level
 
of baking quality.
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Discussion
 

The intensity of research for quality improvement and the selection procedures
 
employed, can explain the less rapid yield increase to a great extent.
 

The success of wheat breeding for higher yields in Europe is closely connected
 
with the research intensity. When selecting for complex traits such as yield,
 
we select for several minor characteristics. Therefore, the selection for
 
yield factors begins in very young stages of a breeding program, and proceeds
 
throughout many generations.
 

Baking quality is a complex trait, roughly we distinguish: 1) milling quality
 
(kernel hardness); 2) dough characteristics; 3) baking quality (protein content,
 
protein quality and probably starch characteristics).
 

Selection methods for baking quality in many places in Europe deviate from
 
selection procedures for other complex traits by using only an indirect test
 
which correlates with one minor characteristic of this trait.
 
Selection for baking quality would be more efficient by using one of the follow
ing procedures:
 
- Select for baking quality as such, by using the baking test (and milling test) 

as criterion; or 
- Select for several minor characteristics 
a) by gathering strains which possess all the desirable minor characteristics, 

with the probability that such strains possess the complex trait as well; or 

b) by gathering different half-way lines which are complementary for the minor
 
characteristics, and obtain the complex trait by hybridization and recom
bination.
 

A number of aspects of the complex subject 'Quality improvement of European
 
wheats' have been discussed, some extensively, while others have not been men

tioned at all.
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HUTATIONINDUCTION FOR WHEAT QUALITY IMPROVEMENT 

K. Nagl 
Austria
 

General Aspects and Outlook
 

The genetic potential for quality improvement in wheat might be exploited in
 
different ways and by different breeding methods. The duplicity resulting
 
from the polyploid nature of wheat may in fact endow wheats with greater
 

rather than less genetic potential for desired changes also in quality factors.
 

The induction of mutations with efficient mutagens which minimize non-genetical
 
damage but increase the gene resources provide a supplementary approach to the
 

existing conventional plant breeding methods.
 

Superior tolerance, especially to gross chromosomal aberrations in wheat, is a
 

consequence of genetic dunlication and renders to them a certain buffering
 

ability. On the other hand, this neutralizing effect diminishes the chance
 
or degree of phenotypic penetration of every induced mutational event. In
 
such a situation mutagens known predominantly to produce either point mutations
 

or chromosomal breaks are expected to give entirely different phenotypic re
sponses.
 

Several ways are suggested on which induced mutation methods might be effective

ly employed to improve wheat quality and may explain the basis for some muta
tions which already have been identified in induced and natural genetic resource
 

materials. Our current wheat varieties indicate that we do not yet have the
 

most harmonious and efficient biosynthetic systems as the evident presence of
 

genetic "inhibitor" genes reveal.
 

In principle the improvements involve the removal of inhibitors or duplication
 
of quality enhancing gene loci affecting the composicion and physical proper

ties of the wheat endosperm. Beside changes in the interaction among inhibitor
 
and enhancer genes which are of great importance fDrwheat quality the modifica
tion of nuclear versus cytoplasmic "gene" interrelations is still a basis for
 
improvement by breeding. Adjusting these "gene" controlled relationships by
 
induced mutation and cytoplasm changes, possibly also followed by induction
 
of mutations could lead to important compositional and use property improvements
 
in wheat.
 

Further developments in the enzymological and genetic aspects of nitrogen re
duction, nitrogen utilization and the translocation of amino acids and protein 
subunits to the developing endosperm should likewise provide the basis for 

removal of factors by breeding. The identification of inhibitors and regula
tors which are concerned with nitrogen reduction, and improvement or decrease 
of rheological properties were possible using ditelo and nulli-tetrasomic stocks 

as structural modifications of chromosomes. A gene deletion in the short arm 

of chromosome 5 1)for example, responsible for significantly higher flour yield 

and harder endospetm important to the milling and baking, could be Identified 
by ditelo 5 D analysis. Such induced deletions which might remove or suppress 
undesirable features could be utilized in breeding programma (Maystrenko at &I. 

1974).
 

Bundesanstalt iutr Pilanzenbau und Sawnprufung in Wien 
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The evolutionary significance of duplications is also observed in mutation
 
breeding of autogamous plants and the production of duplications may be
 
considered as another field of chromosome engineering. Such structural changes 
are easily accepted by homozygous self fertilizers and the later developed
 
divergence in function of duplicated segments or loci will enlarge phenotypic
 
stability and adaptibility. Duplicated loci may provide qualitatively diverse
 
functions of a broader genetic control.
 

Furthermore, it has been shown by cytogenetic analyses that especially in
 
cereal species recombination processes due to crossing over are preferably
 
restricted to distal chromosome segments. This means that tight gene blocks
 
are present in the central chromosome parts which may be transferred largely
 
unchanged to its offspring since wheat is a strongly self-pollinating plant.
 
These gene blocks advantageous for the genotype during its evolutionary devel
opment would not have the same merits unde7. the modern aspects of agriculture
 
and technology. Therefore recombination might be initiated by induction of
 
translocations in these undesirable gene blocks that are seldom effectively
 
broken via our normal breeding procedures.
 

The analytical potentialities of aneuploid and related genetic materials in
cluding induced mutants are yet relatively unexploited. Model induced mutation 
studies conducted using monosomic lines offer the potential for increased de
tection efficiency for mutations in specific chromosomes. 

The variability for any quality character occurring presently in whyat popula
tions is conditioned to a great extent by human selection. Where sels3ction 
has not been operative the extent of variation may depend upon the spontaneous
 
mutation frequency at the locus concerned and also the effects of possible
 
linkage with genes of positive selection value. Selection for specific amino
 
acids in wheat for example is a recent phenomenon. It is hence likely that
 
the existing variability for this new selection parameter may not be too wide.
 
Even if it seems that natural variability may be sufficient new genes may help
 
to overcome special difficulties to reach the breeding goal. As an example
 
the widely used and most effective cross parent for protein enhancement Atlas
 
66 has been reported as ineffective in promoting protein in spring wheats in
 
the northern USA plain states possibly due to the presence of the same genes 
for high protein that are carried by Atlas 66 itself (Johnson et al. 1975). 
Potentially useful genetic sources of high protein in wheat may be provided
 
by induced mutations which offer the unique advantage as a breeding method to
 
counteract gene erosion.
 

It should be noted that in several cases rapid progress in breeding is based 
on the utilization of single factors which are able to shift considerably in 
the desired direction. Induced mutation. seem to present some advantage when 
used in a cross breeding program over other sources of variability, where a 
given character is often controlled by poly genes rather than by a single 
major factor. The breeding value of a dominant mutant factor should be stress. 
id in connection with the favourable utilization in backcrossing program. 
In the polyploid systems of wheat a higher frequ,-ncy of semidoinant or domi
nat mutants could be expected, which would facilitate a ,d accelerate progress 
in hybridization (Bozzini 1974).
 

The range of possibilities which is provided by applying induced mutations in
 
breading is reflected by different kinds of breeding progreas reaching from
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minor adjustments in the composition of quality factors to drastic changes of
 
a wheat genotype useful as a cross parent in hybridization programs for improve
ment in quality. The way of exploitation of a mutant population generally
 
characterized by the screening methods applied are on the one side directed
 
to the immediate utilization of minor changes in so called micromutants or to
 
the confirmation of the positive breeding value of mutant characters in a
 
macromutant by incorporation in different genetic backgrounds. Taken general
ly, the use of hybridization in combination with mutagenesis seems a potentially
 
useful procedure by reason of the possibilities it offers in controlling and
 
overcoming pleiotropism and by new genetic interaction, modifying and enhancing
 
the expression of a mutant revealing its potentiality. Great attention should
 
be paid to the possibility of obtaiaing transgressive effects in quantitatively
 
inherited characters.
 

Basic and Practical Results for Improved Technological
 
and Product Use Properties
 

There are examples of rapid adjustment of single undesirable quality character
istics such as the change oi grain colour from red to amber in the high yield
ing variety Sonora 64 released as Sharbati Sonora in India. Amber grain colour
 
is a character preferred by the Indian farmers and consumers for chapati making.
 
Also increase of gluten strength was obtained as judged by the Pelshenke value,
 
which determines to a great extent the quality of chapatis and the resistance
 
to weevils during storage. Similar mutants were isolated in the red and soft
 
grain variety Lerma Rojo (Swaminathan et al. 1969). It appears that wheat
 
flours with stronger gluten properties become increas ,ngly important because
 
of their use in blends with weaker flours including those added to bolster the
 
nutritional properties of bakery products.
 

Hore detailed insights in the genetic function of a mutation changing quality
 
are reported to Favret (1969). A wheat mutant was induced characterized by
 
modified leaf and stem rust reactions and the loss of some of the physical
 
flour qualities that changes the wheat from a hard to a semihard wheat by re
maining the other baking qualitieL unaltered (Tible 1). The e'ectrophoretic
 
protein patterns of the alcoholic fraction show three bands differentiate the
 
mother line and mutant. The genetic control of these bands is due to three
 
linked genes. This multisite mutation may be seen as a possibility of inautfng 
a mutation in a regulatory gene. The mutation of a regulatory gene that sup
presses the activity of several structural geneii can produce several proteins 
in the mutant at the same time, each of them controlled by different structural 
genes.
 

Quality studies in mutant matorial of the US varieties Burt, a hard white wheat 
with strong gluten properties, and (mar, a tiot white club wheat with weak gluten, 
indicated that Improvement or loss of quality may occur ausociated with mutations
 
of plant structure in both varieties. More distinct and widely different mutant 
types were isolated Iom the one variety Burt uhich sughebts the re!atlye muta
bility of different varieties according to their genetic composition. TIL. Most 
frequent and distinct changes in quality chatacteristics of Burt mutant$ were 
in sedimentation values, viscosity and stability during mixing. There was a 
suggestion that flour from some strains Improved loaf volume (Vonzak at al. 1963). 
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Table 1. 	Industrial analysis of Sinvalocho wheat and its mutant (Favret
 
et al. 1969).
 

Sinvalocho Mutant
 
Property Replicate I Replicate II Replicate I Replicate II
 

1000-kernel weight (g) 37.4 36.4 32.8 33.5
 
Useful kernel percentage 97.78 97.78 96.67 95.55
 
Protein content (.) 13.33 13.41 13.33 12.61
 
Flour yield (.) 	 66.67 66.11 67.61 69.32 
Moistured 	gluten (7) 37.0 36.1 35.8 34.4
 
Dough rheologic properties
 
Stiffness 	(P) 114.6 104.8 92.3 69.6
 
Extensibility (C) 19.1 20.1 19.9 19.7
 
General strength (W) 325 313 	 246 169
 
Specific energy (E) 24.33 23.34 18.45 13.40
 
Stability 	index (PIG) 6.00 5.21 4.63 3.53
 
Baking properties
 
Water absorption 	 65.6 65.2 63.5 61.8
 
Volume of 	100 g flour 750 760 750 700
 
Specific volume 	 6.69 6.66 6.35 6.36 
Crumb t ixture 	 101.0 101.0 100.0 100.0
 
Crumb colour 	 98.0 97.0 98.0 97.0
 
Baking quality 	 109.3 109.5 108.2 103.0
 

More data about mutation breeding for quality improvement in winter wheats are
 
available from the German Democratic Republic. Induced morphologically un
changed mutants with improved baking quality were isolated in the winter wheat
 
variety Dorina. These mutants were partly improved in gluten quality and 
gluten quantity but could not be released as new varieties because they were
 
outylelded by other varieties at that time. Dorina originally had high gluten 
content so it was intended to improve gluten quality first. Further mutagen 
treatments were carried out with the varieties Poros and Eros and Pelshenke 
value taken as an indicator for baking quality. Variability for this character 
was significantly increased for both varieties in the M2-generation so it seemed 
promising to isolate quality improved genotypes. Again morphological slightly 
or unchanged mutants with higher protein content which may be suggested to 
carry leas undesniable pleitropic side effects were tested for grain and protein
yield as well as protein and lysine content in later generations Even if 
grain yield was somewhat reduced in several mutant lines proteLi yield was 
improved; lines with increased grain yield and protein content represent the 
most useful variants (Schmalz 1968, 1973). Earlier investigations if mutant 
material from winter wheat variety Hadmerslaben IV resulted in increased 
Pelshenke test values but unchanged swelling number which generally show strong 
correlation (offman 1954). 

Nutritional Improvement 

The breeding for nutritional quality in wheat through increasing protein content 
and the improvement of amino acid balance was greatly stimulated by the exten
sive work of the Nebraska research group (Johnson et al. 1972, 1975). In 
whe t, no selection or mutant has yet been found which has a high lysine com
position as accessions or mutants identified in ether cereals. This has 
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naturally drawn the attention to the use of induced mutations as another
 
alternative. The prospects to find or induce higher lysine variants in wheat
 
may be indicated from evidence about the composition of high lybine variants
 
already identified in maize and barley. In almost all of the high lysine
 
sources, the prolamines present in highest proportion but of lowest nutri
tional value are proportionally reduced rather sharply, but these protein
 
components are evidently important to the use properties of wheat. Moreover
 
lysine content of prolamines in wheat is remarkably higher than in maize
 
so reduction of this protein fraction would not have the same consequences
 
for lysine enhancement in wheat. Perhaps more significant in relation to
 
wheat is the evidence that lysine composition can be increased also via an
other genetic route. Analysis of the induced high lysine barley mutant Bomi
 
1508 indicate that the lysine content of the prolamine fraction has been
 
increased by about 3007. (Ingversen et al. 1973) with reduction in proportion

from 29% to 9%, and a lower lysine increase occurring also in glutelin frac
tion which is of significance because of the high proportion (39%) of the
 
glutelin protein.
 

Studies of variability in protein fractions and in totp'l protein of a hexaploid

wheat variety N.P.799 in control, M2 and M3 endosperm of EMS-treated material
 
show that treated populations exceeded control for all protein fractions with
out any significant shifts in population mean. These results indicate that
 
variability for different protein fractions like any other quantitative trait
 
can be induced by treatment with mutagens (Bhatia et al. 1970).
 

Another screening for high lysine types in different treated bread wheat var
ieties using combined Kjeldahl nitrogen and DBC-analyses successfully used in
 
barley resulted in considerable variation of DBC and nitrogen contents in the
 
1470 lines analysed. A strong corr,'lation between DBC and nitrogen content
 
was observed but no deviations from this correlation were found which would
 
represent changes in lysine content. The absence of high lysine lines in the
 
present populations therefore appears to be rather a result of a limitation
 
of the material than of the method (K.A. Siddiqui and H. Doll 1973).
 

A breeding program involving different sphaerococcoid mutants of the winter 
wheat variety Poros characterized by remarkably high protein levels (vith in
crease from 3 - 5% absolute) but consequently lower lysine content was con
ducted for direct utilization to improve protein production. In spite of lower
 
yield capacity of the mutant lines protein yield was superior in single cases
 
(Schmalz 1973).
 

The experiences using hexaploid sphaerococcoid mutants for protein improvement 
may be considered in relation to our own investigations with an induced tetra
ploid sphaerococcoid mutant of the Austrian durum wheat variety Adur used as
 
a cross parent to develop wheat ideotypes for improved protein including several
 
alternatives. The intention to use this mutant beside another high protein com
pactoid dwarf mutant in a cross breeding program was to combine desirable at
tributes that directly affect the protein production in a positive way and reduce
 
losses which may occur during the growing period and by processing. This
 
sphaerococcoid mutant represents a multiple gene source for different positive
 
breeding characters as summarized in Table 2 and might be utilized to study the
 
inheritance and interrelations of agronomical nutritional and technological
 
traits. To follow the expression of mutant traitz in different genetic back
grounds and to utilize greater genetic divergence for a higher selection gain,
 



- J1b 

ZE.d as a donor of several disease resistance genes and Tr.aestivum
 
were used as cross parents beside durum variety Adur. The Tr.&a jjy cross
 
should elucidate the incorporation of mutant genes on hexaploid level and
 
their consequences for the quality complex in hexaploid wheats. To demon
strate genetically controlled differences in the wheat endosperm scanning
 
electron microscopy as a new technique can be usefully applied to the reso
lution of the genetic basis for these differences and could be related to
 
wheat products and processing. Changes in ultra structural and electrophoret
ical appearance of water soluble proteins and consequences for the inheritance
 
were established for both mutants in question.
 

Table 2. 	Consequences of the sphaerococcum effect in comparison to the parent
 
variety Adur.
 

1. 	Short stem and increased straw strength (semidwarf type - 55 cm) partial
 
dominance.
 

2. 	Sphaerical grain shape (higher endosperm portion) - dominant inheritance.
 
3. 	Harder endosperm (higher portion of coarse fraction + 30%).
 
4. 	High protein level (+ 30%). 
5. Equal 	or slightly increased lysine content (+ 6%).
 
6. 	Reduced glutamic acid content and lower proportion of wet gluten to protein.
 
7. 	Higher increase in endosperm protein and lysine (favourable distribution 

smaller lorses by milling).
 
8. 	Less environmental responsiveness concerning protein and lysine content.
 
9. 	Enhancement in fat (lipids) + 40%.
 
10. Changes in ultrastructural and electrophoretical appearance.
 
11. Smaller grain size and grain number per spike.
 
12. Low yield.
 
13. Later heading.
 
14. Higher susceptibility for mildew.
 

A wide array of recombinants were found in the F2-generations of sphaerococcoid
 
crosses which indicate the absence of the pleiotropic inheritance of the
 
spaerococcum complex and suggests that this mutant carries a duplication as
 
supposed by earlier investigations of Sears (1954) and others.
 

Higher flour yields could be expected from spheadcal grains of this mutant and 
protein losses by milling may be likewise reduced in connection with better
 
protein and lysine distribution in the endosperm (Table 3). Therefore feeding
 
trials with endosperm fractions of mutant grains resulted in higher weight gain
 
of rats compared with the motherline and in relation to whole grain meal.
 

Beside the high protein levels and a less environmental responsiveness of the
 
mutants concerning protein and lysine content (Table 4) the decrease of gliad
ins is indicated by lower glutamic acid and wet gluten content in the sphaero
coccoid mutant. In addition harder endosperm could be expected as the increase
 
of the coarsest milling fraction by 30% reveal, an essential contribution to
 
good milling characteristics and less protein loss (Figure 1). Moreover re
markable changes in fat content may affect lipids, important to the cooking

properties of pasta made from durum wheat semolina (Irvine 1971) and to bakery
 
products made from soft wheats (Yamazaki 1971).
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Table 3. 	Distribution of protein, lysine and glutamic acid in milling frac
tions of parent variety Adur and two high protein mutants ( 2 years 
average). 

Bran Semolina Flour
 

Adur
 
Prot. 16.1 13.7 13.6
 
Lysine g/16 g N 3.82 2.20 1.96
 
Glutamic acid g/16 g N 23.8 34.6 35.3
 
Cormp rmit.
. 


Prot. % 18.1 16.1 15.7 
Lysine g/16 g N 3.77 2.15 1.98 
Glutamic acid X/16 g N 25.3 34.4 35.6 
Sphaeroc. mut. 
Prot. 7. 19.0 18.0 17.9 
Lysine g/ib g N 3.82 2.26 2.10 
Glutamic acid g/16 g N 24.2 33.6 34.0 

Dry weight basis
 

Table 4. 	 Mean, range and coefficient of variation (hj 7) for nitrogen and 
lysine content of parent variety Adur and 2 high protein mutants 
over 4 years. 

ann ta~ 
N-content 2.59 2.24 - 2.80 7.32 
Lysine g/16 & N 2.44 2.19 - 2.71 8.31 

N-content 3.10 2.76 - 3.31 6.19
 
Lyaine g/l & N 2.58 2.36 - 2.98 1.43
 
Splaroc, 	soul,
 

N-content 3.41 3.16 - 3.64 5.56 
Lysins &/16 g N 2.38 2.42 - 2.69 3.76 

Dry weight basis 

The effect of reduced plant height on protein content could be studied in cros
 
progenies and resulted in smell negative currelationebut correlations be
twon plant heAght and protein por ilr in were positive for all r2 cross prea. 
Gnies indicating that grain site reduction might be involved in protein en

hancownt,
 

To investigat it the high protoni titti in both mutants to conditioned by 
the eans genee a d(iuble mutant Ltom uas carried out. 

To develop tiew hmsi( w tdtil, rF.mati l fill Iitoct utilization and cross breed
ins to Imprvr lkIsotit t1-)pviltlt,1: 2 dllareJnt tWo-t.teotonte ofHC 14,1 tiv the 

tit I ID acre d for highshort a1,. awal I (.4nadi a t l vtVal let, itYr(uOMe was 
prot ait.Is lit lij 1 lfro c li .sl virloly itsr+a c, 1-clati-i tuant trLhuted Adclu our 
COllfy 411 - 'to'( a" voo-"11 %aAc it?"r e410" I populaot lout lIl,t . ItIn% 
sl0ctod pa:tziI litO@f lot M.mny Im vatioated by the graph. Dilleenes between 
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population man of Hercules and H4 population on basis of protein per grain
 
are less accentuated than on basis of protein V/ In dry substance indicating
 
that grain bize reduction is partly involved in increasing protein varn
abilil'also verified by the reduced H4 -population mean tor grain weight; 
nevertheless significant selection gain could be achieved even on basis of 
protein content per grain (Figure 2). 

There may be numeroub compensating interrelations among wheat flour compo. 
nentts,because ot their number and complexity and because of modifications 
due to milling. Convequently, cautloti must be used in interpreting wheat flour 
performance data in terms ot requirmcrmnta and possibilities for broding high 
quality wheats. It has been obberved that even wheato with very similar 
genetic backgruund (Orth tind Itunhuk 19/2) cly have distinctly different pro
cesing proportteb. 

Nevertheless considerable progress already htas been made by cereal chemists 
and geneticists toward understanding wheat quality parawters and the nature 
variability and genetic babib for individual endosperm components oi wheats. 
It may be noted however that until recently,genetic tools such as induced 
mutants have played a minor role in the analytia of wheat quality couponantl 
and the quality improvement, but otter unique advantages In future. 
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WHEAT BREEDING FOR IMPROVED NUTRITIONAL
 
QUALITY IN ROMANIA
 

N. Caepoiu, N. Eustsbiu, Gh.Ittu,
 
N. N. S ulebcu
 

1(olna nia 
The breeding of 
new wheat varictieu with a high nutritive value is a task

permanently purbued by the wheat breeding program in Romania. Both the old

Romanian wheat varietieb odvob 241, Cenad 117, Cluj 650 and the 
new ones, Dacia
and 1Favorit, are well-known for their high protein content and good bread making 
qualitite. 

The rebear(h carried on in this field got a wide scope and amplitude with the

receptioii, throu),h the International Winter Wheat Nursery, of new sources with
 
a higch proJttiin countent. 

The wheat biceditng program carried on at Fundulea has the aim of obtaining new
wheat varietieb with high protein content to be used in both human and animal 
nutzitioii. Iii this paper we 
bhall present both the sources employed for the high
protein Loitent and some preliminary results obtained in our breeding program of

wheat formb with high protein content.
 

Sources for High Ptiotein Coitent 
One of the Sources r.tich used ii our breeding program at FunduleS in order to im
prove protein content was, bebid.b the variety "Atlas 06", the line F.26-70.
This line wad. obtained from the crobbing of Au57-59 with Bezostaya I. The lineF.26-70 recorded an average protein content of 18.34. in a 3-year trial at

Fundulen (1971-1973) and, in one year, at four rctics.t, stations in Braila,
Tg. Mures, Brasov, and Suceava, and surpassed the Bezostaya and Dacia varieties 
by 3.397. and 2.497., respectively (Table 1). 

Table 1. Protein content (N x 5.7) of the wheat varieties Bezostaya 1. Dacia

and the F.26-70 line under variouu pedoclimatic conditions in Romania.
 

Dacia 
 F,26-70
 
Difference ab Ditfuratice as
Crop bezontaya I compared to compared to
 
Palox~t&vn I Bxs-y
 

Fundulea 1971 16.53 
 lb.45 -0.08 
 19.16 +2.03
 
Fundulea 1972 13.51 14., 5 
 +1.14 18.41 +4.90

Fundulea 1973 14.08 14.6) +0.57 
 17.05 +2.97

Br~ila 1973 14.58 
 1'.59 +1.01 
 17.09 +2.51
 
Tg.Hurep 
 1973 15.48 17.12 +'.-b4 19.42 +3.94

Braoov 1973 14.85 
 15.63 +0.78 
 18.50 +3.65
 
Suceava 1973 15.64 16.;, +1,21 18.8 +314
 

14.95 15.85 +0:9L, l8.34 +3.39 

1. C. C. P. T. Fundulea 
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The F.26-70 line has the same protein content as tho "Atlas 66" variety but
 
displays a number of superior breeding characteristics as compared to the 
latter (Table 2).
 

Table 2. Comparison of the "Atlas 66" variety and the F.26-70 line, for som
 
agronomical traits,
 

Traits Atlas 66 F.26-70
 

Average protein content (Fundulea 1972-1974) 17.18% 17.407
 
Plants height (cm) 120 90
 
Heading date (days as againbt Bezostays 1) + I 7
 
1000-kernel weight (g) 34.4 45.4
 
Yield, relative to Bezostayai I 75-87. 9U-9 .
 

The F.26-70 line develops shorter plants, is earlier and also is superior in 
1000-kernel weight and productivity to the "Atlas 66" variety. The F.26-70
 
line also coribtnes hi6h protein content with superior bread making character
istics.
 

It is possible that the F.26-7U line has different genes for the high protein 
content than the "Atlas 66" variety, thus giving the possibility of obtaining
 
transgressions from crossing the two sources for high protein content. The 
tests performed on a collection of varieties fruit Fundulea allowed the identL
fLcation of new sources of high protein content behider the already known ones
 
(Atlas 66, the lines obtained from Lincoln, Nebraska: NLIU1I34, NE701132,
 
NE701147, the varieties Nap Hal, Hybrid English, a..o.) (Table 3).
 

Table 3. Gene souriel for a i'igh protein content in t1w kernel. 

Protein content In kernel (I,,_, 
Variety Country of Fundulea Fundulea Lovrin Average 

origin 1973 1941 1974 

Dacia Romanin 15.8 14.9 14.6 15.1 
Atlas 66 U.S.A. 16.5 1b.8 16.7 16.7 
F.26-70 Romania 16.8 17.2 17.U 17.0 
Hybrid English U.K. 16.8 17.4 17.6 17.3 
Hap Hal India 16.0 19.0 17.8 17.6 
Klein Atlas Argentina 17.1 17.8 17.4 17.4 
Hagnif 41 Argentina 17.4 17.6 17.8 17.6 
Agrolit Vigllano Argentina 18.4 17.4 17.4 17.7 
Fontezuela Argentina 19.5 18.J lb.9 18.9 

Argentinian virietiejt necn to Ie promlsing amnng whitch are Kit in Atlas, Hagnif 
41, Agrolit Vtlliwio and |ontezuela. 1hese varieties had, for a 2-year pJriod 
at Fundulea and one ya.. at Lovrin, an average protein .intetit of InoZl thal 
17%. Among the above mvnt tined tew tiources, the tIon tetw.tela varlrty is erpecially
remarkable for its protein cotntent teathing, in tLhe two tct ing-plates. an 
average of 18.97.. This in 2.2% ntrre than Atlas b6 and 1.9%.ror than the line 
F.26-70, thus reconMrnd~ng the new source as most valuable within the breeding 
program of high protein content varieties.
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Transmission of Protein Content to the Progeny
 

The most advanced experiments within the breeding program are those using the
variety Atlas 66 and the line F.26-70. Figure I pretentu the variability of
protein .ontent ol surm. lines in the if, F and F5 6eneratLons obtained from
crossing the Atlab 60 varlety anid 
the F.26-70 line with d'Iferent Iomanian and
 
foreign winter wim-at vairletlet and lines. The respective data refer to 175
1irneb Obtait.d IIu:i tbe crobbing with tie Atla 66 variety and to 88 
lines ob
tained irum the tlo6ing with the line l.20-1O.
 

It can be tiot Lced t hat both the crotibeb with Aliau 06 and with f .26-1U produced
lilnes with proteinl(ontelt ab hix1h te 10ab ut heat paret., au well ab tranbgression 
linls for the h h rote In (olitent. 

Protein content wAh no0t 1(,."y llt urrDcd by kettlrl fll11:1, levrl' thus the

shrivelled kernelb (with a bmaller 10 00-kernel wei 1 ,hi) had i rclat ively higher
protein ()Intenrt. 1he _.iialybe 
 irvralrd a bignifittity, iiehative "otrelatLoni (r *
 
-0.15) between protrin ,onternt aind l,OAU-kvzizel we Ijht 
 atuonh lines obtained from 
crossing Witl %tlas (b (660igue J), while tor thr I 1iiie zlult ing Itom crusbingwith F.2t-10, the LotliIt 1u(1 wa. pr 4a (ially 1::n:-vejttjioi (0.0b) (Figure 2A). 

If w consiider the limnt, with rvci I/!. prt tri, tLntr nt (tie ave rale lot Atlas 66and F.2b-70, at furdulru) and a IUuU- irlrr wllj i oft IIl thanli 40 g (avragtl forBeiosiaya 1, at funduke-) ,birliflJ ihe Lonb)inittinr with the two sources, wfind that cto&*cb with I .. /%Iteultetd 1rn 12.in liim ito this kind, as agaiwntonly 1.7%,When usingi the varirty Atlab 66. Tialtr irbults clealily derimiintrate
that F.26-70 pteieiit i btislderD A hit~h tiote in cOl ternt, a litmbcr of additltinalvaluable traits renderi nt It morict utbful for our whu.et-beedintj prukriam thian the 
variety Atlah 66.
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SOW RESULTS AND PROBLEMS IN WHEAT 
BREEDING FOR HIGHER PROTEIN AND 
IMPROVED QUALITY AT MARTONVASAR 

L. Balla and L. Gdsplr 
Hungary 

During recent years the more exact definition of the concept of quality has 
made it obvious that an increase in protein content and an improvement in
 
the essential amino acid composition, primarily the lysine content, would
 
produce wheat varieties of even better quality than that of the present va
rieties. These pobsibilities were established by Johnson et al. (1974) on
 
studying the world variety collection and on selecting forms with high protein
 
and lysine contents.
 

Similar work began at Hartonvisdr during the sixties. Fertc'di 29), which
 
originated from a Binkuti 1201 x Kawvale cross arid whobse proteii content ap
proximates or exceeds that of BhInkuti, was used as the source of protein. From 
a cross between Bezostaya I and Fertodi 293 we selected two varieties, the pro
tein content of which represents a trankition between that of the two parents
e~t./ over an average of several years it exceeds that ot the standard Hezostaya 
I by 1/2 - I per cent (Table 1). 

Table 1. Crude protein contesit of Martonvisir wheat varieties, 1972-1.974. 

Variety Protein (M)
 

Bezostaya I (st) 12.43 
7ert6di 293 14.14
 
Mironovskaya 808 12.44
 
Hartonvhisri 2 12.97
 
Martonvisirt 3 13.29
 
Martonvistr I1 12.4
 
Martonvasiari 4 12.22
 

Note: N-conversion factor of the flour tested a S.7 -

In the production ol the varieties Martonvdsdri I and MartorvsAdrt 4, which
 
are shown InTables I and 2, Hlronovskaya 400 and one of its sister lines 
were used respectively instead of Fert6dl 293, so their protein content Is 
lower. The ww varleties have Kood yielding ability and their propagation
has aireudy begun. This year they occupy about 100,000 hectares ut the wheat 
growing area. 

We also continued imi vear.., it, vat letlva with a high poteitn (ontont. As 
Johnson anJ hi co-wtlwa,. hove alivaldy eJnied llat ofl he worth vsrlety 
Collect±A.., Wil(h 1 all,() I)e llK . tudid 1:tlestilvrly ti lAtlti)ijad, we set our-
Seliv0 to V IA41t6k1e (1w IfUIllk4nll l i Vll jlltirs i1i l(4l)4 VAllletICS. OJuting the 

)wo ,i I:1£ot d I Iltblast t > ve hvri Avl l.1 01 It I e . Il h1wLr, pzi otl n 'tont 
Of ht zolklsi JIyn 1, o'vrr A.t' fsv tl-r of It) y'oali n I.'. 1.0 < 1(hlw 'a., a 1e 

Viatica WWI a pliotoll) 4 itoli 2iirninl t 'iii N.oYU.rtxenbill Jolla htlv been 
m4d c lt )iit4irn ultinh r iiui I (.i1 ir caany ai*j iai k ilmi. lot plill ur (ot, 
but it ine a f t l I t tm!a t n iai l r i In(mu triio we l it )l3ilw lit all 

the valleti ot-ni .. 

Hungotrlatt Atidesey ofl sotitra, ma"to(ivi~i~ 



- 368 -


Table 2. Yield potential of Martonvasir wheat varieties, 1970-1974.
 

~~~ JLLL (L)____
 
ariety 1970 1971 1972 1973 1974 Average
 

Bezoutaya 1 100.0 100.0 100.0 100.0 100.0 100.0
 
Hartonvasari 1 131.2 97.3 I05.d 107. t 110.j 110.4
 
Martonvadbri 2 1L9,4 108.6 113.' 105.3 106.8 110.7
 
Kartoiivisiri 3 116.8 96.4 112.2 100.1 99.0 104.9
 
1artonviuari 4 124.0 115.0 128.5 111.2 105.4 116.8
 

Table 3. Varieties with high protein :ontents, 1973-1974.
 

Variety Protein (7.)
 

Binkuti 15.98
 
Sitkace 1055 15.27
 
Bin~tka 15.16
 
Karcagi (local variety) 15.14
 
TP 114/65A 14.78
 
Scout 66 14.75
 
Fundulca 417/62 14.53
 

Note: N-conversion factor of the tlour tested - 5.7. 

The proteit' content and amino acid composition of the most widely used vari
eties in Hungary, together with the new varieties and expertmentals, were 
examined in a separate trial (Table 4). Among these varieties. Bnkuti 1201 
and FVrtrdi 293 havro the highest protein content. It I& very noticeable that 
in those Msrtonv~uiv eaperimnts where protein content was not the subject 
of selection, the proteinr content to lowor. The lyaine, mthionine and cystina 
contents and their range are very small. From thia it follows that new sources 
must be used it the ess#ential amino acid composi ion to to im improved. 

boam years ago we started a new breeding programwx. jloing Atlas 66, NB 67130 
and Purdue 4930 as protein sources. However, itutwaroui prubletn& have been on
countered with ttins sourteo, the first aid iuoost inipattent of whih is that they
show a cunaliderati departure frnt timAcnttAl ?hiru.peati uhet ty['e* so it is 
extremely dilficult to aelot hiot # triwid hybtr ite with strong straw which 
also hxve sohitih potein ontentt. 7I1 orarnt lun ortict lotia between plnt 
height and lioutetin ctitetni, (i the Iiian have 1mevit dectatinined over several years 
in Vat iOL6 hy'll.id wpj!at loiAt [ dtSi.iUVri Whirthol thrar (Wo prolerties might 
perhaps be itually r.w(lkolvr (Table j). 

In this sla:las ti expetlianto a weak crrelation was foun.d betweon the two prop
ertieL lit the Atlas f x hezotwtays I toWb)iiatton x tut it, the MAJo(rity of Com
binattowts tirltlw i this yeartnor lin ally vatlier exnWIllatfllft was aly significant
corri l t ioa (,it at tic i I rwar t L)ti i I hut n I 'itn . %so tit uit a witht hIgh 

protein ll atnoti bn nai olalli tible?111trit t.ld i C141c Mul 11Wo: f eonJ ieV . !.u it forms 
are aloeady ti he found zivinp t logria h1 tested tile lreSboll mmcapar ison001q Ili 
trIla(Dal a 1IMi). 

http:hy'll.id


- 369 -


Table 4. Protein and essential amino acid contents of varieties widely used
 
in Hungary, together with Martonvisar varieties and experimentals.
 
Marto.v~sair, 1972-1973.
 

Variety Protein(%) Lysine Methionine Cystine
 

Bezostaya 1 12.59 2.02 1.85 2.22 
Fertbi 293 14.20 2.02 1.92 2.42 
BAnkuti 1201 15.63 1.80 1.84 2.43 
Rannaya 12 13.39 1.99 1.96 2.41 
Kavkaz 13.08 2.02 1.84 2.31 
Aurora 13.24 1.98 1.81 2.38 
Mironovskay.i 808 12.92 1.99 1.77 2.23 
Mir. Jub. 50 12.12 2.03 1.79 2.30 
Martonvdsari 1 12.28 1.86 2.11 2.43 
Martonvisiri 2 13.08 1.89 1.91 2.37 
Mai tonvhsari 3 13.24 1.88 1.84 2.30 
MartonvAsari 4 12.44 1.89 1.81 2.29 
Mv 08-72 11.00 2.13 2.11 2.41 
Mv 09-72 11.96 2.12 2.20 2.39 
Mv 20-72 11.80 1.97 1.83 2.71 
Mv 24-72 12.44 1.90 1.84 2.45 
Mv 32-72 12.44 1.92 1.89 2.45 

Note: N-conversion factor of the flour tested - 5.7.
 

Table 5. Correlation coefficients for plant height and protein content, 1974.
 

Combination r
 

.2 1NS
Atlas 66 x K-i 0


Atlas 66 x Bez. 1 0.48+
 
Atlas 66 x Kavkaz 0.1 6NS 

0.07NS
NB 67730 x K-i 

0.02NS
Purdue 4930 x Bez. 1 


NS not significant
 
+ significant at the 5% level
 

The second problem to be solved is stem and leaf rust resistance. Unfortunate
ly the populaLions produced using the protein sources mentioned are susceptible
 
to rust. During the 1974 selection it was barely possible to select acceptably
 
resistant forms from certain combinations. 

We should further like to deal with some methodological problems. We consider
ed it important to examine selection method with an aim to selecting genotypes 
containing more protein. First we examined the possibility of individual sel
ectioni. The plants were sown with a spacing of 40 x 10 cm and one spike of each 
of the sele:ted plants was used for a protein examination. The following year 
we examined the yield from the progeny of these plants and conpared the data 
from the two years. The purpose of this comparison was to discover whether one 
year'i ,- mination was sufficient for selection. In the data obtained, the 
varyinK weather conditions of the two years were very strongly manifested as 
was, no doubt, the effect of the growing area, since the progeny lines of the 

plants were sown at normal density with a row spacing of 20 cm. 



- 370 -

In the first year, 1973, protein content was high and in the second year, 1974,
 

low. The difference was large, usually 3-5. (Table 6). The correlation coef

ficients were surprisingly low, from which it follows that incorrect data for
 
than
selection were obtaied for one of the two years. We can do no more 


speculate that the error arose in the F2 generation grown on a large growing
 

area in 1973. Thus, we came to the conclusion that it iL more practical to
 

select for protein content in the F3 or F4, and in the F2 for other agronomic
 

properties like plant height, strength of straw, rust and powdery mildew
 

resistance, and spike product.1vity. This conclusion is also supported by the
 

data of another exeriment, in which a comparison was mode of the protein data
 

of t2.e plant progeny lines and -he generation followiag them, where the cor

relation coefficient was 0.82, ,hat is, the protein det of the yields of the
 

two stands of normal density were in good agreement.
 

Table 6. Correlationi coefficeni:s for protein content in 1973 and 1974.
 

C:mbination .. .. 974 ___.. 


Atlas 66 x K-I 1.,42 14.20 0 25NS 

, -0.26Atlas 66 x Bez. 1 .34 14.92 

Atlas 66 x Kavkaz , 15.22 0.35NS
 

f.1 15.06 0.26NS
NB 67730 x K-1 

,4.90' 0.15NS
Purdue 4930 x Bez. I 


NS a ot significant 

In Hungar',, roi millirg ant Laking qualtl.v of tt ' .c iqof great importance.
 
However, chi i3illing and ,3vinj quali'.eii of t ,. pr.tein sources we employed 
(Atlas 6'0',MOM, a'urdus .20 ~ore, by our staniards, only ..dium or even 
poorrc. Theurefor- we considereo it important to investigatu the correlations 
batveen cdher indices of prote.n cont.ent aud quslity. No lines have been devel
oped as yet from tht pro,.e'.n prjgra=;e,ici wi '.arried out -ur examinations on 
lines originating from the tracitiona. progia.me, on varieties grown inHungary 
and on those tested in the IVWPN (Table 7;. 

Table 7. Correlation and rv,.ge )f vatiatkon of qua.A..y chaa'acters, 1974.
 

Range .f variation 

n T Protei:- conLent(.) Fdrinographic value 

Protein cortedfinographic value 
Varioty ,ival .- 10.93 15.41 25 0.06NS - 49.9 91.8 
Tri't for Experimentas 30 -0.20N S  10.21 - 13.71 40.5 - 92.1 

3
Proteir corntenL/loaf volume. (cm Protein contentM Loaf volume
 
Variety Trial 25 0.09N5 as shove 302 - 612
 
Trial for Experiments 30 0.35NS 391 - 613
 

NS w riot sgnificant
 

In the varizty performance trials the protein content, as can be seen from Table
 
7, varied between 10.83 and 15.41%; that is, there was n wido. range of varia
tion. Despite this, no correlation was observed betw.,en the protein content
 
and the farinographic value. In the trials for experimentals the range of
 
variation in protein content wis from 10.21 to 13.71 and here too there was no
 
correlation betwoen the two characters under examination.
 

http:progia.me
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The correlation between protein content and loaf volume was also investigated.
 
Although the range of variation for loaf volume was also large, none of tlts
 
expsriment'i showed a correlation between these two characters.
 

It is interesting that during the IWWPN examinations we obtained a different
 
result. In the IWWPN stocks there was a significant correlation between the
 
protein content and the farinagraphic value in 1970 and 1973, but the correla
tion was not significant in the 1974 trial. A significant correlation was
 
observed between protein content and loaf volume in 1973 and 1974 (Table 8).
 

Table 8. Correlation and range of variation of quality characters il IWWPN.
 

Range cf variation
 

Protein farinographic
 
n r content(%) value
 

Protein content/farinographic value
 
1970 29 0.63--++ 10.85-18.18 22.2-100.0
 
1973 28 0.504+ 10.35-16.08 30.9- 80.0
 
1974 30 0.28 NS 9.57-14.99 29.1- 91.2
 

Protein content/loaf volume (cm3) Protein
 
content (7.%) Loaf volume 

1973 28 0.42+ as above 304-508 
1974 30 0.50++ " 312-550 

NS - not significant 
+ si aificant at the 5% level
 
++ significant at the 1% level
 

... significant at the 0.17. level
 

Various conclusions may be drawn from the data. It seems that in the world
 
variety collection, represented in the present case by the varieties tested
 
in the IWWPN, and in the domestic varieties, the correlation between the pro
tein content and both the farinographic value and the loaf volume is not the
 
same. A good example of this is the low protein content of Mironovskaya 808,
 
combined with excellent milling and baking qualities, or Kavkaz, which has a
 
high protein content but only rnidium, unstable baking qualities, etc.
 

A further conclusion is that in a breeding programme aimed at increasing the
 
protein content a great deal of attention must also be paid to milling and bak
ing qualities, since an increase in the protein and lysine contents is not
 
sufficient in itself by cur standards, but must be paired with good technolog
ical properties. Judging by the high protein lines we have produced in recent
 
years, we feel that this aim is attainable.
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INVESTIGATION OF SOME HARD RED WINTER WHEAT LINES 
IN REGARD TO YIELD AND QUALITY 

Aleksa Popovi6 and SofiJa Popovid
 
Yugoslavia
 

For the farmer high yield of wheat and for the consumer good quality of bread in
 
of much importance. In our program of wheat breeding we have tried to create new
 
varieties of high yield and good quality. For crosses we selected parent vari
eties of short straw and varietiea that have high resistance to diseases, and
 
which are adapted to different environments. Borojevl6 (1972) wrote about the
 
genetic potential of high-yielding wheat and he gave some proposals about the
 
wheat model (Borojevi' 1971). Mac Key discussed adaptability of different wheat
 
genotypes In different environments (1966). Johnson (1968) pointed out on some
 
factors of wheat quality and gave data about protein content and lysine content
 
inwheat varieties. All of this gave us some idea about how to work out our own
 
wheat breeding program.
 

Material and Methods
 

The variety Bezostaya 1 (Awnless 1) is characterized by good quality and broad
 
adaptability, but is very susceptible to Erysiphe graminis, var. tritici. We
 
crossed this variety with different varieties from our country and from Europe
 
with the main aim to increase mildew resistance in new hybrids and to increase
 
their yield capacity. The following crosses were made since 1963.
 

Cross combinations Prospect for
 
the cross
 

1. Bezostaya 1 x Halle Stamm x Bezostaya 1 4+
 
2. Bezostaya I x Weihenstephan x Bezostaya 1 + 
3. Bezostaya 1 x Etoile de choisy + 
4. Bezostaya I x Kragujevacka 75
 
5. Bezostaya 1 x Kosmajka +
 
6. Bezostaya 1 x Autonomia + 
7. Bezostaya I x San Pastore x Bezostaya I + 
8. Bezostaya 1 x San Pastore x San Pastore
 

For quality we analyzed the hybrids in early generations with the Zeleny test
 
(A. Popovid, S. Popovi6, 1970). The best results came from the first two combi
nations. The cross (Bezostaya 1 x Halle Stamm) x Bezostaya 1 gave especially
 
promising lines: Kg 56, KG 50, KG 58, KG 79.
 

Varietal trials were carried out on small plots 5 x 1 m, with 5 replications.
 
The best lines are tested in State Commission trials for three years at 18 lo
cations in Yugoslavia. The standard (check) varieties were Bezostaya 1 and
 
Libellula. Line KG 56 has given the best result until now. We shall discuss
 
some data from KG 56 and point out some of its characteristics. Quality of the
 
lines was tested in advanced generations by the farinograph and Chopin alveograph.
 

Institute for Small Grains, Kragujevac
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Results
 

The Yield capacity of KG 56 Line
 

Three-year average yields of Line KG 56 are shown in Table 1. The highest yields
 

were in regions I and III. Region I (Voyvodina) is the best agricultural area in
 

Yugoslavia. The region of Slavonia is very developed, too. In Vos/vodina KG 56
 

had the highest yield in Srbobran (73.24 q/ha), then in Sremska Mitrovica (70.61
 
q/ha). In Slavonia the highest yield was in OsJek (79.11 q/ha). On the field of
 

the Agricultural Institute in OsJek this Line had high yields in all three years.
 

Beside rich soils, high agrotechnics were applied In each year. In the area of
 

Serbia the highest yield was in Zajecar (70.91 q/ha), then in Kragujevac (58.93
 

q/ha). Lowest yield was on poor soils in Lescovac (43.79 q/ha). In the Kosovo
 

region on the experimental field in Pe6 we got 56.13 q/ha.
 

In Zagreb the average yield war 62.0 q/ha, and in Skopje 61.40 q/ha. Line KG 56
 

in different regions of Yugoslavia gave high yields of grain and so the high
 

capacity of this line was identified. It also was shown that tile adaptation
 

ability of this KG 56 is very high.
 

In Voyvodina at four locations KG 56 had a higher yield than Bezostaya 1 by 8.24
 
q/ha, and higher yield than Libellula by 4.32 q/ha. In the region of Zagreb and
 

Ljubljana KG 56 had a higher yield by 6.16 q/ha than Bezostaya 1, and 4.10 q/ha
 

than Libellula. In Skopje this line had 8.68 q/ha higher yield than Bezostaya 1,
 

and 6.55 q/ha higher than Libellula. In Titograd, under dry conditions, the high
 
This was true for the check varieties as
potential of this line was not reached. 


well.
 

In Table 2 the results of trials which were carried out in 1972, 1973, and 1974
 

at 18 localities are shown.
 

The highest yield was in 1974 (65.26 q/ha). For three years KG 56 had 5.55 q/ha
 

higher yield than the check variety Bezostaya 1, and 3.18 q/ha higher yield than
 

Libellula.
 

Maximal yield potential of Line KG 56 which was expressed in different years is
 

to be seen in Table 3. Maximal yields were observed in 1974 on the experimental
 
In this year
field in Srem. Mitrovica (90.20 q/ha); then in Osjek (87.64 q/ha). 


the high yields were in Zajedar (76.72 q/ha), Pancevo (76.28 q/ha), Starge (75.28
 

q/ha), and Srbobran (78.84 q/ha).
 

(71.52).
In 1973, the highest yield was in Osjek (71.80 q/ha), and in Novi Sad 


In 1972 the highest yield was in Srbobran (81.20 q/ha), and Osjek (77.88 q/ha).
 

Line KG 56 in each year in different regions of Yugoslavia expressed high poten

tial for yield and gave grain of good quality. On the average for 16 analyzed
 

sites KG 56 produced 75.5 q/ha, Bezostaya 1 had 63.82 q/ha, and Libellula 66.46
 

q/ha. All these data corroborate the high yielding potential of Line KG 56.
 

Kernel characteristics
 

In Table 3 it is possible to see some kernel characteristics of Line KG 56. It
 

has very large kernels and 75.4% of the kernels belong to the fraction of 2.8 mu.
 

a much higher value than in the check varieties.
This is 


The weight of 1000 kernels was 42.30 grams and the hectoliter weight is 81.1 kg.
 
Vitreous
The kernels are of vitreous consistency like in hard red winter wheats. 
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Table 1. Average yield of KG 56 during three years in different localities.
 

Location KG 56 Bezostaya 1 'Ibellula Increase In yield
 
Bezostaya 1:Libellula
 

Novi Sad 59.18 55.01 59.58
 
Srbobran 73.24 60.03 
 66.17
 
Srem. Mitrovica 70.61 51.09 65.05
 
Pan~evo 64.54 58.49 59.49
 

I Region 66.89 58.65 62.57 + 8.24 + 4.32
 

Kragujevac 58.93 53.80 50.47
 
Valjevo 56.49 54.29 60.93
 
Zaje~ar 70.91 60.67 60.25
 
Leskovac 43.79 42.05 43.40
 
Pe6 56.13 58.27 60.19
 

II Region 57.25 53.82 55.05 + 3.43 + 2.20
 

Osjek 79.11 70.32 75.95
 
Bjeljina 60.03 56.45 
 60.17
 
D. Miholjac 49.52 52.92 49.68
 

III Region 66.70 61.89 65.43 + 4.81 + 1.27
 

Zagreb 62.00 55.01 58.25
 
Banja Luka 49.27 47.39 53.36
 
Starhe 53.17 44.73 39.97
 
Ljubljana 48.31 40.99 44.80
 

IV Region 53.19 47.03 49.09 + 6.16 
 + 4.10
 

Skopje 61.40 52.72 54.85
 
Titograd 27.60 28.00 
 27.80
 
V Region 47.88 42.83 44.03 
 + 5.05 + 3.85
 

Region
 

I II III IV V
 

LSD 0.05% 3.5 1.77 4.38 3.56 3.21
 
0.01% 4.6 2.34 5.78 4.68 4.23
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Table 2. 	Yield of KG 56 in different years (18
 
locations).
 

Year KG 56 Bezostaya 1 Libellula
 

1972 53.95 46.76 46.97
 
1973 57.61 54.61 58.33
 
1974 65.26 58.79 61.99
 

Average 58.94 53.39 55.76
 

Table 3. 	Maximum yields of Line KG 56 compared with check
 
varieties.
 

Location Year KG 56 Bezostaya 1 Libellula
 

Novi Sad 1973 71.52 60.12 70.68
 
Srbobran 1972 81.20 61.32 66.96
 

1974 73.84 60.24 65.44
 
Sr. Mitrovica 1974 90.20 72.98 78.26
 
Pan~evo 1974 76.28 65.60 74.96
 
Kragujevac 1974 72.74 68.04 58.33
 
Zajecar 1972 67.52 55.68 47.48
 

1974 76.72 62.40 66.00
 
Pe6 1972 72.00 60.80 53.40
 
Osjek 1972 77.88 65.72 71.36
 

1973 71.80 67.68 69.00
 
1974 87.64 77.56 87.48
 

Bjeljina 1974 73.60 68.32 74.24
 
BanJa Luka 1974 73.56 69.16 72.52
 
Starge 1974 75.28 57.72 50.76
 
Skopje 1972 66.20 48.80 56.40
 

Average 	 75.5 63.8 66.4
 

Less than 	KG 56 -11.7 -9.0
 

Table 3a. Yields of KG Lines in 1974 Lrom 17 localities. 

Line KG 56 % KG 50 % KG 58 % 

Yield of Lines 65.26 100.0 67.14 100.0 69.04 100.0 
Libellula 61.99 94.8 61.99 91,7 60.23 85.4 
Bezostaya 1 58.79 89.0 58.79 85.8 57.38 79.7 
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consistency of kernel# is linked with high water absorption and with high quality
 
of bread.
 

Wrigley and Moss (1968) interpreted quality from a genetic standpoint as a property
 
governed by a complex polygenic system. They said that our understanding of qual
ity would be advanced if "quality" could be broken down into a series of defined
 
constituent parameters, the interaction of which produce the desired end product,
 
i.e./ grain well suited to milling and baking. We think that the grain of KG 56
 
Line is well suited for these purposes.
 

The nutritional characteristics of KG 56
 

KG 56 has high nutritional characteristics which are very similar to the parent
 
variety Bezostaya 1. Data for protein content, dough and breeJ values are listed
 
in Table 4.
 

The content of raw proteins in KG 56 is a little less than in parent variety
 
Bezostaya 1. Bezostaya I is also characterized by lower protein content, but
 
with very high content of rutenin (S. Popovi6, 1967).
 

KG 56 is better than the variety Libellula in many quality properties. Dough
 
stability of this Line is very high (2'25"), and the stability of variety Libel
lula is very low (0.15'). Stretching capacity of the dough is high in KG 56
 
(2'30"), and low in Libellula (1'49"). Stability and stretching stiffness are
 
tw#o aspects of the quality of protein (Wrigley and Moss, 1968).
 

Quality number is quite high in KG 56 (73.4), and lower in bibellula (37.5).
 
For that reason KG 56 belongs to the A2 quality class, and variety Libellula
 
belongs to C1 quality class. Line KG 56 can serve very well for flour mixtures
 
with low quality varieties to improve the quality of the mixtures. Quantity
 
and yield of bread is high in KG 56 and similar to Bezostaya 1 (139.4 g). The
 
shape of the bread is similar to Bezostaya 1. Crust color is reddish and the
 
crumb is soft and elastic.
 

Johnson et al. (1968) pointed out that 35% of the world's populations rely upon
 
wheat as their principal food. For that reason creation of new high yielding
 
and good quality varieties has much significance for improved food supply.
 

Some morphological and physiological characteristics of KG 56
 

Stem height is 89.8 cm., 5.8 cm. lower than Bezojtaya 1.
 
Ear shape: The ear is long, of white color, and without awns.
 
Kernel: Red, moderately long, hard, dark, and vitreous.
 
Vegetation period: Similar to Bezostaya 1, 4-5 days later than Libellula.
 
Resistance to lodging: Better than Bezostaya 1.
 
Resistance to the frost: Similar to Bezostaya 1 and better than Libellula.
 
Resistance to Puccinia graminis: Moderately resistant.
 
Resistance to Puccinia recondita: Moderately resistant.
 
Resistance to ErysiphL graminis: Better than Bezostaya 1.
 

Testing of KG Lines Outside Yugoslavia
 

Last year some of the KG Lines were tested for yield in some places outside of Yugo
slavia. The records expressed in percentage are shown in Table 5.
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Table 4. Quality of dough and bread.
 

Percentage of raw proteins 

Percentage of dry gluten 

Water absorption 

Development of dough 

Stability 

Breakdown 

Quality number 

Quality class 

Yield of bread 

Bread volume 

Height of bread 

Width of bread 


KG 56 Bezostaya I Libellula 

14.51 15.67 15.12 
10.67 10.80 10.95 
59.5 60.3 58.5 
2'30" 3'7" 1'49" 
2'25" 3'30" 0.15" 
42 38 132 
73.4 76.1 37.5 

A2 C1 
131.4 139.9 136.2 
349 365 302 
73 75 63 
151 151 145 

Table 5. Yield data for KG Lines obtained in the USA
 
and Spain. 

Line Pullman, Washington 

KG 56 127 
KG 50 112 
KG 58 104 
KG 79 102 

Ohio Spain 

103 
93 

107 
94 

89 
87 

118 
104 

Nugaines 80 
Hyslop 120 
Arthur 99 
Blueboy 101 
Estrella 100 
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At Washington State University in Pullman the best results were made by KG 56. In
 

Ohio the bent was KG 58. This Line in Spain had a good yield of 18% more than the
 

check variety Estrella.
 

Further testing of the KG Lines in Yugoslavia and abroad will contribute to better
 

evaluation of this material and to better cooperation in this field.
 

Summry 

The variety Bezostaya I has very good combining ability and good adaptability.
 

This variety ban many positive properties, but is susceptible to Erysiphe graminis
 

tritici. In order to improve the resistance to Erysiphe graminit Bezostaya 1 was
 

crossed with some resistant varieties. The best results were obtained from the
 

x Hfalle Stamm) x Bezostaya 1. From this combination originated
cross (Bezortaya I 

To date we have obtained the best results
the lines: KG 50, KG 56, and KG 58. 


from KG 56. For a three-year period this line gave 10% higher yield than Bezo

staya 1, and 5.4% higher yield thar Libellula. Under optimal conditions and on
 

rich soils KG 56 has given 75.5 q/bi on average. The maximum yield obtained was
 
it equals Bezostaya 1.
90.2 q/ha. This Line belongs to A2 quality class, i.e./ 


Resistance to Erysiphe is increased.
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CRITERIA FOR QUALITY EVALUATION OF NEW YUGOSLAV AND
 
INTRODUCED WHEAT VARIETIES
 

D. Petrid et al
 
Yugoslavia
 

The existing classification system for wheat in commercial use in Yugoslavia is
 
in a process of change. The new proposal of a classification, worked out by
 
specialized institutions in Novi Sad and Zagreb, is based on the wheat variety,
 
or group of varieties, as the primary criterion for wheat grading.
 

In the course of work on the above proposal, the question was raised concerning
 
the right moment for including the newly developed or introduced varieties into
 
the commercial classification. This issue was found to be highly important since
 
there had been cases in the past when a new variety had already been Introduced
 
to large-scale production without there being any regulations defining its place
 
in the classification system, or determining its price accordingly.
 

Next to the breeders, the earliest insight into the characters of every new
 
domestic and introduced wheat variety is gained by the Commisplon for Varieties
 
Approval. On the basis of three-year observation in varietal micro-trials, the
 
Commission makes evaluations of the new varieties from the point of view of pro
duction, i.e. with regard to their main biotechnical characteristics, as com
pared with the standard varieties. If the new variety is approved on the
 
basis of this evaluation, it will have opportunities for use on a larger scale.
 
A three-year period is con'.idered to be the minimum required for the variety
 
under examination to manifest its responses to various ecological conditions,
 
and 	the final evaluation of the production characteristics is made by taking
 
into account the data from the entire period.
 

It was concluded that, at the first stage of official objective examination of
 
the production value of a new variety, there is also the first opportunity for
 
a corresponding examination of its technological value. In fact, this is where
 
the classification of wheat essentially begins, or, more accurately speaking,
 
the classification of wheat varieties. For this reason, the evaluation of
 
technological value at this stage should be made so as to make it useful later,
 
when the variety is produced on a larger scale and when it is included among
 
those in conmercial use.
 

After analyzing the methods of observation and evaluation of technological
 
characteristics of new varieties by the Commission, it was suggested that they
 
should undergo certain alterations, so as to be adjusted to the above-mentioned
 
objectives.
 

The 	criteria agreed upon are the following:
 

a) 	Wheat quality cannot be adequately tested in one year only (the third) as
 
has been done hitherto; instead, it should be tested throughout the three
year period during which the variety is included in the micro-trial. One
 
year is quite inadequate for a realistic evaluation, since both the quality
 
and the yield of wheat vary with the years of production. The number of
 

Yugoslav Institute for Food Industries, Department of Cereals and Flour
 
Technology, Novi Sad
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localities - four - from which sampl.s have been taken hitherto is too 

small to record highly significant regional differences within varieties, 

from the point of view of commercial use. 

b) The quality testing of samples with encoded designations must take place 
in an institution whose primary activity Is the technological examination 
of cereals, fand whose status guarantees objectivity in evaluations. 

c) 	 In the Commliosion's work, when technological quality is under examination, 
experts In the field of wheat processing should participate, both researchers 
and 	those engaged In practical work. Thus already at the earliest stage of
 
the grading of varieties, their processing value, i.e. their suitability 
for different uses, can be determined from both points of view.* Sirica 
members of the Commission have opportunities to see the tested varieties 
in the field In the course of the growing period so that their evaluations 
are not based on numerical data alone, they should be given a chance to see 
the 	bread, too, which has been produced from these varieties under labora
tory conditions.
 

d) 	In selecting quality indices for the evaluation of technological characters,
 
a sufficiently broad approach is recommended at this stage, so as to allow
 
adequate characterization of the varieties. Such a large number of quality
 
indices can never be examined again at any later stage of testing -- either
 
through analyses of annual harvests, or, less still, through the classifica
tion of wheat in commercial use; in the former case, this is impossible be
cause of the need to examine a very large number of samples in order to make
 
them representative of a harvest; in the latter, in view of the circumstances
 
imposed by commercial practices. The only possiblk way is to conduct de
tailed differential examinations of the individual technological characters;
 
however, this is not done with every variety but only with selected ones,
 
and only within the framework of special tasks.
 

In view of the above considerations, the following testing scheme is proposed:
 

- grain color,
 
- texture of endosperm,
 
- thousand-kernel weight (expressed on a dry matter basis),
 
- kernel size (perforated sieves 2.8 - 2.5 - 2.2 mm),
 

- vitreousness,
 
- crude protein content,
 
- sedimentation test,
 
- maltose content,
 
- wet gluten content,
 
- dry gluten content,
 
- milling value (total extraction, flour ash content),
 
- farinogram (water absorption, dough development time, stability, degree of
 

softening, quality number),
 
- extensogram (energy, resistance to extension, extensibility, resistance:
 

extensibility ratio),
 
- amylogram,
 
- baking test (bread yield, volume, sensory evaluation of bread crumb, value
 

number of bread crumb, panigram of bread crumb)**.
 

*Such cooperation exists in Great Britain and the Federal German Republic.
 
**The maltose content, rheological analyses, and baking test refer to laboratory
 

milled flour (60% extraction).
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e) 	On the basis of quality testing of the now varieties, performed on behalf
 
of the Commission, data should be obtained with the use of which the regula
tions concerning wheat grading can be continually brought up to date.
 

Depending on the new regulations concerning wheat grading to be prescribed,
each new variety must be scrutinized, after it has been approved by the 
Commission on Varieties Approval, with the aim of determining the group in 
which it can be classified (if the new regulations should require declara
tion of varieties). If, on the other hand, the new regulations should con
tain only quality classes, each of which approximately covers a given group
of varieties similar in quality, the task will be to determine the class to 
which the new variety belongs. 

f) 	Libellula and Bezostaya 1, being highly polarized varieties, clearly defined
 
with regard to quality, should be retained as standards of technological qual
ity in this country, since they still really are standards for processing 
purposes. In addition, analyses of comprehensive results obtained over the 
past four years irdicate that such "types" of varieties, which are quite ap
propriate in compoaing milling blends (including the price of both components),
 
cause the least difficulties in differentiating them for purposes of classi
fication in commercial use. Another reason for retaining these two varieties
 
as quality standards is the confirmation of their excellent mutual complemen
tation which was manifested in new quality varieties developed by crossing
 
these (Fru~kogorka, Ba~vanka 1, Tena).
 

g) 	All newly developed varieties should be included In an official list con
taining their evaluation and classification according to their technological

characters. The list is also to contain the following data:
 

- names of the parents,
 
- designation of habit of growth -- winter, spring, or alternating,
 
- grain color.
 

Further, the list describing each variety should contain evaluations of the
 
individual processing values, obtained by grading on the basis of quality
 
indices observed during the three-year testing period.
 

The 	processing values to be thus characterized are the following:
 

Milling Characters
 

Texture of endosperm -- Wheat varieties should be defined as hard or soft, ac
cording to their ability to yield milled particles which are crystal-like, sharp
 
to the touch in the former case, or amorphously downy, sticking together and ad
herent to packaging materials, in the latter. This character is very clearly

expressed, one way or the other, in individual varieties.
 

Milling value -- The grading of this character should be based on the flour
 
yield, determined by an agreed, standardized extended procedure of laboratory
 
milling of wheat unaffected by diseases and on the flour ash content.*
 

*This is merely an example, not a definitive proposal, which can be expected
 
late in 1975, when the second part of the project "The technological potential
 
for flour extraction in wheat varieties" is to be completed.
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The 	grading nhould refer to: 

I. 	 Hard varl, t lti, In which the bran i easily separated. 
2. 	 S;oft var let ,en in whi :h the bran I vau lly separated, or hard varieties with 

gool illyll g ,arar'te-trit l,i, but which yield f lour with a higher ash content 
than lo t lie haid virI vt Ivii In group I. 

3. 	 Hard o r ,.lt varIt l a i hl a lp ,,-cr .xt ract Ion of f our, but without any 

d ec reti fe Is-Ito ilt (tint el t, 

4, Soft var 1tiea" with p,:)r ext aict in of flour. 

Flour aiih comtent -- 1iiefat var ltlt. Ina uroap I iliotild yleld flour with a low ash 
cortunt Hard var letten bi.lonaglng Lo groupt 2 and 3 mostly yield flour with a 
high ash content. I'orifibl e grad ingo of v.ach variety according to the above cri
teria corri-tpaand to tht numbvr of the group where the variety belongs from 1 (beat) 
to 4 i(poort, ) . 

Baking Characters
 

In evaluating baking characters, two uses were taken into account: suitability
 
for bread production and suitability for use in biscuit flours. In determining
 
the bread baking value, volume and value number of bread crumb were selected
 
among the teat baking indices.
 

Bread baking value. The grouping should be made as follows:
 

1. 	Varieties capable of producing large yields of bread volume, with elastic
 
bread crumb and a fine texture of pore walls (high value number of bread
 
crumb).
 

2. 	Varieties producing bread of lower volume yield, or bread with lower
 

elasticity and inferior texture of bread crumb.
 

3. 	Varieties which are poorer in respect to both characters.
 

4. 	Varieties which yield bread of small volume and a coarse bread crumb texture.
 

Here, too, the rating is in decreasing order of value, i.e. corresponding to the
 
group numbers.
 

Suitability for use in biscuit flours -- It is a familar fact that the most suit
able flour for certain types of biscuits and cakes is that obtained from wheat
 
with a floury endosperm texture and a low protein content. Although all varieties
 
contain suitable sample particles for this kind of flour processing, the per';ent
age of such particles in some varieties is so high that they can be considered to
 
be suitable exclusively or primarily for such use.
 

According to this criterion, a differentiation and grading can be made as fcllows:
 

1. 	Varieties with a high percentage (over 70%) of suitable particles.
 

2. 	Varieties with over 50% of suitable particles.
 

3. 	Varieties with over 20% of suitable particles.
 

4. 	Varieties without any suitable particleb.
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The above differentiation is to be made on the basis of rhoological indices
 
which, in turn, are to be worked out in cooperation with the domestic industry.
 

Blending Value of Flour
 

This value should be determined on the basis of the grading of the broad baking
 
value obtained when blending the new variety with Libell-ula of average quality
 
at a 50:50 ratio.
 

A wheat variety should be considered as pousessing blending value if its blend 
with Libellula at the above ratio produces bread with a volume grading not lower 
than 3 (400 ml), and the value number Qf bread crumb with a grading of 2 (4 points). 

Water Absorplion 

Water absorption should be evaluated separately, as an .adexl' n direct connection 
with the economaic evaluation cf the technological. quality oi a variety. Differ
entiation is required irwheat variaties which contain at least 10.5% protein in 
the grain. 

Here, too, varieties rin be divided -',;to four groups, the diff~rence between the 
first group (with the highet abacrption capacity) and the fourth group (with the 
lowest) amounting to a menimu- of 3%.
 

Grading 

The value levels of the quality indices on the basis'of which groups are formed
 
and the grading is performed were determined on the basis of data collected over
 
a period of several years.
 

The grading levels should be as follows

- rade Volume yield (minimum) 

1 480 ml
 
2 460 ml
 
3 400 ml
 
4 350 ml 

Grade Value number of bread crumb (points, min.)
 

1 5 
2 4 
3
 
4 1
 

Grade Water absorption (Zmin.)
 

1 58
 
2 55
 
3 52
 
4 50
 

The above qua Aty indices are examined by methods applied at the Institute for 
Food Industries, Department of Cereals and Flour Technology in Novi Sad. 



It is understood thatthe wheat varieties are to be under further observationv

owhile in regular large-scalel production, and that later corrections,of~thebin
dividual grades on the list can be made ifnecessary.
 

The above method of evaluation is, like commercial classifications, to be viewed
 as dynamic, not as a rigid system, since both must be continually,adapted to '
 correspond to actual: conditions occurring in practice
 

The method proposed is believed to have the following advantages over the method
 
used hitherto by the Commission:
 

1. 	The proposed method of evaluation of the individual indices could be used
by the Commission to observe more accurately the advantages and specific
characteristics of the different varieties, which must still be put together, in the different classes, according to the commercial classifica
tion.
 

2Z.'The proposed method would make possible an equal treatment of all new Yugoslav wheat varieties (introduced varieties should also have equal treatment)
 

3. 	The above method allows an approximate advance determination of the class
to which the new variety will predominantly belong, and of its future basic
 
use. 
For though it is not essential for the milling industry to have a
declaration of the variety in the classification, provided the classes are

defined so as to really guarantee a certain level of baking and blending

value, it is vital for wheat producers to know the class -- and therefore
 
the price for which a given variety can qualify.
 

The 	proposed criteria of quality and the method of their application have been

studied for the past few months by breeders, wheat producers, in the milling
and 	baking industries, and by all the other interested parties in the economy.
The proposal has been received favourably; it has been concluded that it is

acceptable and that it will contribute to a better orientation of wheat producers and those engaged in wheat processing when deciding to select and use
 
new 	wheat varieties.
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.,EFFECT' OF FERTILIZERS AND IRRIGATION ON YIELD, 
.PROTEIN CONTENT, AND SEDIIENTATION VALUES OF 

WINTER WHEATS GROWN AT ERZURUM, TURKEY 

Dr. Coskun Koycu 
Turkey 

Agronomists, who work with wheat are constantly trying to ootain iarger economic 
yields of grain. Research efforts have been and are being directed toward
 
determining and removing or reducing the effect of factors that limit yield.
 
Yield is the final result of a large number of interacting environmental!and
 
biological factors.
 

The economic and social importance of wheat differs widely from nation to nation
 
and even between various parts of the same country, according to climate and soil
 

Cool and moist weather during growth and warm, dry weather during grain formation
 
are generally considered ideal for winter cereals and it would appear that these
 
ideal conditions are a rule in the Mediterranean region. The production of
 
cereal crops, particularly wheat, has always been the main occupation of farmers
 
in the Mediterranean region.
 

Wheat has always been the most important crop in Turkey with by far the largest
 
acreage and production and it has become the most important source of carbohy
drates in human diets. In Turkey wheat is grown in all parts of the country,
 
especially on the Anatolian plain and in the eastern part of Turkey. In reality,
 
however, conditions are usually far from favorable for maximum yields of the
 
cereal crops. For example, the data of 1974 shows that grain yield of wheat is
 
only 75 Kg per dekare in and around Erzurum.
 

It is recognized that the cultivated land can not be increased further. We have
 
to increase productivity per dekare. It is possible to ncrease yield by over
 
100. by the use of high yielding varieties and sufficient amount of fertilizers.
 

The study presented herein was conducted at Erzurum, Turkey to determine the
 
"influence of fertilizers and irrigation on yield, protein content and sedimen
tation value of winter wheats". A high protein content and Zeleny Sedimentation
 
value is desired along with a high yield for bread-wheat.
 

The experiments were conducted in 1971 and 1972 at number 6 and 4 well of the
 
Experiment Station of Ataturk University which can represent the soil of most
 
parts of the Erzurum valley. The land in both locations has been leveled° It
 
is poor in organic matter and calcium (CaCO3 ) contents, fair in available phos
phorus (P205) and riLh in available potassium (K20). The soil reaction is
 
slightly alkaline (Table I).
 

A split-split plot in randomized blocks with 4 replications was useo for the
 
experiments. Each replication included 135 plots (5 varieties, as main plots;
 
9 fertilizer combinations as sub-plots; and 3 water treatments as sub-sub-plots).
 
Each plot was 2.5 m in width and 5 m in length. The factorial combinations of
 
0, 6, and 12 KgN/da. and 0, 7, and 14 Kg P205 /da. All of the phosphorus and
 
one-third of the N-fertilizer were applied at seeding time; one-third of the N
 

Plant Science Department, Agriculture Faculty of Ataturk University, Erzurum.
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Table 1. Growing conditions for the study at Erzurum, Turkey.
 

Latitude 
 :
"Height above sea level : 390 551
1950 m. The valley is surrounded by high mountains.

Soil type 
 : Silty loam
 
(Texture surface soil)

Conditons of soil 
 : 	Poor in organic matter content; (1.5%) and CaCO 3
(1.1%) fair in available P205 (7.7 kg/da), rich in
 

K20 (151 kg/da). Soil reaction is slightly alkaline
"(PH 7.5).
 .
 
Weather conditions 
 Month
 

...e
uIII l V V VI VII VIII Year
 
1971 Temperature 
 0.5 5.4 10.9 13.0 20.9 16.8 5 8
Rainfall 
 34.0 21.5 55;2 
 51.4 2.4 62.9 327.6,
1972 Temperature 
 -3.0 7.2 14.1 19.5
8.9 19.2 
 4.6
Rainfall 
 7.5 35.5 .92.3 111.6 37.8 3.5 435,3

Long year averai
 

Temperature 
 -3.1 5.0 10.9 
 14.9 19.0 
 19.4 5.9"
Rainfall 	 40.5 54.6 76.3 54.0 18.6
30.0 
 464.4
Lowest temperature °C 
 December 12, 1971 -21.0 OC
 
January 20, 1972 -30.4 oC
 
February 1, 1972 -26.0 °C
 
1970-71 
 1971-72
Preceeding crop 
 Wheat-fallow 
 Sainfoin-fallow


Fertilization (kg/da) 
N 0, 6, 12 
 0, 6, 12
 
P205
K205 0, 7, 14
3 23 0, 7v 142

Plot size 
 125 m 
 12.5 m
Replication 
 4 

Rate of sowing (kg/da) 12-13 

4
 
12-13
Drill width (cm) 
 17


Date of sowing 	 17
 
3.X. 
 20.IX.
Date of emergence 
 18.-25.X. 
 7.-16.X.


Begin of harvest 
 6.VIII. 
 9.VIII.

End of harvest 
 12.VIII. 
 16.VIII.
 

was applied before the first irrigation and the last part of the N was applied
before the second irrigation by hand spreading.
 

The three levels of water applications (no irrigation; 30 mm of watering after
tillage; 60 mm (30 f 30 mm) of watering just before flowering) were employed.
Bezostaya 1, Warrior, Lancer, Yayla-305 and Odin winter wheat varieties were used

in the experiments.
 

Bezostaya, Warrior and Lancer produced more grain yield than Yayla-305 and Odin
(Table 2). 
 As two-year averages, the yields of varieties were 310, 296, 283, 217
and 216 Kg/da, respectively.
 

During the wheat growing period (May, June, July, and August) the 
1972 r 'nfall
was 58 mm more thap this period in 1971. 

less 	

But the grain yields of all the varieties
were 
 than their yields in 1971. 
 The reason, mainly, relates to winter killing in 1972. Winter damage was 40% on Yayla-305, 22% on Bezostaya and Lancer, 30.
on Odin and 10. on Warrior. 
The winter hardiness of Warrior was excellent in these
 
conditions.
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Table 2. 	The effect of nitrogen and phosphorus fertilizers and £ikrigat£Oil 'on
 
winter wheat yields in 1971 and 1972 at Erzurum. ..
 

Yield (kg/da)
 
1971 Bezostaya Lancer Warrior Yayla-305 Odin 
Mean (1) 337.2a 320.5a 286.8b 283.b 247'72c 

1972, Bezostaya Warrior Lancer Odin' Yaylia-305 
Mean (1) 284.Oa 278.9a 271.4a 187.3b 148.8c 

(1) Means vtth 	the same letter do not differ significantly (P .05).
 

In 1971, no significant difference was found between the effects of 6- and 12-kg
 
nitrogen levels; but the 6-kg N/da. level increased the yield by 19.8 kg/da. as
 
compared to unfertilized plots. In 1972 nitrogen did not effect the grain yield.
 
Phosphorus affected the grain yield in the samn way as did nitrogen in the first
 
year i.e. by increasing the grain yield 19.8 kg/da. as compared with no-fertiliz
er treatment, at the 7 kg P205 /da. level. In the second year only 14 kg P205 /da.
 
was effective with 14 kg N/da. on the grain yield; but the iucrease in yield was
 
only 21 kg/da. It has been found that the expenses of the fertilizer applied were
 
not compensated 	by increases in grain yield (Table 3).
 

Table 3. 	The effect of nitrogen and phosphorus on yield as a mean of 5 winter
 
wheat varieties and 3 irrigation levels.
 

Grain Yield (kR/da)
 
Nitrogen Phosphor us (P20q) Mean (1)
 
(N) 	 Po P7 PlA
 

1971
 
No 	 266.2e 282.7de 289.ld 279.Ob
 

284.2de 298.lbcd 314.Oab 298.8a
N6 

N 290.8cd 319.4a 309.5abc 306.5a
 
in 280.4b 300.2a 304.2a
 

1972
 
No 224.0 230.5 231.4 228.6a
 

233.9 229.1 	 242.9 235.3a
N6 

N12 	 236.5 220.2 257.9 238.1a
 

luan 	 231.3ab 226.5b 244.la 

(1) Means 	with the same letter do not differ significantly (P-r .05).
 

In both years, watering treatments affected grain yield significantly. One irriga
tion during the growing period increased grain yield by 21.3 and 25.7 kg/da; two 
irrigation treatments increased grain yield by 35.0 and 45.4 kg/da. in 1971 and 
1972 respectLvely (Table 4). 

The average crude protein contents of the wheat varieties used in the experiments
 
were 12.50 - 13.527., and varietal differences were not significant at the 57. level
 
(Table 5).
 

In both years, the only tactor effective on crude protein contents of the winter
 
wheat varieties was nitrogen. The other factors, phosphorus and water treatments
 
showed no significant effects on this character. Crude protein content increased
 
with increasing rates of nitrogen application. Crude protein contents of the
 
wheats harvested from the plots to which 0. 6 and 12 kg N/da. was applied were
 
11.25 - 11.72; 12.78 - 13.03; and 13.45 - 15.15% respectively (Tables 6 and 7).
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!Tble 4.; The influence of irrigation on winter wheat grain yields as a 'mean 
of nitrogen and phosphorus fertilizers.
 

Irrigation Grain Yield (kg/da.) 
levels (nm) Bezostaya Lancer Warrior Yayla-305 Odin Mean (1) 

1971 
Not irrigated 318.3 300.7 270.7 266.7 266.0 276.4c
 

30 346.7 321.5 288.6 213.1 248.4 297.6b
 
60 ,345.7 344.5 299.8 299.1 268.0 311.4a
 

Mean 	 336.9a 322.2a 286.3b 282.2b 247.4c 295.1
 
1972
 

""Not irrigated 259.2 
 251.4 247.9 131.6 161.4 210,3c"
 
30 286.8 268.0 290.1 147.5 187.4 235.9b 
601 305.9 294.2 298.5 167.1 213.1 255.7a 

Mean 	 283.9a 271.2a 278.8a 148.7c 187.3b 233.9 

(1) Means with the same letter do 	not differ significantly (P ..05).
 

" Tabe 5. The effect of nitrogen 	and phosphorus fertilizers and irrigation on
 
* crude protein content 	of winter wheats in 1971 and 1972, Erzurum.
 

Crude protein content (.)
 
.1971 Odin Yayla-305 Warrior Bezostaya Lancer
 
Mean (1) 13.06 13.02 12.42 12.23 11.78
 
1972 Warrior Bezostaya Yayla-305 Odin Lancer
 

.Mean (1) 13.96 13.70 13.66 
 13.67 13.11
 

(1) Differences between means are 	not significant.
 

Table 6. The effect of nitrogen and phosphorus on crude protein contents as a
 
mean of 5 winter wheat varieties and 3 irrigation levels. 

Crude protein content of grain ()
 
Nitrogen Phosphorus (POc0) Mean (1)
 
(N) 	 Po P7 P..
 

1971
 
No 11.61c 1l.O0c 11.15c 11"25c
 
N6 12.76b 12.78b 12.80b 12.78b
 
N1 2  13.58a 13.22ab 13.62a 13,45a
 

Mean 12.65 12.33 12.52 12.49
 
1972
 

No., 11.59c 12.08c 11.49c ll. 72c
 
N6 13.91b 13.88b 14.30b 13 03b
 
N12 15.51a 15.lOa 14.85a 15.15a
 
Mean 13.67 13.b8 13.54 13.62
 

(1) Means with the same letters do not differ significantly (P4.05).
 

Varietal differences in Zeleny's sedimentation test valueb w-r : significantly 
different in both .years of experimentation. In 1971 the average i,:.leny's sedi
mentation test values over water and fertilizer treatments of the varieties
 
Warrior, Bezostaya, Lancer, Yayla-305, and Odin were 57.28, 45.bb, 42.75, 29.87,
 
and 26.4? ml. respectively. Bezostaya and Lancer; Yayla-305 and Odin were not
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.able 7., 'The influence. of irrigation on crude protein content of winter:wheat 
grain as a mean of nitrogen and phosphorus fs.rtilizers. 

Irrigation 
'levels (mm) Odin-

Crude protein content (.) 
Yayla-305 Warrior 

1971 
Bezostaya 

,, 

Lancer " Mean(l) 

Not irrigated 
30 

12.96 
.13.17 

12.96 
13.26 

12.68 
12.29 

12.19 
12.29 

11.80 
11.72 

12.50 
12.55 

60 13.16 12.84 12.35 12.21 11.69; " 12.42 

Mean 13.06 13.02 12.42 .. 12.23 11.78 :,12,49 

Not irrigated 
.30 
60 

13.72 
13.58 
13.73 

13.90 
13.59,.... 
13.49 

1972 
14.24 
14.01'1 
13.63 

13.66 
13.78 

.13.70 

:13.01 
13, 10 
13.11 

13.72 
13.66 
13.53 

Mean, 13.67 13.66 13.96 ' 13.70 13.11 :13.62 

(1) Differences between means are not significant.
 

significantly different in this respect but there was a significant difference
 
between the average test values of these groups. On the other hand, Warrior's
 
sedimentation test values were significantly different from the other varieties.
 
In 1972, the sedimentation test values of the Bezostaya, Warrior and Lancer vari
eties were 67.31, 67.03, and 56.26 ml., respectively. The differences between
 
these values were not significant. There was not a significant difference between
 
Yayla-305 (33.42 ml.) and Odin (25.25 ml.) in this respect;but the difference be
tween the averages of these two groups was highly significant. This means that
 
the sedimentation test values of Warrior and Bezostaya were at the highest and
 
that of Yayla-305 and Odin were at the lowest level in both years. The Lancer
 
variety took an average position with its sedimentation test value of 49.50 ml.
 
as the two year average (Table 8).
 

Table 8. The effect of nitrogen and phosphorus fertilizers and irrigation on
 
Zeleny Sedimentation Test Values of winter wheats in 1971 and 1972,
 
Erzurum.
 

Zeleny sedimentation test value (ml)
 

1971 Warrior Bezostaya Lancer Yayla-305 Odin
 
Mean (1) 57.28a 45.55b 42.75b 29.87c 26.43c
 
1972 Bezostaya Warrior Lancer Yayle-305 Odin
 
Mean (1) 67.31a 67.03a 56.26a 33.42b 25.25b
 

(1) Means with the same letter do not differ significantly (Pe.05).
 

According to the 171 and 1972 results, nitrogen has a highly significant linear
 
effect on sedimentation test values, while phosphorus had no significant effect.
 
The sedimentation test values increased with increasing levels of nitrogen fert
ilization. In 1971 and 1972, 0, 6 and 12 kg N/da. le'els gave rise to the sedi
mentation values of 27.90, 43.97, 49.25 ml. and 41.07, 52.41, 56.09 ml., respec
tively. In the first year, all of the differences among these averayps were
 
highly significant; in the second year, the differences between 6 and 12 kg N/da.
 
levels were not significant, but the differences between unfertilized and these
 
two levels were significant (Table 9).
 



" 
Table 9.	 The effect of"nitrogen and phosphorus on sedimentation values as
 
a mean of 5 winter wheat varieties and 3 irrigation levels.
 

Nitrogen 	 Sedimentation value (ml)
 
(N) 	 'Po P7 PIA Mean '(1)
 

1971
 
No 29.49d 26.78d 27.44d 27.90c
 
N6 l 44.13bc 43.97b
44.7bc 43.07€ 

N12  51.51a 47.28abc 48,97a 49.25a
 
Meav 41.90 39.39 39.82 40.37
 

1972
 
No 42.73c 42.55d 37.93c 41.07b
 
N6 53.O8ab 50.28b 53.85ab 52.41a
 
N12  57.95a 55.56ab 54.77ab 56.09a
 
Mean 	 51.25 49.46 48.85 49.85
 

(1) Means with the same letters 	do not differ significantly (P<.05).
 

In both years, the Zeleny sedimentation test values of all varieties averaged over
 
fertilizer treatments decreased as level of water treatment increased. The sedi
mentation test values of the wheats harvested from the plots which had 0, 30 and
 
60 mm levels of irrigation were 41.34, 40.05 and 39.74 ml. in 1971; 50.77, 50.33
 
and 48.46 ml. in 1972 respectively. The differences between sedimentation values
 
of and 0- and 60-mm irrigations were significant, while thosc of 0 and 30 mm were
 
not in both years (Table 10).
 

Table 10. 	The influence of irrigation on sedimentation value of winter wheats
 
as a mean of nitrogen and phosphorus fertilizers.
 

Irrigation Sedimentation value (ml)

levels (mm) Warrior Bezostaya Lancer Yayla-305 Odin Mean (I)
 

1971
 
Not irrigated 58.36 45.91 44.22 30.49 27.66 41.34a
 

30 55.36 45.68 41.99 30.79 26.43 40.05ab
 
60 58.11 45.08 42.02 28.32 25.30 39.74b
 

Mean 57.28a 45.55b 42.75b 29.87c 26.43c 40.37
 
1972
 

Not irrigated 67.00 67.58 57.49 35.80 25.97 
 50.77a
 
30 66.91 67.11 55.70 34.41 27.52 50.33a
 
60 68.02 66.40 55.59 30.04 22.26 48.46b
 

Mean 	 67.31a 67.03a 56.26a 33.42b 25.25b 49.85
 

(1) Means 	with the same letter do not differ significantly (P(.05).
 

According to tw-year results of these experiments, it may be concluded that under
 
the ecological conditions of Erzurum, the Bezostaya, Warrior or Lancer varieties
 
should be grown. If a legume is not the previous crop, a total amount of 18-19
 
kg/da. of ammonium nitrate (32% N) should be applied in 3 parts, during the grow
ing period, and if water is available, winter wheats should be irrigated, at least
 
two times in a year, in the first and last weeks of July.
 



Future progress in wheat production in Turkey will depend on facts obtained
 
through basic research. This will require the close coordination of people
 
in special fields of plant and soil science and extension service. I believe
 
we have to study more thoroughly winter wheat production problems and to identify
 
research opportunities and constraints to further cooperative improvement of
 
winter wheat throughout the eastern part of Turkey.
 

I am very happy to attend this conference. The gathering here to share intorm
ation and learn more about winter wheat improv,-rnent has better qualified my
 
own programs.
 

i t' / 



- 393 -

BREEDi!G FOR HIGH' YIELD AND QUALITY 
IN 'WINTER WHEAT 

TodoroMisi and Desimir MikiV 
Yugoslavia
 

Introduction
 

One of the basic objectives of the program of wheat improvement of the Wheat'
Department of the Institute of Agricultural Research is the development of
,,wheat varieties with high genetic potentials for grain yield and with good
milling and baking properties which would be, at the same time, adapted well
to various agroecological conditions of the Yugoslav wheat-growing regions.
Within the general program (Borojevi and Poto~anac, 1966), a separate program
of wheat improvement was made, the emphasis in which was given to high genetic
potentials for yield and high quality of bread (Migic, Mikid, Djolai, 1974).
 

Within the framework of the general program of the Institute of Agricultural
Research in Novi Sad, considerable progress has been made in breeding for high
yields. 
 In the period from 1970 to 1975, three wheat varieties were approved:
Sava, Biserka, and Drina. 
These varieties, together with the varieties Zlatna
Dolina and Slavonka which were developed in the breeding centers in Zagreb and
Osijek, spread more and more in the production, decreasing the production of
the lower yielding Italian variety Libellula. However, Sava, Biserka, Drina,
Zlatna Dolina, and particularly Slavonka do not have satisfactory milling and
 
baking properties (Petric, Saric, and Sekulid, 1974 and 1975); they
be used as basic varieties can only
together with an improving variety or certain
additives, which, in turn, considerably increases the costs of bread production.
 

Within the separate program of wheat breeding for high yields and good milling
and baking properties, further progress has been made with the varieties Partizanka, Nova Banatka, VoJvodjanka, and Podunavka approved in 1974, as well as
with the prospective lines Novosadaka Rana 1, Novosadska Rana 2, BaLvanka 1,
Frulkogorka, and Posavka 1, the trials of which have been recently completed by
the Commission for Varietal Approval. 
All these varieties were higher yielding
than the widely spread Soviet varieties Bezostaya 1, Aurora, and Kavkaz; and
regarding milling and baking, they were close 
to or even better than the highquality variety Bezostaya 1. Particularly promising were 
the varieties Novosadska Rana 1 and Novosadska Rana 2 which were close to Bezostaya 1 in milling and
baking, and were not worse in yield than the highest yielding Yugoslav varieties
Sava, Biserka, Drina, and Zlatna Dolina. 
This means that, after much breeding
work, the barrier of negative correlation between high genetic potential for
yield and good quality has finally been removed.
 

This work includes also the characteristics of the variety Sremica, developed
within the general program of wheat improvement.
 

Concept of Development of Wheat Varieties
 

During development of the concept of high-yielding wheat varieties of high
quality, specific climatic and soil conditions of the main wheat-growing regions

of Yugoslavia were kept in mind.
 

Institute of Agricultural Research, Wheat Department, Novi Sad.
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Regarding climatic conditions,-Yugoslavia is a transitional region: continental,

Atlantic, Mediterranean, and mountainous types of climate are all present. 
The
 
continental climate comes from north-east, east, and south-east; the Atlantic
 
climate from north-west; and the Mediterranean climate from south-west. The
 
mountainous climate is local in character.
 

The main wheat-growing region of Yugoslavia, Vojvodina, is exposed to a rather
 
severe continental climate, the influence of which decreases from east to west.
 
In the region of Slavonia, the influence of the Atlantic climate is felt while
 
the mountainous climate influences the territory of Serbia Proper.
 

Because of such diversity in climate and also in soils, the concept had to con
sider the possibility of development of varieties with large biological plastic
ity. Al~o, the increasing need for quality bread in Yugoslavia can be met by
 
the intensification of production technology and by replacement of largely spread
 
varieties with new, higher yielding varieties of high quality.
 

The concept of development of wheat varieties included the following requirements:
 
1. Genetic potential for seed yield higher than 80 mtc/he;
 
2. Raw protein content higher than 13%;
 
3. Wet gluten content higher than 301;
 
4. Water absorption power higher than 60%;
 
5. Quality in subclasses B1 , A2, and A1 ;
 
6. Maltose content higher than 2%;
 
7. Bread gain (gr/lO0 gr of flour) higher than 142 gr;
 
8. Output of bread volume (ml/lO0 gr of flour) higher than 450m;
 
9. Milling ability on the level of Bezostaya 1;
 
10. 	Hectoliter weight of grain higher than 80 kg;
 
11. 	 Resistance to lodging to provide the formation of 600 plant per m.sq.
 

and application of high dosages of N;
 
12. 	 Resistance to low temperatures (-150C without snow) without freezing;
 
13. 	 Resistance to soil and air drought and high air temperatures at the
 

stage of grain forming (for the eastern and north-eastern regions);
 
14. 	Field resistance to leaf rust (Puccinia recondita tritici);
 
15. 	 Field resistance to stem rust (Puccinia graminis);
 
16. 	 Resistance to powdery mildew (Erysiphe graminis);
 
17. 	 Resistance to Fusarium nivale and Fusarium graminearum.
 

Through this concept, wheat varieties should be developed having a complexohf
 
positive characteristics and emphasized orientation towards the combining of-a
 
high 	genetic potential for yield and good milling and baking properties.
 

Selection of Parents and Breeding Method
 

In order to meet the requirements of the concept of development of wheat varieties,
 
it was necessary to select genetically divergent parents with as high as possible
 
level of intensity and also with positive characteristics. Rather intensive
 
Soviet varieties Bezostaya 1, Bezostaya 4, Lutescens 32, and Ranaya 12 were
 
chosen. These varieties had the genetic potential for grain yield at the level
 
of 50 mtc/he, very good indicators of quality which meet the requirements of the
 
concept, high r*Lsistance to lodging, cold, and drought, and high field resist
ance to leaf and stem rusts. However, these varieties were susceptible to
 
powdery mildew and fusarium (Fusarium nivale, Fusarium graminearum). The second
 
parental group was comprised of the high-yielding and early Italian varieties
 



Libellula, Argelato, San Pastore, and Leonardo, which were typical represent
atives of varieties grown in the Mediterranean region. These varieties showed
 
a larger plasticity than the Soviet varieties in different agroecological regions

of Yugoslavia. The third parental group was comprised of the lines developed

in the Institute of Agricultural Research in Novi Sad from the crosses of the
 
Italian and American varieties carrying the genes of resistance to a variety
 
of leaf rust races.
 

The first crosses within this program were performed in 1959 when only eight
 
combinations were obtained. In the following years, the number of combinations
 
was much higher (up to 250 combinations).
 

The varieties Partizanka, Podunavka, Ba~vanka 1, Fruskogorka, and Posavka 1
 
were developed from simple combinational crossings of Bezostaya 1 and the line
 
NS.116, and the varieties Argelato and Libellula (Table 1). During the deve
lopment of Bacvanka 1, Fruskogorka, and Posavka 1, one back-cross with Bezost
aya 1 was performed. The varieties Nova Banatka and VoJvodjanka were developed

from the combinational crosses of Bezostaya 1,Argelato, and Bezostaya 4. The
 
variety Sremica was developed from crosses of the varieties T.22 (Argelato),

JB05, and Bezostaya 1, and the varieties Novosadska Rana 1 and Novosadska Rana,

2 from the successive crosses of Bezostaya 1, the line NS.262, Mironovskaya 808,
 
and the line NS.435.
 

Table 1. New hard red winter wheat varietier developed at the Institute of
 
Agricultural Research, Novi Sad (Yugoslavia).
 

Variety Parents Breeders
 

Partizanka* Bezostaya 1 x NS. 116 T. Misic, D. Mikic 
(NS.2063) V. Mom~ilovid 

Nova Banatka* (Bezostaya 4 x Argelato) x T. Miid, D. Miki 
(NS.2079) Bezostaya 1 

Vojvodjanka* (Argelato x Bezostaya 4) x T. Misi6, D. Mikic 
(NS.2077) Bezostaya 1 

Podunavka* Bezostaya 1 x Argelato T. Misi6, D. Mikid 
(NS .2063) 

Sremica** (T.22 x JBO-5) x Bezostaya 1 S. Borojevid, D. Mikid, 
(NS.11-35) T. Misid 

Novosadska Rana 1 (Bezostaya lxNS.262) x Mironovskaya T. Misic,, D. Mikic,V 

(NS.2154) _808/ x NS.435 V. Momcilovic 
Novosadska Rana 2 /(Bezostaya lxNS.262) x Mironovskaya T. Migid, D. Hikic, 
(NS.2153) 808/ x NS.435 V. MomhiloviU 

Bavanka 1 (Bezostaya 1 x Libellula) x Bezostaya 1 T. Milid, D. Mikid 
(NS.2214) 

Fruskogorka (Bezostaya 1 x Libellula) x Bezostaya 1 T. Milic' 
(NS .2119) . 

Posavka 1 (Bezostaya 1 x Libellula) xBetostaya 1 T. MiWi 
(NS .2122) 

• Registered in 1973 
•* Registered in 1974
 



Method of 	Breeding and Growing
 

The 'hybrid material was grown by the pedigree method, with continual selection
 
of plants. As a rule, a relatively high percentage of plants of the F2 genera
tion were selected. The selection of phenotypically uniform lines was per
formed from the F5 to F generations. The selected lineb were examined for one
 
year in preliminary small-plot trials without replications. After that, the
 
lines were included in three-year varietal small-plot trials. Besides the
 
examinations of yields and indicators of baking and milling, all other char
acteristics included in the concept of the development of wheat varieties also
 
were assayed. After these examinations, the best lines were submitted to the
 
Commission for Varietal Approval, which run three-year trials in 18 localities
 
in various parts of the country. Concurrently with these trials, the lines
 
were tested in various regional varietal small-plot and large-plot trials as
 
well as in production tests on plots larger than 10 he. After all these
 
trials, a clear insight into the real values of these varieties for growing in
 
various agroecological conditions of the country was obtained.
 

Grain Yield
 

According to three-year results of the Commission for Varietal Approval, the
 
varieties Partizanka, Nova Banatka, Vojvodjanka, Podunavka, and SremLca were
 
higher yielding than the standard varieties Bezostaya I and Libellula (Table
 
2). These results were confirmed in the regional varietal small-plot trials
 
conducted in Vojvodina (Misi, Miki', et al., 1973, 1974) in 1973 and 1974.
 
The varieties Partizanka, Nova Banatka and VoJvodjanka had 14.4., 9.2%, and
 
15.5%, respectively, higher yields than Bezostaya 1 (Table 3). In large-plot
 
trials conducted in Vojvodina, the varieties Partizanka, Nova Banatka, and
 
Sremica had 21.6%, 15.0%, and 12.6%, respectively, higher yields than Bezostaya
 
1 (Table 4). In these trials, the ;arieties Partizanka and Nova Banatka had 
higher yields than the Italian variety Lebellula. In production tests, Parti
zanka and Nova Banatka had 14.8% and 19.3%, respectively, higher yields than 
Bezostaya I (Table 5). All of these varieties had yields on the level of their 
higher yielding parents, the Italian variety Argelato and the line NS.116. 

Table 2. 	Three-year averege yields of grain in small-plot trials of Commission 
on Varietal Appruval for the period 1970-1972. 

Region Average 

Variety I 
(4) 

II 
(5) 

III 
(3) 

IV 
(4) 

V 
(1) 

mc/ha 
(17) 

Partizanka 55.45** 50.50** 52.13** 45.21** 55.93* 50.11** 
Nova Banatka 52.31* 50.11** 48.91 43.72* 52.63 48.09* 
Vojvodjanka 56.24** 50.48** 52.87** 41.95 55.80* 49.42** 
Podunavka 53.18** 49,69* 50.35 44.26* 53.47 48.58** 
Bezoataya 1 (st) 51.10 47.86 49.36 42.04 51.93 46.95 
Libellula 50.70 47.93 51.82** 41.93 53.87 47.12 

57 1.45 1.56 1.78 1.86 3.51 
LSD 17 1.90 2.05 2.35 2.45 4.65 

( ) Number of locations 



Table .3. Yields OfQgrain !in regional two-year small-plot trials in Vojvodina. 

Year As compared with
 

Variety' 1973 1974 Average Bezostaya 1 in %
 
(4) (5) mc/ha
 

Partizanka 70.48** 64.01** 67.24** 114.4
 
Nova Banatka 65.82** 63.09** 64.46** 109.2
 
VoJvodjanka 71.09** 64.80** 67.95** 115.5
 
Novosadska Rana 1 73.49** 69.83** 71.66* 121.8
 
Bacvanka 1 64.09* 64.87** 64.48** 109.2
 
Bezostaya 1 (st) 59.74 58.91 58.82 100.0
 
Libellula 64.01 63.20** 63.60** 108.1
 

57. 4.43 2.68 
LSD 1% 5.83 3.52 

( ) Number of locations 

Table 4. Yields of grain in regional large-plot trials in Vojvodina in 1974.
 

Number of As compared with Bezostaya
 
Variety loc. Average 1 in 7. mc/ha-


Partizanka 14 60.19 121.6 
Nova Banatka 15 56.91 115.0 
Sremica 16 55.71 112.6 
Novosadska Rana 2 14 61.23 123.7 
Ba~vanka 1 14. 56.48 114.2 
Fruskogorka 16 54.40 110.0 
Posavka 15. 55.75- 112.6 
Bezostaja 1 (st) 14 49.48 100.0 
Libellula 14 55.87 112.9 

Table 5. Yiells of grain in large-scale production in Vojvodina in 1974.
 

Number of Area As compared with Bezostaya
 
Variety loc. (ha) mc/ha 1 in 7.
 

Partizanka 12 307 53.03 114.8
 
Bezostaya 1 1849 46.19 100.0
 
Aurora 5018 43.38 94.1
 
Kavkaz 6115 42.33 91.8
 

Nova Banatka 14 348 54.04 119.3 
Bezostaya 1 2464 45.29 100.0 
Aurora 4578 44.24 97.8 
Kavkaz 5678 43.01 97.2 

Trials of the varieties Novosadska Rana 1, Novosadska Rana 2, Badvanka 1,
 
Posavka 1, and Frulkogorka of the Commission for Varietal Approval have recently 

been completed while the procedure of approval is still in course. In three
year trials conducted in various localities in the country, these varieties were 



highly superior in yield to the stand-rd varieties Bezostaya 1 and Libellula.
 
Novosadska Rana 1 and Novosadska Rana 2 had partLcularly valuable results in
 
regional varietal small-plot and large-plot trials in Vojvodina (Tables 3 and
 
4). The variety Novosadska Rana 2 had 21.8/. and 23.7% higher yields than
 
Bezostaya 1, and 13.7% and 10.8% higher yields than Libellula. While the yields
 
of BAvanka 1, Frutkogorka, and Posavka were on the level, or somewhat higher
 
than the yields of the higher yielding parent, the Italian variety Libellula,
 
the yields of Novosadska Rana I and Novosadska Rana 2 were significantly higher
 
than the yields of the parents. The positive transgressive segregation in
 
relation to yield was the result of a large genetic divergence of the parents.
 

Quality of New Varieties
 

The physical and chemical properties of grain, rheological properties of dough,
 
and baking ability of new varieties were examined in the farinological labora
tories of the Wheat Department of the Institute of Agricultural Research and the
 
Department of Wheat and Flour Technology of the Yugoslav Institute of Food
 
Industry in Novi Sad (Mimic', Miki6, and Djolai, 1974; PetriE, aric', and Sekulid,
 
1974, 1975).
 

All varieties had a good hectoliter weight of grain (Table 6). In relation to
 
Bezostaya 1, the varieties Partizanka, Nova Banatka, Podunavka, and Bacvanka 1
 
had larger hectoliter weights; Vojvodjanka, Sremica, and Fruskogorka had the
 
same weights; and Novosadska Rana 1, Novosadska Rana 2, and Posavka 1 had some
what lower hectoliter weights of grain. The majority of varieties had grain of
 
medium size like Bezostaya 1. The absolute weights of grain ranged from 36 to
 
38 gr. The absolute weights of grain of Partizanka, Nova Banatka, Sremica, and
 
Podunavka 1 were smaller by 2 to 4 gr than Bezostaya 1.
 

Partizanka and Frus'kogorka had better milling properties (quality of flour) than
 
Bezostaya 1. The milling properties of the other varieties were on the level of
 
Bezostaya 1.
 

The following indirect indicators of quality were analyzed: protein content,
 
maltose content, water absorption power, and the farinographic quality sub-group
 
(Table 6).
 

The protein contents in the varieties were on the level of Bezostaya 1 and ranged
 
between 13% and 14%. Such results had been expected due to the genotypes used
 
in the hybridization program.
 

Water absorption power is an important indicator of qual:Lty because it has posi

tive correlation with the bread gain. Sremica, Bacvanka 1, Fruskogorka, Posavka,
 
and Vojvodjanka had larger absorpticnpowers than Bezostaya 1. The other var
ieties were on the level of Bezostaya 1. The positive transgression in relation
 
to water absorption power in these varieties was the result of a large genetic
 
divergency between Lhe Italian varieties Libellula, IBO5, and Argelato and the
 
Soviet variety Bezostaya 1.
 

The majority of varieties was in the quality sub-groups A2 - A , the same as
 
Bezostaya 1. The exceptions were Novosadska Rana I and Novosa~ska Rana 2 in
 
sub-groups B, - A, (Table 6).
 



Table 6. Quality parameters of new hard red winter wheat varieties.
 

Farinograms : Extensograms - . : Baking ability i 
:Hectolitau:Absolute: Raw "Apsor- :Quali-: Resist- : .. :Output in:Output i 

Variety :weight ot : weight :proteins:bility :tative:Energy:ance of :Matloza: Volume bread
 
:grain in :of grain: in :of water: group: in :extensionl: in : in in
 

kg :ing. . cm2 : extension: 7. ml. : g.
%: :in7. : 


Partizanka 
 84 33 14 61 A1 - A2 130 2.5 2.5 490 142.5 
Nova Banatka 83 35 13 - 14 61 - 120 2.0A1 A 2 2.5-3.0 490 142.5
 
Vojvodjanka 82 37 13 - 14 62 A2 - A1 110 2.0 2.5-3.0 480 143.0
 
Podunavka 
 83 36 13 61 A1 - A2 120 2.0 2.5 490 142.5Sremica 
 82 35 14 64 A1 - A2 100 2.0 2.5-3.0 500 143.5 
Ba'vanka 1 83 38 13 - 14 :64 A1 - A 2 120 2.5 3.0 480 143.5 
Fruskogorka 82 36 13,- 14 64 A1 - A2 120 2.0 2'.5-3.0 500 143.5 
Posavka 1 81 35 ' 13 63 A1 - A 2 100 2.0 2.5 490 143.5 
Novosadska Rana 1 81 38 ': 13- 14 60 - 80 2.0B1 A2 2.5-3.0 450 142.0 
Novosadska Rana 2 81 38- 13 - 14 61 - 80B1 B2 2.0 3.0 450 142.5 
Bezostaya 1 82 37' 13 - 14 61 - 110 2.0 2.5A1 A 2 490 142.5
 
Kavkaz 80 3t 14 62 B1 - A2 60 1.5 2.5-3.0 510 142.0 W 
Aurora 81 38 14 62 B1 - A2 60 1.5 2.5-3.0 520 142.0 ' 
Libellula 7s 33 . 13 51 C1 50 1.0 1.5 390 138.0 a 
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Maltose content is an important indicator of quality which is r'rectly related
 
to baking properties. In relation to Bezostaya 1, the varieLLes Partizanka,
 
Podunavka, and Posavka I had the same maltose contents; the other varieties had 
higher maltose contents (Table 6).
 

The direct indicators of quality taken were bread gain (gr/100 gr of flour) and 
the output of bread volume (ml/100 gr of flour).
 

The varieties Fru~kogorka, Sremica, Badvanka 1, Posavka 1, and Vojvodjanka had 
higher bread gains than Bezostaya 1 and other parents. The other varieties were
 
on the level of Bdzostaya 1 (Table 6).
 

Fruskogorka and Sremica had higher outputs of bread volume than Bezostaya 1.
 
Partizanka, Nova Banatka, Podunavka, and Posavka were on the level 
 of Bezostaya

1, and all other varieties had lower outputs of bread volume than Bezostaya 1
 
(Table 6). All varieties had very good to excellent elasticity of bread inside
 
and fine pore structures.
 

According to direct indicators of quality, Frugkogorka, Sremica, Baevanka 1, and 
Posavka were better than Bezostaya 1. Partizanka, Nova Banatka, and Podunavka
 
were on the level, and Novosadska Rana 1 and Novosadska Rana 2 were somewhat
 
worse than Bezostaya I.
 

Other Properties
 

All varieties had very good resistance to lodging i.e. - better than the parents 
used in the breeding program.
 

In relation to the more resistant parent, Bezostaya 1, Partizanka and Bacvanka 
were somewhat more resistant to low temperatures. Nova Banatka, Podunavka,
 
Vojvodjanka, and Sremica were on the level of Bezostaya 1, while the other varie
ties were less resistant than Bezostaya I. However, the last group was more
 
resistant to low temperatures than Libellula.
 

Partizanka, Nova Banatka, Vojvodjanka, Podunavka, Sremica, Bavvanka 1, and Fru 
-

kogorka had a very good field resistance to leaf and stem rusts, inherited from 
Bezostaya 1. Novosadska Rana I and Novosadska Rana 2, although without genetic
resistance to leaf and stem rusts, escaped them due to their earliness. 

Novosadska Rana 1 and Novosadska Rana 2 were very resistant to powdery mildew.
 
The other varieties, although less resistant than the first two varieties, were
 
more resistant than Bezostaya 1.
 

The length of vegetation period is particularly important in the agroecological

regions of Yugoslavia. The new quality varieties developed in the Institute of 
Agricultural Research in Novi Sad had different times of ripening which enables
 
a more rational application of mechanization in the conditions of continuous
 
harvesting. Novosadska Rana I and Novosadska Rana 2 were the earliest varieties,

6 to 7 days earlier thnn Bezostaya 1. Partizanka, Nova Banatka, Vojvodjanka,
 
and Posavka were two days earlier than Bezostaya 1; Podunavka, Sremica, and
 
Bacvanka I had the same time of ripening as Bezostaya 1.
 

Conclusion
 

A high genetic potential for yield and good baking and milling properties can be 
united in one variety through a continual simple combinational crossing of 

I 
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divergent parents at as 
high as possible level of intensity. The varieties
 
Partizanka, Nova Banatka, VoJvodjanka, Podunavka, Badvanka 1, Fruikogorka,

and Posavka 1 were developed by crossing high-yielding varieties with good

indicators of quality Bezostaya I and Bezostaya 4 from the continental climatic

region with very high-yielding varieties of poor quality Argelato and Libe1kula
 
from the Mediterranean region and the line NS.116 from the combination Campu
doro x Heine VII. 
 The pedigree method with a continual individual selection
 
was applied. These varieties combined well the high yielding abilities of the
 
varieties from the Mediterranean region and good milling and baking properties

of the varieties from the continental region. The genetic divergence of the

pdrents brought a positive transgressive segregation for some indicators of
 
quality, like the water absorption power and bread gain.
 

The varieties Novosadska Rana 1 and Novosadska Rana 2 were developed through

successive 
crosses of the varieties Bezostaya 1, Mironovskaya 808, and the
 
lines NS.262 and NS. 435. 
 These varieties with very high genetic potentials

for yield surpassed all of their parents and according to the indicators of

quality were similar to Bezostaya 1. They are 
the most successful combinations
 
of genetic potential for yield above 80 mtc/he and good baking and milling pro
perties, that have been obtained so 
far within the program of the improvement
 
of winter wheats.
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'PROTEIN FRACTIONS IN CROSSES INVOLVING
 
LINES DIFFERING IN BREAD MAKING QUALITY
 

AND PROTEIN CONTENT 

S. Fortini, G. Galterio, G. Zitelli
 
and B. Borghi
 

italy
 

Introductio
 

Much attention has been devoted to the milling and bread making characteristics 
of wheat; only recently has the nutritional value also been considered.
 

While the number of available varieties of good quality wheat is very large,
 

few strains carrying genes for high protein content have been described. The 

systematic screening of world wheats carried out in Nebraska by Johnson and 

Collaborators confirmed the ability of "Atlas 66", a variety derived from the 
South American variety "Frondoso" to produce grain of high protein content. 

Successive experiments showed thatl) few genes belonging to group 5 are involved
 

in the expression of the character (Morris et al., 1974); 2) a more efficient
 

and complete translocation of nitrogen from plant to grain is the physiological
 
basis of high grain protein (Johnson et al. 1968); 3) the varieties carrying high
 

grain protein genes from Atlas 66 have a higher protein content than all other
 

varieties in different environmental conditions (Stroike et al., 1972) and they
 

maintain their protein advantage at all levels of soil nitrogen availability
 
(Johnson et al., 1973).
 

Study of the solubility fractions in high protein wheats is recent. Preliminary
 
data obtained by Ulmer, 1973, (quoted by Johnson, 1975) suggest that the trait
 

for increased alcohol solubles and decreased alkali solubles may be linked to the
 

Atlas 66 trait for high protein content.
 

The relationships and the heritability of protein content and solubility fractions
 

is the main objective of this study.
 

Materials and Methods
 

Eight varieties were crossed in all combinations, reciprocals excluded. The
 

derived 32 F1 hybrids, together with the parental lines, were grown in a randomi

zed block with 4 replications. Each plot consisted of two rows 2 m long with 150
 
2


plants and which corresponds to a density of about 50 plants per m . The ex

periment was conducted at 2 locations only 20 Km apart but with very different
 

environmental conditions. For this work, only the progeny of IBO 40-618 and
 

Atlas 66 together with the parental varieties grown at one location (Montagnana)
 
were employed.
 

Only one sample of each of the 21 entries obtained by mixing two replications, was
 

analyzed. The microkjeldahl procedure was utilized for protein determinations.
 
Protein content is reported in relation to dry weight.
 

Experimental Institute for Cereal Research.
 



Fractionation of wheat protein was based on solubility using the continuous
 
extraction procedure proposed by Maes (1966) and applied with some modifications
 
by Mattern et al., (1968) and Williams et al., (1970). One gram of ground wheat
 
was used. The modifications we introduced"in the fractionation of protein are
 
reported in Table I and in Figure 1.
 

Table 1. Modification introduced in the fractionation of protein.
 

Volume Time of Pressure
 
Solvent employed extraction applied
 

(cc) (min) (kg/cm2)
 

1) Water 100 50 
 0.3
 
2) 401 isopropyl 100 70 0.3-0.5
 

alcohol (v/v)
 
Water (washing) 50,* 20 i0.3
 

3) 3.85% lactic acid 100 50 0.3
 
(w/v)
 
Water (washing) 50 20 0.3
 

4) 0.5% potassium 50 i0-120 0.3-2
 
hydroxide
 

The water soluble proteins were determined according to the method of Lowry as
 
modified by Layne (1957) using serum albumin 
as a standard. The alcohol-solubles
 
were determined according to the methods of Yuen and Pollard (1954). 
 Lactic
 
acid and potassium hydroxide fractions were estimated according to Layne (1957)
 
using as 
a reference a calibration curve based on microkjeldahl determinations.
 

The samples were analyzed in duplicate and the variance between determinations
 
was utilized as experimental error for grouping the mean values according to
 
Duncan's multiple-range test.
 

Parent-offspring regression was calculated separately for IBO 40-618 and Atlas 66.
 
All the single correlations between protein soluble fractions, Pelshenke test,
 
and sedimentation values were calculated.
 

Results and Discussion
 

Agronomic and quality characterization of the parental varieties
 
The agronomic and quality characters of the parental varieties are given in Table
 
1. The varieties are clearly differentiated Super X, Pato, Victor, Fuba and IBO
 
40-618 are semidwarf; the first two varieties have the Norin 10 factors for
 
dwarfism while the 
last three derive their straw from Italian germplasm.
 

Pato is the earliest heading variety while Atlas 66 is about 10 days later. In
 
our experimental conditions Atlas 66 was the most productive variety, probably
 
as a consequence of its prolonged vegetative period and its great vigour.
 

The Bezostaya 1 derived variety IBO 40-618 revealed the greatest 1000-kernel
 
weight and the highest Pelshenke index and sedimentation value. Atlas 66 had the
 
highest protein content but its superiority was less marked than in other tests,
 
probably because it was also the highest yielding variety.
 

The high protein content found in Victor, a variety derived from Mara, could be
 
explained by its low productivity. Victor was the shortest variety and it is like
ly that it was adversely affected by inter-plot competition. On the other hand,
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in several trials conducted in Italy (Borghi et aL, 1975) and abroad (Stroike
 

et al., 1974) the protein content of Victor was found to be medium.
 

Total and soluble whole grain protein
 
Table 2 shows total and soluble whole grain protein for the 8 parental varinties
 

and their 13 F hybrids. Data are expressed in mg/g of protein and as percentag
 

of total protein.
 

The fractioning method applied was accurate which is confirmed by the high ni

trogi recovery ranging from 95.7 to 104.3, with a mean value of 100.9%.
 

The increase in protein content observed inAtlas 66 is ascribable to the water
 

and acid soluble fractions. The absolute values of the other soluble fractions
 

The alkali fraction shows a reduction as percentage of total
remain .constant. 

protein.
 

In Victor it is evident that the high 	protein content is mainly due to a marked
 

increase in the water-soluble fraction. Atlas 66, IBO 40-618 and the cross be

tween them.reveal a considerable alcohol-soluble fraction.
 

Atlas 66 revealed the largest acid soluble fraction (21.6 mg/g) and S. Pastore I
 

smallest, about 50% of that of Atlas 66 (11.7 mg/g).
 

Limited variability is evident in the alkali soluble fractions expressed in terms
 

of absolute value, although Atlas 66 shows the lowest percentage.
 

Table 2. Agronomic and quality characteristics of 8 parental varieties.
 

Date Yield 1000- Pel-


Name 	 Origin Plant of per Kernels shenke Sedim. Pro
height .heading plant weight index value tein 

cm, min. 	 cc. 7. 

16.36 34.5 51 19.9 13.88
Oscar S. Pastore x Fr.-K.58-NT, 84 18-5 

1150-35
 

Super X: (Fr.-K.58-NT,)-N.l0-Br. x 76 20-5 18.54 35.3 100 34.0 13.38
 

Gb. 55 
114 44.7 14.62
Pato Son.64 x Tzpp-Nainari 60 	 74 13-5 16.20<,, 39.4 

75 17-5 17.21" 38.0 68 28.6 13.70Fuba (Balilla x V. Glori) x 

Funo
 

16.42

Victor Mara x Fr.-K.58-NT., 	 66 20-5 12.86 28.9 67 31.5 


II 50-35
 
84 18-5 19.091 39.3 48 18,0 13.45
S. Pastore Balilla x V. Glori 


IBO 40-618 Funello x Bezostaya I 77 15.5 19.19i, 53.8 132 54.8 15.12
 

Atlas 66 Frondoso/2/Redhart/3/ 11I 22-5 22.50 37.2 88 33.3 16.48
 

Nole 28
 

Heritability
 
As regards protein content the hybrids are intermediate to their parents or close
 

to the lower content parent. The only exception was the cross IBO 40-618 x
 

Fuba (Figure 2). The high protein content of Atlas 66 is not evident in its
 
The
progeny; which is very similar to the 	progeny derived from IBO 40-618. 


-parent-offspring regression was significant only in the IBO 40-618 array (b 


0.764). Atlas 66, although it does not transmit the high protein content trait
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to F:"hybrids, annuls the genetic effects of the non-recurrent parent and, as 
a consequence the regression -is'not significant.,
 

As-regards the water-soluble fraction, a significant parent-offspring relation
ship was observed only in the Atlas 66 array (b - 0.682** in absolute value and
b p 0,946** as a percentage).: Atlas 66 has a high water-soluble protein content; 
this-trait is not so marked in its progeny, which tend to resemble the 
non
recurrent parents.
 

Ini the case of the alcohol-soluble fraction, -it was observed that the progeny of 
IBO revealed values higher than those-of their non-recurrent 'parents and closer
 
to" those of IBO,
 

Atlas 66, which has the largest lactic acid-soluble fractiork transmits-this char
acteristic to all its progeny in terms both of absolute value and of percentage. 

In other words, Atlas 66 reveals an incomplete dominance with regard to the highacid-soluble protein content (Fig. 2). 

No difference was observed in the hereditary behaviour of the KOH-soiuble fraction 
considered in terms of absolute value, probably due to the limited genetic varia
bility between the cultivars.
 

Analysis of the percentage data, in the other hand, reveals that Atlas 66 is not
ably inferior to all the varieties and that its progeny show a slight but constant
 
diminution of this fraction in terms of percentage in comparison with the corres
ponding IBO progeny.
 

Relationship between protein fractions and quality
 
The two qualitative indices used, Pelshenke and Zeleny, were revealed to be closely

correlated (r = 0.92**). It was not possible to establish a correlation between
 
the variations of the protein fractions and quality. Not even total protein con
teat of the material considered appeared to be correlated to quality. However,
 
if the progeny of Atlas 66 are excluded from the calculation of correlationship,
 
the value of r, though not significant, increases to 0.312.
 

The only correlation of practical interest found, even though not significant in
 
statistical terms, was that between the Zeleny index and the lactic acid-soluble
 
fraction where the value of r was 0.4. This accords with the data of Lee (1971),
 
who found a positive effect of the urea 2M-soluble fraction comparable to our
 
lactic acid-soluble fraction on the rheological properties of flour for bread
making. On the other hand, it was not possible to confirm either the high positive

correlation between good bread-making characteristics and alcohol-soluble fraction
 
or negative correlation with the water-soluble fraction repeatedly found by Maes
 
(1966).
 

It was not easy to illustrate parent-offspring relationships because the quali
tative characters we measured were, in most cases, controlled by recessive or
 
incompletely dominant genes. This is shown by the fact that the hybrids, with
 
rare exceptions, tended to reveal values either intermediate or close to those
 
of the poorest parent.
 

Further information on the relationships between protein fractions and bread
 
making quality may be obtained by the comparison of high protein strains differ
ing in quality. The characteristics of Atlas 66 and the derived line NE 701132
 
of good bread making quality are shown in Table 4.
 



Table 3. Total and soluble whole.grain protein expressed in 'gg of protein and % of total protein, 
The-means within a group followed by the same letter are not significantly different
according to multiple-range test (p = 0,05).
 

Total 
 -Soluble proteinEntries 
 protein Water - ReAlcohol 
 Acid Alkali- covery% mg/g z mg/R Z Mg/g V mglg %7 
Atlas 
 16.48 
 28.0b- 17.Obc- 40.5b 
 24'.6di- 24.5a 
 14,8a - 71.6cf 435i. 99.8,
 
IBO 15,12 -. 22.8df 15.3df 39.Ob 26.2bd"_- 16.8gj 11fd' 70.3dg 57.2eg 98.5 
Atlas, x IO 14.87 ,-22.2eg 14.4dh . 35.9cg 23.3hi 19.4be 12 .6,ce . 76.6ab 49.7ac 103.6
 
Pato 214.62 
Pato .i 13.7eh 3 6.7c 25.Ocgx Atlas 13.75 18. 7i, 13.6fh 36.2cd 26.3bc 

20.Obd 13.6ac' 6 9.6eg 47.5dg 101.1:
Pato x IBO 18 .6cg 13.:sb5d 64.2hi 46,6fh 100.2t14.13 -:19.3hi 13 .gh 37.Oc. 25.9be 18.ldh 12l7ce' 68.3eh 47..8cf 101.0 
S. Pastore 
 - 13.-45 20.9fi 15-.7cd 35.8cd 26.8ab 13.61- 10.1gh 63.0i 
 47.2ed 99.2
 
S. Pastore x Atlas
S. Pastore x IBO 14.07 120. lgi 13.8eh14.80 U '9.8gi 35.1ce 24.2fk 19.4be 13.4bd13.Oh 39.0b 25.5bf 15.6ik 70.7df 48.6cf 103.210.2gh 78.0a 51.1a 
 103.0
 
Victor 
 16i42 31.1a. 19.6a 36.5cVictor x Atlas 14.37 23.11 19.Sde 12.3df
Victor x IBO -25.1cd 17.5b 32.6gh 22.7ki 71.Ocf 44.9hi- 96.319.Ocf 13.2bd
15.42 21.8eh 69.6ed 48.5cf14.2dh 43.1a 28.0a 99.8
14.3h1 9.3h 74.5ad 48.4cf 99 7. 

Super X 131.38 19.5hi 14.3dh 31.2h 22.9ji 
 18.7cf 13 .7ac 67.lfi
Super X x Atlasa 49.Obe I02:0
13.70 20.5fi 14.6dh 35.4cd 
 25.lcg 19.2ce 13.6ac
Super X x IBO 
25.8gi 45.5g 102.912.76 :'19.4hi 14.8dg 32.0gh 24.4ej- 15.2i1 l1.6ef 64.2hi 49.lae 102.5 

Fuba 
 13.70 18.-5i 13.6fh 32.3gh 23.9f 1- 17.3fi 18-be7 67.lfi
Fuba x Atlas 14.69 23.5de 15.6cg 33.5eg 22.21 
49.bad 98.6: 

21.lb 14.Oab 72.3bc 48.OcfFuba x IBO 15.55 102 ,420.6fi 13.8eh 
 35.2ce 23 .6gl 17.3fi 11.6ef 75.8ac 50.Sab 
 95.7.
 
Oscar 
 13.88 : 21.8eh 15.4de 32.7fh 23.0il 17.8E 12'5ce 6 9.,6eg 49.0beOscar x Atlas 14.25 102-3,20.4fi 13.7eh 37.1c 2 4.9cg. 20.3bc 13.6acOscar 70.9df 47.7cfx IBO 14.44- 26.6bc :04.3:17.8b 34.5df 23.0i_ tl hJ 1lllfg 72.1he 48:0cf 103.8 
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Table4. 	Total and soluble whole grain protein expressed in mg/g of protein
 
and percent of total protein for Atlas 66 and NE701132 grown in the
 
6th International Winter Wheat Performance Nursery at S. Angelo
 
Lodigiano 	in 1974.
 

Pelsh.: Sedim.:Total: Soluble protein Re-
Variety index : value :prot.: Water Alcohol Acid Alkali :covery 

cc :;mR/g l %
min : % % mg/g mg/& % mg/g % :7. 

Atlas 66 35 21 16.6 29.7 17.7 41.7 24.8 17.8 10.6 78.8 46.9 101.6
 
NE701132 130 40 15.9 23.9 14.9 39.7 24.8 12.3 7.7 84.3 52.6 100.9
 

It is easy to point out that the two varieties in spite of similar protein content,
 
greatly differ in protein soluble fractions. Line NE701132 is characterized by
 
a reduction of water and acid soluble fraction and an increase in alkali soluble
 
fraction.
 

Comparing the data of Table 4 with those of Table 3, it is evident that the pattern
 
of protein fractions (in percent) of NE701132 is more similar to IBO 40-618 than
 
to Atlas 66.
 

Conclus ions
 

The sub-division of proteins according to the classic method of Osborne made it
 
possible to observe that the higher protein content of the Atlas 66 variety is
 
related to an increase in the absolute value of the fraction soluble in water
 
and lactic acid, while the other fractions remain constant. Our findings are not
 
directly comparable with those of Ulmer, who, using for fractioning the sequence
 
of solvents proposed by Mattern et al., (1968), observed in a line derived from
 
Atlas 66, an increase of the percentage of the alcohol-soluble fraction and a
 
diminution of the KOH-soluble fraction. However, Ulmer's and our findings both
 
confirm that it is possible to obtain lines with high protein content and differ
ent soluble fractions pattern.
 

Considering that Johnson and collaborators have already obtained lines with a high
 
protein content and good bread making characterisitcs, it seems to be confirmed
 
that the genes responsibles for high protein content are different from those
 
controlling the synthesis of protein fractions and quality.
 

Summary
 

Protein content and solubility fractions of 8 varieties and 13 derived hybrids
 
were studied. The varieties tested were clearly differentiated and included the
 
high protein Atlas 66 and the good bread making variety IBO 40-618.
 

The increase in protein content observed in Atlas 66 is ascribable to the water 
and acid soluble fractions. Studies of the F1 revealed that Atlas 66 transmits 
to its progeny the high lactic acid soluble fraction. 

It was not possible to establish a correlation between the variations of protein
 
fractions and quality. It was difficult to illustrate parent-offspring relation
ships because the qualitative characters measured were controlled by recessive 
or incompletely dominant genes.
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From the comparison of two high protein strains differing in bread making
 
quality, it appears evident thet the two varieties, in spite of similar protein 
content, greatly differ in protein soluble fractions.
 
The genes responsible for the high protein content seem to be differert from
 

those controlling the synthesis of protein fractions and quality.
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INDUCED MUTATIONS FOR PROTEIN IMPROVEMENT IN WHEAT
 

UNDER THE FAO/IAEA/GSF CO-ORDINATED PROGRAME ON USE
 
OF NUCLEAR TECHNIQUE FOR SEED PROTEIN IMPROVEMENT
 

R. Rabson and C. R. Bhatial/
 

Austria
 

It is the purpose of this paper to report the results obtained thus far in 
wheat by different scientists working within the FAO/IAEA/GSF programme on
 

use of nuclear techniques for seed protein ioprovement. The broad outlines
 

of a new Co-ordinated Research Programme on the Use of Aneuploids for Protein
 

Improvement in Wheat are also given.
 

FAO/IAEA/GSF Seed Protein Improvement Programme
 

This programme was initiated in 1970 with the ultimate objective of developing
 

crop varieties having "improved protein". This objective was considered under
 

the scope of "nuclear techniques" according to the task given to the executing
 

organization (Joint FAO/IAEA Division). This restriction led us to consider
 

the following actual aims within the overall objective:
 
a) 	to use radiation and other mutagens for creating genetic
 

variability in seed protein for selecting types with "improved protein",
 

b) 	to develop and adapt methods for screening such types in large
 

populations.
 

The 	programme is mainly funded by the Gesellschaft fur Strahlenund Umweltforsch

ung (GSF) of the Federal Republic of Germany. At present sixteen institutions
 

in developing countries are participating in the programme. In addition, several
 

laboratories in developed countries most notably in the Federal Republic of
 

Germany participate in this programme along with the IAEA's own Seibersdorf
 

Laboratory.
 

Scientists in the programme working with wheat are listed in Table 1. Most of
 

the programmes were started around 1970-71 while a few were initiated later.
 

Each scientist has used the strategy according to his specific objectives and
 

the facilities at his disposal and has chosen the most promising genotypes of
 

his region for mutation experiments (Table 1). The experiments at the IAEA
 

Laboratory at Seibersdorf are designed for obtaining basic methodological in

formation related to induction and identification of mutations with altered
 

protein content and composition.
 

It would be premature to draw any definite conclusions on the basis of the
 

results obtained thus far. However, it is certainly worthwhile to examine the
 

results to date. "Improved protein" mutants are considered in the following
 
three categories:
 

1. 	Mutants for increased protein production per hectare,
 

2. 	Mutants with increased seed protein content,
 

3. 	Mutants with altered protein composition, resulting in
 

increased production of desirable amino acids.
 

1/ Joint FAO/IAEA Division, International Atomic Energy Agency, Vienna
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Table 1. Scientists working on protein improvement in wheat under the FAO/ 
IAEA/GSF Co-ordinated Seed Protein Improvement Programme. 

Name of Chief Wheat Cultivars 
Scientific Investigator Institute used 

Dr. M. Denic Institute for the Application Bezostaja I 
Dr. J. Dumanovic on Nuclear Energy in Agricul

ture 
Zemun, Y:gos lavia 

Dr. E. Favret Centro de Investigaciones en Sinvalocho 
Ciencias Agronomicas 
Caste lar, Argentina 

Dr. H. K. Jain Indian Agricultural Research Mex C B116, HD 2009 
Institute HD 1982 
New Delhi, India Tandri 71 

Dr. K. Nagl Bundesanstalt f6r Pflanzenbau Adur (Durum) 
und Samenprufung 
Vienna, Austri.a 

Dr, P. Parodi Catholic University Yafen, Huelquen 
Santiago, Chile Collagen, Bluebird 3 

Pla 771 
Quilafen 
(Durum) 

Dr. Amir Muhammed Nuclear Institute for Mexi Pak 65 
Agriculture and Biology Chenab 70 
Lyallpur, Pakistan C - 271, C - 273 

C - 591, SA - 42 
Dr. R. K. Mitra Bhabha Atomic Research Centre Kalyan - Sona 

Bombay, India 
I.A.E.A. Laboratory Svenno 
Seibensdorf, Austria MEX 22A 

Mutants for increased protein production per hectare:
 
This class of mutants is the most desirable,especially so in those parts of the
 
world where grain quantity is more important and no sacrifice in grain yield
 
can be accepted in exchange for improved grain protein content or quality.
 
Increased protein production can be achieved either by increasing grain yield
 
or the percentage of proLein in the grain or both. An increase in protein con
tent, it.associated with decreased grain yield, is not likely to contribute
 
towards harvesting more protein/hectare. Most of the scientists in the programme
 
have been working with the cultivars that already are at high productivity levels
 
in their respective countries. Selection has been applied to increase protein
 
per cent and protein per grain. However, among the mutants that have been
 
evaluated in yield trials so far, increases in protein content have invariably
 
been associated with depression in grain yield (Denic at al., 1975; Narahari et
 
al., 1975). In a few cases some selections in early generations have shown
 
increased protein content without any observable adverse effects on grain yield

(Parodi et al., 1975). However, thene materials are yet to be tested in full
 
scale yield trials. Of course, the participants are aware that it is not only
 
important to increase protein production per hectare but to increase the produc
tion of utilizable protein which takes into account an altered amino acid
 
composition and digestibility of the proteins in grain (Eggum, 1973).
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Mutants with increased seed protein content:
 
This class of mutants could be useful only in limited areas with a specific

requirement of high protein wheats. 
Grain yield to some extent can be sacri
ficed provided grain with a certain protein percentage can be obtained. To
 
what extent the yield reduction can be accepted will depend upon the market
 
economy. Farmers, of course, will have to be paid for protein as well as 
for
 
grain in order to provide an economic inducement to grow such genotypes. This
 
type of mutants has been found in almost all experiments. However, as stated
 
earlier, they show various levels of grain yield reduction compared to the
 
parent cultivar. A mutant obtained in variety Kalyan-Sona is reported to have
 
consistently shown an increase of 1.5 to 2.0 percentage points for protein in
 
the last three years (Narahari et al., 1975). The amino acid composition per

16 g N basis was not altered. The levels of all amino acids were higher on
 
gram flour basis, but the grain yield of the mutant was reduced by about ten
 
percent in comparison to the control. Further studies with the mutant have
 
revealed a more efficient mobilization of N from leaves to grain. 
Reduction
 
in grain yield is due to a decrease in seed set/spike and smaller spikes.
 

Mutants with altered protein composition:
 
These types of mutants could be highly desirable if they can increase the 
content
 
of the limiting amino acids such as 
lysine. In the wheat endosperm proteins it
 
is well known that the gliadin fraction is low in lysine, albumin and globulin

fractions are rich in lysine while the glutelins are intermediate (Johnson and
 
Lay, 1974). 
 Though very many wheat mutants have not been analyzed for changes

in protein fractions, the present indications are that only small heritable
 
changes in protein fractions could be induced. 
Major changes in protein fractions
 
similar to those observed in opaque-2 maize, hiproly barley or the barley mutant
 
1508 have not as yet been detected. A combination of DBC analysis and estima
tion of total N either by micro-Kjeldahl method or by the ninhydrin method using

Technicon auto-analyzer provides a simple method for initial screening of such
 
mutants. This method originally used by Doll (1973) to identify barley mutants
 
with altered amino acid composition has been used by some of the participants

and at the Seibersdorf Laboratory. 
All the mutants and mutagenized populations,

like other cultivars, show a strong positive correlation between the DBC and
 
percent N. 
Few mutants have shown higher DBC value relative to their percent N.
 
These are likely to show increased levels of basic amino acids and are under
 
investigation. A programme to analyze all available wheat mutants using this
 
technique is underway at the Seibensdorf Laboratory.
 

A mutant of this type was earlier identified by Favret et al (1975) in cultivar
 
Sinvalocho. This mutant has inczeased lysine content, higher basic amino acid
 
to protein ratio, decrease in gliadin fraction and smaller seed size in compari
son to its parent variety. In addition, this mutant is resistant to leaf rust
 
and because of this, its grain as well as 
protein yield is significantly higher
 
than the parent.
 

Semi-automatic DBC method:
 
In addition to the above, the Seibersdorf Laboratory has designed a semi-automatic
 
procedure for analyzing protein content in cereal grains using the DBC method
 
(Hossberg, 1969). This equipment has been in use 
for over a year now and more
 
than 30,000 wheat samples have been analyzed. Five technicians working eight

hours a day have routinely analyzed 800 samples per day.
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General Conclusions:
 
As pointed out earlier, it would be premature to draw any definite conclusions
 
about induced muitations in wheat, yet it can be said that
 

a) 	the genetic variability for seed protein is increased in mutagenized
 
populations,
 

b) 	the majority of the extreme high protein types found in such popula
tions are, in fact, poor in starch accumulation and may have little
 
value in breeding for improved protein,
 

c) 	in contrast to induced mutation experiments in barley and sorghum,
 
mutants with grossly altered protein composition resulting in
 
increased levels of lysine have not been found in wheat despite
 
large efforts. Both barley and sorghum are diploids while wheat
 
is polyploid with most genes in duplicate or triplicate. Perhaps
 
because of this, it may be difficult to recover such mutants in.
 
wheat.
 

Use of aneuploids in studies related to protein improvement:
 
Realizing that a better understanding of genetic factors controlling the content
 
and composition of endosperm proteins in wheat is essential for the intelligent
 
use of the existing germ plasm as well as for the induction and selection of
 
mutations affecting protein characteristics, the Joint FAO/IAEA Division has
 
initiated a new coordinated research programme on the use of aneuploids for
 
protein studies. Under this coordinated programme, we hope to bring together
 
the scattered efforts of individual laboratories in different parts of the
 
world who are using wheat aneuploid or aneuploid derived stocks like substitu
tion lines for understanding genetic regulation of endosperm protein biosynthesis.
 
There are indications that absence of certain chromosomal arms grossly alter the
 
protein composition of Chinese Spring wheat (Bozzini and Giacormlli, 1973).
 
Whether this is a general or a specific effect needs to be dete:cmined.
 

Under the new programme it is proposed to grow the aneuploid stocks contributed
 
by the cooperators at several locations in replicated experiments. These will
 
be examined for grain yield, harvest index, maturity, duration of grain filling,
 
and yield components like number of grains/spike (fertility) grain weight, etc.
 
which are known to influence protein content and composition. It hap been
 
pointed out that in most protein studies with aneuploids these factors have not
 
been considered (Law, personal communication). The grain produced in these ex
periments would be analyzed for: total nitrogen, DBC, major protein fractions
 
on solubility basis, amino acid composition and the enzymes involved in nitrogen
 
metabolism like nitrate reductase and their 'inhibitors'. Besides analytical
 
methods routinely used electrophoresis, electrofocussing and combination of the
 
two techniques will be applied for further separation of major protein fractlins.
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RESPONSE TO:SELECTION FOR BREAD MAKING QUALITY 
IN EARLY GENERATIONS BY MEANS OF 

1:4PELSHENKE AND ZELENY TESTS 

L. Corino., G. Boggini, F. Bonali, and B. Borghi
 
Italy
 

:Introduction
 

Theiincreasing difficulty of findinghigh quality wheats at convenient-prices:on
 
theinternational markets makes selection for bread making characteristics very
 
important in West European countries and especially in Italy.
 

The need to give preference to quality characters led to changes in breeding
 
-work. In this paper the results obtained by applying quality tests to early
 
generations will be described.
 

The problems concerning early selection for bread making quality in Italian
 
wheats have been discussed briefly in a previous paper (Borghi et al. 1975).
 
Our preliminary results suggested the possibility of carrying out selection for
 
quality in the F and F3 generations on the basis of the Pelshenke test and sedi
mentation value (Zeleny index). The estimate of genetic components showed a
 
prevalence of additive genetic effects and high heritability of the character
 
(h - 0.77 for Pelshenke test in the F2 generation and h2 = 0.48 for sedimenta
tion value in the F3 generatio4.
 

The possibility of selecting for quality in early generations has been estab
lished by several authors: (Worzella, 1934; Baldridge, 1959; Copp, 1956;
 
Zeleny et al., 1960; Lebsock et al., 1964; Sunderman et al., 1965; Atkins et
 
al., 1965; Briggs and Shebeski, 1971). Heyne and Finney (1955) quoted by Hehn
 
and Barmore (1965) suggested a modification of the pedigree method which con
sists of growing a bulk progeny of individual F2 plants in order to test for
 
quality on larger samples. Baldridge (1959) (quoted by Hahn and Barmore,
 
1965) using the above-mentioned selection method, observed in the F5 a pre
ponderance of good quality lines when superior F2 were selected. More re
cently Talukdar (1974) showed that the backcross method is a useful tool in
 
quality breeding.
 

In this work we discuss the possibility of selecting for quality in a tradi
tional pedigree program. Results obtained in the second cycle of selection for
 
quality in the F3 , F4 , and F5 generations and the interactions between field se
lection for good agronomic traits and selection for quality will be discussed.
 

Materials and Methods
 

The experimental material subjected to quality tests were F2 , F3 , F4 , and F5
 
generations derived from intervarietal crosses grown in the breeding nursery
 
based on the traditional pedigree method at S. Angelo Lodigiano during 1973-74.
 
From F3 lines, field selected for good agronomic traits, we determined the
 
Pelshenke index and sedimentation value (Zeleny test), while in the F4 and F5
 

Experimental Institute for Cereal Research,
 
S. Angelo Lodigiano (Milano)
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genezations we applied only the last test. The parent-offspring regressions
 
were calculated for 13 intervarietal crosses in the F3 generation, 14 crosses
 
in the F4 generation and 7 crosses in the F5 generation. In the F2 generation
 
quality tests were performed on the product of single plants while in the
 
other generations samples from whole plots were analyzed.
 

Results and Discussion
 

Table 1 shows the results of the Pelshenke test carried out on the F3 and F4
 
generations. The selection pressure applied resulted in the number of F3 se
lected lines ranging from 7.4% to 19.2% for different crosses. The selected
 
lines derive mainly from F2 plants with a high Pelshenke index as indicated by
 
the significance of the within-cross differences between means of selected vs.
 
discarded lines.
 

The result is probably a consequence of the importance attributed to quality in
dex when the screening of lines in the field was done. Moreover, the possibility
 
of selecting lines with good agronomic and quality characters seems confirmed.
 

The regression for Pelshenke index of V3 progenies on their F2 parent plants is
 
significant in 11 of the 13 crosses. The range of variation between crosses
 
ranges from 0.10 to 0.79. It must be underlined that a similar regression was
 
calculated on the basis of only the F3 selected lines within each cross. This
 
means that, in spite of a shift toward medium high values with a consequent de
crease in genetic variability, the response to selection still is high. As sug
gested by Knott (1972), this may be a consequence of the fact that, while selec
tion for good quality may have reduced the genetic variability among the selec
ted plants, it also tends to result in a group of plants less affected by envi
ronmental factors.
 

Since we routinely applied the Pelshenke test to the F2 and the sedimentation
 
value to the following generations, we compared the results of the two tests
 
on F3 progenies. As shown in Table 1, the correlation between tests is vari
able in the different crosses showing atypical behaviors. Although largely
 
correlated, the two tests behave variously in the different genetic backgrounds.
 
Since both tests measure only some of the characteristics required for good
 
bread making, it appears convenient to use both even if in different generations.
 

Table 2 shows the results of the Zeleny test in the F3 and F4 generations. The
 
average of F3 selected families is, in the majority of the crosses, statistic
ally higher than that of the discarded ones; this seems again to be a conse
quence of the applied criterion of selection. In selecting lines with similar
 
agronomic traits, wc preferred those with better sedimentation values.
 

The response to selection was quite high. This is significant, considering that
 
the regression was estimated on the basis of the few selected families. In
 
other words, even after the application of a strong selection pressure in the
 
F3, it is possible to achieve a positive response in successive generations.
 
In two crosses the regression was not statistically significant, probably as
 
a consequence of a lack of genetic variability. The absence of significance
 

-in the comparison of selected vs. discarded lines confirms this hypothesis.
 

In 5 crosses the regression was significant and negative. Such surprising re
sults, in our opinion, could be due to the particular criterion of selection we
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applied, i.e. -- selection between families based especially on agronomic
 
characters and on quality performance of the previous generations. Selec
tion within families, namely between ten spike-rows of each F4 progeny, was
 
based especially on some other characteristics such as earliness, dwarfish
ness and disease resistance. While the field selection among families allowed
 
us to isolate progenies with good quality (average of selected types higher
 
than that of discarded), selection within families leads to the isolation of
 
lower quality lines. That does not mean a regression with respect to the pre
vious generation because the negative responses came out of family groups in
 
which sedimentation values were higher than the average of the cross. The re
sults of the F4 /F5 generations showo in Table 3 confirm the behavior observed
 
in the F3/F4 generations.
 

Conclusions
 

Two cycles of selection conducted in the F2 , F3, F4, and F5 generations have
 
,led to the following conclusions:
 

1) 	In the progenies of intervarietal crosses of varieties selected for good
 
agronomic characters and not specifically for their bread making ability,
 
it is possible to find, by the Pelshenke test or the sedimentation value,
 
large genetic variability for quality.
 

2) 	After one generation of selection for quality, either in the F2 or in the
 
F or F4 generations, there is still genetic variability among lines of
 
the same cross, at least with the selection pressure we applied.
 

3) 	In the F4 and F5 generations, previously submitted to one year of selec
tion for quality, we still observed segregation for quality among lines
 
(single head progeny) of the same family. This means that quality data
 
of the previous generation is insufficient to characterize the different
 
lines belonging to the same family.
 

4) 	The high heritability revealed by the Pelshenke test and the sedimentation
 
value is in close agreement with the results previously obtained by other
 
authors: (Cutler and Worzella, 1933; Lebsock et al., 1964; Baker and Camp
bell, 1971; Ram and Srivastava, 1975). A rapid fixation of genes for qual
ity in segregating generations of our crosses is expected.
 

5) 	The high heritability values obtained in our material justify our pedigree
 
breeding selection method.
 

6) 	The sedimentation value, originally employed to select hard wheats with
 
indices running fror 40 to 70 ml, is also able to screen our genetic ma
terial composed of lines with sedimentation values usually lower than 40.
 

7) 	The experimental results presented here do not enable us to specify the
 
number of generations required to fix quality characters; however, at
 
least two selection cycles seem to be necessary.
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Summary 

Results of selection for quality in bread wheat in early generations by means

oE Pelshenke and Zeleny tests suggest a substantial genetic variability for
 
quality. In the experimental material studied, in which selection for desir
able agronomic traits had been performed, genetic variability for quality still
remained in the F3 and F4 families of the same cross. 
 In the F4 and F after
 
one year of selection, segregation for quality was still observed in te next
 
generation. 
 In consequence of the high heritability of Pelshenke test and
sedimentation value, rapid fixation of genes for quality in segregating genera
tions is expected. Our results, however, show that not less than two selection
 
cycles seem necessary to fix them.
 

References
 

Atkins, I. M., Earl C. Gilmore, 0. G. Herkle, K. B. Porter. 
1965. Evaluation

of the sedimentation test in a wheat breeding program. 
Crop. Sci, 5(5)i381
385.
 

Baker, R. J., 
and A. B. Campbell. 1971. Evaluation of screening test for

quality of bread wheat. 
Can. J. Plant Sci. 51:449-455.
 

Borghi, B., G. Boggini, L. Corino. 1975. Breeding for quality in common
 
wheat. 10 early selection in F2 and F3 generations. (In press).
 

Briggs, K. G., L. H. Shebeski. 1971. Early generation selection for yLeld

and breadmaking quality of hard red spring wheat (Triticum aestivum L)em

Thell). Euphytica 20:453-463.
 

Copp, L. 1956. 
A small scale quality test in wheat breeding. Nature 177:
 
756-757.
 

Cutler, G. H., and W. W. Worzella. 1933. 
 The wheat-meal fermentation time test
 
of "quality" in wheat as adapted for small plant breeding samples. 
Cereal
 
Chem. 10:250-261.
 

Hehn, E. R., and N. A. Barmore. 1965. 
Breeding wheat for quality. Advances
 
in Agronomy. 17:85-114.
 

1Knott, D. R. 1972. 
Effects of selection for F, plant yield or subsequent

generations in wheat. 
Can. J. Plant Sci. 52:721-726.
 

Lebsock, K. L., C. C. Fifield, G. M. Gurney, W. T. Greenaway. 1964. Variation
 
and evaluation of mixing tolerance, protein content, and sedimentation value
 
in early generation of spring wheat Triticum aestivum L. Crop Sci. 4:171-174.
 

Ram, H. H., and J. P. Srivastava. 
1975. Gene effects for sedimentation value
 
in 15 wheat (Triticum aestivum L.) crosses. 
 Cereal Res. Communications 3
 
(1):61-68.
 

Sunderman, D. W., M. Wise, E. M. Sneed. 
 1965. Interrelationships of wheat
 
protein content, flour sedimentation value, farinograph peak time and dough

mixing and baking characteristics in the F2 and F3 generations of winter
 
wheat Triticum aestivum L. Crop. Sci. 5:53 -540.
 



- 421 -

Talukadar, B. S. 1974. Quality studies in wheat. Euphytica 23:149-152.
 

'Worzella, W. W. 1934. The inheritance of quality in Trumbulland Michikof 
varieties of winter wheat. S. Agr. Res. 49:705-714. 

Zeleny, L., W. T. Greenaway, G. M. Gurney, C. C. Fifield, K. L. Lebsock.
 
1960. Sedimentation value as an index of dough-mixing characteristics in
 
early generations wheat selections. Cereal Chem. 37:673-678.
 

-Table 1. Number of F3 lines, mean value of F2 parental types for discarded
 
and selected lines, regression F2/F3, mean value of Peishenke index
 
and sedimentation value, and correlation of Pelshenke/sedimentation
 
values.
 

: : : : : Mean value : Correla
noCross : : Mean value: : F3 selected : tion 

combinations : n : 7. : F2 parents ? : lines :Pelsh./ 
: : sel- : Dis-: Sel-:Regres-: :sediment. 

:ected :carded:ected: sion :Pelshenke:Sediment.: value 
:lines :lines :in Fi :in Fi: F2/F3 : index : value 

Agrotalp x 88 12.5 77.1 84.2 0.03** 125.6 24.1 -0.11
 
Colubenmar 3 
Mexique x 68 17.6 64.5 67.9 0.01 75.8 27.1 O069** 
Agrotalp . 

Angelato x 239 13.8 bl.3b 66.7a 0.79** 75.2 32.l,, i.0.69** 
Siete cerros 
Backa x 210 17.6 71.6 75.6 0.37** 90.6 24.9 0.35* 
Colubenmar 3 ......... "I"',.35*........ , A 
Dardo x 419 10.9 77.1B 92.4A 0,10** 94.7 +332% 0.03 
Backa 
Dardo x 129 16.2 56,88 73.8AB.20** 74.0 4 23.3, j 0.49* 

Dunav . . 'a . 
4exique x 103 + 14.5" 64.3b 7.7a 0.20** 58.7 23.9 0.51* 

Mariclau . 
Sonora x 95 9.4 98.4 99.9 0.06: 80.7 27.2 0.30 
Mariclau 
Marzotto x 201 15.9, 76.6B, 689.IA 0.29** 79.4 _253 55* 
Maridam 2 
Maridam 4 x 187 '8.5 49.1B 56.3A r0.18** 39*' .... ' 0.48* 
Marlomarimp ' 

Valpas x 188 19.2 84.3 87.7 0.25** 8010 26 7+ 0.34 
Marlomarimp 
Marzotto x 146 8.9 80.6 d1.7 0.10** 77.8 28.0 0.04 
Skorospelka 
Valpas x 174 7.4 79.6b 87.2a 0.40** 91.1 26,8 0.60* 
Marzotto 

* or a-b significant p a 0.05 

** or A-B significant p - 001 

http:73.8AB.20
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Table 2. Number of F4 
lines, percent of selected lines, mean sedimentation
 
value of F3 parental types for discarded and selected lines, and
 
F3/F4 regression.
 

Mean sedimentation:
 
value
 

Cross 
 : no : 7. : F3 parents : Regression

combinations F4 :selected:discarded:selected F3 /F4
 

lines : 


Blueboy x Damirormin 15 
Damifub 4 x 44 
(MM x Marimp 8)
Maradam x Damirormin 2 75 

S 44-4 x Damirormin 2 85 

Demar 4 x 87 

(Demar 4 x Maribendam) 
Demar 4 x Lerma Rojo 

Demar 4 x Tildamir 27 

Gaines x Marimp d 

Gallini x Tildamir 27 

Maridam 2 x 

(MM x Marimp 8)
 

34 

214 


17 
44 

43 


Maridam 2 x Tevheinav 1 30 

Ormimor 6 x Tildamir 8 54 

Tassimar 1 x Lerma Rojo 29 

Tildamir 8 x Maridam 2 32 


lines: in F4 in F& 

33.3 
25.0 

25.4 
22.8B 

29.3 
28.UA 

-0.11 
0.49** 

41.3 
21.1 
21.8 

34.5B 
33.0 
24.4B 

36.9A 
35.6 
26.6A 

-0.30**.. 
0.14** 

-0.37** 

-32.3 
21'.9 ' 

_,29.4 
27.1 
44.1 

26.0 
26.1B 
21.9 
26.3b 
29.8 

26.7 
28.8A 
24.6 . 
30.Oa 
32.5 

0.21* 
0.76** 

-0.38.* 
0.1** 
0.46** 

33.3 
68.5 
31.0 
37.5 

31.8 
21.9B 
-26.9 
33.9B 

34.2 
27.2A 
27.8 
36.9A 

0.40** 
-0.9'*, 
Oil, 

-0.58** 

* or a-b significant p w 0.05 
or A-B significant p - 001 

Table 3. Number of F5 lines, percent of selected lines, mean sedimetaion 
value of F4 parental types, and F4/F5 regression.
 

Cross : no 

~combinations :F 5 

Agrotivim 1 x (Gallini 

x Lomarimprovel 1)

Agrotivim 1 x 

Lomatigal 2 
A 205 x (Gallini 

K Marimp 8)
Comaprov x 

Marimpropas 1
 

lines 


56 


27 


6 

27 


Libellula x Bezostaja 1 21 

Bezostaja 1 x 12 

Lomarimprovel 1
 
Propasmar 2 x (Bezos- 8 

taja 1 x Colubenmar 12)
 

* or a-b significant p - 0.05 
** or A-B significant p - 001 

Mean sedimentation
 
: % . value F4 parents 

:selected :discarded :selected :Retrission 
: lines : 

23.2 


66.7 


100 


22.2 


42.8 

41.7 


50 


in F5 in F5 4 

23.0 24.5 0.63** 

25.8 27.2 0 21* 

34.1 34.1 .002 

38.0 38.3 0.14"-

lJ31.7 33. 1.01** 
23.7b 34.3a 0.63** 

28.5 36.3 -0.90** 



- 423 

EFFE.OTS, OF GENETIC -ENVIRONMENT INTERACTION ON,, DIFFERENT, 
TESTS FOR BREAD MAKING QUALITY EVALUATION
 

B.,Borghi,!A. Testoni, M. Cattaneo,-and M. Corbellini,
 

Italy
 

Introduction
 

Breeding for bread making quality has become important in Italy for two reasons:
 
1) the difficulties of finding quality wheats to blend with the national produc
tion; and 2) the progressive increase of new semi-dwarf varieties, high yielding
 
but of poor quality. Such varieties, favoured by farmers, create problems for
 
the milling industry.
 

The aspects discussed in the present work are: 1) comparison between different
 
quality tests applicable in early generations of selection; 2) correlation be

: tween different tests; 3) genetic and genetic-environmental interaction effects 
on quality; and 4) bread making quality of the varieties cultivated in Italy. 

Literature in the subject is plentiful. However while a number of studies have
 
been conducted in Canada, the U.S.A., Mexico, and Australia the available inform

ation on European or Italian varieties is limited or lacking.
 

Materials and Methods
 

Experimental material was obtained from the 1972-19/3 and 1973-1974 performance
 
nurseries organized by the Experimental Institute for Cereal Research.
 

The first nursery was established at four locations in the Po Valley; 33 entries,
 
cultivated varieties or promising lines, were included. At each location, grain
 

yield, test weight, 7.of shrivelled caryopsis, and 1000-kernel weight were
 

determined.
 

The following quality measurements were obtained on two of the six replications:
 

Pelshenke index (min), sedimentation values (ml.), Berliner Qo index, moist
 
gluten (7.), dry gluten (7.), Westwahl index (2 x moist gluten + 3 x Berliner Qo
 

index), kernel ash content (7.), and total protein (7).
 

The variance analysis and expectations of mean squares are shown in Table 1.
 

When replicated determinations for the same sample were available, repeatabili

ties were estimated, as suggested by de la Roche and Fowler (1975). Simple
 

correlations between tested characteristics, both within locations and for the
 

average of all locations, were calculated.
 

In the second performance nursery the 25 most popular Italian varieties were grown
 

in replicated plots at 14 locations distributed in the important Italian wheat

growing areas. Agronomic results of these trials have been published recently
 

(Borghi et al., 1975). In this paper we discuss the characters'total grain yield,
 

Pelshenke index, sedimentation value and protein content, only in relation to
 

their phenotypic expression and stability. For this purpose, the stability index
 

of Eberhart and Russel (1966), namely the regression of each variety on the mean
 

value of each location and the deviation from the regression line of each character,
 

were calculated.
 

Experimental Institute for Cereal Research. S. Angelo Lodigiano.
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Table 1. Analyses of variance and expectations of mean squares.
 

Source of Degrees of
 
variation freedom Expeted mean squares
 

2
Cultivars (c) c-I a2 +ra + rLC 2 

2 2

Locations (1) 1-1 a2 + r a + rc a


E LC L 
C2 + 2

C x L '(1-1) (c-i) ra 

2
'Error (r-l)-cl EEa

Results and Discussion
 

Table 2 shows the agronomic and quality characters of 10 representative cultivars
 
grown in 1973 at 4 locations in Northern Italy.
 

Productivity on the average, was high, even if the line IBO 40-618 gave only
 
a yield equal to that of S. Pastore the most productive variety included in
 
the trial. The qualitative characteristics varied greatly. IBO 40-618 revealed
 
very high qualitative values whereas varieties such as Funo and S. Pastore were
 
clearLy poor. Protein content varied between 12.7 and 16 percent.
 

Table 3 gives the variance components and heritability. With the exception of 
percentage of shrivelled seeds, highly significat differences between varieties 
and locations with regard to all the characters considered were revealed by the
 
analysis of variance. The experiment included qualitative tests on two repli
cations for each location, and so it was possible to compare the environmental
 
effects due to variety-location interaction with those within the locations. 
Genotype-environment interactions were statistically highly significant with
 
regard to the following characters: sedimentation valuv., Berliner Qo irdex, ash
 
content, test weight, yield, 1000-seed weight and percent of shrivelled seeds.
 
However, the genotype-environment interactions, while significant, were small 
with regard to the following characters: 1000-seed weight, Pelshenke index, 
Berliner Qo index, dry gluten. The Berliner Qo index gives the highest herit
ability estimate. This could be due to the fact that this index refers to the 
quality of the gluten, irrespective of the quantity. The Pelshenke index also 
was highly heritable. This last index depends on both gluten quality and quantity.
Nevertheless, it revealed a close correlation with the Berliner Qo index. Sedi
mentation value was affected by genotype-environment interaction. In spite of 
this, the value of h2 was rather high due to the reduced value of the variance
 
within locations.
 

The effect of genotype-environment interaction maximizes total yield and percent
age of shrivelled seeds. With regard to ash content, this interaction hides almost 
completely the genetic differences. 

Repeatability coefficients were high for Pelshenke (R - 0.7) and Zeleny (R - 0.89)
indices. Baker and Campbell (1971) and de la Roche and Fowler (1975) obtained for 
the sedimentation test R values slightly higher than ours. 



Table 2. Mean values over 4 locations of 12 agronomic and quality characters in 10 selected cultivars.
 

7 1000 Pel- Sedimen- Ber- 7.
 
Kernels Pro-
Cultivars Grain Caryopsis kernels shenke tation liner %. Wert-


"
 
yield shrivel- weight weight index value Qo Dry Moist zahl ash tein 

q/ha ling kg/ha g min cc index gluten gluten index content 7. 

30 18.5 13.3 8.3 28.2 96.2 2.06 13.0
Agromarib 5 54.3 15.3 79.5 40.0 

40 26.5 10.3 10.6 36.9 104.7 2.02 13.9
Argegal 5 53.7 7.2 81.0 37.9 


31.2 110.9 2.04 12.8
Bezorarimp 1 54.6 13.6 79.5 41.2 64 31.2 16.2 9.2 


52.8 24 16.0 4.8 10.2 32.8 80.0 2.02 14.1
Florenfu 3 52.8 13.7 78.3 

80.9 50.1 78 40.9 19.0 10.6 36.0 129.2 2.07 13.1
Glutinoso c1.7 10.5 

81.4 58.1 64 40.0 12.6 12.3 42.5 122.7 2.13 15.9
IBO 40/618 55.1 12.6 


11.2 79.7 42.4 18 15.5 5.5 10.6 35.7 87.9 2.09 13.9
Funo 52.3 

9.8 10.5 35.0 99.6 1.89 14.5
Mara 46.5 9.7 79.1 36.6 36 22.1 


7.9 79.7 43.4 19 12.5 5.5 9.9 34.3 83.5 1.99 12.9
S. Pastore 55.0 

45.2 7.8 78.6 37.0 57 27.9 14.7 10.2 34.0 112.0 2.28 14.6
Marzotto 


* Only 2 locations 

Table 3. Estimates of the components of variance and heritability.
 

Caryopsis 1000 Pel- Sedimen- Berliner Kernels
 
ash
Item Grain shrivel- Test Kernels shenke tation index Moist Dry 


yield ling weight weight index value Qo gluten gluten content
 

02 
 110.81 0.1040 0.206 5.177 231.92 38.14 19.02 12.80 0.830 35.87

C 

662.70 0.0006 0.856 0.943 18.67 7.37 1.42 10.88 0.667 148.76
C2L 


2 	 72.73 0.8800 0.068 0.469 18.68 16.79 2.12 . 0.58 0.090 376.10
 
L xC
 

C2 E 317.00 5.9800 0.542- 2.072 95.66 8.94 2.66 .. .22 0.781: l77, 0 

C 0.22 0.13 0.25- 0.67: - 0.67 0.60 0.80 0.62 0.49 0.06 

h = 
a2 + a + 2
 
C E
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Table 4 shows the correlation between the 10 characters considered. Only the 
correlation data of dry gluten are given in the Table because dry gluten and
 
moist gluten revealed a close correlation (r - 0.96). The 	percentage of shrivel
led seeds revealed no correlation with any of the other indices and has been
 

omitted. Yield was negatively correlated with percentage of gluten. It has
 

a fairly high, though not significant, negative correlation with protein content.
 

This confirms the negative correlation generally observed by other Authors be

tween yield and protein content (Clark, 1926; Davis et al., 1961; Stuber et al., 
1962; Kaufmann et al., 1969). The weight at some locations showed a positive
 

correlation with yield and particularly with qualitative indices reflecting
 

gluten content. The Pelshenke index shows a strong positive correlation with 
sedimentation value (as already pointed out for the Italian varieties by Kokeny,
 
1959), wi~h the Berliner Qo, and with the Wertzahl index. The Pelshenke index 
on the contrary does not reveal correlation with gluten quantity and protein
 
content. Similar results were observed by Lovato and Amaducci (1965): the r value
 

ranged in their different trials between - 0.405 and - 0.692. The negative cor

relation of the Berliner Qo index with 1000-seed weight is difficult to inter

pret. In our material it would seem that the large-seeded varieties have poor
 

quality gluten. Alternatively this correlation may result from the positive
 

correlation between 1000-seed weight and gluten percentage and the negative
 
correlation between gluten percentage and gluten quality measured by the Berliner
 

Qo index. The Zeleny index in addition to being correlated with the Pelshenke
 

and Berliner Qo indices, is also correlated with gluten quantity, the Wertzahl
 

index, and protein content. Correlation between sedimentation value and protein
 
content has been frequently reported (Lebsocket al., 1964; Harris and Sibbit,
 

1956; Bushuk et al., 1969; Zeleny et al., 1960; Kaufmann et al., 1969; Fowler 
and de la Roche, 1975.
 

The Wertzahl index reveals a highly significant (r = 0.91) 	correlation with the
 
index correlates more
Pelshenke index and with the Zeleny index. Moreover, this 


closely with the indices of Pelshenke and Zeleny than with dry gluten content and 
the Berliner Qo index. This result may possibly be explained by considering that
 

the Wertzahl index combines the quality determination of the Berliner Qo index
 

with gluten content; this providing a complete parameter similar to the Zeleny
 

and Pelshenke indices.
 

Figures 1-4 give the stability relationships for yield, protein content, Pelshenke 
index and scuimentation value of 15 selected varieties grown at 14 locations in 
1973-1974.
 

Yield - (Fig. I) The three best ;zrieties, Flavio, Demar 4 and Flaminio have a 

b coefficient greater than i. That is to say, they can provide the highest yields
 
revealin environments more favourable to cultivation. A peculiar behaviour was 


ed by Marco, a variety with an intermediate mean value but the highest regression
 
Such a variety is known for its high yielding potential,
coefficient (b = 1.18). 


which can be realized, in absence of lodging, in the most favourable environmental
 
conditions.
 

Protein content - (Fig. 2) Marzotto with a protein content of 14.05% and a regres

sion coefficient close to 1, is the variety with the highest protein content in 

all environments. All other varieties showed lower and not distinguishable values. 
The stability indices were quite different each from the other: some varieties, 

least favourablesuch as Curzio and Irnerio, provided the best results in the 
conditions (b4 0.80). Others, such as Mara, Farnese and Livio, provided the high

est protein content in the best cultivation conditions (b > 1.25). 



Table 4. Correlations between the various pairs of 10 measurements.
 

1000 Pel- Sedimen- Berliner 7 Wert-Locations Trait Test kernels shenke tation Qo 
. %. 

Dry zahl Ash Protein
 
weight weight index value index gluten index 
 content content
 

S. Angelo 0.50** 0.06 0.20 -0.05 0.31 -0.32 
 0.10 -0.22 --
Piacenza Grain 0.43* 0.20 
 0.22 0.24 0.31 -0.33 0.10 0.34 --

Badia P. yield 0.16 0.30 -0.08 
 -0.37* 0.03 -0.35* -0.25 -0.31 -0.22 
Montagnana - 0.28 '.0.26 '-0.12 -0.22 .- O. . -'05-0.24 -:0.22 -0.25 :0.3I
........

Mean 0.28 0.26 
 0.08 -0.11 0.15 -0.41* -0.09 -0.25 -0.31
 

S. AngelQ 0.13 0.15 0.09 
 0.07 0.06 0.17 -0.29 -

Piacenza Test -0.04 0.37* 0.28 0.30 0.18 
 0.40* 0.22 -
Badia P. weight 0.21 0.29 0.37* 0.11 0.37** 0.31 -0.20 0.23
 
Montagnana 0.30 0.06 0.14 
 0.03 0.26 0.24 -0.48** 0.25
 
Mean 0.17 0.26 0.29 0.16 0.27 
 0.36* -0.28 0;28
 

S. Angelo 0.03 
 0.12 -0.42* 0.44* -0.20 -0.02
 
Piacenza 1000 -0.14 0.17 -0.25 0.13 -0.04 -0.13 .
 
Badia P. Kernels 
 0.05 0.13 -0.38* 0.30 -0.26 -0.13 0.11

Montagnana weight -0.05 
 0.07 -0.44* 0.51** -0.23 -0.06 0.36*

Mean 
 -0.05 0.15 -0.39* 0.43* -0.17 -0.12 0.28,
 

S. Angelo 
 0.80** 0.76** 0.01 0.84** 0.20 -
Piacenza Pel-
 0.72** 0.80** 0.28 0.82** 
 0.03 -
Badia P. shenke 0.70** 0.73** 0.20 0.77** 0.11 0.08

Montagnana index 
 0.83** 0.75** 0.03 0.86** 0.20 0.16

Mean 0.82** 0.83** 0.12 0.91** 0.14 0.13'
 

S. Angelo 
 0.54** 0.26 0.77** 0.25
 
Piacenza Sedimen-
 0.61** 0.32 0.80** 0.19 --
Badia P. tation 0.46** 0.59** 0.79* 0.22 0.38*,

Montagnana value 
 0.50** 0.33 0.79** 
 0.21 0.44*
Mean 
 0.56** 0.38* 0.W83* -0.23 .. _0
 



Table 4 con't. 

Locations Trait Test 
weight 

1000 
kernels 
weight 

Pel-
shenke 
index 

Sedimen-
tation 
value 

Berliner 
Qo 

index 

% 
Dry 
gluten 

Wert-
zahl 
index 

% 
Ash 

content 

% 
Protein 
content 

S. Angelo 
Piacenza 
Badia P. 
Montagnana 
Mean 

Berliner 
Qo 

index 

-0.42* 
-0.16 
-0.13 
-0.48** 
-0.32 

0.81** 
0.73** 
0.85** 
0.85** 
0.83** 

0.18 
0.21 
0.03 
0.05 
0.21 

-
-0.11 
-0.18 
-0.17 

S. Angelo 
Piacenza 
Badia P. 
Montagnana 
Mean 

% 
Dry 
gluten 

0.16 
0.47** 
0.34 
0.03 
0.24 

0.16 
-0.29 
0.07 
0.12 
0.04 

-

-

0.73** 
0.72** 
0.83** 

S. Angelo 
Piacenza 
Badia P. 
Montagnana 
Mean 

Wertzahl 
index 

0.31 
0.01
0.11 

0.11 
0.24 

-0.21 

0.24 
0.24 

S. Angelo 
Piacenza 
Badia P. 
Montagnana 
Mean 

% 
Ash 
content 

0.37* 
0.13 
' -n 
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..Pelshenke index  (Fig. 3) The best group includes varieties with different

qualitative characteristics: Irnerio is characterized by low gluten content,
while Jacometti 49 and Lucera have medium protein content and a high sedimenta
tion value. 
 The Pelshenke index provides a homogeneous grouping only of the

varieties similar to S. Pastore; that is, those with decidedly poor qualitative

characteristics.
 

Sedimentation value - (Fig. 4) The Zeleny test seems to be the most suitable
 
test for a qualitative characterization of the Italian varieties. 
 The varieties

included in the first group of Fig. 4 correspond, with the exception of Irnerio,
to those considered suitable for direct bread making by millers. 
The second
 group includes most of the varieties suitable for bread making if variable

quantities of hard wheat are added. 
 The varieties in the last group are 
con
sidered of poor value in bread making.
 

Summary
 

Some aspects related to qualitative tests 
for bread making evaluation are dis
cussed. 
 It is shown that genotype environment interactions were present in all
the studied qualitj tests. 
 However, high heritability has been formed for
Pelshenke index (h - 0.67), sedimentation value (0.60) and Berliner Qo index
(0.80). A close positive correlation exists between Pelshenke index, sedimentation value, Berliner Qo index and Wertzahl index. 
The Zeleny test seems to
be the most suitable for a quantitative characterization of the Italian varieties.
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Figure 1. The relation of yield and stability of 15 selected varieties grown at 
14 locations in 1973-74. Varieties indicated with + or - have a b term res
pectively higher or lower than 1 (p- 0.05). The horizontal lines correspond 
to 10 above and below the grand mean. 

Figure 2. The relation of protein content and stability of 15 selected varieties
 
grown at 14 locations in 1973-74. Varieties indicated with + or - have the b
 
term respectively higher or lower than 1 (p - 0.05). The horizontal lines
 
correspond to la above and below the grand mean.
 

Figure 3. The relation of Pelshenke index and stability of 15 selected varieties
 
grown in 14 locations in 1973-74. Varieties indicated with + or - have the
 
b term respectively higher or lower than 1 (p - 0.05). The horizontal lines
 
correspond to l above and below the grand mean.
 

Figure 4. The relation of sedimentation value and stability of 15 selected 
varieties grown in 14 locations in 1973-74. Varieties indicated with + or 
hava the b term respectively higher or lower than 1 (p - 0.05). The hori
zontal lines correspond to 1a above and below the grand mean. 
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-'PIDEMIOLOGYOF WHEAT RUST IN EUROPE 

Vianja Spehar
 
Yugoslavia
 

Introduction
 

Of all the diseases of wheat in Europe the following wheat rusts are consider
ed as the most dangerous: stem rust (Puccinia graminis f. sp. tritici Pers.
 
Eriks. and Henn.) yellow rust (Puccinia striiformis West, and leaf rust (Puccina
 
recondite Rot. Ex. Desm.).
 

Wheat originated in West Asia and the Mediterranean territory around the Aegean

Sea from where it spread into Europe in the 12th century. Wheat rusts were
 
known from ancient times, even before the Greeks and Romans. However, the 
various species of rust were not distinguished until the 19th century and were
 
considered as a single disease (Chester 1946).
 

Stem Rust 

Stem rust appears occasionally but the attacks are epidemic. P. graminis tritici 
is a heteroecious rust and the intermediate host are the Berberis sp. of which 
B. vulgaris is the most important. This specie was spread to Europe from Asia
 
900 years ago. In France the planting of Berberis, was already forbidden in
 
1660 because in its surroundings the attack of rust on wheat was more intensive.
 
In Denmark there was a long-lasting struggle (1800-1903) over the eradication
 
of Berberis until finally, the Barberry law of 1903 was passed. While in the
 
North-west part of Europe (W. Germany, Holland and Denmark) Berberis is eradi
cated or very rare (Hassebrauk 1967), in Italy, Greece and Yugoslavia it plays
 
a significant role in the epidemiology of stem rust (Giornale Romene, 1963).
 
This is the case in Bavaria too (Hoser, 1961).
 

The life cycle, i.e. the stem rust manintenance from year to year, depends
mostly on the geographical position and on the climatic conditions of the 
territory concerned. In the USA, in the Northern hemisphere (380-500 no. lat.),
 
stem rust does not overwinter in the uredo stage, and the initial inoculum is
 
the aecidium stage (Stakman, 1968).
 

In the North European zone P. graminis overwinters in the form of teleutospare

and the primary inoculum is the aecidium of Berberis or the uredo spores which
 
are transmitted from the South by wind (Hasscbrauk, 1967).
 

In Europe it is aacertained that stem rust spreads over long distances through
the "West European Tract', which iniginates in North-West Africa (Morocco) and
 
reaches as far as Great Britain; and through the "East European Tract", from 
the Balkans to Scandinavia (Zadoks, 1965). Further on, according to the hy
pothesisof Santiago (1962, 1968), in autumn the wind transmits uredo spores 
vice versa, from the North of Europe to the South of West Europe.
 

The Middle European territory (370-500 no. lat.) is orographically unequal and 
t9 climate is variable. High mountains: - Alps, Durmitor, Dinarian mountains, 
ara mountains and Rodopean forests with altitudes trom 1500 to 3000 m., are a 

protective barrier between the Mediterranean and Continental parts. Situated 
in the north of the Panonia lowland are the Carpates, Tatres and Shumava. These 

Institute for Plant Breeding and Plant Production - Zagreb.
 



S- 436 

mountains form microclimates with endemic centers of stem rust with a heteroe
cious life cycle (Q. araminis tritici) in the continental part of Europe. It
 

should be ascertained, that the eradication of Berberis in Central Europe,
 
except in Switzerland, is neglected. In North Italy Berberis is pread on the
 

slopes of the Alps between Brenner and Trento and from there it is tranmitted
 
by the river valleys to the Adriatic Sea. Along the coast, between Trieste
 
and Venice (Lignano), Berberis is very near the fields of wheat. In Austria
 
Berberis is spread in the mountains but also in the valleys (Tyrol and Steier
mark). In Czechoslovakia Berberis can be found on the hillsides of upper
 
Shumava, (Chech Krumlov). In Hungary it is rare, but it can be found in the
 
Bakonjian territory beside Lake Balaton. In Yugoslavia Berberis is over-spread
 
in the West part (Croatia and Slovenia) in the valleys of rivers Sava, Kupa and
 

In Romania Berberis is spread on the hillsides of the Carpates (Bucuresti,
Drava. 

Ploesti and Cluj regions).
 

We have ascertained the importance of Berberis in Middle Europe in the aecidium
 

isolation because a very high percentage of P. graminis tritici was obtained,
 

as well as the importance of the location of Berberis and its distance from
 
wheat fields. The epidemic rust attack depends on climatic fnctors after the
 

cluster cups appear. Because of weather conditions in 19b, 1970, and 1971 al
though there were abundant cluster cups on Berberis in West Yugoslavia, there
 
was only a mild attack of stem rust. The stem rust centers remained blocked
 
very near Berberis shrubs on grass or on wheat. Sometime in the locations,
 
endemic centers develop new virulent races of stem rust (1pehar, 1973).
 

We ascertaincd the early appearance of cluster cups (during the wheat vegeta
tion stage, boot stage, or even earlier), and the maintenance of the aecidium 
during a pe~iiiod of 71 days. This shows the important role of Berberis as the 
initial inoculum of stem rust in this part of Europe. In the Continental part
 
the stem rust of wheat oversummers on volunteer wheat and on spontaneous grasses.
 
In the Mediterranean area a far greater importance in the maintenance of stem
 
rust during the summer are the spontaneous grasses, because, after the harvest,
 
droughts are frequent and late stem rust appears on volunteer wheat. The Uredo
 
stage is maintained during the whole autumn until low temperatures and frost
 
begin in the Continental area.
 

In the Mediterranean region the overwintering of uredo stages on volunteer wheat
 
and grasses very often was ascertained, while in the Continental Kegion we as
certained only once (1971) the overwintering on volunteer wheat (9pehar, 1973).
 

In Yugoslavia it is a customary to sow wheat after corn. Sometimes it germinates
 
late in autumn, when even the first snow talls. In early spring, at the be
gining of April the tields are being plowed and prepared for the sowing of corn.
 
So, in the Continental part ot Yugoslavia, the primary inoculum, trom the over
wintered uredo stage, is lessened.
 

By studying the physiologic races of stem rust, we stated that, in Middle and
 
Central Europe, races 21, 14, 17 and 34 dominate, and that there is a great
 
similarity between the race populations of Yugoslavia, Middle and Central Europe,
 
Africa and the Near East. However, the fact that endemic centers exist in
 
North Italy, Austria, Yugoslavia and Romania, presents great danger for the
 
appearance of new physiologic races of wheat stem rust.
 



,Yellow Rust 

Yellow rust is an autoecious rust and it originates from the North-West of
 

Europe. 

Netherlands and Belgium are the endemic center of yellow rust which spreads
 
into neighboring countries. There is another center of yellow rust in Switzer
land, and a third one in the South of Spain and Portugal. It is certain that
 
these centers do not depend on one another because each one has its own 
specific races, (Zadoks 1961). In Holland and Switzerland there is an epidemic
 
of yellow rust every year, causing great damage. In France and in Belgium the
 
epidemics are mild, while in England and Denmark they are usually harmless.
 
The intensity of the attack is conditioned by the susceptibility of the wheat
 
varieties, but, if a new virulent race appears it may be expected that a whole
 
year or even two years will pass from the appearance of the first pustule to
 
an epidemic except that favorable weather conditions and intensive cultivation
 
of some wheat sorts are necessary. Accordingly, if resistant wheat has spread,
 
it might be expected that after some time it will react as susceptible (Zadoks,
 
1968).
 

Yellow rust overwinters in the form of uredomyceliums on the remainder of the
 
primary leaf of winter wheat or on volunteer wheat, or it is maintained on
 
Agropyron sp.
 

In early spring the uredomycelium sporulates and the uredospores transmit the
 
disease. It is certain that the transmission of the yellow rust disease is more 
often from short and not long distances. 

On the basis of the International Yellow Rust Trials and identifications of
 
races it is established that races spread over distances of 800 km in the
 
North-West part of Europe. However, it is not known whether the inoculation
 
was spread during the epidemic in 1956 and 1957 or before 1955 (Zadoks 1961).
 

The transmission of spores over long distances (over 1000 kin) was established 
in India and in the USA. According to observations in Yugoslavia yellow rust 
was for the first time established in Zagreb-Botinec experimental fields in 
1959. Aserious attack of yellow rust was observed on new Institute lines ob
tained by crossing our native wheats with Italian varieties (Fiorello and Loro). 
The same year in Croatia there was a yellow rust attack in Podravina where the 
following Italian sorts began to spread since 1958: Abbondanza, Leane, Produt
tore, Autonomia, Fortunato, Mara, .'unoto and S. Pastore. All of these sorts 
were severely attacked. It has to be pointed out that in 1959 the weather 
conditions for the appearance of yeli;..w rust were favorable. In 1960 the appear
ance of yellow rust was established otly in traces in Botinec, while in the area 
around Osijek it was also noticed on the Italian varieties. In 1961 there was 
another severe attack in Botinec on the now lines of the Institute, and for the 
first time we established an attack of yellow rust in the Yellow Rust Trial 
(Persian varieties). In 1962 and 1963 yellow rust did not appear in Botinec 
due to a very hot and dry June with unfavorable weather conditions. By deter
mining races Dr. E. Fuchs established the appearance of races 2A, found only 
in Yugoslavia, and 2/55, which is spread throughout all of Europe, 4ncluding the 
neighboring countries of Yugoslavia, Austria, Italy, and Bulgaria (Spehar 1964). 
For that period it was characteristic that yellow ruit appeared more often on 
the new lines of the Institute and rather rarely in the Yellow Rust Trial (Spehar 
1964). 
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According to information given by cooperators of the yellow rust trial, the
 
occurrence of P. striiformis was different in the period 1969-1971 in European

countries (Stubbs, Fuchs, Vecht and Basset, 1974). 
 In the Netherlands, yellow

rust was absent because resistant varieties were grown. In Belgium, Spain,

Portugal and Switzerland yellow rust appeared and was widely spread in 1969.
 
In Norway, Sweden, and Denmark in 1969-1970 it was absent or only slightly

present. In England new races of yellow rust attacked commercial varieties,
especially in 1971. In Rumania wheat fields were not infected with yellow
rust. Severe infection on the commercial wheat G-38290 occurredin Greece in 
1969-1971.
 

Based on these data, it has been noticed that Yellow rust moves from the North

of Europe, where it is common, toward the South of Europe where it
was unknown
 
in earlier years.
 

Leaf Rust
 

Puccinia rubigo vera appears in Yugoslavia every ycar, the intensity of the
 
attack varying little. The damage is less when compared with the damage caused
 
by the black rust of wheat, but constant (Kitpati" 1968).
 

Puccinia rubigo vera is a heteroecious rust. The intermediate hosts are
 
Thalictrum sp. and Isopyrum fumaroides. While in Central Europe aecidiums can
not be found, in Yugoslavia Jsifovic in 1939 found the aecidiums on T. glancum

in the surroundings of Belgrade. In Portugal D'Oliveira (1940) found aecidiums
 
of leaf rust on T. minus, and in Italy Sibilia (1960) managed to inoculate with

aecidiums T. foetidum and found a number of races of leaf rust. 
According to
 
the data from Savulescu in Romania on Thalictrum sp. very frequently t!tLre
 
appear aecidium generations. In Croatia the aecidium form of leaf rust has not
 
been found (Ki'pati 1968).
 

Based on the research of Bolkovic'-Kostic' (1966) in the territory of Serbia,

out of the three varieties of Thalictrum sp. (T. aguilegifolium, T. flavum and
 
T. minus), only on T. minus in the field was artificial inoculation successful.
 
We got the aecidiums of leaf rust, with which wheat was inoculated and physio
logic races of P. recondita tritici were determined. The authors consider that
 
Thalictrum sp., disregarding the intensity of aecidium appearance, have great

importance bezause of the possibility of appearance of a new virulent races of
 
leaf rust in Yugoslavia.
 

However, it is generally considered that Thalictrum sp. have no greater itnpor
tanaLn Europe because leaf rust is maincained in uredo generations. In Siberia
 
there is another intermediate host Isopurum fumaroides and it is of great im
portance, as 
is Berberis for the stem rust of wheat in Yugoslavia (Kispati"

1968), because of the intensive appearance of aecidium. Zadoks (1968) considers
 
P. recondita an autoecious rust in Holland and heteroecious in Portugal.

Gassner found that leaf rust overwinters in uredomyceliums in the leaves of
 
wheat.
 

Considering its tolerance to temperatures, leaf rust overwinters in all areas
 
that have moderate temperatures, while stem rust cannot. 
 In areas where only

spring wheat is sown, leaf rust overwinters on spontaneous grasses.
 

The maintenance of uredo spores during the summer is 
on volunteer wheat and on
 
spontaneous grasses. In autumn, when wheat is sown, uredo spores infect young
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plants and then uredomycelium overwinters. In Yugoslavia the uredo sorus
 
develops already in autumn and uredo spores are the 
vources of infection while
 
the snow and low temperatures stop further development of leaf rust of wheat.
 

In very warm areas leaf rust cannot survive because of high temperatures so
 
the wind spreads the uredo spores from the mountains into the valleys. Leaf
 
rust is carried by wind from North Africa for a distance of 600 km over the
 
Mediterrenean Sea to South France.
 

Leaf rust attacks the following spontaneous -grasses: Bromus sterilis, Cynosorus

echinatus and Hordeum murinum (Sibilia, Basile, Boskovic, 1963).
 

Starting from 1965, the European Wheat Leaf Rust Project was set up in coopera
tion with other European countries and Yugoslavia. In the European countries
 
the results from 1965 and 1966 show similarities in the group of races in their

frequency. This seems 
to show that there is an exchange of inoculums within
 
the countries (Boskovic 1968),.
 

Conclus ion
 

In Europe there is intensive research of wheat rust these days based on inter
national cooperation. 
Yellow rust research is centered in Wageningen and in
 
Braunschweig, leaf rust in Novi Sad and black wheat rust in Elvas for the West
 
of Europe, and in Zagreb and Kragujevac for Central and Middle Europe. After
 
the conterence on wheat rust held in Portugal in 1968 and in Prague in 1972,

based on the conclusions drawn on that occasion, in these centers there is
an
 
effort to 
identify factors through the further research of epidemiology which
 
cause the appearance of virulent races. This is necessary in order to make
 
possible a safer selection of new resistant lines of wheat for as wide a ter
ritory as possible and for as long a resistance period as possible. The best
 
proof for this is the following example: the problem of black wheat rust 
in
 
Italy has been slowed by selecting wheat which ripens early. However, the
 
Italian sorts which have been spreading into Yugoslavia since 1958 and which
 
have in the beginning avoided the disease are nowadays very susceptible to
 
black stem rust.
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BREEDING FOR SEPTORIA NODORUM TOLERANCE
 
(SEPTORIA NODORUM BERK.) IN WHEAT
 

A. BrSnniann
 
Switzerland 

Farmers and wheat breeders are concerned in many places about yield losses due
 
to the occurrence of Septoria nodorum. Reports about yield losses are available
 
from several countries (see Shipton et al. 1971). The disease damages wheat
 
mainly in humid wheat growing areas. In recent years the fungus was shown to
 
cause yield losses also under dry land conditions if specific circumstances pre
vail. In the State of Montana (USA), for example, Septoria nodorum occurred
 
after the introduction of the cultivar Fortuna. This cultivar was recognized
 
afterwards to be highly susceptible and, as the result of experiments showed,
 
two hours of dew were sufficient to induce abundant infection on it (Br~nnimann 
et al. 1972). Due to the rather high altitude of this area, low temperatures
 
at night with dew formation in the summer occur rather frequently even though
 
the rainfall is low.
 

Two reasons may account for the increasing interest in this disease: First of all
 
the disease is better known today than some years ago, so it is recognized more
 
frequently. The second reason is probably a real increase in occurrence of the
 
disease. The introduction of nigh yielding but mainly dwarf varieties has favour
ed disease development, because short varieties are normally more susceptible
 
than corresponding tall ones (Br6nnimann 1969b, et al. 1973).
 

Symptoms of the Disease
 

The mst typical symptom is infection of the head, hence the common name "glume 
blotcLI". Often underestimated is the importance of infection of the leaves.
 
Infection of the nodes causes breaking of the stems, mijinly when harvest is late.
 
Furthermore, Septoria nodorum is also a seedling disease.
 

As in many other countries Septoria nodorum is a permanent problem in Switzerland. 
Efforts have therefore been made to breed resistant or tolerant wheat varieties.
 
The prerequisite for such a breeding programme is a buitable, selection method.
 
Knowledges about the biology, genetics and physiology of both the parasite and
 
the wheat are important.
 

The Parasite 

Septoria nodorum is the imperfect stage of the ascomycete Leptosphaeria nodorum.
 
The imperfect stage is of principal importance for the propagation of the parasite. 
Ascospores can be found only rather beldom. In contrast to the rust fungy
 
physiological races with specific genes for virulence have not yet beeni fuUd, 
but differences in sporulation ability occur (Brbgnirnan 1,)6db). The pnrabite ib 
able to survive on crop residues (Scharen 1966). Thib ziaprophytic phnstr it im
portant from the epidemiological point of view. Sptoria nodorJm it, also a Iced 
borne disease which allows dispersal over great distances. In the field the 
parasite is distributed from the source of i~ticulumr by cunidiobooreb carried in
 
rain splash. Dispersal in the field Is therefore limited to short distanceb.
 

Swiss Federal Research Station, Zurich
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The Host
 

The damage on wheat is primarily a result of the destruction of assimilating

tissue. As a consequence the assimilation process is disturbed (Scharen et
 
al. 1968). The most susceptible organs are the head and the flag leaf
 
(Brnnimann 1969a). The attack of the lower leaves, however, seems to be of
 
secondary direct importance. Diseased lower leaves are of course important from
 
the point of view of propagation of the parasite. The most susceptible growth
 
stage of wheat is the period of heading and flowering (Br6nnimann 1968a). The
 
thousand-kernel weight is the main yield component to be reduced by Septoria
 
nodorum; as a consequence the average yield per head is also decreased. The
 
number of kernels per head, however, is influenced to a less severe degree. Up
 
to now no varieties with suitable resistance could be detected but differences 
in tolerance are known. The tolerance of wheat towards Septoria nodorum is in
herited mainly additively and polygenically (Br6nnimann 1975). As already men
tioned there is an association between tolerance and plant height.
 

The following procedure is used as a selection method for practical breeding

work: For the production of inoculum Septoria nodorum is cultivated on sterile
 
wheat kernels for at least three to four months (method: see Brbnnimann 1968a).
 
From these cultures conidiospores of the fungus are harvested and a spore sus
pension is used for inoculation. Wheat lines or varieties are planted in the
 
field in two parts, one to be inoculated and one as an uninfected control. Guard 
rows of oats are used between the infected plots and the control. The inocula
tion is made after heading (spore concentration about 106 - 107 spores per ml).
An estimation of attack of both the head and the flag leaf is made at the milk 
stage, mainly as a measure of success of infection. Estimation of attack cannot
 
be used as a criterion for selection, because of its low correlation with the 
damage. The judgements of tolerance are made after harvest by means of the rela
tive thousand-kernel weight (infection as a percentage of the control). These 
relative values are compared with the results of standard varieties, tested 
every year, in order to exclude seasonal effects. Besides its sensitive reaction 
to Septoria nodorum the thousand-kernel weight has the advantage of direct deter
mination, in contrast to other yield components. Mistakes due to breaking of the
 
heads or loss of kernels do not influence this value. Evaluation of the grain 
appearance is often sufficient. This criterion shows a good correlation with the 
thousand-kernel weight. The evaluation of the Septoria nodorum test is made by 
means of a computer programme. This programme evaluates at the same time the 
results of other disease assessmenth such as rusts or mildew. 

The programme for breeding of tolerance towards Septoria nodorum includes princi
pally three steps:
 
1. Selection of parents: From observations on nurseries, collections or breeding
 

lines, tolerant forms are chosen as parents. The tolerance of selected 
material must be confirmed in a second year's test. The plant height of such 
material has to be considered when evaluating the level of tolerance. In the 
IdWPN, some promising cultivars could be found (Table I iod Figure 1). 

2. Are for Septtoris odorum tolerance in the narrow uanue: This breeding
work can normally be done in the generations F2 to F, (Fig. 2). Since toler

ance towards vptorja nodorum is inherited mainly additively and polygenically, 
crosses of the type tolerant x uusceptible are less promising than crosses be
tween parents of tie highest possible tolersnca, belotiglng to the same plant 
height class. 
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3. Examination of the tolerance of the selected lines: 
 During the generations
 
F6 to F9 selection for yield, quality and general agronomic characters has
 
priority (Fig. 3). 
 During this period the only reason for continuing the
 
Septoria nodorum test is to maintain the tolerance achieved. Lines with
 
outstanding tolerance are 
used directly for further crossings.
 

Besides the traditional breeding procedure described, 
a method for production of
 
tolerant lines by the use 
of mutation techniques has been established (Fig. 4;
 
Brdnnimann et al 1974, Fossati et al. 1975).
 

The methods described are suitable to increase Septoria nodorum tolerance in
 
wheat. They are 
relatively laborious because artificial inoculation with the
 
parasite and yield analysis are necessary. The volui,.3 of breeding material that
 
can be handled is therefore limited. A test at the seedling stage would simplify

breeding work. Unfortunately, up to 
now no seedling test could be developed for
 
general practical use. Because of the genetics of tolerance in wheat mentioned
 
above, no spectacular progress in increasing tolerance can be expected. 
Rather,
 
the increase in tolerance is 
a matter of small steps. The polygenic inheritance
 
of tolerance has the advantage of high stability. The inheritability is relative
ly high. Values of h2 - 0.65 were found (Br6nnimann 1975). Considered thus,

breeding for tolerance towards Septoria nodorum appears quite promising. In the
 
future particular attention must be paid to increasing tolerance among dwarf
 
varieties. 
 On the other hand breeding for shortness should not be exaggerated,

because tolerance is less frequent among such forms.
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Table 1. 	IWWPN 1972-1974 Zurich, Switzerland. Tolerance of 17 cultivars towards
 
Septoria nodorum (average of 3 years).
 

Thousand-kerne i weight
 
Rank Cultivar Absolute relative *Attack of the Plant heighl
 

g (Infection as % of flag leaf head cm
 
uninfected control)
 

1 Atlas 66 34.6 73.5 7.7 6.3 119.0
 
2 Moldova 37.2 70.5 9.0 8.2 101.7
 
3 Dacia 46.8 65.3 8.7 7.7 100.3
 
4 NE701132 35.4 64.9 9.0 7.2 111.5
 

5 Blueboy 32.7 64.8 8.2 7.2 102.7
 
6 Lerma Rojo 64 31.0 64.7 8.7 8.7 92.3
 
7 Bezostaya 1 39.6 63.8 9.0 8.2 95.7
 
8 Marimp 3 29.9 63.1 8.8 7.7 85.7
 

9 Kirac bb 31.1 62.9 9.0 6.8 111.7
 
10 ZIatna dolina 29.4 62.0 8.8 9.0 75.5
 
11 Clarion 26.8 54.2 8.0 6.8 96.8
 
12 Diplomat 34.0 54.1 8.5 o.2 103.7
 

13 Zenith 27.1 53.2 8.7 6.2 98.5
 
14 Carlbo 3j.3 51.4 7.8 6.3 102.5
 
15 Hou8a4ka 31.4 51.4 9.0 9.0 77.5
 
16 Marl Nimrod 38.0 46.7 7.8 7.0 95.2
 
17 Cariten 12 24.7 46.6 9.0 7.7 71.7
 

Meall 33.) 59.6 	 8.6 7.4 96.6
 

7 -1;-hbity.
 
9 - very 1wavy attack
 

http:Triti.ju


-445-


Figure 1. Selection of parents with tolerance towards Septoria
 
nodorum. Relationship between tolerance, expressed
 
as relative thousand kernel weight (infected as percent
 
of uninfected control) and plant height.
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Figure 2. 	 Selection schem to obtain wheat lines tolerant 
towards Septoria nodorup (after Bronnimann 1974). 
Selection in the narrow sense. 

Septoria nodorum -Toleranzzuchtung
 
I.Teil: Zutchtung
 

INFEKTION 
GEN. MASSNAHME SAATMETHODE S. NODORUM ERNTEHndsat 
P Ausgangs- Einze-ko + 

kreuzung Einzelkorn 

x x x Handsaat 
xxx-

F1 Vermehrung xx x Einzelkorn 

X xXxX Seedmatic 	 Einzelthren 
x x x :T) "inzelkorn + viul

F2 Einzelpflanzen- x x visuell 
anbau x x x x 10 Korner je Im Kornausbildung 

Seedmatic 10 Ahren 
F3 A-Sttmme I Einzelreihen + visuell 

1.Linientrennung 25- 30 Korner je Im Kornausbildung 

I] I Seedmatic 	 20 Ahren 

F4 B-Stimme -K 2 Doppelreihen + visuell 
K Infektion (I) Tausendkorngew
IIKontrolle (K rel. 

Kornausbildung 

II111 'Seedmatic ganze Parzele I,K 

F5 C-StImme 2 x5 Reihen + TKG relativ 

K Inf(I), Kontr (K) Kornausbildung 
TOLERANZ
t PRUFUNG 

" Drillsast$.dot 

Fe Mono-Versuch 5m2 Parzellen 	 I'--,M., 
it W.Ode, 1,40"v3 AnbauorteTetlramsch 



- 447 -

Figure 3. Selection scheme to obtain wheat lines tolerant 
towards Septoria nodorum (after Br'nnimann 1974). 
Test of tolerance. 
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Figure 4. 	 Selection scheme to obtain mutants tolerant towards 
Septoria nodorum in wheat (after Brnntiesnn and 
Fossati 1974). 
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GENETICS OF DISEASE RESISTANCE IN EUROPEAN 
WINTER WHEAT BREEDING 

G. Fischbeck, Germany 

Studies on the inheritance of disease resistance of wheat (Biffen 1905) trace 
back to the time of rediscovery of the Mendelian laws. But systematic analysis 
of genes for disease resistance in wheat was only made possible after Sears
 
(1954) developed the technique to locate genes in the wheat genome by use of 
aneuploids. 

The syst.em of knowledge about the genetics of disease resistance developed on
 
these grounds progressed mainly with respect to resistance against obligate
 
parasites. It is based on the initiatives of North American rust workers with
 
stem and leaf rust (Ausemus et al. 1946, Knott et al. 1956, Loegering et al.
 
1966) and was started in similar ways for yellow rust by Lupton and Macer (1962)
 
and for mildew by Briggle (1966). I shall confine myself to a summary of the
 
genetics of disease resistance in European winter wheat with respect to the
 
diseases just mentioned.
 

It seems interesting to note that disease resistance in practical wheat breed
ing in Europe originally was considered to be a quantitative character, and
 
selection was practiced for lines or progenies with lower degrees of infection
 
(viz. Fruhwirth 1910). The aim to breed for absence of disease, at least with
 
respect to the prevailing races, was introduced into European wheat breeding
 
mainly by Roemer (1942) and his coworkers, following the principles developed
 
by Stakmann and Hayes in Minnesota. The University of Halle became the early
 
centre of breeding for disease resistance in Europe and disease resistance
 
it:self was looked upon predominantly as a qualitative character.
 

Quite natural under this approach "major genes" for disease resistance received
 
preference in attention. But also monosomic analysis as introduced by Sears
 
can be applied much more readily to clear cut segregations. Today we are in
creasingly aware, that "major genes" only form a part of the genetic basis
 
of disease resistance in wheat. Nevertheless the loci ascribed to these genes
 
may be considered the basic frame for a general system in understanding the
 
genetics of disease resistance in wheat.
 

In Tables 1-4 an attempt (surely incomplete) is made to summarize the present
 
knowledge on the distribution of genes for resistance to stem rust, leaf rust,
 
yellow rust and mildew in European wheat varieties.
 

Au in other cases published results from genetic analysis are very much behind
 
the actual breeding process as far as the parents of successful crosses are
 
concerned, but certainly not without meaning in the strategy for planning future
 
breeding work.
 

In step rust resistance (Table 1) up to now relatively few genes from defined
 
loci were shown to be present in European wheat varieties. Most frequent seem 
to be the presence of SrS, often based on crosses with Thatcher. Also the 
presence of Srlb and Sell may be traced back to crosses with stem rust resistant 

TechMical University of hunick, Weihenstaphan, Federal Republic of Germany. 



Table 1. Genes for stem rust resistance in European wheat varieties. 

Goe Chro.ooe- Source Vare ties 

Sr5 6D Thatcher u.a. Drauhofener Kolben, Lassers Dickkopf, Primus, Reichersber
ger Kolben, Stabil, Gernot, Farino, Rabe, Geber, Accord,

Sladkovicovo K 1004, Vrahunska, Besostaja 1, Aurora,

Kavkaz, Lovrin 10, Orlando, Predgornaya, Skorospelka, Sava 

Sr5+ (?) Adm)nter truh, Bayro, Consul, Triumpi 

? Erythrosp. 142, 953, 974, 982 
Sra 6As ? Erythrosp. 142, 953, 974, 982
 

7 ? Rieti, Frontana Mentana, Ardito, Autonomia, Mars, Argelato, Fortunato
 
(SrTb)? 
 4B (Marquis?) Fertodi 293, Halle 9H39, Heine.VII, Qualitas, Wika
 

Srll 6l (Tirstein?) Flevina 

Sr23 4 ? Etoile de Choisy, Moisson
 

Mottin, Mont Calme Elia, Ovest, Virest, Verna
 
? 
 5B/SR Riebesel and Neuzucht, S. 14/44, Avrora, Kavkaz, Lovrin 1.0, Orlando,

Subst. + Transl. Kattermann WRB Predgornaya, Skorospelka, Benno, Perseus, DLsponent, Mildress 
? Front./Ky58/Nth Victor 1 

fle8dresistance 
? ? ? Plantahofer
? 2D+5D compleentary ? Solo, Famos? 

other parents with known genes for stem rust resistance in European wheat varieties: 

Thatcher (Sr5), Srl6 Frontana (Sr8), Sr9bHope Srl, Sr2, (ARP), (Sr7b), Sr9d, Srl7 Kenya 58 Sr6, 7Marquillo Sr3, Sr4 
 Selkirk Sr6, (Sr7b), Sr9d, Sr17, (Sr23)Marquis (Sr5), (Sr7b), Srl8, Srl9, Sr20 CJ 12633 Sr9c
 
Zeferences: 
Baier et al. 19/3, Bartos 1974, Bartos et al. 1970, Bartos et al. 1973, Borojevic 1975, Dixon 1960,
Hlnsel 1975, Hoeser 1974, Lasser 1950, McIntosh 1973, Vallega and Zitelli 1964, Ze,.lcr and Fisch

beck 1974, Zitelli 1972, Zitelli and Vallega 1970a.
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Table 2. Genes for resistance to leaf rust in European wheat varieties. 

Gene Chromosome Source Varieties 

Lrl 1B; 5DL Malakoff, 21 local wheats from Russia, 

Lr2 IB, 2Da (Redcoet) 
Eryth.142 u.953, 974, NS 524, 611 (Sava) 
NS 524, 611 (Sava), 21 local wheats 
from Russia 

Lr3 6BL Hediteranean, 5 L.:cal wheats from Russia, 
Eryth.142,953,974, Mentana, Belajacerk 
198, Fertdi 293, ?4ir.264 u.808, 
Sladkovicovo K 1004, Besost.1, Rannaja 12, 
Skorosp.35, Besostaja 2, Avrora, Burgas 2, 

Lr16 4A 7 
Lovrin 13, Kavkaz 
Etoile de Choisy 

Lrl7 ? 3 local wheats from Russia 
? ? Rieti - Akagomughi - Ardito, Riccio and related derivatives 

Wilelmina Apulia, Aquila, Lucciola, Turaro 
? 
? 

? 
5B/5R 

Eat Mottin 
Neuzucht, 

Elia, Ovest, Recavest, Tudest, Virest 
Weique, Salzm^'nder 14/44, Kavkas, Avrora, 

Subst. + Transl. Kattermann WRB Lovrin 13, Burgas 2, Besostaja 2, 
Skorosp.35, Benno, Perbeus, Zorba, 
Disponent, Clement 

? 7 Flevina, Stabil, Sambo 
? 7 Tr.timopheevi Uhratice 22/IV; 22/V 

Lrt4 
? 

7BL 
7BS 

Hope, H 44 
hope (modifier) 

? 7A, 7D Modifiers 
fieldresistance 

? 	 KronprLnz, Berthold, Osser, Consul, Rubigus,
 
ProgreB, Stona, Solo, HephLsto, Medard,
 
Selpek, Findus, Famos 

other parents with known genes for leaf rust resistance in European wheat varieties:
 
Timstein LrlO Normandie Lr20
 
Frontana Lrl3 (APR) Selkirk LrlO, (Lrl6)
 

References: Bartos 1974, Bartos at &l. 1969, Borojevic 1975, Hoeser 1974, Law and 
Johnson 1967, McIntosh 1973, Vavilov Institute 1973, Zeller and Fisch
beck 1974, Zitelli and Vallega 1970b.
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Table 3. Cenes for resistance to yellow rust in European wheat varieties. 

Gene Chromosome Source 

Yrl 2A Chinese 166 

Yr2 ? Soissonais, 

Yr3a ? 
3b 
3c K3 

Yr4a ? 

4b Benoist 40 

Yr5 T.spelta album 

Yr6 Haines Kilben 

Yr7 2B Thatcher, Hope x Timstein 
(Lee) yr(7) 

Yr8 2D Ae. comosa 

5B/5R Riebesel 47/51 
Subst. Kattermann WRB 
Transl. 

? ? Karquillo? 

? Chtkmbord 

7 7 Tr.dicoccoides G 25 
fieldresistance 

Varieties
 

Taderna, Rothwell Perdix, Ibis?,
 
Sterna?, Kranich?
 

Heine VII, Merlin, Tadorna,
 
Rothwell Perdix, Cleo, Flevina,
 
Liberator
 

Capelle Desprez, Opal, Bon Femier Yr(3:
 
Hybrid 46
 
Minister, Cleo, Liberator, Orca
 

Capelle Desprez, Opal Yr(4)
 

Hybrid 46
 

Peko, Orca, Rothwell Perdix
 

Flevina
 

Compair
 

Weique, Mildress, Clement?
 
Benno?, Perseus?, Linos?, Hamlet?
 
Disponent?, Kavkaz?, Avrora?
 

Felix, Diplomat?
 

Hagdelena, Providence, Pilot
 

? 7 	 Atle, Bers~e, Vilmorin 27, Elite de leuple, Joss Cambier,
 
Browick, Squareh.Master, Maris Widgeon, '4arsNimrod
 
Yeoman, Little Jose
 

? Garnet, Ridit 	 Koga I u. 117, Fundus?
 

? ? 	 Ferto
 

? ? 	 schwedische Sorten Odin, Starke, Waldo 

References: 	 Pajersson 1974, lloeser 1974, Howard at al. 1969, Lupton and Johnson
 
1970, McIntosh 1973, Roemer 1942, Stubbe Pt al. 1974, Zeller and
 
Fischbeck 1974,
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varieties bred in North America. Based on the pedigree, quite a number of
 
other located Sr genes may occur in European wheat varieties, especially in
 
more recent varieties such as Victor I, although their presence has not been
 
proven.
 

Apparently the gene Sr8 traces back to Italian wheat populations (Reiti), aleo
 
of European descent may be Sr23 in Etoile de Choisy. Another gene for stem
 
rust resistance which is not located yet, traces back to wheat populations
 
of Mottin and Mont Calme in the mountainous region of northern Italy as shown
 
in the work of Vallega and Zitelli (1964).
 

Wide distribution of another gene or genes for stem rust resistance occurs in
 
modern wheat varieties in eastern and western Europe which trace back to sub
stitutions of Chromosome 5B by 5R by means of translocations of the short arms
 
of both chromosomes.
 

Also with leaf rust resistance (Table 2) the presence of relatively few located 
genes has been established in European wheat varieties. All of these genes

(Lr 1, 2, 3, 162) also appear in native wheats mainly from southern and eastern 
Europe; although it should be mentioned, that Borojevic (pers. communication)

used the American variety Redcoat as a parent for resistance to leaf rust and
 
mildew in the cross from which Sava originaced.
 

Some genes for leaf rust resistance showi, to be pr'asent in Italian populations
 
are not yet located. The 5B/5R substitutione by means of translocations men
tioned earlier confered in many cases additional leaf rust resistance in
 
varieties from southwestern Europe often in combination with Lr3. Nevertheless
 
some of these varieties have been attacked rather severely by a new biotype of
 
race 77 in recent years in southeastern Europe. Linkage of resistance to dif
ferent rust diseases as well as tri mildew in crosses involving the 5B/5R sub
stitution- or translocations has beei reported repeatedly.
 

In some cases leaf rust resistance was derived from timopheevi crosses. In
 
addition leaf rust resistance fram Hope (Lrl4) may be present in European wheats.
 
By means of chromosome substitution into the variety Chinese spring, Law and
 
Johnson (1967) have been able to demonstrate the effect of modifying genes from
 
all chromosomes of the homoeologous group 7 to the expression of leaf rust
 
resistance from Lr14 from Hope, one of the modifiers being located on the
 
opposite arm of the chromosome carrying Lrl4 (7BL) in Hope.
 

A considerable part of the genes for resistance to yellow rust (Table 3) traces 
back to wheats from western Europe (Yr 2, 3, 4, 6). But also the use of genes
from other sources (Yrl, Yr7) has gained practical importance in European wheat 
breeding. Moreover, the introduction of alien chromosomes (5B/5R substitutions
 
and translocations) has furnished additional yellow rust resitance. 
Some
 
sources with resistance to all known races of yellow rust are available (Yr 5
 
and others) which are not present in commercial varieties as yet. On the oth6r 
hand the use of genes from non-adapted varieties (Yrl) as well as the systematic
combinations of several major genes (Rothwell Perdix Yrl, 2, 6) in northwest 
Europe repeatedly has led to heavy backlashes. At Cambridge therefore the 
attempt is made to base yellow rust resistance in winter wheat on quantitative 
levels of field resistance mainly expressed in the adult plant stages of old 
land varieties of western Europe. Lupton and Johnson (1970) have demonstrated 
rapid breeding progress in their efforts, apparently based on rather high her
itability of field resistance as present in the land varieties used as donors.
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Mildew resistance (Table 4) in European wheatg partly is based on genes present
in stocks of European descend (Pml, Other notPW2). genes, yet located appar
ently are available partly from north European and other sources. Many of the
modern varieties carry mildew resistance derived from aestivum wheats 
 in the 
german Hindukusch-collection (DHE), tetraploid wheats (Tr. persicum, Tr.timopheevi) and rye. In this respect the Pm2 Locus on Chromosome 5DS may prove

to be more complex than it is know at present.
 

Table 4. Genes for resistance to powdery mildew in European wheat varieties.
 

Gene Chromosome Source 
 Varieties
 

Pml 7AL 
 Normandia 
 Soio (Transl.7D), Est Mottin?,
 
Jufy I?, Sv.Fylgia I?
 

Pm2 5DS 
 Normandia 
 Solo 
CJ 12633, TP 114, M. Nimrod, Huntsman, M. Templer,

Finland var., DHE var. 
 Beacon, Dave
 
Khapli, Yuma
 

Pm4 2A T.persicum (Ml, TP 229) Solo, Rang
 

Pr5 7BL Hope, H 44 
 Rothwell Perdix, Kenya Civst? 

P.6 2BL 
 CJ 12633 
 Maris var.?, Kenya Civst?
 
TP 114
 

;B/5R Salzmunder 14/44 Mildress, Weique, Benno, Perseus,
Subst. Kattermann WRB 	 Feldkrone Linos, Hamlet, Disponent

Tranal.
 

WRB Blaukorn
 

Hindukuech (Pm2 7) 	 Tadorna?, Ibis?, Kranich?,
 
Kormoran?, Kolibri?
 

7 ? 	 Redcoat (Tr.timopheevi?) Sava
 

R1 7 
 Lontoi (Finnland)
 

R2 I 	 Greecum (RuBland) 

? ? 
 Halle 8810/47 bzw. 13471
 

7 ? Punjab wheat 14 
fie ldresistance 
7 7 
 schwedische Sorten 
 Odin, Starke, Walde, Werla?,
 

Diplomat? 
References: Baier et al. 1973, Fajersson 1974, GouJon 1965, Jorgensen u.Jansen 1972,

1973, McIntosh 1973, Nover u.Lehmann 1964 u.1969, Roamer 1942, Zeller
 
u.Flchbeck 1974.
 

http:Transl.7D
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Obviously the knowledge about genes for rust and mildew resistance in European
wheats is not sufficient to explain in detail the many quantitative differences 
in disease reaction between almost all varieties in practical use as they are 
observed from variety tests in all European countries and also in the IWWPN 
trials. To all rusts and also to mildew some varieties are described to be 
"field resistant", which we cannot include in the present system of knowledge 
about located genes for disease resistance. Very seldom the resistance present
 
in these varieties has been adequately analysed. For example the field 
resistance to stem rust of the spring wheat variety Solo has been traced back 
to complementary genes on chromosome 2D and 5D (see Table 1), but was Z"odified 
by genes of at least 12 other chromosomes. 

One example of special interest offers the breeding of winter wheat in Sweden 
which conciously is based on high levels of field resistance to yellow rust 
and mildew maintained and extracted from old Swedish wheat populations (Fajers
son 1974). For example, Starke has been used as a universal susceptible variety
in analysis of mildew races present in Sweden and Denmark and at the same time 
this variety took a leading position in Swedish winter wheat production from 
1958 into the present time, without provoking heavy losses by mildew epidemics.
It also was among the varieties least infected by mildew in the lWWI'N trials. 

It may deserve more interest to follow the differences in disease attack from 
rusts and mildew between European winter wheat varieties in the IWWIIN trials
 
more closely.
 

From 1969-1972 a total of 143 trials could be compared inI this respect. Table 5 
summarizes the number of trials in different regiont of the world In which 
occurence of rust or mildew was reported. 

Table 5. Number of IWWPN trials 1969-1972 with occurence of rust and mildew. 

Middle Southern Eastern Near Far "outh 7. of 
Disease Europe Europe Europe East East USA America om Total 

Leaf rust 2 17 7 lb 9 9 11 11 5 
Stem rust - 19 8 14 10 1 8 66 46 
Yellow rust 9 - 1 12 2 5 )J j 21 
Mildew 18 16 3 1 2 -40 28 

With the exception of central and northern Europe leaf rust anid stem rust proved 
to be of dominating importance. Hildew occured most frequently in central and 
northern Europe and also in southern Europe. The centers of appearance of 
yellow rust are more narrowly confined and located IInnorthwastern Europe, In 
the Near East, some parts of the U.SA, and in South /,wrica. 

If we take disease resistance as an important part of successful adaptation of 
commercial varieties to the environment in the area of their disttibutiun and 
accept the sampling which is indicated in Table 5 sufficiently representative
for the relative importance of resistance to the three rusts and to mildew, woe 
should expect in varieties from central and western Europe mainly comtbinations 
of resistance to yellow rust and mildew. For eastern Europe the combination of 
leaf rust and stem rust should be expe'ited, vhile varieties from southern Europe
in addition to leaf and stem rust would need resistance to mildew. 
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0G19TI0 ItISTAUMI TO 13301 IN WSAT 

- USA
 
The protection of crops 4als 
 loses frm Lnsects, weds, disasesi, otherpests, and enviroanwsta astreess i aor objective of the AgriculturalAesearch Service of the Uated State Department of Agriculture. It is alsoOn iMportant objective of 48rLeulurs1 research program n many of the stateagricultural eperimnt stations, mt 

Devloping vays o protect field crope against 1losse from insect post# ispart of my job as Iesearch EntOnolvagst with the Agricultural Research Service.My research 8 conducted vitO mull gINaS and the Insect Posts that attackthen. Nro than 100 ict pOeeeS attack wheat in the United tates thoughnot very way are of major ecOnQo1mi IPOrtanoet and it isaestimted that theyare responsible 10o, 10ese01of Over L million in wheat crops annually in theUnited States, Sm instes attack wheat belo the ground on te rootsl somnattack above the ground on the Mte Laves, head.and There are chewing andsucking Insets and there are those thes bore up and down the ste. so" majorPests of vst is the United StateO are Listed in Table 1. 
A few of the major insects that attack wheats are shown in the following elidesalong with their dmep. 

The 1gleuimn. to~ a mosquito-lik* Wst that attacks wheat.asse. in barley, and maythe winter wheat rgin Of tlt United Stat0 the adult Illeseomarp from infested wheat stubble duritS Ow. fall of the year and infest newlyemOa=rg wheat seedlings, SP re laid on the leaves, and she newly hatched,mll, red larvae migrete daw the leaf and finally stop behind the loaf sheathat the base of the plaut. ere they feed by sucking juices from the plnt,Which causes a cessation of groth6hW finally death to the tller and soatLmsto the whole plans The aMae live on the plant and finally o into diapaue
as pupae; they overwinsVr inL t
emrge agee on the plant. tn the spring, adultsand renfes the wheat Plant, Inest4Lt as this ste results inlodged stes and small tillers. 

The rso8g gjg-jgt1l attaks the wheat plant both in the adult and larval 
stage. 'The overwinteriag adults eMarg from their hibernation sti woodlots,fenc e
The 

os ad stubble fiseids. sod fly to the what planted the previous faell.adults feed s1lghtly o the leaves and oviposit on the upper Surloo, Thee5gs hatch# Andif they are not effected by onviroa n and predators, thelrvae fee on the ipper -leaf Iurfa: d od by Goswm-. she entin lea,.fae. Dewm to wheat e ls frost dam$*eIn that, th1e 14eavs take ON a whitecst. After the WWae mature, they mirate, to th bas of the punt a" then 

es adultsieelp Lte for the n4i inteuisg l etr'ts iteostatioo, 
2h 

UM 
";'.. ph" i is believed tarbe biWSim4aw.the wheatftields, of theO WON wftm4e saes amd JbTeheve4iso MeInarrdua p4$ *1 U*IS are produced by P4teceite~ge~ h*dSuit" QNVq'b q0tklYmzltiPlY and feeid on the leaves and stow 

Maskd~t5 Z 
Layte- M*01( 
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I: II tiil lII ,..i i l~i, at* jjyit$ volbi iUtkIt:llI

ltiIstaly results i lododstem$ shumsem heres, and @=Ul heads. %hen 
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.e-t the iiteI f shvowifht. up the stab that is left sndioi They: tlhee pl 
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thmor mistrel methaft used apiest Wheat Wasste hbwm lgoactleosi
culurlrantesmttL sobaslat p ai reisue amd t~appame

tiass an&Mecws reststast varieties. Alt= paasites and plodaters of 
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n e e :1ests, biew ep -lospnee. yed"Aetportaut!rirole o 
at 2 aI.~ ebto oa t Lm bods 4or, t ,pestsave not baishes

hereare Dea 
b1Is4toiest. pproiioeely4I la12 as or 4 eon 

us~tl~rwstl.~ U.. noft~inl~aeressarch 
I LW eho.ryepdnd od

=totali seed emsiavri G ops with inisect, poet 10fwheetLRtwbs United
Items At43bhe vjorti~of the UMD~rutrlReachevc aoao~s
the da0volopmest o wheats- that are ,resistant toMajor inast posts iAs a major

research ,eose aesstudied at 'thae laboratoriteseffort.Peh inec 

isclude the Hessian fly, theSmeebWg the whet stem sawfly, the, cereal-leaf

beetle, vthe wheat ate. mat , the oat bird cherry asphid, and the Baglieb grain
aphid. 

art of thoereseb at te UDAA laboratories concerned with pvotecting
whe a Weist posts bas, t-jl do witk developing 4dequate rearing tochniques
so that the insectseU inb studied are available onlre eough sumbere so they

imbe used tovatwute wheets for resistance. 

AtmI0 lboiat0ry, tire aee re rerUin program for the MoseLsn fly, the 
gree, bI, an cereal, lef beetle, but not for the other Lsect pots of whea. 
The.NHsinfly La reared I the laboratory and in greehouses on w1eat "ed
linm1pet grmsbvg snd ereal lest boetle are peemlly reared on seedlings of 
eate or barley. There are no artificiale dia that im adequote for am rear. 
ieg of thOse 3 Insect peat#. Both the Westn fly and tereal lsef beetle can 
behelda cold stope ,i the pupal tage for periods up to on year, but the 
resbug e Ibt mi tamied *4 the plants in suceselve eoratio , Host of 

the eelviaatiom for resistanc to the Mesia fly ar conducted in the labora
tory becaues the fLeld populations of ths insets are lowdue to the fact that 
reainte vartieties an now be i grIn war large aceaes. gvalttiona of the 
erel, leaf beeooe and greonime are conducted both in the -boratory and ir the 
field thelUg labortoiry mWa house evaluation. are smill eal; the field 
tests are large and are conducted in areas with lar populations. The ereal 
leat beetle wheat breeding nurseries are minttalne by collecting adults in 
ariby fields in noe aid placing them in the nurry to asure adequate infese.

tone. - Feld tiosu for greebugs are made with ab a ouain of winged
fem. Also, natural nfestatiea of the Wet em sawfly an used to evaltete 
for esstame becaue newing metods for this species are not adequate and
wheat plats mut at l smt be to the boot stale before evaluetions s be made 
As with the aerel, laof beetle, wheat stem -nfa.tedwitb the sawfly are placed 
tn the auasries to "fsre adequate infestation. 

Ivalmstimwfor, rei tc to se &*&Us fly ad Smgabg ar usually a by
using the isec nd todingI tshe reoctionof the pleat.asheolattAwIsat rd 
Resistance to the wea atom sawly and the esreal leaf beetle as be evaluated
witheas the ingest, by ewasim lb~span for sam "Widesms as Anthe ame

thedswily aoend of -hairs emomb%doe mobai 101he leaf surfaceiashk 
04" ateC Aurs, 4t iso absay best to lot do insect 

440fenbug bema vsrias thAwt are
1"Itan I.".v stag*reWa&inleos '-"two atad 
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the nmber of nymphs produced by adult@ and rating the death of feeding aphids. 

Aabraor ar~iewheat breeders itsveeo#ted ''in' d*4lo 104 Joginect re ' ta 

Studying cesiatns to the wheat $eo sawfly In wheat i not presently being

onduced 0oal!rfeltealThere Ito,btvsre am wheat brnodng*Womwy
a

AVSoUsaimnNOnraa 4t is bWing'dor biv r.P.R. Kefsal, 40nASbreedor ,egsis ot ancy to tbs sawfly if regarded as th result of satm solidnossi 
tbe more solid thw tem, the more reOIOtaM the plant. Also, sem solidness to
strongly ifWluenced by Light. Bright days during growing periods are cooduce-
Usa W solidne; dark, days $ tms blms more hollow.sat MW ,Itm solidness
ad tb pecentageof ateom cutting a cri ert for evaluating resistance or
susceptibility. Since then are no facilities when the wheat ste swfly is 
reared, most evaluations are conducted in th field against normal field pop
ulations. 
ln the case of other insect pests of wheat, there io little work being done to 
develop iheet-resistant cultivaes although sem work Is being done with aphids
to determim the effect of lat pubescence on their b1ology, 

As you can ss, rearing sects end evaluating plants for resistance Is a major
part of the proeram for developing imseet sistant varieties. Without such 
an effort, resistant varieties could not be developed. 

Gentis of as isnce 
A study of the peetics of resistance Us helped I the development of insect
resistant Varltle s. ost nuth studies Involve crossing resistant and suscep.
tibla plants, obtaLaing , , end IC lines, infestin with theF FI insect 
pests, and evoluatlg individual Ilat for resistance or susceptibility. Nov. 
ever, the ahorsee of FlPlants and the high frequency of F2 hererosygotes mk
it advisable to rate te F plants by the reaction of tbai 7 proey. This
method provideos a more Sacrote test and tonds itself to a defined statism 

tical analysis.
 

Itnwheat, the genetics of resistance have been determined for the greenbug,
Vwhea stem cereI leaf beetle, sed eoslan fly.nawfly, 

Resistaes to, the peese has been studies in wbet, barley mod eats* tn wheat,
hbrids ofU resiss sad,stseptbl varittiesnIdlated that a single recsslve 
Sool par "Nere ou etbfr, reSistaes. Kver, n ereoe betee wheat
cultiva Sbm1llX biekeom 14'2M (resistt), thle 0ee111d to be' a Absence
of dlomLsae of the factor or factors that eosditiea the eupressies of resit
.ee i sd'm ae of the: ptAltiems, W meioode4 toTIs sa ieiassil S have bee e to give
%"&$to*~ 6"14ol, A t* m-ubslho wheat, theure teae is im"s e ly 

,wu twiss 0f duru Whbeat, fin Iressse to the whet stem sa
t"sgby aada workers. OL4 ase bas bee idesifted 



fof
 

?~~I pint a te.haeet 

M fM-LJa-Miu 

RSI$7~qtop vistz #t e"afly.'o40s soppflOht*MIae beetlen 

PCa0insn tsoA wheesim fys P wh 4 "# sas wOhLeaOs4 bsingle domiant geaes 
sbm. tha 4thapa4tin*esonbem whresae in twoo wIe 9the7 emhave 

maw,q 4 * it ,i m4tNn Also IASC esodpest feM 

PA##t"4 totheNewith to what .Rasaweodtoeysingl doinn.psl to 

Whet92# Vioa esand sn wht smarepetoea5 L4dwahit 97 of toshae 
Rev wee~rfs pts bm2 deeplisatsft.otAlso#tasip pass,IS 
ameX.bdoninantopseedcowit resistance, $o*&weatbiosi ie th ej.aeh 

,Whom betaos tias, pstism.ec siw his"sarbbut hata-e aassbtoype
wiA keen hsets bwsila ebe" Inemsttsecareieasrssae sdof 
ginl easth Leas endistioes resaeo nd largbietvoo (eoass 
Ueso e oftweetboye sasess heoernc fnsses 

-il boomr stihe whenees nwt, ial bietyesselly eiteloSowe an
 
gramsathe et, 4o"stiblantypepso "owaparso Te
 

so*'r00dslt4# wont,n*eneeld to1
tw"baela-4"U 

W06it~tLpltpP i ass 

es*"a "Iegeabw at sneakesgi as e'wels ets.il leKsk e 

Wahr at* odes sauibiesis sill hav 

*hevis$V PIW44t boom90O a4. asom0 

messtaeesi teb%4tU* 
a"""es She puseabm* 

http:pstism.ec
http:deeplisatsft.ot
http:doinn.ps


- 467 -


The most comprehensive investigation of insect biotypes in wheat was made
 
with races of Hessian fly. The first such biotype was described in 1931. Now
 
there are 8 that differ from each other in their virulence specificity. These
 
8 races are shown in Table 2. 

Table 2. Wheat reactions to Hessian fly biotypes. 

Race or biotype None HlH H3 H6 H5
 

Great Plains S R R R R 
A S S R R R 
B S S S R R 
C S S R S R 
D S S S S R 
E S R S R R 
F S R R S R 
G S R S S R 

The evolution ot Hessian fly races in the United States is quite interesting. 
The fly first became established in the United States on the east coast during 
the late 1700's. At that time, little wheat was grown in the United States 
and that only along the Atlantic seaboard. The original Hessian fly populations 
probably consisted mainly of the Great Plains race with a very low frequeacy 
ot the other races, and the wheats grown were susceptible so they did not 
exert any selection pressure against that race. The westward movement of sus
ceptible wheat was followeu by the Hessian fly, but the Great Plains race 
remained dominant until selection pressures in the form of new resistant vari
eties began to select out the other races. The newer resistant varieties in 
the eastern United States killed the Creat Plains race and left Race A prevalent, 
but the newer wheats such as Dual, Monan, and Georgia 1123 that were bred for 
resistance to Race A caused that race to disappear. Races B and E then built 
up in the eastern United States and are still prevalent in this region. 

During the last 20 years, the Lafayette laboratory has isolated genes for
 
resistance to the prevalent races and has also isolated laborato':y strains 
that can attack wheats having newer genes. In tact, in 1962 when Race B became 
relatively devastating to wheat in Indiana, 2 wheato, Knox 62 and Benhur, were 
released. These wheats had the H6 gene for resistance to Races GF, A, B, and 
E and were high-yielding though they were not accepted by the farmers because 
of weak straw and brown chaff. Efforts were then made to use other genes for 
resistance in place of the 11 , genes. In 1971, the first wheat was released 
that had the H1, gene which conditions resistance to all known races of the 
||ebslan fly in the United States. With Arthur 71, Abe, and Oasis, all of which 
have the I1, gene, the incidence of Hessian fly races is practically nil, partic
ularly in he states where these whea~s are grown ever large acreages. The H5 

gene is now inLasing in usage, and it still provides resistance to all known 
races. However, it is a single gene, so it will probably fail in protection in 
a number of years though no race has yet been found in "he field that can attack 
it. Indeed, a laboratory race was recently found that can attack wheats having 
the 15 gone. If wheats having this gene can be attacked, then a total of 16 
races can occur instead of the 6 that we already have isolated. 



- 468 -

I have mentioned insect biotypes because they are a major concern in develop
ing resistant cultivars. If antibiosis is being used and the insect is killed 
or adversely affected, you can expect that biotypes will develop. 
 This does
 
not mean that insect-resistant wheats should not be developed. There are

other mechanisms of resistance such as nonpreference and tolerance. In fact,
with nonpreference such as is being used with the pubescent wheats, t.u- insect
 
has a chance to oviposit or feed elsewhere, and the insect is not pressured

to select for survival. Likewise, with tolerance, the plant is able to with
stand severe attacks and still produce a crop. Even if antibiosis is used,

searches will reveal different sources of resistance. A d3namic breeding team 
should be able to plan ahead and have wheats ready for release in the event 
new biotypes occur in the field.
 

Biotypes are also extremely useful in locating and identifying new genes for 
resistance if techniques for rearing and isolating these biotypes can be estab
lished. They can also be used to determine whether different genes are included
 
in the same plant.
 

With the Hessian fly, there is definitely a gene-for-gene relationship between 
resistance in wheat and virulence in the insect: 
for every single dominant gene

for resistance in the whea. plant, there is 
a single recessive gene in the insect

for overcoming this resistance; also, a virulence to a wheat plant having a 
specific gene for resistance is dominant to virulence to the same wheat plant.
In other words, when Race A which cannot survive on Monon wheat, is crossed with
Race B, which survive, the progeny cannot survive on Monon wheat. 
 Research has
 
also shown that the Great Plains race has dominant genes for avirulence to any
wheats having genes for resistance. This knowledge led to the development of
 
a model for eradicating races of Hessian fly in the field by releasing the 
Great Plains race in
areas where these races occur. Different release ratios
 
were tried, and the 20:1 release (GP to native) gave near eradications in 3 
generations of release. At ,rsent, such releases are being tested in large
fields. After 2 generationa, Mesian fly populations in the released area have 
been reduced 20-30%/; in an adjoining non-release area, they have increased
 
4-fold. However, a point to rerember is that the varieties grown in the release 
area muse be resistant to the Great Plains race even though they may be sus
ceptible to native races, the case in most of the eastern soft wheat region in 
the United States. The only difficulty arising is the mass rearing of the Great
 
Plains race. If a release is to be made at a 20:1 ratio and there are one
 
million native Hessian flies 
per acre in the field, then 20 iaillion Great Plains
 
flies per acre are necessary for control. Plainly, the method cart only be used
 
on very small acreages where build-ups of new races have been noted. 

Resistant Varieties
 

As a result of team efforts in which entomologists, pathologists, and agronom
ists assist the plant breeder to breed wheats resistant to pests, many resist
ant cultivars have been developed in the United States that are protecting tle 
crop against damage by these Insects. 

Although no wheat varieties have been developed that are resistant to the new

biotypes of greenbug, several resistant varieties of barley have been released 
and are grown on approximately 1/2 millicn acres in the United States. Esti
mates of savings to the farme,.s who grow resistant varieties amount to 15 
bushels/acre. 
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Four varieties that are resistantto the wheat stem sawfly have been developed 
during the past 10 years. In 1969 when there were 7 such resistant varieties 
being grown on 1/2 million acres in the United States, savings to the farmers
 
were approximately $3-5 million per year. 

The cereal leaf beetle resistance program started in 1962. Already 2 germ
plasm releases have been made, and a variety is being planned for release 
next year. A pilot research program has been established in which 1000 acres 
of wheat will be planted and studied for resiftance to cereal leaf beetle.
 

The largest number of wheat varieties developed for resistance to a particular
 
insect pest of wheat are thoas developed for reatgtnco to tw lHesian fly. 
Since 1942, more than 30 varieties have been released that are resistant to 
one or more races. During 1969, 8-1/2 million acres were planted to 24 resist
ant varieties in 34 states. Savings to farmers are estimated to arwount from 
$10-20 million each year, a good invertmenL based on the research dollars that 
ge into the program.
 

In con.clusion, 1 would like to reiterate what I have just said in the past half
 
hour. 

Wheats in the United States and for that matter, in the world, do have many
 
invect pcstb that cause serious annual losses to wheat growers. Developing and
 
releasing insect-resistant cultivars is a team effort for many agencies in the
 
United States. A recent survey of state agricultural experiment stations in the 
United States unhowed that a total of 212 professional entomologists and plant
scient.sts and 97 graduate students were studying plant resistance to insects in 
48 sta.es. These studies were concerned with 15 vegetables, 10 grasses and 
forages, 6 cereals, 3 fruits and nuts, 3 all crops, and 1 sugar crop. Also, 
studies of cotton, hops, and ornamental shv'ubs were reported. 

Likewise, many insects were being studied, 96 different species, 14 in 5 or 
more states. Twnety-two states reported releasing insect-resistant cultivars,
 
germplasm, inbreds, hybrids, or synthetics in the past 10 years. The total
 
were 17 alfalfa cultivars, 45 for corn, 19 for wheat, 10 for sorghum, 2 for
 
cotton, 2 for barley, 1 for safflower, 1 for strawberry, 1 for soybean, 1 for
 
Triticale, and 1 for pearl millet.
 

I give you this information eien though it does not pertain strictly to wheat
 
and wheat insects, to show you the research effort being conducted in the United
 
States with plant resistance to insects. With these programs, there is a wealth
 
of insect-resistant germplasm for plant breeders to use in developing insect
 
resistant cultivars.
 

Determining the genetics of resistance in wheat, or for that matter in other
 
crops, and the genetics of virulence of the insect is a very important function
 
of a wheat breeding team. Only by understanding the genetic interrelationship
 
that exists between the plant and insect is it possible to do a good job of 
developing resistant cultivars. 

Insect biotypes do occur and will occur, particularly in species of aphids, but
 
dynamic breeding programs in which these biotypes are used to search for new
 
germplasm and to identify genes for resistance will make it possible to keep
 
ahead of the game. Indeed, knowledge about the genetics of the insect had made 
it possible to develop new methods of insect control and to obtain more inform
ation about the insect-plant interrelationship.
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finally, the development of Insect-resistant cultivars has led to a close 
couradery between entomologists and plant scientists. It's great to know 
that during these trying times we are still able to work together to provide 
food for the table. 

It's good to be here in this wonderful country and speak to you about a subject 
that is dear to my heart, and I thank you for this privilege. 
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SOURCES OF RESISTANCE TO POWDERY MILDEW (E. gramints D. C.)*
 
THEIR BEHAVIOUR TO TIE PATHOGEN 
AND USE IN OUR 1REEI)ING( PROGRAM 

P. 	 Javor, V. Vlahovb5, and .1.Potoeanac 
Yugoslavia 

Introduc t ion 

Powdery mildew (Erysiphe gramlnis f. sp. triticl) affects the leaf, stem and 
also the spike and appears in a pustule form in a white-gray color. High air 
humidity favors Infection of powdery mildew. This pathogen can develop at 
rather low temperature, thus it i the first disease that occurs after winter. 
It overwInters on infected plants of winter wheat in a mycellal form and over
summers high temperatures in a "peritheclum" stage. Increased rates of nitrogen 
fertilizers and higher planting density used in current crop tuanagement favor a 
stronger attack of this (isease. Losses in yield caused by mildew are mainly 
associated with reduction In assimilation area and increased transpiration. 
Dr. Smiljakovi6 reported (1966) that yield losses in Yugoslavia were as much 
as 17.5%. However, this refers to the eastern part of Yugoslavia where cli
matic conditions are Trore arid. In the western region where the studies in

dicated were not performed, losses are supposed to be even greater because
 
of humid climate. As reported in the literature (L. W. Briggle, 1969) losses
 
can be as high as 40%, and could even be further itensified.
 

Wheat breeding for resistance to stem rust was undertaken in our Institute for 
Plant Breeding in Zagreb in 1964 as a continuation of breeding for resistance 
to diseases. Breeding on resistance to wheat stem rust -- a most severe dis
ease in our environment -- was initiated in this Institute still earlier. 

Our breeding work for incorporating resistance to powdery mildew to high
 
yielding wheat varieties comprises the following:
 

- Testing sources of resistance to powdery mildew.
 
- Testing high yielding varieties and lines for resistance to powdery
 

mildew.
 
- Incorporation of resistance genes from sources of resistance to high
 

yielding lines and selections using a pedigree method with continual
 
selection.
 

Method of Investigation
 

The first step in realizing this breeding program was to collect sources of
 
genetic resistance to powdery mildew. About 50 sources were collected, some
 
of them being susceptible to populations found in our environment or, because
 
of other characters, were unsatisfactory ac parents in crossing.
 

For testing material for resistance to mildew in the seedling stage we use a
 

mildew population from the corresponding season. The brushing method is used
 
for infection. Ratings are made twice: ten days and fifteen days after in-
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fection. Field infection is done in mildew nurseries, belts consist of single 
rows - each single row representing one variety. Belts are framed with borders 
(a mixture of susceptible varieties). Multiplication o conidia occurs on bor
ders and from there the condia spread by air to materials intended for testing.
Estimat foiit are done twice: 25 days after Infection of borders (brushing) and 
6-7 days after the first rating. 

Results of Investlgatiors 

A survey of the better wheat varieties for resistance to mildew has been made. 
By repeated teitlng of sources each year uninterruptedly with the milde.. popu
lation (from that season) and doing at thz name time selection in the seedling
stage for resistance to mildew - a high homozygosity for resistance has been 
attained. By tetiting this material in the field we try to get homozygouB ma
terial for other pof ttve characters. In such a way the useful sources were 
selected. Thmee sources are mostly used in crossing in our breeding program 
for res istance to mildew. 

Best among the sourccs indicated is Tp 114/1965A and Its sub]ines.: TpR 349, 
TpR 354, and TpR 369. They are heavily exploited in our crossing program. 

It is known that Tp 114/1965A possesses two dominant genes, Pm and Pm 6 
(J6rgensen, c. 0. and C. J. Jensen). However, comparisons with sublines 
TpI 354, Tp 349, TiR 369, and TpR 327 indicate that Tp 114/1965A may carry 
some additional genes which are inferior in their expression in comparison
with the ones; mentioned. These differences are small and only in some sea
sons are displayed. Such differences have not been proved in our experiments. 

This is assocl.ated perhaps with the effect of ecological factors. Tp 114/ 
1965A in our breeding work proved to be a very good source of resistance be
cause it does not incorporate negative characters which often occurs when
original sources are used. Genetic resistance in almost all cases is domi
nantly inherited. 

T. timopheevi Der. 1651, in our studies, proved to be an unstable type of re
sistance to mildew. In all seasons, the resistance was dominantly inherited
 
except In 1969, when T. timopheevi behaved recessively in all crossing combi
nationG with susceptible varieties.
 

Varieties C.I. 12632 and C.I. 12633 are generally much examined sources of re
sistance. They possess genes Pm2 and Pm6 (L. W. Briggle, Jbrgensen, C. 0. and
 
C. J. Jensen). In our studies of resistance to mildew thesa varieties dis
played dominant inheritance. Material obtained from crosses with this source
 
showed deficiencies in grain filling.
 

Resistance of source St. 13786/60 - according to our testing is dominantly
-

inherited, A negative trait of this source is susceptibility to stem rust,
 
and relatively late maturity.
 

Summarx
 

According to the results obained, we conclude that resistance genes from source
 
Tp 114/1965A, C.I. 12632, T. timopheevi Der 1651, and 13786/60 can be success
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fully and relatively simply transmitted to hybrids. In all cases inheritance 
is dominant except in T. timopheevi 1651 which in 1969 behaved as a recessive. 
Progeny of crosses with this source were resistant to mildew both in the seed
ling and adult stages. 
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INDUCED MUTATIONS FOR LEAF RUST RESISTANCE IN WHEAT
 

by
 

Katarina Borojevi6, M. Pribakovi6 & M. Bo kovid
 

Yugoslavia
 

Introduction
 

The main wheat disease which o,;curB regularly in the south ea't of the 
Panonian Plain is leaf rust. Varages due to the leaf rust attacks were
 
estimated by Bobkovi6 (1959) co be about 20% on an average, ranging from 6 
to 37%. Therefore, leaf rusf: resistance became a very important part of our 
wheat breeding programme. Besides exploring existing genes, we are now 
looking for new genes within induced mutations. 

Literature 

Data in the literature may be divided into two groups. The first deals with
 
the combination of mutagenic treatment,, and hybridization in order to obtain
 
resistance through chromosomal aberrations (Sears, 1956; Driscoll, 1968; 
Knott, 1968). The second group deals with the possibilities of obtaining 
small genetic changes in the type of infection and severity (Caffey, 1956; 
Favret & Cenoz, 1963; Line, 1974; Borojevi6, K., 1974; McKenzie & Martens, 
1974; Ian16, 1974) and the third deals with tolerance (Simons, 1971; Brdmimann 
& Fossati, 1974). 

Material and Methods
 

To test the insistance to leaf rust (Puccinia recondita Rob. ex. Desm. f. sp. 
tritic]) we chose 36 micro-mutant lines in the M I generation from the culti
var San Pastore. This material was described prevl'jusly as our experiment III.
 
(Borjevi6 K., 1974). Therefore, only a ahort history of this experiment will
 
bc given here. Seed for the experiment was treated by 10,000, 15,000 and 20,000 
rads of gamma rays. The mutant lines were developed from normal plants of the 
M2 generation branching them into 2 sublines x 2 sub 2 lines x 2 sub 3lines x 
2 sub4lines x 2 sub5 lines, making a total of 32 sub5 linea, which were sown as
 
32 plots. The size of the plots was 0.40 m2 . Sampling for the branching
 
through generation was done at random. Because selection was not applied,
 
the induced genetic variability was maintained within and between lines. 
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The mutant lines (M1 - 1971/72) as well as the control were tested for 
resistance to prevalent 
races of leaf rust believed to be UN 3 (Inoculum I)

and UN 13 (inoculum II) in the seedling stage In a greenhouse. During the 
testing we found that the races were not homogenous. however, they repreaLnt
the races of the population of Puccinla recondita tritici from our experi
mental field.
 

The same lines in M1 2 (1972/73) and M1 3 (1973/74) were planted in the field. 
To test the resistance each plot was divided into two blocks one rusted-
and one non-rusted. On the rusted plot, the epiphytotics were maintained 
articially by a mixture of uredospores. The unrusted plots we:e maintained 
free of rust by spraying with Zineb fungicide (0.3%) every week until 
ripening. Eight sprayings applied an average everywere on year. The type

and severity of infection were estimated on the rusted plots. Reaponse to
 
tolerance was expressed as the ratio obtatned by dividing the value from the
 
rusted plots by tle value from the unrusted ones (Simons and Browning, 1961).
 

Results
 

The first screening of mutant lines in the seedling stage showed that most of
 
them had type 4 infection after inoculation by the inoculi I and II, the same
 
as the control. However, there were significant differences in severity of
 
infection among the tested lines. 
 The individual comparisons between the
 
mutant lines and control, showed that 8 out of 36 lines had a significantly

lower severity of infection either to inoculum I or 
inoculum II (Borojevid, K.,
 
1974).
 

The next year (in M12 - 1972/73), 36 mutant lines with 1,152 sub 5lines were
 
planted in the field. The severity of infection on the rusted plots was 90%
 
on the average. In such heavy severity of infection we were able to distin
guish - 0-4 type sub 5lines with severity lower than 20%. The untreated
 
control had type 4 and severity of 88%.
 

We repeated the experiment in the field the next year (M13 - 1973/74). Even
 
though the severity was not so heavy (82%), the resistant sub 5lines were
 
clearly distinguished from the non-resistant ones, and from the controi which
 
had infection type 4 and 82% severity. We were able to select ten sub lines
 
with 0 type of resistance and 40 sub lines with 0-4 type of resistance in
 
the field and with low severity (T-20%) (Fig. 1, Tab. 1).
 

Selected Resistant Progenies
 

From the selected resistant sub 5lines In the field, we chose 16 which had the
0 and 0-4 type of infection with low severity for more detailed studies in 
the greenhouse. They were re-tested to re. t_tance in the seedling stage and 
in the adult stage with inoculum I and inoculum II. The data from the field 
and greenhouse for some of them are compared In table 2. 

The sub5lines with the 0 type of infection in the field, showed a range of 0-4
in the type of infection to both ixoculi. Sub 5lines with the 0-4 type of 
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Table 1. SELECTED RESISTANT PROGENIES IN THE H13 GENERATION
 

CULTIVAR: SAN PASTORE
 

Number of No. of sub5lines with types in the field
 
Treatments line 0/1 0/4 4 

10,000 rads of 

gamma rays 12 1 5 378 

15,000 12 - 30 354 

20,000 " 12 9 15 360 

Control 16 - 1 239 
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infection In the field ahowed in the seedling stage type 4 to inoculum I 
and 0-4 to Inocl urn Ii. In the adult stage, the progenies with type 0-4 in 
the fiteld t howed type 0-4 or 4 in the greenhoute, Progeny 70 of tile line 
310122 with () tvp,' in the Held lihowed 0-1 type In tile greenhouse. The 
otLer progenlef witih thit 0 type hlowed types 0-4 and - IIn t it, greenhouse. 

The nteverlty of Infec-tion Ii tLw grenhouse was much higher on the lower 
lei Vtn t ihsi (it Lhv u ppi-r ]eavef; In the saine p rogenies. Therefore, the
 
esnimation of ievewiIty and the type of infection 
 H'i the table 2 has two
 
I eve I ti.
 

Comparion ofl ht'i diata in lab Ie 2 showsi tit ti e resistant progenies had a
 
lower rete fit alie In w .c 
 tb;i In the f le Id. 1l'hw reason for this 
octcurrence may ive been the tlif fervicic In thet seve rty of at.tack on upper
and lower l avt.is. "I'lierefore, It may be tLat t ,eprogenles whicli were selected 
as ret sLinnt III the field, were re si1stant. only b(cause they were slow-rusting.
The progeunic of linte 311)!22 'showed the sial lent difference in resistance in 
the field and In tht, gree nhout., particularly sub511ne 70 which had type 0 
in the I(eld and type 0-1 in the greenhouse. Therefore we considered this 
sub 5 line to bI . -1itant'. 

Line 310/22 is; fIrom the' population of 20,000 rads and it gave 6 sub 5 lines 
which sihowed the 'iaracters of resistance with very characteristic small 
chlorosnis. Analy,;ing ti pedilgree of this line (Figure 2), it be seen thatcan 
the primary mutat ional change; occured In the M3 generation at the level of 
a aubline which li d( segregated in the M4 at the level of sub 2 lines. These 
data also Indicate thatL selection for renistance after mutagenic treatment 
may be started it' H3 and M4 generations. 

Most of he selected progenies had better tolerance than the control (Table 2),
but all of them had lower percent of severity of infection. Therefore, the
 
severity-toleranc.e relationship in this material will be studied in detail.
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Table 2. SELECTED RESISTANT PROGENIES - M AND M13 GENERATIONS - IN COMPARISON1 2 WITH THE COKTKR 

CULTIVAR SAN PASTORE
 

Seedling Stage A d u l t p l a n t s 
(H13 ) 

in the field in the greenhouse(M1 3 ) Tolerance
 
Line 
 inoc. I inoc.II 
 [noc.I inoc.II 7 year average

UN 3 UN 13 M12 1 3  UN 3 .' 13 MI: & M3 

Type Z Type Z Type I Type Z Type 2 Type per spike 1000 

8 308/13 4/0 25 4/0 35 0/4 T 0/4 10 014 15 04 100.9 0.96 

3 309/19 4 75 4 10 Of14 
 10 0/4 30 0/4 30 0/4 20 
0/4 40 4 500 

5 310/2 4 20 40 40 0/4 15 0 0 0/4 55 25 0.96 0.90
 

1 310/7 4 60 0/4 -30 0/4 10 0/1 T 0/4 
 25 014 20 1.09 1.04 
" 0/1 T 0Oi 

7 310/22 4/0 40 4/0 25 0/4 T 0 0 0/1 T 0.75 0.96
-77 0.75T4


3 310/22 0/4 80 0/3. 30 0 
 0 0 0 0/1 T 0/1 T 0.85 0.92 

L 310/22 0/4 80 4/0 40 0 0 .0 
 0 0/4 20 4 10 0.91 1.01 

z 310/22 4/0 40 3+10 45 0  0 0 0/1 T 011.10o 4 -2"" 4 201. 0. 1.122 

)ntr.307/2,4 4 40 0/4 20 4 88 4 80 4 020 0.87 0.88 

atr. x 4 88 4 82 0.85 0.96 
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REACTION OF NEW YUGOSLAV WHEAT.VARIETIES TO PARASITIC
 

FUNGI UNDER FIELD CONDITIONS 

B. Kosti6, V Momcilovid and M. Pribakovi6 

Yugoslavia
 

As the climate ts favourable for the dtvelopment of parasitic fungi, wheat 
diseases in Yugoslavia play quite an! -portant role in wheat yield perfor
mance. Chemical treatment as a field control measure is traditionally rather 
restricted for many reasons. Hence, there arises the necessity for setting 
un a natural balance between pathogen action and host response which is 
expressed as specific resistance, non-specific resistance, and tolerance. 
The wheat breeding program in Yugoslavia pays much attention #o the phenomenon 
of disease resistance because it makes a large contribution to increased 
yield. 

In 1973/74 wheat field macro-trials wnre established in 17 localities, mostly
 
in the Eastern part of Yugoslavia (Voyvodina and Serbia proper). Up to
 
twenty seven entries have been included therein. Disease survey and scoring
 
was done in two instances at the proper tire for full epidemic development
 
of the major parasitic fungi.
 

Six fungal diseases were found to be widely spread over the area: powdery
 
mildew (Erysiphe graminis f. sp. '.ritici), stem rust (Puccinia graminis f.
 
sp. tritici), leaf rust (Puccinia recondita f. sp. tritici), Septoria disease
 
(Septoria tritici and Septoria nodorum), Fusaria head disease (Fusarium spp.)
 
and loose smut (Ustilago tritici). It is also of interest to mention leaf
 
damage caused by an insect known as leaf miner (Domomyza ambigua).
 

For better understanding of varietal reactions against the above diseases, it
 
is necessary to give a short review of disease occurrences and their severity
 
in the region concerned.
 

In the 1974 crop season powdery mildew of wheat was considered as the most
 
dangerous disease. It occurred rather early in the spring and was dissem
inated to almost all the green parts of susceptible plants including awns and
 
gluraes. Stem rust of wheat appeared late in the season. Severity of the
 
pathogen was very low when isolated and scarce infection foci in plots of the
 
area were not considered. In recent years the occurrence of leaf rust has
 
been rather low. Local heavy infection foci failed to induce any epidemic
 
regardless of favourable weather conditions in 1974. Two Septoria species
 
were found in the area: Septoria tritizi and Septoria nodorum. The former
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pathogen was common but its severity, with some exceptions, was very low. The
 
latter pathogen was noticed in traces and only in a few localities. Wheat
 
Fusarium disease thrived quite well because of the wet and rainy season. Loose
 
smut, as the last disease in the series, was rather common but not severe.
 

Notes on disease severity and varietal responses in trials were taken in the
 
way used by other workers. Severity of powdery mildew was estimated on 0-99
 
scale, scoring of stem and leaf rust was based on Cobb's scale, damage by
 
Septoria and Domomyza ambigua was recorded on a 0-5 scale, while for loose
 
smut and Fusaria, the number of infected heads at random in 10 m2 was deter
mined. In all these scales zero indicates the absence of the parasites.
 

The average of disease severity is given in Table 1. Differences in the
 
occurence of powdery mildew among the varieties were rather pronounced. The
 
strongest attack of the disease was found on the Russian varieties Aurora,
 
Kavkaz, and Bezostaga 1. Under the same conditions the Yugoslave new varieties
 
listed in Table 1 exhibited a much lower intensity of disease attack. It is
 
worth mentioning that a group of ten prospective varieties were practically
 
free of powdery mildew since the disease was found on plants only in traces.
 
Response of all the entries in the trials was the same indicating a very
 
susceptible reaction type.
 

The incidence of stem rust, as has been previously mentioned, was rather
 
scarce and we noticed a few pustules on all the varieties. The infection
 
type was susceptible in all the readings. As the prevailing number of
 
vaieties in the table have good earliness, escape or pseudo-resistance
 
against this disease was very helpful in damage prevention.
 

The average severity of leaf rust was generally the same in all entries. There
 
were differences found among the varieties in maximum scoring. These maximums
 
were found in infection foci.
 

Reaction of Yugoslav varieties to Septoria disease was much better than the
 
reaction of Russian cultivars. Disease severity was the highest in Aurora,
 
then in Kavkaz and Bezostaga 1. In all the Yugoslav varieties, except Tena,
 
the disease was found in traces only.
 

Prolongated flowering period in the wheats was partly responsible for the
 
occurence of loose smut at somewhat higher intensity than usual. The number
 
of infected heads ranged from 0.1 to 2.2. Five Yugoslav variet!es were
 
completely free of smut; three Yugoslav varieties were rather susceptible.
 
Varieties from the USSR could be considered as moderately susceptible.
 

It is known that larvae of Domomyza ambigua destroy leaf mesophyll causing
 
great damage to the wheat leaves. The difference in degree of damage among
 
the varieties in the trials was not conspicious, but still existed among
 
the varieties. It ranged from 2.2 to 3.4. On the basis of these figurea we
 
can say that all the varieties were sensitive.
 

A re11ab~lo conclusion cannot be drawn on the basis of one year of evaluiton.
 
However, thi data presented here are similar to the results obtained in
 



Table 1. Disease severity on wheat varieties in macro-trials in 1974. 

Entry Number of Powdery Septoria:- P.F rium
Variety- Leaf rust "ose smutNo locations mildew spp spp -. 

1. Libellula (Italy) 17 5.3 0-50 (t) t 3.5 :0.32. Bezostaja 1 (USSR) 15 29.3 0-50 (t) 1.3 10.7 0.4.:3. Aurora (USSR) 15 41.2 0-80 Ct) 2.0 
 6.0
4. Kavkaz (USSR) 14 31.4 0-70 Ct) 1.8 0.
5. Sava (NS, Yug.) 19 t 
052 


0-45 t) 6.2 0.1

6. Biserka (NS, Yug.) 19 t 0-35 (t) t 3.9 ,1,77. Drina (NS, Yug.) 19 t 0-35 (t) t 4.7O 
8. Partizanka (NS, Yug.) 17 
 9.4 0-10 t) t 20.7 
9. Nova banatka (NS, Yug.) 17 3.0 O-t t) t 3.52

10. Sremica (NS, Yug.) 15 4.2 0-25 (t) t 3.2 0.811. Dunav (NS, Yug.) 
 17 t 0-65 t) t 3.0 01f12. Panonija (NS, Yug.) 17 t 0-65 (t) '7.t
13. Backa (NS, Yug.) 16 t 

7.1 C08
0-50 (t) t 5.21 02

14. Brkulja 4 (NS, Yug.) 17 t 0-50 (t) 3.3 0t0.215. Novosadska 32 (NS, Yug.) 17 6.7 0-25 t) t 3.2 .0
16. Novosadska rana 2 (NS.) 17 
 t 0-65 t) t 1.7 0.17. Frukogorka(NS, Yug.) 17 11.2 0-t t t .4.0 0.118. BaZvanka 1 (NS, Yug.) 17 18.0 0-t (t) t /3.5 0.3
19. Posavka 2 (NS, Yug.) 
 17 4.0 0-5 t) t :3.5:20. Bavanka 2 (NS, Yug.) 17 10.0 0-35 (t) t. -7.3-.0,821. BaZvanka 3 (NS, Yug.) 16 7.9 0-t (t) t 7.222. Bana6'anka 1 (NS, Yug.) 

0.1

17 7.9 0-5 t) t 2.9 2.223. Banad.niska (NS, Yug.) 17 11.2 0-t t) t 5.0 0.824. Novos.rana 3 (NS, Yug.) 
 17 0-25 t) t 3.9 .-O"'25. Zlatna dolina (Zg, Yug.) 12 t 0-20 t) t 3.O - 0i,0

26. Sanja (Zg. Yug.) 5 11.0 0-t t) t 1.8.27. Tena (Osijek, Yug.) 
 6 18.3 0-t t) 1.8 22.0, 
0
o.0 
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previous years, which have indicated that new Yugoslav varieties have
 
satisfactory resistance to diseases under field conditions, particularly
 
to powdery mildew and the rusts.
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QUANTITATIVE RESISTANCE TO DWARF SIT (TILLETIA CONTROVERSA KUHN) OF 
WHEAT AS INFLUENCED BY GENE INTERACTIONS AND NON-SPECIFIC GENESI/
 

W. K. Poe and _W.G. Devey2/ 
Wnited States 

In 1974, in Franklin County Idaho, some two acres of wheat plots were grown 
in a situation of a moderate level of snowuold and very high levels of dwarf 
smut (bunt), Tilletia controversa Kuhn. The main interpretation of this was 
that despite the resistance or nonresistance of certain genotypes, the main 
patte,:n was nne of quantitative increments of resistance, with several known 
and unknown genes giving additive interactions for increased resistance and 
this had no necessary rel'ationship to the specific reactions of these genes 
to common smut (Tilletia caries (DC.) Tul., T. foetida (Wallr.) Liro) when 
tested singly. These patterns were recognized because they were essentially 
the same as seen for stripe rust in the 1960's (Pope, 1968). A leap in imagin
ation implied that if resistance to the smuts, which can be highly specific, 
is also quantitative, then disease resistance in general may be quantitative 
and that cases of highly specific resistance while quite valid, also may be 
special cases of a larger pattern of systems of general plant opposition to 
the growth of parasitic organisms. For dwarf smut, much of this is expressed 
as threshold effects, such as late tillers only being smutted, or in varying 
degrees of success in opposing the rate of development of the pathogen. The 
longer the period of competition between the parasite and the host plant, the 
greater the likelihood of an array of quantitative differences being expressed. 
Thus quantitative differences are more easily recognized in the long pustule
 
streaks of stripe rust and in dwarf smut which grows throughout most of the
 
life cycle of the wheat plant, than in the short cycle pustule development of
 
leaf and stem rust.
 

Evidence for quantitative resistance to dwarf smut
 

(1) There is a wide range of wheat phenotype resistance patterns that imply
 
degrees of increasing resistance. (2) In certain crosses there was a wide
 
range in segregation patterns and many small jumps in infection percentage
 
differences (in 4 x 12' plots) that implied multigenic segregation patterns.
 
(3) Much testing with specific races of common or dwarf smut, shows various
 
intermediate infection levels (such as 10-207. smut) that conform to quantita
tive interpretations even better than specific interpretations. (4) There
 
is much evidence for additive interactions for increased resistance from genes
 
in combination that are not effective alone. Various specific genes for resis
tance permit different levels of "smut leakage" according to the presence or
 
absence of other unknown Kenes conveniently labeled "background genes".
 

Phenotypic difference in resistance to dwarf smut.
 
Dwarf smut invades the young wheat plant at the soil surface sometime during
 
mid-to late-winter usually under snowcover, and then grows with the developing
 
tillers for the rest of the life cycle of the plant, eventually taking over
 

l/ This investigation was supported in part by the Idaho Wheat Commission.
 

2/ 	 Agronomists, University of Idaho, Moscow and Utah State University, Logan, 
respectively. 
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the seed for the development of spores as a "smut ball". Expressing dwarf
 
smut infection as a head percentage only, ignores a series of phenotypic
 
differences that express increasing degrees of successful opposition by the
 
wheat plant to the development of the smut pathogen. The most susceptible
 
wheats are overwhelmed by the smut infection and simply collapse with weak
 
plants, diminished stands, and tillers much shortened, many being less than
 
12 cm tall. Stand lossess may also be interactions with snowmolds (Typhula
 
idahoensis Remsberg, Fusarium nivale (Fr.) Ces.), typically associated with
 
dwarf smut.
 

More typical is the commercial cultivar 'Itana' C1 12933, which produces
 
vigorous smutted plants with increased number of tillers that are dwarfed to
 
only about one hali the normal height. In contrast, the cultivar 'Cache'
 
CI 11599 with Bt 3 /resistance genes, shows under conditions of severe in
fection, a mottled, speckled, very poorly growing young plant reacting as
 
though the smut had induced a toxic reaction as harmful to the wheat host as,
 
it is to the invading pathogen. (This is analogous to leaf, stem, and stripe
 
rust situations in which heavily infested leaves of certain resistant genotypes

will die without producing rust pustules.) Cache gradually recovers during
 
the growing period and by heading time may have only 50% smut confined to the
 
later tillers.
 

Wheat genotypes with still more resistance, have phenotypes with fewer, later,
 
and taller tillers being smutted. These "tall-dwarf-smut" tillers are no
 
longer typical, varying from fully smutted heads of normal height, to heads
 
with one side only smutted, to heads with only a few spikelets or florets being

smutted. About one head in ten that is partially smutted also has part smutted
 
seeds, usually at the interface between smut balls and normal appearing seeds.
 

Dwarf smut segregation patterns: Pope populations.
 
Table 1 shows dwarf smut frequency classes of two groups of derivatives of
 
PI 178383. Items 1 to 8 all have 'Burt-178383' (CI 13837) as a parent while
 
ID5011 (CI 17246) (Item 9) and other Ark sib lines in Item 10 all have a more
 
diluted resistance from PI 178383 by way of the backcross PI 178383/Cheyenne//

3*Tendoy. 'Tendoy' (CI 17426) has genes Bt 1, 4, 7 (Kendrick 1957).
 

There was a high frequency of recovery of resistant selections in the various
 
Burt-178383 derivatives. These were never previously subjected to any smutting,

but some smut occurs naturally and by contamination at Moscow, Idaho. In con
trast, the ID5011/ID5006 cross (Item 9) and the array of Ark sib lines in Item
 
10 represent a resistance segregation of n lower order of magnitude. These
 
were screened at least twice with the common bunt race L-16 which smuts genes

Bt 1 and 4 and recognizes both genes Bt 9 and 10 (Hoffmann and Kendrick, 1968).
 

Families of the cross ID5011/D5006 show a spread out of a segregation for
 
four or more genes that interacted in additive stairsteps of increments of
 
resistance. ID5011 was derived from an F3 row and now probably represents

several mixtures of genotypes of Bt 9 and 10 from PI 178383 plus Bt 1, 4, and
 
7 from the recurring Tendoy parent. The short ID5006 (CI 17248) is a single
 

iit - Bunt. Use as a symbol for wheat genes resistant to Tilletie spp.

(Metzger, 1970).
 



Table 1. 	1974 Dwarf smut frequency classes as screened at Preston, Idaho in crosses derived from PI 178383
 
by W. K. Pope.
 

No. of Dwarf Smut Frequency Classes
 
Item No. Lines O-t 2 5 10 15 20 30 40 50 60 70 80 90
 

I. F5 
or older lines from F1 selections in crosses to Burt-178383 C. I. 13837. No common bunt screening.

1. Bezostaja/Burt-178383//ID5006 12 	 3 - - - 1 - - 4 -  2 1 
2. Bez/Bt-17// WA4765 
 5 	 - 1 - - 2 - 1 1 
3. Bez/Bt-17 	 2 1 1
4. Gaines/Bt-17 	 2 - 1 - - 1 
5. Norin 	10-Staring/Bt-17 2 1 1 
6. WA 4765/Bt-17 	 33 5 1 2 1 1 3 1 3 3 1 - 2 

7. Totals Item 1 to 6 56 	 10 3 3 3 1 6 2 4 8 1 - 4 1 
8. 'Shem' a three-way cross family 46 - 10 3 - 17 1 1 11 3 

II. 	Derivatives or selections of Ark sib lines (178383/Cheyenne//3*Tendoy).

9. Ark sib ID5011/ID5006. F6 plots from all rows in 20 F5 head rows per family that were smut free 

to race L-16 comon smut. 
Parents (100 bead counts) (ID5011) - - 1 1 - 1 (ID5006) - 2 -

Line No. 4/108 19 - 1 18 
109 20 - 4 
 3 1 3 4 2 - 1 1 - 1 
85 17 - - - 1 - 3 1 3 1 2 1 5 

100 14 - - 5 4 2 2 1 
96 14  1 3 5 - 5
 

603 5 - - - 5 
83 4 -- 2 2 
117 10 - 5 5 
97 5 
 - 2 3 

10. 	 Ark sib lines in F7 families from F 4 row selections 
Line with white chaff 21 2 2 - 8 5 3 1 -

Lines with brown and seg. chaff 33 - - - 7 6 14 3 3 
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row selection of Norin 10-Staring CI 13275/2*Cheyenne and reacts as though it
 
could have Bt 7 from 'Cheyenne' CI 8885 (&Fffmann, 1968). Some 23 family
 
groups were grown from those F5 head rows that were smut free from an inocula
tion of a 20-head sample from each famiLy with common bunt race L-16. These
 
surviving families produced in this dwarf smut situation at least 5 patterns
 
of near-homozygous groupings at 5, 10, 20-30, 30-40 and 50-6(/. dwarf smut and
 
at least three wide and three narrow segregation patterns, four of which are
 
shown in Item 9. Presumably these represent various combinations of genes
 
Bt 9 and 10 plus other Bt genes.
 

Item 8 abbreviated as 'Shem' is a single family from a three-way cross between
 
the F of the short Burt*7/Norin lO-Brevor WA 65-2979 crossed to Burt-178383
 
further crossed to the short ID57, Nl0-Bvr//Wichita/3/Delmar. Resistant Bt
 
genes are present in each of these parents. The three humped segregation at
 
20, 50 and 807. dwarf smut probably represents some single gene segregation on
 
top of a common resistance base such as Bt 1, 4.
 

The wheats of Item 10 were old F sib lines of 'Ark' C115286. Each probably
 
represents some mixture of genot~pes. Their peculiarity is the higher fre
quency of resistance in the white chaffed lines. This implies some effect
 
from the turkey gene Bt 4 (or Bt6?) in Tendoy that is linked to the white
 
chaff locus. (White-red chaff is 14 units from Bt 4 and 30 from Bt 6, Metzger,
 
1970). The Tendoy backcrosses to produce Ark were peculiar in that they were
 
always made on F1 plants that were highly resistant to stripe rust and these
 
in turn were always brown chaffed because of the tight linkage with a major
 
gene for resistance to stripe rust in PI 178383. Thus, despite the backcross,
 
selection was always against the white chaffed derivatives until after the
 
last cross.
 

Dwarf smut segregation patterns after severe common smut screening: Dewey
 
populations.
 
Table 2 shows the dwarf smut frequencies in head rows of advanced generation
 
wheat populations developed by W. G. Dewey at Logan, Utah. Each was screened
 
as a bulk to common smuh.in all generations from F2 to the year of dwarf smut
 
screening as inoculated-/ head rows (Dewey, 1963). All populations started
 
fror, a bulk of 300-500 F0 hybrid seeds with multiple parent combinations being
 
mostly between F plants. Gamete segregation involving 5 or more genes from
 
each parent would greatly exceed this number of F0 hybrid seed. These popula
tions are thus incomplete samples of the resistant gene segregation available
 
in some of these crosses. Each generation was represented by 2500-3000 plants
 
selected for type down to 300-400 smut free plants to represent the next
 
generation. The earlier populations were screened to a mixture of common smut
 
races T-13, T-16, and L-7. By 1967 race L-16 was added to the composite and
 
in 1970 the. composite was changed to L-8, L-16, and X-1. Specific gene reactions
 
to these composites labeled "Old" and "New" are (adapted from Hoffman and 
Metzger 1975)j: 

V Theinoculum was local collections of dwarf smut, including that taken from 
fields of 'Delmar' CI 13442 and'Bridser' Cl'14580,whtch have:Bt 1,4,3. 



Table 2. Dwarf smut frequency classes in wheat populations developed by W. G. Dewey, Logan, Utah. 

Comon Dwarf smut frequency classes for head rows 
Item Cross Smufts 
No. No. Year Usedi' 0-t 2 5 10 15 20 25 30 40 50 60 70 80 90 Total/ 


1. Delmar crosses without PI 178383
 
1. 646F 7 1966 Delmar / Columbia A 	 - - 1* - 3 6 8 13 11 6 8 9 il 76
 

Bt genes 1,4,3/ 1,4 Delmar 15% 
 Columbia 95%
 

2. 	 644 F7 1966 Delmar/4/(Itana/3/Ridit// A - 2 7 9 4 16 14 14 7 5 - - 79 

Kanred/Sevier)** 

3. 522 F7 1964 DmI/4/(Hussar/Tkl/Rd/3/Oro/Rd)** A - 8 21 14 14 28 37 13 13 5 1 - - - 140 

4. 509 F7 1964 (KrISv//RdI3/Yogo)**/4/Dm A 1 2 8 10 14 16 18 12 9 14 5 1 -. 120 
I elmar 15% Columbia 99 

Tendoy 99 

Itana 90 0 

5. 748 F7 1969 Clm/(Rd,Hs,Tk,Oro)**//Dm AB . .. . . 8 35 70 7 Delmar-4 	 120
IDelmar 40%
 

"/"A" is the older group of common smuts (T-13, T-16, L-7) and "B" is the new group (L-8, L-16, X-1) used in a
 

bulk screening in each generation prior to the dwarf smut screening. AB is the old group plus L-16.
 

* This row became the variety Bridger CI 14580. 

Dwarf smut resistant 	lines developed by D. C. Tingey, Logan, Utah prior to 1950.
 



Table 2 Continued 

Item 
No. 

Cross 
No. Year 

Comuon 
Used/ 0-t 2 

Dwarf smut frequency classes for head rows 
5 10 15 20 25 30 40 50 60 70 80 90 Total 

6. 

7. 

II. Crosses with PI 178383
715F 6 1967Delmar/178383 

Bt genes 1,4,3/9,10 4+ 

755 F 1967 F (Dm/178383)//Clm 

A 

A 

173 29 19 21 
1 178383 0% 

12 9 16 8 

5 

8 

8 

6 

7 

6 

4 

23 

5 

19 

3 5 7 
Delmar 40. 

23 15 30 

4 3 

411 69 

193 

285 

8. 

9. 

10. 

821 F-7 

8774F7 

823 F6 

1971 

1972 

1973 

Warrior/Burt-178383 B 
? 1,4,9,10,+ 

F-(Wn/Burt-178383//F (Dm/Colorow) B 
1,4,3/1,4,3 

Caddo//Burt 178383 B 

110 

32 

45 

66 65 12 

19 39 25 
Colorow 

18 19 22 

5 

27 
25 

6 

10 

28 

6 

5 

111 

2 

2 

17 

-

10 

21 

-

Columbia 95 

3 1 5 2 11 297 
Warrtio 95 

17 -3 2 2 12 245 
Warrior 95 

- 1 - - 119 

11. 8194F7 - 1971 F5 Sel. 646(Dm/Clm)//Burt-178383 B 240 13 17 8 1 2 - 2 1 1 3 

Caddo 95 

1 - 289 4 

12. 874 F6 

900 6 

1972 

1973 

F [F sel 646(DM/Clm)//Burt-178383]
I3/F(Dm/2/RR/5*Cnn) B 

1,4,3/1,4,7 
Dm/Burt-178383//Colorow B 

1 

2 

1049 

1 15 

35 45 17 
Delmr 35 

23 18 15 

Delmar 55 

7 15 121 
Rio185 

15 

22 

11 

Columbia 95 

20 12 8 1d 272 
Columbia 95 

9 15 16 18 180 

1,4,3/1,4,9,10,+//1,4,3 Cooro 35 1 elmar 45 

14. 895-F7 1974 DI/178383//Clm/3/Colorow B 4 17 17 23 12 7 5 
Colorow 40 

10 
1 

10 15 13 17 11 
De lmar 501 

Columbia 95 

7 168 

15. 901 1F7 - 1974 (Rd,Hu,Tk,Oro)//N10-Bv/3/2*Dm)
/ 4 /(ItanA 65//Burt-178383) B - 13 63 24 1 7 -

Delmar 50 
11 28 17 -174 

lIana 65A0 
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"Old" Race Group "New" Race Group

Bt gene Source T-13 "T-16 L-7 L-8 
 L-16 X-4 

1 Martin S R S R S S
 
2 Hussar 
 S R S S S R
 
3 Ridit I R R R R R
 

4 & 6 Turkey R S R S S R
 
7 Martin-2 I S S S S S
 
9 E 178383 R R R S R R
 
10 K 178383 R R R 
 R R S
 

The chief difference in these two groupings is that the widely prevelant

Martin-Turkey combination, Bt 1, 4 is resistant in the first group but sus
ceptible in the second, and the Bt 9 and 10 genes are differentiated in the

second grouping. Delmar which has Bt 1, 4, 3 showed 3 to 5% smut to both 
combinations, so the chief function of the common smut screening was to
 
eliminate Bt 1, 4 and single gene genotype.
 

Item 1 Cross 646 Delmar/Columbia. Population 646 presumably combines genes

Bt 1 and 4 from each parent and segregation would then be for the Bt 3 complex

only. There was a conspicuous tionrecovery of the Delmar phenotype supporting

the general experience that Bt 3 is actually a complex of genes with small 
individual effects (Claassen et al., 1942). The single row in the 10% class

became the variety Bridger CI 14580, widely grown until recently in northern 
Utah. Bridger showed slightly more (10.) smut to the common race group and
 
slightly less 
to the dwarf smut than Delmar implying some variation in its
 
minor gene component in comparison to Delmar.
 

Items 2 to 5. Complex crosses. The complex parentages of these crosses trace
 
to combinations made by D. C. Tingey, Logan, Utah, mostly prior to 1950. 
Their
 
exact gene contribution is unknown, but they had the BL 3 complex from 'Ridit'
 
CI 6703 plus the potential of other genes. 'Hussar' CI 4843 could have con
tributed Bt 2. Oro CI 8220 may have more resistance than Just Bt 4 or 6 and
 
Sevier CI 6247 may have had some unknown small genes. The Bt 3 (Ridit) base
 
in both parents in these 
crosses presumably permits recognition of transgressive

segregation of other genes pushing the resistance beyond the Delmar level. In
 
family 748 grown in 1969 the smut intensity went up, perhaps from dwarf smut
 
race shifts, and many of the more susceptible genotypes above the Delmar level
 
were eliminated by the addition of L-16 to the common smut races.
 

Crosses with PI 178383 parentage.
 
Crosses with PI 178383 or the derivative Burt-178383 were always heavily skewed
 
to resistance with the 0-trace class approximately 40%. A three-way cross on
 
an F1 plant with either of these parents produced double hump curves. The
 
resistant hump could be genes Bt 9 and 10 from 178383 with and without other
 
genes, while the more susceptible end of the 
curve would be the same distribution
 
without the Bt 9, 10 combination. Presumably the susceptible end of the curve
 
would be biased according to those genotypeo removed by the early generation
 
common smut screening while all genes combined with the Bt 9, 10 homozygotes

would be protected from the common bunt screening and hence distributed at random.
 

Genes Bt 9, 10 are now widely distributed in such varieties as 'Moro' CI 13740,

'Luke' CI 14586, 'Ranger' CI 15316, 'Franklin' CI 15317, 'Jeff' CI 17270,

'Cardon' CI 17295, and 'Hansel' CI 17296. 
 Under severe dwarf smut conditions
 
these varieties may vary from trace to 157. dwarf smut. 
This and the breaks
 
in frequency distributions of Table 2 at about 25% implies that relatively
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naked Bt 9, 10 genes permit 20-257. dwarf smut. Almost any gene added to the 
Bt 9, 10 combination pushed the phenotype to a more resistant class. 

For the purpose of this discussion it is assumed that the Bt 3 complex derived
 
from 'Florence' CI 4170 by way of 'Brevor' CI 12385, into 'Delmar' CI 13442
 
(Briggle and Reitz 1963) is a complex of at least three small genes, and that
 
PI 178383 has in addition to Bt 9, 10, at least three other small plus genes.

The derivative Burt-178383 is more resistant than most varieties with Bt 9,
 
10, hence must have some plus genes. Segregation patterns imply, but are not
 
entirely convincing, that it also has genes Bt 1, 4 from Burt. 
 It might even
 
have part of the Bt 3 complex that is present in some sublines of Burt
 
(Hoffmann 1964).
 

Item 6. Cross 715, Dclmar/178383. This population presumably represents a
 
segregation of at least five different genes from each parent with the possi
bility of (2)10 different F1 gametes one-fourth of which carry the main Bt 9,

10 genes. The resulting F6 population is heavily skewed to resistance with
 
the 0-trace class about three times larger than the next largest class.
 
Population 821, Item 8, presents a very similar curve with a few less genes,

with the 27. and 57. classes a little larger in relation to the 0-trace class.
 
'Warrior' CI 13190 is derived from a 'Pawnee' CI 11669 by Cheyenne cross.
 
Pawnee had the reputation of a generalized tolerance to the common smut races 
of the Great Plains (Reitz, 1974) and had an intermediate resistance to many
 
races of common smut as screened in 1957 by Kendrick. The caddo cross 823,
 
Item 10, is also similar, but lacks the long tail of the curve to the right,
 
implying still fewer plus genes to give intermediate classes.
 

Item 7, Cross 755 F (Delmar/178383)//Columbia. (Selections from this cross 
have become the varieties 'Cardon' CI 17295 and '"ansel' CI 17296). When
 
Columbia was used to dilute the F1 gametes produced by the Delmar/178383 com
bination the population became double humped with many intermediate and high

percent smut types. Since the old group of common smut races was used here, 
many of these classes probably represent combinations with Bt 9 or Bt 10 alone
 
which, as 
in the variety 'Crest' CI 13880, classed as having Bt 10 (Hoffmann

1971), permits high intermediate levels of dwarf smut to the race mixture of
 
this area.
 

Item 9, Cross 877. This population is derived from the F1 of cross 821, Item 8,
 
crossed to the F1 of Delmar/Colorow CI 12865. Colorow has an Oro-Turkey-
Florence parentage and is classed as having Bt 1, 4, 3 (Hoffmann 1967). It 
must differ in some small genes from Delmar, because it consistently shows more 
common smut and less dwarf smut than Delmar. The resulting F7 population pro
duced a near flat resistance curve. Presumably any resistance gene added to
 
the Bt 1, 4, 3 combination would have pushed the progeny row into a lower smut 
class than the Colorow or Delmar parents. 

Item 11, Cross 819. F,sel. 646 (Dm/Clm)//Burt-178383). This cross presents
the most convincing evidence that genes Bt 1, 4 are in the Burt-178383 parent.
The Delmar-Columbia parent is an F5 selection of cross 646, i.e., a sib line
 
of Bridger. Presumably it is homozygous for the available Bt 1, 4, 3 genes,

the genotype of Delmar. 
The very similar cross 715 (Item 6) Dm/178383 had
 
about 407. of the F6 progeny in the 0-trace class while cross 819 had nearly

double this frequency in the 0-trace grouping. If both parents provided a
 
Bt 1, 4 homozygous gene base then the remaining segregation would be PI 178383
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and Bt 3 components, with non Bt 9, 10 recombinants heavily eliminated by the
 
common smut screening. This could also be the explanation for the high recovery
 
of resistance in the Burt-178383 crosses of Table 1 where the second parents
 
contributed Bt 1, 4, but the more susceptible genotypes were not eliminated
 
by a preliminary smut screening.
 

Item 12, Cross 874. In this cross the F1 of cross 819 (Item 11) is further
 
crossed with an F which combines Delmar and the backcrossed derived Rex-Rio/

5* Cheyenne CI 13175 which has Bt 1, 4 and 7 (Kendrick 1962). The population
 
took a dramatic shift to the right with many rows in the 5 to 15% classes but
 
only one in the 0-trace class. The second F1 parent is still presumably
 
homozygous for genes Bt 1, 4 but provides gametic segregates from Bt 3 and 7.
 
Thus this population has all parents with Bt 1, 4 just as in cross 819, but
 
there is a failure to recover the most highly resistant progeny class. The
 
difference in these two crosses must be the failure of the second F in cross
 
874 to provide any minor genes except those in the now segregating it 3 complex.
 
The first F1 parent had the potential of several minor genes now much diluted
 
by the gametic segregation.
 

Item 13, Cross r)00. This population is essentially a backcross of the Bt 1,
 
4, 3 genotype on Burt-178383. The distribution is a very flat curve, implying
 
many intermediate interactions and has a very conspicuous shortage in the
 
0-trace and 2% smut classes. This implies either a poor recovery of the
 
several Bt 3 components or that the combined Bt 1, 4, 3 genes are not enough
 
to push the Bt 9, 10 combination beyond the 5% level.
 

Item 14. Cross 895. In contrast to the above cross 900, cross 895 with a
 
similar likelihood of the Btl, 4 combination and a lower frequency for the Bt 3 
complex is skewed more to resistance with moderate recovery of the 0-trace and 
2% classes. This izplies the greater effectiveness or greater number of the
 
unknown plus genes in the PI 178383 parent over that of the Burt-178383 de
rivative.
 

Item 15. Cross 901. This complex combination with a segregation that produced
 
narrow spreads aiound 5% and 70% smut classes, is thought co be a relatively

"naked" Bt 9, 10 segregation plus only a few other genes.
 

Gene Interactions
 
The known and unknown genes for resistance to common and dwarf smut in these
 
crosses, made a picture of an almost continuous array of interactions and,
 
except for the combined genes Bt 9, 10, gave little implication of having been
 
previously identified as having highly specific reactions to particular races
 
of common smut. No gene gave resistance alone and some two gene combinations
 
such as Bt 1, 4 have long been highly susceptible to the dwarf smut of this
 
region. Bt 3 in Cache and Bt 1,4,3 in Delmar still gave 50% resistance.
 
In the ID5011/ID5006 combination which would be genes Bt 9 or 10 plus other
 
genes, there were near-homozygotes giving at least 6 stairsteps of increasing
 
resistance. Genes Bt 9 and 10 were not very effective singly, but were com
plimentary and permitted about 20-25% smut when unsupported by other genes.
 
This dropped to 5-10. with the addition of various Bt 1, 4, 3 combinations.
 
Other unknown plus genes were required to reach the 0-trace resistance level.
 
These plus genes were in PI 178383, Burt-178383, and were implied to be in
 
Warrior. They were often not visibly recovered when the 178383 components
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entered the crosses as a diluted F 
 The Ridit resistance conveniently labeled

Bt 3, behaved as small complex, dikficult to recover in segregates.
 

Disease Resistance as a Gene Complex
 

If high levels of resistance to dwarf smut can be obtained only from an inter
acting complex of genes, it is an error to equate the performance of any gene

singly to its function in a gene complex. Some genes surely have some vital

function in gene complexes that would be indetectable in isolation as noted
 
by Pope for stripe rust (1968). A strategy for building high levels of disease
 
resistance should aim at building resistant gene complexes, with particular

attention to genes of seemingly small effect that may perform as the mortar
 
between the larger building blocks of the so called "major genes."
 

A Strategy for Handling Genes of Small Effect
 

Genes with small effects can best be detected in situations of trangressive

segregation where their effects 
can be recognized as an improvement in perfor
mance on top of some intermediate standard. For resistance to disease there
 
are three requirements: 1) A match, often obtained accidentally by a disease
gradient, between the disease severity and the range of available resistance
 
in the recombinants. 2) An appropriate number (low) of segregating genes so
 
that the potential segregation is recognizable. For some situations this

would presuppose some common base of other resistant genes on top of which the
 
new segregation would be superimposed. 3) Sufficient generation time must
 
occur beiore critical screening so that recombinants with little effect as
 
heterozygotes could be recovered in functioning groups.
 

Summary
 

Under conditions of severe dwarf smut, Tilletia controversa Kuhn, interactions
 
of the wheat resistance genes Bt 1,3,4,7,9,10 made a continuous array of re
sistant phenotypes from high to low percent smut. 
The most resistant phenotype

required additional plus genes found in PI 178383, Burt-178383 CI 13837, and
 
Warrior CI 13190.
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SOURCES OF WINTER WHEAT RESISTANCE TO INDIAN
 
RACES OF STRIPE RUST AND HILL BUNT
 

M. K. Upadhyay and Rajendra Kumar
 
India
 

Stripe rust (Puccinia striiformis Westend), and Hill Bunt ot Wheat caused by
two species of Tillecia; T. foetida (Wallr) Liro and T.caries (D.C) Tul. are

the most serious diseases of the wheat crop in the 
cool climate ot high altitudes of north India. 
 Veerappa and Rao (1973) reported reduction in yield
from 6 to 18 percent due to stripe rust alone. 
 Sharma and Joshi (1972) estimat
ed the loss trom hill bunt trom 2 to 10 percent depending upon environmental

conditions. 
As the possibility of cultivation ot Winter Wheats in the high
altitudes of north India exists and is being explored, information regarding

the reactions of difterent winter wheats being evaluated, to these two import
ant diseases will be very useful. 
 Results of such a study are, therefore,
 
reported here.
 

Materials and Methods
 

The material tor the study consisted of 2Y winter wheats trom sixteen countries,

and two spring wheats Lerma Rojo 64 and Kalyansona. All the varieties were
tested against ten Indian stripe 
rust races, namely; 13, 14, 14A, 19, 20, 20A,
31, 38, 38A and A. 
Rust tests on seedlings were conducted in a glasshouse.

Inoculum of all the 
races was obtained from the Plant Pathological Station,

Indian Agricultural Research Institute, Simla. 
The infection types were classi
fied according to the method described by Gassner and Straib (1932).
 

The material also was tested against two species of Tilletia; T. toetida andT. caries. 
 Seeds of wheat varieties were inoculated at the time of sowing by
shaking them in a glass flask with Chlamydospores of the bunt fungus. 
 Varieties

showing ten percent or less intection were considered as resistant (Naqvi et. al
 
1963).
 

Results and Discussion
 

Information on geographic origin, pedigree, reactions to stripe rust races and
hill bunt of 29 Winter Wheats, and Lerma Rojo 64 and Kalyansona are presentedin Table 1. It can be seen from the data that a considerable amount of resistance 
to Indian races of stripe rust is available among the Winter Wheats from
Europe. 
The data also shows that all the twelve winter wheats exhibiting

resistance to stripe rust races, 
i.e, Rousalka, Moldova, Dacia, Kirac bb, Sava,

Backa, Maria Nimrod, Caribo, Diplomat, Clarion, Zenith and Starke are of European
origin. This situation is quite expected because stripe rust is a serious
disease of the wheat crop in Europe. 
All of the six varieties trom the U.S.A.
 
were susceptible to Indian stripe rust races.
 

An examination of the pedigrees of the winter wheats showed that Backa and
Zenith appear to possess Yr 2 gene derived from Heine VII. 
 Similarly the resist
ance in Maria Nimrod and Caribo seemsto have been derived from Hybrid 46 (Yr 4b)
and Cappeile Desprez (Yr 3a). 
 Lupton and Macer (1962) identified genes Yr 2,
Yr 4b and Yr 3a in the varieties Heine VII, Hybrid 46 and Cappelie Desprez

respectively. Upadhyay and Kumar (1975) have shown that genes Yr 2, Yr 4b and
 

Indian Agricultural Research Institute, Simla-4.
 



Table 1. Pattern of infection of 29 winter wheats against ten races of stripe rust, and bill bunt. 

Serial 
number Variety Pedigree Origin 13 14 

Infection types produced by 
races of stripe rust 

14A 19 20 20A 31 38 38A A 

-11h-t-
Tilletia Tilletia 
toeLda 

I 
2 

Bezostaya I 
Strampelli 

Lutescens 17 x Skorospelka 2USSR 
Libero/2/San Pastore/ Italy 

3 
0-1 

3 
4 

4 
0 

3 
3 

4 
0 

4 
0 

4 
4 

4 
0 

3 
0 

3 
4 

S 
S 

S 
S 

lacometti 49 
3 Victor 1 Mars3/Frontana/Ky58/Nth Italy 3 4 4 3 4 4 3 4 4 3 S S 

11-50-35 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Marimp 3 Impeto/Mara 
Rousalka S. 13/C. 54 
Moldova Bucuresti 1/Skorospelka 3 
Dacia Bucuresti 1/Skorospelka 3 
Kirac 66 Florence/Yayla 305 
Golden Valley 414-57/Leonardo 
Sava Fortunato 2/Redcoat 
Backa Heine VII/129 Genus 
Atlas 66 Frondoso/2/Redhart/3/ 

Italy 4 
Bulgaria 0 
Romania 0 
Romania 0 
Turkey 0 
Yugoslavia 3 
Yugoslavia 0 
Yugoslavia 0 
N.Carolina,3 

4 
0 
0 
0 
0 
4 
0 
0 
4 

4 
0 
0 
0 
0 
4 
0 
0 
4 

4 
0 
0 
0 
0 
4 
0 
0 
4 

0 
0 
0 
0 
0 
4 
0 
0 
4 

4 
0 
0 
0 
0 
4 
0 
0 
4 

4 
0 
0 
0 
0 
4 
0 
0 
3 

3 
0 
0 
0 
0 
4 
0 
0 
3 

4 
0 
0 
0 
0 
4 
0 
0 
4 

4 
0 
0 
0 
0 
3 
0 
0 
4 

S 
R 
R 
R 
R 
S 
S 
S 
S 

S 
S 
S 
S 
R 
S 
S 
S 
S 

Noll 28 U.S.A. 
13 Blueboy Brevor/Norinl0/Anderson/ N.Carolina,4 4 4 4 4 4 4 4 4 4 R 00 

14 Centurk 
Coker 55-9 

Kenya58/2/Newthatch/3/Hope/ 
2Turkey/4/Cheyenne/5/Parker 

U.S.A. 
Nebraska, 3 

U.S.A. 
4 4 4 4 4 4 4 4 4 R S 

15 Tauubeat 102 Sinvalocho/Wichita/3/Hope/ Texas, 3 4 4 4 4 4 4 4 4 3 S S 
Cheyenne//2 Wichita/4/ U.S.A. 

16 C.I. 15074 
Seu Seun/5/Tascosa

Warrior/2/Atlas66/Comanche/ Nebraska, 3 4 4 4 4 4 4 4 4 4 R R 

17 NE 701132 
3/C.I. 13548 

Atlas66/Comanche//Lancer 
U.S.A. 

Nebraska, 3 3 4 4 4 3 4 4 4 3 S S 

18 Lilifen Nord Desprez/3/Winter Wheat 
U.S.A. 

Chile 1 4 4 4 0-1 4 4 0 4 0 S S 
F1 /4/Lee/Frontana/2/ 

19 Carifen 12 
Newthatch (No. 2357)

Dijon2/4/Norinl0/Brevorl4/ Chile 3 3 3 - 0 4 0 4 3 4 S S 
3/27-15/2/Rex-Rio 



Table 1 continued. 

Seria"l 
number Variety Pedigree Origin 13 

Infection types produced by
reces of stripe rust 

14 14A 19 20 20A 31 38 38A A 

Hill Bunt 
Tilletia Tilletia 
foetid caries 

20 Maris Nimrod /'(C.I.x2633 x Yeoman) x 
Capelle5 - x Fl (Capelle x 

England 0 0 0 0 0 0 0 0 0 0 S S 

21 Caribo 

Hybrid 46)/x Professeur 
Marchal2 

Cappelle Desprez/Carstens West 0 0 0 0 0 0 0 0 0 0 S S 

22 Diplomat 
VIII

Merlin/Format 
Germany
.Germany 0 0 0 0 0 0 0 0 0 0 R R 

23 Probstdorfer Probstdorfer Record/Brucker Austria 0 0-1 0 - 0 4 0 4 0 0 - -

24 
25 

Extrem 
Clarion 
Lenith 

Harrachweizen 
H 10/2/Carpo/Generoso Netherlands 0 
Heine VII/Canadian 3842/3663 Switzer- 0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

-
S 

-
S 

26 Hokuei land
Turkey Red Il/Martins Amber/ Japan 3 4 4 4 4 4 4 4 4 4 S S 

27 
28 
29 
30 

Jyva 
Vakka 
Starke 
Lerma Rojo 

2/Tohoku 67 
Kakko/l/IVarmaIG5-20/Kehva 
G 5-20/Vakka 
Banco Sib/Eroica/Virtus 
Lerma Rojo/4/Lerma 52/3/ 

Finland 
Finland 
Sweden 
maxico 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
4 

0 
3 
0 
0 

0 
0 
0 
0 

3 
3 
0 
4 

0 
0 
0 
0 

0 
-
0 
0 

0 
0 
0 
4 

0 
-
0 
3 

S 
S 
-

S 

S 
S 
-

S 

31 
64* 

Kalyansona * 
Norin l0/Brevor/2/Yaqui 50 

(Fn-K58-Nth-NlOB) Gb 55 India 0 0 4 0 0 4 3 0 4 0 R R 

- Not available 
• Spring wheats 
R Resistant 
S Susceptible 
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Yr 3a are very valuable since these confer resistance to all the Indian stripe
 
rust races against which they were tested. As the uredospores of stripe rust
 
oversummer in the high altitudes of north India and remain viable throughout
 
the year, this region serves as the tocus of infection during the next winter
 
season for the wheat crop grown in the Indo-gangetic plains. It is, therefore,
 
essential to identify rust resistant varieties for cultivation in this region
 
in order to cut down the 'load' of rust inoculum from the hills. In this con
text, it is necessary that only those winter wheats which show resistance to
 
stripe rust should be tested for their adaptability in the high altitudes of
 
north India. Results of the present study have shown that stripe rust resistant
 
winter wheat varieties are available in the material tested.
 

The reactions of winter wheats against hill bunt indicated that the frequency
 
of genes governing resistance to this disease is quite low in this material.
 
Only four varieties; Kirac 66, Blueboy, C.I.15074 and Diplomat showed resistance
 
against both the species of Tilletia. Rousalka, Moldova, Dacia and Centurk
 
were resistant to Tilletia foetida only. Kirac 66 derives its resistance for
 
hill bunt from the variety Florence. Blueboy and Kalyansona possess the hill
 
bunt resistant factor from Brevor. Centurk derives its resistance from Cheyenne.
 
Metzer (1970) pointed out that Florence and Cheyenne possess genes Bt 3 and Bt 7
 
respectively. Thus it seems that these two genes, Bt 3 and Bt 7, are very valu
able as they govern resistance to both the species of Tilletia found in this
 
country. The use of Bt 3 and Bt 7 genes would also diversify the genetic
 
spectrum of resistance genes in India as, at present, the factor of resistance
 
from Brevor is being widely used for the incorporation of hill bunt resistance
 
in the newly evolved cultivars.
 

It may be pointed out here that Blueboy, C.I. 15074 and Centurk showed suscepti
bility to all the ten races of stripe rust against which tested. Moldova,
 
Dacia and Rousalka seem to be promising for stripe rust, and hill bunt (T.
 
foetida) resistance, but these varieties were susceptible to Tilletia caries.
 
Thus, Kirac 66 and Diplomat appear to be the most valuable sources of winter
 
wheat resistance to the Indian races of stripe rust and hill bunt.
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THE INTERNATIONAL WINTER WHEAT PERFORMANCE NURSERY
 

J-. E. Stroike and V. A. Johnson
 
USA 

The International Winter Wheat Performance Nursery (IWWPN) has played an im
portant role in the Nebraska project for the nutritional improvement of wheat.
 
Under a contract with the United States Agency for International Development
 
this project has received excellent cooperation and assistance from wheat
 
breeding programs around the world. The IWWPN is grown at 57 sites in 35
 
countries in 1975. (Figure 1). It is located in all major winter wheat pro
ducing countries except the People's Republic of China.
 

Objectives
 

The IWWPN is designed to evaluate the performance of new winter cultivars and
 
experimental lines from major wheat producing countries. Tests of varietal per
formance under widely different environments have identified superior winter
 
wheat genotypes that are being used by many wheat breeding programs for improve
ment of variety productivity and nutritional quality.
 

Information about adaptation of winter wheat varieties under a wide range of
 
environmental conditions is an important objective of the IWWPN. This search
 
for productive winter varieties to serve as recipient genotypes for protein and
 
lysine genes is essential. Many such varieties have been identified and will
 
continue to become apparent from this nursery.
 

The stability and phenotypic expression of the high protein and high lysine
 
traits in wheat was uncertain before the initiation of the IWWPN. The expression
 
of Atlas high-protein genes has been excellent across all environments during
 
several years of nursery testing.
 

During the first seven years (1969-1975) of the IWWPN eighty-four varieties
 
of wheat have been evaluated. (Table 1). These varieties were submitted by
 
twenty-three different countries representing every continent of the world
 
except Africa. Varieties and advanced experimental lines may be submitted for
 
the nursery by anyone, but the initiative for submission of such candidates
 
should reside with the cooperator or breeder. Seed in the amount of 1-1/2

kilograms should be sent to Lincoln, Nebraska by October 1 to permit it inclu
sion in U. S. Quarantine increase plantings at Yuma, Arizona.
 

The distribution of varieties tested in the nursery has been good. Initially
 
there was a predominance of United States varieties. This has been changed
 
and most varieties are now from other countries. I should emphasize that ex
perimental material in advanced stages should be considered by breeders for
 
inclusion in the nursery. IWWPN performance information can be invaluable to
 
you and to your program as well as to other breeders. Two years are necessary
 
from the time a candidate variety is submitted until it is included in the
 
nursery. U. S. quarantine requirements for increase of seed, preparation and
 
distribution of nursery seed dictate this delay.
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Table 1. Countries submitting wheat varieties for evaluation in the IWWPN,
 
1969-1975.
 

North America 
Canada (1) 
United States (25) 
Mexico (2) 
South America 

Eastern Europe 
Bulgaria (2) 
Hungary (4) 
Romania (3) 
USSR (4) 

Chile (3) 
Western Europe 

Yugoslavia (7) 
Near East 

Austria (1) Iran (1) 
England (3) 
Finland (2) 

Turkey (2) 
Far East 

France (2) 
Germany (5) 
Italy (6) 

Australia (1) 
Japan (2) 
Korea (1) 

Netherlands (4)
Sweden (2) Total Varieties' 84 
Switzerland (1) 

During the First International Wheat Conference held in Ankara, Turkey in 1972,
 
we agreed to a short period of testing to permit more varieties to be evaluated
 
in the nursery. Nursery entries (other than check varieties) are now dropped

after two years of testing unless there are special reasons for their retention.
A sufficient number of candidates have been received to follow this procedure

to date, but currently the number of candidate varieties for the nursery has

decreased. 
Therefore, I would urge you to re-examine your program for possible

candidates.
 

A primary objective of the IWWPN is to obtain information on the adaptation

and performance of winter wheat varieties over large geographical areas. Many

varieties have performed well in the IWWPN. 
The leading varieties for yield

performance from 1969 to 1974 are listed in Table 2. Bezostaya 1 (USSR) and
 
Blueboy (North Carolina) have been retained as 
check varieties due to their

excellent productivity over environments and years. 
 Several other high-yielding

varieties have been identified and are shown here according to the year they

were grown in the IWWPN. The nursery has effectively identified varieties not

only with broad adaptation but with other valuable .:naracteristics as well.
 

Plant lodging is an important characteristic to consider when evaluating per
formance. Table 3 includes selected varieties grown in the IWWPN from 1969

thru 1973. Many of these varieties such as Bezostaya, Blueboy, and Sava and

Centurk were outstanding in yield across environments. Still others such as

Gaines and Starke are very specifically adapted to identifiable regions. 
An

exception co the relationship between lodging resistance and high yield is
 
Centurk which was capable of producing high yields with as much as 40-5/. 
aver
age lodging in the IWWPN.
 

Table 4 includes plant height data for varieties grown in the nursery from 1969
1973. A close relationship is expected and is found between short plant height

and resistance to lodging. 
Many of the same varieties are included among the

listings of short varieties and lodging resistant varieties in the IWWPN.

Zlatna dolina, Sturdy, Timwin, and Sava are some of the consistently shorter
 
varieties that resisted lodging and produced high yields.
 



Table.2. Summar of average yields in quintals per hectare for leading varieties grown in the IWM 1969-1974. 

Year and number of sitesVarity Origin: 1969 1970 1971 1972 1973 / .1974X. 
... 
 -16 32" 28 
 38 33 
 38
 

xRank i Raki Rnk i Rank i Rank i Rank
 
Bezostaya 1 USSR 
 45 (1) 40 (1) 40 (3) 43 (1) 39 (8) 42 (4)Blueboy 
 North Carolina 44 (2) 29 (19)141 (2) 40 (6) 39 
 (7) 40 (11)
Timwin Wisconsin 40 (5) 37 (2) 39 (4)-

Sava Yugoslavia 42 (1) 42 (2) 45 (1)

Probstdorfer Extrem Austria 38 (7) 41 (2) 38 (9)
 
Centurk 
 Nebraska 
 39 (5) 40 (8) 41 (4)Zlatna Dolina Yugoslavia - 41 '(5) 42 (3) 42 (5)Rousalka Bulgaria 
 40 7(10) 42 (2) 41 (8)Kavkaz USSR 
 45 (1

Aurora USSR 
 45 (2).
 

Nursery Mean 
 ;36 31 ;1- 35 36 ,35 38
 

1/ Preliminary results only. 
 . _. .
 
2/ Poor stands resulting from poor seed germination.,
 
Table 3. Summary of average plant lodging 
 in percent for selected varieties grown in the IWWPN, 1969-1973. 

Variety Origin TE -Rank- Rank - :Rank i Rank R Rank 
Year 1969 1970 
 1971 1972 
 1973*

No. of sites 
 13 
 24 15- 22 17 
Bezostaya 1 USSR 20 (10) 17 (9). 25,(11) 12 (14) 25 (17)Blueboy ..N. Carolinal6 (6) 9 (2) 20 (9), 19 (16) 24 (16)
Gaines Washington 16 (8) 9 (3)_
Cappelle Desprez France 15 (5) -9 (1)
Sturdy Texas 7 (1) " 11 (4) 7', (3)-Sava Yugoslavia 
 .8 2 . _(4)(1) (7)
Starke 
 Sweden 
 7. (2): 8( ) 18 (11)Centurk 
 Nebraska 
 44. (26) 45 (26) 58 (29)Rousalka Bulgaria 2 (3) :0 (5).Zlatna Dolina Yugoslavia 2 (5) 9 :(3),Diplomat Germavy.4 
 (8) 8 (2) 

Nursery Mean 
 26 25 29 
 21 28
 
* Preliminary-results only. 
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Table,4.,i 	Summary of average plant height ,in centimeters, for selected
 
varieties grown in the IWWPN,.19619-1973.
 

Variety Origin, 'x Rank;-; -'Rank x Rank x Rank x Rank 

Year 1969 1970 1971 1972 1973* 
No. of sites 18 25 20 29 

Bezostaya 1 
Blueboy 
Gaines 

USSR 99 
N. Carolina 97 
Washington 76 

(9) 
(7) 
(1) 

91 
88 
74 

(8) 
(7) 
(1) 

95 
99 

(13) 
(16) 

100 (13) 
107 (17) 

98 i(14) 
103 (18) 

Sturdy 
Timwin 
Sava 

Texas 
Wisconsin 
Yugoslavia 

84 
89 

(2) 
(3) 

78... (2) 
82, (3) 

82 
86 
80 

(3) 
. (5) 
(2) 85 (5) 83 (5) 

Strampelli Italy 87 (6) 89 (7) 89 (7) 
Centurk 
Rousalka 

Nebraska 
Bulgaria 

100 (17) 107 (18) 
82 (4) 

104 (20) 
80 (3) 

Dacia Romania 109 (21) 106 (22) 
Zlatna Dolina Yugoslavia 81 (3) 77 (2) 

Nursery Mean 104 95 96 101 98 
* Preliminary results only. 

Other agronomic traitc that aid in understanding variety performances over en
vironments have been measured and reported. Time does not permit their
 
consideration here.
 

A second oojective of the IWWPN was to determine the stability of genes for
 
high protein content. Table 5 identifies selected varieties that have produced
 
high average grain protein. The stability of the Atlas genes for high protein
 
isexcellent. Atlas 66, Purdue 4930A6-28-2-l, NB67730 and CI15074 all possess
 
such genes and have demonstrated this well. In 1971 a winter triticale was
 
included in the IWWPN and produced both high grain protein and lysine content.
 

Table 5. Summary of average grain protein in percent of dry grain weight
 
for selected varieties grown in the IWWPN, 1969-72.
 

Variety 	 Origin x Rank x Rank x Rank x Rank
 

Year 1969 1970 1971 1972
 
No. of sites 18 25 22 24
 

Bezostaya 1 USSR 13.4 (25) 14.1 (26) 14.5 (23) 13.2 (24)

Atlas 66 N. Carolina 17.5 (1) 19.3 (1) 18.1 (1) 16.5 (1)
 
Purdue 4930A6-28-2-1 Indiana 16.5 (2) 18.3 (2)
 
NB67730 Nebraska 16.4 (3) 17.2 (3)
Cappell Desprez France 16.0 (4) 16.0 (4) 
Sturdy Texas 14.3 (14) 15.1 (11) 15.3 (14) 
Winter Triticale Nebraska 17.4.(2)
CI15074 Nebraska 16.5 (3) 1502 (3) 
Sava Yugoslavia 1!5.0 (19) i3.4 (20)
 
Dacia Romania (7)
 
NE701132 Nebraska 15.3, (2)
 
Lilifen Chile 15.0 (4)
 

'
 
Nursery Mean 	 14.4 15.3 153 3.9
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The first group of lines from the high protein - high lysine breeding program
 
at Nebraska was grown for observation purposes in 1974-75 at 25 sites in 21
 
countries. Most of these special nurseries are located in the lesser developed
 
countries. Protein analyses will be made on seed samples returned to Nebraska.
 
A total of 280 lines were included in the high protein - high lysine nursery.
 

The International Nursery network serves as an effective vehicle for the dis
tribution of germplasm, information, and world wide cooperation among winter
 
wheat researchers.
 

Seeding Rate Study
 

In 1972, at Ankara, Turkey, we discussed the question of seeding rates as
 
related to IWWPN testing. Should varieties in the nursery be seeded at a
 
common rate at each nursery site or should the rate for a variety vary accord
ing to the recommendation of its developer? An answer to this question was
 
pursued in 1974 and 1975.
 

I have received data from a few cooperators who participated in this study in 
1974 and will make only a preliminary report here. Keep in mind that only one
 
year of data are involved.
 

In an attempt to keep the study simple and minimally time-consuming, only six
 
varieties were chosen from these grown in the 1974 IWWPN. 
The developer of each
 
variety was asked for his recommendation of optimum seeding rate. The seed then
 
was packaged according to plot size at each of the seven 1WWPN sites selected
 
for the experiment. The nursery sites, varieties and recommended seeding rates
 
are shown in Table 6.
 

Table 6. Seeding rate study (IWWPN) 1974.
 

Recommended
 
Variety Origin Seeding Rate/m2
 

ZJatna dolina Zegreb, Yugoslavia 700
 
NS732 Novi Sad, Yugoslavia 700
 
Rousalka Tolbukhin, Bulgaria 600
 
Bezostaya 1 Krasnodar, USSR 500
 
Bolal Ankara, Turkey 300
 
aris Nimrod Cambridge, England 220
 

Nursery Sites
 
Ankara, Turkey Svalof, Sweden
 
Novi Sad, Yugoslavia Stillwater, Oklahoma
 
Krasnodar, USSR Lincoln, Nebraska
 
Cambridge, England
 

Data from four of these nursery sites were available for this report. Table 7
 
includes agronomic data for the seeding rate study at Ankara, Turkey where
 
the nursery mean yield was only 16 quintals/hectare. Because of delayed emer
gence there was a lack of uniformity in stands. This resulted in below normal
 
numbers of heads per square meter even for adapted varieties Bolal and Bezostaya
 
1. Even so, Bolal produced a significantly higher number of heads/m 2 than
 
other varieties seeded at twice the Bolal seeding rate. Yield was significantly
 
correlated with heads/m 2 and 1000-kernel weight with 'r'values of 60 per cent.
 



- 507 -

Table 7. Agronomic data for six varieties grown in ,aseeding rate
 
-experiment at Ankara, Turkey, 1974.
 

1000-Kernel Weight
SeI Yed 

Variety 	 Rate/m q/ha Heads/m 2 rM
 

Rousalka 600 20.9a 221a 42.8a 
Bezostaya 1 500 19.Oa 178b 42.3a 
Bolal 300 17.5ab 184ab 40.8b 
Zlatna Dolina 700 16.8ab 198ab 35.Oc 
Maris Nimrod 220 11.4b 138c 35.6c 
NS732 700 l0.7b 166bc 34.6c 
Mean 16.0 181 38.5 
C.V. (7.) 	 26.0 14.6 2.4
 
L.S.D. (.05) 	 6.3 39.8 1.4
 

Yield vs Heads/m 2 .60* 
Yield vs 1000-Kernel Weight .61** 
Heads/m 2 vs 1000-Kernel Weight .35 

* Significant at 57. level.
 

** Significant at 17. level.
 

Tillers per square meter were determined at Lincoln, Nebraska. (Table 8).
 

Significant differences could not be shown between varieties for tiller number
 

or for 1000-kernel weight. Yield was significantly correlated with tillers/m 
2
 

and 1000-kernel weight. High yields were associated with high seeding rates,
 

with two exceptions. Mars Nimrod seeded at the lowest rate produced as high
 

a yield as other varieties seeded at higher rates. In contrast, NS732 seeded
 

at a high 	rate produced a low yield.
 

Table 8. 	Agronomic data for six varieties grown in a seeding rate experiment
 
at Lincoln, Nebraska, 1974.
 

Seedin Yield 1000-Kernel Weight 

-Variety Rate/m q/ha Tillers/m2 Rm 

Zlatna Dolina 700 35.4a 570 36.4
 

Rousalka 600 34.2a 483 36.8
 

Maris Nimrod 220 34.Oa 560 37.0
 

Bezostaya 1 500 30.7ab 551 32.6
 

Bolal 300 22.9bc 491 32.4
 

NS732 700 19.3bc 454 27.6
 
Mean 29.4 518 33.8
 

C.V. (7) 	 17.7 12.7 15.7
 
L.S.D. (.05) 	 7.8 NS NS
 

Yield vs Tillers/m
2

1 

Yield vs 1000-Kernel Weight 
Tillers/m 2 vs 1000-Kernel Weight .32 

* Significant at 57. level.
 

** Significant at 1% level.
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Table 9 includes data from Svalof, Sweden. The nursery mean yield was much 
higher than at the previously discussed nursery sites. Under this high
 
yielding environment, lower seeding rates produced the highest mean yields; 
particularly Marts Nimrod which yielded 77.3 quintals per hectare when seeded
 
at 	220 seeds/m 2 . Yield also was significantly correlated with test weight 
and 1000-kernel weight at this site.
 

Table 9. Agronomic data for six varieties grown in a seeding rate experiment 
at 	Svalof, Sweden, 1974.
 

Seedin8 Yield Test Weight 1000-Kernel Weight 
Variety Rate/m q/ha kg/hl am 

Maria Nimrod 220 77.3a 78.1c 58.1a
 
Bezostaya 1 500 70.Ob 82.2a 54.5c
 
Bolal 300 62.5c 80.9ab 56.4b
 
Zlatna Dolina 700 60.7c 80.3b 50.6d
 
Rousalka 600 44.4d 77.6c 	 56.0bc
 
NS732 700 32.8e 70.1d 50.4d
 
Mean 57.9 78.2 54.3
 
Coefficient of Variation (7) 5.7 1.4 1.9
 
L.S.D. of Variety Means (.05) 4.9 1.6 	 1.6
 

'I
 

fro
 
*Yield vs Test Weight .74 

Yield vs 1000-Kernel Weight .53 * * 
Test Weight vs 1000-Kernel Weight .42* 

* 	 Significant at 5% level.
 

Significant at 17. level.
 

Table 10 includes data from Krasnodar, USSR, the last of the nursery sites
 
reported today. This site also produced a high nursery mean yield, but the
 
high seeding rates produced higher variety mean yields than the lower rates.
 
The environmental influence upon varietal performance at varying seeding rates
 
is obvious from these nurseries.
 

Table 10. 	Agronomic data for six varieties grown in a seeding rate experiment
 
at Krasnodar, USSR, 1974.
 

Seeding Yield Test Weight 
Variety Rate/mz q/ha kp/hl 

Rousalka 600 69.Oa 78.8ab
 
Bezostaya 1 500 66.2ab 80.6a
 
Zlatna Dolina 700 63.7ab 80.4ab
 
NS5732 700 60.8ab 77.Ob
 
Bolal 300 57.2b 80.Sab
 
Marie Nimrod 220 46.4c 67.lc
 
Mean 60.5 77.4
 
C.V. (7.) 	 10.2 3.0 
L.S.D. (.05) 	 9.3 3.5 

pro-	 . 

Yield vs Test Weight .63* 
** Significant at the 1% level. 
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Comparisons of variety mean yields between the Seeding Rate Study and the IWWPN
 
grown adjacently at each site in 1974 appear in Figure 2. The dark bars on the
 
graph are IWWPN yields and the crossed bars are seeding rate yields. In the
 
Seeding Rate Study each variety was seeded at a constant rate whereas the
 
IWWPN seeding rate varied according to location. The rates are shown at the
 
bottom of the chart along with nursery mean yields for each experiment.
 

Computation of statistical significance of mean difference among varieties is
 
not possible. Therefore only general relationships can be suggested.
 

A 1 igh rate of seeding (700/m2) of Ziatna dolina was advanLageous only in the
 
lower-yielding environments of Nebraska and Turkey. NS732 seeded at a high
 
rate (700/m2) produced yields about equal to lower seeding rates in the lower
yielding environments but was erratic in high-yielding environments. Rousalka
 
was more productive when seeded at 600 viable seeds/m 2 than when seeded at
 
lower seeding rates in three test environments. High seeding rates had minimal
 
effect on the yield of Bezostaya 1 in each of the four environments.
 

Bolal seeded at a low seeding rate (300/m2) yielded less than at higher seedin8
 
rates in all sites except Nebraska where it was higher yielding at 250 seeds/ml
 

than at 300 seeds/m 2 . The low yield in Turkey probably can be attributed to
 
poor stands.
 

Maris Nimrod seeded at low rates (220/m2) produced a higher yield than at higher
 
seeding rates only at Lincoln, Nebraska. In the more favorable environments
 
of Sweden and USSR, its yields were higher at the higher seeding rates. The 
large advantage in yield at the lower seeding rate at Lincoln is difficult to 
explain. There was a maturity difference of about 5 days which could have had
 
an effect due to very dry and hot days at maturity.
 

These sparse data cannot be reliably interpreted. Receipt of the 1975 data
 
and its complete analysis should provide useful additional information. There
 
appear to be wide variety differences in response to seeding rates and environ
ments. Much more experimentation is needed to provide reliable guide lines
 
for establishment of best seeding rates for varieties in the IWWPN.
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RE PORt6 THE",i RESULTS OF INTERNATIONAL WINTER WHEAT PERFORNANCE
 
NURSERIES GROWN AT TWO DIFFERENT LOCATIONS
 

DURING 1973 AND 1974
 

Giuseppina Zitelli and Basilio Borgh: 
Italy
 

Resufts of the 5th and 6th IWWPN, grown at S. Angelo L. (Milano province) and 
Rieti in the years 1972-73 and 1973-74, are briefly reported. S. Angelo L.
 
is situated near Milan in the alluvial Po Valley that is 
 the main area forbread wheat production in Italy. Rieti is situated in Central Italy in a plainof an old lake basin at the base of the Apennines (400 m above sea level). 

In these two environments, since the thirties, very high yields (40-50 q/ha) are
 
constantly obtained with the more widely cultivated Italian varieties such as

S. Pastore, Mara, Funo, Marzotto, Irnerio, Argelato. The pedoclimatic conditions
 
at S. Angelo L. and Rieti allow the varieties to express their maximum yielding

capacities and permit their agronomic behaviour and adaptation to be ascertained.
 

Regarding the 1973 trial grown at S. Angelo L., 
it is necessary to note that at
 
the beginning of June a storm caused complete lodging of all varieties except

Roussalka and Carifen (their lodging was partial i.e/ 35%). 
 Consequently, all
 
the varieties showed high shriveling and low yield (field mean: 28 q/ha). The
 
highest yielding varieties (Figure L)were Roussalka (47 q/ha), Golden Valley

(38 q/ha), Blueboy (37 q/ha) and Bezostaya 1 (35 q/ha).
 

In 1974 at S. Angelo L., a mild winter and a cool spring with rains during the

vegetative period allowed very high yields (field mean: b4 q/ha). 
The best
 
results (Figure 1) were obtained from varieties in their first trial such as

Kavkas (84 q/ha), Aurora (83 q/ha), Burgas 2 (82 q/ha), Zg 5996/66 (80 q/ha),

and Dwarf Bezostaya (80 q/ha). Also there was confirmation of the good yielding

capacity of Golden Valley (82 q/ha) and Roussalka (76 q/ha).
 

At Rieti, in both years the climatic conditions were more or less typical with

winter not very cold although temperatures below 0°C occurred in March and April.

However, some differewe in precipitation occurred with relatively frequent rainfalls in January, February and April in 1973 and abundant rainfall during the
first 10 days of March, during April and the first 10 days of May in )974.
 

At Rieti, in 1973, the best varieties for yield were Marimp 3 (54 q/ha), Lerma
Rojo 64 (54 q/ha), Golden Valley (54 q/ha), Roussalka (54 q/ha), Bezostaya 1 (53
q/ha), Victor I (52 q/ha) and Dacta (51 q/ha). The field mean was 42 q/ha. 

In 1974, with a field mean of 51 q/ha the following varieties (Figure 2), Aurora
(66 q/ha), Marimp 3 (64 q/ha), Roussalka (63 q/ha), Blueboy II (61 q/ha), Kavkaz 
(60 q/ha), and Burgas 2 (58 q/ha) emerged as the hig.est yielders.
 

On the basis of the four trials, the top positions for yield are held by the
 
varieties Roussalka, Golden Valley and Dacia. 
Thus, these three varieties

(respectively from Bulgaria, Yugoslavia and Romania) show good adaptation by

their consistently positive response to both environments of Central and North
ern Italy in two consecutive years.
 

Instituto Esperimentale di Genetica per la Cereali Coltura, Rome
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BEHAVIOUR OFSOME VARIETIES INCLUDED IN THE 5gAND6th IWW N GR AT S.ANGFLO t,(MI) AND RIETI IN 1973 AND 1974 
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SFigure 	3 (continued).
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Roussalka and Golden Valley deserve attention for plant height not greater than
 
90 cm and for their earliness which is obvious if we consider the spring wheat

Lerma Rojo 64. At the other extreme we consider Dacia too tall (115 cm). 
 From
 
the Rieti data appear the high 1000-seed weight of these varieties accompanied,

in Roussalka and Dacia, by a low number of seeds per ear. 
Unfortunately, the
 
three varieties are susceptible to Italian populations of rusts, mildew and
 
Septoria tritici, with the exception of Golden Valley for resistance to leaf
 
rust.
 

Among the Italian varieties, Marimp 3 and Demar 4 (the latter included in 1974
 
year trial only) appear better adapted to Rieti conditions than to the S. Angelo
 
L. area where they were bred.
 

In Figure 3 we have reproduced for comparison the means shown by single trials

for the traits yield, height, heading, together with those of Bezostaya 1 which

in the 1972 IWWPN was the best in yielding performance. Among the varieties
 
examined for one year only (1974) Aurora and Kavkaz from Russia, Burgas 2 from
 
Bulgaria and Blueboy II from U.S.A. emerge for high yield in both environments.
 

However, both of the Russian varieties outstanding at Rieti and resistant to

leaf and stem rusts, are susceptible to mildew and Septoria tritici besides being

too tall (110 cm) as modern wheats. Burgas 2 appears resisTa"nto leaf and
 
stem rust, susceptible to mildew and Septoria tritici but has acceptable height

(90 cm) and earliness. 
 Blueboy II is about 100 cm tall and reasonably early
 
but is susceptible to diseases.
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THE 	 WINTERWHEAT VARIETIES FROM THE IWWPN 
UNDER'COND6ITIONS ,IN."NORTH EASTERN BUWAR~i, 

I. 	 Todorov, V. Gotzova, Tsv. Rachinska 
Bulgaria 

'In the last few years wheat selectionists in Bulgaria as well as in some other
 
countries have achieved considerable success. The newly selected wheat vanri
etieswere of decisive importance in obtaining higher grain yields. Hence, it
 
appears necessary for these varieties to possess a number of valuable quali
ties such as high yield potentialities, resistance to lodging, disease and frost
 
resistance, ecological conformity, and good baking qualities. The realization
 
of all these indices depends to a large extent on the interaction of the geno
type and the conditions of breeding.
 

In this respect the Russian variety "Bezostaya 1" was considered, with full
 
right, an extraordinary achievement for many years. This variety is of par
ticular importance as it combines high productivity and excellent baking quality
 
(Lukyanenko P. P., 1961; Gotzova V., 1965; Pruzkova M. G., 1967). It has been
 
established that Bezostaya 1, when used in hybridization has very good com
bining ability 	and, in particular, as a strong wheat genotype (Rachinsky T.,
 
V. Gotzova, Tsv. Rachinska 1972).
 

Bulgaria, Yugoslavia, Italy, Romania and some other countries have undisput
ably succeeded in the selection of winter wheats. (Borojevic, S., 1974; Johnson
 
et al. 1968; Bozzini A., 1973). From 1972 to 1974, 43 wheat varieties included
 
in the IWWPN were tested at the Institute for Wheat and Sunflower Breeding,
 
Tolboukhin, Bulgaria. Seventeen of these were tested throughout the whole
 
three-year period; thirteen were tested in the first 2 years and thirteen - in
 
the 	third year only. The subjectsof this study are the varieties which were
 
tested three or two years. The experiment was seeded at the optimum period
 
for 	the region (4, 23, 19, 10) on slightly leached chernozem according to the
 
scheme accepted for planting the IWWPN; in 4 replications, 1.5m 2 harvested area
 
per plot in the first and the third year and 3m in the second year. Before
 
the basic tillage of the soil 130 kg/ha of P205 was introduced in the form of
 
Ca(H2PO4 )2. In early spring 100 kg/ha of nitrogen in the form of NH4NO3was
 
applied.
 

The meteorological conditions during the three test years differed considerably.
 
The sum total of precipitations from seeding time to harvesting was different
 
for 	each of the three years; 1971/1972 - 290 urm; 1972/1973 - 509 mm; 1973/1974
 
- 235 un with 398 mm the average for the last 20 years including these three
 
years. Obviously, the first and the third years are notable for the reduced
 
precipitation in comparison with the average for the 20-year period, and the
 
second year - with precipitation significantly higher than the average for the
 
above mentioned period of 20 years. The differences in amount of precipitation
 
in these three years appeared to be quite decisive for the formation of yields.
 

In January, 1972, the lowest temperature in the absence of snow cover (-20, 70C)
 
was recorded. The leaves of almost all varieties were damaged under these con
ditions and in some varieties a certain part of the plants were destroyed by
 

Institute for Wheat and Sunflower Breeding, Tolboukhin.
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the frost. The varieties Lerma RoJo 64, Lilifen, Atlas 66, Kirac 66, Carifen 
12, Sava, Backa, Strampelli, Victor I and Golden Valley proved to be of the
 
least winter hardy while NE701132, Diplomat, Clarion, NB 68513 and Probstdorfer
 
Extrem showed the highest winter survival. The rest of the varieties are of
 
tair or good winter hardiness. There were no low temperatures during the
 
second and the third year which could have caused damage and all the varieties 
survived well.
 

During spring vegetation the mean monthly temperatures were near normal.
 
Relative air humidity tor this period was considerably lower. An unfavourable
 
combination of meteorological conditons was most tully expressed in 1974, but
 
high temperatures and low relative humidity hindered the development of wheat
 
diseases.
 

Bezostaya 1 is a mid-late variety under the conditions in North-eastern Bulgaria.
 
Those varieties which ripen after Bezostaya l,such as Carifen 12, Maria Nimrod,

Zenith, Caribo, Diplomat, Clarion, Java, Vakka and Starke, torm very shrunken
 
grains and cannot manifest their usual productivity.
 

The varieties Carifen 12, Diplomat, Victor I, Golden Valley, Lilifen, Roussalka,

Zenith, Sava, Backa and Starke are distinguished for their very high resistance
 
to lodging (Table 1). All these, save Starke, possess short or fairly tall 
stems. 
The varieties Golden Valley and Roussalka are used in hybridization
 
for creating short stemmed and lodging resistant wheats.
 

Data for resistance to powdery mildew and rusts are given in Table 1. Powdery

mildew was most widely spread in the first two years and, in 1974, due to the
 
low relative humidity and high air temperatures, its development ceased. The
 
variety Sava proved to have the highest resistance throughout the whole vegeta
tion period as well as Backa, Pr. Extrem, Starke and Zenith, the resistance of
 
which was classed as good. The varieties Golden Valley and Mario Nimrod showed
 
very high resistance on the first date of data collection but later they were
 
heavily attacked and tall in the group of sensitive varieties. The rest ot the
 
varieties are of fair resistance or sensitive to powdery mildew.
 

The degree of resistance to leaf rust in 1972 was tested both under field condi
tions and in an infection nursery, and in 1973 under field conditions only.

Highly resistant (0-5%) both in the infection nursery and in the tield are
 
Roussalka, Atlas 66, Lilifen, NE 701132, Moldova, Lerma Rojo 64, Sava and NB
 
68513. The varieties Golden Valley, Dacia, Clarion, Backs, Centurk and Hokuei
 
were also of good resistance. For stem rust resistance the varieties were
 
tested in 11/2 in the tield and in the infec.ion nursery. Most of the varieties
 
are susceptible to this disease. Only Lerma Rojo 64 possesses a very high re
sistance, while Victor I, Atlas 66, Kirac 66 and Centurk have good resistance.
 
The Yugoslavian varieties Golden Valley and Sava were attacked up to 257. and
 
40. respectively in the intection nursery, but studies in the next years show
 
that they have lost their comparatively high resistance under these conditions,

which is probably due to some change in the racial composition ot stem rust.
 
Finally it is necessary to mention that Lerma Rojo 64 is the only variety which
 
possesses very high resistance to all three diseases.
 



Table 1. 

,,.:Winter*:Appea-:.. :Lodg-: Erysiphe Graminis** : -PucRecon- ***:Puc. :Gra-,Variety - : Surv. :rance :Height:ing %.: - 7. di'ta' % " minis ....:.. "of cms : 1972: 1972 1973 - 1974: 1972 : 1973: 1972 
9 72
-1:1 :ears- : 1973: A B C: A C :A_ :,E F :E :E. F 

1972 - 1974
Bezostaya 1 4 147 91 68 25 65 80 25 65 25 T 25 40 40," 80Golden Valley 2+ 143 84 3 T 15 - 80 5 50 T 5 10 5 10 -:25
Marimp 3 3 145 101 39- 25 -30 45 10 65 1 580 25 25 80 
Dacia 4 144 110 61 65 80 25 65 15 45 T 25 10 25 100Moldova 3+ -
141 107 65 40 •40 65 25 50 20 
 5 5 0 10 100
Roussalka 4 137. 183 5 10" 15 25 10 40 5 0 0 0 10 25 
Blueboy 3 .148 104 35- 40 0oo'100 65 100 .20 5 40 5 40 80Atlas 66 2 148 121 93 -10 30 : , 30 :15 %25 -5 -.T,- -T 0. 5, 125'NE 701132 5 146 106 8025- 30 30 30- 40 10'- T T 0 10 40.Lerma Rojo 64 1 136 94 69 40 40 40 25: 65 25 T-.- 5 T -5. -0
Kirac 66 2 148 114 96 65 100 100 40 40 -25 25-. *100 80 -10 ,25Carifen 12 2 151 82 0 65 1
25 65 40 i00 20 25 100 100 40 -100Maris Nimrod 4+ 154 -94 79 T 10 75 T 25 T 40 25 40I0015Zenith 3+-, 154 101 6,- 10 10 10 
 T " 5 T 25- 80 65' -25, 80
Caribo 4- 156 104 46 25 "-40-1 65 15 65 10 : 25 80 50 25 100Diplomat 5 - 158 103 0 65 70 100 65 80 10 25L 80 25 25 100Clarion 5 158 96 27: 40 65 80 25 50 15 25 25 T'; 651 100 

1972 - 1973Bezostaya 1 4 145 100 W 85' 65 80 
 25 65 - T 25 40- 40 80Sava 2 141 95 ' 0 T T T 5 - T 5 T.25-. 40Backa 2 141 95 1 -T- 5- 10 0 10 - 10 15 40 40100Strampelli 2 138 95 74 10 25 25 20 50 - T 80 10 10. 40Victor -2 141 90 0 25 30 30 10 65 - 5 -80 65 - 10NB 68513/CI 15074 
- 5 145 114 87 40. 65 65 25 80 - T 5 
10 

T 10- 605Centurk/NB 66425/- 4 143 108 85 25 30 45 5 30 - T 25 T 5 25 
Tamwheat 102 4 141 '99 17 40 100 100 20 65 - T 25 10L 10 65Hokuei 4 145 103 99 40 40 65 30 65 - 5 25 25 10 100Lilifen 1+ 145 102 .1 65 80 80 20 65 - 0 0 0 10 40Probstdorfer Extrem 5 147 119 81- 5 10 10 
 10 10 - 10 65 70 25 '-80Jyva 4 153 110 72 25 
 30 30 25 25  10 100 '65 40 100
Vakka 4 152 111 57 -40 
 65 70 40 40 - 25 100 65- 40 100,Starke 4 159 113 6-, 5 10 10 T 5 - 25100 100 65 100 

* - In a scale 0 to 5/5 completely resistant. 
** - A, B and C - before, during and after heading. 

**- E and F - in the field and artificially infected. 
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Yields are given in Table 2. Of all the varieties tested for three years the
 
.most productive were Roussalka and Golden Valley surpassing Bezostaya 1 by 15.1
 
ind 13.67., respectively. In 1973, when moisture was sufficient we obtained
 
an unusually high yield from Roussalka. Other reports (Don cheva I., Gotzova V., 
1972) show also that Toussalka appears to be a highly intensive variety and a
 
very productive one under conditions of high soil moisture. The Romanian va
rieties Dacia and Moldova are in the same class together with Bezostaya 1.
 
All other varieties are inferior to the standard variety as far as yields are 
concerned.
 

Among the varieties tested for two years, the variety Sava excels Bezostaya 1 
in yield, especially in the moisture year of 1973. Yields higher than Bezostaya 
1 (the average for two years) were obtained also from Backa, Strampelli, Victor
 
I and Centurk. In addition, it should be noted that all varieties manifested
 
their maximum production potentialities in 1973 when the combination of mete
orological elements was mostly favourable, especially the distribution and
 
amount of precipitation throughout the period of vegetation.
 

The most productive varieties under the conditions in North-eastern Bulgaria
 
were the Bulgarian variety Roussalka, the Yugoslavian, Romanian and the Italian
 
varieties. The northern varieties, those from Sweden and Finland in particular,
 
due to their late ripening, which coincides with the high temperatures in this
 
country, form grains with a very small absolute weight and yields far below
 
their production abilities.
 

The average data on milling properties and baking qualities for the 1972 
1974 period differ considerably for the different varieties (Table 3). That a 
favourable combination of high productivity and good grain qualities is realized 
in a very few varieties is quite obvious. Vitreous kernels vary from 397. to
 
667. and flour extractions (with a Quadrimat - Junior Mill) from 62.2% to 71.9%. 
The variety Bezostaya 1 has the best milling properties and NE701132, Zenith, 
Probstdorfer Extrem are of the same order. It is a pity that the flour extrac
tions of the most productive varieties (especially Backa) are less than those 
of the standard Bezostaya 1 by 6.0 to 14.7%. 

The high content of wet gluten in the 707. flour is a characteristic feature for 
the studied varieties. In 16 of the varieties the content of gluten is higher 
than that of Bezostaya 1 - 37.07.and reaches the figure 47.7. In the rest of 
the varieties it ranges from 32 to 37 and only Golden Valley and Tamwheat 102
 
had less than 32.07.wet gluten. Of course, the higher values of this index
 
resulted from not only the variety itself but also from the dry weather during
 
the period of ripening in 1972 and 1974.
 

Average baking absorption is expressed on a 13 moisture basis and ranges from
 
60.2 Lo 67.9%. It is obvious that the absorption values (averaged for 2 or 
3 years) of some varieties like Moldova, Roussalka,Atlas 66, NE 701132, Lerma 
Rojo 64, NB 68513 and Centurk surpass that of Bezostaya 1 (64, 9%). This cor
responds to the high quantity of wet gluten. 

According to data on physical dough properaties of farinograms the studied va
rieties are classed as medium to strong. The most productive varieties -
Roussalka, Golden Valley, Dacia, Sava and Backs have valorimeter values of "" 

53, 59, and 42, respectively, which account for their baking qualities. 



Table 2. 

Grain Yield "Variety Origin Weight Numbers/ha %Bezos- of 1000 of grains:'
Ave- ''taya 1 grains in ear

1972 1973 1974 rage 100 Rank average avera 
Average 1972 - 1974Bezostaya 1 USSR ' 39.7 53.8 46.245.0 100.0 5- 36.7 35.7Goiden Valley Yugoslavia 50.7 47.7
59.0 52.5 113.6 2 33.7 37.9
Marimp 3 Italy 40.3 62.0 32.3 44.9 97.2 6' 32.4 42.9
Dacia Romania 42.3 56.8 
 41.0 46.7 101.1 3 36.9 
 38.5
Moldova 
 Romania 35.7 64.5 46.439.0 100.4 4 35.6 35.3Roussalka Bulgaria 43.3 73.0 43.3 
 53.2 115.1 38.71 36.7
Blueboy 
 USA 32.7 48.8 36.3 39.3 85.1 10 26.7 34.5
Atlas 66 USA 
 34.3 55.0 26.3 38.5 83.3 
 12 30.8 35.3
NE 701132 
 USA 36.3 55.8 33.3 41.8 90.5 8 30.2 32.4Lerma Rojo 64 Iexico 32.0 60.3 
 36.0 42.8 71-
92.6 35.1 35.1
Kirac 66 Turkey 20.7 38.8 36.7 32.1 16
69.5 28.3 30.2
Carifen 12 Chile 
 34.3 37.8 34.3
30.7 74.2 15 24.1 36.7
Haris Nimrod England 30.0 38.047.8 38.6 83.5 11 26.5 39.6-
Zenith Switzerland 35.3 50.1 38.3 41.2 989.2 23.2 40.3
Caribo W. Germany 31.0 44.2 37.6
37.7 81.4 13 25.0 34.4Diplomat W. Germany 23.3 38.0 32.0 31.1 
 67.3 17 '29.4 35.6
Clarion Netherlands 28.7 42.5 41.3 
 37.5 81.2 14 28.5 
 36.9 
Average 1972 - 1973Bezostaya 1 USSR 
 39.7 53.8 46.7
- 100.0 5 736.0 37.4Sava Yugoslavia 51.7 79.7 65.7
- 140.7 1 30.9 45.9Backa . Yugoslavia 46.3 63.3 - 54.8 117.3 2 39.2Strampelli Italy 37.3 69.5 53.4 

43.2
 
- 114.3 3 32.8 47.3-Victor I Italy 45.3 64.3 54.8 
 117.3 2 '30.5 . 45.1NB 68513/ CI 15074 USA 27.3 44.5 - 35.9 76.9 10 27.0 32.9Centurk/ NB 66425 USA 37.0 
 61.2 - 49.1 105.1 4 
 -3.5 r 38.6'
Tamwheat 102 USA 
 32.0 62.7 - 47.3Hokuei Japan 24.7 48.5 36.6 

92.7 8 24.5 38.9"
 
- 78.4 9 26.6 35.5
Lilifen Chile 38.7 50.0 44.3 94.9 7 31.1 46.2
Probstdorfer Extrem Austria 35.3 56.5 
 45.9 98.3 6 33.9 
 39.6
Jyva Finland 18.7 28.5 23.6 50.5 12 21... 34.6Vakka Finland 27.0 31.3 29.1 62.3 11- 228 =38.1Starke Sweden 19.3 20.8  20.0 42.8 134 -16.2 36.6 



Table -3. 

Farinoram 

variety Vitreous Fflour Wet Absorp- Mixing .Weakening'of Volori- Bread, - Bread 
kernels 

7.7 
yield gluten 

%7. 
tion 

7. 
tolerance 
mmn 

konsistens, 
F.U. 

mter 
value 

volume 
ml-

Index-
H:D 

texture 

Average 1972 - 1974 
Bezostaya 1 63 71.9 37.0 64.9 9.1 90 70 515 0.58 4.6 
Golden Valley 58 63.8 31.6 61.5 5.2 90 53 460 0.45 '4.0 
Marimp 3 60 64.6 37.1 61.5 4.4 110 48 434 0.50 -4.3 
Dacia 52 66.6 37.5 66.1 6.0 132 59 477 0.51 54.3 
Moldova ''51 62.4 41.7 67.1 4.5 130 48 473 0.37 J!4.3 
Roussalka 58 65.9 35.7 66.4 3.4 150 40 440 0.40 3. 7 
Blueboy 53 66.3 33.3 60.0 3.3 220 33 435 0.35 12.4 
Atlas 66 56 62.5 37.7 67.9 - 4.2 150 45 433 0.37 "3.3 
NE 701132 66 69.4 47.7 67!'5 LO.3 110 74 536 0.48 4.8 
Lerma RoJo 64 52: 62.4 37.9 65.0L 3.2 170 36 450 0.41 '4.4 
Kirac 66 65 64.8 37.1 61'9 4.0 203 38 451 0.31 2.6 
Carifen 12 52 68.4 37.3 63.8 6 .1 168 47 429 0.34 '3.8 
Maris Nimrod 39 " 62.2 36.4 61.6 2.3 - 183 30 434 0.38 73.0 
Zenith 57-- 69.1 41.2 63.0 5.5 77 57 524 0.43 ;3,8 
Caribo 62 64.9 37.3 61.1 4.1 113 46 427 0.37 73.5 
Diplomat 63 '64.2 40.0 60.9 6.0 92 57 479 0.40 4.1 
Clarion 57'-1 63.3 40.0 63.7 3.3 180 36 400 0.32 1.5 

Average 1972  1973 
Bezostaya 1 69 73.5 36.6 63.9 6.4 90 68 510 0.55 4.5 
Sava 68 67.1 36.1 60.2 5.1 105 52 433 0.35 ;3.0 
Backa 62' 58.8 35.3 64.6 3.5 95 45 407, 0.49 ':3.8 
Strampelli 58' 66.1 35.3 60.8 4.5 120 -48 500 0.43 74.6 
Victor I 73 61.8 34.7 61.3 4.0 110 46 480 0.48 4.5 
NB 68513/Cl 15074 70 63.0 42.6 66.8 6.0 110 55 455 0.54 Z4.4 

Centurk/ NB 66425 68 66.4 34.2 64.8 6.0 80 57 424 . 0.51 4.3 
Tamwheat 102 60- 66.4 30.6 64.4 3.0 140 35 453 0.41 4.3 
Hokuei 48 66.3 32.0 60.5 4.5 140 47 420 10.45 4.4 
Lilifen 56 67.1 35.0 62.2 5.4 115 54 453 0.40 ' 4.0 
Probstdorfer . 
Extrem 67 70.2 32.5 64.4 4.5 130 54 4930.40 4.5 

Jyva 
Vakka 

71 
70 " ; 

63.8 
64.0 

38.0 
37.0 

63.7 
63.9. 

8.1 
5.4 

90 
150 

67 
51 

4461 
453 : 

0.48 
0.50 

4.5 
-4.6 

Starke 61-.. 67.7, 44.1-. 61.6 5.4 90 56 420: 0.43 3.7 
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The varieties NE 701132 and Jyva (together with Bezostaya i) fall in the group
 
of strong wheats with valorimeter values ot 74 and 67, respectively, while 
Mario Nimrod, Lorma RoJo 64 and Tamwheat 102 are classed as weak wheats which 
is confirmed by other reports, too (CIIMYT, 1972).
 

Due to the physical properties of the dough, the varieties tested in the IWWPN
 
manifest considerable ditferences In their baking characteristics. Bread
 
volume, when 47. sugar is aaded, varies from 400 to 53b mi. Accordin6 to this
 
and h:d indices and bread texture, the varieties NE 701132, Bezostaya 1, Stramp
elli, Victor I, Dacia, Probstdorfer Extrem, Diplomat and some appear to be of
 
highest quality. The most productive varieties are classified as follows:
 
Golden Valley has a comparatively large bread volume when sugar is added and
 
its quality ot bread texture was 4.0 while Roussalka has fair baking quality.
 
The varieties Backa and Sava have significantly lower indices as far as these
 
properties are concerned and their quality of bread is below our average re
quirements.
 

Figure I shows the content of crude protein and protein yield per hectam of the 
tested winter wheat varieties (average values for the two year period 1972-1973), 

Of highest grain protein content are the following varieties: Atlas 66 18.07.,
 
NE 701132-16.8%, Moldova-16.5%, Starke-16.47., CI 15074-16.0%, Probstdorfer
 
Extrem-16.0 compared to 14.57. for Bezostaya 1. The varieties with lowest pro
tein content were Tamwheat 102-13.0, Carifen 12-13.6 and Blueboy-13.67..
 

In yield of protein per hectaieSava with 989 kg comes first, followed by
 
Roussalka 855, Backa 849 and Moldova 827 kg. The lowest protein yield per
 
hectam was obtained from varieties with the lowest grain yield Kirac 66, Jyva
 
and Starke 328 kg. Although the latter has 16.4% protein content in its grain.
 
Clearly expressed reverse correlation was established between protein content
 
and grain yield in the varieties Starke, Vakka, NB 68513 and Jyva.
 

Conclus ions
 

1. In view of their high potentials for productivity and other valuable
 
qualities th best varieties appear to be those of Bulgarian, Yugoslavian,
 
Italian and Romanian origin. The varieties tested in the IWWPN which were
 
selected in the northern countries are not fitted for the environmental con
ditions in Bulgaria. The highest grain yield varieties Roussalka, Golden
 
Valley, Sava and Backa surpassed Bezostaya 1 by 13.6 to 40.77.. According to
 
milling and baking properties they show good and medium quality. Victor I and
 
Strampelli (with 117.3 and 114.37. relative yield) possess a very good bread
 
quality as do Dacia and Moldova.
 

2. In the breeding program the valuable genotype of Lerma Rojo 64 with resist
ance to the three diseases might successfully be used; Sava to powdery mildew;
 
Roussalka, Lilifen, Atlas 66 and NE 701132 to leaf rust and the two latter as
 
a source of high protein content; Carifen 12, Roussalka and Golden Valley
 
resistance to lodging and NE 701132 a strong wheat with very good baking iuality.
 

http:Blueboy-13.67
http:Starke-16.47


ii 

JaQ 

Figure 1. Protein content and protein yield/kg/ha/ in the tested
winter wheat varieties / average 1972-73.
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IRAQ - COUNTRY REPORT 

Omar A. Amen, M. A. Aziz, and Anwar I. Alaka
 

Location and Climate
 

Iraq lies 	between 290  370 	Lat: North and 390 - 480 Long. East, bounded by

Turkey on the North, Iran on the East, Saudi Arabia and Kuwait on the South,
and Syria and Jordan on the West. A considerable part of the country (South-
West) consists of large deserts.The North-East is hilly. Between the rivers 
Tigris and Euphrates in the centre lies the fertile Mesopotamian plain, the 
so-called cradle of early civilization. The climate ranges from arid to semi
arid. Rainfall varies from about 50 m in the southern-most desert to about 
1000 m in the northern hills, and is received during the winter and spring

m;onths. The absolute maximum and minimum temperatures range between 510 and
 
-11
0C and the relative humidity between 1007. and 4%. Higher hills (Sulaymaniya

and above) usually get 2-3 snowfalls of medium density. A summary of relevant
 
normal (average of 30 years) metemological data for three representative places

in the North, Middle and South zones respectively, is given in Table 1.
 

Table 1. 	Summary of Normal Metereological Data (Ann. Abst. Stat. Min. of
 
Planning)
 

Mosul Baghdad Basrah
 
Temperature
 
a) Maximum
 

High 	 51.1 
 50.2 50.6
 
Mean 28.2 30.4 
 31.2
 

b) 	Minimum
 
Low -11.1 - 8.5 r ,4.7.

Mean 11.7 15.1 17.8
 

Rainfall
 
Total 391.9 147.9 
 141.9
 
Max. in a 	day 86.3 71.8 87.5
 
Humidity %
 
Max. 100 100 
 100
 
Min. 
 4 
 4 	 11
 
Rainy Days 	 65.3 
 33.4 	 31.1
 
Snow Falls 	 0.9 0.0 
 0.0
 

Area and Production
 

The total area of the country is about 44 million hectares of which approxi
mately 12 million hectares is cultivable. About 5 1/2 million hectares are
 
being cultivated currently. About b-4lf of the cultivated area is rainfed and
 
the rest irrigated by floods, canalp, pumps, wells, springs,etc. Of the
 
cultivated area, about 3 1/2 million hectares are annually cropped, of which
 
cereals occupy about 3.25 million hectares and wheat alone occupbs about 1.5
 
to 2 million hectares. Thus, the wheat crop alone which occupies about 36.4%
 

Bakrajo Res: Station, Sulaimaniya.
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Cultivated, 57.1% of cropped, and 65.1% of 'the area under total cereals, is 
byfar the most important food grain crop of the country. The actual area,
production and yield of wheat during the past five years are given in Table 2. 

Table 2. Area, production and yield of wheat 1969/70 - 1973/74 (Ann. Abs. of
 
Statistics - Min. of Planning).
 

Area Harvested Production Yield
 
Year (000/H) (O00/T) (Ki/H) Remarks
 

1969/70 1.759 1236 702.8
 
1970/71 948 -867.2.
822' Very dry year

1971/72 1915 2625 13712
 
1972/73 1156 957 827.6 Dry year

1973/74 1633 1339 819.8
 
Average 1482 1396 942.0
 

Further, the crop is grown under varied soil, climatic and water supply condi
tions. In the north, where the major (about 70%) wheat area is located, wheat
 
is grown under rainfed conditions, the rainfall ranging between 200 - 1000 mm,
 
while in the middle and south zones, the crop is invariably irrigated. The
 
average area, production, yield and their proportions to the totals are given
 
inTable 3.
 

Table 3. Area, production, yield and % of rainfed and irrigated area and
 
production (Av. 1968/69 - 1972/73).
 

Area Production Average yield 7.of total
 
Condition (Hectares) 
 (Tons) (Kg/H) Area Production
 

Rainfed 1,348,147 729,880 540 70.0 53.0
 
Irrigated 575,880 634,780 1,104 30.0 47.0
 
Total 1,924,037 - 1,364,660 708 100.0 100.0 

Varieties Grown and Cultivation Practices
 

Usually spring wheat varieties like Sabr-beg (local), K. Gular, Qandharia,
 
Italia, Florence Aurora, Sanitor-Capelli, all early introductions, and Inia-66,

JuryC-69 and some Nexi-Pak, all newly introduced, along with some other locals
 
are grown in the north. Hexi-Pak, Inia-66 and Ajeeba form the bulk of the crop

in the middle and south. The area under the real winter types is very low and
 
is restricted to the higher hills.
 

The crop is usually planted inOctober-November on dry land and germinates

after irrigation or rainfall in the irrigated and rainfed areas respectively.

Weeds like wild oats and a number of broad leaved ones, usually abound in the
 
crop, more in the dry-farming area. They take a heavy toll of the crop besides
 
impairing the quality of the produce. Large scale hand weeding being rather
 
difficult, chemical weedicides are under trial, out of which a combination of
 
Carbine and 2,4-D appears promising, the latter following the first. These
 
are now under extensive tests.
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Harvesting starta from mtd-May in the middle and south and continues to end

June and even later in the north, where cooler temperatures prevail. Th'
 
Winter Wheat Nursery has therefore, been located in the north.
 

International Winter Wheat Nursery Trials
 

The nuvsery as reported to the 1st. Winter Wheat Conference, has since been 
grown in the North at the Research Station, Bakrajo (Sulaimaniya) located
 
at a height of about 750 meters above sea-level, with winter temperature some 
times touching -13°C; rainfall over 700 mm often reaching or even exceeding

1000 mm with quite a few snowfalls. The current year (1974/75) is the 7th
 
year of the nursery. Varieties, however, are being changed after every 2-3
 
yearo. The yield results of the first 3 years (1968/69 - 1970/71) were report
ed to the 	earlier conference, but are reproduced again along with those of the 
rest of the years in Table 4, to provide an over all picture of varietal per
formance.
 

It may be 	seen from Table 4 that, in all, 71 varieties have so far been tested;
out of which 4 were tested for all the 6 years; 36 for 3 years; 17 for 2 years
and 14 for only one year. They differed widely in performance; the absolute
 
yield varying from 5.1 Quintal/Hectare (var. Odin, 1968/69) to 44.8 Q/H (var.
Strampelli, 1970/71). Seasonal variations have also been very great due mainly
 
to the extent and distribution of rainfall in a particular year. However, for
 
detailed comparison, the yield and other data pertaining to the top 20 perform
ers, are given in Table 5.
 

Table 5. 	Average yield and other characters of top-twenty varieties of six 
Winter Wheat Nurseries (1968/69 - 1973/74). 

Years Av. yield Rank Pl. Ht Maturity Protein Rust Response

Variety tested (Q/H) 	 (cm) (Days) 
 % Str. Leaf. Stem 

Strampelli 3 38.9 1 99 153 
 11.8 0 55NS 0 
Backa 3 
 36.6 2 96 156 14.2 0 51M 15
 
Victor-1 2 36.5 3 94 102 12.0 0 45S 2-R
 
Tamwheat 3 32.8 4 102 L63 13.7 0 13 R 5 R 
Centurk 3 32.7 
 5 114 160 13.7 0 11 R I S
 
Sava 3 31.9 6 
 90 150 13.2 0 2 R 7 RS
 
Bolal 1 30.8 7 103 185  -

NB 68513 1 30.3 
 8 118 161 17.0 - - -
Lilifen 2 29.7 9 100 168 14.8 1 1 R 0 
Marimp-3 3 29.5 10 107 159 13.0 0 461 2 R
 
Golden Valley 3 29.4 11 78 168 13.3 0 13MS 7 S

Russalka 3 29.2 12 
 84 164 12.2 0 1 R 2 S 
Bezostaya 6 28.2 13 107 160 12.1 VR 6 R 1 S 
Hokei 3 28.1 14 104 165 12.8 0 431S 2 S 
Blueboy 6 28.0 15 108 161 12.7 HS MR 6 S
NS 732 2 28.0 16 60 170 14.7 - - -
LR 64 6 27.8 	 17 103 151 12.9 MR R R
 
Dacia 3 27.2 18 113 169 
 14.5 0 8 R 6 S
 
Probstdorfor 3 
 26.9 	 19 116 166 15.8 0 20HR 6 S 
Kirac 3 26.8 20 128 172 13.8 0 68VS 6 S 
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Table 4. Results of winter wheat yield performance nursery' jx raq"' 
(1968/69 - 1973/74). 

.....r. Yield in QuintalslHectare .,.., - . 
No. Variety 68/69 69/70 70/71 71/72 72/73 73/74 Av, Rank
 

1 Sturdy 24.2 14.9 33.4 - - -" £24.2 26 
2 LR 64 23.8 15.9 41.1 27.8 24.0 34,3' 27.8 17 
3 Blueboy 23.7 11.9 37.6 40.3 27.0 26.6 ", 28.0' 15 
4 Bezostaya 1 21.6 17.1 39.4 41.7 27.9 212' 28.2 13 
5 Tiumin 20.2 8.6 37.4 = - 221 2 35 
6 Arthur 20.2 8.9 30.5 - - -'--19.9 46 
7 San Pastore 20.0 13,7 34.8 - - 22.8 31 
8 Gage 19.6 . .9 = - - - '14.3 57 
9 Fertodi 293 18.9 9,3 - 30.5 -J .. 19.6 48 

'
10 Triumph 64 18.4 1210 30.7 - - - '20.4 42 
11 Benhur 17.6 8. 4 33.2 -" -- .19.7 47 
12 Parker 17.5 12.0 34.7 - - - 21.44 '40 

-13 Lancer 17.3 11.7 - - " - 14.5 <56 
14 Scout 66 16.6 14.6 35.0 - -2 -' 22.3 34 
15 Atlas 66 16.1 7.3 23.9 23.8 20.5 17.'* 18 2 524 8 
16 NB 67730 16.1 10.0 - 11 60 
17 Bankuti 15.2 4.8 - - -' -: 10.0 67 
18 Yorkstar 15.2 6.8 35.5 ' -, '"-'='i9.2 51 
19 Riley 67 14.8 8.4 - -1 - ' 11.6 64 
20 Shawnee 14.5 11.6 = - . . ' 13.1 59 
21 Yungkwang 13.3 6.6 33.2 -" - - 17.7 53 
S22 Purdue 13.2 4.7 - - - -' ' 8.9 69 
23 Heine-VII 12.7 12.6 39.5 - - - 21.6 37 
24 Inia-66 12.7 14.1 .. .....- .13.4 58 
25 Stadler 12.4 5.7 .... 9.1 68 
26 Winalta 11.9 9.2 ' '66 IM., 
27 Gaines 10.9 6.6 - ' 8.8 70 
28 Kapell Desp 10.3 8.1 - " " '-' 10.77 5 
29 Felix 8.2 7.3 23.0 'V 'a' . 12.8A '61 
30 Odin 5.1 5.9 ' -' -" ' . 5.65 71 

r31 Strampelli - " 6448 36.9 35.k 38.9 1
 
32 Backa - - 36.2 37.8' 35.8 -A 36'.6 2
 
33 NB 68513 - - 30.3 - - - 30.3 8
 
34 Hukey - -' 30.3 29.9 24.4 - 14
a:"28;'1 

35 Probstdorfer - - 28.7 28.2 23.9 -A 26.9 19 
36 W.Triticale - - 25.6 - - - 25.6 23 
37 Vakka - -o 2.7 19.6 19.9 - 204 '44 
38 Jyva - , 18.3 14.8 18.4 = 17.2 54 
39 Starke - - 12.1 15.0 10.4 - 12.5 62 
40 Centurk - - 34.2 35.7 27.3 - 32.7 5 
41 Marimp-3 - =- 36.3 29.1 23.1 29.5 10 
42 Dacia - - - 33.5 29.3 18.9 27.2 18 
43 Sava - - 34.3 33.1 28.5 - 31.9 6 
44 Tamwheat - - 34.9 32.9 29.5 - 32.8 4 
45 Golden Valley - - - 32.2 29.3 26.6 29.4 11 
46 Naldova - - - 30.5 26.7 17.4 24.9 24 
47 Lilifen - 29.5 29.9 - 29.7 9 
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Table 4 Continued.
 

Ser. Yield in Quintals/Hectare 
No. Variety 68/69 69/70 70/71 71/72 72/73 .73/74 Av.- Rank 

48 NE 701132 - - - 28.7 24.5 18.9 24.0 27 
49 Kirac-66 - - 28.3 30.7 21.5 26.8 20 
50 Zenith - - - 26.3 29.0 14.1 23.1 30 
51 Caribo - - - 26.2 25.8 18.0 23.3 28 
52 Rousalka - - 25.0 36.'8 25.7 29.2 12 
53 CI 15074 - - - 24.8 24.3 - 24.5 25 
54 Diplomat - - - 24.0 25.4, 11.9 20.4 43 
55 Maria Nimrod - - - 23.8 29.5 12.9 22.1 36 
56 Carife n-12 - - - 23.7 23.2 14.0 20.3 45 
57 Clarion - - - 22.0 27.8 14.8 21.5 39 
58 NS-732 - - 35.8 - - 20.2 28.0 16 
59 Victor I - - - 40.0 33.1 - 36.5 3 
60 Kavkaz - - 21.3 21.3 41 
61 Aurora .- - 22.4 22.4 33 
62 Burgas-2 .. - 19.5 19.5 49 
63 Blueboy-2 .- - 26.8 26.8 21 
64 Zg-5996/66 .- - 23.3 23.3 29 
65 Demar-4 ..... 26.0 26.0 22 
66 D. Bezostaya - 16.9 16.9 55 
67 Favourite - 22.8 22.8 32 
68 Manella - 19.5 19.5 50 
69 Bolal - 30.8 30.8 7 
70 Likafen - 21.6 21.6 38 
71 Jubilar - 12.0 12.0 63 

It is clear from above, that some of the winter types, notably Strampelli, 
Backa, and Victor-1 followed by Tamwheat, Centurk, and Sava have done much
 
better in yield than the spring wheat LR-64 and have also excelled Bezostaya 1.
 
Some of them also possess higher protein . and better rust resistance. As such
 
they will be tried in larger trials against other spring wheats like Mexi-Pak,
 
Inia-66 and Noori-70 recently introduced high yielding varieties, for final
 
selection for introduction in higher hill areas in the north.
 

The current year's 7th Winter Wheat Nursery at Bakrajo, is progressing well
 
and relevant notes are in progress. The results will be reported in due course.
 

As already suggested, the scope of the Winter Barley Nursery, (including some
 
hulless types for human consumption) need also to be examined as it is also an
 
important crop in a number of countries. It is a somewhat better yielder than
 
wheat and possesses resistance to some soil maladies (salinity present in many
 
countries). It may play an important role in increasing feed and food pro
duction.
 

International Winter x Spring Wheat Screening Nursery
 

Started last year, it is now in its second year. Comprised of varietal,
 
advanced line, and segregating materials from crosses of winter (long-duration)
 
and spring (short-duration) wheats, it offers a better scope of selection for a
 
range of maturity to fit the various ecoclimatic regions and countries. By com
bining the better traits of both the types, it may result in higher potential
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sorts to provide another "Green Revolution".
 

As a result of last year's testing, 12 lines varying from 70 cm to 95 cm plant

height, and from 2000 Kg/H yield to 4267 Kg/H yield were selected. They are
 
under further tests and the current year's nursery is expected to yield still
 
better results.
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WHEAT IMPROVEMENT IN JORDAN 

Zulkif I Ghosheh 
Jordan
 

Introduction
 

Agriculture in Jordan is considered the main source of the national economy.

About 30% of the national economy is based on agriculture which provides work
 
for about 257. of the population. On the other hand, the volume of agricultural

production isatill short of satisfying domestic needs.
 

Geographically, Jordan lies between latitude 29:33N and longtitude 35:39E. 
The
 
weather in general is mildly cold during winter season in which rain lasts for
 
about four months (November to early April). 
The other eight months are dry and
 
hot.
 

Jordan has an area of 96,000 Km2, of which 10,000 Km2 are cultivable land. Most
 
of the cultivated land (93%) is rainfed.
 

Climatologically, the country can be divided into five agricultural regions as
 
follows:
 

Average

Region Rainfall Winter Summer 

mm Temp.C Temp.C 

1. Western coastal 400-600 5 34
 
2. High land 300-700 
 2 30
 
3. Jordan Valley 50-350 10 40

4. Marginal land 200-300 
 2-5 30-35
5. Eastern desert 
 0-200 3 35-39
 

Wheat Situation 

Wheat has always been the most important crop in Jordan in terms of both acre
age and total gross value. Because of its adaptation to dry conditions and its

high annual consumption coupled with an average population increase in
excess
 
of 37., wheat will continue to be the most important crop in terms of area and
 
in terms of domestic requirements.
 

Jordan's average wheat yield isvery low compared to the world wheat average.

It is approximately 700 kg/ha. Scarce and erratic rainfall is considered the

main limiting factor in such low yields. Furthermore, traditional methods of
 
farming, insufficiency of capital investments, small holdings, the marketing

system, and unavailability of a wheat price policy all are contributing factors.
 

Area of Production and Average Yield
 

Wheat is the main cereal crop in Jordan which occupies about one third of the
 
total cultivated land. 
 Wiwat is grown in areas receiving an average rainfall
 
between 200-500 am. Beside that, there are some areas sown to wheat under ir
rigation in tle Jordan valley but these are on a small scale. Most wheat grown
in Jordan is durum (907) and only 10% is bread wheat maiialy located undev irriga
tion and in areas receiving highest rainfall.
 

Chief, Field Crops Division.
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The area which is sown to wheat varies from year to year (Table 1) depending
 
on the amount of rain inNovember and December. The production of wheat
 
fluctuates considerably depending on the total amount of rain and the dis
tribution of rainfall. The average area planted to wheat during the period

1967-1973 was about 200,000 ha. and the average production was about 140,000

metric tons for the same period. On the other hand, the total consumption

of wheat is estimated at 300,000 metric tons. Annual wheat consumpcion per

capita is estimated at 140 kgs. and is mainly used for bread.
 

Table I. Area, production and average wheat yield for the period 1967-74.
 

Year Area Production Average yield
 
ha tons kg/ha
 

1967 225,980 196,100 867
 
1966 21ts,430 95,100 435
 
1969 188,960 216,184 1144
 
1970 222,840 54,100 240
 
1971 239,304 162,755 700
 
1972 223,670 211,400 945
 
1973 244,180 50,400 444
 
1974 210,000 180,000 857
 

All wheat grown in Jordan is the spring type, and normally is sown during

November to January, It is harvested during June and sometimes in early JuLy
 
in highIana regions.
 

Wheat Diseases
 

Most of our wheat isgrown under rainfed conditions. Because of this situation,

diseases are not a serious problem. Black stem rust is noticed in some years

coupled with late rainfall in late April and early May. The bunt disease
 
Tilletia foetida still causes some losses to wheat growers in Jordan, but on a
 
very small scale. Most of the farmers now are treating their wheat seed with
 
fungicides to protect their fields from this disease.
 

Breeding Work and Testing Varieties
 

The main objectives of the breeding program attd variety testing are to develop
 
new wheat varieties taking into consideration the following characters.
 
1. High yielding capacity.
 
2. Early maturing and drought resistant varieties.
 
3. High protein and high lysine content.
 
4. MHdium tall.
 
5. Resistant to diseases, mainly stem and leaf rust.
 

To achieve these targets a big number of experimental trials are conducting

all over Jordan. The research work includes varietal trials, breeding work,
 
crossing, selection, and disease nurseries as shown in Table 2.
 

There is a possibility for growing two generations a year where the weather is
 
suitable for this purpose. The first generation is grown at Deir Alla Research
 
Station in the Jordan Valley (226 meters below sea level) during the winter
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season. The second generation is grown at the Shobak Research Station (1500
 
meters above sea level) during the summer where the weather is dry and suit
able for normal maturity. This procedure is used to cut down the period to
 
one-half which helps our breeding program.
 

Table 2. 	Number of entries and number of locations under irrigated and rainfed
 
condition for the trials grown during 1974-1975.
 

: Number of:Number of Locations
 
Trial or Nursery : Entries :Rainfed:Irrigation
 

1. Macroplot wheat yield trials 
 12 	 4 3
 
2. Microplot durum wheat yield trial 	 30 3 2
 
3. Microplot bread wheat yield trial 	 30 2 2
 
4. Advanced wheat lines yield trial 	 30 2 2
 
5. Rainfed wheat yield trial (RfwYT) 	 25 3 
6. International spring wheat yield nursery (ISWYN) 50 - 1
 
7. Regional wheat yield trial (RwyT) 	 25 - 1 
8. Eleventh durum yield trial (EDYT) 	 25 - 1 
9. International durum yield nursery (IDYN) 25> 1 

10. 	 International winter wheat performance nursery 30 - 1 
(IWWPN) 

11. Preliminary observation nursery (PON) 	 328 1 1
 
12. Regional disease trap nursery (RDTN) 	 172 1.. 1
 
13. International durum screening nursery (IDSN) 242 - 1 
14. International bread wheat screening nursery(IBWSN)400 	 1
 
15. Regional disease insect screening nursery (RDISN) 2400
 
16. 	 Interiational winter x spring wheat screening 450 

nur ery (IWSWSN) 
17. 	 High protein - High lysine winter wheat observa- 285 1
 

tion nursery.
 
18. ACSAD Regional screening nursery 	 180 1 
19. Regional crossing block 	 390 2
 
20. Segregating population F2-F5 	 2' 1 
21. Advanced and promising lines 	 90 1
 

Wheat 	Varieties Under Cultivation
 

Horani Nawawi and Fa8 are the main durum wheat varieties grown in Jordan and
 
occupy about 807. of the total wheat area. Both Horani Nawawi and Fa 8 were in
troduced from Syria and Palestine respectively.
 

As a result of our research work some varieties were developed and released to
 
the farmers. Some of them like Gabo and Mexipak are introduced while others
 
like Deir Alla I selected from the cross Gabo X P.C 250 for high rainfall and
 
irrigated conditions were bred in Jordan. Deir Alla 2 selected from the cross
 
1110/TX Horani 21 is suitable for low rainfall and now is under seed multiplica
tion. About 40 demonistrations were planted with this variety. A new wheat
 
variety Deir Alla 4 which derived from the line L 1448/508 will be released next
 
year for irrigated conditions and now is under testing in some farmers fields.
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Quantities of Certified Seeds Produced and Distributed
 

A seed production and distribution program has been under way for the last few
 
years, but on a small scale. Seed multiplication was carried out at Govern
ment Stations to produce registered seed to be given to the Agricultural Coopera
tive Societies and some progressive farmers to produce certified seeds. About
 
1000 tons of certified seeds are produced and distributed to the farmers every
 
year. But, according to the recommendations of the wheat committee, the
 
Ministry of Agriculture is going to produce about 500 tons of registered to be
 
given to Agricultural Cooperative Societies to produce certified seeds enough
 
to cover 1/4 of the total wheat area.
 

Weeds and Weed Control
 

Weeds are considered the second problem facing wheat growers in Jordan. Mois
ture 	is the majoc limiting factor in dryland area, therefore, the elimination
 
of these competitors will certainly increase yield and production.
 

A few weed control trials were carried out on wheat at the government stations
 
in the dryland regions and irrigated areas. Furthermore, many wheat demonstra
tions have been conducted in farmers fields and all showed that wheat yields 
were increased. On the other hand, observation trials pointed out that weeds 
had 	lowered wheat production by 10-20% or more depending upon weed populations
 
in the fields.
 

Tillage Operations
 

Wheat is grown in three different regions, irrigated, dry farming cropped every
 
year in a two- or three-year rotation under 300- 500 mm of rain, and dry farming
 
with one fallow year under 250- 300 mm of rain.
 

Normally, two tillage operations are practiced in the first and second regions
 
for 	seed bed preparation, while, in case of summer fallow, more operations are
 
performed, mainly during summer time to get rid of weeds and cracks in the soil 
surface to keep moisture in the soil to be used in the next year. Different
 
types of equipment are used such as disc, chisel and sweep plows besides spike
 
tooth and disc harrow and rodweeder.
 

Herbicides Used
 

Herbicides have been used in Jordan for the last few years, but on a small scale
 
not exceeding 5-8% of the total wheat area. About 20-257. is hand weeded.
 

2-4-D compounds are the most common herbicides used for control of weeds in wheat
 
fields. Some studies have shown that some other compounds can be used such as
 
promaxynil, MCPA, and dicomba.
 

Wheat Demonstrations 

The wheat demonstration program for this year includes 118 demonstrations, each
 
one including certified seeds, fertilizers N+P and chemical weed controls. The
 
demonstrations were distributed as follows:
 
1. Eighty one demonstrations located under rainfed conditions (300-400 mm of 

rain). Each was about two hectares. 
2. 	Twenty six wheat demonstrations under summer fallow planted in marginal land
 

(250-300 mm of rain). Each was five hectares.
 
3. 	Ten wheat demonstrations were planted in the Jordan valley under irrigation
 

and each was three hectares.
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WHEAT IMPROVEiENT IN NEPAL 

Mahesh P. Panth
 
Nepal 

Wheat ranks third as the most important crop of Nepal, the first two being

rice and maize. Wheat is grown at a wide range of altitudes and diverse agro
climatic conditions. 
The wheat growing areas extend from an elevation of
 
nearly 100 meters in the Tarai region (plain areas on the souchern foot-hills
 
of the Himalayas) which have a sub-tropical type of climate, to more than
 
3,000 meters in the high hills where temperate conditions prevail. However,

the major bulk of wheat is produced in the Tarai region (nearly 65 per cent). 

Most of the wheat grown in Nepal is planted in November-December and harvested
 
in March-April. However, in the higher elevations the length of growing season
 
is longer. At the altitudes of 2,000 to 3,000 meters wheat is planted in
 
September-October and harvested in May-June thereby taking seven to ten months
 
to mature. It is interesting to note that there are some areas above 3,000
 
meters where wheat is grown as a summer crop. 
In such areas wheat is planted

in April-May and harvested in October-November.
 

In general, environmental conditions in Tarai are more 
favourable for disease
 
development than in the hills. 
 Leaf rust is the most common disease found in
 
Tarai, while in the hilly regions yellow and black rusts are more prevalent.

Loose smut occurs frequently but with low intensity. Powdery mildew and bunt
 
are commonly observed in the hills and valleys.
 

Insects have not been an alarming problem for wheat cultivation in Nepal. How
ever, wire worm damage to young seedlings has been reported from some areas in
 
Tarai. Thrips and stem borers are common but the damage is seldom great.
 

The popuJlar recommended varieties in the hills are Lerma 52, Lera Rojo 64 and 
Pitic 62. Lerma 52 which was introduced about 16 years ago was the first
 
improved variety to be released for the hills. 
 Lerma Rojo 64 and Piti, 62 are
 
semi-dwarf Mexican varieties released during 1965-67. 
At present, Lerna Rojo

64 is the most popular variety in the hills. 
 Pitic 62, though high yielding,

is a late variety.
 

RR-21 and S-331 which came from India are the two varieties recommended for
 
Tarai region. However, RR-21 is the most popular variety and covers more than
 
80 percent of the growing area in Tarai. 
RR-21 is liked by the farmers for its
 
plump kernels and early maturity. It ts also preferable under late sown con
ditions. S-331 assures high yield but the market value is low due to small
 
seed.
 

Until a decade ago wheat was considered to be a secondary crop mainly due to
 
the lack of incentives among the farmers who could not obtain the necessary

agricultural inputs and extension services. 
Tarai farmers used to grow rice
 
in summer and leave the land fallow in winter. Only few farmers were growing

local varieties without the application of chemical fertilizers and irrigation.
 

Bhairahwa Agriculture Farm, Bhairahwa. 
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To'expedite wheat development in Nepal, the Department of Agriculture launched
 
"Grow more wheat campaign" in 1965-66 and encouraged the farmers to put more
 
land under wheat. The campaign was the first major step to popularize wheat
 
cultivation in the country. The introduction of dwarf Mexican varieties of
 
wheat during the campaign period and the establishment of the Agriculture Input
 
Corporation (AIC) and Agriculture Development Bank (ADB) to make the inputs and
 
credits easily available triggered a new wave of excitement among the farmers
 
and consequently created a revolutionary impact on them. Since then, the area,
 
production and the percentage of total wheat area under improved varieties are
 
increasing rapidly (Table 1). In 1973-74, wheat was grown on nearly 12 per
cent (270,426 hectares) of the total cultivated area (2,292,000 hectares). The
 
percentage of increase in area and production during the 9-year period (1965-66
 
to 1973-74) has been 129.7 and 121.4 respectively. The set-back in production
 
in 1970-71 and 1971-72 and the temporary decrease in the percentage of area
 
under improved varieties in 1971-72 can be attributed to the quantitative and
 
qualitative loss of wheat in 1970-71 as a result of untimely and continuous
 
rain at the harvesting and threshing periods. As the data indicate, there has
 
been no progress in yield per hectare. The low yield seems to be due to
 
limited resources in some of the areas and also due to sor- interest of the
 
farmers to put new land under wheat rather than to intensify the farming.
 
Since only 8 percent of the total cultivated area has irrigation facilities,
 
water is one of the factors limiting the yield.
 

National Wheat Development Program
 

The National Wheat Development Program oas established in 1972 to give a new
 
impetus to wheat development in the country. This program, supported by vari
ous disciplines of crop science, nonducts adaptive research at the twelve
 
experimental farms representing a wide agroclimate. Six of them are distribut
ed in Tarai and the other six are located in the hilly regions. In addition
 
to the research, simple trials are conducted on farmers' fields to teach them
 
improved cultural methods and to give them opportunity to select their varieties.
 
To meet the increasing demand for improved seeds of well-adapted varieties,
 

a seed multiplication program on progressive farmers' fields has been started.
 
The seed multiplication program is run by the joint involvement of the Wheat
 
Program, Agriculture Input Corporation, Agriculture Development Bank and Dis
trict Agriculture Development Office. To improve the quality of research work,
 
short group training in data recording is given to the technicians working
 
with wheat. A tour program is arranged for the wheat team to visit different
 
research farms and wheat growing areas so that the field workers get an oppor
tunity to understand the problems ansociated with wheat cultivation. Exchange
 
of ideas and sharing of the experiences among the technicians during such trips
 
have been quite beneficial to widen their mental horizons. The wheat program
 
has also sent the two technicians to CIMMYT, Mexico for the training in plant
 
breeding and diseases.
 

As varietal improvement is the primary objective of the wheat program, it has
 

developed a working relationship with the national and international organi
zations such as CIMMYT, FAO, The Ford Foundation, Wheat Project of Nebraska
 
University, All India Coordinated Wheat Project, etc. With their kind co

operation, the wheat program, besides conducting its own domestic trials, also
 
evaluates breeding materials and international varietal and disease nurseries.
 
As the physical facilities are not fully developed, we are not in a position,
 
at least for few years, to start a sophisticated breeding program dealing with
 

original crosses involving exotic and indigenous germplasms. At present, we
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Table,1. Total wheat acreage, production, yield per hectare and percentage
 
of total wheat area under improved varieties.
 

Fiscal 
year 

Area 
hectares 

H 

Production 
metric ton 

MT 
Yield 
Mf/H 

Percentage of total wheat 
area under improved varieties 

1965-66 117,700 147,000 1.25 3.6 
1966-67 125,500 159,000 1.27 9.0 
1967-68 192,300 204,900 1.07 14.5 
1968-69 207,900 232,800 1.12 25.0 
1969-70 225,500 264,700 1.17 33.0 
1970-71 228,400 193,200 0.84 43.0 
1971-72 239,000 223,000 0.93 40.1 
1972-73 259,000 312,000 1.20 65.6 
1973-74 270,426 314,593 1.16 67.3 

have to be content to work with finished or semi-finished imported materials.
 
It is felt that so long as we continue to receive a good volume of materials
 
from the cooperating organizations, we should not have any problem to identify
 
desirable varieties for Nepal.
 

The important domestic trials conducted every year under the varietal improve
ment program are the Nepal Screening Nursery (ISN), Advanced Lines Screening
 
Nursery (ALSN), Initial Evaluation Trial (lET) and Advanced Varietal Trial
 
(AVT). In the ISN, the lines from the Regional Disease and Insect Screening
 
Nursery (RDISN) and other sources are screened. The ALSN includes lines se
lected from the Indian Genetic Stock Nursery (INGSri) consisting of world
 
collections of wheat germplasm, ISN and CIMMYT crosses. The lines are screen
ed for their yield potentials, disease resistance and other agronomic charac
ters.
 

The wheat program has developed Nepal Lines (NL) which are selections mostly

from the original CIMMYT crosses. The lines or varieties found promising in
 
Advanced Lines and other international nurseries are evaluated in IET. The
 
desirable lines or varieties, selected from IET are promoted to AVT for the
 
final evaluation. The varieties which satisfy the agronomic and disease stand
ards for two to three years are proposed for recommendation to the farmers.
 
The varieties NL 30, HD 1982, Tanori 71, Jupateco 73, Torim 71 and few others
 
have shown a great promise and some of them are under consideration for re
lease to the farmers in the coming season.
 

Since mo3t of the wheat varieties grown in Nepal are spring types, we have not
 
done any significant work with winter wheat. Local wheat varieties are grown

in remote and isolated pockets of high mointain regions which are characterized
 
by freezing winters and snow fall. Some of the varieties collected from thone
 
areas have shown winter growth habits. Very little adaptive research isdone
 
in such areas mainly due to transport and communication difficulties,, However,
 
we have realized that there is a very good potential for the development of
 
winter wheat in the areas where agroclimatic conditions are favourable. If
 
some 
high yielding and adaptive varieties of winter wheat could be identified,
 
it might be possible to grow such varieties more successfully even in some of
 
the hill areas where spring wheat has been cultivated.
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Since 1972-73, in cooperation with the wheat project of Nebraska University,
we have been receiving the sets of International Winter Wheat Performance
Nursery (IWWPN). This is 
our first step toward the improvement of winter wheat
in Nepal. 
 Due to the limitation of facilities in the experimental farms
situated at higher altitudes, the nursery is being evaluated at Khumaltar Farm
in the Kathmandu Valley. The promising varieties will be sent to the hill farms

for observation under local conditions.
 

On the basis of the data of 1973-74 on grain and rust observations, the varieties NE 701132, Burgas 2, Aurora and Kavkaz can be considered for further testing in the hills. This year Manella, Blueboy II,Bolal, Blueboy and Rashid
looked impressive on the field. 
We also hope to identify some promising
materials from the nursery of High Lysine-High Protein (HLHP) which we receivedthis year for the first time. 
 It will, indeed, be a great contribution to the
wheat development in Nepal if we could isolate some varieties of high nutritional

quality without sacrificing high yield.
 

Future Program
 

Since the Wheat program is a new organization, working facilities have to bedeveloped to improve the efficiency and quality of work. At Khumaltar wherethe project has been established, the land and irrigation facilities are 
increasingly limited. Therefore, the wheat team plans to move to one of the major wheat
growing areas in Tarai. 

To expedite the evaluation of breeding lines through the acceleration of generations, a summer nursery program in the high hills will be started within a few
years' time. 
 The program will appoint a plant breeder to evaluate the materials
 
at higt altitudes.
 

To build up the working efficiency of the wheat team, the program has plannedto senA more technicians abroad for higher studies. 
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PLANNING SESSION
 

International Winter Wheat Performance Nursery
 

Size of Nursery

There was general agreement that the existing limit of 30 entries
with 4 replications is desirable and aids in planning and nursery

space allocations at sites growing the IWWPN.
 

Check Varieties
 
Most cooperators wera in favor of retaining the 4 check varieties
currently utilized in the IWWPN, ie/ Bezostaya 1, Blueboy, Atlas 66,
and Lerma Rojo. 
There was some sentiment for retention of the most
productive test variety in the nursery as a yield standard. 
Presumably, this would change as new highly productive varieties were
 
identified.
 

The main problem with the suggestion involves timing. Decisions on
the composition of next year's nursery must be made by April or May
of the current year, well in advance of receipt of performance data
for the year. This would require decision as to the best test variety to be made on the basis of one year's performance since varieties are retained in the IWWPN for only two years. 
 There were
suggestions for the use of regional and local cheek varieties.
 

Period of Testing

Two years of testing to permit more varieties to be tested was
 
generally acceptable.
 

Number of Test Sites

In 1974 there were 57 nursery sites in 35 countries. Requests have
been received for growing the IWWPN at several additional sites in
1975. 
 The number is nearing the limit of the Nebraska group to manage efficiently. Addition of a new site will be based on whether
the site represents a test environment with major differences from

already existing sites in the country.
 

Data Reporting Books and Instructions
 
Satisfactory as they are.
 

Nursery Data Distribution
 
Cooperators want nursery performance information returned to them as
quickly as possible. 
They concur with distribution of a preliminary
report, based primarily on yield, by January or February, ie/ approximately six months after harvest in the northern hemisphere. Full reports require approximately 1 
years to assemble, print, and distrib
ute.
 

Collection of Soil Data from IWWPN Sites

The need for such data to study and better interpret variety performance at nursery sites was discussed by Prof. Olson of Nebraska.
Collection of soil and plant samples for analyses in the Nebraska

laboratory will be initiated at selected sites in 1976.
 



- 541 -


Third International Winter Wheat Conference
 

An invitation from the President of Colorado State University for the
next conference to be held at Fort Collins, Colorado, USA in 1978 was

presented by J. R. Welsh. 
 it 
was pointed out that the International
Genetics Congress will meet in Moscow, USSR and the International Wheat

Genetics Symposium is scheduled for New Delhi, India also in 1978.

There was consensus that the Third International Winter Wheat Confer
ence should be delayed until 1979. 
 Dr. Welsh was asked to determine

whether the Colorado invitation would extend to 1979. 
 Decision on a
 
meeting site will be made at a later date.
 

4'
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PARTICIPANTS 

Name Country Address 

Jalalyar, M.: S. Afghanistan Department of Research and Soils 
Ministry of Agriculture

and Irrigation
Kabul 

Lounes, Hachemi Algeria I. D. G. C. 
El Harach 
Alger 

Mostefa, Laahassi Algeria Station Experimentale 
I. D. G. C. El-Khroub 
Constantine 

Nelson, Walter L. Algeria I. G. C. 
CIMMYT 
Alger 

Glavi, Adolfo Enriq Argentina Estacion Experimental Agropecuaria 
Bordenave INTA 
Bordenave, B. As. 

Hollamby, G. J, Australia Agricultural College 
Roseworthy 
South Australia 5371 

Bauer, Alexander Austria Aslan-Gasse 10/1/4 
A-1190 
Wien, Vienna 19 

Bhatia, Chittranjan Austria Joint FAO/IAEA Division 
International Atomic Energy 
Agency 

P. 0. Box 590 
A-1010 Vienna 

insel, H. Austria Probstdorfer Saatzucht 
A-2302 Probstdorf N. 0. 

Nal, Karl Austria Bundesanstalt fUr Pflanzenbau 
und SamenprUfung in Wien 

Alliiertenstr. I 
A-1020 Vienna 

Ruckenbauer, Peter Austria Hochscule fOr Bodenkultur 
Gregor-Mendel str. 33 
A-1180 Vienna 
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Name Country Address 

Dobereiner, Johanna Brazil IPEACS - EMBRAPA 
km 47 da antiga Rodovia Rio-

Sao Paulo 
20.000 - Campo Grande 

Guanabara 

Santiago, J. C. Brazil UNDP/SF Project 381 
(BRA/69/535) 

Increase and Development of 
Wheat Production 

Caixa Postal, 351 
99.100 Passo Fundo, RS 

Deneev, Deneo Bulgaria A. P. K. Trgovigte 

Radev, Ivan Bulgaria A. P. K. Trgovi~te 

Trifunov, Sibi Bulgaria A. P. K. Popovo 

Grant, M. N. Canada Plant Science Section 
Research Station 
Lethbridge, Alberta T1J 4B1 

Ramirez, Ignacio Chile Wheat Project 
Instituto de Investigaciones 

Agropecuarias 
Casilla 5427, Santiago 

Hlavicka, Albin Czechoslovakia Ustredny kontrolny a skusobny 
ustav polonhospodarsky 

Bratislavia, Matuskova 15 

Schmidt, Jan Czechoslovakia Ustredni kontrolni a zkusebni 
ustav zemedelsky -
Variety Testing 

11GOO Praha 1, Smecky 33 

Hafizo Abdul Egypt Regional Consultant, FAO 
110 Sharia Kasr El Aini 
Credit Bank Building 
P. 0. Box 2223, Cairo 

Salem, Al. 3. Egypt Agronomy Dcpartment
Faculty of Agriculture 
University of Alexandria 
Alexandria 

Luptonp F. G. Ho England Plant Breeding Institute 
Maria Lane 
Trumpington, Cambridge CB2 2LQ 
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Name Country Address 

Josset, J. P. France Compagnic Cargill 
Semonville, Cidex 1824 
28310 Janville 

Fischbeck, G. Federal Republic 
of Germany 

Institut fur Pflanzenbau und 
Pflanzenzuchtung 

Weihenstephan 
8050 Freising 

HAge, Heinz Federal Republic Saatzucht Bbhm K. G. 
of Germany 8314 Lineburg

Postpach 1968 W. G. 

Lein, A. Federal Republic c/o F. von Lockow-Petkus GMBH 
of Germany 3411 Wetze uber Northeim

Monshein 

Meinel, Albrecht German Democratic 3721 Bohnshausen ub. Blankenburg 
Republic (Harz)

Saatzuchstation 

Porsche, Wolfgang German Democratic Institut fur Pflanzenzuchtung 
Republic Hadmersleben 

Veckenstedt, Joachim German Democratic Vereinigung Volkseigener Betriebe 
Republic Saat. ung Pflanzgut Quedlinburg 

43 Quedlinburg 
Clara, Zetkin, Strasse 1 

Balla, L. Hungary Agricultural Research Institute 
Hungarian Academy of Sciences 
Martonvasar 

Barabas, Zoltan Hungary Cereal Research Institute 
Szeged, Alsokikotosor 5 

RaJki, S. Hungary Agricultural Research Institute 
Hungarian Academy of Sciences 
Martonvasar 

Sagi, Ferenc Hungary Cereal Research Institute 
Szeged, Alsokikotosor 5 

Kaveh, H. Iran Wheat and Barley Project
Ministry of Agriculture 
Seed and Plant Improvement 

Institute 
Karaj 

MahlooJi, T. Iran Wheat and Barley Project
Ministry of Agriculture 
Seed and Plant Improvement 

Institute 
Karaj 
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Name 

Al-Ammar, Mahdi H. 

Country 

Iraq 

Address 

Grain Board of Iraq 

P. 0. Box 329 Silowat 

Baghdad 

Ameen, Omar A. Iraq Cereal Research Air. 
Abu-Gharih, Baghdad 

Aziz9 Mohammad Abdul Iraq c/o UNDP Office, FAO 

P.O. Box 2048 
Badhdad 

Borghi, Basilio Italy Instituto Sperimentale par la 

Cereali Coltura 
Via Cassia, Rome 

Corbellini Italy Istituto Sperimentale per la 

Cereali Coltura, Sezione di 
Piazza Liberti, 1 
20079 S. Angelo Lodigiano (MI) 

Lorenzo, Corino Italy Istituto Sperimentale per la 
Cereali Coltura, Sezione di 
Piazza Liberta, 1 
20079 S. Angelo Lodigiano (MI) 

Rossi, Luigi Italy Agricoltura -
C. S. N. Casaccia 
S. Maria de galeria,Rome 

Tahir, W. M. Italy Plant Production & Protection 
Division, FAO of UN 

Via delle terme di caracalla 
00100 Rome 

Testoni, A. Italy Istituto Sperimentale per la 
Cereali Coltura, Sezione di 
Piazza LibertY, I 
20079 S. Angelo Lodigiano (MI) 

Zitelli, G. Italy Istituto Esperimentale di 
Genetica per la, Cereali Coltura 

Via Casia Vechia 
00191 Rome 

Ohosheh, Zulkifl Jordan Field Crops Section 
Department of Agricultural 

Research and EAtension 
Ministry of Agriculture 
P. 0. Box 2178, Amman 

Uaart, s. . Lebanon The Ford Foundation 
P. 0. Box 2379, Beirut 

Brivastava, J. P. Lebanon The Ford Foundation 
P. 0. Box 2379, Beirut 
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Name Country i,,,Address 

Fischer, R.-A. Mexico CII1MYT 
Apartado Postal 6-641 
Londres 40 
Mexico 6, D. F. 

Rajaram, Sanjaya Mexico CIMMYT 
Apartado Postal 6-641 
Londres 40 
Mexlco 6, D. F. 

Panth, Masesh P. Nepal Bhairahiva Agricultural Farm 
Bhairahiva 

de Vo, N. H. The Netherlands Institut voor Biologisch 
en Scheikundig Onderzoek 
van Landbouwgewassen 
Posthus 14 
Wageningen 

Freekes, W. The Netherlands Netherlands Graan Centrun 
Plant Breeding Station 
Geertsema 
Grovingen 

Geertsema, William W. The Netherlands G. Geertsema-Groningen BN. 
P. 0. Box 405 
NL-8001 Groningen 
Holland 

Medag, J. The Netherlands Fondation for Plant Breeding 
P. 0. Box 117 
Wageningen 

Rogers, Raymond C. The Netherlands Great Plains Wheat Inc. 
Coolsingel 6 
Roterdam 

van Bilfhout, Cornelius H. The Netherlands 

Wouda, N. P. The Netherlands Dr. R. J. Mansholl's 
Veredelings bedryf B.V. 

West polder 8, Ulrum (Gr) 

Holland 

Zeven, A. C. The Netherlands Institute of Plant Breeding 
166 Lawicksee Alies 
Wageningen 

Wolski, To Poland Po-nanska hodovla raslin 
drial Hodowli Zbor 
00-532 Warszawa I 
ul., Wileza 16 a. 3 
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Name Country Address 

Ittu, Gheorse Romania Plant Breeder 
Research Institute for Cereals 

and Industrial Crops 
Boulevard Marasti 61 
Bucharest 

Valor, Botozan Romania Agricultural Research Station 
Turda - Cluj 

de la Hera, P. Spain Mejora Genetics De Plantas 
Montemediano 
Logrono 'Espana 

Sanchez-Mongo, E. Spain Ministerio de Agricultura 
Instituto Nacional de Investigac

iones Agrarias 
Departmento de Cereals y 

Leguminosas 
Apartado de Correos 127 
Alcala de Henares, Madrid 

Olsson, Gbsta Sweden Division of Wheat and Oats 
The Swedish Seed Association 
Svalof 

BrOnnimann, A. Switzerland Swiss Federal Research Station 
for Agronomy 

CH8046 Zurich-Reckenholz 

Fossati, Aldo Switzerland Swiss Experimental Station for 
Agriculture - Chaugins 

CH1260 Nyon 

Llosa, Carlos Peru Jefe Programa Nacional do Trigo 
Estacion Experimental Agraria 
Apartado 2791 
Lima 

Bayraktar, Ali Turkey Wheat Research and Training 
Center P.K. 226 
Ankara 

laydur, ¥ilm Turkey B6lge Zirat Arastirmd git. 
Erzurum 

Celik, Nacati Turkey Wheat Reqearch and Training 
Center P.K. 226 
Ankara 

De.Lrlicakeks Ahmst Turkey Wheat Research 
Zirai Arastirma Enstitutua 
Ankara 
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Name Country Address 

Klatt, Arthur Turkey Wheat Research and Training
Center, P. K. 226 

Ankara 

KMycU, Coskun Turkey AtatUk univ. zLraat Pak. 
Erzurum 

Prescott, Michael Turkey Wheat Research and Training 
Center, P. K. 226 
Ankara 

Wright, B. C. Turkey Wheat Research and Training 
Center, P. K. 226 
Ankara 

Yilmaz, Baydur Turkey Dogu Anadolu Arastirma Enst. 
Erzurum 

Petrovi ',Ilja USSR Zamenik direktor po nauke 
Moldovske NIl ratarskih kultura 
Savjet kolhon SSR Moldoviije 
Ki~enjov 

Sosinov, A. USSR Vsesojuznij selektsionno
genetisheskiJ 

Institut 
Odesa 270036 

Karouri, A. M. Osman El Sudan Department of Agriculture 
Faculty of Agriculture 
Shamba. 

Khalifa, Mohamed Ahmd Sudan Agricultural Research Corporation 
Gezira Research Station 
Wad Medani 

Zverson, Everett H. USA Department of Crop and Soil Sc. 
Michigan State University 
East Lansing, Michigan 48823 

OCllln, R. L. USA USDA, ARS, North Central Region 
Small Grains Insect Pest Research 
Agricultural Administration Bldg. 
Purdue University 
West Lafayette, Indiana 47907 

Rayvawd, Charles USA Ploneer Hi-Bred International 
Inc., Research Station 

Route 2 
Hutchinson, Kansas 67501 
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Name Country 	 Address
 

Jensen, N. F. USA Department of Pl. Breeding
 
and Bicmetry
 

Cornell University
 
Ithaca, New York 14850
 

Johnson, V. A. USA 	 Department of Agronomy
 
University of Nebraska
 
Lincoln, Nebraska 6d583
 

Mlpper, Lowell USA 	 Department of Agronomy
 
University of Nebraska
 
Lincoln, Nebraska 6853
 

Kronstad# Warren USA 	 Crop Science Department
 
Oregon State University
 
Corvallis, Oregon 97331
 

I4atterno P. J. USA 	 Department of Agronomy
 
University of Nebraska
 
Lincoln, Nebraska 68583
 

HcCuisron, Willis L. USA 	 Department of Agronomic Crop Sci.
 
Orgeon State University 
Corvallis, OR 97331
 

Murphy, C. F. USA 	 Department of Crop Science
 
North Carolina State University 
Raleigh, North Carolina 27607
 

Olson, R.A. USA Department of Agronomy 
University of Nebraska 
Lincoln, Nebraska 68583 

Pope, i. K. USA Department of Agronomy 

Agricultural Experiment Station
 
Moscow, Idaho 83843
 

Rouio, Robert W. USA 	 Who& Research 
Northrup, King and Company
 
13410 Research Road
 
Eden Prairie, innesota 55343
 

Schmidt, J. W. USA 	 Department of Agronomy
 
University of Nebraska
 
Lincoln, Nebraska 68593
 

StroLke, J. g. USA 	 Department of Agronomy 
University of Nebraska 
Lincoln, Nebraska 68583 

Welsh, J. . UA 	 Department of Agronomy 
Colorado State University
Fort Collins, (olorado 80321 
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am Country Address 

An4Jelkovii,M. Yugoslavia Jugoslavensko poljoprivrdno
lumarski centar 

Bulevar Revolucije 84/11 
11000 Beograd 

Banek, I. Yugoslavia "Oranica" ajemensko poduzece 
Osijek 
Pcedstavniftvo Zagreb 
41000 Zagreb, Dordevi'eva 15 

Borojsvi4o Katarina Yugoslavia Poljoprivrdni fakultet 
Stevana Musica bb 
21000 Novi Sad 

Borojev, S. Yugoslavia Poljoprivredni fakultet 
Stevana Musi~a bb 
21000 Novi Sad 

Bokovid, H. Yugoslavia Institut za poljoprivredna 
istrazivanja

Haksima Gorkog 30 
21000 Novi Sad 

BosniU, M. Yugoslavia KIK Gornja Radgona 
Q9250 Gornja Radgona 

Bolnjakovi6, H. Yugoslavia Inotitut za po1j.istrafivanja 
Novi Sad 

Cupina, T. Yugoslavia Institut za poljoprivredna 
istralivanja

H. Gorkog 30 
21000 Novi Sad 

Danit6, V, Yusoslavia Center za primjenu nauke u 
poljoprivrdi 

Ilica 101 
41000 Zagreb 

Iberhardts 8Jepan Yuloslavia Institut za rplem. i proizv. 
bilja 

41000 Zagreb 
Haruli~ev trg 5/I 

catelmn, parija Yuloslavia Institut za oplem. i proizv. 
bluJa 

Zagreb, Haruli6.v trg 5/I 

Franj tid', D. Yugoslavia PPK "Kutjevo"
55340 KutJevo 
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Name Country Address 

Gotlinp J. Yugoslavia Joljoprivredni Fakultet 
Simunska cesta 25 
41000 Zagreb 

Hadliselimovi6, S. Yugoslavia Zavod za poljoprivredna 
istrazivanJa 

78000 Banja Luka 

Halagid, S. Yugoslavia Institut za oplem. i proizv. 
bi1ja 

Zagreb 

Hrust, Vladimir Yugoslavia Poljoprivredni fkakultet 
1000 Zagreb 
imunska c. 25 

Jankovi4 MHilanka Yugoslavia Zavod za strna 'ita 
34000 Kragujevac 

Javor, Petar Yugoslavia Institut za oplemenjivanje i 
proizvodnju bilja 

Jesterovid, Zivota Yugoslavia Zavid za strna lita 
Kragujevac 

Jolt, Marijan Yugoslavia Institut za oplem. i proizv. 
bilja 

Zagreb 

Jolt, Milica Yugoslavia Institut za oplem. i proizv. 
bilja 

Zagreb 

Jurko# D. Yugoslavia Republicki sekretarijat za 
poljoprivredu 

prehrambenu industrifu i sumarstvo 
Trg D. Iblera 9 

41000 Zagreb 

Jurkovidt I. Yugoslavia Republi~ki sekretarijat za 
nauni rad SRH, Amruieva 4 

41000 Zagreb 

Kolies B. Yugoslavia Institut za oplem. i proizv. 
bilJa 

Zagreb, Marulicev trg 5/1 

Kori6t, Bogdan Yugoslavia Institut za oplem.i proixv.bilja 
Zagreb, Marulicev trg 5/1 

Korie, Svetka Yugoslavia Institut za oplem. i proizv. 
bilja 

Zagreb 
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Name Country Address 

Kosti6, B. Yugoslavia Institut za poljoprivredna
istraiivanja 

M. Gorkog 30 
21000 Novi Sad 

Krei, Stanko Yugoslavia Institut za oplem. i proizv. 
bilJa 

Zagreb, Maruli'ev trg 5/1 

Kuburovi, M. Yugoslavia Zavod za strna lita 
34000 Kragujevac 

Kump, MariJa Yugoslavia Poljoprivredni fakultet 
Simunska cesta 25 
41000 Zagreb 

Kultrak, Ivan Yugoslavia predsjednik Sav.komiteta 
Savezni komitst za poljoprivredu 
Bulevar Armije 104 
11070 Novi Beograd 

Levakovic F. Yugoslavia PIK "Vinkovici" 
56000 Vinkovici 

Lulin, V. Yugoslavia Institut za zaititu bilja 
Ka6iceva 9 
41000 Zagreb 

Madari', Z. Yugoslavia Poljoprivredni institut 
54000 Osijek 

Martin-i6, J. Yugoslavia Poljoprivredni institut 
54000 Osijek 

Martinit, Josip Yugoslavia Institut za oplem. i proizv.
bilja 

Zagreb, Marulidev trg 5/1 

Hartini6, Z. Yugoslavia Poljoprivredni fakultet 
gimunska cesta 25 
41000 Zagreb 

Hatijesevico H. Yugoslavia Institut za oplem. i proizv, 
bilja

Zagreb, Marulicev trg 5/I 

MihalJev, I. Yugoslavia Institut za poljoprivredna 
istrazivanja 

M. Corkog 30 
21000 Novi Sad 

Mihokovi , Branka Yugoslavia Institut za oplem. i proizv.bilJa
Zagreb, 1aruliev trg 5/I 
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Name Country Address 

Mikid', D. Yugoslavta Institut za poljoprLvredna 
istra-ivanJa 

M. Gorkog 30 
21000 Novi Sad 

MliladlnoviL, N, Yugos lavi Zavod za poljoprivrdu 

19000 Zaje~ar 

Milotid', Mato Yugoslavia Institut za oplem. i proizv. 
bilja 

Zagreb, Matulicev tr8 5/I 

MiLnar R. Yugoslavia Institut za oplem. L proizv. 
bilja 

Zagreb, Haruliev trg 5/1 

Moeilovies V. Yugoslavia Institut za poljoprivredna 
istrazivanja 

M. Gorkog 30 
21000 Novi Sad 

Palaver'Si6, B. Yugoslavia Institut za oplem. i proizv. 
bilJa 

Zagreb, Marulikev trg 5/1 

PalavarSLE, D. Yugoslavia Institut za oplem.i proizv.bilja 
Zagreb, Maruliccv trg 5/I 

Parlov, D Yugoslavia Institut za oplem. i prolzv. 
bilja 

Zagreb, Maruli6ev trg 5/1 

Pavlovid, Rade Yugoslavia Republieki Sekretarijat za 
poljoprivredu 

i prehrambenu industriju I 
sumarstvo 

Trg D. Iblera 9 
41000 Zagreb 

PJILd, D. Yugoslavia PIK - Vinkuvci 

Pojnovi6, Milan Yugoslavia InstLtut ia oplem. L proisv.btlja 
Zagreb, Marull~ev tr& VI/ 

PatkoviC, 8. Yugoslavia "ZitozaJednict" 
frankopanska 16 
41000 Zagrab 

PetrLd, D. Yugoslavia JugoslavonskL Institut go 
prehrambenu industrLJu 

Zavod ia bragno 
Rumnatklu 103 
21000 Novi Bad 
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LEL.KMgmnf 

petrovid, D. Yugoslavia 	 Agrookonomaki inutitut 
PK "Beograd" 
11000 Beog~rad 
Padineka skela 

Yugoslavia 	 "Zitokombinat"Podnar# A, 

001.k "PekArstvo - 8. Mi 
Lenjingraduka 93 
41000 Zasgrab 

Popovid, A. Yugoslavia 	 Zavod za btrnA z'tt 
34000 Kragujevac
 

PopovidJ, Sotija Yugoslavia 	 Zavod t4s &aF1% lite
 

Kragujcvac
 

IntitUt X4 UIlSm. proisv.poitotanac, Joelp Yugoslavia 	 i 

Zagreb. marullecv tri. 5/1 

Muid. B. Yugoslavia 	 Infititut Aa cdwOU0iju i 
tallnuoiju tIs 

ZagrebtJA4IICCVt 9 

to 1tprQ1av.bi1j&
it~, .Yugoslavia 	 Initut uj1m 
lb 	 log~wrob. K4twlle(v Uis5/ 

istovLes 1F. Yugoslavia 	 Contar *a Itimicti itoke u 
pou Join IvrrulI 

Zag~reb. III(' 1UI
 

iedo, A. Yugoslavia 	 PIK 'VUkuVag, 
Dunavak. 1
 
56230 VkUI.V4t 

hlc. J. Yugoslavia 	 Kmtjokt 1"Ottit Slowenija
 
H~cqqetUve 1 
610O0 1jUbIlJ011s 

Lpanting. J. Yugoslavia 	 stotsstmnics14Ikvlt
 
Titava Zh
 
61000 1jutdJons
 

bpohar, V. Yugoslavia 	 Inatttut $a Opdum. I protiV. 

Zagreb, h4fotIov tra 5/1 

Iverc. A. Yugoslavia 	 P1K "KUtjOVU*'
 
55340)KutJov
 

x.% optem. proinv.Towasovicig 5. Yugoslavia 	 Institut i 
bi1jA 

Zagreb, Karu1itev tug 5/1
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UKCountry 	 Addre ss
 

VhLIlJI D. Yugoslavia 	 Poljoprivrodni fakultet
 
Limunaka costs 25 
41000 Zagreb
 

Vi~L, 	 Contar u
I.Yugoslavia 	 za primjonu riauka 
proijopriviedi 

41000 Z4ErCb
 

Vitasovid Z. Yugoslavia 	 Po1joprivredni institut Zagreb 
Ksli±'ov4 9 
41000 Zagreb 

Vlishovic, Viktorijo Yugoslavia 	 lnstiut tA pl i protivMblJa 

Zogreti, M.rwui~ev tr1 VI/ 

Vukias'novit, to Yugoslavia 'Agrobvrw - 'mia 
?rodtavni &tvo 
Katc Orp&ote Ib 

Vuimelic, Nirjana Yugoslavia 	 Inotitut *'A Opirm. I p4ottV, 

Yugoslavia 	 PIK "ViluviIL14I&Sagi J. 


lanid Do Yugoslavia 	 Lsbordtotij iTf.
btvks bht14A Ito 
41000 Z-agral 

Mabrt L. 	 Yugoslavia Privrfdti. )LOuujn
 

Zmujift J. Yugoolovia 	 ROPutd&1it eokf~tarI~t a 
v~doplivr4 dit~ 

Kuiuljovtfmvd ,$ 

ZjEI.Yugoslavia 	 POlJOPrIV10Je1if fiaIultoI 
11000 11004 

ZVonho, Bobetif Yugoslavia 	 PIK "Paava 
51.400 Dakova
 


