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INTRODUCTORY SPEECH

Guram Aleksidze
Academician, President of Georgian Academy of Agricultural Sciences, Professor,
Doctor of Biological Sciences

Among numerous achievements of mankind, wheat has always occupied a special place during
the entire history of our existence. Its importance has particularly increased today, when man has
reached the peak of his development, when new necessary agricultural cultivars and products have been
and are being developed using the scientific and technological advances. Based on all the above, the
importance of wheat as a staple human food is going to increase in the future as well.

Georgian wheat is noted for its best properties and traits. It is also valuable because its genotype
is the carrier of strong genes resistant to pests and diseases and adverse environmental conditions. For
these properties are especially distinguished the endemic species — Zanduri and Dika, being widely used
in the world for developing quality and high-yielding cultivated wheats. It is universally known that
Georgia is one of the most important centers of wheat origin, this being evidenced by numerous
archeological materials and the existence of many endemic species of the wheat existing in our country.
Out of 14 natural species of wheat found in Georgia, endemic are:

Triticum p-colchicum, T. carthlicum, T. timopheevii, T, macha, T. zhukovskyi (8 000 years wheat seeds
are kept in Georgian National Museum).

As a result of study of the cultivated cereals of the genus Triticum, Georgia represents a center
of diversity of wheat species and concentration of initial varieties. It has been found that in this small
territorially over 65% of the wheat genus varieties are represented and, most important, 25% of this
diverse species is endemic and cannot be found in any other country of the world.

The Georgian wheat species have been found to differ from other species of the Triticale genus
by their genomic composition (genome G). Their genotype includes genes which, from the evolutionary-
phylogenetic, genetical and selection standpoint, precondition the presence in them of such valuable
traits, as complex immunity to pests and diseases, resistance to sterility, ability to restore fertility,
manifestation of all the currently known types of lethality, high grain protein content, high adaptability,
high elasticity of the culm, resistance to lodging and shattering, easy-to-thresh ability, resistance to
sprouting of grain in standing crop, etc.; by employment of genetic and breeding, many new cultivars
have been developed on the basis of Georgian endemic wheat species, as well as immune, high-yielding
and quality landraces and forms and a completely novel germplasm for selection purposes.

Of much significance are the ways and the site of the origin, or domestication of wheat, which scholars
use to define differently. According by the work of famous Georgian scientists late Professor V.
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Menabde and Professor L. dekaprelevich the origin of initial species of wheat should have been
associated with the participation of several genera of cereals, in particular Triticum, Aegilops, Agropirum
and, probably, Secale.

A good example of the above is the fact that above mention five endemic species are spread within such
a small territory of Georgia as Racha-Lechkhumi. The Professor P. Naskidashvili and other Georgian
scientists also thinking that the first area of the wheat origin and domestication should have encompassed
much wider territory than the “Fertile Crescent” and the territories and countries within it, including the
South Caucasus, we consider quite reasonable and justified.

So principally 1, as another Georgian scientists, thinking that it is necessary world scientists to study
more detailed of the cultivated and wild species spread in Georgia by using the up-to-date research
methods, which should become one of the priority tasks in the near future. One of the reasons to provide
this Conference in our country is to discuss this very important idea also.
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STRATEGY OF WHEAT PRODUCTION AND ITS PERSPECTIVES IN GEORGIA

Guram Aleksidze, Omar Keshelashvili
Georgian Academy of Agricultural Sciences, Thilisi, Georgia-
E-mail: guram_aleksidze@yahoo.com

Wheat in Georgia is an endemic culture which has a strategic agricultural significance determined
by its rich historical, agricultural and economic meaning. According to world scientific literature, out of
20 wheat varieties, the origin of 12 - is Asia, the South Caucasus is the origin of 8 varieties, out of which
5 —is Georgian endemic varieties.

Totally, about 14 varieties and more than 150 sub-species, forms and aboriginal species have been
described in Georgia. According to endemic varieties and their forms, Georgia occupies one of the
leading places in the world.

At present, in the system of Agricultural development of Georgia, a distinctive place occupies grain
production, and wheat production in particular, which determines food safety of the country.
Considering increase on demands of grain in future, wheat production quantity, quality and speed of
growth is a priority for our country and has a strategic importance.

This will be largely determined by the following:

o week coordination between the branches and inconsistency of the wheat production with the
existed resource potential;

o increasing technological and economic opportunities;

o necessity of food safety guarantees;

o national importance of grain production in Georgia.

Multi - branch structure of Georgian agriculture determined by its natural and economic conditions,
does not create opportunity for production of wheat both for food and fodder wheat which will meet the
demands of population, and in particular, in the tourist zones during high season.

In perspective, in case we consider intensive development of technologies, achievements in selection
and genetics, Georgia will presumably be able to meet the demands on wheat supply, but this assumption
is still on theoretical level. Food safety data in Georgia are as follows: number of people with insufficient
nutrition is 1 million, 24,7% of population is starving, while the world data equals to 12,5 %, in
developing countries it is - 14,9%, while in developed countries - less than 5%.

What is the percent of food supply in our country? According to international standards, import of
food products should not exceed 20% of total national food product. Even the USA, which is so rich
with agricultural products, cannot meet population food demands 100%. But in Georgia, food import
exceeds 70%.

Researchers and economists consider that Georgia is among high risk countries according to food
safety at the state, household and individual levels. Accordingly, it is very important to work out food
safety strategic program for sustainable development of agrarian sector.

According to 2015-2017 data, areas sown with wheat are distributed as follows: total area equals to
- 52,3 thousand hectares out of which 67,7% is in Kakheti region, 13,9% - Qvemo Kartli, 12,9% - Middle
Kartli. During the same period, average production of wheat in Georgia was 133,4 thousand tones,
76,5% was in Kakheti region, 7,9% - Qvemo Kartli, 12,9% - Middle Kartli.

Therefore, domestic supply of wheat is 133,0 th.t. ( 16,1%), and import — 647.0 th.t. ( 78,1%),
including total resource supply — 828.0 th.t. Accordingly, as it is clear from the data, 110 kg wheat is
consumed per person which is 87,3% in compare with the norm, but Georgia produces only 18 kg per
person.

In Georgia, consumption of bread and its products 1.8 -2.0 is higher in compare with physiological
norm, and their portion is 60% in average person’s daily diet, if compared with international standards
which defines 2450 kg/calories per day, while in Georgia it equals to 2399 kg/calories — much lower
than international standard.
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The data on Georgian import — export of agricultural product shows the tendency of decrease. The
share of agricultural product in total export has decreased from 35.1% - to 24.2%, which signifies that
production of agricultural export commodity is not dully considered.

Today, Georgia largely depends on Wheat import. For the last decade, it was: in 2007 — 788 thousand
tones, in 2010 — 797 thousand tones, in 2014 — 651 th. tons and the import price was USD 151,7 million,
export equaled to 53.2 th.tons, - USD 12.4 million.

The biggest share in wheat import has Russia — 96%, Ukraine — 2%, and other countries — 2%. But
exported grain of 68.4% comes on Turkey. Kazakhstan is interested in increase of export of our wheat
which is connected with increase of wheat export from Kazakhstan Turkey.

Market economy and some reform had some negative effects on Georgian agriculture, the import-
export balance was violated, and often imported grain is not of high quality. This raises the question of
working out proven strategy in wheat production which will increase the amount of wheat, secure high
quality production and raise the awareness and qualification of the farmers.

Potential of local species should be increased based on advanced technologies which necessitate
further development of seed production on scientific basis. The attempt of a few farmers who wish grow
ancient Georgian aboriginal species should be encouraged. It will save country’s resources spent on
import of hybrid species.

The experience of developed countries show that state regulations only refers to the control of those
parameters which affects human’s health and environment. This is evident from the normative acts
which define the conditions of sowing material.

In Georgia, grain and wheat production development should be based on new strategy of agricultural
development which envisages the following: increase of agricultural product in short and long term
periods based on market economy and sustainable development principles; creation of differential
economic and technological environment, implementation of scientific achievement which will create
food safety and economic growth.

In agreement with above assumptions, Georgian Academy of Agricultural Sciences is working out
perspective plan of development. After calculation of economic parameters, it was stated that optimal
amount of wheat will be 114,0 thousand hectares sawn with wheat which will give a crop —434,0 th.tons.

For the foreseen period ( 2025), Kakheti region will produce the most of the expected wheat ( 434.0.
th.tons.) 45,7 % ,- (198,7 th.tons), 45,7%; Shida kartli —22,7% ( 100,0 th. Tons) kvemo Kartli — 20,2%
(87,7 thousand tons.)

To achieve those results for 2025, the following fully describes potential opportunities dictated by
natural and economic conditions:

o improvement of selection and seedgrowing improvement and sowing of wheat with high yield
breeds;

o purposeful and effective application of plant protection systems;

o working out zonal and differential recommendations regarding supply with material and
technical resources;

o product processing, trading, and creating various differentiated types of services, such as

cooperatives, and other.

The strategy of wheat production is closely linked with the demand on ecologically pure products.
Many countries spend a lot of resources to get ecologically pure products, whereas the most part of
world population is below the level of poverty. This is dictated by objective reality. What is the situation
in Georgia today? Most of unique selective material is almost perished, endemic spieces are almost
coped with local environment; Georgian market is full of imported food saturated with chemical
substances and gene- modified organisms; and what is more dangerous, the state system of of seed
quality control is totally destroyed.

The main principle is limited and purposeful application of chemical substances and identification of
ecologically protected zones, and the main focus should be made on quality improvement.

Today, approximately, such production is only 2% of total world production. It is presumed that in
the nearest future, this figure will increase only insignificantly and reach 5% in a limited number of
countries.

As some experts state, small countries, and Georgia among them, have good chances to develop bio-
production and become competitive on this market. Local species of wheat and their high agro technical
qualities which are well suited with zonal climatic conditions will help to occupy central positions.
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Moreover, they can be characterized by high resistance against harmful organisms. Therefore Georgian
wheat species can give ecologically pure product which is a recommendation for state policy.

So, if Georgia develops in this direction, it will have real opportunity to penetrate into European
market where the purchasing opportunities and costs are high.

In regards with ecological production, Georgia has to pass two stages:

The first is -transition period — which is the period when integrated system of plant protection is
implemented,;

The second — is production of ecologically clean product.

In a long term perspective, regulation of gene modified organisms demands renovation and further
development of material technical base, which, in its turn, is connected with extra expenses, and should
be in conformity with international conventions of bio-safety.

Ecologically clean product could be grown only in local zones, on pre-determined plots which
undergo through some specific agro-technical measures. Those types of areas are selected for
commercial purposes to serve the interest of consumers. Only a limited amount of ecological product
which will have high price will be grown on such plots. This business will expand little by little over
some period of time.

Ecologically protected zones for wheat production could be identified in the following regions:
Dedoplistkaro, Sighnaghi, Sagarejo, Gurjaani, Telavi and Kvareli.

To achieve stability and sustainable development, significant role will play state regulations regarding
grain farms. The regulations should be based on the following:
marketing strategy key principles;
strong sides of development of this culture;
state regulation system for seed production development;
data and demands bred testing;
control and certification of seed quality;
fulfillment of pre-planned crop yield;
increase of total quantity of ecologically clean product;
proven strategy of wheat production which means: increase of local production and decrease of
Wheat export; extension of sowing areas and increase of yield; enhancing of the specialists’ knowledge,
raising qualification and awareness round the problem;

N~ wWN

9. working out some recommendation based on zonal and differentiated technologies in which
focus will be made waste-free technologies;
10. increase awareness regarding local authentic species, identifying their priorities, and

strengthening selective work .

To achieve this end, at the ministry of Agriculture, a particular service should be set up which will
specifically focused on fulfillment of abovementioned objectives.

Scientific researches to raise wheat production effectiveness should be widely supported at all levels,
and coordination of the process will be carried out by Georgian Academy of agricultural Sciences.

The researches encompass a number of important measures and technological processes, namely:

o Soil protection system will minimize negative effect of soil erosion caused by wind or water.
This system could be implemented on more than 40 hectares;

o Scientific study of seed rotation systems taking into consideration specificities of production,
soil and climate;

o Study of enrichment of plants with mineral nutrition which should be in compliance with the
phases of grow, and biological characteristics of the plant;

o Combined and proper use of herbicides against weeds should be studies together with the

specificities of accumulation of nitrates and particular measures should be determined to avoid this
threat;

o When studying intensive use of arable lands, growing of middle crops/cultures should be
considered, also the territory will be expended up to 150-180 thousand hectares;
o Particular attention should be paid to raising productivity and sustainability of soil farming. The

researches will deal with advanced technologies, means of mechanization, raising of new species,
mineral fertilizers, rational use of herbicides and pesticides, and other innovations to make the
production more efficient;
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o Developing new species and hybrids is one of the main directions which will fit with new trends
and market demands. They should be sustainable against negative factors, characterised by high quality
and yield; Particular focus should be made on: - winter resistant and hard wheat breeding;

- Working out methods of gene-engineering ;

- Working out new technologies and their differentiated use to increase wheat harvest and its
production;

- Working out technological systems for production of ecologically clean product considering
specificities of agricultural zones;

- Working out measures which will reduce or eliminate production wastes;

- Study and maintenance of agro-bio-diversity and measures to carry them out.

The state regulations regarding Grain culture and wheat production should be based on the researches
carried out by experienced scholars and specialists with active participation of Georgian Academy of
Agricultural Sciences. A particular complex purposeful program “ Martsvali” which addresses state
program recommendations and prioritized directions for safe and sustainable development of grain

production in Georgia.

BREAD WHEAT, DURUM WHEAT, BARLEY AND OATS: THEIR EVOLUTION AND
NEW BREEDING STRATEGIES TO DESIGN THE VARIETIES FOR THE FUTURE

A. Michele Stanca®”, Enrico Francia!, Alessandro Tondelli?, Delfina Barabaschi?, Franz W.
Badeck? and Valeria Terzi?
IUNASA, UNIMORE, UEAA
2 Consiglio per la ricerca e la sperimentazione in agricoltura (CREA), Genomics Research Centre,
Fiorenzuola d'Arda, Italy

SUMMARY.

The history of cereals as crops (here including Bread Wheat, Durum Wheat, Barley and Oats)
began in the 'Fertile Crescent', a region including parts of Iran, Iraq, Turkey, Syria, Jordan, Lebanon and
Israel. Human intervention has been a decisive factor in the breeding of these species down through the
millennia, the cultivars currently available manifesting completely different traits from those found in
either the original parents or in those populations that have evolved in
the wild. The domestication of the wild ancestors, Hordeum spontaneum , diploid wheats and later oats,
which are still to be found in the Middle East, dates to the Neolithic. The work of G. Mendel was re-
discovered at the beginning of 1900 when the modern age of plant breeding began. Until that time, the
increase in food production was obtained simply by bringing new land into cultivation. In fact, the yield
per unit of land remained stable from the Roman period to the beginning of the 20" Century.

Historically, genetic studies have their foundations in Mendelian mutants, characterized by
altered physiology and/or morphology. In this regard there are examples of morphological mutations
described in the past for which the gene/genes responsible have been recently cloned, characterized and
used. An example is the Rht-B1b gene that controls plant height in wheat, which induces semidwarf
plants due to the effect of a single nucleotide mutation capable of converting the majority of sugar into
grain starch. With this model the source-sink relationship has been studied in depth and new varieties
based on the concept of "Improved Harvest Index" have been released, with an impressive grain yield
enhancement in a wide range of environments. The question is: “Can we produce and supply sufficient
food in the next 40 years without consuming more land?". On the basis of modern plant science, the
answer is positive. Selection is specifically directed to create highly tolerant and/or resistant genotypes
to increase the “High Yield Potential and Stability of Yield” and to reduce the gap between high yield
potential and the actual yield also in very poor small farms (low or zero input). In fact the interaction
between private and public pre-breeding-/breeding programmes, allowing the introduction of modern
varieties which are very well adapted in fertile as well as in severe stress conditions, represents the
modern vision to improve not only grain yield but even the quality of life of all farmers.
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INTRODUCTION.

12,000 years ago a group of humans chose wild cereal species within a large population of
different wild species and put them into cultivation. They invented the earliest rudimentary agronomic
techniques: seed and soil selection, ploughing, sowing, manual weed control to protect the crops, seed
gathering and storage. These events signed the birthday of Agriculture and Domestication. At the dawn
of agricultural civilization humans realized that the gcerealscould ensure their survival- because cereals
provide, as well known, two-thirds of the calories and half of the protein in the diets of humans

Fig. 1. Importance of different plant species to food production

and a regular staple source of food compounds — carbohydrates, proteins, fat, fibre, minerals, and
secondary metabolites- and initiated an instinctive selection, generation after generation, of the
genotypes best suited to the farmer’s needs. With experience, the best plants were likely earmarked for
the following year's seed supply rather than for direct consumption, incidentally giving rise to 'mass
selection'. The first, and perhaps most outstanding development, was domestication itself in which man
stood before an immense number of different species and choose cereals The domestication of the wild
ancestors, Hordeum spontaneum , diploid wheats and later oats, which are still to be found in the Middle
East, dates to the Neolithic. Their history of cereals as crops (here including Bread Wheat, Durum
Wheat, Barley and Oats) began in the 'Fertile Crescent’, a region including parts of Iran, Irag, Turkey,
Syria, Jordan, Lebanon and Israel. Human intervention has been a decisive factor in the breeding of
these species down through the millennia, the cultivars currently available manifesting completely
different traits from those found in either the original parents or in those populations that have evolved
in the wild. One example of this is the discovery of plants with non-fragile spikes. This was indubitably
a spark in the impulse towards cereals cultivation, being in all likelihood the first criterion of selection
in the history of plant breeding. Such alterations in the rachis were the pre-requisite for the harvest of
the whole ear. Brittle rachis genes are present in all wild species of small grain cereals and very well
described. This selection process was necessarily focused on phenotypes distinguishable for simple traits
controlled by one or not more than a few genes - a method that was empirically pursued right up to the
end of the nineteenth Century. The progress this practice engendered evidently had to be extraordinary
in terms of quantitative and qualitative increase (large kernels), given the subsequent Middle Eastern
civilizations that sprang up and developed around these plants. This Neolithic model of agricultural
technology was exported from the Middle East at a rate of one kilometre per year and it is from here
that the species set out first to colonize the Mediterranean Basin and then, following the great river and
sea migration routes of the time, fanned out to central and northern Europe and the Far East. The
perfecting of crop management techniques (e.g. the advent of rotation and the practice of fallowing), in
particular during the period of Roman dominion, contributed to the spread of cereals in the fertile as
well as in the poorer soils of the Empire.

As is well-known, cereal breeding has been developed during three revolutions, beginning with
the Neolithic, during which, unconsciously a good gene — non- fragile spike - was discovered and used.
The humans learned to sow and to harvest and they worked hard to develop new equipment to improve
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quantity and quality of food production. It was the birth of agriculture. The second revolution was the
Mendelian, during which theoretical and practical goals have been reached. The work of G. Mendel was
re-discovered at the beginning of 1900 when the modern age of plant breeding began. Until that time,
the increase in food production was obtained simply by bringing new land into cultivation. In fact, the
yield per unit of land remained stable from the Roman period to the beginning of the 20" Century. The
application of Mendel’s laws, the development of modern varieties and the introduction of new
agricultural practices gave strong contributions towards improving grain yield around the world.
However, more rapid increases in cereal grain production were attained when semi-dwarf varieties were
introduced into cultivation. In fact the new wheat varieties increased grain yield by reducing height at
the expense of straw biomass, and as a consequence became more resistant to lodging. The increase of
the grain-to-straw ratio resulted in improving the Harvest Index (HI = Grain Yield/Total Biomass Yield).
In 1964 CIMMYT semi-dwarf varieties were introduced in Asia, the Near East, Latin America, Australia
and Europe. Grain production in many cases doubled and countries from importers became exporters.
In 1970 the so-called "Green Revolution” was realised. Farmers rapidly adopted the new varieties and
new agronomic techniques were developed. The “ideotype breeding” was born indicating the strategy
adopted by the plant to achieve a given production and in the same time to identify the bottlenecks in
the main processes related to synthesis ,transport and accumulation of the photosynthetic products and
their relationship to total biomass yield, vegetative biomass, Harvest index and grain yield. The new
wheat or barley genotypes, making the better use of the environment, have been considered as a model
to be exported to many other crops. For the first time knowledge of genetics, statistics, biochemistry,
pathology, physiology, and more recently molecular biology including transformation and genome
editing are synthesized by the breeder. The progress linked to genetics in all countries around the world
has been remarkable, and breeding practices (pedigree selection and its modifications) have gradually
widened their compass and developed up to the present through the research efforts of both the public
and private sectors. Successful winter and spring cultivars marked by excellent quality, more flexible
straw and resistance to biotic and abiotic stresses have been released. Modern varieties, when properly
grown, during the last Century have been demonstrated to highly increase grain yield and grain quality
everywhere in the world. The contribution of high yielding varieties (10 t/ha of bread wheat) to yield
production can be estimated at 2%/ha/year from 1920 to the end of the last Century.(Fig. 2).

1915 1970 2000 2019

Fig 2 Model of the cereal Breeding progress in the last 100 years

In 2019 world cereal production has been estimated in 2,722 million tonnes by compared to
600 million tonnes in 1950- in the same land used-. Even if barley and wheat are classified self pollinated
species, and more specifically cleistogamous, recently F1 wheat and barley hybrids, with heterotic
effect, are undercultivation.

Parallel to this activity the oldest and obsolete varieties, landraces, mutants and in general
genetic stocks have been collected and stored in germplasm banks — 800,000; 480,000 and 136,000
accessions for wheat, barley and oats, respectively - to be available as reserves of genes for future
generations (Stanca et al 2016). The Svalbard Global Seed Vault has been recently established with the
aim to securing for long term of plant genetic diversity of importance for humanity (Westengen et al
2013)The third revolution(Gene Revolution) applied to cereal breeding starts when the breeders learn
from molecular biology many techniques to manipulate the genome and genes. A bridge to link
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conventional to molecular breeding has been designed. The challenge is to use more efficiently the
analysis of cereal genome for better understanding the relationship between genotype and phenotype
(Stanca 2003). On the basis of the above considerations, the target of “Yield Potential and Stability of
Yield“ represents the strategy to design the plant for the future, based on pre-breeding/breeding work,
with the final aim to increase the production of numbers of seed per unit of land and to produce more
grains for “Feeding Ten Billions”. The question is "How can we produce and supply sufficient food in
the next 40 years without consuming more land?" Intense pre-breeding/breeding work is necessary to
accumulate good alleles in elite germplasm (Stanca 2017).

Durum Wheat (Triticum turgidum spp.durum ) - Bread Wheat (T. aestivum )

The major wheat species grown in the planet is Triticum aestivum

For the agronomic and economic value the modern tetraploid durum wheat (2n=4x=28
chromosomes; genomic code AABB) and hexaploid bread wheat (2n=6x=42 chromosomes; genomic
code AABBDD) are grown throughout world. The history of their evolution and domestication
represents one of the research areas which has been pursued with the greatest intensity. A considerable
amount of research has been conducted to elucidate the phylogenetic relationships among cultivated
wheats,  primitive  species, wild  species and ancestors of modern  wheat.
The current bread wheat genome is defined as originally derived from three diploid (2n=2x=14) species:
Triticum urartu (AA), an unknown close relative of Aegilops speltoides (BB), and Ae. tauschii (DD)
(Petersen et al 2006). Likely, the tetraploid 7. turgidum (AABB) resulted from a first
allopolyploidization step involving the A and B genome donors. Maccaferri et al (2019) pointed out that
the tetraploid Durum Wheat, Triticum turgidum ssp durum, evolved from domesticated hulled emmer
wheat T. turgidum ssp. dicoccum and its evolution process is the result of domestication, continued
evolution under domestication (landraces formation) and breeding progress to modern durum wheat
varieties. Durum wheat production has been in 2018 of 38.6 million tonnes grown mainly in
Mediterranean basin and dedicated to pasta, couscous and bread. A The genome of the modern durum
wheat variety Svevo and the genome of an accession of a wild emmer wheat Zavitan have been
assembled: 10.45 giga base size and 66,559 genes have been identified (Maccaferri et al 2019).
subsequent hybridization event between these tetraploid wheats and the wheat genome D donor gave
the allohexaploid bread wheat (AABBDD). The noticeable lack of hexaploid wheats in wild populations,
and with only archaeological support to estimate the time of origin of bread wheat, raised for a long time
questions about the evolution and domestication of the species (Heun et al 1997, Salamini et al 2002).
The results were often contradictory due to the different experimental approaches, although currently
the emerging picture largely benefits from the results obtained with Next Generation Sequencing
technologies.

In particular, two recent complementary studies based on overall sequence comparison,
phylogenetic analysis and dating of divergence times, shed new light on the complex path undertaken
by wheat and the Triticeae genomes during their evolution. In both studies the diploid progenitors and
relatives of durum and bread wheats such as Aegilops speltoides (BB), Ae. tauschii (DD), Triticum
urartu (AA) and T. monococcum (A™A™) were included in the analyses and compared to previously
published Brachypodium distachyon (L.) and Oryza sativa (L.) genome sequences as outgroups.
Marcussen et al. (2014), compared the nuclear genome sequences of hexaploid bread wheat subgenomes
A, B and D originated from the International Wheat Genome Sequencing Consortium (IWGSC) (Mayer
et al 2014, Appel et al 2018) to estimate the phylogenetic history of the three homologous genome
lineages. Topology-based species phylogeny based on a data set of ca. 2,300 gene trees suggested that
lineages A and B are more closely related to lineage D individually than to each other. This is in
agreement with the hypothesis of reticulate evolution (i.e. hybridization of closely related species) and
incomplete lineage sorting in large populations that was proposed by Escobar et al.( 2011). Moreover,
further support to the model of a homoploid hybrid origin of the D genome obtained by hybridization
between the A and B lineages can be drawn from independent genome sequence analyses that indicated
a greater similarity of the A and B genomes to the D lineage, both at the base-pair level as well as in
gene content.

Middleton et al. (2014) used chloroplast sequence assembly information for twelve Triticeae
taxa including bread wheat, barley and rye to provide detailed insights into the evolution of the species.
A particularly informative 37 kb segment of chloroplast sequence containing both protein-coding and
non-coding regions allowed them to obtain more precise estimates for the divergence times of Triticeae
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species. Although the same authors emphasized that the results only provide the relationships of the
chloroplast lineages, a precise phylogeny and dating of the age of the wheat genome donors was derived
and indicated that the donors (or their close relatives) of the A, B and D genomes diverged within the
past 3 Million years. Notably, the chloroplast sequences of 7. aestivum (AABBDD) and Ae. speltoides
(BB) were found to be 99.87% identical while "the other chloroplast genome sequences of the wheat
genome donors 7. urartu (AA) and Ae. tauschii (DD) showed lower sequence identity to 7. aestivum,
ranging from 99.64%-99.69% and T. urartu was found to have the greatest similarity to Ae. tauschii,
with 99.76%". Therefore, the authors concluded that the donor of the 7. aestivum chloroplast was closely
related, yet not identical, to the current Ae. speltoides chloroplast. Today we have available an ordered
sequence of 17 Gigabase bread wheat genome produced by sequencing isolated chromosome arms.
124,201 gene loci have been annotated (Mayer et al 2014, Appel 2018). Comparative gene analysis of
wheat subgenomes and diploid and tetraploid wheat relatives show that high sequence similarity and
structural conservation are retained, with limited gene losses, after polyploidization. These insights into
the genome biology of a polyploid species can provide a faster gene isolation rapid genetic marker
development, and precise prebreeding-breeding programs. Bread wheat (7riticum aestivum L.) is the
most cultivated cereal crops worldwide with 216,638,762 hectares (10% dedicated to durum wheat)
sown in 2015. Due to improved varieties, grain yields have been greatly increased in almost all regions
of the world, passing in the last 50 years from less of 2.0 t/ha to 3.1 t/ha registered in 2015 with a yield
production per unit of land in many European countries of 7-8 t/ha and with a yield potential of 12 t/ha.
The more rapid increases in production began when semi-dwarf varieties were introduced into
cultivation ( Slafer and Calderini 2005). By using semi-dwarf Japanese varieties, N. Strampelli (first) in
Italy and N. Borlaug (later) developed high yielding varieties which represent the new era of bread and
durum wheat production in the world. Strampelli's success was largely based on two genotypes that
introduced novel variation into the European breeding programmes: he used Akagomugi (Japanese) and
Wilhelmina (Dutch) varieties carrying Rht8 (short-straw) and Ppd (photoperiod insensitivity) genes,
respectively. In 1920-1932 the "Battaglia del grano" was realized and the production doubled (Bozzini
etal 1998). In 1955, N. Borlaug made the first crosses by using Norin 10 (6x) carrying a GA insensitive
dwarfing gene Reduced height (Rht-B1b).

Fig. 3. Reduced plant height in Wheat (Rh#-B1b gene) and improvement of Harvest Index (H.I.)

The Rht-B1b mutation is a nucleotide substitution that creates a stop codon. T for C substitution
converts the CGA codon to a stop codon TGA. The translational termination of the mutant stop codon
in Rht-B1b permits translational re-initiation at one of several methionines (AUG) that closely follows
this stop codon. Rht-B1b has been a very lucky gene as all Rht genes have pleiotropic effect on plant
development and yield potential. In 1970 the so- called "Green Revolution" was realised. The farmers
rapidly adopted the new varieties and new agronomic techniques were developed. The ideotype breeding
was born . The concept how the new wheat or barley genotypes make the better use of the environment
has been considered as model to be exported to many other crops. Other hulled wheat species are
cultivated in small areas - eincorn 7. monococcum (genome AA), tetraploid emmer 7 turgidum var
dicoccum(genome AABB),and exaploid spelt T aestivum var spelta (genome AABBDD)- for traditional
food. Although these ancient species showed variation in quality traits in comparison to modern
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varieties(Hlisnikovsky et al. 2019), Shewry and Hey(2015) demonstrated that the results of their
experiments do not support the suggestion that ancient wheats are generally more “healty” than modern
wheats For the first time advances in genetics, statistics, biochemistry, pathology, physiology and more
recently molecular biology are synthesized by the breeder. In the last decade the total bread wheat
production has not always met the worldwide demand, due to the growing world population, the
increased costs for agronomic practices, the negative effects of biotic and abiotic stresses, the
competition between food and non-food uses. Therefore, to ensure food security and quality in an
environmentally sustainable manner, wheat breeding is now facing big challenges.

Barley (Hordeum vulgare L.)

Barley belongs to the Triticeae and has true diploid nature (2n=2x=14). The species possesses
seven pairs of distinct chromosomes, five of them without satellites — 1H, 2H, 3H, 4H, 7H, and two with
satellites — 5H and 6H. Cultivated barley is inbreeding, with cleistogamous flowers, even if under stress
conditions it can be more open flowering. The normal outcrossing rate has been determined to be a
maximum of 1.7%-1.8%. Despite a very high inbreeding rate, a high degree of diversity is maintained,
which is sufficient for rapid adaptation to varying environmental conditions (Bustos-Korts et al 2019).
Its seven chromosomes represent the basic genome of all Triticeae. The first complete barley genome
sequence was publicly released in 2012, overcoming the difficulties linked to its size (about 5,500 MB)
and the presence of repetitive DNA regions (Mayer et al 2012, Mascher et al 2017, Monat et al 2019).
The springboard for the sequencing of the barley genome has been offered by key molecular tools
developed in the recent past, like barley ESTs (Expressed Sequence Tags), BACs (Bacterial Artificial
Chromosomes) and physical maps. Historically, barley genetic studies have their foundations in
Mendelian mutants, characterized by altered physiology and/or morphology (Stanca et al 2013) and still
preserved as Barley Genetic Stocks. In this regard there are examples of morphological mutations
described in the past for which the gene/genes responsible have been recently cloned and characterized
(Terzi et al 2017). Barley developmental mutants can be a Mendelian solution to identify genes
controlling key steps in the establishment of the plant morphology. Among cereals, barley (Hordeum
vulgare) is in fact one of the best investigated crop plants, and a model species for the Triticeae, thanks
to several characteristics, including, among others, its adaptability to wide range of environments, the
diploid genome, the self-pollinating mating system, as well as the availability of genome sequence and
a wide array of genomic resources. Among them, large collections of natural and induced mutants have
been developed since the 1920s, with the aim of understanding developmental and physiological
processes and exploiting mutation breeding in crop improvement. The collections are comprehensive
not only of single Mendelian mutants, but even of double and triple mutants derived from crosses
between simple mutants, as well as near isogenic lines (NILs) useful for genetic studies. In recent years
the integration of the most advanced omic technologies with the historical mutation-genetics research
helped in the isolation and validation of some of the genes involved in plant development. New
interrogatives raised about how the behaviour of developmental single gene in different genetic
backgrounds can help in understanding phenomena like expressivity, penetrance,phenotypic plasticity
and instability(e.g hooded and leafy lemma) (Pozzi et al 2000, Terzi et al 2017 )

The high diversity of barley phenotypes, easiness of hybridization and cultivation has made
barley a model genetic organism since the rediscovery of Mendel’s laws.

Barley is considered one of the earliest plants domesticated from its wild ancestor, the two row
and brittle rachis (easy shattering seeds) Hordeum spontaneum, which is still found in the Middle East.
The domestication dates to the Neolithic (12,000 years BC). The Mediterranean lands contained two
barley types. The first was the six-row type, which grew rapidly in the mild Mediterranean climate,
characterized by low and erratic rainfall. The second, called two-row barley, features high-quality grain
and was sown in spring for direct human consumption (von Bothmer and Komatsuda 2011). Genotypes
that had a naked kernel were often resorted to as foodstuffs because of their superior nutritional value.
Gladiators, whose diet consisted almost entirely of food made from barley flour, were even called
‘hordearii": “Barley Men”. Tt was during the Roman era too that all the criteria for a rational use of grain
and straw were defined and refined to perfection, Columella providing a detailed description in his Res
rustica. The yield per hectare in the fertile lands was about ten-fold the number of seeds sown. Barley
further expanded its horizons following Columbus's second voyage, when it was introduced to the New
World. Later Dutch, English, French and Danish colonists promoted its spread throughout North
America, as did their Spanish and Portuguese counterparts in Central and South America. On the Upland
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of the Andean nations of Perti and Bolivia, barley is grown for grain at high elevations — over 4,550 m
( Cattivelli et al 1996, Ullrich 2011).

Since the turn of the 20th century our insights into plant growth, reproduction and trait
inheritance have been of indispensable support to barley field management and the improvement of
cultivars. Several morphological forms have evolved, including winter, spring, two row, six row, awned,
awnless, hooded, naked and covered grain, malting, feed (grain and forage), and functional food Barley
today ranks fourth behind wheat, rice and maize among the world's cereals for the importance of its
contribution, whether direct or indirect, to the production of food. The global production is estimated in
2015 in 135 Millions of metric tons (Mt) from a harvested area of 50 Millions of hectares with an average
grain yield of 2.7 t/ha.and an yiel potential of 13/T/ha ( Korzun pers. com.) Today 80-90% of barley
grain yield throughout the world is earmarked for livestock feed, about 10% is slated as malt production
for beer,whisky and other alcoholic beverages, and only a very small fraction is still directly consumed
by man (Cavallero et al 2002). It is still used today, albeit on a much reduced scale, as a surrogate for
coffee, under the guise of peeled barley in the preparation of soups. Barley is, and has been since the
dawn of civilization, the cereal par excellence in the production of malt for beer, whisky and other
alcoholic beverages. Indeed, ever since the development of the most essential techniques by the ancient
Egyptians and Babylonians, the art of brewing has continued to be perfected down through the ages and
its secrets jealously guarded by the master brewers, despite the fact that fermentation technology had
remained entirely shrouded in the dark until the nineteenth century. The transformation of barley into
malt and of the latter into beer is a biotechnological process that is markedly dependent on the initial
raw material, i.e. on the barley grain that gives rise to the malt. To this aim, barley has first to be
converted into malt, to increase its content of enzymes. Among them, amylases are needing to convert
polymeric starch into soluble sugars, which can be used by yeasts for alcoholic fermentation. Malting is
a controlled process of germination. Thus, in the germinating barley grain, thorough breakdown of
endosperm cell walls and partial digestion of the protein matrix inside the endosperm cells are necessary
steps to render starch granules accessible to amylolitic enzymes.

Grown in almost every country throughout the globe, it is generally found as a crop in areas that
are less conducive to the survival of other cereals. It is very widespread in the drought-prone lands of
the Near East, northern Africa and the highlands of India, in the saline soils of Australia, in Nordic
countries, and in areas that, while fertile, are marked by a very short growing season (less than 100 days)
(Stanca et al 2016)]. This flexibility is doubtless due to the wide range of barley's genetic variants. The
plant appears capable of producing high yields in fertile areas but with less energy input than other
cereals. Barley as a winter crop can register yields as high as 10 t/ha of grain at lower costs than the
other cereals, mainly due to its high tillering capacity, Nitrogen Use Efficiency (NUE) and Water Use
Efficiency (WUE) . Barley's capacity to produce biomass even under restrictive conditions implies that
it will continue to play a strategic role in food production for the foreseeable future in many areas of the
world where drought and other adverse climatic phenomena are inimical to plant growth and
development (Giorni et al 1999, Cattivelli et al. 2011, Francia et al 2011).

Oat (Avena sativa L.)

Oat is an autogamous hexaploid (2n = 6x = 42) crop that arose from ancient interspecific
hybridization and polyploidization. Oat was first domesticated in Europe ca. 2,000 to 3,000 BC (Zohary
et al 2012) and considerable genetic resources exist with large collections of landraces, wild relatives
and cultivars. Significant sources of genetic variation for oat breeding are available in gene banks and
breeding programmes (Germeier et al 2011). These include adapted cultivars, old landraces, marginally
cultivated oats such as Avena strigosa, A. abyssinica, A. brevis and A. nuda, crop wild relatives, and
genetic stocks bearing defined traits. In the last century, new varieties replaced the traditional landraces.
However, the conservation of landraces is important for their potential use in improving crop adaptation
and end-use quality. Transfer of useful alleles from primary gene pool (e.g. from landraces) can be easily
done because of the absence of reproductive barriers. In addition, molecular marker assisted breeding
can facilitate the transfer of beneficial traits from landraces to modern cultivars while minimizing
linkage drag of non-beneficial alleles. There is therefore a pressing need to radically improve the
relevance and quality of the characterization of genetic resources and to combine this with recent
advances in genomics to ensure sustainability of agricultural practices (Geimer et al 2011, Chaffin et al
2016). Despite its excellent nutritional and agronomic properties, many current oat cultivars possess
limited yield potential. In the last 50 years the grain yield increase has been very small, passing from
1.4 t/ha in 1960 to 1.8 t/ha in 2015. In parallel with this, the oat area harvested in the same period has
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been reduced from 35 Million hectares to 15 Million hectares. Opportunities now exist to significantly
enhance genetic gain in crop breeding by combining phenotypic selection with precise molecular
breeding approaches and exploiting the wider germplasm available; i.e., enhancing the use of oat genetic
resources through their use in improving the crops for various farming systems. To expand oat
cultivation and increase its use, future oat production will need to meet the challenges posed by the
changing climate and the demands of various end-users by identifying cultivars with higher and more
stable yield, enhanced grain quality and reduced environmental impacts. In recent years there has been
an increase in the demand for oats due to the unique properties of the grain. Oat grains contribute to
healthy diets due to the high levels of B-glucan, which is the major endosperm cell wall polysaccharide.
Oat B-glucan has approved health claims from EFSA and the US FDA for their cholesterol-lowering
effects. Several other health claims, specific to oats and related to reducing the impact of chronic
diseases (such as type 2 diabetes, obesity, hypertension, immune-related diseases) are under
investigation. Oats also have the highest oil (6-12%) and protein (12-20%) contents in de-hulled grains
among cereals and unique types of antioxidants :avenanthramides (Pridal et al 2018). As a result of this
grain composition, there has been an increase in the use of oats, especially in Europe and North America.
The increasing knowledge of grain composition and the potential for various end-uses continues to lead
to demand for more oat-derived foods. Traditional oat genetic studies involving for example bi-parental
populations have a limited ability to identify markers linked to genes determining key traits. Other novel
populations that show wider genetic and phenotypic variation than bi-parental populations, including
multi-parent advanced generation inter-cross (MAGIC) and nested association mapping (NAM)
populations are currently being developed. Advances in oat genomics will play a key role in the
dissection of complex traits and accelerate their selection in oat breeding.

PERSPECTIVES.

The extent of genetic and genomic information accumulated during the past decades for several

species of the Triticeae tribe has enabled some of the most comprehensive comparative genomics studies
in plants. The Triticeae belongs to the Poaceae, a family which displays great variation in genome,
chromosome and gene number and size (Kellog et al 2004). Structural genomic variation is reflected by
variability in SNPs, mini- and microsatellites, presence/absence of transposable elements, and different
forms of chromosomal inversions, translocations and copy number variation. However, the massive
amounts of data produced by NGS also present a significant challenge for data storage, analysis, and
management solutions. An array of available methods for accessing genome variation in terms of
structure and function from NGS-Next Generation Sequencing- data is however available (Zhang et al
2011, Francia et al 2015).
The impact of next-generation sequencing on genomics of wheat, barley, rye and oats will pave the way
for future plant breeding and genetic engineering in crops. Novel strategies to overcome the problems
associated to cereals genome complexity have been proposed such as the Genome Zipper concept,
reference-guided exome assembly, and “chromosome genomics” based on flow cytometry sorted
chromosomes (Spannagl et al 2016).

The vast amount of information deriving from next generation sequencing efforts now needs to be
translated into next generation breeding, i.e. a suite of genome-driven breeding tools offering new
opportunities to deploy genetic diversity in modern agriculture (Barabaschi et al 2015). In small grain
cereals the implementation of these tools in pre-breeding and breeding schemes is being achieved, both
in the private and the public sectors, with the following major objectives.

i) Characterization of wide genetic resources. Sequence information and comparison of the
genomes of different cultivars, landraces and wild accessions has led to the development of
high-density genotyping platforms, such as the SNP arrays today available for barley (Comadran
et al 2012), wheat (Wang et al 2014) and oat ( Tinker et al 2014, Tumino et al 2016, 2017) ii
Genetic dissection of complex traits. Broad genetic resources can now be scanned for marker-
trait associations without any limitations in terms of markers’ availability, with the final aim of
identifying genes and genomic regions that are significantly correlated with quantitative trait
variation [(Ogura and Bush 2015). Marker and Genome Assisted Selection. Marker-Assisted
Selection (MAS) exploits molecular markers to drive the selection of a relatively small set of
loci/genes having major phenotypic effects, to ensure the introgression of ‘must-have alleles’
into advanced materials. In small grain cereals, MAS was routinely adopted in the private sector,
mainly to follow disease resistance alleles ( Thomas et al 2011) and crop-dedicated websites
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have been developed with specific information (e.g. in wheat http://maswheat.ucdavis.edu/; in
barley http://www.barleycap.org/). Genome editing. The cloning and functional annotation of
a growing number of genes opened the way to their targeted modification though genome editing
technologies or the identification of suitable mutations within mutagenized populations ( Tsai
et al 2011, Bortesi and Fisher 2015). In this way, new allelic variants can be introduced into the
genomes of cultivated species, as an alternative to the standard breeding process based on
recombination. However, intense studies are necessary to develop independent varieties for
direct application of GE.

Taken together, the incorporation of these technologies into breeding and agriculture offers the
potential to speed up the selection process and to address the challenges of feeding a rapidly increasing
world population. Knowledge-based MAGIC (multiparent advanced generation intercross) and NAM
(nested association mapping) populations will help in advancing pre-breeding and breeding programmes
of Triticeae by pyramiding useful genes in elite germplasm ( Mochida and Shinozaki 2013). On the
other hand, these achievements highlight new bottlenecks for breeding progress in small grain cereals,
such as the manipulation of the recombination frequency and the phenotyping capacity, a trivial step for
the identification of the traits to incorporate in the plant for the future.

Projections of the requirements for global food production at the mid 21 century and beyond require

consideration of a series of global change processes that affect production potential as well as demand
to significant extents. The rise in atmospheric CO; concentration and other greenhouse gases will change
the global climate in the coming decades leading to increased average temperatures, altered patterns of
rainfall and increasing frequencies of climatic extremes (Coumou and Rahmstorf 2012)]. The changing
climate will lead to geographical shifts of agro-ecological zoning with a trend for poleward displacement
of potentially arable lands and increasing drought and heat stress occurrence, especially at low latitudes.
These trends are expected to lead to increased irrigation requirements in areas where the needs already
at present cannot always be satisfied (Wallace 2000).
The demand for agricultural products is projected to increase substantially, related to quantitative and
qualitative changes in the demand structure. Until 2050 the human population is expected to rise to about
9.6 Billion people. Thus, although deceleration of the growth rates of agricultural production and
demand is plausible, the absolute demand for agricultural products will increase substantially till mid-
century. The demand for cereals alone in 2050 is estimated to be 3 Billion tonnes, equivalent to an
increase by 940 Million tonnes relative to the reference period 2005/2007 ( Alexandratos and Bruinsma
2012).

Growing conditions for cereals are expected to change significantly in the coming decades due
to several global change processes. A major ongoing anthropogenic change in the global atmosphere
consists in the continuous increase in atmospheric greenhouse gas contents (Stocker et al 2013). The
emission of greenhouse gases from consumption of fossil fuels in industry, transportation and
households, as well as land-use changes and agriculture are at the origin of this modification of the
atmospheric composition and are projected to cause further changes in the coming decades.

FACE (Free Air Carbon Dioxide Enrichment) experiments have provided evidence for an increase in
cereal grain yields in response to elevation of CO; to the levels projected for the middle of the 21%
century (about 550 ppm). The crop responses varied between species and also strongly between
genotypes. C3 plants on average responded more strongly than C4 plants . The yield increase most often
is lower than would be the case if the instantaneous response of photosynthesis to increased levels of
the substrate CO, could translate proportionately into increased grain production. A meta-analysis of
the response of wheat and an ensemble of several crops in response to CO, levels expected for mid-
Century showed a mean increase in grain yield of +15% (non-significant trend) and +17% respectively
(Ainsworth and Long 2005). Some first results indicate that between- genotype variability in yield
response may be as large as between species variability ( porter et al 2014). Badeck et al. (2013) reported
yield increases between +4% (non-significant trend) and +21% in twelve durum wheat genotypes in a
single year of FACE experimentation. Troposphere ozone increases due to higher concentrations of
gases promoting its production within the air close to the ground. These changes in ozone concentration
strongly vary at regional and local scales and induce reductions in photosynthesis due to stomatal closure
and eventually oxidative membrane damage. These elements should all lead to increased biomass
production and consequent availability for filling a higher number of grains per square metre combined
with an increase in the number of productive tillers. As is well known, the components of final grain
number per plant at harvest are determined by fertile spikelets per plant and number of grains per
spikelet. Sreenivasulu and Schnurbusch (2012) demonstrated the role of genetic factors for floral
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development and inflorescence architecture in determining these traits in barley and wheat. Higher grain
loads also require a selection for increased mechanical stability of the stems in order to keep lodging
risks limited. This imperative is more demanding in barley and oats which are more lodging sensitive
than wheat.

A major part of the increased yield potential realised through selection during the green
revolution was due to the increase in harvest index, allocating a higher fraction of total plant production
to harvested organs, i.e. grains in cereals. The potential for this kind of improvement is close to being
exhausted and the currently slowing breeding progress needs to be accelerated through an increase in
biomass production. If the current level of breeding progress can be sustained into the future, wheat
yield improvements of 0.9% yr* (Fisher and Edmeades 2010) would translate into a potential yield that
is 57% higher in 2050 compared to the turn of the century. Increases in yield potential during the green
revolution were accompanied by increases in the number of grains produced per square metre. Further
increases in grains produced per square metre require the definition of a new ideotype for selection that
aims to achieve more grains through increased biomass production. At present the unit of land (m?)
potentially can produce 20,000 seeds/m? while in 2050 the new varieties would reach 25-30,000
seeds/m? in a sustainable manner (Stanca 2017).

During grain filling the objective is to sustain green leaf area for longer supported by sustained
availability of nutrients, foremost nitrogen, implying an increased NUE. This process is considered
strategic for enhancing the water and mineral uptake, transport and the source sink relationship.
However, the major challenges that can be defined to reach this target are: (i) Increasing yield potential
whilst maintaining quality; (ii)) Minimising the gap between yield potential and actual farmers’ yield;
(iii) Maximising the efficiency of input use for sustainability. In this view, worldwide research efforts
have been established to increase wheat productivity. An interesting example is the "20:20 Wheat"
Project started in the UK to provide the knowledge base and tools to increase yield potential of wheat
to 20 t/ha within the next 20 years. Basically pursued at Rothamsted Research
(http://www.rothamsted.ac.uk/our-science/2020-wheat), this challenge is faced through four main
programmes: (1) Maximizing vyield potential utilising breeding, exploiting novel germplasm,
transgenesis and other forms of genome remodelling; (2) Protecting yield potential to mitigate losses
due to pests and diseases; (3) Determining soil resource interactions via efficient water and nutrients
utilisation; (4) Using systems approaches in breeding to account for gene-environment interactions and
the adaptation of genotypes in the changing environment.

The allocation of resources to root growth, root growth patterns and symbioses with

mycorrhizae and bacteria as well as uptake and transport capacities (including dimensions of vascular
bundles) are traits that can be addressed by selection. Intensive work has been recently started to
investigate the structure and evolution of the microbiota associated with barley roots. Bulgarelli et al.
(2015), analysing sequences in the metagenome, highlighted a strong positive selection in proteins that
are known to directly interact with barley. These interactions drive roots microbiota establishment
through specific physiological processes from the surrounding soil biota. This indicates that the
identification of the genetic components of the host-microbiome control will be a key for inclusion into
breeding programmes.
The rapidly expanding studies on roots, symbiosis and transport will probably mobilize similar tools for
application in selection directed towards these traits. New strategies to introduce perennial development
of plants in wheat must be carefully considered. The sketched objectives for the selection of the next
generations of cereal varieties can be realised by applying the best currently available technigques and
will progressively include new emerging tools.

There are a considerable number of mutants related to grain yield to be introduced in elite

germplasm in pre-breeding work. It is well known that in barley several mutants, since 1920, have been
collected. Most of them have demonstrated their high value for the identification and functionally
characterization of key genes important for ideal barley plant architecture (Terzi et al 2017).
Here, we focused on boosting yield potentials and stability of yield. Additional progress can be made
by improving biotic stress resistance through integrated pest management (IMP) and breeding, which
will mainly allow for a switch from intensive biocide applications to less intensive cultivation and thus
contribute to meet environmental goals. Furthermore, selection for high yield potential under favourable
conditions often also leads to higher yields in less favourable environments subject to abiotic stresses.

Jaggard et al (2010) estimated the yield increase in 2050 that can be expected based on diverse
scenarios for future breeding progress, taking into account the effects of elevated CO,, ozone and
changing climates.
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The four cereal species, grown in almost every country throughout the globe, are very
widespread in the drought-prone lands of the Near East, northern Africa and the highlands of India, in
the saline soils of Australia, in Nordic countries, and in areas that, while fertile, are marked by a very
short growing season (less than 100 days).

This flexibility is doubtlessly due to cereals range of genetic variants. However, cereals’ capacity
to produce biomass even under restrictive conditions implies that they will continue to play a strategic
role in food production for the foreseeable future in many areas of the world where drought and other
adverse climatic phenomena are inimical to plant growth and development. Due to their phenotypic
plasticity, further improvements in “Yield Potential and Stability of Yield” can be expected. Selection
specifically directed to create highly tolerant and/or resistant genotypes (Rizza et al 2016) will contribute
to reduce the gap between high yield potential and the actual yield also in very poor small farms (low
or zero input) (Francia et al 2016). While practical solutions are developing, scince based
recommendation for sustainable cereal production have to be disseminate to advisor and farmers
(Shroder et al 2019). In fact the interaction between private and public breeding programmes, allowing
the introduction of modern varieties very well adapted in fertile as well as in severe stress conditions,
represents the modern vision to improve not only grain yield production but another more important
goal: the quality of life of all farmers.
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BREEDING PROGRESS IN SMALL GRAIN CEREALS (BREAD AND DURUM WHEAT,
BARLEY AND OATS) FROM CONVENTIONAL TO NEW BREEDING TECHNOLOGIES

A. Michele Stanca®”, Enrico Francia!, Alessandro Tondelli?, Delfina Barabaschi?, Franz W.
Badeck?, Valeria Terzi?
IUNASA, UNIMORE, UEAA
2 Consiglio per la ricerca e la sperimentazione in agricoltura (CREA), Genomics Research Centre,
Fiorenzuola d'Arda, Italy

Summary
Small grain cereals (here including durum wheat, bread wheat, barley and oats) have been

crucial to the development of mankind providing a regular staple source of compounds - carbohydrates,
proteins ,fat and secondary metabolites- since their domestication 10000 years ago.Human intervention
has been a decisive factor in the breeding of these species down through the millenia, the cultivars
currently available manifesting completely different traits from those found in either its original parent
or in those populations that have evolved in the wild. During the process of domestication, cereals have
gradually accumulated traits that facilitated agricultural production. Historically, genetic studies have
their foundations in Mendelian mutants, characterized by altered physiology and/or morphology. In this
regard there are examples of morphological mutations described in the past for which the gene/ genes
responsible have been recently cloned and characterized. An example is the Rhtb-1b gene that controls
plant height in Wheat which induces semidwarf plant due to the effect of a single nucleotide mutation,
insentive to giberellic acid and producing a new genotype capable to convert the majority of
sugar into grain starch. With this model the relationship between souce-sink has been deeply studied
and a new varieties based on the concept of "Improved Harvest Index" has been released with an
impressive grain yield enhancement in a wide area of environment.The results of this revolution are well
Known. The question is "How can we produce and supply sufficient food in the next 40 years without
consuming more land?" On the basis of the modern plant science, the answer is positive.

Structural and functional genomics,-the sequence of durum wheat, bread wheat and barley genomes
is available and oats genome sequencing is in progress- that merged in the integrative genomics, is
supporting a knowledge-oriented breeding to design the “Cereal for the Future “ in which good alleles
will be operating all together in a superior genotype. Structural genomics has developed EST sequences
databases and genotyping platforms based on different types of molecular markers. The new genomic
platforms based on NGS technologies are providing opportunities to advance radically in the discovery
of beneficial genes and alleles for breeding. Functional genomics use transcriptome analysis —i.e.
comprehensive and high-throughput analysis of gene expression for screening candidate genes,
predicting gene function, discovering cis-regulatory motifs and characterizing transcriptional regulatory
networks- models and reverse genetics. Genome-wide reverse genetics have been developed in to
understand the gene-function relationships, including both transgenic strategies, like insertional
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mutagenesis or activation tagging and non-transgenic ones, like TILLING (targeting induced local
lesions in genomes).Even metabolomics —i.e. the characterization of metabolites present in a tissue in a
specific environment condition- can be very informative. Integrative genomics deals with combining
the different data from these multiple omics technologies to study biological systems multilaterally. In
particular, the combined analysis of relevant amount of genotyping and phenotyping data, can give
information useful for genetic mapping and advance breeding programs. Genetic resources remain the
basis for this flowchart. For this reason, representative collections of existing natural genetic diversity
are maintained worldwide in situ and ex situ genebanks. New genetic resources are now developed for
a more efficient phenotyping-genotyping, like nested association mapping (NAM) populations-obtained
by crossing diverse genotypes to a reference parent- or multiparent advanced generation intercross
(MAGIC)-based on the Cross of several parentals.
Talking about genetics, it is required to talk even of epigenetics: epigenetic effects have been shown to
be strongly involved in developmental and physiological processes in model plants.
Finally, from a practical point of view, what we need is not new: efficient and inexpensive tools to select
for agronomic and quality traits. Molecular markers developed in the last decades have been
demonstrated to be of great help, in particular for pyramiding resistance genes in a molecular assisted
selection (MAS) scheme of breeding. What is around the corner is GAS, Genomic Assisted Selection
that means to build breeding schemes based on the selection of large portions of the genome. This
strategy have been applied successfully in prebreeding-breeding for selecting genotypes improved
for diseases resistance and other agronomic traits. Transformation -GMO- and more recently a new
technology Genome Editing —CRISPR-CAS9- has been introduced in cereal research which allows
genetic material to be added, removed, or altered at particular locations in the genome. In addition Co2
enrichment studies are simulating the increaseing CO; concentration by using FACE experiment to
determine for C3 cereals variability a correlation: increasing CO, concentration enanches photosintesis?.
Finally a new model for cereal growth is designed by considering the microbioma at work around the
roots.
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CEJIEKIIUS O3UMOM NIIEHUIIBI HA COBPEMEHHOM DTAIIE
B YKPAUHE
Spocaas I'agzado,
Hoxrop Cenbckoxo3siicTBeHHBIX Hayk, akanemuk HAAH

Hammonansuas Akagemust Arpapasix Hayk Yipaunsl, 1. Kues, YkpanHa,
E-mail: prezid@naas.gov.ua

AnHoTranms. [lieHnna — ogHa U3 BaXXHEHIIMX MPOJIOBOJBCTBEHHBIX KYJIBTYp B YKpauHe.
Exeromnsie miomaay moceBa 3TON KyJIbTYPHI COCTaBIAIOT 6,5-7 MiH. ra. TpaaullnoHHO B YKpauHe
BEJIETCS MAacCIITa0Has CeNeKIMs O3WMOW TWIICHUIBI 3a IENBIM KOMIUIEKCOM XO3SHCTBEHHO-
OTIIUYUTENBHBIX ~ MPU3HAKOB  COBPEMEHHBIE  yKpaWHCKAE COpTa  OTJIMYAIOTCS  BBICOKOM
MPOJYKTHBHOCTHIO M 00JIaIal0T BBICOKUM KayecTBOM 3€pHA. YKPaWHCKHE COpTa O3UMOH MIICHUIIBI
YCTOHYMBBI K HEOIArOMPUSATHBIM IOTOAHBIM YCJIOBUSM B OCEHHE-3UMHHU TIEPHOJ OHTOTEHEe3a
pacTeHnii, OHU O0JIAJAIOT TaKXe KOMIUIEKCHOW TOJIEPAHTHOCTHIO K OMOTHYECKHM W aOHOTHUYECKUM
(dakTopaM BO BpeMsi BeCEHHE-JICTHEH BETeTaIINH.

B 2018 1. B ['ocymapcTBeHHBINA peecTp COPTOB PAaCTCHUM, MPUTOMHBIX IJIsI BO3ACIBIBAHUS B
VYkpanHe 3aHeceHbl 293 copra oredecTBeHHOH ceiekumu u 135 — 3apyOexkHoi. OcoOGeHHOCTH
MOJY4YEeHHUs] UCXOJHOTO MaTepHaja BO BCEM MHpe 0a3HpyIOTCs Ha OZHOM M TOM JK€ NPHHLUIE —
reHeTnyeckoe pasHooOpasme. Ilo mHuUIMaTHBE YKpaWmHCKOW aKkaJeMWu arpapHbIX HayK Ha Oase
Uncturyra pacrenueBoactsa uM. B. f. FOpbeBa B 1993 r. Obin opranuzoBan HanpoHanbHBIN LEHTP
TEHETHYECKUX pECYpPCOB pAcTeHHWH YKpauHbl, KOTOPBI OCYIIECTBISIET HAyYHO-METOJUYECKOE
PYKOBOJACTBO M KOOPAMHAIMIO PaboThl mo (opMupoBaHuio U BeaeHnto HanmonamsHoro I'enOanka
pacrennii Ykpaunbl. KoJieknusi TeHETHUECKHX PEeCcypcoB MIIeHUIB HacuuThiBaeT 10372 obpasna
npoucxoxaeHneM u3 Oomnee 50 ctpan mupa. OCHOBHBIMHM CEJEKIIMOHHBIMU LEHTPaMH YKpauHbI
JIOCTUTHYTO MOBBIIICHNE TIOTSHIIMAILHONW YPOXKAaHHOCTH HOBBIX cOpTOB Oosiee 10—12 T/ra. MojenbHbIe
uccienoBanns (POTOCHHTETHYECKNX, OMOXUMHUYECKIX M POCTOBBIX MTOKa3aTeNieil COBPEMEHHBIX COPTOB
Y NEPCIEKTUBHBIX JIUHANA 03UMOM MIIEHULBI POBOAATCA B CeIeKIIMOHHO-TEHETUYECKOM UHCTUTYTE —
HauuonansHoMm weHtpe ceMeHoBenaeHusi u coprousyuenus HAAH, MupoHOBCKOM HWHCTUTYTE
mmenuisl nvean B. H. Pemecio HAAH, Uuctutyte pactenueBoactea uM. B. S. IOpreBa HAAH. B
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VYkpanne copMHpPOBaH M TIOCTOSHHO TIOJAEPKHBACTCA IHTOMHHMK YEePHOOBUIBCKMX MYTAaHTOB
NIIEHUIB], Ha HX OCHOBE CO34aHbl BBICOKOIPOIYKTUBHBIE COpTa C HOBBIMH XO3AHCTBEHHO-
Oouonornyeckumu cBoiictBamu  (benonepkoBckasi  ONMBITHO-CENICKIIMOHHAsE cTaHuus MHCTHTyTa
OMOdHEPreTHYEeCKUX KYyIbTyp U caxapHoil cBekiibl HAAH). 3HaunTenbHBIM YCHEXOM CEJIEKIIUOHHON
paloThl B YKpauHEe MO MOBBILIEHUIO OTEHIHAIA IPOAYKTUBHOCTH B COUYETAHUHU C YCTOHUMBOCTBIO K
KOMIUIEKCY a0MOTHYECKUX U OMOTHYECKHUX (DAKTOPOB CTAJIO UCIIOIb30BaHUE XPOMOCOMHOM MIIIEHUYHO-
pkanoii Tpancnokanuu 1AL/IRS, ¢ yuactuem KOTOpo# co3faH MepBbI B YKpauHe COPT DKCIPOMT.
BoNbIIMHCTBO  CENEeKNMOHHBIX — YUPEeXKACHHA YKpawHbI paboTarOT HaJ CO3JaHWEM COPTOB
IPEUMYIIECTBEHHO XJI1€00NeKapHON KPAaCHO3EPHOM, TBEPA03EPHOM MIIEHHIIBI O0IETr0o Ha3HAYEeHUS (Tl
RHWW). B sToM HampaBneHHH IOCTUTHYTHI 3HAYMTENbHBIC YCIIEXH, B YaCTHOCTH B CeJeKIIMOHHO-
TeHETHYECKOM MHCTUTYTe — HamuoHanbHOM LieHTpe ceMeHoBeleHHs u coprousydenns HAAH.
HecmoTpss Ha 3HauMTENbHBIE YCIIEXHW B CEJIEKIUHM O3MMOHM IIICHMIBI, B YKpauHE pPsii aCIEKTOB
OCTAIOTCS POOJIEMHBIMHU.

KuroueBble ciioBa: o3umasl MIIEHHLA, HCXOAHBIA MaTepHaj, CEJIEKIMOHHBIE LIEHTPBI, COpPT,
MPOAYKTHBHOCTb

[IpuoputeTHpIM HampaBiIeHHEM B 3€PHONPOM3BOJACTBE sBisgeTcs cenekuusa. OIHAKO B
NOCJIEOHUE TOAbl HAMETWIACh TEHICHLUS NOTEPH HEKOTOPHIX MO3ULMHA OTEUECTBEHHOM CEJICKIIMU.
HecmoTpst Ha ZOCTHKEHUSI OTEUECTBEHHBIX CENEKIMOHEPOB C KaXKIbIM TFOJOM pPAacTeT 3KCIAHCHUSA B
praI/IHy HWHOCTPAHHBIX COPTOB H FI/I6pI/I)Z[OB, KOTOpPBIEC 4YaCTO YCTYIIalOT OTCYCCTBCHHBLIM, TaK KakK
HEJOCTATOYHO aJanTUpOBaHbl K HammM yciaoBusiM. B 2018 r. B ['ocyaapcTBEHHOM peecTpe COpTOB
pacTeHul, MPUTOJHBIX AJII PACOPOCTPAHEHHS B YKpauHe, 3aHeceHbl 293 copTa OTe4eCTBEHHOU
cenekiun 1 135 — 3apy6exnoii; ¢ 2000 r. HabIrogaeM yBeIHYSHUE JOJIH COPTOB 3apyO0eKHOM CEIeKIINN
ot 3 % o 32 % B 2018 r. (puc. 1).

Oco00eHHOCTH MOYYIeHHUST HCXOTHOTO MaTepHralia BO BCEM MUpPE 0a3UPYIOTCS Ha OJHOM H TOM Ke
NPUHIMIIE — TeHEeTHYeCcKoe pasHooOpasue. [1lo nHunmaTue YKpanHCKON akaleMHH arpapHbIX HayK Ha
Oa3e MHcrutyta pactenueBozictBa uMm. B. f. FOpwesa B 1993 1. Obin opranusoan HarpoHanbHBIH
[EHTp TeHeTHYeCKuX pecypcoB pacteHuil Ykpawnsl (HLII'PPY), xotopbli ocymecTBisier Hay4HO-
METOANYECKOE PYKOBOACTBO U KOOPAMHALIMIO paObOTHI 10 (popMupoBaHuio 1 BeaeHuto HanmonansHOro
I'enbanka pacreHuii YkpauHbl. KonseKkius reHeTH4ecKuX pecypcoB MIIEHHIBI HacuuThiBaeT 10372
o0pasia npoucxoxaeHueM u3 dosee 50 ctpan mupa (puc. 2).
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Puc. 1. CopToBas cTpyKTypa NieHNnbI 03UMoii B I'ocy1apcTBEeHHOM peecTpe COPTOB
pacTeHMii, IPUTOAHBIX AJISl pACIPOCTPaHeHus B YKpauHe, 3a 2000-2018 rr.

Lenbto paboThl IO MX MCCIIEIOBAHUIO SBIISIETCS HanOoIIee MoHast OMoIornyecKas, FeHeTHYecKast
1 3KOJIOrMYE€CKasd XapaKTEPpHUCTHUKHU, OIIPEACIICHUC HYTefI HCIIOJIb30BaHMA B CCIICKIMOHHBIX U HAYYHBIX
nporpamMmax, (opmupoBanue kojutekinuu ['enbanka [4, 5]. OT kadecTBa HCXOJHOTO MaTepHuaia
IJIaBHBIM 00pa3oM 3aBHCUT OS((EKTUBHOCTH CEJIEKIUMM O3MMOM TIIEHHWIBI Ha MOBBIIICHHUE
YPOXKAHHOCTH.
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Puc. 2. CocraB reseruyeckux pecypcos nmenuubl B HIII'PP Ykpaunnbl

OCHOBHBIMH CEJICKIIMOHHBIMU IIEHTPaMU YKpauHbl (pUC. 3) CEeroaHs AOCTHTHYTO MOBBIMICHHUE
MOTEHIUAIBHOM YPOKaWHHOCTH HOBBIX cOpTOB Oostee 10—12 1/ra [6-9].

MogenpHble UccaenoBaHUs (OTOCUHTETUUECKUX, OMOXMMHUYECKHX M POCTOBBIX IIOKa3aTelen
COBPEMEHHBIX COPTOB W IEPCHEKTHBHBIX JUHWN O3UMOH MIIEHUIBI NpoBoasTcs B CeneKunOHHO-
TeHeTUYeCKOM MHCTUTYTe — HarmonansHOM 1ieHTpe cemeHoBeneHus u coprousydennss HAAH (CI'N),
MupoHoBckOM HWHCTUTyTe TimeHunsl uMeHu B. H. Pemecno HAAH (MUII), HWactutyTe
pacrenueBoactBa uM. B. S FOpeea HAAH (MP). B Vkpaumne cdopMupoBaH M HOCTOSHHO
MOJ/ICP)KUBACTCS. MUTOMHUK UYEPHOOBUILCKMX MYTAaHTOB TIIEHWIBI, Ha WX OCHOBE CO3JaHBI
BBICOKOTIPOAYKTHBHBIE copTa (JIuGime, fcouka, LlapiBua, JlicoBa micHs, Pomantuka, BimpagHa u
Jpyrue) ¢ HOBBIMU XO3SICTBEHHO-OMOJIOrMYecKHUMH cBoiicTtBamu (benonepkoBckas —ONBITHO-
CeNIeKIMOHHass cTaHiust MHcTuTyTa OMOIHEpreTH4ecKuX KyiabTyp W caxapHod cBekisl HAAH
(MBKuCCQ)) [10-12].
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Puc. 3. Hay4yHo-onbITHBIE HEHTPBI Y KPAUHBI N0 CeJIEKIIUHM 03MMOi NMIIeHNIbI
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be3ycnoBHo, onHMM M3 Haubojee Ba)KHBIX aclleKTOB B MHPOBOM Maciutabe sBIseTcs
TIOBBIIICHUE 3aCyX0- M >KapPOCTOMKOCTH COPTOB O3WUMOW miIeHWIbl. B YkpamHe Ham mpobieMoit
3aCyXOyCTOWYMBOCTH paboTaeT OOJIBIIMHCTBO CEJEKIEHTPOB, HO 0co00¢ BHUMAaHHE YAEICHO
YUpEXISHUSIMHU, PACIIONOKEeHHBIMU Ha tore cTtpanbl: CI'U, UncTutyT opomaemoro 3emiuenenust HAAH
(UO3). ApyruM BaKHBIM aJaNTHBHBIM ITPH3HAKOM COPTOB O3UMOM MIIIEHUIIH B YKpanHe, HECMOTPS Ha
olmiee MOTEMJIEHWE 3MMHETO IEpPUona, SABISIETCS 3UMOCTOMKOCTh. METOMOIOTHUECKUE OCHOBBI
oTpeJieNieH!sT 3UMOCTOMKOCTH, MOHHTOPHHIA TOCEBOB M (POPMHUpPOBAaHUS YpPOKAHHOCTH O3UMOI
neHnIs mupoko npuMmenstores 8 P, MULL, CI'U, MO3, UBKuCC, HarmonaasHOM HaydHOM IEHTpE
«MuctutyT 3emnenenus HAAH», Uactutyre dmsuonorum pacrenuit u renetnkn HAHY (UOPI). B
MUII, CI'I, IlonTaBckoil rocyiapCTBEHHOM arpapHOM akaeMHH 3HAaYUTEIbHOE BHUMAaHHUE YAEISIOT
WCCIIEIOBAHUIO (PU3UOJIOTO-TeHETHYECKUX CHCTEM, KOTOPBIC CYIIECTBEHHO BIIUSIOT Ha 3MMOCTOHKOCTh
U OOmWi aganTHBHBIA MOTCHIMAT O3WMOH IMIIEHUIIBI, — SPOBH3AIMOHHON M (HOTOIEPHOIUICCKOMH
qyBCTBUTEIBHOCTH.

JpyruM acnekToM aJanTUBHOTO MOTEHIIMATa O3UMOMW MIIEHHMIBI ABIAETCS YCTOWYMBOCTH K
omotudeckuM Qaxtopam. Ompenenenrne NCTOYHIKOB YCTOMYUBOCTH MTPOTHUB OCHOBHBIX BO30YIHUTENEH
Oones3Heil mueHnIb mpoBoaAaT B yupexaeHusx HAAH Ha nadexmmonnsx Gonax natorenos. B MUII,
CI'", 1P BHeapeHa CeNeKIMs PACTCHHM Ha COUETaHHE BBICOKOW MOTCHIIMAIBLHON MPOAYKTUBHOCTU U
YCTOMYMBOCTH K BO30YOUTEISIM OCHOBHBIX OOJ€3HEH IpU HCHOJBb30BAHMHM HCKYCCTBEHHBIX
KOMIIJIEKCHBIX M Pa3AenbHbIX MH(PEKINOHHBIX (oHOB. CO31aHBI COPTA C IPYNIIOBOI YCTOMYMBOCTHIO
npotuB 3—5 Oonesneli (ExoHomka, MuponiBceka ctopiuna, MIIT JIninpsaka, Kusruns Obbra,
BuxoBanka onecbka, JlactiBka oxecwbka u npyrue) [13, 14].

3HAaYUTENbHBIM YCIIEXOM CENEKIHOHHOH paboThl B YKpauHE 0 MOBBILICHUIO MOTEHIHANA
NPOAYKTHBHOCTH B COYETAHWH C YCTOWYHMBOCTBIO K KOMIUIEKCY a0MOTHYECKMX H OMOTHYECKHX
(haKTOpOB CTajo0 WCMOJNB30BAaHUE XPOMOCOMHOW TMIIEHHMYHO-pkaHoi TpaHciokanuu 1AL/IRS, c
ydacTHeM KOTOpO# co3aaH nepBbiii B YkpanHe copt Jkcrnpomt (MUI). Ha ceronusmanii AeHb B psne
yapexaennit  (MUILL, CI'M, W®DPI') co3gan HOBBI BBICOKONPOAYKTHUBHBINA, YCTOWMYWBBIA K
abMOTHYEeCKUM U OMOTHYECKUM (aKTopaM celeKIHMOHHbI MaTepuan u coprta (KomymoOis, CmyrisHka,
3010TOKOJI0CA U APYTHE).

OnHuUM 13 BaXKHBIX HAIPABICHUH CEJNEKUMH O3MMOH MIICHUIB! SIBISETCS IOBBILICHUE
nokaszatenieil kauectBa 3epHa. Cerogns ycunus yu€Heix (Opanmus, Komym6bus, bpasunusa, Mekcuka,
Ionemma, Ucnanus, Uuans, Apreatuna, Typius) HaripaBiieHbl HE TOJIBKO HA CO3/IaHUE TPaJIUIIMOHHOM
XJIeOONeKapHOH IIIEHUIIB, HO ¥ Ha YBEJIHMYEHHE COACP)KAaHHS MHUKPODJIEMEHTOB B IIIICHHUIIEC AJIS
W3TOTOBJICHUS! ONPEACICHHBIX BHAOB IHUILEBBIX MPOAYKTOB. BOJNBIIMHCTBO  CEJIEKIIMOHHBIX
VUpeXJACHUH YKpauHbl paOOTAIOT HaJ CO3AaHUEM COPTOB MPEUMYIIECTBEHHO XJieOOmeKapHOH
KpacHO3EpHOM, TBEpJ03epHOM MeHuIbl o0mero HazHadeHus (tum HR WW). B stom nHampasiennun
JOCTUTHYTBI 3HauuTensHble ycrnexu. B wactHoctH, B CI'M-HLICC co3pgana rpynma copToB
skcrpacuibHOW mineHuinl ([lanna, Censaka, Kysnpauk, Bpana, CkapOuuins, Enoxa u ap.). Psn
CHJIBHBIX TI0O KAa4eCcTBY COpPTOB CO3/[aH TPAKTUYECKH BO BCEX CEJEKIMOHHBIX YUYPEKICHHUSIX.
Tpamummonno B CI'M-HLICC mnpoBomutcst cenekuus tBepAod o3umoin mmeHunbl (DWW) mis
M3TOTOBJIEHHUS BHICOKOKAUECTBEHHBIX MaKapOHHBIX U3/IeNnii. B TO jke BpeMs TOJIbKO B MOCIIEAHNE T'OJIbI
B CI'U-HIICC BeiBemens! copra msrko3epHou mmeHuilbl (RSWW u WSWW) nns korautepckoit
MpoMBIIUIeHHOCTH [15, 16].

HecMmoTps Ha 3HaUMTENBHBIE YCIIEXH B CENEKLIUN O3MMOM MILEHUIIBI, B YKPAaWHE PsJl aCIIEKTOB
OCTArOTCS TIPOOJIEMHBIMHU.

BeiBoabl. HecMOTpst Ha JOCTHXKEHNUS OTEUECTBEHHBIX CEJIEKIIMOHEPOB PACTET C KAXKIABIM F0OJIOM
9KCTIAaHCHs B YKpauHy HHOCTPaHHBIX cOpTOB M ruOpuoB. B 2018 r. B ['ocynapcTBeHHBIH peecTp COPTOB
pacTeHul, TPHUTOMHBIX IS PacHpoCTpaHEeHHWs] B YKpawWHe, BHEeCeHB 293 copTa OTEUeCTBEHHOMH
cenekimy U 135 — 3apy6exHOiA.

Komnekumss  reHeTMUECKMX  pecypcoB  MmIeHUIbl  HacuuteiBaeT 10372 oOpasusl
poUCXOXKIeHreM 13 6osee 50 ctpaH Mupa.

OCHOBHBIMH CEJEKIIOHHBIMU IIEHTPaMH Y KpanHbl TOCTUTHYTO MOBBIIIIEHHE OTEHITHATBEHON
YpO’KaliHOCTH HOBBIX copToB Oonee 10—12 1/ra.

MogenbHble HcCIeAOBaHUS (POTOCHHTETHYECKUX, OMOXMMHUYECKUX U POCTOBBIX MOKa3aTelen
COBPEMEHHBIX COPTOB W TEPCHEKTHUBHBIX JHHUWA O3MMOM MIIeHHUIBI MmpoBoaarcs B CeleKInOHHO-
TEHETUIECKOM HWHCTUTYTe — HaImoHambHOM IIEHTPE CEMEHOBeIeHWs W copromsydcHmss HAAH,
MupoHoBckoM HHCTUTYTe TiueHuIs! uMeHn B. H. Pemecio HAAH, UHcTuTyTEe pacTeHNEBOACTBA UM.
B. 4. FOprea HAAH.



B Vkpanne cdopMHpOBaH M TIOCTOSHHO TOJJIEPKUBACTCS THTOMHUK YEPHOOBUTLCKUX
MYTaHTOB IIIEHUI[l, HAa HX OCHOBE CO3JaHbl BBICOKOIPOAYKTUBHBIE COpPTa C HOBBIMU
XO035iICTBEHHBIMH-OMOIOTHUeCKMMHU cBoiicTBaMu (BenorepkoBckasi ONMBITHO-CENEKIIMOHHAST CTaHIHS
HHcTuTyTa OMO3HEPreTHYECKUX KYIbTyp U caxapHoi cBekiisl HAAH.

3HAYNTENNPHBIM  YCIIEXOM  CEJIEKIMOHHOW  paboThl MO  TOBBIIICHHIO  ITOTEHI[HANA
MPOAYKTUBHOCTH B COYETAHHH C YCTOHYMBOCTHIO K KOMIUIEKCY aOMOTHYECKHMX W OMOTHYECKUX
(aKTOPOB CTANO UCIIOIH30BAHIE XPOMOCOMHOM MIIEHHYHO-PykaHoM TpaHcaokaruu 1 AL/LIRS.

BONBIIMHCTBO CENEeKIMOHHBIX YUPEXKICHUH YKpawHbI paboTaroT HaJ CO3JaHHEM COPTOB
MPEUMYIIECTBEHHO XJIEOOMEeKapHOU KPaCHO3EPHOM, TBEPI03EPHOM MIIICHUITHI 00IIIEr0 Ha3HAYCHHS (THT
RHWW). B 3ToM HampaBieHHH IOCTUTHYTHI 3HAYUTEIbHBIC YCIHEXH B YACTHOCTH B CelleKIMOHHO-
TeHeTHYECKOM MHCTUTYTe — HallmoHansHOM LIEeHTpe ceMeHoBeneHus 1 copronsydenns HAAH.
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WINTER WHEAT BREEDING IN UKRAINE AT THE PRESENT STAGE
Yaroslav Gadzalo
National Academy of Agrarian Sciences of Ukraine (NAAS), Kyiv, Ukraine,
E-mail: prezid@naas.gov.ua

Plant breeding is the priority in grain production. However, in recent years there has been a
tendency to lose some positions of Ukrainian breeding. Despite the achievements of domestic breeders,
the expansion in Ukraine of foreign varieties and hybrids is growing every year. They are often inferior
to domestic ones, as they are not adapted enough to our conditions. In 2018, 293 winter wheat varieties
of domestic breeding and 135 foreign varieties have been put on the State Register of Plant Varieties
Suitable for Dissemination in Ukraine. Since 2000, we observe an increase in the share of varieties of
foreign breeding from 3 % to 32 % in 2018 (Fig. 1).
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Fig. 1. Varietal structure of winter wheat in the State Register of Plant Varieties Suitable for
Dissemination in Ukraine, 2000—2018.

Obtaining initial material worldwide is based on genetic diversity. On the initiative of the
Ukrainian Academy of Agrarian Science, at Plant Production Institute nd. a. V. Ya. Yuriev in 1993 there
was organized the National Center for Plant Genetic Resources of Ukraine, which provides scientific
and methodological guidance and coordination on the formation and maintenance of the National Plant
Germplasm Bank of Ukraine. Collection of wheat genetic resources has 10372 specimens originating in
more than 50 countries (Fig. 2).

Their research is aimed to the most complete biological, genetic, and environmental
characteristics, determining ways to use in breeding and scientific programs, formation of Plant
Germplasm Bank collection [4, 5]. Quality of the source material mainly determines the efficiency of
winter wheat breeding for increasing yields.
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The main breeding centers of Ukraine (Fig. 3) achieved increase in yield potential of new varieties
to more than 10-12 t/ha [6-9].

Model studies of photosynthetic, biochemical and growth indices of modern winter wheat
varieties and promising lines are conducted at Plant Breeding and Genetic Institute — National Center of
Seed and Cultivar Investigation of NAAS (PBGI), the V. M. Remeslo Myronivka Institute of Wheat of
NAAS (MIW), Plant Production Institute nd. a. V. Ya. Yuriev of NAAS (PPI). In Ukraine nursery of
Chornobyl wheat mutants has been formed and is constantly maintained. Based on them i highly
productive varieties (Lybid, Yasochka, Tsarivna, Lisova pisnia, Romantyka, Vidradna etc.) with new
agronomic and biological properties (Bila Tserkva Experimental Breeding Station of the Institute of
Bioenergy Crops and Sugar Beet of NAAS (IBCSB)) [10-12].
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Fig. 3. Number of winter wheat varieties developed at the scientific-experimental centers
of Ukraine

Of course, one of the most important aspects on a global scale is to increase the drought tolerance
and heat resistance of winter wheat varieties. In Ukraine, most breeding centers are working on the
problem of drought tolerance, but special attention has been paid with institutions located in the South
of the country: PBGI, Institute of Irrigated Agriculture of the NAAS (11A). Another important adaptive
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feature of winter wheat varieties in Ukraine, despite the general warming of the winter period, is winter
hardiness. The methodological foundations for determining winter hardiness, monitoring crops and
formation of winter wheat yields are widely used in IPP, MIW, PBGI, IIA, IBCSB, National Scientific
Center "Institute of Agriculture of the NAAS", Institute of Plant Physiology and Genetics of the National
Academy of Sciences of Ukraine (IPPG). At MIW, PBGI, Poltava State Agrarian Academy considerable
attention is paid to the study of physiological and genetic systems, which significantly affect winter
hardiness and the general adaptive potential of winter wheat that is vernalization and photoperiodic
sensitivity.

Another aspect of the adaptive potential of winter wheat is resistance to biotic factors.
Identification of sources of resistance against the main pathogens of wheat diseases is carried out in the
NAAS institutions on infectious backgrounds of the pathogens. Plant breeding for combining high
potential productivity and resistance to causative agents of major diseases using artificial complex and
separate infectious backgrounds was introduced at MIW, PBGI, and IPP. Varieties with group resistance
against 3-5 diseases were created (Ekonomka, Myronivska storichna, MIP Dniprianka, Kniahynia Olha,
Vykhovanka odeska, Lastivka odeska, etc.) [13, 14].

The use of chromosomal wheat-rye translocation 1AL/1RS has become significant success of
breeding work in Ukraine to increase productivity potential in combination with resistance to a complex
of abiotic and biotic factors. When involving this translocation, the first Ukrainian variety Ekspromt
(MIW) was created. To date, a number of institutions (MIW, PBGI, IPPG) have created new highly
productive, resistant to abiotic and biotic factors breeding material and varieties (Kolumbiia,
Smuhlianka, Zolotokolosa, etc.).

One of the important directions of winter wheat breeding is to improve grain quality. Today, the
efforts of scientists (France, Colombia, Brazil, Mexico, Poland, Spain, India, Argentina, and Turkey)
are directed not only to the creation of traditional baking wheat, but also to increasing the content of
trace elements in wheat for making certain types of food. Most breeding establishments in Ukraine are
working on the development of varieties of mainly bakery red-grain, hard wheat of general purpose
(type RHWW). Significant progress has been made in this direction. In particular, group of extra strong
wheat varieties (Panna, Selianka, Kuialnyk, VVdala, Skarbnytsia, Epokha, etc.) has been created at the
PBGI. A number of varieties with strong baking quality has been created in almost all breeding
establishments. Traditionally, breeding durum winter wheat (DWW) to be used for production of high-
quality pasta is conducted at the PBGI. At the same time, only in recent years the varieties of red-grain
and white-grain soft winter wheat (RSWW and WSWW) for confectionery industry have been
developed at the PBGI [15, 16].

Despite significant progress in winter wheats breeding in Ukraine, a number of aspects remain
problematic.

Conclusions. Despite the achievements of domestic breeders, the expansion of foreign varieties
and hybrids to Ukraine is growing every year. In 2018, 293 Ukrainian varieties and 135 varieties of
foreign breeding were put on the State Register of Plant Varieties Suitable for Dissemination in Ukraine

The collection of wheat genetic resources has 10372 specimens originating in more than 50
countries.

The main breeding centers of Ukraine have achieved an increase in the potential yield of new
varieties of more than 10-12 t/ha.

Model studies of photosynthetic, biochemical and growth indices of modern winter wheat
varieties and promising lines are conducted at Plant Breeding and Genetic Institute — National Center of
Seed and Cultivar Investigation of NAAS, the V. M. Remeslo Myronivka Institute of Wheat of NAAS,
Plant Production Institute nd. a. V. Ya. Yuriev of NAAS.

In Ukraine nursery of Chornobyl wheat mutants has been formed and is constantly maintained;
based on them highly productive varieties with new agronomic and biological properties have been
developed at Bila Tserkva Experimental Breeding Station of the Institute of Bioenergy Crops and Sugar
Beet of NAAS.

Use of chromosomal wheat-rye translocation 1AL/1RS has become a significant success of
breeding work to increase productivity potential in combination with resistance to complex of abiotic
and biotic factors.

Most breeding establishments in Ukraine are working on the development of varieties of mainly
baked red-grain, hard-grain wheat of general purpose (type RHWW). Significant progress has been
made in this area, in particular at Plant Breeding and Genetic Institute — National Center of Seed and
Cultivar Investigation of NAAS.
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WINTER WHEAT BREEDING IN UKRAINE AT THE PRESENT STAGE

Yaroslav Gadzalo
National Academy of Agrarian Sciences of Ukraine (NAAS), Kyiv, Ukraine,
E-mail:prezid@naas.gov.ua

Summary
Winter wheat is one of the most important crops in Ukraine. In 2018, 293 Ukrainian and 135
foreign varieties have been put on the State Register of Plant Varieties of Ukraine. Obtaining initial
material is based on genetic diversity. On the initiative of the Ukrainian Academy of Agrarian Science,
at Plant Production Institute nd. a. V. Ya. Yuriev in 1993 there was organized the National Center for
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Plant Genetic Resources of Ukraine, which provides scientific and methodological guidance and
coordination on formation and maintenance of the National Plant Germplasm Bank of Ukraine.
Collection of wheat genetic resources has 10372 specimens from more than 50 countries. The main
breeding centers of Ukraine achieved yield potential of new varieties over 10-12 t/ha. Model studies of
photosynthetic, biochemical and growth indices of modern winter wheat varieties and promising lines
are conducted at Plant Breeding and Genetic Institute — National Center of Seed and Cultivar
Investigation of NAAS (PBGI), the V. M. Remeslo Myronivka Institute of Wheat of NAAS, Plant
Production Institute nd. a. V. Ya. Yuriev of NAAS. Nursery of Chornobyl wheat mutants has been
formed and is constantly maintained and followed in highly productive varieties with new agronomic
and biological properties (Bila Tserkva Experimental Breeding Station of the Institute of Bioenergy
Crops and Sugar Beet of NAAS). Significant success in breeding work for increase potential of
productivity combined with resistance to complex of abiotic and biotic factors was related to using
1AL/1IRS chromosomal wheat-rye translocation resulted in creation the first in Ukraine variety
Ekspromt. Most breeding institutions in Ukraine are working on development of mainly bakery red-
grain, hard wheat varieties (type RHWW). Significant successes have been achieved in this direction,
in particular, at PBGI. Despite significant progress in winter wheats breeding in Ukraine, a number of
aspects remain problematic.
Key words: winter wheat, source material, breeding centers, variety, productivity.
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WHEAT FOR ANIMAL FEED - THE FRENCH EXPERIENCE

Professor Michel Thibier,
Académie d’Agriculture de France 18 Rue de Bellechasse 75007 Paris, France
E-mail: michel.thibier@outlook.fr

Introduction.

Cereals are the basis of human nutrition in many countries around the world and are also one
critical component of animal feed.

In France, the manufacture of animal feed constitutes the main outlet for cereals on the
domestic market. This sector constitutes the adjustment variable for cereal outlets and the
competition between the raw materials used is mainly due to price and availability. This industry
absorbs not only a large portion of grain but also the co-products of cereal processing.
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Wheat plays a key role in both human and animal nutrition. The aim of this presentation is to
describe the place of wheat in animal feed taking as a case study the French market.

Various uses for cereals in human food and animal feed
From 1973 to 2011, world cereal production (including that of milled rice) increased overall by
about
1.1 Mt. This increase is attributable to 52% corn (+ 570 mt), 30% wheat (+ 325 mt) and 24% rice
(+ 260 mt), the other products falling overall, with strong decreases for millet, oats, rye and also,
more moderately, barley.

In terms of animal feed, over the same period, the increase in consumption was 300 mt,
or 27% of the increase in world cereal production,

As stated by Dronne (2018), from a dynamic point of view and worldwide, while animal
feed used 42% of world cereal production in 1973, it now represents less than 35%. According
to cereals, the share going to animal feed is very variable; almost zero for rice, it is moderate for
wheat (about 20%0) and reaches more than 75% for oats (the rest mainly corresponding to seeds
and losses) and presents intermediate values for barley and sorghum.

The nature of the various cereals used in animal feed has changed significantly over time.
Maize has always been by far the largest cereal used in animal feed with a share of total cereals
that remained virtually stable at around 45% until 1991 (Figure 1).
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Figure 1. Distribution of cereal uses in animal feed as% of tonnage. (Source:
Development from FAOSTAT data according to Dronne, 2018).

It then increased significantly to 60% currently. At the same time, the share of barley, the second most
important cereal in the early 1970s, has declined sharply (from 20% to about 12% today). Barley is
nowoutpaced by wheat, which has grown significantly since the mid-1990s. Finally, oat and sorghum
are becoming increasingly low in the world.

1. Surface and harvested production of Wheat in France in 2017

Fifty-four percent of French farms grow cereals with therefore more than 256,000 farms
(Figures and Cereals, 2018). More than 13,400 of them cultivate them according to the so-called
organic mode. Total production in 2017 was 68 million tonnes from 9.3 million ha. Wheat is the
first cereal produced in France, it occupies 53.1% of the area cultivated in cereals and corresponds
to a production of 36.56 Mt. This is by far the first production sector, the second rank being
occupied by Maize (21.2%) and barley (17.6%). During the 2017/2018 campaign, 17.5 million
tonnes of soft wheat grain were exported from France, representing 48% of production to the
extent that France is the first producer of soft wheat in the E U and the first exporter of the E U

(Figures and Cereals, 2018). .
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The uses of French soft wheat are diverse and for the 2017/2018 season: 26% and 22% were
exported respectively to the E U and the rest of the world. In the domestic market, 15% (5.5
million tonnes) are oriented towards the feed industry.

2. Wheat and the animal feed industry

The French feed industry represents 201 companies, 311 plants and 15,200 jobs. It produces
more than 20 million tons of food every year for a turnover of 6.3 billion euros in 2017. France
is Europe's 3rd largest animal feed producer just after Germany and Spain. The distribution of
fodder andconcentrated feed resources for feeding animals shows as illustrated in Figure 2 that if
pasture remains by far the main resource, cereals represent 17% in terms of dry matter so are far
from being negligible.
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Figure 2. Fodder and concentrated feed resources (Agreste, 2012)

From the total amount of concentrates produced by France, 40% are used for poultry,
27% for pig and 24% for cattle.
As shown on Figure 3 below, Soft Wheat is by far predominant among the cereals used in the French
Feed industry.

Les céréales destinées a 'industrie de 'alimentation
animale
Source : FranceAgriMer, campagne 2017/2018
12,6 % [Orse
25 % Mais
56 % [Blée tendre

4.9 % Triticale

1,5 % JAltres

Figure 3. The distribution of the cereals used in the French Feed industry (France
AgriMer, 2018) (Soft Wheat :56%, Maize : 25%, Barley : 12.6%, Triticale : 4.9%,
Others : 1.5%
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Wheat grain can be fed whole or processed. Many processes can be used, including dry
rolling, steam rolling, flaking or grinding followed by pelleting. The effects of processing (or
absence thereof) are highly dependent on the animal species to be fed and on the production
required: for instance, the whole wheat grain is more suitable for lambs whereas pellets are more
suitable for cows. Too fine grinding may cause flowing issues in feeding equipment, as well as
digestive upsets in animals (Feedipedia, 2019).

As can be seen on Table 1 wheat is on the average among the cereals in terms of Energy
and Protein but among the top in concentration of minerals such as Calcium and Phosphorus and
also in terms of Lysine. On this regard it has a comparative advantage on the other cereals.

Metabolic Energy Value an key nutrient composition of cereal grains (source: Feed
ingredients)

Table 1.
Protein W= Availabl
Ingredient (%) (keal/kg) eP Lysine (%)
(%)
13.0 3153 0.05 0.20 0.5
8.5 3300 0.05 0.20 0.3
9.0 3263 0.02 0.15 0.3
115 2795 0.10 0.20 0.4
Rye 125 2734 0.05 0.18 0.5
15.4 3110 0.05 0.19 0.4
12.0 2756 0.10 0.20 0.4

Wheat grain can be fed whole or processed. Many processes can be used, including dry
rolling, steam rolling, flaking or grinding followed by pelleting. The effects of processing (or
absence thereof) are highly dependent on the animal species to be fed and on the production
required: for instance, the whole wheat grain is more suitable for lambs whereas pellets are more
suitable for cows. Too fine grinding may cause flowing issues in feeding equipment, as well as
digestive upsets in animals (Feedipedia, 2019).

As can be seen on Table 1 wheat is on the average among the cereals in terms of Energy
and Protein but among the top in concentration of minerals such as Calcium and Phosphorus and
also in terms of Lysine. On this regard it has a comparative advantage on the other cereals.

From the 2015 French wheat production, 49% of the wheat analyzed have a protein content
higher than 12% of D M and 87% of the analyzed samples have values of starch higher than 69% of
D M.

For ruminants, feeding soft wheat requires some caution, however, as wheat is more apt
than other cereal grains to cause acute indigestion in animals that are unadapted to it. The
Canadians have given some interesting recommendations here reported on table 2.

Feeding Recommendations for Livestock (Ontario Min Agriculture, 2019)

Table 2.
Species Feeding Level or Level of Wheat Substitution
Beef up to 25% DM Intake
Sheep up to 35-40% of the grain ration (As-fed basis)
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In poultry, wheat is introduced at a percentage around 30% but this may vary. Indeed, the
exact rate of wheat and maize will depend on the type of production, and the needs of the animals
depending on their physiological stage. Thus, one can have 40-50% of wheat in the ration of a
layer hen and only 30% in a chicken. The second factor of variation is the price of wheat relative
to maize.

Conclusion

Wheat is a major cereals production in France. It is widely used in the French feed
industry due to its high value for animal nutrition both for ruminants and monogastric
animals.
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Professor Michel Thibier,
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Summary

From over 2 billion tons of cereals produced roughly every year worldwide, more than a third
is devoted to animal feed and among those cereals, wheat covers about 20% of this usage.

The key figures of the French Cereals sector are as follows: - 66 million tons of cereals produced
(2015 data) on 270 000 holdings, - 5th world producer of wheat - 57 billion euros in sales. Fifty (50%)
of the production is exported (25 to 30 Mt of grain in the European Union and third countries) and 4 Mt
of processed products (flour, malt and corn starch). Soft wheat is the first cereal produced in France with
an area of 4.96M ha producing 36.6 M tons with 15% (5.5.Mt) used for animal feed. Regarding the use
of cereals in the animal feed industry, soft wheat covers 56% of the whole vs 25% for corn and 12.6%
for barley. Total concentrates produced in France (2010) = 21.5 Mt from which 40% is used for poultry,
27% for pig and 24% for cattle. Wheat has many comparative advantages compared to other cereals in
being incorporated in the concentrates: from the 2015 French wheat production, 49% of the wheat
analyzed have a protein content higher than 12% of D M and 87% of the analyzed samples have values
of starch higher than 69% of D M.
Soft wheat is a major cereal production in France and is widely used in the feed industry for most

species and incorporated in concentrates due to its high value for animal nutrition.
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WHEAT GENETIC RESOURCES: CHARACTERIZATION, EVALUATION AND
UTILIZATION

Alexey Morgounov
International Maize and Wheat Improvement Center (CIMMYT), Ankara, Turkey,
E-mail: a.morgounov@cgiar.org

Role of winter wheat in the global context and production environments.

Wheat is a major food crop globally accounting for 18-20% of all calories consumed, grown on
218m ha of land and producing 771m tons of grain (http://www.fao.org/faostat/en/). Two major types of
wheat are cultivated: bread wheat (Triticum aestivum subsp. aestivum), and durum wheat (T. turgidum subsp.
durum). Each of these species contains environmentally adapted sub-types: winter wheat adapted to cold
temperatures and requires vernalization exposure to low temperature in order to initiate floral development;
spring wheat requiring no vernalization, grown in milder equatorial regions and at higher latitudes (above
45°); and, facultative wheat with weak vernalization requirements grown in areas with mild winter and can
be planted both in autumn or early spring. Vernalization allows cereals to survive cold temperature during
winter. China has the largest land area sown for wheat production, followed by the United States, India and
the Russian Federation. Kazakhstan and Canada, ranking fifth and sixth, produce wheat on about half the
area of the top four countries. Major winter wheat production area is located in Central and West Asia and
Caucasus (CWAC) and occupies estimated 14 min ha.

The importance of wheat in CWAC for food security is extremely high. According to FAO data,
wheat consumption here is the highest in the world exceeding 200 kg per person per year. Wheat and wheat
products contribute up to 50% of daily calories consumption especially in rural areas. Cultivated wheat
originated in the region and for this reason it plays very important role for the diversity of the crop and its
relatives. The key production figures of the CWAC countries from 1996 to 2017 are presented in Table 1
(http://www.fao.org/faostat/en/). In Georgia and Kyrgyz Republic reduction in area and yield resulted in
substantial production decrease in 2013-2017. As a result, these countries now import more than 50% of their
wheat grain needs. In Turkmenistan, reduction in grain yield was compensated by doubling the area sown to
wheat, yet more than 40% of the country’s wheat grain needs is imported. Production in Azerbaijan and Iran
is characterized by modest increases both in area and vyield, yet still requiring more than 40% grain
importation. Turkey imports more than 4m t per year but essentially all of this wheat is re-exported as flour.
Afghanistan, Tajikistan and Uzbekistan have doubled the production due to very high increase in grain yield
but are still dependent on grain imports. Kazakhstan is the only grain exporting country in the region, with
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low yields sown on vast areas. Clearly, despite spectacular yield and production gains in some of the
countries, food security and dependence on imported wheat remains an important challenge.

Key wheat production statistics for Central and West Asia countries in 1996-2017.

Table 1.
Country Wheat area , min ha Wheat yield, t/ha Wheat production, mint | Wheat
import/

1996- | 2013- |% change| 1996- | 2013- | % change | 1996- | 2013- | % change
2000 | 2017 2000 | 2017 2000 | 2017

Afghanistan | 2.08 235 | +127 | 113 | 2.05 +81.5 236 | 481 | +103.6 | -0.26

export

Armenia 0.11 0.10 -5.0 195 | 3.02 +55.3 020 | 0.31 +50.7 -0.31

Azerbaijan 0.48 060 | +252 | 1.85 | 281 +51.9 0.89 | 1.69 +90.1 -1.29

Georgia 0.12 0.04 | -616 146 | 211 +45.1 0.17 | 0.10 -44.3 -0.55

Iran 5.73 6.16 +7.5 171 | 1.95 +14.5 9.75 | 12.0 +23.0 -4.21

Kazakhstan 9.95 122 | +22.1 | 0.85 | 1.16 +37.1 834 | 141 +69.0 | +4.33

Kyrgyzstan 0.49 030 | -383 | 2.29 | 2.26 -1.5 1.12 | 0.67 -39.9 -0.33

Tajikistan 0.33 0.30 -8.9 112 | 3.04 | +1714 | 037 | 091 | +144.7 | -0.82

Turkey 9.26 774 | -164 | 2.10 | 2.73 30.3 194 | 211 +8.9 -4.48

Turkmenistan| 0.58 139 | +142.0 | 1.92 | 1.00 -47.8 112 | 1.36 +21.5 -0.61

Uzbekistan 1.40 1.44 +3.1 245 | 4.69 +91.3 343 | 6.76 97.2 -1.17

Note: Average yearly wheat import (-) or export (+) in min t in 2013-2016.
International Winter Wheat Improvement Program.

In 1986, the Government of Turkey and CIMMYT established the International Winter Wheat
Improvement Program (IWWIP) aiming to develop winter wheat germplasm suitable for the Central and
West Asia region, facilitating global germplasm exchange and training wheat breeders and researchers. In
1991, ICARDA joined IWWIP making it three-partnership program continuing till present time. The IWWIP
nursery Facultative and Winter Wheat Observation Nursery (FAWWON) was established in 1991 and
continues to distribute diverse germplasm to wheat improvement programs worldwide. Since the early 2000s
Turkey, CIMMYT and ICARDA have strengthened their IWWIP partnership focusing on germplasm
development, facilitation of global germplasm exchange, conducting priority research and contributing to
capacity building through targeted training. The majority of the breeding activities have been conducted in
collaboration with public agricultural research institutes.

The IWWIP breeding strategy is based on the need to develop modern competitive winter and facultative
bread wheat germplasm, which can complement public and private breeding efforts. During the past 10
years, IWWIP has also conducted pre-breeding utilizing regional wheat landraces and primary synthetic
hexaploids to diversify its germplasm genetic diversity and offer new diversity to its partners. The IWWIP
breeding system is defined by the regions’ priority traits and the opportunity to conduct evaluation in
Turkey and throughout the region. IWWIP has also assisted its partners to clarify their priority traits,
environments and germplasm. Yield potential and stability remain the key breeding objective for all
environments. Water use efficiency is an increasingly important priority for areas with supplementary 1-2
irrigations provided during the crops season. Drought tolerance remains a key trait for rainfed semi-arid
areas across the region. This trait has now been combined with responsiveness to moisture availability
benefitting farmers in years with good precipitation or when they are able to irrigate. The order of priority
for disease resistance is yellow rust, leaf rust, stem rust, soil-borne diseases (nematodes and dryland root
rot), common bunt and Septoria. Bread-making quality has increased in priority recently.
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Figure 1. Wheat production regions of Turkey and breeding sites

(data source wheat area and irrigation share: www.tuik.gov.tr for 2014; author’s estimates of winter and
spring wheat shares). Marmara — 60% winter wheat and 40% fall planted spring wheat, lowland <400 masl,
high rainfall environment, 0.83 min ha of wheat; Black Sea — fall planted spring wheat, mountain valleys <
1000 masl, high rainfall, 0.79 min ha; Central Anatolia —winter wheat at 800-1200 masl, low rainfall, 20%
of area irrigated, 2.75 min ha; Eastern Anatolia — winter wheat > 1200 masl, low rainfal, cold winter, 35%
irrigated, 0.71 min ha; Southeast Anatolia — facultative and spring wheat primarily durum, < 800 masl; low
raifall, 35% irrigated, 1.27 min ha; Mediterranean — fall planted spring wheat, high rainfall or irrigated (40%),
< 600 masl, 0.80 min ha; Aegean - fall planted spring wheat, high rainfall or irrigated (30%), < 600 masl,

0.67 min ha.

Annually, 850-1000 crosses are made including winter x winter (30%), winter x spring (30%), back
or top crosses (30%) and pre-breeding or research crosses (10%). The F, segregating populations are grown
space planted in Edirne and subjected to leaf and yellow rust infection. Selected plants are bulked and F; for
crosses destined for irrigated environments are planted in Diyarbakir for individual plant/spikes selection.

The selected spikes are planted as F4 head-rows in Eskisehir (on average 25,000 per year), selected

and

bulked for Fs preliminary yield trial in Eskisehir and other locations. The Fg yield trials and F; advanced yield
trials are planted in increasing number of sites with two and three replications, respectively. The germplasm
destined for semi-arid conditions starting from Fs is exposed to dryland moisture stressed conditions in Konya
or Ankara and the individual spike selection is conducted in Fs. Additional spike selection is done in advanced
yield trial level for breeding lines purification prior to multiplication for international distribution. This
conventional winter wheat breeding system takes 9-10 years from the cross to international distribution. The
alternative faster system has been employed starting from 2018 using speed breeding facility in 1zmir
allowing 2-3 generations per year. In this case the progenies of superior F plants are fast-tracked to Fs-Fs
head-rows within one calendar year. Additional breeding activities were carried out at ICARDA Headquarter

in Aleppo, Syria and the material was incorporated with the germplasm developed in Turkey till the

the

program was moved from Syria to Lebanon due to turmoil. Currently, the material developed by ICARDA

based breeder in Terbol, Lebanon is sent to Turkey for inclusion to IWWIP international nurseries.

From the time of its establishment, IWWIP has maintained close relation with the key winter wheat
breeding programs in the region and globally. The main cooperation area is germplasm exchange. Many
breeding programs share their new varieties and advanced breeding lines with IWWIP. Annually IWWIP
receives 250-350 new genotypes from the main winter wheat production areas. This material goes through
quarantine inspection in Turkey, is planted for primary evaluation on small plots at the key diseases hot spots.
If the germplasm possesses disease resistance and general adaptation traits, it is multiplied and yield-tested
during a second year. Based on the yield trials performance, the germplasm is included into FAWWON and
the very best lines — into International Winter Wheat Yield Trials (IWWYT). All materials are distributed
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under the terms and conditions of the Standard Material Transfer Agreement of the ITPGRFA. The
multilocational data from international nurseries is annually integrated and distributed to all cooperators. The
breeding and research programs, which share the material, benefit greatly through access to the data on their
varieties and lines collected in diverse regions and environments. The long-term cooperators willingly
sharing the germplasm are in Azerbaijan (Azeri Farming Research Inst.), Bulgaria (Dobrudzha Agricultural
Institute), Hungary (Martonvasar Agricultural Research Inst.), Iran (Seed and Plant Improvement Institute,
Dryland Agricultural Research Inst.), Kazakhstan (Kazakh Farming Research Inst.), Romania (Fundulea
Agricultural Research Inst.), Russia (Krasnodar Agricultural Research Inst.), Switzerland (Agroecology
Research Station), Tajikistan (Tajik Farming Research Inst.), Ukraine (Kharkov Crop Production Research
Inst.) and USA universities in Colorado, Kansas, Nebraska, Oklahoma, Oregon, Texas and Washington.

IWWIP assembles and distributes two types of international nurseries. FAWWON objective is to
deliver relatively large number of diverse germplasm with 10-15g of seeds per entry. FAWWON for irrigated
environments comprises short stature high yielding germplasm developed by IWWIP and contributed by the
cooperators. The nursery normally comprises 150 entries with 60-70% originating from IWWIP. FAWWON
for semi-arid environments includes around 100 entries with resistance to moisture stress demonstrated under
Turkey conditions. The germplasm in this nursery may have variable height and some tall germplasm is also
included. IWWIP originated germplasm comprises up to 80-90% of this nursery. The second type of the
international nurseries is replicated yield trial IWWYT that has only 35-40 entries with two replications. The
amount of seeds provided is sufficient for machine planted plot. Elite germplasm proven to perform well in
FAWWON is selected for IWWYT. The objective of this nursery is to identify broadly adapted high-yielding
germplasm which can be used as potential varieties and parental material. The characteristics of the
germplasm included into IWWYT very similar to respective FAWWONS. Special nurseries were assembled
responding to cooperators needs: stem rust resistance nurseries, yellow rust and common bunt resistance
nursery, soil-borne pathogens resistance nursery. Expression of a specific trait is important for selection of
germplasm for special nursery as well as information on genetic background of resistance. IWWIP
cooperators can request the nurseries through the web site www.iwwip.org. Annually, more than 250
nurseries are distributed to more than 80 cooperators in 35-45 countries. Data collection and nursery report
preparation is very important to provide the information back to cooperators. Once the wheat season is
finished, data on all nurseries is collected, assembled into simple Excel file and distributed to cooperators in
early January.

Genetic resources utilization.
IWWIP research addresses priority topics to understand the underlying environmental and genetic

interactions and develop more efficient breeding system. Since wheat rusts are the major diseases in the
region and the highest priority for IWWIP breeding, several studies were devoted rust resistance. The data
from international nurseries from 1969 to 2010 from 51 countries was analyzed for winter wheat variety
Bezostaya 1 disease incidence and severity (Morgunov et al., 2012). The frequency of leaf rust and stripe
rust occurrence was stable over time with marked increases in severity in 2001-2010 especially in Europe,
Central and West Asia. Substantial global reductions in stem rust occurrence were recorded and attributed
primarily to use of resistance genes although the recent emergence of race Ug99 makes wheat more
vulnerable. The durable resistance of variety Bezostaya 1 to all four diseases was demonstrated in the study
using comparisons of disease severities of Bezostaya 1 and the most susceptible entries. The Lr34/Yr18/Pm38
pleiotropic set possessed by Bezostaya 1 is an important target for selection.

Cooperative work with Washington State University and USDA studied genetics of adult plant
resistance to yellow rust in 100 IWWIP genotypes(Akin et al. 2013). Gene Yr18 contributing to adult plant
resistance was found in 44% of the entries studied. The other genes present were Yr9 and Yrl7 while Yr5,
Yr10 and Yrl5 were not identified. The results suggest that resistance in most of the germplasm is controlled
by adult plant resistant genes. The study of 70 IWWIP lines for leaf rust resistance identified the following
most common genes present: Lrl, Lr3a, Lr10, Lr12, Lrl7, Lr23 and Lr3(Akin et al. 2014). Adult plant
resistance to leaf rust was common among the material tested.

The threat of stem rust Ug99 initiated research on genetics of winter wheat resistance to this
pathogen. Collaborative research with Cornell University on haplotype diversity among a diverse set
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demonstrated that IWWIP winter wheat was more similar to US winter wheat rather than CIMMYT spring
wheat. The presence of Sr2 was much less common compared to spring wheat and the frequency of 1A.1R
translocation was much higher (Long-Xi et al. 2013). The follow-up study of genome wide association
mapping involved 232 IWWIP genotypes tested in Kenya and Turkey (Long-Xi et al. 2012). Twelve loci
associated with Ug99 resistance were identified including markers linked to known genes Sr2 and Lr34.
Other markers were located in the chromosome regions where no Sr genes have been previously reported,
including one each on chromosomes 1A, 2B, 4A and 7B, two on chromosomes 5B and four on chromosome
6B. This study established the basis for development and application of markers for utilization in breeding.

Colorado State University also evaluated winter injury of 287 genotypes from FAWWON in six field
environments over 3 years (2014 to 2016) in Colorado (Beil et al., 2019). Entries were genotyped using SNPs
obtained by genotyping by sequencing and at known vernalization (Vrn-Al, Vrn-B1, and Vrn-D1) and
photoperiod (Ppd-B1 and Ppd-D1) loci. Winter injury was observed and visually scored in five of the six
environments. Mean genomic selection prediction accuracies across the five environments, obtained through
ridge regression best linear unbiased prediction (RR-BLUP) using 23,269 SNPs alone as random effects,
ranged from 0.26 to 0.74. Incorporation of alleles at Vrn-Al, Vrn-B1, and Vrn-D1 loci as fixed effects in the
genomic selection models together with GBS markers as random effects provided the highest prediction
accuracy ranging from 0.34 to 0.78 across the five environments. Genomic selection models that incorporate
both major and minor genetic factors that influence low-temperature tolerance improved the model
predictions for identifying genotypes that are best adapted to regions where cold winter temperatures are an
important production constraint.

IWWIP initiated and conducted national inventory of wheat landraces in Turkey in 2009-2014 (Kan
et al. 2015). More than 60 provinces (out of 81) were visited by the survey and collection teams and wheat
landraces were identified and collected from more than 1500 farmers. Characterization of collection
identified very wide diversity of the landraces not only in bread and durum wheat but also included rare
species like Triticum monococcum, T. turgidum subsp. dicoccum, T. turgidum subsp. polonicum and T.
turgidum subsp. Turgidum (Morgounov et al, 2016). Agronomic evaluation of wheat landraces identified a
number of lines with good drought tolerance, disease resistance and grain quality. A set of 170 selections
from the landraces was subjected to genome-wide association gene mapping study based on phenotypic data
from three sites in two year (Sehgal et al. 2016). Novel genes contributing to grain yield under moisture stress
and other agronomic traits were identified. Since 2014 the landraces were involved in targeted crossing by
IWWIP to improve both modern wheat type by introduction of drought tolerance as well as landraces type
by introduction of disease resistance. The lines originating from these crosses are now entering yield test
stage. The work on wheat landraces was so successful that International Treaty on Plant Genetic Resources
awarded CIMMY T-Turkey a regional project (Afghanistan, Iran, Turkey) to utilize the landraces in breeding
and to expand on-farm wheat diversity by promotion of wheat landraces cultivation in the areas they have
been grown. With FAO support, similar inventories of wheat landraces were conducted in Tajikistan
(Husenov et al. 2015) and Uzbekistan (Baboev et al. 2015).

Spring wheat synthetics developed at CIMMYT by crossing durum wheat (AB genomes) and
Aegilops tauschii (D genome) proved to be an important genetic resource for a number of traits. The work
on winter synthetics started in 2004 when winter durum wheat from Ukraine and Romania was crossed with
the collection of Ae. tauschii from the Caspian Sea basin. The segregating populations from these crosses
were sent to Turkey and continuously subjected to pedigree selection under drought stress and disease
pressure. The resulting synthetics combined high grain yield under moisture stress with resistance to rust,
common bunt, soil borne pathogens and insect pests (Morgounov et al. 2018). The set of 130 winter synthetics
was selected for cooperative PhD study with the University of Nebraska-Lincoln. The synthetics were
phenotyped in Turkey under moisture stress in 2016 and 2017 and variable disease infections and genotyped
by sequencing in USA. A number of genes were identified for grain yield and its components under drought
(Bhatta et al. 2018a); common bunt resistance (Bhatta et al. 2018b) and minerals content (Bhatta et al. 2018c).
Several synthetics were tested in Azerbaijan and also demonstrated superior yield performance and tolerance
under salinity conditions (Gadimalieva et al. 2018).

CIMMYT collaborates with Georgia on wheat improvement for the last 25 years. The main objective
is development of wheat varieties combining high yield, disease resistance and grain quality. More than five
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varieties originating from this collaboration have been released. Wheat genetic resources are also high
priority for bilateral collaboration and resulted in substantial germplasm exchange including synthetic wheat
and old varieties. Many young scientists from Georgia attended CIMMYT training while several scientists
attended conferences and study visits. The current conference is an opportunity to expand this collaboration
for the future.
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Turkish Republic and CRP WHEAT.
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WHEAT GENETIC RESOURCES: CHARACTERIZATION, EVALUATION AND
UTILIZATION

Alexey Morgounov
International Maize and Wheat Improvement Center, Ankara, Turkey
E-mail: a.morgounov@cgiar.org

Summary

Wheat is an important food crop for across the continents and especially in the region of West
and Central Asia where it provides up to 50% of daily calories. The annual yield gains in the countries
of the region vary from 0 to 5-7% but majority of the countries depend on importing wheat from outside.
There biotic and abiotic stresses associated with the climate changes substantially reduce the crop
productivity and stability. There is a range of wheat genetic resources available for utilization in
breeding. Modern wheat germplasm from Eastern Europe and USA is characterized by high grain, yield
resistance to leaf rust and good bread-making quality. Wheat landraces attract attention recently as a
source of drought tolerance, good grain quality and nutritional values. Synthetic wheat developed by
crossing durum wheat with Aegilopes taushii represents a new source of genes (especially for D
genome) for disease resistance and tolerance to abiotic stresses. Special wheats with positive effects of
health, like purple and blue grain, have been developed and diversify the wheat products. Perennial
grains germplasm provides good opportunity for ecological agriculture and recent advances make this
crop a reality. Overall, wide range of genetic resources is available but the main challenge is there
utilization.
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INTRODUCTION

Wheat production must increase substantially during the next decades. As no major increases
are expected in growing area, future yield levels of wheat (as well as of other major crops) must increase
to match the presumed increases in demand, based mainly on population growth but also on upgrades
of individual requirements, estimated for the near future.

It has been estimated that a substantial increase in grain yield potential is required (Fischer and
Edmeades, 2010), and that this will require more efficient breeding methodologies to complement
existing techniques (Hall and Richards, 2013) for which a better understanding of the genetic and
physiological constraints to yield within current elite material is required. Improving yield potential is
critical because these improvements do usually translate in improved actual yields under non-potential
conditions (Richards, 2000; Slafer et al., 2005; Slafer and Araus, 2007).

A much more comprehensive understanding of yield generation should be gained in order to
devise new strategies for further increasing it. As yield is a very complex trait (it is the final outcome of
crop growth and development processes, strongly regulated by genetic factors, environmental conditions
and genetic x environment interactions throughout a growing season), it appears relevant to understand
and use physiological traits to assist breeding. This assistance may adopt different forms such as to
design prospective crosses and/or to select the progeny (either directly or through high-throughput
phenotyping methods recognized as surrogates of those traits). Crop physiology aims to identifying
processes most importantly determining yield.

There are two main approaches attempting to understand yield generation, both dividing yield
into components. This is because when trying to understand something complex, it is common to divide
it into components that are expected to be simpler and more amenable to manipulation. In this context,
there are two major approaches: dividing grain yield into simpler numerical components, and
understanding it as the consequence of growth and partitioning. In this presentation we will present both
approaches highlighting advantages and disadvantages of each of them and will merge the advantages
of both into a more mechanistic approach, combining the main and more functional elements of both
models
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NUMERICAL YIELD COMPONENTS
The most popular analysis, for the simplicity

of its interpretation and for the relatively little effort Grain Yield
required for its determination, has been that of (g m?)
dividing yield into numerical components. |

The basic principle is to divide yield into [ |

two major numerical components (i.e. the number of

. 2 . —
grains per m? and average weight of these grains) Grains m Weight grain

and then further into sub-components (e.g. plants per 1

unit land area, spikes per plant, spikelets per spike, - I - | —

grains per spikelet). Spikes m2 || Grains spike-
A major advantage of this approach is that it I | I I | I

is eminently logical and mathematically sound. [bjants[Spikes|[Spikelets|[ Grains
Final yield is simply the output of the multiplication m2 |[plantt|| spike?! ||[spikelet?
of the components.

However, this approach has also a major drawback: yield components are frequently negatively
related to each other, a characteristic well known since long time ago (Adams and Grafius, 1971).
Consequently, although the mathematical logic of the analysis is beyond any questioning, its usefulness
in predictive analysis of the hypothetical effect of manipulating one component on final yield is, in the
best of cases, rather speculative unless we can predict a consistent outcome for that negative relationship.

If we schematise the numerical components including the timing when they are produced it
becomes obvious that there is a major difference between the two major components (grains per m? and
average grain weight) and the sub-components of the former major numerical component: while the two
major components are produced sequentially (the crop firstly set the number of grains and then fill these
grains), the sub-components of grains per m? are produced simultaneously.

Adapted from
Slafer & Rawson (1994) y Miralles & Slafer (1999)

/N
Time scale is arbitrary ‘;?E%.:v.!
Y e \ / “ﬁw E AV 2 \
NN LT (M
AT S
S f f T f f —
Sowing Floral Terminal Anthesis  Onget of Physiol.  Harvest
Emergence initiation spikelet initiation grain filling maturity
Plants per m2 Spikelets per spike

Spikes per plgnt

Grains per spikelet

Grains per m2
—

Grain weight

€————————————— Grain Yield

Despite of the negative relationship between grains per m? and averaged grain weight, the fact
that they are not produced simultaneously reduces the likelihood of involving a feedback mechanism.
Indeed, yield in wheat (as well as in all major crops) is incontrovertibly more related to grains per unit
land area than to the average size of the grains. This implies that the negative relationship between these
components may not be due to competition between growing grains (the most common interpretation in
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the literature). There have been efforts for identifying alternative, non-competitive models that explain
this negative relationship in absence of competition (e.g. Miralles and Slafer, 1995; Acreche and Slafer,
2006). This is relevant as a plethora of studies manipulation source-sink strengths during grain filling
have mostly found that grains effectively do not compete for resources in most conditions (e.g. Borras
et al., 2004; Serrago et al., 2013).

However, being certain that increasing grain number per m? does almost universally improve
yield is not a great advance in understanding the mechanisms of yield determination: grains per m? is as
complex as, and is consequently subjected to the same uncertainties to, yield itself. In addition, grains
per m? is more complex to measure than yield. For this to be of any use we must understand the
determination of grain number per unit land area.

But dividing it into sub-components does not help much as the negative relationships between
these sub-components do seem to reflect feedback processes (Slafer, 2003). That is: whenever a factor
produces an increase in one component it detracts the possibility of responding the other component.
This shortcoming makes the yield components approach unsound for predicting the effect of
manipulating a component on crop Yield (e.g. Fischer, 1996; Slafer et al., 1996), as at the level of sub-
components of grains per m? it seems more than uncertain to predict the outcome of the relationship
(Slafer et al., 2014).

GROWTH AND PARTITIONING DETERMINING YIELD
The alternative approach assumes yield as a fraction of total dry matter of the crop and therefore

what matters to understand yield better is to analyse the factors and traits determining growth and
partitioning.

Harvest
index Grain Yield

(g m?)

Biomass (g m-?)

a Radiation Use Efficiency (g MJ?)

Accumulated
7 | Leafarea vz |Leaf appearance

Interce('F:;II(?]dnl]’_e;;ilatlon AN index £\ | (includes tillering)
Light attenuation Leaf
coefficient expansion

This more mechanistic approach needs to consider (and measure) crop attributes at different
times of the growing cycle. This makes the approach (if considered in depth, not just determining total
biomass and harvest index at maturity) more laborious and time-consuming.

However, the approach is still quite straightforward: yield can be seen as the final outcome of a
process for transforming energy from solar radiation into energy in the dry matter. The amount of
accumulated growth depends proportionally on the amount of accumulated intercepted radiation,
transformed into dry matter with certain efficiency. Radiation interception is mainly based on leaves
and then the final amount of accumulated intercepted radiation depends (in addition of the average
intensity of radiation) upon the length of the growing cycle and leaf area index development. Although
leaf area index is the main crop attribute responsible of intercepting incoming solar radiation the actual
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capacity depends on the light attenuation coefficient, which in turn reflects optical properties of the
canopy (e.g. degree of leaf erectness) (e.g. Hirose, 2005).

Although this growth and partitioning approach is more mechanistic, it does also have a major
drawback: it assumes that increasing radiation interception and biomass accumulation would end up in
increasing yield disregarding when the increased biomass was achieved. This is not necessarily true. An
evidence of this is that although early vigour would improve radiation interception always, the yield
advantage of early vigour would depend on the particular conditions (in other words in some cases
having early vigour —and then more interception and growth in the early phases of crop development
does not bring about any yield gains). Commensurate with this, is the fact that optimum plant density
maximizing grain yield is far lower than that required for maximizing vegetative growth. Perhaps the
most clear example can be taken from studies on crop responses to the timing of N fertilisation. It is
frequently shown that delaying the fertilisation with N to late tillering or even the onset of stem
elongation does not penalise yield, even though growth over tillering is reduced (compared to a treatment
in which crops were fertilised at sowing) (Fischer, 1993).

Therefore, it seems that yield is not only sensitive to changes in biomass accumulation but also to the
timing when this growth takes place.

RECONCILING BOTH MODELS
The drawbacks of both models of yield components can be overcome through identifying a

critical growth period for grain number determination, analysing allocation of resources and efficiencies
in using them for setting grains, from the physiological understanding of floret development determining
spike fertility.

As yield per unit land area by definition must be limited by the source (yield is expressed in “per land
area” basis and that “land area” represents a magnitude of resources for crop growth and yield.

When analysing the dynamics of the sub- Tillering _ Stem elongation

components of the number of grains per m?, i A ' } -~ \Stem ow

we can observe that not only the number of ¢

spikes per m? and the number of grains per 5

spike are being determined simultaneously, "E‘S

but also that in both cases the final outcome 2

is the consequence of a large generation ; Spike DW

followed by a large degeneration of T

structures. The degeneration phase (tiller & ~  =Grains

mortality, floret primordia death) coincides & Tillers (spikes)

with that in which stems and spikes grow < Florets (grains)

intensively before anthesis. o A
Time (arbitrary scale) Anthesis
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The work developed by Tony
Fischer, with shading and temperature

A
Averaw Grain Yield
treatments of short durations along different rain weight (g m?)

. . I A" . 1 -2
growth periods, established clearly that Grains m? Grains m

Yield

. . . . o A (maturity)
yield is particularly sensitive to crop growth & h
during a relatively narrow window of £ ruiting Onset of stem
A . A e efficiency . . h
phenological time, which could be roughly ~©+~————= | Spike Dry Weight growt

A ! Partitioning
1
|

defined as between the onset of stem Spike DW (g M) (anthesis i Dartitoning
elongation and few days after anthesis K- —E
(Fischer, 1985). This work elegantly Crop growth (during ;

Biomass

Spike DW

highlighted that regardless of the particular @A stem elongation)
sub-component being affected in each §&| L hrae —X
. . m

particular case, the number of grains per m? Radiation Accumulated A
set by a particular crop was the consequence interception | intercepted radiation |

. . . (during stem elongation) S Critical LAI
of resource accumulation in the spikes ; S /_
during a rather short window of c. 3 weeks oo LA

. anopy expangion

before to c. 1 week after anthesis. LAI

Senescence
This produced a new model with no
apparent drawbacks that was later almost universally confirmed in different countries with different
cultivars and different background environmental conditions (e.g. Savin and Slafer, 1991; Demotes-
Mainard and Jeuffroy, 2001).

The strength of this model is based on the strong relationship found in all cases between the
number of grains per m? and the spike dry mater at anthesis. Then grain number per m? might be
manipulated by changing spike dry mater at anthesis or fruiting efficiency (Slafer et al., 2015). Spike
dry mater at anthesis seems to be a relatively simple trait: it is the consequence of crop growth and
partitioning to the spike during few weeks before anthesis and fruiting efficiency although complex
seems responsive to genetic manipulation (Slafer et al., 2015). A proof of concept that this model works
is that it is the foundation for the green revolution (Miralles et al., 1998). Almost universally breeding
has increased spike dry matter at anthesis by increasing dry matter partitioning to growing spikes during
stem elongation. More recently it has been established that the development of floret primordia, which
is responsible for the spike fertility, does also depends upon the resource allocation to the juvenile spike
where they are developing (Ferrante et al., 2013).
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Summary
Wheat yields must increase substantially during the next decades. As yield is a very complex

trait, it appears relevant to understand and use physiological traits to design prospective crosses and/or
to select the progeny (either directly or through high-throughput phenotyping methods recognized as
surrogates of those traits).

Whenever we try to understand something complex, as wheat yield, it is common to divide it

into components that are expected to be simpler and more amenable to manipulation. In this context,
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there are two major approaches: dividing grain yield into simpler numerical components, and
understanding it as the consequence of growth and partitioning. In this presentation we will present both
approaches highlighting advantages and disadvantages of each of them and will merge the advantages
of both into a more mechanistic approach, combining the main and more functional elements of both
models.

We will develop this combined physiological model of yield determination through identifying
a critical growth period. This physiological model firstly interpret the frequently negative relationship
between average grain weight and the number of grains per m?, highlighting that - unlike commonly
believed - it does not reflect competition for resources, and then analysing allocation of resources and
efficiencies in using them for setting grains, from the physiological understanding of floret development
determining spike fertility.

As yield per unit land area by definition must be limited by the source, our combined model
includes an explicit indication on when exactly this source limitation does actually regulate yield most
strongly and in which stages sink traits are more critical and must be considered with priority.
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Abstract. Green Revolution has represented a quantic jump in terms of productivity in
wheat and other small grain cereals. However, the rate of genetic progress in the yield of wheat
during the decades after implementing the Green Revolution has been in many cases (but not
always) low or even negligible during the last decades. In the meanwhile, transgenic solutions
to increase yield and stability in wheat have delivered to date less than expected and it is too
early to claim that transgenic wheat will form the backbone of a second Green Revolution. It is
in such scenario where breeding, either conventional or molecular-supported still have a key
role in the coming decades. The efficient implementation of high-throughput field phenotyping
is increasingly perceived as a key component to speed genetic gain in wheat breeding programs.
Even when molecular engineering solutions are considered phenotyping will be key in terms of
defining the traits and further test the performance of the constructs.

Phenotyping not only includes the correct choice of selection traits and the
corresponding tools and platforms for a high throughput evaluation of these traits, but also
requires appropriate trial management and spatial variability handling, definition of key
constraining conditions prevalent in the target population of environments, and the
development of more comprehensive data management, including crop modelling. Besides the
above considerations phenotyping have to be resource-efficient, which means affordable
alternatives for phenotyping are achieving increasing attention. This presentation will provide
a wide perspective on how field phenotyping is best implemented in wheat. It will also outline
how to bridge the gap between breeders and ‘phenotypers’ in an effective manner.

GENETIC ADVANCE IN WHEAT: DEFINING IDEOTYPE CHARACTERISTICS

The grain yield of wheat and other small grain cereals has increased significantly
worldwide from the early 1960s, coinciding with the adoption of the green revolution. However,
in the last decades yield improvement has generally slowed, indicating that genetic gain is
potentially leveling off (Acreche et al. 2008; Chairi et al. 2008; Sanchez-Garcia et al. 2012).
However, this scenario is not uniform with some reports indicating still significant genetic
advances during the past decades (Fischer et al. 1998; del Pozo 2014). Dissecting the agronomic
and physiological components behind the genotypic differences in grain yield may contribute
towards genetic advances in future breeding efforts. The objective of this not is to identify
ideotypic traits apparently associated with the genetic advance of wheat in the last decades and
further to define the panoply of tools allowing an efficient phenotyping selection of these traits.
Choosing the proper traits and evaluating them by efficient phenotyping techniques may help
not only the conventional breeding, but it may also help to advance molecular breeding. In fact,
for example the proper Quantitative trait locus (QTL) analysis is fully dependent on the quality
of the phenotypic evaluation (Araus et al. 2008; Araus and Cairns 2014). This breeding
approach even if perceived as a conservative, in the short and medium terms may appear as
more feasible that the quantic jump in yield potential and stress resilience promised, but not yet
realized, by plant transformation (Araus et al. 2019).

The increase in yield during the green revolution, associated with the introduction of
semi-dwarf (i.e. modern) cultivars, was mainly achieved by a decrease in plant height, thus
reducing lodging, while increasing the harvest index, due to a reduced competition from the
growing stem, resulting in larger spikes with more grains per spike (Fischer et al. 1986).
However, further decreases in plant height do not seem feasible and in fact may penalize yield
potential and even adaptation to unfavorable conditions (Miralles and Slafer 1995; Richards
1992). On the other hand, the green revolution was not associated with an increase in thousand
kernel weight (TKW), with the opposite occurring instead (Royo et al. 2007; Chairi et al.
20018), nor was there an increase in the number of spikes per square meter (Chairi et al. 2018).
Moreover, the increase in grain yield associated with the green revolution does not seem to
have been related to more biomass but rather its redistribution (Royo et al. 2007; Giunta et al.
2018), despite the fact that some reports indicate higher biomass in more recent cultivars
(Foulkes et al. 2007). In fact, retrospective studies on wheat, combining pre- and post-green
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revolution cultivars, indicate that the improvement in yield has more often been associated with
augmented partitioning of biomass to the grain, and associated in turn with a decrease in stature,
than with enhanced overall biomass (Austin et al. 1980; Sayre et al. 1997; Calderini et al. 1995).
Thus plant height is usually negatively correlated with the harvest index (HI) (Royo et al. 2007).
The few studies embracing only post green revolution genotypes frequently include transitional
genotypes from the 1960s and 1970s, with relatively tall plants (Aisawi et al. 20015; Foulkes
et al. 2010). Otherwise no clear effect on differences in plant height or increased biomass have
been reported (del Pozo et al., 2014), even though some studies report an increase in biomass
associated with recent genetic advance in wheat cultivated under good agronomic conditions
(Sayre et al. 1997; Shearman et al. 2005).

Climate change may negatively affect future yield advances in wheat because the
increase in temperature and for some regions a decrease in precipitations. Therefore, genetic
gain in grain yield may be achieved through targeting additional traits closely associated with
improved plant adaptation to stress (Rebetzke et al. 2002). Under water limiting conditions,
various physiological processes and traits have been associated with GY (Reynolds et al. 2006;
Araus et al. 2008; Tambussi et al. 2007a). Among them are traits related to delays in senescence
(i.e. staygreen) during grain filling assessed via changes in leaf greenness (Lopes and Reynolds
2012; Carmo-Silva et al. 2017). Moreover, staygreen also appears to be beneficial in terms of
increasing yield potential (Carmo-Silva et al. 2017). It has been widely assumed that extending
the green canopy duration by delaying senescence will extend the grain filling period, increase
grain yield (Hawkesford et al. 2013) and contribute to yield stability under stress
(Vijayalakshmi et al. 2010). Thus, a delay in leaf senescence (i.e. staygreen) would increase
the amount of fixed carbon available for grain filling (del Pozo et al. 2016; Carmo-Silva et al.
2017; Bogard et al. 2011). The positive effects of staygreen on yield have also been reported in
other crops like sorghum (Borrell et al. 2000) and maize (Lee and Tollenaar 2007). However,
in other studies (e.g. Chairi et al. 2019), the least productive cultivar, maintained a higher
canopy green biomass during grain filling, as well as greener flag leaves during the last part of
the grain filling period relative to the more productive cultivars. In the same sense, a negative
relationship between a staygreen attitude and GY has been reported in rice (Jiang et al. 2004).

Other traits like higher stomatal conductance have also been proposed as being
associated with genetic advance in yield potential (Fischer et al. 1998), as well as under
moderate to medium stress conditions (Roche, 2015). This is further supported by the positive
phenotypic correlations usually found between yield and carbon isotope discrimination (A3C)
or the negative correlations with carbon isotope composition (5'3C) within Mediterranean
environments (Araus et al. 2003, 2008, 2013; Hafsi et al., 2001; Richards et al. 2002; Condon
etal. 1987). Kernel is the most effective plant part for carbon isotope assessment in wheat under
most growing conditions. Thus, negative correlations between 8'*Ckemel (Or positive with
A3Cyemer) and grain yield across genotypes have been previously reported in wheat a wide
range of agronomical conditions, including different water, salinity or nitrogen fertilization
conditions (Merah et al. 2002; Monneveux et al. 2006; Bort et al. 2014; Chamekh et al. 2016;
Carmo-Silva et al. 2017). This negative association with 5!3C suggests that genotypes that can
maintain higher water use and a greater stomatal conductance are the most productive (Araus
et al. 2003; Blum 2009). A negative correlation has been reported before (Condon et al. 1987;
Araus et al. 2013; Elazab et al. 2015; Medina et al. 2018) where a positive association between
3'3Cremels and yield has been found only under very dry Mediterranean rainfed conditions. Even
SO, a negative association is more common because genotypes capable of sustaining greater
stomatal conductance and water consumption are more productive and better adapted.
Differences in plant architecture may contribute, at least in part, to the differences in 5-*Ckernels
across genotypes.

In the high yielding conditions of the UK (Pennacchi et al. 2019) and NW Mexico
(Fischer and Edmeades 2010), genetic advance in wheat grain yield during past decades has
been reported. Moreover, and contrasting with other reports (e.g. Chairi et al. 2019), the study
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of Pennachi et al. (2019) supports the contention that breeding for yield potential does not select
for climate resilience and yield stability in wheat. However, a recent study (\Voss-Fels et al.
2019) using a large set of cultivars released over 50 years in Germany reported that breeding
for high performance not only enhanced cultivar performance under optimal production
conditions but also increased performance in production systems with reduced agrochemical
inputs. This study concluded that new cultivars incrementally accumulated genetic variants
conferring favorable effects on key yield parameters and disease resistance.

To summarize, as reported in studies comparing pre- and post-green revolution
genotypes (de Vita et al. 2007; Royo et al. 20017; Sayre et al. 1997), a higher HI seems related
to greater numbers of kernels per spike, whereas the TKW did not change. As a consequence,
a higher HI indirectly translates to greater numbers of kernels m2. Most studies agree that
kernels m best explains yield (Slafer et al. 1996, 2014; Foulkes et al. 2009). In fact, most
retrospective studies conclude that kernels per spike is the agronomic component most affected
by the yield improvement of wheat caused by the green revolution and even during the last
decades (Chairi et al. 2019 and references herein). Plant height is also another important aspect
to consider in terms of ideotype. In addition, small erect flag leaf together with a higher water
use combined with a better water status (more negative 33Ciemer and lower canopy
temperature), and a higher capacity of the spike to re-fix CO> respired by the grain appear also
as a potential relevant trait (Chairi et al. 2019). In fact, the non-laminar parts of the plant, and
particularly the spike, play a key role as a photosynthetic organ, in providing assimilates during
grain filling (Tambussi et al. 2007b; Sanchez-Bragado et al. 20016).

FROM TRAITS TO PHENOTYPIC TOOLS

One of the bottlenecks which limit the efficiency of breeding, therefore preventing a
faster genetic advance is the phenotyping, particularly under real (i.e. field) conditions (Araus
et al. 2014, 2018). Evaluating trends in biomass including total canopy biomass and the stay
green attitude has been for long assessed by breeders using visual ranking. However, this
approach is biased by different subjective factors (frequently of human nature) such technical
skills, perception of the evaluators. These limitations, together with the lack of standardized
values as output of the evaluation, prevent a clear intercomparison of results, therefore limiting
the strengths of the phenotyping. In that sense the use of digital RGB (from the Red-Green-
Blue) images may allow to monitor in an affordable, albeit precise way that growth evolution
and changes in phenology, including stay green (Araus and Kefauver 2018; Fernandez-Gallego
et al. 2019a; Yousfi et al. 2019) regardless if measurements are done at ground (using for
example a pole) or from an aerial platform, such as a drone (Gracia-Romero et al. 2019).

In terms of agronomical components, the genetic advance in grain yield has been mostly
achieved through an increase in the number of kernels per spike. In spite it appears to exist a
limit for the increase in harvest index, there is still room for improvement. Automatic
assessment of this yield component has been reported for cereals with larger, naked kernels,
like maize. In case of wheat and other small grain cereals the developing of algorithms for
automatic counting is to the best of our knowledge not yet achieved. However, a by side, albeit
relevant conclusion, may be achieved. The spike is a key organ that has to be phenotyped, not
just to evaluate the number of kernels it contains, but also in terms of its photosynthetic
contribution. In fact, the number of kernels depends not only on the size of the spike, which
may determine the number of spikelets, and eventually of florets, but also in the availability of
assimilates to ensure a high grain setting. While a direct evaluation of the photosynthetic
activity (either of the leaves or of the spike) is not yet high throughput, different indirect
approaches may allow a fast evaluation of photosynthetic activity of the spike. For example,
in environments where drought is limiting photosynthesis and productivity a specific evaluation
of organ temperature gives indication of the transpiration and so photosynthetic gas exchange
component. It is possible already to develop algorithms allowing specific evaluation of the spike
temperature from thermal images from the whole canopy (Fernandez-Gallego et al. 2019b).
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Another approach to assess the photosynthetic performance is the sun-induced chlorophyll
fluorescence. While its remote evaluation in the light is a promising approach it will need to
combine also with image detection to select the specific organs (in this case the ears) (Miao et
al. 2018).

Another way to select higher yield is the assessment of a higher effective use of water,
EUW (Blum 2009). A higher EUW may imply better water status, which subsequently affects
positively plant growth and on a longer terms canopy photosynthesis. A higher EUW is
expressed in terms of higher photosynthetic rates associated to higher stomatal
conductance. Stomatal conductance may be assessed indirectly through canopy temperature,
where deeper roots are associated with cooler canopies and increased yield under drought
(Lopes et al. 2010; Pinto and Reynolds 2015). Alternatively, in wheat as in another C3 cereals,
A3C (or 8'3C) can provide an indirect determination of the effective water use of the crop
(Richards and Farquhar 1984; Araus et al. 2002, 2008; Blum 2009). When measured in dry
matter integrates in time the water status of the crop. Although a negative association between
A3C and yield has been found under very dry Mediterranean rainfed conditions, a positive
association is more common because genotypes capable of sustaining greater stomatal
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GENETIC ADVANCE IN WHEAT: PHYSIOLOGICAL TRAITS AND
PHENOTYPICAL TOOLS

José Luis Araus’, Fadia Chairi!, Adrian Gracia-Romero!, Omar Vergara?!, Jose
Armando Fernandez-Gallego!, Fatima Zahra Rezzouk?, Luisa Buchaillot!, Joel
Segarra?l, Jordi Bort!, Maria Dolores Serret!, Shawn C. Kefauver?!, Nieves Aparicio?,
Maria Teresa Nieto-Taladriz®
Plant Physiology Section, Faculty of Biologia, Universitat de Barcelona, Barcelona and
AGROTECNIO (Centre for Research in Agrotechnology), Lleida, Spain;
2Instituto de Tecnologia Agraria de Castilla y Leén (ITACyL), Valladolid, Spain;
®Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria (INIA), Madrid, Spain.

Summary

Green Revolution represented a quantic jump in terms of productivity in wheat and other small
grain cereals. However, the rate of genetic progress in the yield of wheat during the decades after
implementing the Green Revolution has been in many cases (but not always) low or even stopped during
the last decades. In the meanwhile, transgenic solutions to increase yield and stability in wheat have
delivered to date less than expected and it is too early to claim that transgenic wheat will form the
backbone of a second Green Revolution. It is in such scenario where breeding, either conventional or
molecular-supported still have a key role in the coming decades. The efficient implementation of high-
throughput field phenotyping is increasingly perceived as a key component to speed genetic gain in
wheat breeding programs. Even when molecular engineering solutions are considered phenotyping will
be key in terms of defining the traits and further test the performance of the constructs.

Phenotyping not only includes the correct choice of selection traits and the corresponding tools
and platforms for a high throughput evaluation of these traits, but also requires appropriate trial
management and spatial variability handling, definition of key constraining conditions prevalent in the
target population of environments, and the development of more comprehensive data management,
including crop modelling. Besides the above considerations phenotyping have to be resource-efficient,
which means affordable alternatives for phenotyping are achieving increasing attention. This
presentation will provide a wide perspective on how field phenotyping is best implemented in wheat. It
will also outline how to bridge the gap between breeders and ‘phenotypers’ in an effective manner.
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3915 05GOC0 350563560089879¢05 Spdyr oMb s  d99bsdy30b985

0bgcrolwy BP (Before Present).

b0l Godlimbmdos

bom®dsewo (Triticum L.) §o63m0dzs bogmgzog® Bobgzs®dmgstmgdo ssbermgdoom 10,000
Dol §ob s 3L 99009 293039 Jmger Abmgeromdo. bo®mdeol azsmo Triticum 89o3ogL
993L LEbgMBSL, HMTGIOG J99M005690E0s LD Lgdiosdo:
1.Sect. Monococcon (990393 ©03emoe bobgmdgdl: Triticum monococcum L. s Triticum
urartu Tumanian ex Gandilyan);
2.Sect. Dicoccoidea (3903536 GH9G®e3emon® Labgmdgodl: Triticum turgidum L. s Triticum
timopheevii (Zhuk.) Zhuk.);
3.Sect. Triticum (dgogogl  39dLodEwmoNe  bobgmdgdl: Triticum aestivum L. oo Triticum
zhukovskyi Menabde et Ericzjan) (Wang et al., 1997).
Triticum-ob y39es LobgMBOL LETIMVEM SGOL SHEPM 5IMLEZEgMOL "Bagmgzog®o

Bobg3om3m356M9", HMIgeroa 8moEegl bdgwrmsdws B30l sdmbsgargom bsfols, badbégom-
50IMbO3Wgm mYMHJIoL, POHLOWMIm JMoygls s ILIZEIm 0MBL s s1g3g dsod BgbMdge
LodbMgo-3533500L Mg0MmbgdLy s BOOEMgm oMbl (Matsuoka, 2011).

3MLgdMBL MmMbO 39O LEbgMds, HMTYoE 0DBMEYOS SHEPM 5MBMbOgE Ol
"6594Mmxz309O0 b5H35MTNZoMOL" BHYHOEHMM0sDY):
1.Triticum monococcum L. subsp. aegilopoides (Link) Thell.
2.Triticum urartu Tumanian ex Gandilyan
3.Triticum turgidum L. subsp. dicoccoides (Korn. ex Asch. & Graebn.) Thell.
4. Triticum timopheevii (Zhuk.) Zhuk.subsp. armeniacum (Jakubz.) Slageren

bederol 9mdobsm®gds (omdglitio3sEos)

©O3MOEM0  bm@dsewo 7. monococcum L. (90m3s0(335¢05) 09m  9OHMN-9M000
3060390 93396569,  MMIol  godobsmMgds  Bmbs  "Boymzogho  Bobgzs@mdmgscol”
A9IO0GHMM05Dg b Mgdom 10,000 ferols {ob. gs9mawgbowos @odmwmommo bm®mdeols
390065796930l spowoi (Heun et al 1997). bsBg9bq00 0dbs, @A LoadbOHgm-sdmbogergom
09)M4900L Yo05B5s00ol Jmol 39wvIMH0 3M3MMoE0s MBOM dg@oE 3536 godobomemgdmem
960005633550, 300069 B35 39IMH0 3t3E05(30900.

300390 Bsdoxo  INWGHNOMWo  bmOMdwoL  g3meool  3GmaEgldo  oym
GIGHOB3M0MO0  bobgmdols  Trticum dicoccoides (Korn) Schweinf- ol Bsdmygscrodgds.
(Schneider et al. 2008). 53065996930 GHYEHOI3L OGO bMOdso dsewbg dFoOMO
965009153905  LsFbEY0-50FML3Egm MOJINT0 5OLYOME ZGWE 33 SF0JOL. 39¢YHO
98960 (T. turgidum L. subsp. dicoccoides (Korn. ex Asch. & Graebn.) Thell.) ©gl bs3m360s
L3  bsgmxzogMo  bsbgzsMTmNzsmOL  EBHgMHoGHMMm0sHDg - 0mMEsbosdo, LoGMosls s
obGsgendo, LadbMHgm-s0dmbogargm MIMJgool 396G E  Bofoelbs @y sdmbsgwgm
96594obd 5 L3 0MBOL 0D bafoengddo.

MBH39635 5 3Mgagdds 89ox539L 390 MO 9IGMHOL 4gMYMIR00LS S MIGBEH0IS3G00L
bogombgdo, MMIwgdoz ©oxwdbydmeo  oym  JmEg3MEO s 9OJgMdMEH603MO
0mbs39090by o LO3MMM F9gR0bY. 93BMOMYO0  39MIEM™IYD, MM MBsTgMH™M3Y
399065990930 GHYGHMI3WMOoEIOH0  bm®dwgdo  800gdmos  LadbMgom-s0dmlisgzwgm
0O Jgmol 390 9dgmol boBgdosb (Ozkan et al., 2011).
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3990656930 9dgmol 37w EG03060930L A9BIMMMYdST BOHLOWM-50TMBOZW gm0
3°9m0§305 LOA3sBHE0s Aegilops tauschii Coss-056 (39bmdo DD). @ssbarmgdoo 7,000 ferol ob
3N GOHEo gdgdobs Triticum dicoccum Schrank s 3s33sbowmGo Ae. tauschii subsp. strangulata
(Eig) Tzvelev  5eom3m03m0©0bs3ool  99gae©  LsdbMgo 3933560530 Fo@Imodzs
39dL3wmoMmO 3MMmOL bemdsero T. aestivum L. (BBA'A'DD) (Dvorak et al., 1998; Dubcovsky
s Dvorak 2007).

5600190 bm®dergdo

LsABGOYO 39339L050 (ZobLMMMYO0? BodoMmMZgemd) s Jobds S EMYGds
Jo3b™m3Mm9d¢qdds 36033690 m3zs60 Mmoo Fgolidvyegl bm®mderol d9ddbsdo. bvyer 3Bmdowos
bm®deol 16 3w @O meo J3gbobgmds. (https://en.wikipedia.org/wiki/Taxonomy_of wheat).
QO3WMOEO - 15 BgEHMo3wmoEo - 9, 599096 Js@mmo gbwgdo 3; 39Jusdermoo - 6, 5J9sb
Jo®orwo 9bgdo 2.

Jo60M0 9609dMMH0 be®dEol Lobgmdgdo dmosggb Triticum-ob 9o Lobgmdsls s
mmb g39Lobgmdsl (Menabde,1948; Menabde 1961; Hammer et al. 2011):
1. T. turgidum L. subsp. paleocolchicum Menabde A. & D. Loeve (T. karamyschevii Nevski)
2. T. turgidum L. subsp carthlicum (Nevski) A. & D. Loeve (T. carthlicum Nevski)
3. T. timopheevii (Zhuk.) Zhuk. subsp. Timopheevii

4. T. zhukovskyi (Triticum zhukovskyi Menabde & Ericzyan)
5. T. aestivum L. subsp macha (Dekapr. et Menabde) MacKey (T. macha Dekapr. et Menabde).

BMQ0ghHmo 53 Lobgmdmogsbo g3memEomGms© 9F0OME gbsmgloggds bmEMdOL
39O LobgmdgdL 96 F9bs@BMbIdMo 99300 oo BmyogHmo Mz0Lgds (Menabde, 1948;

1961). y3gws gb IMWGHWOWYOo LoHYMdS s J3gLobgmds s@IMhgbowo 0ym bz gm
LodoM39w ™o, 508MbOZWgm Bods®m3gemdo M30MsGIo® 393039 gdE0  J39Lobgmds
carthlicum-ob  2oM@s. y3zges gb Lobgmds s J39Lobgmds  00glgdms  LdsOMZ ML
A9IO0GHMO05Dg AoLe0 15Y3MBol Fo (Hergdsdwy.

30690030 s FMOBMEMPOYHO  8HI0EIVNWYOOL  LsBdZgwbY,  JoO o
bmGdseo (T. turgidum L. subsp. paleocolchicum A. & D. Love) 560 ggeovg®o 93g@obs ©s T.
aestivum-ols 3006090 dgx 350900l 3MMmEMJGH0-bgyMgyb@Eo (Dvorak a. Luo 2001), beerm
subsp. carthlicum 990dgds 0gml gsd0bswMgdmwo 9dg@obs s T. aestivum-ob 303600
99x350900L bgaMgyb@o (Kuckuck, 1979; 30306M9dwos dsgmm3sl dobggom - Matsuoka,
2011).

©sbO3gm  LoJoOmzgwmdo  godmzgegbowo  bmMdEol  dglsdg  J3qLobgmdss
399L93M0EMMO 3d0bsMHYdIMEO L3gEES bm®mdsero T. aestivum L. subsp. macha (Dekapr. &
Menabde) Mackey (Dekaprelevich a. Menabde, 1932). gl §3gLobgmds Lodo®mggarml 9bwgdos o
37 G030090w0 0gm 3ebey® sLermsb (T. turgidum subsp. paleocolchicum) gomasq (Dorofeev
etal., 1979).

Triticum-ob Lobgmdgdol 3093 9HMo Jodmmwo Fo@dmdsagbgaros Timopheevi-ob
X299B0, OMIgeos 903936 G 4gbmal. bem®mdeol Lobgmds T.timopheevii s@dmbgbowo ogym
©5L93Wgm  LodoMm3zgrmdo, Losoi 9oL 9hHmYdMEs BobMEmo. FoMbmedo Bsbommols
303995305 FoMImoagbos odemool T. monococcum var. hornemanii (2n = 14) (y3sfs
B560MM0), BHoG®demogobl T. timopheevii (2n = 28) (bge@s BobM0) s 39Juadermool T.
zhukovskyi Menabde et Ericzyan (2n = 42) 565530900. 39dbod@rmo@m@o be®dswo T. zhukovskyi
Menabde et Ericzyan §o00maogbl T.timopheevii (Zhuk.) Zhuk.-ob 303G0©0bsgool dggal T.
monococcum L. var. hornemanii-osb (Clemente) Korn. (Menabde and Eritsian, 1960).

bmGdmol g58m356s
2015 § $396 39990 “BbOHOL 453m396s" Fmzegbsls, G®MAEol msbsbdo 39wmGo

T.araraticum Jakubz. (T. timopheevii subsp. armeniacum (Jakubz.) Slageren) 396 ogbs bs3mgbo
BodoMmzgermdo, 35806 Gmbseg 3@ meaao T. timopheevii 653m3bo ogm dbmermo of
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https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/%C3%81skell_L%C3%B6ve
https://en.wikipedia.org/wiki/Doris_L%C3%B6ve

(Gogniashvili et al., 2015). gl BMOIMEO0MHGDS LoFoOIME0H0s bg3g MOM03g 45d0bsMMYdYO
G9IGH3M0EIOHO bn®deobsmgzol subsp. paleocolchicum gs subsp. carthlicum. 3gemeo gdgeo
56 5M0ob 50dMPBIBOO LodoMm3zgermdo (s sBY3g LodbOYM 39335L0530), MI3S 3MEEGHVIOVICO
G9IGHM3M0MM0 beMdwgdo 5533605 Fbmeme badsGmgzgermdo (Gogniashvili et al., 2018).

3mMoLS 5 565933). (2009) B0gH 259650Bgden 0dbs Timopheevi-ob be®dgdol
993MYOHO  35M0589MdS JEMmOHMIWOLEBHWMO ggbmdol 23 JozMHmLsGHIoGHIMo dbol
dobggz0m. LsdbGgm 3933560580 dgaMmgzoero T. araraticum-ob GG gOMO 3ELEHMGHO30 5O
9650m9Ls39dms T. timopheevii-ob desbBm@odl. 35806 GmEILsg OO Mgm LOoMOSLS ©s
L5IBOYIO MYMHJgnTo TJYRMMZ0E0 FWSBEBHMEGH03900 535053690006 YD sberm Bomglom® 3530061
T. timopheevii-0s6. gb 99092900 309900Mgd96, GmA T. timopheevii-ob EMAGLEOIoE0s Tmbs
69300690, OMIgEoE ImoEegl LadbMgm MHJgmbs s BOHOEMgm Lo®osl (Mori et al. 2009).

5623905 §503MTds 5 FmdHMdS 39335005396

bmOHdEOoL MIgLEH0353008 9OM-gHMO 396GHOIWMEO Bs30MbOs - 306 Fmbsfowgmds
bm®dol  3580659M905d0. 306  (3bmgmMds  Boymxzog®o  bsbgzs0m356MH0L  bemEMdol
©MI9LEH035300L Ms0mbdo 10,000 {erob ob?
bm®deol mIgli3 39300l 5M9gsgd0s:

T. monococcum - LsdbOHYN-50MBEZg0d MMl Yo@obowamol dms (Heun et al., 2007).
T. turgidum - LodbGYN-50IMLSZ3E g0 MmMdgoo (Ozkan et al., 2011).
T. timopheevii - BOHowmgom LoMos s LsdbMgo Mwedgomo (Mori et al., 2009).

9607-9O»0 dgLsdEgdMds "BMOIOL 5dM3IBOL" bbb MOl 0dol sd3z9ds,
60 Joerm39qd0 3bmzO™mdbI6 (Lbgs boerbgdmsb ghmo) "bsgmzogho Bobgzs@dmgstol"
A900GHMO05Dg (8mbsforgmdbgb bm®mdeols mdgld03s30580) s Ima3056930m bm®mdEOl
BMy0900 bEbgMds s JggLobgmds Fodmomall OO Mgmom LsdbMgm 35335b00l3g6, b
5069900 B9HIYMHYdTS (ssbermgdoom 10,000 Ferols job) Imo@sbal 37w @O0 bamdswwo
9356090 LogdsOmMz9mlb GHgMo@Emmosby (M.Pagel, 3060 39¢g4mdobyds).

0¢) 9m35b9gbm  ©s30 Mobol  godMmmddol  3oM9RMOBOMYISL - 306 5606
JoO39gd0 s HMAMO dmbgzbgb obobo 35335L0sdo? (Reich, 2018).

doBmgdmbdomwo  ©bd-bLys s Y  JOMIMLMAoL 2qmMmaGsxzomeds  dgufogersd
93030995 393390 3bs AMBEomIo 530560 oblsbergdol dglsbgd (Cann et al.,
1987; Rosser et al., 2000; Underhill et al., 2000; 2001). s®bgdmeo  30BLYBLLOL  dobgzom,
0565890060 ™39 500580560 {om3M00d35 58MOIMNW 33930530 asbEmgdoo 100,000 - 200,000
ferob ob (Reyes-Centeno et al., 2014). s®Lgdmdl 9330390 gd9d0, MHMI MsbsdgMM™39
5005305635 9836035 IGMZs osbwmgdoo 70,000 Herol fob s LHMsxgs©  oblebers
dbemgeomdo (Oppenheimer, 2012).

5BM0300  5M50gmol  bsbHg39601396d By goIMlgeols d90wgy  Msbsdgm™m3y
50530560l 335305 250Ym FBLOLEGIOL MG AWM. OMYMOF 3565MdYD, 30M3gwo
Ao BodMEMME BsIMYse0dEs 53LGMIMIB0YJIYdI© S sbowr A30699mgds, bmerm
39069 BHowrs BRI O™ PWI35DIW 93MB0gegdL (Nielsen et al., 2017). ;w3
58360030056 godmlgzerol 9999y dogMo3ool BMLEGHO FoMTMHYBHIO0 505F0569d0L SEMIMEn
©0390L03035300L 3MM39do 393609609830 MYy SMOL TguFagzErols s S30MOL30MYdOL
Lo sbo.

93630 3M3MWs30s MMMz BbBL,  Tggqds Lsdo b dgBo abyBozMeo
3003mbgb 0L, HMIgeroE 930M™35d0 bgsalibgs 3gMomedo dgdmgzoqs (Nielsen et al., 2017).
3063900 565GHMI0Mo MbsdgMmag 90530560 93MMm3sdo FBM3OMdS 339 43,000 Herol
fjob. 58 2©OINWO S INOGYOO J3OM3JLIBOL 3969GH0ZNG fawowo ©rg3bEIwo
9360039 9gd0b ggbmddo mdbodzbgerms (Nielsen et al., 2017).

©o5bmgdom 11,000 ferols fob Gmgbsg m3obslizbgeds 2594obgzsgdols 3gM0mds
Bo0sMs, Bogmxzogmo  bobgzomTmzsmol  Lbbgoolbgs ULwmdMgaombdo  9oBbs  s@sdosbols
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3b™M36MHg00L oo 3030, IRMAbIdMEo Fg3bmzgmgmdsby, Lmxwol dgmdbgmdsls s
19IbEHIMOBIBY o HMIGEO 36MBOWOS, HMYMO bgMmEomMo 3bmzMgdol folo (Asouti a.
Fuller, 2013; Nielsen et al., 2017). «¢1d39¢gbo ©B3-0b 56scr0Bds 3083965, GMA R3gMTxM9d0L gL
3M3I5305 P93MOBEIW DS (396G IMHO 5b5EME00©6 9G3MrM30Ls39b.

936m35d0  Joa®o300L  bbgs  Gows, GMIgwwdsg 99dmo@sbs dglsdy  93G™3mwo
396930379600 3m33mbgb3Ho, dmbEs 43056 bgmmwom®m s SEMgME dGMOb)sML bsbsdo. 53
360m3gbdo  BsOmMo  0943bab  dgxmaggdo  3mbEHM-35B300L  1(3g3gd0sb, OMIEgdO]
909399003690Mm©b36 0586505l 3MEGHMEOSL. gu BogesE0s (396GHMIWME g3MMm3sdo dmbs
ssbermgdom 4,500 ol §ob (Nielsen et al., 2017). «¢dzgeglbo ©b3-ob Imbszgdgdo 0dwrgas
933039999908 0535 05365900l Ho@ImdmdoL globgd. 7,000 {erosb 5,000 ersdwg
139390Dg bYdMPs 33300l LEMVOWMMO FgdmEobgds  LsdbOYMOB, GMIgwos
3969303796 6500gLoMmdSL 535053690l Md3zgegl s Y356 LmIbgmols s 0MIBOL
lobErgmdsbmab. MMamGE b, gl Joa®mo30s bYdm®s 39335B00L B0 Fogls s Jsbdools
B0390L  dmMob. mdzgwglo ©bB3-ol dmbsi3999d0 sB39690L, MM BMHOwMgo 3933500l
3lobrgmdsl 09 G030l Fobsdstmo ooBbgs (Reich, 2018).

JoOmM39qd0 (oMM 9696 JoOM39wH 9bgdBg FMs3s6s3g bowbol gmbm-

o0b330LGHWMO  XaMRL.  OLAHMOOMWsE  oLobo  FgEgd0sh:  JoMN3gEgdol,  BbgdOL
(093609900 s sHYd0) s 1Z9BIBOLYD. 35290LS s MSBs53E. FobgZ0m JsMmM39gE GO
965 560l 93M5Bomwo 9bgdol L3gMmxsbdo 89953500 9M0-gMm0 G300 96MdGOZ0 MK sbo.
933MMm9d0lL  90Mm33w935  ©ORwAbdME0s  LAIGHOLEOIMG  ImEYby,  GMIGELoE
3590039 ™dsd0 09Ol YM3ILOEOMEMOE 358mYgbgdMwo Lo@yzgdol LobdoMgl. GRS,
930500l 9300 gbmdM0g Mmxsbdo 53EHMMGOTs 50dMahobgl 3bLgH30Mm9do LoEYyzgdo s
do  Logndzgmwbg dmobobgl  wobyzobGHmo  g3msbommo  9bgdol  LmdgMmysbols
3LEGHM06Yds, OMIgwoy  BIMYsodEs  ©osbrmgdom 15,000 feools Fob  LogHom
fobsdmobasb (Pagel et al., 2013) (bwy.1).

533™6M900s 999abgls 98 bsfobolifomdgByzgmro L3gMmxsbol gowmygbgdozndo by,
M0dob 5530 8950y9bL ssbermgdom 15,000 Hgarl, Gog aeolbdmdl, Mmd dmaogmomo
bdoGo  godmyqbgdmeo  Lodyzs 99dmemBbowos  dmbomglogg HBMEGTom  M396sL369wo
399906356930L  39Mm0M©OsL. gl 930000 9BMdMO30 MmKxsbo - O30, JoOIMZYLMGO,
06M936MHM37)0, SE@9M0, MM IM0, B3R0-350RsGH3MM0  ©s 0bmo@-0m303m©o Joabol
9690%0L  Md39wgl  93MBoNE  L3gMMXIBL, GMIJwoE Tgbsdewms  [oMdmoddbs LogHomm
$0bo3M0LYsb osbarmgdoom 15,000 ol §ob s GmIgeo gbgdos 499moynbgds ®gzsbge
936500l BH9M0EGHMMH05BY.

3900905 ©5329935m, M8 3OH:MGH™MY3M5Bo gbsBY IMsdscszg bogrbo 15,000 ferols
00b 3bm3MMd©s 5M50gmoL Bobgz563296dol LsdbGmgo bofowdo. 30639ws@ o0 Jodmggmm
3OMGHMOM5300JGd0, OHMIgdog dogxMoMmbgd 0bmgmolizgh m39560l LsbsdoMml yboom.
3OMEMJoM039w M 9bsBY IM 5356539 bocnbo Bsdmygswods 13,000 Herol ob 53 Hgaombdo
@5 00mdM539L BOOMgo dgLem3mEHsdoobszgh (bm@.2s)

Lo35M9EME, 59 Mguombdo obobo EbmzmMdbI6 oo bbol  sbdsz3wmdsdo,
509053 B3960 303MmmMgBOL Msbsbs 3OMEMJsOM39 MO 9bsBg IMs3561539 bowbds
9mbsfogmds doom bmMdwol ©mIgl303s305d0. 0mM3Egds MMI MMIgody 39WwIOHO
9396560l MIgLBH03530L 3MIM39LO AMAIEIds 5653w gd 1,000 Ferols (Gaut et al., 2018)
(L.20).

3OMGHMJoM039wgdol  dmdMmomdol  BMLGHO MM  IGum3mEHedoosb  39335L00L396
"3bmd0s, 0MIEs 499Y4MmgErodols s 0356m30l  dobgzom (2010) IOMEHMJsOMZ9wgd0,
s0domwo  @wqdlbogmeo s GHM3mbododnmo  8mbs3gdgdol  mobobds,  IYMBsT©Y
3b™30mMdb96 3069 39335L0MboL L3I s 396GHMIW MM Bsffocdo (BHEBLIsZ335L00L
doobfjobgmdo).
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3900 gdMwos InbsBEMYds, MM 3OMEGHMISOMZ3gMOM0 gbol ogmgs L3O s
3O0MEM-JoM0m-0569Ms dmbs ©ssbermgdom 2,600 s 4,200 feool fob (Klimov, 1998).
39996M9e0dobs s 0356m30L dobg3000 JoM39gd0L EOLOZMMMO OSEYJEHOL JoMmo300l
306390  GOws  ILOZWIN0M 5 BMHOOEIM-sld3w 0  3Mbgmol  adEIMdOL
3035OHMME9d00  ©0fhym  bmmo  smslfiergmeol 396 s oagz0ygzsbs 1356900l
Bodmyse0d9059g, MMmIgdoi goblobebgb sobogwgom G®mablgegzoliosdo. dubgowagbs
OJ0bob 3067993930056 5393806090990 9JL03s 1356IMLS s BBZs JsOIMZgE M 9bgdl Fmerols
de0g® AbS3L0s, J5F0b HMEgLsE 99(3905MGMBSLMD s39300MGOME0 FgMdobgdo Bogergds
9039390056 9MHMTsbgPL. gl TgodEgds JoMOMYOEIL, MM (3bM39gEgdol dMmTobom®mgds
9mbs MBOM 50O 3000607 I(3965M99d0Ls. s MM 399(3965M9MdOL A9B30MsMYdOL 3gHomdo
1356990 @S 3OMEHMJsOHNMB6YdO 339 3bMZOMdPDID 2ob39w 39390MWs.

JoOH 03906 9693BYg IMes3561539 boerbgdols d90amdo dmdMmsmds BOHowmgmol3gh
obg d90drgds Homdmzoaobmm: 1356900, FgaMgEgdo, WsHBYdo - ROOOEMImOLIYD s
JoOH 0390900 - BOHOOEM-50dMmbogegmolizgb (bw. 2 ¢).

PD

PK

PCK

15.0 12.5 10.0 7.5 50 2.5 0.0
thousands of years ago

Ly, 1. 93MsBomEo 96780l livy3gMemxsbol BowmygbgBozmo by mysbgdols s
by39Mmysbol Bsdmysgrodgdol msowgdoo (Pagel et al., 2013). 890m3mgdgdo: PD- 3Gm@m-

©M53007w0; PK- 36m@Em-§o00390memo; PU- 3Gm@m-m@Gsem®o; P1E- 3Gm@m-
0600mg30m3Mo; PA- 3Gm@m-s¢o@sv®o; PCK- 3Gm@m-Br360-350B5330960; P1Y - 36m@Em-

06990-0m303960.
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byye. 2- 5. L. 2-.

bm. 2. 5 - 300G MEM5300v)O ©5 3GMEMIOMNZ9wM 96gdbg dmms3stszg bsgbgdol
3900356393905 93BN 96950l Lry3gMmxsbolsgsb (ssbenmgdoom 12,000 - 15,000 femols
§06); ® - Jormgzgem® gbgdbg 9mes3s6d3g boembgdol grm3sE0s baMdemols 3sd0bsvMgdols
3960m©3d0 (s3bEmgdoom 12,000 - 10,000 fjerob §job); g - Joeoggargdol msbsdg®mazg
WMISF0S.
099m3gd900: G - JsM039¢gd0; M - 3ga6gegdo; L - ersbgdo; Z - bsbgdo
(3929 gd0+e3H9d0); PK - 360mEHMdot0y39¢900; PD - 360¢3)m00633000900.
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THE “WHEAT PUZZLE” AND KARTVELIANS ROUTE TO THE CAUCASUS
T. Beridze,
Institute of Molecular Genetics, Agricultural University of Georgia, Thilisi, Georgia
E-mail: t.beridze@agruni.edu.ge

Summary

Hexaploid wheat (Triticum aestivum L., genomes AABBDD) originated in South
Caucasus by allopolyploidization of the cultivated Emmer wheat T. dicoccum (genomes
AABB) with the Caucasian Ae. tauschii ssp strangulata (genomes DD). Genetic variation of
Ae. tauschii is an important natural resource, that is why it is of particular importance to
investigate how this variation was formed during Ae. tauschii evolutionary history and how it
is presented through the species area. The plasmon diversity that exists in Triticum and Aegilops
species is of great significance for understanding the evolution of these genera. In the present
investigation the complete nucleotide sequence of plasmon D (chloroplast DNA) of nine
accessions of Ae. tauschii and two accessions of Ae. cylindrica are presented. The phylogeny
tree shows that chloroplast DNA of TauL1 and TaulL2 diverged from the TauL3 lineage. TauL1
lineage is relatively older then TauL2. The position of Ae. cylindrica accessions on Ae. tauschii
phylogeny tree constructed on chloroplast DNA variation data is intermediate between TauLl
and TauL2.

Three types of plasmon (A, B and G) are present for genus Triticum. Plasmon B is
detected in polyploid species - Triticum turgidum L. and Triticum aestivum L. Complete
nucleotide sequences of chloroplast DNA of 11 representatives of Georgian wheat polyploid
species were determined. The phylogeny tree shows that subspecies macha, durum, carthlicum
and palaeocolchicum occupy different positions. According the simplified scheme based on
SNP and indel data the ancestral, female parent of all studied polyploid wheats is an unknown
X predecesor, from which four lines were formed.

The ‘Wheat Puzzle’ was termed the observation that wild predecessors of five Georgian
endemic wheat subspecies are found in Fertile crescent quite far from the South Caucasus
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(Gogniashvili, beridze, 2015; Beridze, 2019). Kartvelian language is one of the seven language
families of Eurasiatic superfamily, that may have arisen from a common ancestor over 15 kya
BP (Pagel et al., 2013). One of the possibility to explain ‘Wheat Puzzle’ is that speakers of
Protokartvelian language could be separated from Protoeurasiatic language speakers after
migration from Africa to the Arabian peninsula and later moved to the northern part of
Mesopotamia where wheat was
domesticated. Kartvelian speakers could migrate further to South Caucasus together

with domesticated wheat subspecies.
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ob dgomgdom sdmgligdygmo. @gdmb baliggo 9dgHgl dgdmbgggsdo bdodo dgdyliygaos,
dgbamnsdm@doligdols Goigbgo 4-5, 3OMEYJBogmo do@EYMds 2-5. m530m530 oM gybymse
Foogogl  @dogro  bo@dwols  mogmogl.  ggbgdo  gu®dm  g@dgao  ofgl,  dg@gbowe
3o@smganyg@a  dods@mygmo. agbgogds  dgooMgdom  gosdeom-gbosbo  @m@dgdogs.
0530530l gm®ds  9dgBglo® o obE@Y@os, YROM  0dgosms  momolGo®oligdydo.
03m530L Lopa®dg 6-14 13-0s. 2obgoms@mgdyao msgmybgdols Moibgo dgoygmdls 15 - 25-
deog. dod (335000 9393 gLowe 8o @0 BoOIobos, dod3genols 3ob0gd@ono
dmddygomgdymo. ggmbeolgdyg®o dgRg@gs aosiMogl. 3mblolgbios ®Jolgdygdo,
0dgosmo  bobggdoe  gdzomoligdy@o  (wogol  Fo@mdmgdol  bmbgddo,  do@zgoewo
ymggeomgols @Jobgoyg@o). 1000 Fo@garol sl 24-26 a@sdo. Logs@mggerm@o  ©ogs
Fomdmea gboanos @oeo IGsgomag@mgbgdbom ©s oy gboaos 9 Lobglbgomds.

1. Var. fuliginosum Zhuk - msgmsgo gbosbos, dgdgbygmo, dsgo-goggobombols @ogols
30370 5(30530.

2. Var. rubiginosum Zhuk - omosgmogo  gbosbos,  dgydglogo,  Fomgmo-doGomswo
Lobglbgomdos @ogzol yggers 3m3ygansosdo.

3. Var. stramineum Zhuk - omosgmogo gbosbos, dgydglogo, mgmdo, dgHbsgengdo
dobs®ggos ©ogols yggems 3cm3yasosdo.
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4. Var. osseticum Greb. - wmogmogo gbosbos, dgugdylbsgo, dogo-ggomgen  3mbby.
do (33500 Mg @0. hOHwoemgom 3037 s3090do gOm gy dobs®ggo
5. Var. darginicum Berg. & Muizh. - msgmsgo gbosbos, dggdglogo, dogo Fomgen x3mbby;
dod3goero Fomgmos; agbgogds owgliBobdo, Lods®mggenmdo dobs®ggoc.
6. Var. pseudo rubiginosum Zhuk - msgmsgo ggbosbos, dggdgbogo, Jomgemo, gbgdo dsgo
- Ladb@gom mlgmdo dJobodggowe
7. Var. nigrorubiginosum Flaksb. - msgmogo g3bosbos, dggdglbsago, Fomgao, goangdo dogo
>®doom, dodzgoo Fomgaro Ladb®gom mbgmol 3msymsizogddo.
8. Var. pseudo-stramineum Flaksb - dsgo gbgdom odgosm  dobsdggoc.
9. Var. dekaprelevitchi Sichar - gbosbo, dgdgbygemo, Ig@s mgm® gmbby - joengdo dsgo
>®doom. do@gogo Yomganos - @wydgmols Gsombdo 0'dgosm dobsdggow.
030l Lobglbgomdgbowsb yggansbyg dgBoe o303 e gdygmos: Jomgaro - Var.
rubiginosum Zhuk; ‘dsgo - Var fuliginosum Zhuk; mgo@o - Var stramineum Zhuk;
©0g4> dm0sbo bembols Bodoyg@o be@ds@os. ozol gogdgegdols dssg bmbsdo
(3. Lobo®yanodg) Fomgeo wogs uOM Js@smm3MmEeJdogeros, goeeg 53 babgmdol bbgs
Lobglbgomdgdo.  @sdogn  bmbsdo  gg@m  dspsgdmbsgamosbos  mgmeo  go@Igdo.
3030390 gd gm0 0gm ©ogol Lopaobogbymm Jg@msb ghmsp bodggo mglgs - sbgmo
OOYo  303Y@s305  23oOmsdm@olo s Labgmdosmsdm@olio botggo dmbobengmdsdo
“Jad@gaol” Lobgaom oym 3bmdogmo. wogol ao3dgegdol bmbs - begol mbowsb
900-1400 dg@B@os.
03> dgodgsbo  Lolbgegdaom  dobogns - 3anslBogygdo o Looggyeddarg
bo@dos@os.  dmoob  bmbsdo  dobo  sdydgds s ©od(oggds  bpgds  @odog
(9339053 9M5bg. 0glgo-dmygobols 3o@mdgbolowdo bsjamgdoe dmdmbmgbos. ggligbyg o@
0080905, 50533965005, bmygmgeb osgowgdoms 30350 (boEo®o, gobys, u0sxdyds)
do@ogn  asdd@gemdsl ohgbl. 0dygbodgdbg  Lgergdioolsl, @Gmam®E  badod®owobsiEom
3033mbgbBo, Loyggmgbm ddmdgero  gm@dss. 0go  gobaogoddamgmdols dg@o©  Janog®o
Vygodms,  @mdgmoi  Ig@oe  gbdodwgd  x0dgdbmseb  Igxgodgdomsiz  go  odanggs
3@5JBogymo© 0d9by® Rm@dgdl, ggsmgoysddmgs, 0@sbl sGIMLBgaml agsmgslisg. dobs
dodzgogmdo  164-18,5% @ogoos  @o  2,65-2,66% @obobo. o0po  om@mo@  xgeodegds
BIOO3MoyB xR0l bm@dmgdl  (dspoMo  bm@dsaro,  Gydaowydo,  sligno).

3oblbgoggd e a9bgBoga® Losbarmggl obgbls 3gJledemmopygdo xamxol Lbgswslbbgs
930&030L Fo®Imdoagban gdmasb.

0530mbgends  G®o@Gogmemads  jobs@od ogol dgxgodgdom  ggay@o  dnbo®E
oM 3gemgobmsb - Aegilops tauschii (sguarosa) dooeem 42-J@mdmbmdosbo Gdogno bo@denols
dbaoglbo  gem@ds. gl gogdo  aoblogym@gdomn bOwols 0bFgdgll o3  Lobgmdobswdo.
bobpy®ol s wogol  dmbsFoggmbom  Jowgdymos  IMsgoao  $IBOLOIEMOEO.
Jodmnaoggdol ImbsFoamgmdom dgddboanos LoFo@dmem dbodgbgermdbdols xodgdo (Runar,
PLS, Rang). ULsob@gdgbms ol god@o, @md @dogro bm@daols dgJdbsdo, @mdgeolss
goopglbo  g3mbmdogy®o  360dgbganmds oL,  dmbsfogmgmdes  Lsds@mggermls
HIO0HMB0bY Yg9Eoby FoANOR poFMEI@ISYEo Lobgmds - ©ogo.

T. macha Dekapr. & Men. - bo@dogoo dobs gognosbo dgJlsdmmopyco go@dss.
3o 39 bobgmdow oy gbogos go. ©gzo3Ggaggoholis s g. 3gbodwgl dog® 1930 §gaenls.
9dg9egbo  3oMggeswo  Lobgmdos, Gmdgenoi dgodemgds asbbogrygan 0dbgl, @mym®s
30mMAME030 s AMamA ;3 “Bmabomo [obsds®o” @@ gmmo Lobgbbgosmdgdobs. dobs
do@oMgdgeos ggenyy®o s 39 BOY@o bo®daol bodbgdols.

3. ©OMOMABJ930 5mbodbogl, GmI, Josbol, @mym@E 3oGggmo 3gJlsdermopy®o
bo@ogols Gmeno  s3godo  boglgdom  ©@sd@g03gdsemos. 2g®dsbgaro  G@odogmenmyols
3939306 mobobdoE, yggms dgdledemmoyg@o bo@dsao g9bgBogg®oe 0©gb@y®os, sjgm
Logdmm Fo@mdmdmds s dobol 203039 gbol mobsdgo®mgg s@gogo domo  yggemsby
939 glo s@gogoos.

. 0935309 gg0bo  dobsl  oboanogl  Gmamai  gOgdlom  Lobgmdsl ©s dobysb
359d0mgmgl m@ Lobgmodsb.

T. tubalicum Dekapr. - a35F> (396 gbgens, (g@o0ao) dobs, - 3569390036905 bobgg@ow
39O Lobgmdsl. dobo msgmsgo Fg@omo, a@dgmo ©s Bodo@os. IgBoe IFg@ggoeo.
53 Jagbobgmdsl bmgoghmo gm@dol msgmseggdo xg® gowgg daog® >@sdmIFoggdayge
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damds®gmdsdo ofygol IBg@gael. 3m@odm@gymo  Jggbobgmdss-dmoigegl gabm  ©s
Rbosb  dgdygbygar s Yggoglog,  mgeod s Fomgmmsgmogosh  gm@dgdl @
Lobglbgomdgdl. sefgdoeos 10 Lobglbgomds.

1. var. letshchumicum Dekapr. et Men. - mosgmsgo mgm@os, dggdglbogo, gbgdo a@dgeo -
od Lobgmdols do@omswo Lobglbgomdss.

2. var. megrelicum Men - omogmsgo gbosbos, dgygdglsgo  Fomgaro - 0dgosmo
Lobglbgomodoss.

3. var. submegrelicum Dekapr - mosgmogo bsbgg@oe gbosbo, dgydyglogo, Fomgaro,
0dg000m0 Lobglbgomdss.

4. var. subletshchumicum Dek. & Men. - mogmogo mgm@os, dgndglsego, gbosbo.

5. var. colchicum Dekapr. & Men. - msgmsgo gbosbo, dgndglogo, mgmeo, o0dgosmo
Lobglbgomodoss.

6. var. subcolchicum Dekapr. - msgmsgo bobggdo g3bosbo, dgydybsgo, mgm@o, 0dgosmo
Lobglbgomodose.

7. var. ibericum Dekapr. et Men. - mogmosgo gbosbo, dggdylogo, Fomgemo - dg@ow
0dgosmo Lobglbgomdss.

8. var. Scharashidze Men - msgmsgo gbm, dg9d9bsgo, mgm@o, 0dg0sm0 Lobglbgomdss.

9. var. georgium Dekapr. & Men - msgmogo ggbm, dgdglbsago, Fomgeno, 3g@ow 0dgosmo
Lobglbgomodoss.

10. var. eritziani Men - mogmogo mgm®o, ggbm ob dmgang gbgdom, dsgosh 0dgosmo
Lobglbgomodoss.

T. imereticum Dekapr. - hgen@s dobs. mogmogo godmm, ggbm, dmgerg, 3330030,
3330 935005305305b0, dog@sd IBgMg3o0mds YR bybEsw Mol godmbsbyao, gowmyg
ad3oVs dobodo. hgan@o dobosbomgol s g@ogmos 4 Lobglbgomds.

1. var. palaeoimereticum Dekapr. & Men - oogmogo bsbgg@oe gbosbo, dgudylbogo,
090 @0-Lobgmdols doGomswo Lobglbgomds.

2. var. Pleno-compressum Men - msgmosgo bobggdsabosbo, dggdglogo, mgm@do-0dgosmo
Lobglbgomobss.

3. var. rubiginosum Dekapr. & Men - mogmogo gbosbo, dgyuoglsgo, Foomgeo-3g@ee
0dgosmo Lobglbgomdss.

4. var. palaeocolchicum Dekapr. & Men - mosgmasgo ggbosbo, dgdylgao, mgmndo- dg@se
0dgosmo Labglbgomdse.

Jooomga @gdlbogmbdo dobsl gl m@o doMomswo BmAS 0BgM9b30MYoYOs,
OMa0O3 GYds@ogydo - “ago(s”, “Fgdomo”, “396@gbgans” s 0dg@g@ogndo go “hgen@s”
(B5M0MMS30530560) dobs. g. dgbsdwols @s o. 9gA0G0560L godmygaggoms msbobdo@ dobsls
M®039 B> 296903790 Tgmoglgdyermdsols 5ge0gbls Gdog be@dogmsb.

dobol m@0gg Lobgmods Gyosbo bmeools gzm@osdos, Fo@dmwygbogros Lodgdmoamdm
©s bobggdo Lodgdmeamdm gm@dgdom. gobgs Lmimgdols dodos®o bsjangdsw goddangs.
Lbogoolibgs 3m®@ds hofmaobswdo goblbgeggoyan asddgngmdsl sgegbl. Lbgoswslbgs
Lobgmdgdmeb dgxgomgdoliols Joomgds dGsgsmag@mgsbo Labgagiom dsbogns.
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ENDEMIC SPECIES AND VARIETIES OF THE GEORGIAN WHEAT
AND THEIR VALUE
Samadashvili Tsotne, Chkhutiashvili Gulnari
Scientific-Research Center of Agriculture, Thilisi,Georgia
E-mail: t.samadashvili@agruni.edu.ge

Summary

Since the most ancient times wheat was the major agricultural crop. Its domestication took place
about 10 000 years ago and after that it began to extend worldwide. Archeological excavations in
Georgia confirm that Georgians began cultivation of wheat 5 000 years ago. The first traces of farming
in Georgia are dated back to the Mesolith perid. According to the archaeological data there were
discovered — the burned residues of wheat, agricultural tools — mill millstones, sickles, etc. For this 5
thousand-year period the Georgian people created big variety of wheat species , unique in the world and
by that is confirmed that Georgia is one of the primary centers of origin of cultural wheat. It is also
confirmed by the fact that from among the cultural species entering a botanical genus of wheat on the
territory of Georgia are revealed and described 14 species that makes 70% of the cultural species
entering wheat genus. It is important to note that among species entering wheat genus 5 species are
endemic (autochthonic) for Georgia - Tr. timopheevii Zhuk, Tr. Karamyschevii Nevski, Tr. persicum
Vav., Tr. zhukovskyi Men. & Eriz, Tr. macha Dekapr. & Men. The fact that in Georgia are revealed
and described more than 154 species and more than 150 varieties which are native (autochthonic)
variety- populations also adds to it.

Georgia is known in the world as the homeland of immune wheat, such as - Tr. Timopheevii
and Tr. Zhukovckyi, are present at their genotype the genes defining cytoplasmatic male sterility of
TsMS.

Tr. Timopheevii, Tr. Zhukovckyii, Tr. Carthlicumi — are the carriers of genes which cause the high
content of protein and irreplaceable amino acids.

Tr. Carthlicumi is the carrier of a gene Q which defines an easy threshing ability and steady
stem of the ear.

A special place in the origin of soft wheat takes Tr. macha Dekapr. & Men. Tr. macha is a
prototype, the living ancestor of cultural varieties. It is the carrier of traits of wild and cultural wheat.
Tr. macha is the initial specie which gave rise to all cultural hexaploid wheats.

Itis noteworthy that on the basis of the Georgian endemic species are received eight new varieties.

D &
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279053 >engdlodg
domenmyools Igibog@gdoms wmJdmao, 3Omxglm@o, szogdogzmbo

Lodo®mggerml bogamol dg9y@bgmdols gEboggdsms s3owgdos, mdoaolio, LsJs@mgganm
E-mail:guram_aleksidze@yahoo.com

bo@doal  dbodgbganmgob  bosbl  5g4gbgdgh  dogbgdemgdo s @osgo©gdgdo,
Omdengdoi bgelbogdgao 3e0ds@ydo 3o0mmdgdol dgddbolsls dobmd®oge dMsgmwgdosh.
olbobo msgolo a5b30m5Mgd0l Mo30lgdyMgdgdosb Aodmdwobsdyg, >bosbgdgb womgliogn
do@(3gol o o@dmboigbl, dom  Bqlggdl, bofomo g0 ggagdHoG YO0 MGASbMmgdom
(39b3900, WgOM, BOIWE9d0) 03390905, MOMSGE 30MS306M 533009696 dmbogoels, bdo@sw
30 35l dogosbsw m935396. bofogro 37 g gd0ls, domo 30G0l MmAASbML msegoligdydgdooasb
3odm3eobomy, 339600990l [9{bol, bofomo 30 - @OEboL. ymggerogg odsl Ibodgbganmds
odgl  d@dmenol  Jodogdo  @mbolidogdgdols  asdmygbgdol  @mML, @owysb  bofowo
39LB0Eowgdols dmJdgegdl 3mbdsd@g®o, bofomo 3o - LobEgdgmo abom.

doenbg  db0dgbgermgsbos  oboE, @md  bo@owols  dogbgdangdls  3gsgm 9339
hodmygogodgdaeo d9bgdb@ogo IGGMgbdo, MmIagdoz oM 33gaero bgadgfymdbols 3o6Hmdgddo
o  Labodpgdamm ULoddgl 3909096, bmdoaos  kosdsogdol, IBs3gogmo  dgbgdols,
M JOMNgo@ @ gdol, IBo(39090 domaobxmgdol, 3s@sbodo IFgHgdols IMsgomo Lobgmds,
Omdgmms  3mbsa  ©s  bamgbgddo  dgbs@hbybgdsi  360Tgbgamgboe  goba3oMm™Mdgdls
dobogaol oigols s ggmemmpogeoe byggms 30meeydiool domgodst.

boJodmggeremTo boddmols 353690930056 5pbsb0Tbsg0s:

ggeols k@okobs (Melanogryllus desertus Pall.), Lodo@mngganmdo bo@daol gHo-gohmo
doogo®o  dogbgdgemos.  dolbo  do@Momoso  39Mgdo  @mgo@obgdbymos  s@dmbsgmgm
LoJo@mgganml ©sdgmd syomgddo, Lodfysgo LobEgdobs s a@ubdol (ymgdmsb
shaoml.

bodegogno  dogmygas 40gdosb doGomowo  bosbol dmd@Gobo mmbos:  Jo@mymo
A3o39b> (Agriotes gurjistanus L.), bomglols @3o39bs (A. sputatos L.), beogosbo @go3gbs (A.
lineatus L.) ©> 3530 Ggogbo (A. obscurus L.).

3O93ogm Y0 409gdo@sb LoJo@mggemdo doomsse 3 Lobgmdss yog@zge gdyano:
Lodobwols bembobs (Pedinus femoralis L.), ggerols bmbobs (Bleps haloplila F.) ©s Jgod@mdols
bembobs (Opatrus halophila F.).

39Lgbols d9bo (Mayetiola destructor Say) dol 3b0dgbgenmgobo  bosbo dmsggb. ol
3obLs 3gm@gdom 3ogM(3980gdgeos JoMmelbs s gobgmdo.

LoJo®mggermTo 30303980 9deos d9bgdols Lbgs Lobgmdsi: dggog®o (Oscinella
frit L), d{gobgmgogns (Chlorops pumilionis Bjerk.) s goboggbyanols (Phorbia genitalis Sc.).

JoO®bgao bgo@®gdo. Lo Jo®mgganmdo domo Modgbody Lobgmobos
393039 gdgo.  domysb  dgBo  Gobmgbmdomn s FgHo Podymgzomo  ImJdgogdom
aodmodhggs dgdmeamdols bomglgdol bgs@o®o (Agriotes segetum Den. & Schiff.)-

9L 3536969e00 FoMMMESS 203039 g0 bods@mggarml Ggbosh swaoagddo.

3oe0gdo. Lodo@mggarmdo dgBo godymeomo dmdgegdomn ysdmodhggosh sbogdo
(2o0dg8®™9gbo)  (Locusta migratoria L), do®mgmygeo  (Dociostaurus maroccanus Thngb.)s
0@o@oy®o (Calliptamus italicus L.) ©@o g3303@9®0 gogogdo (Anacridium aegyptum L.)-

o33 mgobms  gmmarols  dyadgbdowsb  360dgbganmgsbos 5 Lobgmds. domysb
doM(3g3emgobms oo dya®o (Sitobium avence F.), 3o 3gemgsabms hgggmgd®ogo dyga®o
(Schizaphis graminum R.).

Jg@ol dga®o, Gmdgmos, 5dgedee bom@dmol Ggbygmo dga®ol (Diuraphis noxia
Mord.) Lobgamomss  gbmdogno.  asoblogym@gdom  s@dmbsgegon  Lads®mggamdos
>0bodbyano (1998F.), dmeglsi Logodgxmbs s goMesadbol Mo0mbgddo bo@deols 40-
50% oge sbosbgdyao.
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d960900L  god@ogagdols  Igdbeygoggmo  godBm@gdos dsmo  dybgd@ogo  IF@gdo:
405350900, MJOMNgs@y@gdo, dGo3gdgero d9bgdo, 3oMsbo@gdo GMImgdoi by lsy®gen
300md95do dbodgbgenmgbsw 533009096 oo @oiEbmgbmdsls.

o>mdmbagagm LoJo®mggemdo @ga0lB®omgdygms d9bgddogo 3@®gdols 12 Lobgmds,
OMIgemogsb 10 dGogogeos (5 Lobgmds g39mgbols mysbls Coccinellidae, bomgnem mxsbgdo
Cecidomyiidae, Chamaemyiidae, Chrysopidae, Syrphidae s Trombidiidae {o®dmwpgbognos momm
Lobgmbdom) s 3o@sboBgools 2 Lobgmds (Aphelimus asychis Walker and Aphelinus sp.).

$0o-V90d9aws (Oulema melanopus L.). 353bgogswo 360dgbgarmgbowas gogdgmgdgsmo
5dmbogemgom bodo@mggarml ©sdemd bmbsdo. dsl wowo bosbo dmsodgh aobogbyeols
bomglgdolomgol, bogengdoe - Lodgdmeamdem bo@dgolomgols.

390l doeobxmgdo bogdome oo 9o®ymxzomno db0dgbgermdols dogbgdangdos.
domgob godmo®bggs dogby 39lgda®s (Eurygaster integriceps Put.)-

390l bmdmgdo  mogmogosbo g @y@gdol  bg@ombymo  dogbgdegdos,
3obbsgnm@gdom, domo dobmod@mogo 33530 gd0ls 396G 0mdo. LsJo®mggenmdo
353039 gdg@os 390l bmdmgdol dgdpgao bobgmdgdo: wowo 39@ols bodm (Anisoplia
austriaca major Reitter); 0goOROmosbo bmdke (A. leucaspis Lap.); gy go®ogo xgodmbobo
(A. agricola Poda); ogobboli xgo@mbobo (A, alazanica Zaitz.); dobxagemosbo xgodmlbsbo (A.
signata Fald.); 3o34obog®0 xgo®mbobo (A. farraria Er.)-

5535093930056 36033bgemgsbos:
e bm®deol dgBogo obyy Lggamo ayeegdy@oe (Tilletia tritici (Bjerk) Wint. oo
Tilletia  levis  Kithn). gU 055350 9d> LoJo®mggenmdo 4g9e0aobos

239303909090, bos 3o bo®daol 3ymm@yasl sfomdmgdgb, s msogolio

9406mdogn@o  360dgbgamdom JoMggen S0 bg asl A YLexndyYBmgeb
553509096 L dm@ob.

o bm®dol IBg@osbs aysxdy@o (Ustilago tritici (Pers.) Rostr.). bogs@mggaremdo
439805655 3530390900, 9ROM JgRoe - asbogbymmols bomgligddo.

e bo@dmol gAMb  yysgdyds (Urocystis tritici Korn) Pggbl  s06mdgddo
0930005055 25303980 gd o s d300g dogbgmdom asdmomdbhggs.

e boddwmol  @gdmb  gobys  (Puccinia graminis  Pers.). ol gobamgobo
05535090g6005b gggmabyg IgBowss 23039 gdygao hggbl do®mdgddo ©s
Lo Mdbmd bo®omloi 9949690l bo@dgols bomgligdl.

e bm@dmol IyAs  gobys (Puccinia recondita f. sp. tritici (E. & E.H.) Hend.)
bododmggemBo  aogdgmydgmos  gggmpob,  Logeg g0 bo®dols
3G YO >FoBdmgdgb.

e bo@dmol  yggomgemo  gobas  (Puccinia  striiformis  West.)  dgHoos
298039090905 Jodmeols Ggaombdo.

o bodd@ols bs3o®o (Erisiphe graminis DC. f. sp. tritici March.) Logo®mggenmdo

43905b 33bggds, @M dg@o 4o - domsmdmosh S0 gddo, Lowsi
by d9dmbgggedo, Logdosme oo bosbo dgydanos dosygbmls d39bsmgl.

e bm®dmol y3@m@ombo bodo@mggarmdo m@o Lobgmds agbgrgds - Septoria
gremineum Desm. ©o S. nodorum Berk.

e bo®dmol  ggbsGombo (Fusarium graminearum Schw.) gogO(3gegdgeos
4390a5b, Lo bm@doals oFo®dmgdgb.

e dog30 d5JBg@m0ombo (Xanthomonas campestris pv. undulosa (Smith et al.) Dye) obggq
ROOMMESS A53M (390 JOYEDO.

° 150(338(‘05{)?)(*)8(*) 1‘)(")(4)652)()1) ((ﬁ”{]b”ﬂ@()) 8(‘0%0()60 (Winter Wheat Russian Mosaic
Virus (WWRMV)) bodo®mggeoml ddsgsg @s0mbdos ogd(39e0gdegeoo.

e bo@dmol babycdo dmboogs (Wheat Spindle Streak Mosaic Virus (WSSMV))
2030392090900 LoJo®mggaml ddsgom @oombdo.
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(256Loggm®gdomn §g0dosbo aobogbymols 306HmdgdTdo) sa®gmgg be@demgsbms bsi®ols,
Jobagool o gggbgol  Lowsddgnggdol aodmbsgmgbow. dya@gdol s@Lgdmdolols (8-10
0bpogoo 1 3396009y, o6 AMEs wolsbargdymos I3gbsdgms 25-30%-bg dg@o) GHo®wgds
0,2% 60-58-0ls dglby@gds, @Fgoagdols (10-12 beoke 1 32-%3), bgdbogbols (30-50 d>@ewo 92-
bg), ¥00-09@dganols (5-10 bokem #-bg, bogem ds@mo s 33903bgdo 3-5 gogmo P-by o6
O lo ©osbosbgdygemos 33gbs@gms gmmagdols 10%) Fobsomdwgy @omegds 0,03-0,05%
300 9BOMoEE0 30935053 Jd0m ©sdYdoggds. ©o0g50gdgdols asdmgangbols dgdmbgggsdo
bogos 0,15% dsogog@mbols (0,5-1 3a/3s) ob gmenmowydo amyodol bobogols dglbymgds.
50bodbyao Fodgmds Loko®mgdol dgdmbgggsdo 9bos gobdgm@mgl.

0dogoydo  gogmooll  Mgbg@ge0gddo  9x9dHucdos  wg@olbol 56 dobo
‘d9933e0gergdols glbydgds 600 a-35/by

@dolgd@-3goeolgd@o Lodfogol Ksbsdo — dya®gdols, 39y@ol beodmgdols (3,5 92-
bg) beo@danols bgs@o@ols (10-20 ds@ero 100 mogmsgbyg), 39@ol dbyoasls Foboowdwgy (3-
5 bodem 82—%3) 5930 gogeos 0,2% 60-58 ob Lbgs 3Mg3s@s@godols dgbby@gds. 3ol
bodmgdols Foboowdegy xg® ©odydogrgds bosdo®gdo, dgdrgy dogbgdangdols go®mm
398039 gdolols Lokodms dobmd@mog (odmmdbdoby gomslgams.

THE MAIN PESTS AND DISEASES OF WHEAT AND CONTROL MEASURES AGAINSTS
THEM

Dr. Guram Aleksidze
Doctor of Biological Sciences, Professor, Academician
Georgian Academy of Agricultural Sciences
E-mail:guram_aleksidze@yahoo.com

Deseases and pests are particularly harmful to wheat which multiply massively very fast when
they have suitable climate conditions. Tipically, they damage sown grain and seedlings, also its roots,
some of them are fed on parts of the wheat, such as root, stem and leaves, which directly affect on
guantity of crop, and often totally parish it. Part of the insects due to their biological specificity of their
mouth, suck the plants, others just gnow.

Knowledge and analysis of above said is very important when we apply chemical measures
against them, because part of the pesticides act as contact, and others — in a systemic way.

Also, it is very important to note, that wheat pests have their natural enemies which, in favorable
conditions are very useful. They are predator flies, ladybugs, dragon flies, predator mites, predator bugs,
different species of parasite insects and others. Knowledge about them and keeping them in planted
areas determine protection of crop and getting ecologically pure products.

The following wheat pests are recorded in Georgia:

Melano gryllusdesertus Pal. is one of the major wheat pest in Georgia. Its main places of spread
are localized in the lowlands of East Georgia, near to irrigation systems and underground waters.

Among the True wire worms real damage can incur four of them: Agriotes gurjistanus L., A.
sputatos L., A. lineatus L., and A. obscurus L.

Among the fulse worms three main species are common: Pedinus femoralis L., Bleps haloplila
F., and Opatrus halophila F. They are spread in Kartli and Kakheti Regions.

Hessen Fly - Mayetiola destructor Say. brings considerable harm and is dominanly spread in the
same Regions.

There are also other species of flies in Georgia, such as Swiss- Oscnella frit L. Greeneyed
Chlorops pumilionis Bjerk., and a Springfly — Phorbia genetalis Sc.

Cutworms. There are a few species of them typically spread in Georgia. Among them are
Autumn cutworm —Agriotes segetum Den. &Schiff stands out as having one of the most negative effect.

This pest is widely spread in humid places of Georgia
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Locusts. There are several varieties of grasshoppers in Georgia and among them the most
negative effect have the following ones: Morocco locusts: Dociostaurus maroccanus Thugb., Italian-
Calliptamus italicus L., and Egiptian locusts Anacridium aegyptum L.

Among the cereals leaf aphids—five species are most important: a Big aphid—Sitobium avence
F., Grain common aphid —Schizaphis graminum R.

Barley aphid which is known under the name of Russian wheat aphid— Diuraphis noxia Mord.
is mainly noted in East Georgia.

The following factors which limit aphids multiplication are its natural enemies: Ladybeetle,
Dragonfly, Predator flies, Parasites, which in favorable conditions consierably limit aphids number.

12 species of natural enemies were registered in East Georgia, from which 10 are predators (5
species belong to the family of Coccinellidae, while the families Cecidomyiidae, Chamaemyiidae,
Chrysopidae, Syrphidae and Trombidiidae are represented by one species each) and 2 species -
parasitoids (Aphelimus asychis Walker and Aphelinus sp.).

Cereal leaf beetle — Oulema melanopa L. is spread widely in lowerplaces of East Georgia. It
brings considerable damage to Spring crops, and less to winter wheat.

Bugs — assasin bugs are very negative vermins due to its results. Among them Eurygaster
integriceps Put. - stands out.

Bread Bugs are one of the serious dangerous pests for cereals, in particular, during the period of
their massive population.

In Georgia, the following types of bread bugs are spread: a big bread bug- Anisoplia autriaca
Reitte., white wing bug — A. Leucaspis Lap., A. Agricola Poda., A. Alazanica Zaitz., A. Signata Fald.;
A. Farraria Er.

The most dangerous Wheat Diseases are:

Wheat stingy or wets mut— Tilletia tritici Wint. And Tilletia levis Kiihn.

These diseases are spread in almost every place where wheat is developed in Georgia, and it is
noted as one among other deseases according to its negative economic effect.

Wheat dusts smut — Ustilago tritici Rostr. can be found throughout Georgia, and predominantly
in spring time under crop sowings.

Wheat stems smut — Urocystis tritici Kérn. seldom appears in our counry and is distinguished
by its less harmfulness.

Wheat stem rust — Puccinia graminis f. sp. tritici is the most common among rusty deseases and
incurs considerable damage to wheat crops.

Wheat dark rust — Puccinia recondita can be found in every wheat crop places.

Wheat yellow rust—Puccinia striiformis is mostly spread in Kartli region.

Wheat oidium- Erisiphe graminis f. sp. tritici is also wide spread, but mostly in mountainous
regions where it can cause big damage to the plant.

Wheat Septorioz. There are two species: one is Septoria gremineum and the other is S. nodorum.

Wheat Fuzarioz—Fusarium graminearum Schw. widely spread in every place wheat is grown.

Black bacterios — Xanthomonas campestris pv. translucensis also widely spread.

Winter wheat (Russian) Mosaic — Winter wheat Russian Mosaics Virus is common in many
regions of Georgia.

Wheat Spindle streak Mosaic Virus (WSSMV) also can be found in many regions.

Control measures:

Before and during ripanin of crop a study of grain aphids and leaf flies should be carried out,
and in paticular in spring grains. Those measures are necessary to reveal wheat pests, also grain rust and
root rot. In case of identification of aphids existance (8-10 samples per plant, or when 25-30 % of plants
are sattled), there are some measures, such as using 0.2% Bi -58. Cereal leaf beetles (10-12 beetles in 1
m?), wheat bugs (5-10 m?), in case of larva or eggs 3-5 m?, or when 10% of plant leave are damaged. In
this case, 0.03-0.05% pyretroids are used. When deseas is reveiled, the plants are treated with 0.15%
baileton (0.5 -1 kg/ha) or coloid sulphat mixture. In case of necessity, the treatments hould be repeated.

In the reservations of locusts, it is effective to treat with pesticide decesis or similar others.

When wheat is in the phase of ripening, against aphids, wheat bugs, (on 3.5 m?), wheat moth
(10-20 larve on each wheat), wheat buzzer (3-5 bugs on per m?),it is necessary to spray 0.2 Bi-58 or use
other preparates.
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MORPHOPHYSIOLOGICAL TRAITS OF WHEAT GENOTYPES UNDER
DROUGHT

S.A.Abdulbagiyeva, F.A.Ahmadova
Research Institute of Crop Husbandry of the Ministry of Agriculture of the Azerbaijan Republic, Baku,
E-mail:sevda_30@mail.ru

Global climate changes, uneven precipitation leading to drought and semi-drought in some
places and above-normal precipitation in others create difficulties in ensuring food security and are
considered to be negative factors affecting plant productivity [1; 2; 3]. In spite of the recent progress in
the selection of drought-tolerant wheat varieties [4; 5], long-term drought leads to famine, epidemics,
drying up perennial water sources, worsening food supply of the population and in general, weakens
economic development [6].

In Azerbaijan, the half of the wheat sown area is in rainfed, dry and partly moistened regions.

Therefore, the ecological factors of these regions should be considered for obtaining high-quality
production from these varieties. Frequent droughts, widespread diseases in wheat varieties cause a loss
in the production and decrease its quality. Considering that wheat is an important, strategical plant
ensuring food security, selection of new, intensive, tolerant to biotic and abiotic factors wheat varieties
that are suitable for the ecological conditions of the regions and applying them to the production is very
actual for the development of grain growing. Recent researches are focused on increasing drought
tolerance as well as the quality of wheat varieties [7; 8; 9].

The share of the variety among other agro-methods is 20-28%, and under extreme weather
conditions (severe winter, drought, epiphytotic diseases) the variety plays a crucial role in increasing
productivity.

The major purpose of the study was applying various methods for revealing highly productive
durum and bread wheat genotypes with stable productivity under rainfed and irrigated conditions and
using them in the selection process as initial materials.

Materials and Methods. Phenological observations were performed according to Kuperman
[10]. Chlorophyll a, b and carotenoids of leaf extracts were determined spectrophotometrically (Genesys
20, Thermo Scientific, USA) in 96% ethanol at 664, 648, 470 nm, respectively, and expressed as mg/g
fresh weight [11]. Productivity was determined using sheaves taken from a unit area.

Results and Discussion. Drought tolerance of 10 regionalized and perspective wheat varieties
(3 durum and 7 bread varieties) differing in architectonics and other indices has been studied.
Perspective wheat varieties introduced from various international centers and chosen from nurseries
(12"FAWWON No097 vo 4"FEFWSN No50) were used as the study objects along with local genotypes.
Structural analysis of the production was performed and morphological traits of watered and drought-
exposed plants were compared.
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Figure 1. Effect of the drought stress on the height of wheat genotypes, cm

The height of genotypes, which not only depends on genetic properties but also on the
cultivation conditions, decreased in all genotypes exposed to drought, which is mainly attributed to the
decrease in the length of upper internodes.

The height of watered and drought exposed plants ranged from 76.6 to 95.6 cm and 74.8-93.8
cm during vegetation, respectively, which indicates 0.47-11.8% decrease due to drought (Figure 1). The
smallest decrease was observed in Garagylchyg 2 (0.40%) and Azamatli 95, whereas the largest decrease
was detected in the Nurlu 99 (10.0%) and Tartar (8.40 %) varieties.

The level of the development and physiological state of the photosynthetic apparatus, formation
and harvesting potential of the production under various cultivation conditions can be assessed based on
pigment amounts. Amounts of chlorophyll a, b and carotenoids were determined in the VIII tier leaves
of watered and drought exposed wheat genotypes, during the heading, milk ripening and, wax ripening
phases. Drought caused the plastid destruction leading to the chlorophyll content decline. The
chlorophyll a content was found to decrease more sharply compared with chlorophyll b under drought.

The chlorophyll a content in the durum wheat genotype Barakatli 95 (in respective phases, 19.7,
16.6 and 35.6%) and the bread wheat genotype Gyrmyzy gul 1 (in respective phases, 21.9, 15.3, and
39.5%) decreased more sharply compared with other genotypes during all phases. The chlorophyll b
content decreased less in the durum wheat genotype Tartar (in respective phases, 11.0, 7.30 and 14.2%)
and in the bread wheat genotype 4"FEFWSN 50 (in respective phases, 4.83, 10.8 and 9.20%) (Figures
2a and 2b).
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Kar(x+c) Heading Kar(x+c) Milk ripening Kar(x+c) Wax ripening

Figure 2 (a). Chlorophyll content in the V111 tier leaves of wheat varieties (watered), mg/g fresh
weight.
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Figure 2 (b). Chlorophyll content in the VIII tier leaves of wheat varieties (drought), mg/g fresh
weight.

The amounts of pigments decreased in all genotypes exposed to drought and the largest decrease
in chlorophyll (a+b) was observed in the durum wheat variety Barakatli 95 (in respective phases, 19.2,
25.2 and 31.9%), and bread wheat variety Gyrmyzy gul 1 (in respective phases, 21.8, 24.5 and 37.8%).
The highest chlorophyll (a+b) amount was observed in watered variants of Gyrmyzy gul 1 and Barakatli
95.

The amount of the photosynthetic pigments were determined also in the VI1II tier leaves of the
same genotypes in regions with contrasting climate conditions: Gobustan (drylands, rainfed) Jalilabad
(plains, rainfed), Absheron (irrigated). The amounts of the photosynthetic pigments decreased under
rainfed conditions compared with irrigated ones (Figure 3). The largest amount for chlorophyll a was
detected in the Gyrmyzy gul 1, 4"FEFWSN 50 and 12"FAWWON 97 (respectively, 9.739, 9.171 and
9.068 mg/g fresh weight) genotypes under irrigated conditions. Under rainfed conditions, the
chlorophyll a content decreased more in the Gyrmyzy gul 1 and Garagylchyg 2 varieties (respectively,
in Gobustan 2.302 and 2.979 mg/g fresh weight, Jalilabad 2.096 and 2.737 mg/g fresh weight) exposed
to drought. Whereas, a weak effect of drought on the chlorophyll a amount was detected in the Azamatli
95 and Gobustan varieties. The amount of chlorophyll b changed under drought in the range of 0.033-
2.398 mg/g fresh weight and 0.057-2.175 mg/g fresh weight in the Gobustan and Jalilabad regions,
respectively. The carotenoid content also decreased in all studied varieties under rainfed conditions.

Spike elements, such as spike mass, the number of grains per spike and the mass of grains per
spike are considered to be sensitive to drought, whereas, the length, width of spike and the number of
spikelets per spike are less sensitive elements. A greater decrease in these parameters was found in the
bread wheat variety 4"FEFWSN No50 (38, 33 and 44%), and relatively less decreases were found in
the Barakatli 95, Tartar and Gobustan genotypes.
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Figure 3. Chlorophyll content in the V111 tier leaves of wheat varieties in various regions, mg/g
fresh weight.

1000 kernel mass was higher in the durum wheat varieties compared with bread wheat varieties
and under both conditions, this parameter was greater in the Garagylchyg 2 variety (respectively, 53.0
and 49.3 g), which can be attributed to the decrease in the amount of photoassimilates transported to
grain under drought. High grain yield was found in the durum wheat varieties Barakatli 95 and Tartar,
which ranged under irrigated conditions from 626 to 696 g/m? and under drought from 547 to 603 g/m?.
Higher productivity was observed in the bread wheat varieties Gobustan (650 and 600 g/m?) and
Azamatli 95 (625 va 595 g/m?) compared with other bread wheat varieties. A greater decrease in grain
yield was observed in the Giymatli 2/17 (94.0 g), Tartar (103 g), Barakatli 95 (93.0 g) genotypes, a less
decrease was detected in the Nurlu 99 (30.0 g) and Gragylchyg 2 (36.0 g) varieties (Figure 4).

The productivity index expresses the transportation degree of the assimilates accumulated in
vegetative organs. The results of our research showed that the average productivity index was higher in
the bread wheat varieties compared with durum wheat genotypes and this parameter was lower in tall
genotypes than in medium genotypes. In both variants productivity index was higher in the Gyrmyzy
gul 1 (respectively, 0.36 and 0.35) and Gobustan (respectively, 0.34 and 0.34) genotypes.
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Figure 4. Decrease in productivity of wheat genotypes exposed to drought stress, g/m?

Some agromorphological indices of the wheat genotypes have also been studied. The grain
filling phase (the duration from heading to complete maturation of grains) ranged from 35 to 45 days.
The shortest duration of this phase was found for Garagylchyg 2 (37 days) and the longest for the Nurlu
99, Azamatli 95 and Guneshli (43 days) genotypes.
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The linear relationship between spike elements and productivity was studied using SPSS 16.1
program (Table 1.). A positive and strong correlation was detected between the plant height and
biological productivity, between biological productivity and grain yield and the spike length, between
the grain yield and the number and mass of grains per spike.

Linear relationship between spike elements and productivity of wheat varieties
Table. 1.

M
1000 G
PH BP GP NP KW LS WS NS MS NGS | S

PH | 1

BP | 0.366 1

GP | 0.092 | 0.695™ 1

NP - 1
0.088 0.132 0.126

0.018 | 0.017 0.039 -0.253 1

LS x * . - 1
0.158 | 0.330 0.373" | 0.421 0.391"*
WS - o . 1
0.294 0.033 | 0.415 -0.092 | 0.371 0.150
NS - - . o 1
0.039 0.093 0.271 0.468" 0.514 0.064 | 0.579
MS - HK * *K 1
0.186 0.106 0.264 -0.012 | 0.443 0.113 | 0.367 0.486
NGS - 1

0.388 | 0.079 | 0.522" | -0.254 | 0.362" | 0.027 | 0.697"" | 0.661™ | 0.515™

*%

MGS 01_73 0.182 | 0.501™ | -0.273 | 0.582" | 0.080 | 0.694™ | 0.765™ | 0.553™ | 0.879™ 1

Note: Abbreviations are as follows: PH-plant height, BP-biological productivity, GP-grain
productivity, NP- the number of plant, TKW-1000 kernel weight, LS-length of spike, WS- width
of spike, NS- the number of spikelets, MS- the mass of spike, NGS - the number of grains per
spike, MGS - the mass of the grains per spike.

1000 kernel weight positively correlated with the spike width, the number of spikelets per spike,
the mass of spike, the number and mass of grains per spike. A positive and strong correlation was
observed between the spike width and the number of spikelets per spike, the spike mass, the number of
grains per spike and the mass of grains; between the number of spikelets per spike and the mass of spike;
between the number of grains per spike and the mass of grains per spike. The most positive and strongest
correlation was found between the mass and the number of grains (0.879) and the number of spikelets
per spike (0.765™).

Thus, water stress (drought) retarded the growth of the wheat genotypes and decreased indices
of the structural elements (biological productivity, the spike mass, the number of spikelets per spike, the
number and mass of grains per spike, 1000 kernel weight) of production. The decrease in grain yield
was found to be 13.0-103 g in durum and 30.0-123 g in bread wheat genotypes under drought conditions.
Drought caused decreases in amounts of chlorophyll a, b, (a+b) and carotenoids.

107




References.
1. FAO. Climate Change and Food Security: A Framework Document. Rome: Food and Agriculture
Organization of the United Nations 2008
2. Reynolds M.P., Ortiz R. Adapting crops to climate changes a summary. In.Reynolds M.P. (ed.)
Climate change and Crop Production. CABI series in climate change v.I.Chippenam:CPI; 2010,pp.1-8.
3. Silva E.S., Nogueira RIMS, Silva M.A., Albuquerque M.B. Drougth stress and plant nutrition. //
Plant Stress. 2011, 5 (1), pp.32-41
4. Bennett DJ, Jennings RC. Successful agricultural innovation in emerging economies: new genetic
technologies for global food production: Cambridge University Press; 2013.
5. Chapman SC, Chakraborty S, Dreccer MF, Howden SM. Plant adaptation to climate change—
opportunities and priorities in breeding. Crop and Pasture Science. 2012; 63(3):251-68
6. Karim MR, Rahman MA. Drought risk management for increased cereal production in Asia least
developed countries.Weather and Climate Extremes.2014. http://dx.doi.org/10.1016/j.wace.2014.10. 004.
7. Abugaliyeva A.l., Kapshakbayeva G.A. Evaluation of the source material for grain quality. / 1st
Central Asian Conference on Wheat. Almaty city, 2003, p.197 (in Russian).
8. Kurbanov G.K., Umarova M.M. Valuable varieties for the selection of wheat for quality. / 1st Central
Asian Conference on Wheat. Almaty city, 2003, p.199 (in Russian).
9. Urazaliyev R.A., Ashirbayeva S.A., Abugaliyeva A.l. Winter durum wheat. Grain quality, yield and
stability of their formation. Wheat Grain Quality in Central Asia, CIMMYT, 2003, pp.79-83 (in
Russian).
10. Kuperman, F.M. Morphophysiology of plants. Morphophysiological analysis of the stages of
organogenesis of various life forms of angiosperms. Tutorial for students of biol. specialist. Univ., 4th
ed. Reissued and Supplemented., M., Vys. Shk., 1984, p.204 (in Russian).
11. Lichtenthaler H.K. Clorophyll and carotenoid pigments of photosynthetic biomembranes. Methods
Enzymol. 1987. V. 148. pp.350-382.

MORPHOPHYSIOLOGICAL TRAITS OF WHEAT GENOTYPES UNDER DROUGHT
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Research Institute of Crop Husbandry of the Ministry of Agriculture of the Azerbaijan Republic, Baku,
E-mail:sevda_30@mail.ru

Summary

To determine drought tolerance of 10 wheat varieties (3 durum and 7 bread) differing in
architectonics, the research was performed under normal and drought conditions.

The reduction in the plant height due to cultivation conditions rather than genetic properties of
the genotypes occurred because of the decreasing length of upper internodes by 0.47-9.51%. Structural
components of the product were determined. The greatest reduction in above-ground dry biomass per unit
of the field was detected in Barakatli 95and Garagylchyg 2 genotypes.

The amounts of pigments were determined to evaluate the level of the photosynthetic apparatus
development, its physiological state, formation and accumulation potential of the product. The content of
chlorophyll a, b and carotenoids was determined during the grain forming, milk ripening, and wax ripening
phases. Green plastides were broken down and chlorophyll content decreased under drought. Chlorophyll
a content decreased more sharply compared with chlorophyll b. Chlorophyll a content decreased more
sharply in all phases in the durum variety Barakatli 95 (during the phases, respectively, 19.7; 16.6 vo
35.6%) and bread variety Gyrmyzy gul 1 (21.9; 15.3 va 39.5%). Chlorophyll b amount decreased less in
the durum variety Tartar (11.0; 7.30 vo 14.2%) and bread variety 4"FEFWSN-50 (4.83; 10.8 vo 9.20%).

Amounts of the photosynthetic pigments were determined in various regions (Gobustan and
Jalilabad Regional Experimental Stations). Chlorophyll a content decreased more in the Gyrmyzy gul 1
and Garagylchyg 2 varieties (in Gobustan: 2.302 and 2.979 mg/g fresh weight) in Jalilabad: 2.096 and
2.737 mg/g fresh weight) under rainfed conditions. Drought had a relatively less impact on chlorophyll a
content in the Azamatli 95 and Gobustan varieties. Chlorophyll b content ranged from 0.033 to 2.398 mg/g
fresh weight in Gobustan and from 0.057 to 2.175 mg/g fresh weight in Jalilabad, whereas the content of
carotenoids did not decrease.
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YInstitute of Moelcular Biology and Biotechology, Azerbaijan National Academy of Sciences, Baku,
Azerbaijan
Research Institute of Crop Hasbandry Ministry of Agriculture of Azerbaijan Republic, Baku,
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E-mail: tofig1968@mail.ru
Introduction.

Wheat (Triticum L..) is one of the most important cereal crops in global agriculture. Worldwide,
wheat is grown in 220 million hectares, grain production amounted to 768 million tons in 2019.
(http://www.worldagriculturalproduction.com/crops/wheat.aspx). In Azerbaijan, wheat is the main
agricultural crop, is widely cultivated, the annual demand per person is 180-200 kg. The assumed centre
of origin of cultivated diploid, tetraploid and hexaploid wheats is the Fertile Crescent, a region extending
from south-western Iran, through the Tigris and Euphrates basins in northern Iraq and south-eastern
Turkey extending to central Israel and Jordan (Peng et al., 2011). Modern wheat cultivars usually refer
to two species: hexaploid bread wheat, Triticum aestivum (2n = 6x =42, AABBDD) and tetraploid, hard
or durum-type wheat, Triticum durum (2n = 4x = 28, AABB) used for macaroni and low-rising bread.
Global climate change scenarios, rapid growth of world population require wheat improvement in
productivity and in resistance to adverse biotic and abiotic stresses. Wheat improvement is achieved by
conventional breeding, modern biotechnological tools (doubled haploid wheat, synthetic wheat and etc.)
(Varshney et al., 2009; Tadesse et al., 2013; Rosyara et al., 2019), results in the collection of favorable
genes in the genome. Physiological and biochemical techniques have potential to increase selection
efficiency, securing stress tolerance that may be lost during empirical selection (Tiwari et al., 2014).
Over the years, many physiological, morphological and developmental traits have been suggested to be
useful in improving of wheat for drought tolerance (Quarrie et al., 1999; Wright and Rachaputi, 2004).
Yield formation in cereals is derived from an intricate balance between yield components development,
source to sink communication, crop assimilation and assimilate transport-linked to crop phenology and
plant architecture (Reynolds, 2012). Knowledge of phenotypic traits contributing to improved yields
under stress is fundamental to the understanding of the complex physiological and genetic mechanisms
of wheat adaptability (Reynolds et al., 2005).

Drought is the most important limiting factor for wheat production and quality. Recurrent
drought associated with climate change is among the principal constraints to global productivity of
wheat (Mwadzingeni et al., 2016). Drought stress decreases photosynthetic rate, restricts plant growth,
and leads to a decrease in yield ranging from 13 to 94% (Farooq et al., 2009).

We aimed to study the effect of drought stress on some physiological traits, grain yield and
yield components of durum and bread wheat genotypes.

Material and methods

Field experiments were conducted during the 2014/15 growing seasons at the Research Institute
of Crop Husbandry, located in the Apsheron peninsula, Baku. Plant materials consisted of 8 durum
wheat (Triticum durum Desf.) and 14 bread wheat (Triticum aestivum L.) genotypes. Sowing was
performed in the third decade of October, at an average density of 400 seeds/m? with mechanical planter
in 1.05 x 10 m plots, consisting of 7 rows placed 15 cm apart. Genotypes were grown in irrigated and
non-irrigated plots with three replications. Irrigated plots were watered after the appearance of seedlings,
at the stem elongation, anthesis and grain filling stages. Non-irigated plots were not watered during
ontogeny. Gas exchange parameters (photosynthesis rate- P, stomatal conductance- g,
intercellular CO; concentration- C; and transpiration rate- E) were measured using LI-COR 6400 XT
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Portable Photosynthesis System (LI-COR Biosciences, Lincoln, NE, USA). The mesophyll conductance
(gm) was calculated as the ratio of P, to C;, water use efficiency (WUE) was calculated as the ratio of P,
to E. Leaf chlorophyll a, b contents were determined following the method of Lichtenthaler (1987), with
little modifications. Absorbance of the supernatant was recorded at 664 nm for Chl a, at 648 for Chl b,
spectrophotometrically (Genesys 20, Thermo Scientific, USA). Leaf area per stem (LAS), also projected
area of stem multiplied by 3.14 according to Kvét and Marshall (1971), and spike multiplied by 2
according to Alvaro et al. (2008) were measured with an area meter (AAC-400, Hayashi Denkon Co,
LTD, Japan). Dry mass was measured after oven drying samples at 105°C for 24 h. Dry matter
remobilization (DMR) was calculated as the difference between total aboveground dry mass at
anthesis and vegetative plant parts (leaves, stem plus sheaths and vegetative parts of spike) at
maturity (Dordas 2012).Correlations between traits were calculated using SPSS 16 software.

Results and discussion.

Photosynthesis plays a pivotal role in grain yield, and nearly 70% of grain is derived from
current photosynthesis in the leaves (Saeidi et al. 2012). High photosynthetic rate is considered to be
one of the most important breeding strategies for crop improvement (Richards 2000). It is generally
accepted that genotypes that are better able to sustain photosynthesis in the flag leaf for a longer time
produce higher yields (Guoth et al. 2009). Gas exchange parameters of wheat genotypes seriously
affected by drought stress (Table 1). Decrease in the P, varied in the range of 31-68%, the g; varied in
the range of 31-60%, E varied in the range of 25-49% in sensitive genotypes in response to water
deficiency. A fluctuation in C;is due to mesophyll conductance. The limitation of CO, fixation during
water deficit is also influenced by the diffusion of CO, from the intercellular spaces to chloroplasts
(Loreto et al., 1997), and by metabolic factors such as ATP-limited regeneration of ribulose-1,5-
bisphosphate (Flexas, Medrano, 2002). Relatively less reduction of gas exchange parameters under
water deficiency was revealed in genotypes Sharg, Gyrmyzy gul 1, 4"FEFWSNNe50 and Dagdash
genotypes. The ratio of photosynthesis rate to transpiration rate (P/E) is a measure of how well
genotypes are used in water, an important physiological indicator of wheat adaptation to drought
(Mohammady, 2007). The water use efficiency (WUE) increases due to the decrease of transpiration
during light water deficiency, but decreases due to the dramatic reduction in CO; fixation during heavy
water shortage. The WUE positively correlated with phtosynthesis rate and mesophyll conductance
(Allahverdiyev, 2016). This parameter was relatively higher in genotypes Alinja 84, Tartar, Sharg,
Gyrmyzy bugda, 4"FEFWSNNe50 and Dagdash under drought stress. The Chl (a+b) content of flag leaf
of genotypes Barakatli 95, Gyrmyzy bugda, Giymatli 2/17, Gyrmyzy gul 1, Tale 38, Gunashli and
Saratovskaya 29 less influenced by drought stress. Strong reduction of Chl (a+b) was detected in
genotypes Garagylchyg 2. Gobustan and Akinchi 84.

In addition to the leaves, photosynthetic active organs of wheat — all parts of the spike and the
stem participate in CO; assimilation in light (Wang et al. 2001). Water shortage slowed the growth and
dry matter accumulation of different assimilating organs (leaf, stem and spike) of wheat genotypes, and
influenced the translocation of photoassimilates from vegetative parts into grains (Table 2). A greater
decrease in total assimilation area and dry biomass was found in wheat genotypes Shiraslan 23 (20%,
18%), Gyrmyzy bugda (19%, 20%), Akinchi 84 (20%,17%), Azamatli 95 (17%, 24%), Tale 38 (20%,
26%) and Ruzi-84 (31%, 25%). Adaptive changes in assimilation area and dry mass distribution between
leaves, stem and spike was revealed under drought stress.

Dry matter remobilization (DMR) represents the mass of photoassimilates transported from
leaves, stem and vegetative parts of spike into grains after the flowering phase and can be calculated by
a single stem or a unit of area. Drought stress accelerated the outflow of photoassimilates from
vegetative parts of plant into grains. Lowest DMR were detected in the tallest, late heading genotypes
Sharg, Gyrmyzy bugda, Dagdash, and Saratovskaya 29.

Water deficiency caused decrease of grain tield (Fig.1). Deep reductions of GY was detected in
genotypes Garagylchyg 2 (32%), Vugar (37%), Shiraslan 23 (35%), Sharg (36%), Gyrmyzy bugda
(31%)), Pirshahin 1 (37%), 4"FEFWSNNe50 (39%), Gunashli (29%). Less reductions of GY was
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Effect of drought stress on photosynthetic parameters, Chl (a+b) content

Table 1.
Genotypes Pn,umol | gs, mol Gi, E, mmol | gm, mol | WUE, Chl
CO,m?2 | HLOm? | pymol | H.Om | COm umol | (a+b),
st st CO; 251 2.571 COy- mg/g
mol* mmol- dry
1H,0 mass
Triticum durum Desf.
Garagylchyg 2 12.10 0.142 224 2.56 0.054 4.73 10.15
6.55 0.087 250 1.79 0.026 3.66 6.77
Vugar 13.24 0.142 207 2.65 0.064 5.00 9.20
6.69 0.072 220 1.45 0.030 4.60 7.91
Shiraslan 23 16.77 0.138 159 2.57 0.105 6.53 7.15
7.36 0.086 226 181 0.033 4.07 6.92
Barakatli 95 13.16 0.158 223 2.89 0.059 4.56 9.81
7.07 0.077 227 1.55 0.031 4.56 9.12
Alinja 84 11.03 0.128 223 243 0.059 5.14 9.06
8.31 0.078 202 1.65 0.041 5.04 7.29
Tartar 16.31 0.177 235 3.13 0.078 4.87 10.41
8.75 0.078 181 1.68 0.048 5.22 8.36
Sharg 14.23 0.132 182 2.54 0.078 5.60 8.86
11.73 0.113 190 2.22 0.062 5.28 6.75
Gyrmyzy bugda 11.73 0.102 166 1.99 0.071 5.91 10.17
8.14 0.075 190 154 0.043 5.28 8.11
Triticum aestivum L.
Nurlu 99 15.64 | 0.164 202 3.13 0.077 5.00 5.94
4.96 0.115 302 2.35 0.016 211 5.67
Gobustan 12.92 | 0.159 225 3.01 0.057 4.30 10.62
5.86 0.083 257 1.89 0.023 3.14 6.45
Akinchi 84 13.63 | 0.186 235 3.48 0.058 3.91 8.95
8.82 | 0.086 196 1.91 0.045 4.63 6.59
Giymatli 2/17 15.36 | 0.143 186 2.98 0.082 5.15 10.50
7.24 0.098 246 2.18 0.029 3.32 8.37
Gyrmyzy gul 1 8.43 0.087 204 1.83 0.041 4.61 10.92
6.21 | 0.067 212 1.53 0.030 4.06 10.55
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Azamatli 95 I 12,56 | 0.146 220 2.67 0.057 4.70 6.95

D 6.89 0.065 176 141 0.039 4.87 7.18

Tale 38 I 14.97 | 0.167 206 2.76 0.073 5.42 9.79
D 6.78 0.067 195 1.42 0.035 4.79 9.03
Ruzi 94 I 11.66 | 0.145 230 2.56 0.051 4.55 9.12

D 8.09 0.074 193 1.52 0.042 5.32 7.54

Pirshahin 1 I 10.81 | 0.121 217 2.27 0.049 4.77 9.55

D 5.94 0.089 260 1.84 0.023 3.23 8.56

12""FAWWONNe I 10.37 | 0.119 224 2.23 0.046 4.65 9.48
97 D 6.03 0.072 234 1.46 0.026 4.13 8.55
4"FEFWSNNe50 I 13.56 | 0.118 175 241 0.077 5.63 9.98
D 9.74 0.101 213 2.01 0.046 4.85 7.03

Gunashli I 9.20 0.131 242 2.53 0.038 3.64 10.46

D 6.11 0.115 281 2.17 0.022 2.82 8.45

Dagdash I 15.21 | 0.150 193 2.72 0.079 5.59 8.52
D 12.7 0.099 146 2.04 0.087 6.23 7.66
Saratovskaya 29 I 1111 | 0.121 206 2.34 0.054 4.75 10.78

D 4.54 0.075 274 1.56 0.017 291 9.53

Note. I-irrigated; D-drought
detected in genotypes Nurlu 99, Akinchi 84, Giymatli 2/17 and Saratovskaya 29. There was not
difference in GY of irrigated and non-irrigated plants of genotype Gobustan.

Efect of drought stress on assimilation area, dry mass and dry matter remobilization

Table 2.
Area, sm? Dry mass,g DMR,
Genotypes Leaves stem spike | Leaves | stem | spike | g/stem
per stem per stem
Triticum durum Desf.
Garagylchyg 2 I 109,68 113.75 | 34.09 0.571 245 | 0.79 | 0.879

D 91.40 98.22 29.22 0.48 233 | 0.73 | 0.612

Vugar I 108.38 119.57 | 30.18 0.525 224 | 059 | 0.693

D 107.50 107.91 | 29.00 0.522 219 | 057 | 0.612

Shiraslan 23 I 118.71 117.94 | 31.17 0.515 240 | 0.60 | 0.438

D 87.57 100.64 | 26.11 0.412 193 | 0.53 | 0.707

Barakatli 95 I 131.29 108.26 | 36.02 0.595 272 | 084 | 0.772

D 109.48 101.39 | 34.07 0.553 219 | 082 | 1.127
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Alinja 84 96.90 120.51 | 2841 0.545 242 | 0.67 | 0.583
90.85 11159 | 26,51 | 0.505 | 1.68 | 0.60 | 0.910
Tartar 178.84 128.88 | 36.78 | 0.865 | 2.58 | 0.73 | 1.246
143.67 105.99 | 34.97 0.754 256 | 057 | 1.029
Sharg 148.31 188.53 | 43.16 0.614 2.60 | 0.73 | 0.376
119.69 17427 | 39.88 | 0.594 | 2.31 | 0.71 | 0.187
Gyrmyzy bugda 12495 | 18855 | 30.23 | 0514 | 2.44 | 0.46 | 0.064
95.98 153.36 | 29.48 | 0.459 1.86 | 0.41 | 0.156

Triticum aestivum L.
Nurlu 99 51.17 97.67 21.16 0.296 254 | 0.83 | 0.672
48.20 81.70 18.23 0.293 158 | 0.71 | 1.097
Gobustan 91.76 120.20 | 2041 0.423 2.63 | 0.70 | 0.294
78.54 105.18 | 18.64 0.401 2.02 | 0.67 | 1.026
Akinchi 84 105.59 126.54 | 27.06 0.586 2.80 | 0.80 | 0.751
94.91 90.12 23.34 0.515 2.23 | 0.72 | 1.002
Giymatli 2/17 138.74 138.62 | 24.24 0.584 2.84 | 091 | 1.152
85.53 115.84 | 20.80 0.487 243 | 0.85 | 1.637
Gyrmyzy gul 1 70.32 85.31 16.48 0.359 167 | 042 | 0.252
66.51 78.97 12.12 0.340 145 | 0.39 | 0.787
Azamatli 95 81.85 111.31 24.30 0.432 254 | 0.71 | 0.737
61.31 99.57 19.21 0.352 181 | 0.64 | 0.625
Tale 38 113.45 115.80 | 32.42 0.665 255 | 0.80 | 0.681
85.29 101.01 | 23.10 0.449 1.88 | 0.66 | 1.062
Ruzi 84 110.06 121.79 | 27.94 0.614 2.76 | 0.80 | 0.583
70.29 82.47 25.78 0.385 198 | 0.75 | 1.014
Pirshahin 1 78.61 95.17 24.62 0.464 261 | 0.78 | 1.374
65.49 9445 | 2254 | 0.386 1.88 | 0.66 | 1.105
12""FAWWONN9 61.70 82.39 17.50 0.223 141 | 0.33 | 0.479
! 57.12 81.77 12.03 0.207 1.04 | 0.26 | 0.666
4"FEFWSNN50 123.96 153.14 | 42.71 0.523 184 | 0.74 | 0.708
113.13 121.14 | 41.76 0.468 151 | 0.62 | 0.537
Gunashli 83.33 91.75 28.78 0.368 212 | 0.87 | 0.921
79.44 70.96 27.49 0.338 1.74 | 0.73 | 1.019
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Dagdash I 148.88 179.76 | 28.95 0.575 248 | 0.62 | 0.267
D 119.38 14249 | 23.35 0.530 2.24 | 056 | 0.223

Saratovskaya 29 | 71.53 120.73 | 16.36 0.309 146 | 0.27 | 0.374
D 65.58 103.24 | 14.43 0.216 1.20 | 0.27 | 0.584

Grainyield, g/m?

mirrigated = drought

Figure 1. Effect of drought stress on grain yield. Each value represent mean of three replications

On average, durum wheat exceeds bread wheat by the spikelet number per spike (SNS),
spike mass (SM), grain number and mass per spike (GNS, GMS) and thousand kernels mass
(TKM) (Table 3). However, the decrease in these parameters of the yield under the influence
of drought was more pronounced in durum wheat. More profound reduction in the spike mass (SM)
during water deficiency was observed in genotypes Sharg, Gyrmyzy bugda, Nurlu 99, Tale 38. We
detected a significant decrease in the GNS only in genotypes Tartar, Gyrmyzy bugda, while strong
decrease in the GMS was revealed in genotypes Shiraslan 23, Sharg, Gyrmyzy bugda, Nurlu 99, Tale
38, Ruzi 84, 12""FAWWONN97. We found an increase in TKM in genotypes Nurlu 99, Gobustan,
Gyrmyzy gul 1, This may be a compensation against spike reduction under water deficiency. Limitations
in increase of assimilation surface of vegetative organs, decreasing the tillering ability, as well as
accelerating the senescence of leaves, increasing the loss of photoassimilates during respiration led to a
reductions in the biological yield (BY) of wheat genotypes. Generally, the harvest index (HI) was higher
in bread wheat than in durum wheat. We found an increase of HI under water deficiency in genotypes
Nurlu 99, Gobustan, with early heading time. In such genotypes, the outflow of photoassimilates into
grains takes place in more favorable conditions.

We found positive relationship between net photosynthesis rate and growth rate of genotypes
(Fig. 2). This relationship indicates that higher photosynthesis rate allows rapid growth rate, greater
accumulation of photo-assimilates per unit of area and indirectly grain yield. This trait can be used as a
breeding strategy for wheat improvement. High spike number per unit area, biological yield and harvest
index positively correlated with grain yield and can be used as breeding criteria under drought stress.
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Effect of the drought on yield components of wheat genotypes

Table 3.
Genotypes SN | SL, |SW,| SNS | SM, | GNS | GM | TKM, | BY, HI
cm cm g S. g g/m?
g
Triticum durum Desf.

Garagylchyg 2 | | 450 | 9.4 14 | 227 | 317 | 594 | 23 34.2 1761 0.31
D | 404 | 89 1.3 | 208 | 288 | 528 | 2.1 30.9 1268 0.29
Vugar | | 392 | 84 15 | 211 | 288 | 538 | 2.2 40.6 1620 0.36
D |39% | 82 14 | 20.0 | 283 | 47.7 | 21 29.7 1302 0.29
Shiraslan 23 I | 405 | 8.0 15 | 198 319 | 520 | 25 434 1551 0.37
D |367 | 7.7 15 | 19.0 | 253 | 479 | 1.9 33.7 1242 0.30
Barakatli 95 | | 387 | 8.7 15 | 197 | 311 | 495 | 21 40.3 1484 0.35
D |357 | 86 14 | 196 |271| 464 | 1.9 35.5 1315 0.31
Alinja 84 I | 360 | 9.0 15 | 188 |262| 515 | 1.9 41.7 1396 0.35
D |33 | 89 14 | 187 | 259 | 426 | 1.8 34.3 1239 0.31
Tartar I | 338 | 9.6 16 | 218 |3.72| 538 | 2.7 44.3 1673 0.33
D|321]| 91 15 | 198 |341| 425 | 24 39.8 1434 0.31
Sharg | | 316 | 8.9 14 | 220 |3.75| 475 | 2.7 47.6 1543 0.33
D|276 | 91 13 | 216 |2.89 | 448 | 2.0 37.9 1123 0.29
Gyrmyzy bugda I | 432 9.7 1.2 | 20.8 | 3.16 | 56.3 25 37.5 1991 0.27
D | 374 8.7 1.0 174 | 2.07 | 40.1 1.6 317 1405 0.26
Mean I | 385 | 9.0 15 | 208 [ 320 | 53.0 | 24 41.2 1627 0.33
D |33 | 86 14 | 196 |2.74| 456 | 2.0 34.2 1291 0.30

Reduction, % 8 4 8 6 14 14 16 17 21 9

Triticum aestivum L.

Nurlu 99 | | 544 | 106 | 15 | 185 | 270 | 56.4 | 2.0 27.8 1595 0,34
D | 426 9.7 1.2 175 | 213 | 494 1.6 29.9 1250 0,38
Gobustan | | 520 | 109 | 1.3 | 175 | 3.05| 541 | 22 30.3 1724 0,32
D |443 | 106 | 1.1 | 17.3 | 2.63| 536 | 1.9 34.9 1524 0,36
Akinchi 84 | | 401 | 122 | 1.3 | 20.1 | 270 | 516 | 2.0 33.0 1477 0,31
D | 400 | 119 | 1.2 | 188 |241| 497 | 19 323 1374 0,31
Giymatli 2/17 I 393 | 95 15 | 206 |3.04| 562 | 24 41.4 1583 0,35
D | 368 9.3 14 196 | 252 | 464 1.9 354 1414 0,34
Gyrmyzy gul 1 | | 745 | 8.6 11 | 169 | 178 | 424 | 14 28.5 1806 0,34
D|643 | 85 11 | 166 | 175 | 414 | 14 29.0 1656 0,28
Azamatli 95 | | 540 | 114 | 1.4 | 175 | 259 | 517 | 20 37.8 1980 0,36
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D |45 | 111 | 1.3 | 171 |245| 508 | 1.8 33.7 1637 0,33

Tale 38 | | 487 | 113 | 1.2 | 200 |3.16| 59.0 | 23 36.4 1695 0,37

D |48 | 106 | 1.1 | 186 | 213 | 481 1.5 29.9 1464 0,32

Ruzi 84 | | 439 | 11.2 | 1.4 | 18.0 | 291 | 523 | 2.2 41.8 1715 0,40

D|433 | 109 | 1.2 | 178 | 234 | 500 | 16 321 1396 0,37

Pirshahin 1 | | 425 | 114 | 15 | 179 | 292 | 503 | 21 39.4 1607 0,39

D |35 | 118 | 1.3 | 186 | 2.78 | 525 1.9 30.9 1114 0,35

12""FAWWON97 | | | 618 | 9.5 1.2 | 154 | 205 | 415 1.5 33.3 1495 0,37

D | 528 | 88 1.0 | 144 | 148 | 350 | 11 27.2 1112 0,37

A"FEFWSNNe50 | | | 324 | 120 | 1.5 | 19.2 | 260 | 59.0 | 1.8 36.3 1240 0,37

D|2% | 112 | 1.3 | 179 | 243 | 531 15 26.0 906 0,30

Gunashli I | 394 | 118 | 11 | 175 | 267 | 504 | 20 42.3 1449 0,41

D|374| 115 | 1.0 | 171 | 262 | 460 | 1.9 39.1 1224 0,34

Dagdash | | 403 | 10.7 | 1.3 | 178 | 2.63 | 41.2 1.9 38.5 1426 0,33

D | 400 | 104 | 1.3 | 174 | 238 | 3938 1.7 31.9 1189 0,28

Saratovskaya 29 I | 490 | 10.3 1.0 184 | 191 | 416 14 30.8 1361 0,29

D | 474 | 97 09 | 170 |186 | 37.1 1.4 26.5 1211 0,29

Mean | | 480 | 108 | 1.3 | 18.2 | 2.62 | 50.6 1.9 35.6 1582 0,35

D | 434 | 104 | 1.2 | 176 | 228 | 46.6 1.6 31.4 1319 0,33

Reduction, % 10 4 9 3 13 8 15 12 17 6

Note: SN-spike number per 1 m?, SL-spike length, SW-spike width, SNS-spikelets number per spike,
GNS-grain number per spike, GMS-grain mass per spike, TKM-thousand kernel mass, BY-biological
yield, Hl-harvest index
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Figure 2. Regression relation between photosynthesis rate and growth rate of wheat
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WHEAT PHYSIOLOGICAL TRAITS, GRAIN YIELD AND YIELD COMPONENTS UNDER
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Summary

Wheat (Triticum L.) is worldwide most important cereal crops. Need for wheat
production increases, due to an increase in the population, however, extreme factors negatively
affect wheat yield. Field experiments were carried out to study the effect of drought stress on
some physiological traits, grain yield and yield components of durum and bread wheat
genotypes. Gas exchange parameters measured by using LI-COR 6400 XT Portable
Photosynthesis System. Drought led to a decrease in stomatal conductance, intercellular CO>
concentration, photosynthesis and transpiration rates. Mesophyll conductance played a
dominant role in the regulation of photosynthesis rate. Positive correlation was found between
the rate of photosynthesis and growth rate of genotypes. The rate of photosynthesis was higher at
the heading-flowering stage. Genotypic differences in relative water content of flag leaf was
detected at the grian milky ripe stage. Drought led to reduction of photosynthetic pigments content.
Proline content increased in response to dehydration. Leaf spesific mass was increased in response
to water deficiency. Drought caused acceleration of dry matter translocation from leaves, stem,
vegetative part of spike to grains. Stem dry mass was reduced by 20-50% depending on the genotype
from the stage of milky ripe to wax ripe. Drought had a greater effect on grain yield and yield
components of durum wheat than that bread wheat. A positive correlation between aboveground
dry mass and grain yield was revealed. Wheat traits- high potential productivity, high rate of
photosynthesis, early crop growth rate till heading were related to drought tolerance of wheat.
Wheat agronomical traits, such a number of spikes per m?, biological yiled, harvest index are
good criteria for breeding under drought.

D e

THE PHYSIOLOGICAL AND BIOCHEMICAL CHARACTERISTIC OF FIRST
GENERATION HYBRIDS OF WHEAT IN THE CONDITIONS OF DROUGHT

Azizov 1.V, Tagiyeva K.R., Khanishova M.A., Gasimova F.I.
Institute of Molecular Biology and Biotechnology of the National Academy of Sciences of
Azerbaijan, Baku,
E-mail: ibrahim.azizov47@gmail.com

In this work, we evaluated the genotypes, which allowed us to obtain flexible forms of the first
generation and to study their physiological and biochemical characteristics, compared with the original
parental forms. Wheat varieties were grown in two options of water availability: with optimal irrigation
(control) and in limited irrigation (experience). To maintain moisture in the soil at a level of 70-75%
during the growing season, irrigation was performed in control option. In the experimental version, the
soil moisture was 45-50%. According to physiological, biochemical characteristics and yield, relatively
drought-resistant varieties were isolated and carried out crossing between them. The content of
chlorophylls and carotenoids was determined on spectrophotometer (SP-2000), the fluorescence on
photosynthesis analyzer (PAM-Germany), and the photochemical activity of chloroplasts on
polarograph (OH-103 Hungary). More drought-resistant plants among 20 wheat genotypes were
identified. There had been given characteristics of the wheat varieties Barakatly, Qobustan, Garabach,
Mirbashir and Shark, which have a higher combining ability, exhibit heterosis in F1 and allow to get
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the most valuable genotypes. Crossing between drought-resistant genotypes was carried out and hybrids
of the first generation were obtained. According to physiological and biochemical characteristics,
heterotic forms were revealed, their drought tolerance was studied. Wheat hybrids having the best
physiological and biochemical parameters are recommended for further selection.

Keywords: wheat, hybrids, chlorophyll, carotenoids, photochemical activity, fluorescence

Introduction

One of the abiotic factors that inhibit the growth, development and productivity of plants is
drought. According to literary data, about 45% of the agricultural lands of the World were exposed to
drought in some extent (Ashraf, Fooled, 2007). Under natural conditions, drought acts in conjunction
with other biotic and abiotic factors, which enhances its effect on plant life processes. In the process of
evolution, plants developed defense mechanisms against adverse environmental factors, including
drought. There is a wide range of adaptation reactions to drought, which includes the synthesis of low
molecular weight compounds, protective proteins and antioxidant enzymes. Low-molecular compounds
such as proline and glycine betaine contribute to water retention in plant cells and ensure the normal
course of life processes in the whole plant under conditions of water deficiency (Jones et al. 1980;
Farooq et al. 2014). Plants are also capable to change of phenotype in drought conditions, limiting
growth, leaf area, increasing root biomass and, ultimately, reducing the degree of injury in drought
conditions (Richards at al.2010; Passioura 2012). Studies by Chinese scientists have shown that the
selection of plants by morphological features, by architectonics, and their crossing has the potential to
increase grain yield under drought conditions (Zhang et al., 1999; Li, Zhang, 2013; Li et al. 2014). With
a favorable combination of components, high values of indicators are observed in F1 compared with
parental forms. Assessment of combining ability has become an indispensable element of heterosis
selection at the initial stages of the selection process (Drobysh, Taranukho, 2016, Kilchevsky, 1997).
This is based on recently works that allow producing and introducing into production new highly
productive varieties of wheat, tolerant to drought, to pathogenic and harmful substances, high qualities
of grain, that were directed to increase quality and quantity of yield.
In this work, we evaluated the genotypes, which allowed us to obtain flexible forms of the first
generation and to study their morphological and physiological characteristics, compared with the
original parental forms.

Material and method

The object of the research was 20 varieties and genotypes of winter soft and durum wheat of
domestic and foreign breeding, grown under field conditions at the experimental site of the Institute of
Molecular Biology and Biotechnology of the National Academy of Sciences of Azerbaijan. The average
humus content in the arable layer of the test plot was 1.6%, total nitrogen — 0.1%, mobile nitrogen —
25 mg / kg, exchanged potassium — 290 mg / kg, calcium — mg eq. / 100 g. The average annual air
temperature during the years of research varied within 13-15 degrees Celsius, the amount of
precipitation is 170-290 mm. Wheat varieties and genotypes were grown in two variants of water
availability: with optimal irrigation (control) and in limited irrigation (experience). To maintain moisture
in the soil at a level of 70-75% during the growing season, control irrigation was performed in control
variant. In the experimental version, the soil moisture was 45-50% of the lowest capacity. According to
morphological, physiological characteristics and yield, relatively drought-resistant varieties were
isolated and crossed between them. The content of chlorophylls and carotenoids was determined on a
spectrophotometer (SP-2000), the fluorescence on a photosynthesis analyzer (PAM-Germany), and the
photochemical activity of chloroplasts on a polarograph (OH-103 Hungary).

Results and discussion

As a result of crosses, 6 F1 hybrids were obtained, they were grown in an experimental plot with
parental forms, and the physiological characteristics were studied compared to parental plants. Leaf
samples were taken at different stages of plant development to determine the number of photosynthetic
pigments, fluorescence parameters and photochemical activity of chloroplasts.
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Fig. 1. The content of chlorophyll and carotenoids in the leaves of the parent and hybrid forms
of wheat. Parents: 1. Gobustan; 2. Mirbashir; 3. Barakatli-95; 4. Karabakh; 5. Gyrmyzigiil;
6. Shark Hybrids: 8. © Gobustanh x §Mirbashir; 9. Q Barakatli-95 x JGarabakh; 10.9
Gobustan x3 Gyrmyzygiil; 11. @ Gobustan x ' Garabakh; 12. & Gobustan x @ Garabakh; 13.9
Garabah x Mirbashir;14. © Garabakh x & Shark.

As can be seen from Fig. 1, the hybrids @ Gobustan x &' Gyrmyzygiil and @ Garabah x & Shark
surpass the rest of the hybrids and parental forms in chlorophyll content. The remaining hybrids occupy
an intermediate position. The content of carotenoids is higher in parental forms compared to hybrid
plants.

When measuring the fluorescence parameters, it was found that the minimum fluorescence (Fo) in
all varieties was almost the same, but the maximum fluorescence (Fm) and high efficiency of the second
photosystem (F, / Fn ) were in the hybrids ¢ Barakatli-95 x & Garabakh; ¢ Gobustan x & Garabakh
and Q Garabakh x & Shark (Fig.2).
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Fig. 2 The parameters of the fluorescence of leaves of hybrid and parent forms of wheat plants.
Hybrids: 1. @ Gobustan x dMirbashir; 2. ¢ Barakatli-95 x J Garabakh; 3. @ Gobustan x
4'Gyrmyzygiil; 4. 9 Gobustan x Garabakh; 5. &' Gobustan x Garabakh; 6.9 Garabah x &

Mirbashir; 7. © Garabakh x & Shark. Parents: 9. Gobustan; 10. Mirbashir; 11. Barakatli-95;

12. Karabakh; 13. Gyrmyzigiil; 14. Shark
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A comparative study of hybrids of the first and second generation revealed that the heterosis effect
manifested in the first generation hybrids of the second generation hybrids is more pronounced
(Drobysh, 2016). In our studies, the effect of drought on the physiological and biochemical parameters
of the first generation hybrids was also studied (Table 1).

As can be seen from the table, the first generation hybrids ¢ Barakatli-95 x J'Garabakh, @ Gobustan x
&'Garabakh, @ Garabakh x & Mirbashir and @ Garabakh x &' Shark are relatively resistant to drought
conditions.

Effect of drought on the physiological and biochemical parameters of wheat plant hybrids.

Table 1.
Ne Chl |Carotenoid|Chloroplst | Fv/Fm |Chl  |Carotenoid|Chloroplast| Fv/Fm
ath mg/g |activity ath mg/g activity
mg/g mkmol mo/g mkmol
Hybrids O2/mg O2/mg
chl.min chl.min
C O NTR O L D R O UG H T
1 |? Gobustan x| 9,1 2,3 35,5 0,7 7,2 3,5 30,2 0,6
& Mirbashir
2 |9Baracatli-95 | 9,2 2,5 37,8 0,8 8,1 4,6 35,8 0,7
x &'Garabakh
3 |9Gobustan x| 12,9 2,0 43,2 0,7 7,6 34 30,6 0,6
J Girmizigul
4 |9 Gobustan x| 9,8 4,5 36,5 0,8 8,5 52 34,8 0,7
& Garabakh
5 |@ Gobustan x| 9,0 3,7 36,2 0,7 6,7 3,9 32,1 0,6
Q Garabakh
6 |9Garabach x| 8,6 33 30,9 0,8 8,7 4,8 28,9 0,7
& Mirbashir
7 |9 Garabakh x| 12,5 3.9 42,9 0,8 8,3 51 37,8 0,7
& Shark
Concluison

Based on the data obtained, it can be concluded that the hybrids ¢ Barakatli-95x & Garabakh, 9
Gobustan x & Garabakh, @ Garabah x & Mirbashir and @ Garabah x ¢ Shark in terms of physiological
and biochemical indicators and drought tolerance are superior to other hybrids and they can be used in
further breeding work.
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ON THE QUESTION OF WHEAT USE IN LIVESTOCK

M. Barvenashvili, A. Giorgadze, M. Peikrishvili
Georgian Academy of Agricultural Sciences, Thilisi, Georgia
m.barvenashvili@agruni.edu.ge; anatoliS@mail.ru; m.pheikrishvili@agruni.edu.ge

Summary
Multifaceted uses of wheat in livestock are discussed in this paper. Especially is its importance

as a food crop in animal feeding. Fodder wheat is usually used for this purpose. Protein-enriched wheat
grain is the best concentrated nutrient. Organic substances contained in its composition absorbs by
animals™ as much as possible. Wheat bran can be also given no less space, which can be given to animals
in both — pure and combined feed as additive. Different age groups of cattle are feeding with a sweet-
tasting, high-fat nutrient - wheat hay. Straw is also rough nutrient. In terms of nutrient content, it is lags
behind the hay, though it is allocated defined part in the composition of bovine nutrient. Straw has other
uses as well. It is used as bedding in the animal stable.
Key words: Livestock, Feeding, Wheat, Bran, Hay, Straw.
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PROBLEMS OF FURTHER PROCESSING AND DRYING OF WHEAT HARVEST
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Summary

Wheat seeding, consumer properties and storage duration significantly depends on post
harvesting and drying, which comprises purification of wheat from impurities, drying, sorting and
storing. Contamination of wheat flailed by combine harvester with mineral and organic impurities often
exceeds 15%, and humidity of wheat in those regions, where harvesting is carried out under abundant
rainfall conditions, humidity much exceeds standard index (14%) and amounts to 28-30%. Such wheat
is not stable for storage; Respiration process is strengthened, the fermentation process is intensified,
microorganisms and pests are quickly propagated, which causes overheating and serious losses. Such
wheat should be dried immediately.

Optimal methods and conditions for storing wheat of high humidity are suggested in the article.
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THE NEW TECHNOLOGY OF MAKING THE ECOLOGICALLY CLEAN BREAD
N. Bagaturia, E. Uturashvili, M. Loladze

Georgian Technical University, Scientific-Research Institute of Food Industry,
Thilisi, Georgia

Summary

In number of countries of the world, In Georgian as well, the artificial improver — gluten is
established, the mass usage of which caused the spread of the most complicated disease - Coeliac and
other dangerous diseases. The artificial bread improvers are used to improve the baking indicators of
low quality flour.

From above said in the whole world increases the demand on bread’s natural improver.

Investigations conducted by us established that in order to improve the baking indicators instead
of artificial additives there can be used grape pectin — p — vitamin paste, pectin, wine acid and
bioflavonoids in which helps to improve the quality of bead and totally excludes the necessity of usage
the artificial additive.

The pectin substances in tangerine and bioflavonoids having vitamin features of — p have the
neutralizing feature of free radicals causing the different diseases in human body, therefore the food
products made on their basis acquire healing-prophylactic (preventing) features.
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EFFECT OF ARBUSCULAR-MYCORRHIZAL FUNGI (AMF) ON GROWTH AND
DEVELOPMENT OF DIFFERENT GEORGIAN WHEAT GENOTYPES
Nana Bitsadze, Sandro Shanidze

Agricultural University of Georgia, Tbilisi 1059, Georgia,
E-mail:n.bitsadze@agruni.edu.ge

Summary
The research is presenting influence of (AM) fungi (Rhizophagus irregularis and Funneliformis
mosseae) on different Georgian wheat genotypes (Triticum aestivum var. lutescens (Alef.) Velican -
‘Bezostaia 1’; Triticum carthlicum Nevski. - ‘Dica’).
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Experiments showed that AM fungi have an influence on wheat growth and development of

both spring and winter wheat. Single and combined application of two AM fungi Rh. irregularis and
F. mosseae has a different response on wheat plants. It was detected higher biomass production in case
of application of F. mosseae. In case of simultaneous application mostly was detected antagonistic effect
as it was observed a reduction of plant biomass.

Key words: Mycorrhizae, wheat, symbiosis, antagonism
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Summary

The work provides information on the medical benefits of some wheat breed (“Bezostaia”,
“Vardzia”).

Given that polyphenols in some nutritional products play a large role in neutralizing free
radicals, we think the issue is relevant.

The results of the study of the dynamics and antioxidant activity of the phenolic compounds
of the two named varieties of wheat during one year of storage of commodities (grains) at the end
of each month give a clear view of the great importance of wheat from a medical perspective.

Further expansion of research will naturally increase the widespread involvement of this
culture in human health services.

Key words: Wheat, phenolic compounds, Antioxidant activity, Medical value
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DYNAMICS OF ANTIOXIDANT ACTIVITY OF WHEAT AND BARLEY AND CONTENT OF
PHENOLIC COMPOUNDS END SELECTION
Zurab Bukia

TSU —A.Natishvili’s Morfological Institute; TSMU-Institute of medical Biotechnology established

by L.Bachutashvili; Tbilisi,Georgia.
E-mail: zurabukia@gmail.com.

Summary
The number of elements and units gives the plant an indispensable role. Many units of plant
origin are very important for the human body and has a great medical effect.

Some breed of wheat are worthy of attention in this regard. Barley also deserves much
attention. This work presents the dynamics of wheat germ - "Mirleben" and six-stage barley
phenolic compounds and antioxidant activity dynamics, with a reasonable shelf life of one year.
The medical significance of the tested breed is indicated by the data obtained.

Difference parameters are set for the storage of the crop and, most importantly, the crop
commodity value has not declined for one year.

Key words: bioactive compounds, antioxidants, dynamics, medical value.
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WHEAT IN THE BIRD FEEDING
A. Giorgadze, M. Barvenashvili, M. Peikrishvili
Georgian Academy of Agricultural Sciences, Thilisi, Georgia
anatolis5@mail.ru; m.barvenashvili@agruni.edu.ge; m.pheikrushvili@agruni.edu.ge
Summary
Importance of wheat in the bird feeding is discussed in this paper. This cereal has one of the
leading place in the bird feeding according to containing rich nutrients in. It is successfully used for
poultry feeding as well as for wild and rare birds. Wheat bran and germinated seeds are used to feed
birds. This last one is particularly useful as the amount of nutritive substances, biologically important
micro- and macro elements, as well as vitamins, increases compare to dry grains. Wheat seedling
contains components that improve absorption of other beneficial substances by the organism. However,
its excessive use is not preferred, as it will result in excessive accumulation of minerals in the organism,
which is not advisable. This knowledge is essential for farmers and those interested in poultry breeding,
as it will enable them to carry out their activities more successfully.
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Summary

The efficiency of research of the origin and evolution of the crop speciesis largely determined by the
development of multidisciplinary theoretical and methodological approaches. Modern molecular
genetics and archaeological techniques have revealed new aspects of the theory of centers of the origin
of crop species. Based on this, the issue of the evolution of Georgian wheat landraces is one of the most
important scientific tasks for understanding the processes of unique gene centers formationoutside the
known boundaries of the spreading cultural zones. In this aspect, the search for factors of possible
effect on the evolution of specific species can significantly advance us in understanding the formation
of isolated groups of the genus Triticum L. Despite many years of study of this issue, the absence of a
definitive, generally accepted pattern of the origin of all species of wheat makes it difficult to ascertain
the exact phylogeny of both ancestors and the genus as a whole. In our studies, we considered the
possibility that radiation factor may be involved in evolution of Georgian landraces. It is shown that in
the case of radiation effect, conditions are created for evolutionary changes towards polyploidization of
species. The use of endemic species: Triticum monococcum L- 2n = 14, Triticum timopheevii (Zhuk)
Zhuk.-2n=28, Triticum macha Dekapr. & Menabde - 2n=42, Triticum zhukovskyi Menabde & Ericzjan-
2n=42, Triticum dicoccum Schrank ex Schiibler - 2n = 28, Triticum aestivum 2n = 42. Revealed clear
dependence of radioresistance on the level of their ploidy. Having examined the places where endemic
wheat species were found and match them to background radiation  of this zone, the conclusion is
made about the possibility of the impact of the radiation factor on the evolutionary process of Georgian

wheat landraces.
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NEW KIND OF WHEAT BREAD PRODUCTS HAVING HIGH NUTRITIVE VALUE

G. Grigorashvili, E. Kalatozishvili
Georgian Technical University — Scientific Research Institute of Food Industry
Thilisi, Georgia

Summary
There is worked out new sort of bread products, having the high nutritive value by using the
soybean protein additive. There is studied the chemical composition of widely spread in Georgia sorts
of soybean, as the source of raw material to receive the soybean protein additive. From the chosen sort
of soybeans with the worked out technology there is received the soybean protein additive. The chemical
composition of this product is established (amino acid composition) and biological value. The
determination of the chemical composition of the local soybean sorts showed that sort ,,Imeruli” in
comparison with other sorts is characterized with the high content of protein (36,5%) and low content
of fat (15,9%); on this base it is the perspective raw material to receive the protein additive. The product
received with the technological method from this raw material contains of 50,5% of protein and 41,1%
of essential amino acids that shows on its quite high nutritive value. The biological value of the protein
additives is determined with the sulphur containing amino acid deficit and its importance according to
the amino acid score is 72%. On its side, as it is known wheat flour proteins are limited with lysine
containing (while in the protein additive its importance equals 110%) and their amino acid score is
38%. On the base of above mentioned during their combination amino acid inter-enrichment is possible.
The fortification of bread product protein with the preparation was conducted in the factory
conditions with implementing of 5% in its recipes toward the wheat flour mass. The determination of
the ready product’s chemical composition showed that the protein amount increases for 16%. It is more
balanced with the amino acid composition and its biological value with the determined amino acid score
increases from 57 up to 70%.
Determination of the physicochemical indicators of the ready product showed that it quite
satisfies requirements of bread products.

So, with the adding of protein preparation received from the soybean there is worked out the
bread product having the high nutritive value that is characterized with the high content of protein and
balanced amino acid composition. The new sort of bread product will more completely satisfy the
population daily demand of protein, this vitally important product.
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POTENTIAL OF WINTER WHEAT ADAPTATION IN THE LOW ZONE OF
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Summary

Wheat is a very important crop all over the world. Of the food provision needed by a human,
bread is indeed outstanding. Consequently, the demand for wheat grain is the highest in the world.

Georgia has a potential to produce high-quality agricultural crops what is extremely important
for the economic growth of the country, as well as for improving its export opportunities and food safety.
Georgia is recognized as the primary hearth of wheat origin and Georgian people have ancient traditions
of wheat growing. Unfortunately, in recent years, the areas sown with wheat have decreased
significantly.

The specific weight of winter wheat in wheat grain growing is much more than that of spring
wheat varieties, as its harvest is more stable and reliable. Winter wheat uses soil moisture more
efficiently, develops strong root system and better breeding ability than spring wheat.

Tetritskaro Municipality is located in the eastern part of Georgia and is a self-governing unit of
Kvemo Kartli region. Moderately humid climate is dominant in the Municipality, which typically has
moderately cold winter and long warm summer. Average annual air temperature in the low zone is 12°C.
Average air temperature in January, the coldest month of the year, is 0°C and it is 24°C in July, the
hottest month of the year. Average annual precipitations are 500 mm. Most precipitations fall in May
(119 mm) and the least precipitations fall in December (30 mm). Wheat breeding occurs naturally in
terms of 8-10°C, while at 3-4°C, the wheat vegetation is terminated. Great variation of daily
temperatures (5-1°C during the day and up to -10°C at night) has a negative impact on wheat. During
snowless winters, air temperature of -16-18°C and temperature of -30°C under the snow cover have a
dramatic effect on wheat.

By identifying the range of tolerance to the ecological factors, we can consider the degree
of adaptation and determine the harvest depending on the environmental factors. We evaluated
the climatic indicators by using a hydrothermal coefficient. The study of agroclimatic conditions
in different years of the experiment allowed us to thoroughly and reliably assess winter wheat
varieties in different environmental conditions. Adaptability to the environmental conditions is
assessed based on the potential of adaptation, which means the vitality, reproduction and

development of winter wheat in variable environmental conditions.
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HISTORY OF GEORGIAN BREAD
Malkhaz Dolidze
Department of Agrengineering of Georgian Technical University, Thilisi, Georgia.
E-mail: malxazdolidze@gmail.com

Summary

There are not many countries in the world that have endemic and aboriginal varieties of
wheat and at the same time have an interesting national (tradition) history of baking, as
evidenced by numerous archaeological and toponymic materials.

This article presents some interesting materials and fragments of this development. We
will get acquainted with the rich traditions created according the Georgian regions related to
the production of Georgian bread products.

We will get to know famous people and their views on the history of Georgian bread
products, which has always been a symbol of the power of the country and its families as it is
the primary foodstuff in our country to this day.
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BREAD QUALITY INDICATORS BAKED IN DIFFERENT PROPORTION OF TRITICALE
(XTRITICOSECALE WITTMACK) AND WHEAT (TRITICUM AESTIVUM) FLOUR

Tinatin Epitashvili
Georgian Academy of Agricultural Sciences, Tbilisi, Georgia
Georgian Technical University, Tbilisi, Georgia
n_epitashvili@yahoo.com

Summary
Protein deficiency is the global problem of today. By increasing intensive technologies and

adopting high yielding varieties, it has been raised grain harvest, but has been reduced protein content
in them. That's why this is an important way to use triticale to solve this important problem, in which
is mixed positive traits of these two main crops (wheat and rye): high contents of protein and lysine
(aminoacid) in the grain, immunity to diseases and pests, high yielding, winter resistant, filled and large
grains, adaptation to poor soils and etc. Grain og triticale contains about 2% more protein than wheat.
We found out that crude gluten of hexaploid triticale is 21.8%, much less, than in wheat - 30.84%,
accordingly, the degree of deformation of the gluten (IDC) varies between 78.0% and 83.7%. These
values were not determined in the rye; energy value of hexaploid triticale is 355 kcal in the 100 g product
was much higher than in wheat and rye, accordingly 235 kcal in the 100 g product and 270 kcal in the
100 g product. Bread baked in proportion of 40% triticale flour + 60% wheat flour, with added cephalaria
gives better organoleptic indicators, nutritional value and characterized by the duration of storage.
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THE ROLE OF VARIOUS ORGANS IN PHOTOSYNTHESIS OF THE WHEAT PLANT

A AZAMANOV, I.G.IBRAHIMOVA
Research Institute of Crop Husbandry of the Ministry of Agriculture of the Azerbaijan Republic, Baku
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Drought is one of the most important ecological factors negatively affecting wheat growth and
development, thereby limiting production (1, 2). Due to the frequent drought against the background of
environmental imbalance, wheat production declines by 10% annually (3). Wheat is one of the most
cultivated and productive crops in the world (4). Drought negatively affects its productivity and quality
(5), especially after the flowering phase (6).

Recently, the researches on the wheat selection have been focused on developing forms tolerant
to biotic and abiotic factors as well as increasing productivity (7). New efficient methods, which require
less time and resources, are used along with classical methods in the wheat selection programs (8).
According to previous reports, one of the main conditions providing high productivity of wheat is
transferring more produced biomass to reproductive organs (9).

Under abiotic stress conditions, caused by climate changes, especially under increasing drought
and heat effects, one of the new methods in selection is developing genotypes with high spike
photosynthesis (10). During the grain-filling phase, high photosynthesis was found to play an important
role not only under increasing drought but also under good agronomic care (10, 11).

Recently, the great role of spike photosynthesis during the grain filling phase in C3 plants,
especially under water deficiency, has been emphasized (12). High photosynthesis levels in various
photosynthesizing organs of wheat is an index of high drought tolerance (13). The existence of C4
photosynthesis in spikes was reported, however, according to some authors weak C4 photosynthesis
occurs in spikes (14). Nevertheless, having high RWC, and water use efficiency (16), as well as
manifesting better osmotic regulation, spike is physiologically younger compared with other plant
organs (17).

As under good farming conditions, photosynthesis products are more transferred to spike, because
of its donor ability, recent studies have been focused on genotypes with high donor ability. (18).
Moreover, spike photosynthesis was suggested to play an important role in plants infected with fungal
diseases, which limit photosynthesis in wheat leaves (19).

The transfer of assimilates to spike was shown to occur in 3 main stages during the grain filling
phase. At the expense of:

I. VIl tier leaves (20)
Il. Biomass collected before flowering (21)
I1l. Spike photosynthesis (22)

The role of assimilates in grain filling after flowering has not been fully clarified due to
methodological limitations (22). Contrary to leaves, the share of spike in photosynthesis is vague. There
were few investigations, especially under field conditions (12).

Various approaches were used to overcome methodological limitations to assess the spike role in
grain filling of wheat (13). The most commonly used methods are dividing plant organs to parts (15) by
darkening the organs to stop photosynthesis, applying herbicides (13) and drying (16). However, these
approaches do not consider the effect of organs on other physiological processes, except photosynthesis.

Moreover, photoassimilates decrease after the flowering phase leading to the realization of root
resources (23). Such remobilization occurs, when the donor is not provided sufficiently with
photosynthetic products (24). In plants cultivated under good farming conditions, the root share
decreases in grain filling which is attributed to the synthesis of more assimilates than required (25).

In addition to being an important organ assimilating CO2, spike has an ability to reassimilate
CO2, evolved during respiration, by awns and scales (26).

Materials and Methods:

The research was conducted in the Absheron Experimental Farm of the Research Institute of Crop
Husbandry. Wheat varieties with different heading time — early-heading Azamatli 95 (till the 28th of
April) and late-heading Gyrmyzy gul 1 (after the 2nd of May) - were chosen for the experiments.
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The study was carried out under different water regimes: | variant: the experimental field was
watered 3 times during vegetation, humidity was 70-75%. Il variant: the field was not watered, artificial
drought was imposed, humidity was about 35-65%.

The photosynthetic rate was measured in various photosynthetic organs - VIl and V111 tier leaves,
leaf sheath, peduncle, and spike. In both variants, the measurements were performed using URAS-2T
infra-red gas analyzer manufactured in Germany.

CO, amount assimilating by various organs of a plant was estimated for 1dm? assimilating
surface.

Acv
F=k s (or M)

Where: F-intensity of gas-exchange (mg CO, dm?/h or mg CO; organ/h)

K- coefficient of conversion from percentage to mg CO2;

A-difference between CO; concentrations at the entrance and exit of the chamber (ppm);

S- chamber area (dm?);

M- weight of the CO, assimilating organ in grams;

V-rate of the airflow passing through the chamber.

The dry weight of the photosynthetic organ was determined after complete drying at 105°C in the
thermostat.

The areas of the photosynthetic organs were calculated according to the projection of the organs
obtained by the AAS-400 apparatus manufactured in Japan.

Productivity was determined using sheaves taken from 1m? area.

Results and Discussion: According to the results of the study, the amount of CO, assimilated
during the vegetation period changed depending on the heading time of the variety. In both variants, the
maximum assimilation of CO, occurred in the heading-flowering and grain filling phases, whereas, the
minimum values were obtained during the wax-ripening phase. The amount of assimilated CO2 was
higher under optimal watering conditions, during all developmental phases of both genotypes. The
portion of assimilated CO- increased in leaves during the initial phases and in other organs by the end
of vegetation. In the early-heading variety (Azamatli 95), the amount of assimilated CO, was 21.0
mg/CO.dm?/h in the VII tier leaves, during the heading-flowering phase, under optimal water regime.
Whereas, under water deficiency this parameter was 19.0 mg/CO.dm?/h, which is 9.5% higher compared
with the control variant. This difference was higher by 8.3% in the VIII tier leaves, by 14.2% in leaf
sheath, by 3.7% lower in peduncle and by 21.3% higher in spike. Compared with the control, it was
higher in the VII tier leaves, VIII tier leaves, leaf sheath, peduncle and spike by 14.3%, 13.9%, 125%,
27%, and 25%, respectively. Under optimal water regime, the total amount of assimilated CO, was 26.3
mgCO.organ/h, of which 61.9% was assimilated by leaves and the other part by other organs. The
amount of assimilated CO, was 22.8 mg CO; organ/h under drought and 63.9% of this amount was
assimilated by leaves and the rest by other organs. The highest value was found in leaf sheath.

During the heading-flowering phase of the late-heading variety (Gyrmyzy gul 1) the higher value
for the photosynthetic rate was found in leaves-in the VII tier leaves, respectively, 16 and 19 mg
CO.dm/h, in the VIII tier leaves, respectively 19 and 21 CO2dm/h and the obtained values for the
watered variants were, respectively, 18% and 10% higher compared with the control. This difference
under optimal water regime was higher by 12.3%, 2.3% and 9.% in leaf sheath, peduncle, and spike,
respectively. The amounts of assimilated CO; in both variants of the VI tier leaves were, respectively,
5.3 and 6.8 mgCO-organ/h (28% difference) and in the VIII tier leaves 5.4 and 6.8 mgCOzorgan/h
(25.9%). This difference in leaf sheath, peduncle and spike was found to be 19.2%, 16.6%, and 16.1%,
respectively. Under drought and optimal water regime, 63% and 64.8% of the total CO2 were
assimilated, respectively, by leaves. The tendency continued during the grain formation phase.

Under drought and optimal water regime, respectively, 21.3 mg CO.organ/h and 26.9 mg
COorgan/h of the total CO? were assimilated in the Azamatli 95 variety, where the difference was
20.8%.

The total amount of assimilated CO, was 16.4 mg COorgan/h and 21.8 mg CO: organ/h,
respectively, under drought and optimal water regime, during the grain formation phase, in the late-
heading Gyrmyzy gul 1 variety.

As drought progressed during the milk ripening phase, photosynthetic rate decreased in the
Azamatli 95 variety. Compared with the control variant the decrease was 33%, 30.7%, 23.6%, 27.0%
and 22.8% in the VI tier leaves, VI tier leaves, leaf sheath, peduncle, and spike, respectively. The total
amount of assimilated CO,was 24.0 mg CO?organ/h in the 1st variant and 17.3 mg CO2organ/h in the
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2nd variant, where the differnce was 27.9%. Leaves share were 45.8% and 43.3% of the total assimilated
CO- in the 1st and 2nd variants, respectively.

Due to the intensification of drought and heat stress, and physiological senescence of
photosynthetic organs during the wax ripening phase, the difference between the variants increased. In
the Azamatli 95 variety, the amount of assimilated CO, was 16.0 mg CO.organ/h in the 1st and 9.3
mgCO:organ/h in the 2nd variant, where the difference reached 58%. In the 1st and 2nd variants, 38%
and 29% of the total CO;, respectively, were assimilated by leaves and the rest part by other organs.

In the Gyrmyzy gul 1 variety, the amount of assimilated CO, was 12.4 mg CO.organ/h in the 1st
and 6.9 mgCO.organ/h in the 2nd variant, respectively, where the difference reached 55.6% during the
mentioned phase. In the 1st and 2nd variants, 38.7% and 23.2% of the total CO, respectively, were
assimilated by leaves and the rest part by other organs.

Effect of drought on the intensity of photosynthesis (mg CO2dm? h and mg CO: organ h) in various
organs of the Azamatli 95 variety.

Table 1.
Orga Varia Tube Heading- Grain formation Milk ripening Wax riping
n nts | formation flowering
dm? orga | dm? orga | % |dm? | organ % | dm? lorga | % | dm? |org | %
n n n an

VI I 18 | 66 | 21 8 296 25 9.2 256 | 20 | 6.2 | 187 | 14 | 31 | 144
leaf

I 17 | 6.3 | 19 7 1302 22 7.4 258 | 16 4 |173| 8 1.4 |10.7
VIl I 19 | 66 | 26 9 |330]| 28 103 | 286 | 26 | 86 [271| 18 | 52 | 244
|
leaf I 18 | 55| 24 | 79 |333| 25 8.5 29.8 | 22 6 |260| 11 | 23 | 183
Lea I 16 | 3.6 | 13.7 | 175 4.1 152 | 16 | 3.8 | 158 | 14 | 3.2 | 200
f
she I 14 | 3.2 | 14.0 | 148 34 159 | 125| 29 |16.7| 10 | 23 | 247
ath
Ped | 13 14 | 53 20 2.7 10.0 (175 | 35 | 146 | 142 | 26 | 16.2
unc
le 1 135] 1.1 | 48 | 19.7 1.7 80 | 163 | 2.7 | 156 | 12 18 | 17.3
Spi I 114 | 5 |19.0 (119 55 204 | 114 | 57 | 23.7| 8.1 4 25
ke

I 94 4 |175]| 94 4.2 19.7 | 88 | 42 | 242 | 55 | 25| 26.9
Tot I 26.3 | 100 26.9 100 24.0 | 100 16. | 100
al 0

I 22.8 | 100 21.3 100 17.3 | 100 9.3 | 100

Note: |- optimal watering regime;

Il — drought exposed variant.

CO, assimilation was found to change during vegetation depending on biological traits of the

variety and water supply. In both variants, the maximum intensity of photosynthesis was observed in
the flowering and grain filling phases and due to the increasing stress effects, the amount of assimilated
CO- decreased sharply by the end of vegetation. Moreover, the difference between the variants was more
pronounced in leaves.

An increase in the proportion of other organs in photosynthesis occurs due to the physiological
weakening of the leaves by the end of vegetation, indicating that these organs play a special role in grain
filling.

Thus, it is desirable to assess other photosynthetic organs along with the physiological traits of
the leaves in the selection of primary parental forms for developing drought- and heat-tolerant varieties.
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Because these organs lose less physiological activity by the end of the developmental phase and play an
important role in grain filling.
Note: |- optimal watering regime

Il — drought exposed variant

Effect of drought on the intensity of photosynthesis (mg CO.dm? h and mg CO; organ h) in
various organs of the Gyrmyzy Gul 1 variety

Table 2.

Organ |Vari Tube Heading- Grain formation Milk ripening Wax ripening

ants | formation flowering

dm? |organ | dm? |orga | % | dm? jorga | % |dm? |orga | % | dm? |orga | %
n n n n

VII I | 200 6.7 19 | 6.8 | 324|168 | 6.4 | 293|150 45 |21.7| 9.0 1.8 | 145
leaf

I | 187 | 6.2 16 | 53 | 312|132 | 45 | 274|105 (312|212 | 45 0.3 4.3
VIl | 175| 53 21 | 6.8 | 324|208 | 7.0 |321|206| 6.9 |333| 135 | 3.0 | 24.2
leaf

Il | 162 | 46 19 | 54 | 318|176 | 50 |305|175| 3.7 | 253 | 825 | 1.3 | 188
Leaf | 155| 3.1 | 148|172 | 36 |165| 17 | 3.7 | 179 | 158 | 3.4 | 274
sheath

1 138 | 26 | 153|149 | 29 |[17.7|145| 32 (219 | 122 | 26 | 377
Pedun | 131|107 | 33 | 171 09 | 41 |158| 13 | 6.3 | 145 | 1.2 9.8
cle

1 128 | 06 | 35 | 138 | 0.7 | 43 [133| 1.0 | 6.8 | 128 | 09 | 13.0
Spike | 101 | 3.6 | 171|106 | 3.9 |18.0|10.7| 43 | 208 | 7.8 3.0 | 247

1 92 | 31 |182| 93 | 33 |201| 94 | 36 |246| 4.9 18 | 26.1
Total | 21.0 | 100 21.8 | 100 20.7 | 100 12.4 | 100

1 17.0 | 100 16.4 | 100 14.6 | 100 6.9 | 100
Note: - | — optimal watering regime

I — drought exposed variant.
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THE ROLE OF VARIOUS ORGANS IN PHOTOSYNTHESIS OF WHEAT PLANTS

A.A. Zamanov, |.G. Ibrahimova
Research Institute of Crop Husbandry Ministry of Agriculture of the Azerbaijan Republic, Baku
e-mail:zamanov.atif@mail.ru

Summary
Wheat plant, which satisfies 35% of the need of people for food and 20% of the need for calories,
is subjected to adverse effects of biotic and abiotic factors. Photosynthesis effects on the product
formation in wheat plants and it is very susceptible to environmental factors, especially to water
deficiency. This process mainly occurs in leaves and other organs having chlorophyll, such as leaf
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sheath, peduncle, spike, etc. The photosynthetic intensity has been studied in other organs along with
leaves and its role in the grain filling stage, especially under drought, has been emphasized.
Physiological senescence and death of leaves due to various stress factors occur towards the end of
vegetation resulting in higher activity in other plant organs.

The intensity of photosynthesis was studied during various phases, under optimal watering and
water deficiency in wheat genotypes differing in morphophysiological traits using German URAS-2T
infrared gas analyzer. For providing an optimal watering regime, the plants were watered 2-3 times and
soil humidity was 65-70%. The watering was stopped to impose drought and soil humidity was about
35-63%. The early heading variety Azamatli 95 and late heading variety Gyrmyzy gul 1 were chosen
for the study. The study was conducted with physiologically active leaves of the 7" and 8™ layer, leaf
sheath, peduncle,and spike. CO- assimilation by leaves was 63.0% in watered variants of the Azamatli
95 variety and 64.0% under drought, during initial phases. This parameter was, respectively, 45.8% and
35.9% in the wax ripening phase. The rest part of CO, was assimilated by leaf sheath, peduncle,and
spike.

In the Gyrmyzy gul 1 variety, CO;, assimilation during initial phases was 65.0% and
63.0%,whereas during the wax ripening phase it was equal to 45.7% and 32.9%, respectively. The
activity increase was also observed in other organs compared to leaves towards the end of vegetation.

In both varieties,the amount of CO; assimilated by leaves was high in the earing, flowering and,
grain filling phases, decreased towards the end of vegetation and the most amount was observed in plants
exposed to water deficiency. Various vertical organs-leaf sheath, peduncle, and spike were found to play
a special role during grain filling in wheat leaves. It was recommended to consider these traits in

breeding new varieties.
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INCREASING WHEAT PRODUCTION IN THE COUNTRY GROCERIES
CHIEF SECURITY GUARANTOR
V. Zeikidze, T. Lachkepiani
Georgian Technical University, Thilisi, Georgia

Summary

The article analyzes the current state of wheat production in Georgia. It is noted that the modern
level of domestic production does not meet the requirements of the population of the country, the
coefficient of self-sufficiency in wheat varies from 6-15 percent between 2010 and 2018. Which is a
very low rate. Consumer prices in different countries of the world are also compared and compared to
Georgia. It also notes that the country's agricultural potential should be exploited in a phased manner,
which requires deeper cooperation between the public and private sectors.

According to the authors, the program "Wheat" should be established to finance all activities
that gradually increase the production and nutritional value of this culture among the population and
significantly increase the use of native wheat for food purposes.
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THE MAIN DEFECTS OF FOREIGN COMBINE HARVESTERS OPERATING IN
GEORGIA AND THE STUDY OF THEIR PERFORMANCE RELIABILITY INDICATORS.

Jemal Katsitadze
Georgian Academy of Agricultural Sciences, Thilisi, Georgia
Agrarian University of Georgia, Thilisi, Georgia
chokhadari@yaho.com

Summar

Foreign combine harvesters, in contrast to the analogue equipment produced in the former
Soviet Union, are characterized by such virtues as comfort, pleasant design, high reliability and
performance, technical perfection of structural elements, high quality workmanship and minimal wear
of parts during  operation. When working in Georgia, they are constantly influenced by such factors
as mountain conditions, inclination and waviness of the relief, alternating dynamic loads, abrasive
particles in the working environment, high humidity and others. All these factors worsen the
performance of machines and it is necessary to investigate single and complex indicators of reliability
in order to identify specific measures for the effective use of technology and to identify less reliable
components and parts.

The article deals with the method of collecting and mathematical processing of information
about reliability, which is implemented for combines ,, NIVA 7, ,, MASSEY FERGUSON”, ,, CLAAS
”.,, SAMPO”, working in Georgia. Their main defects were revealed and operational reliability
indicators were determined.

Key words: Reliability , Combine harvester , Resource , Defect , reliability index.
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CEPHALARIA (CEPHALARIA SYRIACA) AND ITS ROLE IN THE BREAD MAKING

Tamar Kacharava, Tinatin Epitashvili
Georgian Technical University, Thilisi, Georgia
t.kacharava@gtu.ge; n_epitashvili@yahoo.com

Summary

Along with ethno botanical characteristics investigation, it has been identified that in some
regions of Georgia it is actual to use precious dietary additives for improving bread taste and quality.
Among them interesting for us turned out Cephalaria (Cephalaria syriaca), adding of which gives the
bread specific bluish colour, softness and pleasant taste, and increases the duration of storage. Among
the biologically active substances of cephalaria contents of protein and carbohydrate are 18.46% and
43.43%, and the fat content is 17.76%, energy value is quite high - 422 kcal 100 g. Bread baked in
proportion of 40% triticale flour + 60% wheat flour, with added cephalaria gives better organoleptic
indicators, nutritional value and characterized by the duration of storage, i.e. cephalaria can be used as
a natural herbal means for improving the dough rheological and bread's properties, which at the same
time increases the duration of storage bread on the background of quality preservation.
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PROBLEMS OF WHEAT PRODUCTION IN GEORGIA

Tamaz Kunchulia
Georgian Academy of Agricultural Sciences, Tbilisi, Georgia
E-mail: Tinatin.Karanashvili@mepa.gov.ge

Summary

Together with vine, Georgia is acknowledged as an original country of wheat. It ancient
species — Makha, Zanduli, Doli Bread and others are characterized with high resistance to pests and
diseases and qualities for high quality bread baking. Most importantly the ancient species of
Georgian wheat represent the best selection material.

During long period of time, Georgia could not meet demand for wheat. Based on recent
years’ data, coefficient of self-sufficiency fluctuated between 8-18%. In Georgia, where the demand
is around 650-700 thousand tons of wheat, the trend of decreasing wheat plantations can be
observed and this can be explained by the lack of attention to the sector,

In the current Georgia, the problem of wheat seed production is not addressed, relevant
agricultural equipment is lacking, mineral fertilizer is expensive, and new technologies are not
introduced. This happens is the condition when according to the specialists’ calculations Georgia
can meet 60-65% of wheatdemand. For this the plantations should increase up to 110-120 thousand
hectares and the yield per ha should reach 3 tons, that is not difficult to achieve in the current
conditions of Georgia.

Everything should start by purchasing of wheat by certifies warehouse that will be linked
with wheat producers ‘cooperative and commercial bank.Responsibility of certified warehouse is
buying of wheat seed from cooperatives and storing it. The commercial banks keep bank accounts
of producers that are linked with warehouse. The certified warehouse regularly informs bank on
the amounts and prices of stored wheat. Wheat producer addresses the bank for loan and the bank
approves loan in the mount of 60% of stored wheat and informs the client.

Key Words: wheat, history, production, certified warehouse
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APPLICATION OF EXTENSIVE USING RIDGE AND FURROW IN INTENSIVE
PRODUCTION AND SELECTION OF WHEAT GRAINS

Kakha Lashkhi, lrakli Rekhviashvili, Zaza Ichkiti
,,Firm Lomtagora’’, Marneuli, Georgia

Summary
The use of extensive using ridge and furrow in wheat intensive production in modern
production is a new innovative technology, which includes: 20% reduction in seed sowing norm, 30-
40% of irrigation savings, permanent( complete) possibility of taking care of the plant, throughout the
vegetation period, without damaging it at the expense of increased medium productivity and quality,
ensuring at least 60-70% of the country's being self-sufficient on its food needs in the near future.
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3oblbgoggdom, 360dgbgermgbo 0b@gds Ke=15,0319-10,8017 [5]. dgm@g a56dsLbgoggdgano
b0dsbo obos, M3 @yYb-yog30bxg@ boswsprbg bm@daol do@goedo @ goJlodogds
dEog®  Eop@mggdoro  gargdgb(hgdol  xpgBoe. 9byPoYer  ©ayOMggdorol  Bgdwgy
S0l 0353906 LybBoe ©op®mggdoo xagxo. dob Jdbol amgodoo Ke=0,7537 o
dogboydo Ke=0,2011. dodgomm@o  LybEow dgodmdgds dobpobydo, oo z09do,
Lbogmooygdo s  @3obs Ke=0,0737-0,0509-0,0020-0,0012. dognbg LylbRew 3o
dgodmdgds senydobo Ke=0,0005. olggg Omym@a (obs dgdmnbgggsdo, @gb-gog0leg@
booag by bm@daol bodyxolbs s sbo@bgbgdols Jodoydo gangdgb@gdol domamyoy®o
‘doobonJdols 30 gdomdols 020 SOl @ YOS 00gbB @ 0s:
N>P>S>Mn>Mg>Ca>Si>Fe>Al. dodgemobopob aoblbgoggbom  bm@danols  bsdyxsdo,
5bomhgbgddo s Rgliggddo o6 oGOl gbgdyoyms® oaMmMggdomo g gdgb@gdo. badyxsbs
> obodhgbgddo  danog®  admgogds  Ssbm@Bo Ke=3,5249-3,8953, Robymao
Ke=1,8987-1,9198 o pmpodwo Ke=1,5597-1,5672. Lyl@oe aemgogds dobysbydo
K6=0,2211-0,2457, doyboydo Ke=0,1768, jsoemizoygdo Ke=0,169-0,1711. ULyb@ow
dgodmdgods Lognoizoygdo Ke=0,0410 ©s doenbg bylbRew dgodmdgds @jzobs Ks=0,0040-
0,0037 @ws osaogdobo Ke=0,0010.

JoBoygdo geg89bGgdol doememmaondo B0msbmJdol 06@gblogmdols gangdsmdol Gogo

3b®ogno 1.
bo®dsano,  dogdofs  hggyengddogo
P M Na Si
do- N K & Ca Mn Fe
(33°-
® 11,9000 0,2351 0,0580 0,0500 0,0006 0,0002
= 8,5625 0,0953 0,0750 0,0014
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N K Na Mn Si Al
P Mg Fe
bodxo
1,4125 0,1911 0,0774 0,0028
2,5200 0,7908 0,2312 0,1667 0,0424 0,0006
N P Na Mn Si Al
Sbo®- K Mg Fe
hgbgoo 0,7915 0,0774 0,0028
2,7000 | 1415 0,2437 | 01919 | 0,1667 0,0420 0,0006
P Mn Si Al
A9b59- N Ca K Mg Fe
60 2,8000 0,5902 0,3723 0,1066 0,0199
1,3875 0,2813 0,2000 0,0524 0,0092
dorg- N K Ca Mn Mg Si Fe Al
@0 P
36 3,0630
Gg | 50110 0,5790 | (2500 | 0,2130 | 0,670 | 0,0880 | 0,0334 | (ogs1 | 0,0025
beo®dseno, Ogbo-yosgobggdo boswospo
N P S Mg Mn Ca Si Fe Al
d56-
(33820
15,0319 10,8017 0,7537 0,2011 0,0737 0,0509 0,0020 0,0012 0,0005
N P S Mn Mg Ca Si Fe Al
bodx o
3,5249 1,8987 1,5597 0,2211 0,1768 0,1695 0,0410 0,0040 0,0010
N P S Mn Mg Ca Si Fe Al
Sbo®-
hgbgdo
3,8953 1,9198 1,5672 0,2457 0,1768 0,1711 0,0410 0,0037 0,0010
N P S Ca Mn Mg Si Fe Al
B9L3I-
40
7,0243 2,3207 1,7761 0,5252 0,2948 0,2476 0,0612 0,0282 0,0112
N P S Mn Mg Ca Si Fe Al
dongano
d;39bo-
@
J 6,1494 4,1983 1,3806 0,2211 0,1923 0,1870 0,0394 0,0063 0,0022

Ke>1 < > Ke<1

3gbggdol  domemaoy®o  dmsbmddol  0bFgblogmds  YPG®m  omogros, gowdy
bodyxols o obo@bgbgdol. olggg, dmym®iG Lbbgs LA YA YO bsFoemgddo gglggddoi
de0g®  2@m3gEgds sbm@o, Fombym@o ©s ampodeo Ke=7,0243-2,3207-1,7761. Lyl@owe
500M3090s  gogni0ygdo,  Jobpsbydo s dopboydo  Ke=0,5252-0,2948-0,2476. Lbgos
O25bmgdmsb  dgoodgbom  B9lggdbdo 0bEgds  Lognogoydol, @3zobol ©s  saydobols

dohggbgdgero  Ke=0,0612-0,0282-0,0112.  GOmpem®3  bgdomo  s@gbodbgn  boswsydo
Loanogo@gdol s 53xmEgOgmo gobaggmgdols Momegbmds dggdoe dg@os, gowdg Lbgs
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sbomhgbo gangdgb@gdols, mydis d3gbosdggdols dog® olobo dmsobmfdgds dognbg d0mg
oM bmdom ©s J0g3ymgbgdosh LybRsw dgdmdgem xaaab.

slolb@yanls, solsggbols Lobom dgodengds omgbodbmm, @md dowgdygeo dmbsigdgdo
>oLRAY@gdl Lbgs d33e0 9300950l dmbob@gdols 0dols Iglobgd, GmI bsgggdo gangdgb@gdo
d3965M 9950l dog®  dmoobmdgds aoblbgoggdbymo 0b@gbliogmdom.  bm@dsgno 3o@mggen
®03d0 J0sbmdogh boosado 300y Aomegbmbdom s@Lgdye ©gBoEEYG g gdgb@gol,
sJBo@ Tymog® 0g@sb@gdl, Mmdmgdo sgoms® a50@obgds 53Mm3gbmbols Bodaagdls
30090, 3553 530 gogenos 3(39b5M0l (3ogrmgsbo s Lbgs bogmog®gdols ‘dgbgdolsmgols.
hggnergd®og  dogdo(oby  gmlgma@ols Ynoboddol  0bGgblogmds  (Jmgemo 396600
dobgwgom) 53-12,3-14,3-34.8-x 9@ o>@gdo@gos denog®o  3omombgdols goeoydols, gognzogdols,
bo@d@oygdol s dopbogdol  dmobmdol  0bFgblogmdsl. @ygb-gogoliggg® boswsybg  go
Rebym@ol ©s amao®eol sbombgdol dmsbmgdols 0b@gblogmds 7.2-74-x96  do@sgos
dogboygdols o goenioydols dmebmddols 0b@gblogmdsby. 0bg@@yeo  gangdgbBgdo ©s
sdBogmo dog®sb@goo, MM gdoi [oddmowygbgb Lyli@ gomombgdls ob obombgdls (Al, Fe, Si)
LgbRoe  dmoobmdgds d3zgbodols dog@m. hggbo 3gemggol  Ygogagdom  Jowgy gHmbgen
obBYOEgds, @M I39boMggdl goshbosm Jodogdo gangdgb@gdols dmsbmJdol s@bgzomo
9bs@o.

hoBomgdygemo 33amg3ol boggydggenbyg dgodangds @oa0begl Lobmgeom-bsdgy@bgm

39O 9d0l Immbemgbogrgdgdo ©ggoGoAYO bogggd gmgdgbdgoby o dmbegl d3gbodobs
s dobo Los@ligom go®gdml dgasligods.
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INTENSITY OF NUTRITION ELEMENTS BIOLOGICAL ABSORPTION BY WHEAT
UNDER THE ORDINARY CHERNOZEM SOIL IN GARE KAKHETI AND GREY-BROWN
SOILS IN KVEMO KARTLI

Revaz Lolishvili
Georgian Academy of Agricultural Sciences, Thilisi, Georgia
E-mail: rezo.lolishvili@gmail.com

Summary

Plants of different intensity absorb nutrients on different types of soil and fertility. Accumulation
of elements in the whole plant as well as in its separate blocks differs significantly from their average
content in the soil. Analysis of the biological absorption coefficients of nutrients indicates that wheat
intensely absorption and strongly acumulate in its organs only nitrogen and phosphorus at Kb>1.
Elements has energetically collected only in grains at the Kb>10. Potassium, calcium, sodium, and
manganese in the whole plant of wheat has weakly accumulated, magnesium and silicon has weakly
bind and iron and aluminum has very weakly bind. Iron and aluminum are weakly absorbed by all
organs of wheat, even though that in the soil-forming rocks and in the soil they are presented in a large
number as compared to the other elements. descending line of absorption of the chemical elements in
the whole plant of wheat is as following: N> P> K> Ca> Na> Mn> Mg> Si> Fe>Al. Despite of that
composition of wheat is depend on the soil type, it is primarily absorb and accumulates deficient
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elements containing in the soil in a small amount , active water migrants that has easily taking out
outside the agrocenosis, but it is necessary for creation plant proteins and other substances. The intensity
of the phosphorus absorption (in the whole plant) on the ordinary chernozem soil is 5,3-12,3-14,3-34.8
times greater than the absorption intensity of strong cations of potassium, calcium, sodium and
magnesium. Intensity of adsorption of phosphorus and sulfur anions is 7,2-7,4 times higher on the grey-
brown soils than absorption intensity of magnesium and calcium. Inert elements and active migrants
that are weak cations or anions (Al, Fe, Si) are weakly absorbed by the plant. Rresults of our research
have once more again confirmed that plants has selective ability to absorb chemical elements.

Based on the conducted research it is possible to determine the needs of agricultural crops to the

deficientive nutrients and make an evaluation of plant and its habitat environment.

Key words: wheat, soil, biological absorption, intensity, coefficients.

YK 632.7
BUOJIOTHYECKAS 3AIIUTA IMIIEHALBI B ASEPBANI)KAHE

3.M.Mamenos, H.5.Mup3oesa
Wucturyt 300morun HAH Azep6aifmkana, r. baky, Azepbaimkan
E-mail: z.mammadov37@mail.ru

B noBbllIEHNH YPOKaWHOCTH CEIbCKOXO3SIMCTBEHHBIX PACTEHUM, Hapsiiy € MOBBILIEHUEM
KyJIBTYpbl 3eMiiefieniusi, OOJblIoe 3HAYCHWE HMEeT IUIAHOMEpHAas OpraHu3alus Mep OopbObl ¢
BpPEIUTEISIMU M OOJIE3HAMHU PaCTEHHM.

B A3zep0Oaiimkane, Kak B3pocible KYKH, TaK U UX JIMYUHKH, [TOBPEXKAs SIPOBYIO U O3UMYIO
MIIEHUIY, 3HAYUTEIBHO CHIKAIOT UX ypoxaiiHocTh. OntHa B3pocias opma BpeJuTens B Iepuo] CBOSH
JKU3HU MOKET YHUUTOXKUTH 7-8 T. miueHuisl. 13 atoro pacuéra npu miotHoctd 50 5KyKOoB B 1 KB. M.
MOCEBBI C YpOkalHOCTHIO 40 11/Ta MOTHOCTBIO YHUUTOKAIOTCS.

B Asepb6aiikane, ocooeHHO B paiionax ['yba-Xaumacckol 30HBI, XJICOHBIE )KYKU MIICHHIIBI
SBJISIFOTCSA OJHUM U3 HanOoJiee CepbE3HBIX BPEANUTENCH 36PHOBBIX KYJIBTYD.

Marepuana 1 MeTOAMKA

Marepranbsl TI0 W3yYSHHIO BpEeAUTENeH MIeHUIb o A3zepOaiipkaHy, OCBEIIEHbl B padoTax
A.B.borauéra (1951), A.A Ixadaposa (1964), H.I'.Camenosa (1963) u np. OgHako uX JaHHBIE,
MCKIIOYasi HEKOTOPbIE BOMPOCH, HOCWIIM SMHU30MYECKUI XapaKTep U MaTepuasibl OOJbIICH YacThio
OBUIM TIPE/ICTABIICHBI B aCHIEKTE (hayHUCTUKH.

J11st ipaBUITBHOM opraHu3anyu padot mo 60prOe ¢ OIaCHBIMU BPEAUTEISIMU HEOOXOJMMO 3HATh
uX OHMOJIOTHIO M JKOJIOTHIO, XO3SIMCTBEHHOE 3HAYCHHE, €CTECTBEHHBIX BPAaroB M pPaclpOCTpaHEHHE.
ToJibKO HAa OCHOBE ITyOOKOT0 3HAHUS OMOJIOTMUECKUX 0COOCHHOCTEH BpeAUTEIeH, MOKHO pa3paboTaTh
Hay4YHO 000CHOBaHHYIO U 3()(HEKTUBHYIO CHCTEMY MEPOTIPUSTHH M YCIIEITHO BECTH OOPHOY ¢ HUMH.

UccnenoBarensckass paborta BeimosHeHa B TedeHuu 2007-2016 rr. B A3zepOaiijpkaHe Ha
OMoIIeHO3aX 36pPHOBBIX pacTeHMid pernoHa. B pesynbraTe He€ ObUTO BHIABICHO 34 BHJIA )KECTKOKPBUIBIX
(Coleoptera). W3 mux mast daynsr ['siHmka-I'azaxckoro permoHa oTmedeHo 26 BHIOB. B xome
UCCIIEZIOBaHMI Hamboiiee 4YacTO BCTPEUYAIOLIMMUCS SBHIMCH TpencraBurenu cemeiictB Carabidae,
Chrysomelidae u Scarabaeidae.

3 BuJa SABNAIOTCS - JIOMHHAHTHBIMU. V3 BBISBICHHBIX BHJOB 13 TIOBPEXJAIOT TOJNBKO
TreHepaTUBHBIE OpraHbl pacTeHHd, 13 - TONBKO BereraTWiBHble W 17, Kak TeHEpaTHBHBIC, TaK U
BEreTaTHBHBIE OPTaHbl.

BrepBeie cocraBiieHBl (PEHONOTHUECKHE TaONMIBI AAA 5 BHIOB Bpemurenei (Zabrus
tenebrioides longulus, Enicopus hirtus, Anisoplia austriaca, Oxythyrea cinctella, Podonta daghestanica)
I'ssnmpka-I'azaxckoro pernoHa. Y CTaHOBJIEHBI BHYTPUIIOYBEHHAS! MUTPALUs, YacTOTa BCTPEYaEMOCTH,
OUHAMUKa J€Ta, ONpeneNeHa CTelNeHb BPEIOHOCHOCTM OSTHX BHIOB Ha O3MMOM MIIEHHIE M HUX
B3aMOOTHOILICHUS C SHTOMO(araMu ¥ KOPMOBBIMH PACTEHHSIMH.
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JI1s BBISIBJICHHBIX BHJIOB ’KYKOB YCTaHOBJICHO 15 BHIOB 3HTOMOGdAroB, cpeau KoTopbix 10 -
Mapa3uThl U 5 - XUITHAKH.

BriepBrle mpoBeA€H 3KONOTMYEeCKUH aHanu3 (payHbl KECTKOKPBUIBIX 3€pHOBBIX IIEHO30B IO
9KOJIOTHUECKUM MoKa3aTelsiM. Munexkc CUMIICOHa Ha €CTEeCTBEHHBIX LeHo3ax Obll paBeH 0,21, Ha
arporenos3ax - 0,13; nanmekc IlleHHOHAa HA €CTECTBEHHBIX IIeHO3aX cocTaBmi - 0,65, Ha arporeHo3ax -
0,75; namexc Mapraneda Ha eCTECTBCHHBIX ITIEHO3aX COCTaBMII - 16,14, Ha arporieHo3ax - 13,33; uaaekc
[Muamy Ha ecTecTBEHHBIX 1IeHO3aX coctaBmi - 0,39, Ha arporenosax - 0,48.

B Asepbaiimxane Ooiee AeTadpbHO HW3yYeH KOMIUIEKC BpeauTeneil mmenwnnbl B [y0a-
XauMaccKou 30He.

BrisiBieHre BpegHOTO0 HTOMO(DAayHHCTHYECKOTO KOMIUIEKCA IMIMIEHUYHBIX KYyJIbTYp, OyAeT
UTpaTh poiib B pa3paboTKe OYAyIIUX MEPONPHUITUH 10 00pHOE ¢ ITUMU BPEIUTEISIMH.

Ha ocHoBanmm cOOCTBEHHBIX HCCIIEOBAHUN YCTAaHOBJIIEHO, YTO HA MIIEHUIlE BpeasT 34 Buaa
HacekoMbIX. Cpein HUX HauOoJee BpeAHBIMHE SBISIIOTCS: Zabrus tenebrioides elongates Men, Agriotes
gurgistanus Fald., Opatrum sabulosum reitteri Schust., Lema melanopus L., Phyllotreta vittula Redt.,
Chaetocnema aridula Gyll., Ch. hortensis Geoffr., Psalidium maxillosum F. U3 pasaopsuisix 13 Bumos
(ocobenno Sitobion avenae Fabr., Callidelphax marginata F., Philaenus spumarius L. u ap.), u3
npsimokpbuIbix 10 BumoB (ocobenno Calliptamus italicus L., Pararcyptera microptera transcaucasica
Uv. u 1p.), U3 NOITYKeCTKOKpBUTBIX 4 BHIOB (ocobenHo Eurygaster integriceps Put., Trigonotylus
ruficornis Geoffr., Notostira elongate Geoffr.), u3 nBykpsuisix 7 BumoB (ocobenno Mayetiola destructor
Say., Oscinosoma frit L., Chlorops pumilionis Bjerk., Meromyza saltatrix L., Opomyza fotum FlIn.).

W3 ormeuenHbix s AsepOaiimmkana 14 BunoB xneOHbIX xkykoB (Anisoplia leucaspis Cast., A.
segetum segetum Hrbst., A. reitteriana Sem., A. austriaca major Reitt., A. parva Kr., A. agnata Reitt.,
A.signata Fald., A. faldermanni Reitt., A. limbata Kr., A. farraria Er., A. antoniae Reitt., A. pastuchovae
Zaitz., A. agricola Poda., A. deserticola Fisch.) sapeructpupoano 8 Bumos sxykos (A. leucaspis Cast.,
A. segetum segetum Hrbst., A. austriaca major Reitt., A. signata Fald., A. farraria Er., A. antoniae Reitt.,
A. agricola Poda., A. deserticola Fisch.). TTpuuém Buzpr A. leucaspis Cast., A. austriaca major Reitt., A.
farraria Er., umess HambOonee WIMPOKOE PACIPOCTPAHEHHE, SIBISIOTCS CEPbE3HBIMHU BPEIUTEISMH
NIICHUIBI.

[lomeBbIMM W 1a0OpATOPHBIMU HAOMIOJEHUSIMA YCTAaHOBIIEHO, YTO JUISi HOPMAJLHOTO
OTPOXKJICHUS JTMUMHOK U3 SHII, HEOOXOIMMO HaJIMUHUE B ITOYBE BiakHOCTH 10 20-23% (B npoIieHTax 1o
a0COJIFOTHO CYXOMY BeCy). YMEHBIICHUE BJIXHOCTU MOuBbI (Hmke 10%) okaspiBaeT ryOUTENIbHOE
BIIMSIHYE HA SHIA ¥ TUYWHKH, TIO3TOMY JUISl OTKJIaIBIBAHUS SIUIT )KYKH BRIOMPAIOT OoJiee yBIIaXKHEHHBIE
TTOYBHI.

[Ipu cyxoctu mouBsl (7-9% BIAXXHOCTH) MIIEHUIIBI KYKH HE OTKJIAJBIBAIOT SiIIa, a €Clu U
KIIQAYT, TO 3TH SIIIa TOYTH TTOJHOCTHIO THOHYT.

HaOmoieHns moKa3bIBalOT, YTO CTENEHb BBDKUBAEMOCTH STUI] BO MHOTOM 3aBHCHUT TaKXKe OT
BIIQYKHOCTH MOYBEL. B wactHOCTH, ipu 20-22% BIIa)KHOCTH TOYBHI BEDKUBAEMOCTD SIUIT COCTaBIsET 80-
83%, a mpu 14-16% BnaxHocTH BeDKHBaeMocTh Obl1a 40-45%. B ykazaHHBINM niepuo] cpeiHecyToUHas
TeMIepaTypa Bo3ayxa Obuta 24°, a OTHOCHTENBHAS BIAKHOCTE BO3LyXa 67%.

OIHOBPEMEHHO BBISIBJICHO, YTO B IIOYBAX C BIAXKHOCTEIO 0T 5,2 110 10,2% cMEepTHOCTH TUIMHOK
yepe3 20 nueii cocrasisiet 10 70%, a gepes mecsir - 10 100%, a B TouBax C MOBHINMICHHON BIAKHOCTHIO
(ot 23,5 - 10 30%) cmepTHOCTB HocTUTaeT 76% JTNYNHOK.

[lony4yeHHble aHHBIE CBUACTENLCTBYIOT O TOM, YTO B YCIOBUIX A3epOalikaHa, Te MIIeHUIa
ceercss OOBIYHO Ha Oorape (HE TOJHMBAaeTCs), B TEPHOJ PAa3BUTHS JHMYMHOK, UX OKYKIMBAHUS U
AWLEKNATKN )KYKOB, KOJMYECTBO BBINAJAIOMIMX B Mae M 