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A b s t r a c t  
 

The authors consider new approaches to cereal yield increasing by relevant agro-techno-
logies and breeding methods. Earlier it was shown that the yield of agrophytocenosis is determined 
by seven genetic and physiological systems, the GPS (A.B. Dyakov and V.A. Dragavtsev, 1994), the 
breeders are de facto faced to increase the crop yield. There was the first genotyping of each GPS of 
productivity which showed the ways to optimal strategy of yield management via GPS. In this paper 
for the first time it is shown that effect of some systems can be increased both by agro-technological 
and breeding methods. In the future the agro-technologies should be improved by the development 
of precise agriculture. In this, it is necessary to provide i) monitoring of phytocenoses, ii) indication 
of limiting factors for each stage of ontogenesis which impact the traits starting their development, 
iii) development of new agro-methods precisely influencing the phytocenosis by biologicals which 
can level the negative effects of specific limiting factors. In other words, «phase-specific agro-techno-
logies» must be developed to protect sensitive phases of plant ontogenesis. To obtain maximal effect 
from precise breeding technologies, it is necessary to create mathematic models allowing to estimate 
quantitatively haw each GPS contributes to yield increasing at each stage of ontogenesis. Moreover, 
these models should be further used both in classical field breeding and, most effectively, in special 
phytotron where the dynamics of environment limiting factors typical for the territory of interest can 
be simulated. On the base of first created models the important quantitative algorithms for breeders 
were suggested which provide rapid identification of individual genotypes by their phenotypes and 
optimal selection of the parents to predict and obtain the transgressions (for self-pollinated plants). 
In this paper it is shown that, though certain GPSs can be improved both by agro-technologies and 
breeding, there are some traits which can be changed only by breeding. Analysis of unique breeding 
results of V.S. Pustovoyt, P.P. Lukyanenko and Norman E. Borlaug showed the GPSs improved by 
these great breeders and those ones unimproved. Breeding and agro-technology programs for each 
GPS must result in further yield increase. The paper summarizes the perspectiveness of hormones 
used during different phases of ontogenesis to deepen roots into soil, to increase attraction and to 
improve stress tolerance. Agro-technologies and breeding technologies must work together, because 
the high genetic potential of newly bred varieties can not be realized with improper agro-technology, 
and, in contrary, the best agro-technology will be limited by low potency of the variety. Modern 
agro-physical equipment (in particular, special phytotron accelerating breeding process), IT-techno-
logies, mathematical modeling used to control crop yields are the main factors for optimal team-
work of agro-technologists and breeders with the view of effective agriculture in Russia. 
 

Keywords: agro-technologies, breeding, reserves of cereal yield increase in Russia. 
 

Yet 100 years ago, the farmers of the world used the following levers to 
increase the gross output of crop production: plowing new land up; optimized 
location of genera, species and varieties of agricultural plants in macro, meso- 
and micro-ecological niches; improvement of agricultural technologies; breeding 
new varieties and hybrids using genetic breeding technology; creation of variety, 
species and genera mixes to maximize the use of environmental resources by 
complex agrophytocenoses. Currently, the first and second approaches have al-
most exhausted their possibilities. There are almost no new lands left, optimizing 
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the placement of cultures on the territories has been finished in general (it was a 
long empirical process of «trial and error»), and just the system of variety zoning 
is continuously running. According to recent data, the ratio of contribution in 
the yield increase due to improved agricultural technologies and breeding 
technology development in the different zones of the Russian Federation is 
from 50 %:50 % to 30 %:70 %. Creation of variety, species and genera mixes 
is highly developed, for example, in Brazil, where up to 80 % of the area are 
seeded with genotype mixtures; in Russia, this approach is just beginning to 
develop, but it is experiencing difficulties due to the lack of new machinery 
modifications and special systems for monitoring and maintenance of com-
plex agrophytocenoses. 

A global crisis of agricultural production arose in the 21st century be-
cause technological intensification of crop production could not solve the prob-
lem of further yield increase but was associated with the growth of energy costs 
and ecological imbalance. Solving the problem of hunger and malnutrition of the 
growing population of the world and reduction of the negative impact on the 
biosphere are the two main problems of the contemporary agricultural sector. 
Therefore, identification of the reserves of inexpensive, environmentally safe and 
accurate agricultural technologies, as well as opportunities to radically improve 
crop breeding, is very important. 

Priority Russian phenotyping (subdivision of the final yield into its seven 
contributions as a result of functioning seven genetic and physiological systems) 
and presented approaches to improve the efficiency of each system by agrotech-
nological and breeding methods for the first time demonstrate the quantitatively 
assessed significant potential for increasing crop yields in the Russian Federation. 

New approaches to  t he  e s t ima t ion  o f  re se rve s o f  ag r icu l-
tura l  techno log ie s  and breed ing  technolog y in  so lv ing  prob lems  
o f  increas ing  y ie ld. The effectiveness of the above five «arms» to increase 
yields has not been assessed in a rigorous manner so far. This can be assessed 
based on the currently available knowledge about the prospects of agricultural, 
genetic and breeding techniques which contribute in the yield improving. 

A.B. D’yakov and V.A. Dragavtsev have shown [1] that the yield of ag-
rophytocenosis is determined by the following genetic and physiological systems 
(GPS): Attraction (ATTR, System 1), or redistribution of photosynthesis prod-
ucts and elements of mineral nutrients from the stem and leaves to the centers of 
attraction, i.e. the ear (in cereals), the flower basket (in sunflower), etc.; micro-
distribution of attracted plastic substances (MIC, System 2) between the grains 
and the chaff in the wheat ear, between the seed core and peeling in sunflower, 
etc.; adaptability (AD, System 3) as total adaptation to the specific conditions of 
field and trials year, or specific adaptation in case of provocative background, 
such as drought, cold, heat, salinity, changes in soil pH, etc.; horizontal immu-
nity (IMM, System 4) as a horizontal (polygenic) resistance to diseases and 
pests; «payment» by plant dry biomass for the limiting factor unit in soil nutri-
tion (EFF, System 5), i.e. nitrogen, phosphorus, potassium, etc.; tolerance to 
thickening (TOL, System 6) as the ability to withstand a high density of planting 
and maintain a large number of ears per 1 m2 of the area; genetic variability for 
the duration of ontogeny phases (ONT, System 6). 

This experimentally tested approach described back in 1994 [1], in fact, 
has become the priority Russian phenotyping (phenotyping is a recently arisen 
line of research abroad that attempts to divide the final phenotype signs that 
formed during growth and get to the primary elements of productivity that are 
related more closely with the gene products than the resulting complex proper-
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ties of productivity and yield) [2-6]. 
Domestic phenotyping appeared to be significantly more effective com-

pared to foreign approaches [7, 8]. However, it contained no information on how 
to increase the efficiency of GPS based on agro- and/or breeding techniques. 

Analysis and experiments have shown that the efficacy of the contribu-
tion in the yield of the systems 1, 2 and 3 can be increased by both agricultural 
and genetic breeding techniques, and of the systems 4, 5, 6 and 7 can be mainly 
increased by genetic breeding only. 

What are the provisions to increase yield while improving the agricultural 
and breeding techniques? Let us consider the summary table of the cereal areas 
of the world, represented by S. Borojevic [9] in a special lecture at the Interna-
tional Congress of Genetics (Moscow, August 21-31, 1978). 

Average and record productivity values in the agricultural production of the major 
cereal regions of the world [9] 

Yield 
Crop, production 

average record 
Record to average value 
ratio 

Corn, cwt/ha 44.4 189.4 4.3 
Corn, cwt/ha 18.8 145.2 7.7 
Wheat, cwt/ha 16.1 73.9 4.6 
Sorghum, cwt/ha 18.6 197.4 7.1 
Oat, cwt/ha 17.2 106.3 6.2 
Barley, cwt/ha 20.4 114.1 5.6 
Potato, cwt/ha 282.2 940.8 3.2 
Sugar beet, cwt/ha 469.1 1,333.0 2,8 
Milk (annual yield), kg/head 4,635 22,500 4.9 
Chicken egg (1 laying hen), pieces/year  230 365 1.6 

 

As is evident, the wheat and sorghum yield, in principle, can be in-
creased by more than 7 times by improving agricultural technologies and genetic 
improvement of breeding assortment. 

P ro sp ec t s  for  t he  de ve lopmen t  o f  p rec is ion ag ro tec h-
no log i e s  and the i r  po s s ib l e  con tr ibu t ion  to  imp rov ing  y ie ld s. In 
2007-2008, the precision farming technique saved about 20 % of fertilizer and 
ensured a 15 % yield increase on spring wheat (Menkovskaya Experiment Sta-
tion of Agrophysical Institute — API) compared to conventional technology. 
Under the conditions of the North-West of Russia, the yield reached 60 kg/ha 
[10]. This was one of the first steps in mastering precise techniques of differenti-
ated mineral fertilizer application. Fractional application of nitrogen fertilizers 
(with dose and treatment timing optimization) should be the next step. It is nec-
essary to optimize the regimes of the use of fertilizers and ameliorants that are 
effective for several years in several crops in the rotation. To solve the above 
problems, reliable information on the status of crop and soil is required which 
will be provided by the accelerated development of mobile ground-based meas-
uring instruments and more extensive use of optical and radar equipment for 
remote sensing [11]. The use of precision technologies such as delicate controls 
of the state of crops, biological preparations and hormones, required greater 
differentiation in the treatment with liquid and loose agrochemicals. Design 
and construction of such machines have been designed and patented in API 
[12]. In general, all of the above areas of high-precision technology develop-
ment can become the basis for increasing yields by 20-25 % and more and 
fully developing the productive potential of varieties created using contempo-
rary breeding and genetic methods. 

Speaking of precision technology, we should not lose sight of the under-
lying innovative agricultural practices. Thus, K.G. Alimov, discovering the most 
sensitive phases of development during the growing season of crops and influ-
encing plants by technological means, has achieved the roots going deep and 
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consuming moisture from a depth of 1 meter. He used the well-known works of 
plant physiologists to stimulate root growth [13] which showed that with the wa-
ter deficit in the soil, roots begin to move to the deep moist horizons. Deepen-
ing is stimulated by abscisic acid (ABA) the synthesis of which starts in plants 
during drought, inhibiting the growth of the aerial part but contributing to the 
development of the roots. If the crop is additionally treated with the ABA hor-
mone in the appropriate phase (prior to the formation of the «number of grains 
per ear» trait) the root deeping is more intense. Nutrition optimization (manipu-
lation by fractional application of nitrogen, effect of growth regulator and fungi-
cide in the phases of ontogeny) results in the formation of 90-98 grains per ear 
instead of the usual 15-20 grains in the spring-summer drought in Siberia. At 
this, productive tillering remains not great (no more than two ears), which 
makes it possible to harvest crops before the snow. The unfertile stem ears are 
known to ripen 1 week later, and if the agronomist is waiting for their ripening 
(and they provide up to 2/3 of the harvest), the field may go under the snow. 
This original technique is limited to the precise monitoring of developmental 
phases and adherence to the timing of the operations by the stages of organo-
genesis in accordance with them, i.e. it does not require any additional cost. Un-
fortunately, the assessment of the crop status is performed by eye, it is necessary to 
improve and gradually turn it into a fine instrumental estimation. In 1990, in the 
work-study unit NGAU Tulinskoe (Novosibirsk Region), K.G. Aliyev's technique 
provided 62-76 cwt/ha in the spring wheat and 62-63 cwt/ha in the spring varie-
ties Kantegirskaya 89 and Lutescens 70 that emerged from the cooperative Sibe-
rian DIAC (diallel crossing) program. About 70-74 cwt/ha of the spring wheat 
have been produced for 4 years at the Ekaterininskaya station of the Institute of 
Plant Genetic Resources (VIR) (Tambov Region). In the field seasons of the 
2000s, the spring wheat variety Esther provided yields of up to 75 cwt/ha in 
Ul’yanovsk Region. Under extreme drought, this technique provided yields of 
30-35 cwt/ha in 70 % of experiments, while in the adjacent fields, where the 
conventional technique was applied, 10-12 cwt/ha only were produced. 

These facts illustrate the improvement of drought resistance (due to artifi-
cial deeping of active roots into the moist soil horizon) resulting from technologi-
cal methods. Of course, the depth and shape of the root system can be improved by 
genetic and breeding methods. Thus, in the drought-resistant Kazakhstanskaya 10 
spring wheat variety of V.V. Novokhatin, R.A. Urazaliev, the originators (V.R. Vil-
liams Kazakh Institute of Agriculture, Kaskelen, Almaty Region, Kazakhstan), the 
root system penetrated to a depth of 2.42 m in bogharic lands. Currently, inten-
sive work is underway on the breeding management of the depth and shape of 
root systems starting with the phase of seedlings [14]. 

As mentioned above, fractional fertilization is of great importance. 
The same small fertilizer (N30P45K45) dose was applied under spring wheat in 
two ways in the experiment performed by V.V. Kuznetsov and G.A. 
Dmitrieva [13]. These were the application completely or partially in the soil 
at plowing (N15P30K30) and partly in the rows at sowing (N15P15K15). In the 
second variant, as early as in the tillering stage, the total and active absorbing 
root surface increased by 1.5 times, and the grain yield increased by 1.5 times 
finally [13, p. 424]. 

There are real opportunities to improve the efficiency of attraction not by 
breeding methods only, though, as noted by V.V. Kuznetsov and G.A. Dmitriev, 
their effectiveness is high enough to made it possible to increase the percentage 
of grain to the total dry matter weight from 24 to 47% in corn and from 43 to 
57 % in rice due to reached redistribution of assimilates (attraction gain) [13, p. 
334]. According to them, under the technological impact on attraction intensity 
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with hormonal treatment, the influx of sugar to the flowers increased 5 times, 
the influx of nitrogenous substances increased more than 2 times in 5 days after 
spraying tomatoes with 2,4-dichlorophenoxyacetic acid (2,4-D) [13, p. 331]. The 
authors note that assimilates move in the direction of higher hormone content 
since it is the hormones that create the attracting zones, regulate ATP synthesis 
and the Н+ pomp [13, p. 331]. The research on ear treatment with kinetin prior 
to the grain filling phase is very promising to enhance the attraction. At attrac-
tion, a competition for plastic material arises between the stem and the leaves. 
Healthy leaves prevent the outflow of assimilates to the ear. V.F. Altergot (No-
vosibirsk) proposed to treat the fields from aircrafts in the phase of the beginning 
of grain filling with senicats, the cheap minerals accelerating leaf aging. At seni-
cation, weakened leaves gave earnings the stock of plastic substances easier, and 
the yield increased by 4-5 cwt/ha. This aviatechnological method was widely 
used in the fields in Siberia in 1960-1970s, until the varieties with genetically 
enhanced ear attraction (including the ones resulting from the DIAC program) 
have been created. 

Prospect s  for  the  deve lopment o f  b reed ing  ag rotechnolo-
g ie s and the ir  pos s ib le  contr ibut ion to  improving  y ie ld s. As noted 
by S. Borojevic, harvests once considered a record, became average in 20 
years. It is known that as a result of breeding, the yield of soft winter wheat 
varieties has increased in Kuban by 44.9 cwt/ha, or 218.8 % since 1930 [15]. 
According to L.A. Bespalova, the yield of the winter wheat varieties created in 
the P.P. Lukyanenko Krasnodar Research Institute of Agriculture (Krasnodar 
NIISKh) sometimes reached 130 cwt/ha in 2013 (against the basic technology 
background). According to the information from the Head of the Tyumen Se-
lection Center V.V. Novokhatin (personal communication, 2014), the yield 
of the recently created spring wheat variety Icarus averaged 45 cwt/ha and up 
to 75 cwt/ha with fertilized fallow (with basic technology) within the last 
6 years in the area of several thousand hectares; the yield of the Tyumen zer-
nokormovoy variety of triticale produced by V.V. Novokhatin is currently up 
to 120 cwt/ha in Tyumen Region. 

There was a unique Przewalski variety test plot in the USSR Gossortoset 
system (at the eastern end of the Issyk-Kul lake in Kyrgyzstan). There, the yield 
was always 80-90 cwt/ha in all spring wheat varieties from Western Siberia with 
watering indicating quite normal systems of photosynthesis, respiration, energy 
transfer, and all ontogeny processes. In Siberia, the same varieties yielded 11-
18 cwt/ha which clearly indicates their poor resistance to typical Siberian 
spring and summer drought which reduces the number of grains per ear and 
reduces the weight of 1000 grains against under the autumn cold. Today, 
various types of drought are the main lim-factors that limit the crop yield in the 
Russian Federation [16]. 

Genetic and breeding efforts to improve the drought tolerance of cereals 
have not resulted in serious findings for many years because the drought toler-
ance is a very complex multi-property feature formed by more than 20 traits; 
each of the traits is defined by tens and even hundreds of genes. It is almost im-
possible to find the «big» Mendelian gene which dramatically increases drought 
tolerance. To genetically enhance drought tolerance, other approaches based on 
the ecological genetics of quantitative traits are required. Most modern conven-
tional and molecular geneticists tend to operate within a genetically centered 
paradigm, that is, continue to search for specific genes of drought tolerance, 
which is hardly promising. At the same time, there are more adequate systemic 
approaches to improve drought tolerance [17]. Poor genetic drought tolerance of 
modern cereal varieties results in annual losses to the economy of the Russian 
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Federation in the amount of 5.7 billion rubles. 
Ana l y s i s  o f  un ique  a ch ie vemen t s  in  b r e ed in g. Let us con-

sider the mechanisms for obtaining unique breeding results from the standpoint 
of the seven above-mentioned genetic and physiological systems. 

Thus, V.S. Pustovoit increased the yield of sunflower oil from 20 to 55 %, 
which was not only an outstanding domestic but also a global achievement in 
breeding. The mechanisms of this revolutionary success have been carefully stud-
ied by A.B. D’yakov and V.A. Dragavtsev [18]. At the first stages of his research, 
V.S. Pustovoit estimated the percentage of oil per the achene core weight 
unit in various varieties using a special device purchased in the United States. 
He failed to find a significant breeding genetic diversity for these traits and even 
questioned the possibility of increasing the yield of oil through breeding. Then, it 
has not been known yet that (as in cultivars) oil content per the achene core cell 
is the same in wild forms (if the amount of oil per cell is increased, the cell just 
dies). However, he did not notice an interesting fact of a much greater yield of oil 
with 1 kg of seeds in thin-peeling varieties compared to thick-peeling ones 
(«crunchable»). V.S. Pustovoшt understood that with the selection for the seed 
peeling thickness reduction (this meant lignification of a small number of outer 
layers only), the inner peeling layers that remain alive, increase the number of 
cells in the achenes core and consequently increase the yield of oil per flower 
baskets (or per plantation area unit). The peeling thickness can be felt by tongue, 
so the need for expensive American equipment disappeared. Thus, a unique 
breeding result was obtained by V.S. Pustovoшt mainly due to the MIC sys-
tem. His associates used the IMM system as well, and managed to significantly 
enhance the immunity of varieties-populations. At the same time, the ATTR, 
AD, EFF, TOL, and ONT systems were not improving genetically (since no 
one worked on them) indicating substantial prospects for further breeding im-
proving of sunflower. 

The American Nobel Peace Prize winner Norman Ernest Borlaug, who 
worked in Mexico, made the first «green revolution» in the world (mainly with 
wheat) creating stunted (short-stem) varieties that did not lodge with high doses 
of nitrogen and abundant moisture (brought by irrigation and sub-tropical and 
tropical rains). He used only the «big» Mendelian genes of the short stem (and 
sometimes of dwarfism) but he never worked with the ATTR, MIC, AD, IMM, 
EFF, TOL, and ONT systems. Consequently, there are significant prospects 
for the second «green revolution», not only for wheat, but also for other gen-
era and species of agricultural plants. 

A famous scientist and breeder P.P. Luk’yanenko started his research 
at the Krasnodar Research Institute of Agriculture carefully studying the 
«bottlenecks» of the production process in the Kuban wheat winter varieties. 
According to L.A. Bespalova [19], P.P. Luk’yanenko conducted a thorough 
analysis of the factors that limit the yield of wheat in the Kuban. He was the 
first to realize that the reasons for low yields of winter wheat were brown rust, 
lodging, lack of early ripeness, and low ear productivity (add poor winter hardi-
ness). The lack of early ripeness due to grain filling accounted for the unfavor-
able July heat was changed by genetical shifting the phase of filling to June. Se-
lection for winter hardiness was carried out in special concrete containers 
(troughs) placed above the surface of the soil to ensure stronger root freezing in 
the mild winters compared to the soil. Mendelian genes of rust resistance were 
introduced in the varieties. In this way the Bezostaya 1 variety, a masterpiece 
of world wheat breeding, was created. Its yields immediately exceeded all the 
Kuban winter varieties by 10-15 cwt/ha. Obviously, P.P. Luk’yanenko per-
fected the AD, IMM and ONT systems, but the ATTR, MIC, EFF, and TOL 
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systems were not improved in the creating the Bezostaya 1 variety. 
The following radical increase in the yield of winter wheat in Kuban 

took place in 1980-1990-ies when Yu.M. Puchkov and L.A. Bespalova began 
to increase tolerance to thickening (TOL) by breeding methods. While the Be-
zostaya 1 variety is capable of supporting about 200 ears per 1 m2, this value is 
600 and 800 ears in the Spartanka and Skifyanka varieties, and 1,000 ears in 
the Kroshka variety created by L.A. Bespalova, with the yield gain reached 10 
cwt/ha compared to the Spartanka variety. Thus, genetic improvement of only 
one of the seven systems (MIC in sunflower, TOL in winter wheat) may result 
in a drastic increase in yields. 

The improvement o f  b reed ing  and agr icu l tura l  techno lo-
g ie s. The models that make it possible to quantitatively describe strictly the 
contributions of all seven systems to increase yields were created in API [20-
22]. The algorithms for the identification of genotypes and phenotypes and 
optimal selection of the parental pairs important for successful breeding were 
proposed based on these models. The next step is creation of special com-
puter programs for automatic incremental implementation of the algorithms 
to optimally select the pairs for crossing, predict transgressions (and heterosis 
effects) and the algorithms for accurate identification of genotypes (by the 
productivity and yield components). 

By 2013, in the API the development was completed of the priority theory 
of ecological and genetic organization of quantitative traits (TEGOQT) based on the 
discovery (1984) of a new epigenetic phenomenon. It was a change of the spectrum 
and the number of genes that determine any component trait of productivity under 
the changing environmental factor (lim-factor) that retards the growth of plants. 24 
selection important consequences and nine breeding know-how were derived from 
this theory and experimentally studied [23-25]. 

Back in 1984, the first time in the world science, based on the great ex-
perimental material of the DIAC program, rigorous calculations of the possible 
breeding increase of the spring wheat yield in the territory from the Urals (Kras-
noufimsk) to Transbaikalia (Ivolginsk) (along the parallel), and from Tyumen to 
Ust-Kamenogorsk (along the meridian) were made [26]. According to mathemati-
cal calculations, the limits of the genetic potential of yield increase (GPYI) varia-
tion versus the best variety in the sample of 15 varieties and 225 hybrids were 21-
60 % (average of 41 %) between eight geographical points. Quantitatively, 
GPYI averages 8.5 cwt/ha with the average yield of the whole area of research 
of 21 cwt/ha. This potential can be rapidly realized in a breeding phytotron only 
with simulating the typical dynamics of various lim-factors for any region selecting 
parents for priority API algorithms and using ultra-precise methods of genotype 
identification by phenotype. 

However, the above examples (i.e., search and evaluation of the years 
typical in the dynamics of the main lim-factors in a given geographical point for 
breeding and precise genotype identification by the maximum «genotype—envi-
ronment» interaction effect by the component and resulting productivity traits 
against the background of the typical lim-factor dynamics) are only two possible 
approaches to ecological and genetic improving of productivity. The third area 
involves elimination of the effect of environmental lim-factors due to the stress 
AD systems involved in the critical phases of ontogenesis. This lever is capable 
of raising the yield by 30-40 %. Finally, the fourth possibility is to overcome the 
effect of limits in the daily dynamics of physiological processes of growth and 
development. The extension of their active state for 2 hours per day alone will 
provide an increase in the vegetative biomass equal to that of a late (9 days later) 
variety within 100 days of vegetation, and that is about 20-30 %. It is known 
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that while one corn hybrid ripens just 10 days later than the other, the produc-
tivity of dry biomass may increase 2 times over this period compared to that ac-
cumulated by this hybrid plants by the time of the earlier one’s ripening. The to-
tal potential ecological and genetic improvement of crop yields for spring wheat 
by four innovative breeding techniques in the extreme zone of Western Siberia is 
50-70 %, and in the European part of Russia it is 70-90 %. Again, the imple-
mentation of these objectives should be based on new breeding techniques, with 
the most important element of the breeding phytotron. 

Currently, the work is under intensive development to improve the agri-
cultural and breeding technologies in the following areas: agrophysics, ecological 
genetics of quantitative productivity traits, plant physiology and biochemistry, 
phenotyping, ontogeny genetics, plant genetic resources, etc. [27-35]. 

Thus, we have found seven genetic and physiological systems (GPS) ear-
lier, namely attractions, micro distribution of attracted plastic substances, adapta-
bility, horizontal immunity, «payment» by plant dry biomass for the limiting factor 
unit in soil nutrition, tolerance to thickening, and genetic variability for the dura-
tion of ontogeny phases. Breeders and agricultural engineers have never really 
worked to improve each system separately, although this approach can provide the 
maximum increase of productivity. Some of these systems have been shown to be 
possibly improved through both agro- and breeding techniques, while the other 
part can be improved through the breeding methods only. Analysis revealed those 
GPS that have been perfected by the great breeders who have obtained out-
standing results, and made it possible to understand what GPS have not been ge-
netically improved, and therefore, retain the potential to increase yields in the fu-
ture. The impact of hormones on the different phases of ontogenesis may be con-
sidered a promising area to manage the deepening of root systems, increase attrac-
tion and increase plant tolerance to stressors. It is important to note that the con-
sidered breeding and agro-technical reserves of the cereal yield increase should 
naturally complement each other, but not to be opposed to in any case: To im-
plement a high crop genetic potential achieved by breeding methods, enhanced 
precision agricultural techniques are required, and vice versa, the most advanced 
technological methods may not give the desired result due to limited genetic po-
tential of varieties. To combine agrotechnological and breeding reserves in solving 
the problems of agricultural sector, the creation of appropriate agrophysical in-
struments and equipment, construction of breeding phytotrons, development of in-
formation technologies, means of mathematical modeling and control of the proc-
esses of productivity and yield formation are required. 
 

R E F E R E N C E S  
 

1. D ' y a k o v  A.B., D r a g a v t s e v  V.A. V sornike: Algoritmy ekologo-geneticheskoi inventari-
zatsii genofonda i metody konstruirovaniya sortov sel'skokhozyaistvennykh rastenii po urozhai-
nosti, ustoichivosti i kachestvu (Metodicheskie rekomendatsii) /Pod redaktsiei V.A. Dragavtseva 
[In: Algorithms for ecogenetic inventory of gene pool and crop design toward yield, tolerance 
and quality. V.A. Dragavtsev (ed.)]. St. Petersburg, 1994: 22-47.  

2. C h e n  D., N e u m a n n  K., F r i e d e l  S., K i l i a n  B., C h e n  M., A l t m a n n  T. Dis-
secting the phenotypic components of crop plant growth and drought responses based on high-
throughput image analysis. Plant Cell, 2014, 26: 4636-4655 (doi: 10.1105/tpc.114.129601).  

3. F i o r a n i  F., S c h u r r  U. Future scenarios for plant phenotyping. Annu. Rev. Plant Biol., 
2013, 64: 267-291 (doi: 10.1146/annurev-arplant-050312-120137). 

4. I y e r - P a s c u z z i  A.S., S y m o no v a  O., M i l e y k o  Y., H a o  Y., B e l c h e r  H., H a r -  
e r  J., W e i t z  J.S., B e n l e y  P.N. Imaging and analysis platform for automatic phenotyping 
and trait ranking of plant root systems. Plant Physiol., 2010, 152: 1148-1157 (doi: 
10.1104/pp.109.150748). 

5. K l u k a s  C., C h e n  D., P a p e  J.M. Integrated analysis platform: an open-source informa-
tion system for high-throughput plant phenotyping. Plant Physiol., 2014, 165: 506-518 (doi: 
10.1104/pp.113.233932). 



 

 558 

6. C h e n  Y., L i b b e r s t e d t  T. Molecular basis of trait correlations. Trends Plant Sci., 2010, 
15: 454-461 (doi: 10.1016/j.tplants.2010.05.004). 

7. Otsenka sortov zernovykh kul'tur po adaptivnosti i drugim poligennym sistemam /Pod redaktsiei 
V.A. Dragavtseva [Estimation of cereal crops on adaptability and other polygenic systems. 
V.A. Dragavtsev (ed.)]. St. Petersburg, 2002. 

8. Otbor nositelei poligennykh sistem adaptivnosti i drugikh, kontroliruyushchikh produktiv-
nost' ozimoi pshenitsy, yachmenya, ovsa, v razlichnykh regionakh Rossii /Pod redaktsiei 
V.A. Dragavtseva [Sampling plants possessing polygenic systems for adaptability and yield pro-
duction in winter wheat, barley and oat from Russian different territories. V.A. Dragavtsev (ed.). 
St. Petersburg, 2005. 

9. B o r o j e v i c  S. Can we develop varieties and races as we model them? Proc. XIV Int. Congr. 
of Genetics. Moscow, 1978.  

10. R u n o v  B., P i l ' n i k o v a  N. Osnovy tekhnologii tochnogo zemledeliya [Basic precise agri-
culture]. St. Petersburg, 2012. 

11. M i k h a i l e n k o  I.M. Ekologicheskie sistemy i pribory, 2011, 8: 17-25. 
12. M i k h a i l e n k o  I.M. Ustroistvo dlya differentsirovannogo vneseniya zhidkikh yadokhimika-

tov. Patent RF 2415545 A01C 23/00. Agrofizicheskii institut. Zayavl. 10.05.2009. Opubl. 
10.04.2011. Byul. ¹ 5 [A device for differentiated application of liquid pesticides. Patent RF 
2415545 A01C 23/00. Institute of Agrophysics. Appl. 10.05.2009. Published 10.04.2011. Bul. ¹ 5]. 

13. K u z n e t s o v  V.V., D m i t r i e v a  G.A. Fiziologiya rastenii [Plant physiology]. Moscow, 2011.  
14. B e r g e r  B., P a r e n t  B., T e s t e r  M. High-throughput shoot imaging to study drought re-

sponses. J. Exp. Bot., 2010, 61: 3519-3528 (doi: 10.1093/jxb/erq201). 
15. N o v i k o v  A.V. Izmenenie uborochnogo indeksa v protsesse selektsii i ego vliyanie na uroz-

hainost' pshenitsy myagkoi ozimoi. Avtoreferat kandidatskoi dissertatsii [Changes in yield index 
due to selection and its influence on the winter wheat yield. PhD Thesis]. Krasnodar, 2012. 

16. Zasukhi v SSSR, ikh proiskhozhdenie, povtoryaemost', vliyanie na urozhai [Droughts in the 
USSR territory: origin, periodicity, and an impact on crop yields]. Leningrad, 1958.  

17. S e l l a m m a l  R., R o b i n  S., R a v e e n d r a n  M.  Association and heritability studies for 
drought resistance under varied moisture stress regimes in backcross inbred population of rice. 
Rice Sci., 2014, 21: 150-161 (doi: 10.1016/S1672-6308(13)60177-8). 

18. D r a g a v t s e v  V.A., D ' y a k o v  A.B. Teoriya selektsionnoi identifikatsii genotipov ras-
tenii po fenotipam na rannikh etapakh selektsii. Fenetika populyatsii [Theory of genotype 
identification through phenotype at early steps of breeding. Population phenetics]. Mos-
cow, 1982: 30-37. 

19. B e s p a l o v a  L.A., K o l e s n i k o v  F.A., P u c h k o v  Yu.M., T i m o f e e v  V.B., 
F o m e n k o  N.P., K u d r y a s h o v  I.N., K o s t i n  V.V., N a b o k o v  G.D. V sbornike: 
Pshenitsa i tritikale: materialy nauchno-prakticheskoi konferentsii «“Zelenaya revolyutsiya”  
P.P. Luk'yanenko» [In: Wheat and triticale: Proc. Conf. «Green revolution of P.P. Luk’ya-
nenko». Krasnodar, 2001: 13-27. 

20. M i k h a i l e n k o  I.M., D r a g a v t s e v  V.A. Sel'skokhozyaistvennaya biologiya [Agricultural 
Biology], 2010, 3: 26-35.  

21. Mikha i l enk o  I.M., D r aga v t s e v  V.A. Sel'skokhozyaistvennaya biologiya [Agricultural Biology], 
2013, 1: 26-34 (doi: 10.15389/agrobiology.2013.1.26rus, doi: 10.15389/agrobiology.2013.1.26eng).  

22. Mikha i l enk o  I.M., D rag av t s e v  V.A. Sel'skokhozyaistvennaya biologiya [Agricultural Biology], 
2013, 1: 35-41 (doi: 10.15389/agrobiology.2013.1.35rus, doi: 10.15389/agrobiology.2013.1.35eng).  

23. K o c h e r i n a  N.V., D r a g a v t s e v  V.A. Vvedenie v teoriyu ekologo-geneticheskoi organi-
zatsii poligennykh priznakov i teoriyu selektsionnykh indeksov [Introduction to eco-genetic the-
ory of polygenic traits’ control and the theory of selection indexes]. St. Petersburg, 2008. 

24. D r a g a v t s e v  V.A. Biosfera, 2012, 4(3): 251-262. 
25. D r a g a v t s e v  V.A. Biosfera, 2013, 5(3): 279-290. 
26. D r a g a v t s e v  V.A., T s i l ' k e  R.A., R e i t e r  B.G., V o r o b ' e v  V.A., D u b r o v -  

s k a y a  A.G., K o r o b e i n i k o v  N.I., N o v o k h a t i n  V.V., M a k s i m e n k o  V.P., B a -
b a k i s h i e v  A.G., I l y u s h c h e n k o  V.G., K a l a s h n i k  N.A., Z u i k o v  Yu.P., F e -
d o t o v  A.M. Genetika priznakov produktivnosti yarovykh pshenits v Zapadnoi Sibiri [Genetic 
control of spring wheat yield traits in West Siberia]. Novosibirsk, 1984: 196-199. 

27. K u r t e n e r  D.A., K o m a r o v  A.A., K r u e g e r  E.D., L a v r i k o v  M.Yu., N a y d a  N.M. 
Fuzzy multi-attributive analyses of organic-mineral fertilizer Stimulayf and Humate Sodium: appli-
cation for cultivation of Dracocephalum L. European Agrophysical Journal, 2014, 1(1): 14-24. 

28. A r k h i p o v  M.V., P r i y a t k i n  N.S., K r u e g e r  D.A., B o n d a r e n k o  A.S. Seed as-
sessment using fuzzy logic and gas discharge visualization data. European Agrophysical Journal, 
2014, 1(4): 124-133.  

29. T s e g a y e  B., B e r g  T. Genetic erosion of ethiopian tetraploid wheat landraces in Eastern Sheva, 
Central Ethiopia. Gen. Res. Crop Evol., 2007, 54: 715-726 (doi: 10.1007/s10722-006-0016-2). 

30. C a b r e r a  J., P e r r o n - W e l c h  F., R u k u n d o  O. Overview of national and regional 
measures on access to genetic resources and benefit-sharing: challenges and opportunities in 



 

 559 

implementing the Nagoya Protocol (first edition). Montreal, Centre for International Sustain-
able Development Law, 2011. 

31. K u r t e n e r  D.A., Y a k u s h e v  V.P. Utilization of fuzzy computing in agrophysics (review). 
European Agrophysical Journal, 2014, 1(2): 63-78. 

32. T o r b e r t  H.A., I n g r a  J.T., P r i o r  S.A. High residue conservation tillage system for cotton 
production: a farmer’s perspective. European Agrophysical Journal, 2015, 2(1): 1-14. 

33. E s q u i n a s - A l c a z a r  J., H i l m i  A., L o p e z - N o r i e g a  I. A brief history of the nego-
tiations of the International treaty on plant genetic resources for food and agriculture. In: Crop 
genetic resources as a global commons: challenges in international governance and low /M. Ha-
lewood, I.L. Noriega, S. Louafi (eds.). London, Earthscan, 2013. 

34. N a r t o v  V.P., D r a g a v t s e v  V.A. Application of thermal imaging in agriculture and for-
estry. European Agrophysical Journal, 2015, 2(1): 15-20. 

35. Plant genetic recourses and food security: stakeholder perspectives on the International treaty 
on plant genetic resources for food and agriculture /E. Frison, F. Lopez, J.T. Esquinas-Alcazar 
(eds.). London-NY, 2011. 

 
 

Scientific Meeting 
FUNDAMENTAL AND PRACTICAL PROBLEMS OF MODERN 

EXPERIMENTAL PLANT BIOLOGY (scientific conference dedicated to 
the 125th anniversary of Timiryazev Institute of Plant Physiology of RAN—IPP RAS) 

(November 23–27, 2015, Moscow) 

Organized by: IPP RAS, Russian Society of Plant Physiologists, the Scientific Council on Plant Physiology 
and Photosynthesis of RAS 

Topics: 
 Regulation of genome expression and signal transduction in the process of cellular differen-

tiation and ontogeny of plants 
 Physiology, biochemistry and ecology of photosynthesis, respiration and nitrogen fixation 

as a theoretical basis of the production process 
 Molecular and physiological bases of plant adaptation in relation to environmental stress 

and global biosphere phenomena 
 Autotrophic and heterotrophic plant cell biology as the basis for innovative biotechnology 

development 
 

Contacts and information: ipp125anniversary@gmail.com, http://www.ofr.su/ifr125 


