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ABSTRACT  
 

The need to breed crop varieties suitable for organic farming, that is to say a new 

type of plant suitable for this type of agriculture exist,in this type of agriculture and at 

research activities, still outweighs varieties bred for conventional crop production; i.e., 

for a high level of fertilization with the application of complex of protective substances 

(pesticides). High quality seeds and roots are desirable, however they need improved or 

up-to-date features which are suitable for a lower level of agrotechnical treatments.  

The quality of the root and seeds is very important, but in the case of the root system 

it is not only a question of the size of the root system, it is also a question of the root 

system activity and the maximum development available in optimal time during crop 

growth. It is necessary to pay attention to individual crops and their phylogeny and 

ontogeny.  

Influence of the root traits for the seed‘s growth and development is very significant 

and this relationship exists also in reverse. It has been noted that a 1% change of the root 

system size corresponded to a 2% change of the grain yield. Similarly, the possibility of 

breeding for greater vitality of seeds was also noted.  

The overall results at the root system, also suggest, that mycorrhizal colonization 

could improve the osmotic adjustment response of most plants, enhance its defence 

system against pests and diseases, and alleviate oxidative damage of cell viability.  

More than 90 - 95% of organic production is based on the utilisation of crop varieties 

that were bred for the conventional high-input sector. Most of the contemporary varieties 

lack important traits required under organic and low-input production conditions. 

The results showed that the seeds and embryos of different provenance have almost 

the same dimensions but have different physiological characteristics, chemical 
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composition and enzyme activity, seed vigour, content of seed dry matter and water and 

size of embryonic roots.  

The efficiency of water utilization in time of germination is one of the basic factors 

influencing successful germination and the field emergence rate. There exists a large 

variability in the water-use efficiency of seeds from different species and cultivars. This 

is very important for the future growth and development of crops for plant breeding. It is 

already possible to identify selection for resistance to environmental stress conditions at 

the seed germination stage. The quality of the embryonic root is important for the 

subsequent growth of the roots. 

 

 

INTRODUCTION 
 

Organic agriculture: Organic farming is a form of agriculture that relies on techniques 

such as crop rotation, green manure, compost, and biological pest control. Organic farming 

uses fertilizers and pesticides if they are considered natural but it excludes the use of various 

other constantly utilised conventional methods for reasons including sustainability, openness, 

independence, health and safety. 

Ecological farming: Ecological farming is not the same as organic farming but it is a very 

similar process, however there are many similarities and they are not necessarily 

incompatible. Ecological farming includes all methods, including but not limited to organic 

methods, which regenerate the ecosystem and ensures healthy farming and healthy food for 

today and tomorrow by protecting soil, water and climate, promoting biodiversity, and does 

not contaminate the environment with chemical inputs or genetic engineering etc.  

 

 

THE SIGNIFICANCE OF SEED AND ROOT PROPERTIES GROWS IN 

ORGANIC AND IN ECOLOGICAL AGRICULTURE DUE TO THE LOWER 

LEVEL OF AGROTECHNICAL INPUTS 
 

Basic ideas of organic farming: Organic agriculture is a response to a growing awareness 

that the health of the land is linked to the health and future of the people [1]. Organic farming 

requires adherence to certain rules: prevention of soil erosion, water infiltration and retention 

and carbon in the form of humus. Organic farming is important in creating globally 

sustainable land management systems, and maintaining biodiversity in food production and 

farming and also achieving a productive food system that is sustainable . However long-term 

water management by ecological farming methods can also increase water availability for the 

locality [2]. There have been some suggestions and ideas that this type of farming is suitable 

for old varieties of seeds and plants. These ideas are from time to the time erroneous, because 

even among contemporary cultivated varieties it appears that some have a similar efficient 

nutrient uptake, health status and quality of production as in organic growing systems. 

This type of farming system differs fundamentally in soil fertility, weed, pest and disease 

management, and makes higher demands on product quality and yield stability than 

conventional farming. The desired variety traits include adaptation to organic soil fertility 

management, implying low(er) and organic inputs, a better root system, better seed vigour 
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and ability to interact with beneficial soil micro-organisms, ability to suppress weeds, crop 

and seed health, good product quality and a high yield stability [5]. 

Traits such as adaptation to organic soil fertility management require selection under 

organic soil conditions for optimal results. The organic crop ideotypes may benefit not only 

organic farming systems, but also the conventional systems in the future, if it is required to 

have more ‗plastic‘ cultivars. To achieve this, organic farming relies on a number of 

principles and practices to minimize our impact on the environment, working the earth as 

naturally as possible.  

Constant practices of organic farming; crop rotation, the foundation of efficient use of 

land resources, strict limits on the use of pesticides, synthetic fertilizers, antibiotics, additives, 

and the use of farm resources, e.g. manure as fertilizer or produced locally for livestock feed 

[6]. 

Currently ecological agriculture is limited by the lack of varieties adapted to organic 

conditions, hence the need for breeding exists [7] The limited area of organic agriculture will 

possibly be an impediment in the future for economic interest and also for development and 

for establishing specific breeding programmes for organic farming systems [8]. 

The choice of crops and varieties within the rotation and use of appropriate husbandry 

practices are critical to these success of the system and it is very important to determine 

strategies for the control of key pests and diseases. Pest problem is high in agricultural and 

horticultural farms where several hectares of a single crop species may be grown.  

Levels of soil borne pathogens and root disease are generally (probably) lower in most 

crops in comparison with conventional agriculture. Resistant species and varieties, basic 

cultural controls and utilisation of a variety mixtures are useful aids to foliar disease control 

[9].  

 

 

SEED IMPORTANCE IN ORGANIC CROP FARMING 
 

When compared with conventional agriculture, seed germination takes place in relatively 

‗worse conditions‘ in the low input system and therefore seeds of cultivars of high quality, 

vitality, efficiency of water-use and with resistance to soil stresses during germination, must 

be used.  

If we can imagine ‗Seed History‘, they have developed over a long period of 

approximately 300 million years of phylogeny. Seed history consists of four main steps: the 

development of morphological structures, anatomy of seeds; the development of dormancy 

and the evolution of seed size. The roots, have from the paleontological view, their first 

predecessors in rhizoids: unicellular ‗fibres‘. So far, the oldest fossils of these plant organs: 

real roots, came from the period 396 million years ago. That is to say roots are older than the 

seeds [ 10, 11, 12, 13]. The quality of the seeds is under the influence of the multitude of 

genes that are active during seed development and during seed germination, a large part of 

these genes plays a role in the response of the seed during germination to the environmental 

stresses. Analysis of these genes will be beneficial to the plant breeders or for seed 

technologists [14]. The relationship between the roots and the relationship between the roots 

and the traits of the seeds and sprouting seeds is very important from the physiological and 

practical point of view. Seed quality is affected by the location of the seed on the mother 
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plant, by environmental conditions and by storage conditions. To date, known results confirm 

the importance of the seed characteristics for crop production. The deteriorating quality of 

soil in recent years, the increasing variability of weather and long periods of drought directly 

support the need to intensify activities in this research. In the suboptimal conditions, the poor 

seed quality results in reduced root growth and also in a low yield level [15]. The following 

figures are the roots of crops (older soybean cultivar Imari) from the good quality seeds 

(Figure 1) and those from seeds with bad provenance (Figure 2) 

 

 
 

 

Figure 1. Soybean root system of juvenile plant before the nodules formation, provenance of seeds-

good soil quality.  
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Figure 2. Soybean root system of juvenile plant before the nodules formation , provenance seeds–bad 

soil quality. 

Seed germination is a complex physiological process and besides the basic requirement 

for water, oxygen, temperature, the seed may also be sensitive to other environmental factors 

(light, abiotic and biotic stress, nitrates etc.). Effects of stress and degraded environmental 

conditions slows down the germination process, this is not advantageous for organic 

agriculture, where slow growth of seedlings can be damaging to the subsequent growth of 

vegetation i.e., far more than in conventional agriculture.  
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Genetic variation in plant seed tolerance to the stresses during sprouting is a very 

important factor. Stress tolerance during germination can lead to successful agricultural work, 

it is well known that seed quality is possibly one of the most efficient agrotechnical measures. 

It is commonly known that the good seed quality can increase yields by up to 5 to 10 per 

cent. 

Water uptake (after 4 h imbibition) as a function at the moment of its onset shows 

rhythms with a period length of approximately 6h. The period length is not affected by an 

increase in temperature of 10°C, suggesting that the oscillation is endogenous in character. 

Furthermore, heat-killed seeds show no oscillations in water uptake, indicating that the 

rhythm originates from the live seeds [16]. 

Changes in seed germination during the year exist in some species. Obtained results [20], 

[21] confirmed a statistically significant relationship between the speed of seed 

germination and the intensity of geomagnetic activity during a year period [17, 18]. 

The analysis of seed and root traits is still neglected. Most physiological experiments do 

not take into account the fact that ―half‖ of the metabolic processes in plants take place in the 

roots. Plant integrity in plant research, breeding and production is ‗unknown‘ for many 

scientists thanks to their narrow and rigid specialization [19]. 

When seed samples of the spring wheat were aged, they showed delayed field emergence 

and slower seedling growth. Experiments carried out over a wide range of population 

densities supported this proposition.  

They also showed that, if direct effects of poor vigour seed on yield through reduced 

establishment are avoided by adjusting sowing rates so that the recommended rates of the 

establishment are achieved, then there will probably be little or no effect of seed vigour in the 

final yield, providing normal germination in the laboratory test is 85% or more, and sowing in 

the spring is not delayed.  

However, if these conditions are not met, then significant yield reductions can be 

expected which could not be overcome by increasing the sowing rate.‖ 

Long-term seed storage conditions influence the following seedling growth and the 

deterioration speed of the seed stored for a long time is affected by environmental conditions 

in which the seed was grown.  

From the practical point of view it is connected with question of the preservation of 

important genetic resources. Seeds from adverse environmental conditions rapidly lose 

germination energy and longevity. Deterioration, storage conditions, bad conditions during 

seed development, affect yield in the subsequent generation by the following ways: 

suboptimal population of plants per unit area, slower growth of plants, poorer performance of 

surviving plants and in winter crops is a further reduced percentage of the surviving plants. 

This is especially important in organic agriculture, where the emphasis on seed quality is 

higher than in conventional agriculture 

The vigour of the seeds is not only the result of the weight and chemical composition of 

endosperm, starch, damaged starch, proteins, lipids etc., but there is also a large influence of 

enzyme activities, embryo vigour and many other characters [20, 21, 22]. 

The irrigation during the vegetation period in conventional agriculture shows a positive 

influence on the seed weight and in the next generation on the root system, i.e., from the 

practical view, better water-use for seeds utilised in organic agriculture is desirable, especially 

in organic agriculture because absence of irrigation exists [23]. 
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In conventional agriculture no yield advantages can be associated with high vigour seeds 

when environmental and soil conditions are available. If conditions are unsuitable, it is 

important to use seeds of good quality and with high vigour in organic & ecological 

agriculture. i.e., in organic or similarly ecological agriculture high advantages can be 

associated with high vigour and quality of seeds. 

 

 

ROOT IMPORTANCE IN ORGANIC FARMING 
 

A Similar problem exists in seed-utilisation as in organic agriculture when growth and 

root development takes place in relatively “worse conditions”and therefore the root system 

must have the optimum structure, depth of penetration, efficient nutrient uptake and their 

transport, increased resistance to soil stress, good growth energy and optimal ratio to above-

ground biomass. 

In terms of the general view in organic farming, the characteristic competitiveness 

against weeds and pests, nutrient uptake, nutrient use efficiency and tolerance to diseases are 

more important when choosing a root variety than in traditional farming. 

Basic requirements are connected by different ways with root system traits: 

Good water-use efficiency in low water level of the soil, nutrient use efficiency 

(particularly of nitrogen and phosphorus is desirable), their transport, root length, surface and 

also depth of penetration. 

From a practical view, the following characteristics are important: 

 

Early maturity: As a mechanism for avoidance of particular stresses; abiotic and biotic 

stress tolerance especially at the root system (i.e., drought, salinity, etc.) 

Selection for competitiveness against weeds: Early ground cover: even if the number of 

plants is less than 160 per m2, varieties with good tillering ability can give good results. 

Growth habit: Planophile growth habit (angle > 45°) has a clear advantage for weed 

suppression over an erectophile type of plant (plantophile type - bigger leaf angle). 

Plant height: Most important for erectophile plant type. Tillering ability: more important 

in a cool moderate climate. Rapid early growth of the root and shoot system. 

 

Time advance in root growth before the growth of aboveground part of crops is 

desirable. 

It is well known that the disease pressure in organic crop production is in most cases 

lower than in conventional agricultural systems. Organic farmers not only look for genetic 

resistances, they also want to reduce the risk by selecting for additional morphological traits 

and look for a more robust plant architecture not conductive to disease development 

Plant breeding: Breeding methods are not shown in this work. It is a separate issue 

requiring a separate chapter. For organic breeding programmes there is an interest in 

maintaining variation within varieties to allow for a buffered response to variation in the local 

environment. Special attention must be focused on the root system traits [25].  

In organic farming is also required by the appropriate crop rotation, suitable effective soil 

preparation and crop cultivation by suitable agrotechnic technique. 
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Organic agriculture cannot, and does not have to, be suitable to all the crops, but 

nevertheless the share of organically bred varieties should increase. [26], cultivars for organic 

agriculture must have better nutrient (especially nitrogen) uptake without their application. 

It is commonly known that the roots are the most sensitive part of the crop plant. An 

important factor in the nutrient availability is also the root morphology and physiology [27].  

 

In the case of environmental conditions the following influence of environmental factors 

on the root system exists:  

Drought changes depth of root penetration. 

Low pH has an influence on the length of roots.  

The influence of salinity depends on the type of salinity. 

High temperature influences number of root branches. 

Low nutrient level is connected with the increase of the root system length, decrease of 

root volume and the number of branches, a combination of abiotic stresses has a large 

influence on the decrease of every trait, but not in every type of environmental conditions. 

These types of changes can have influence on the transport of water and metabolites in plants 

and also on the shoot, and especially on seed growth and development. On the other hand the 

influence of the seed traits on root growth and development is also negligible as previously 

mentioned. The seed traits and traits of sprouting plants affect filial generation root 

morphology at the beginning of the vegetation period: especially length, surface, depth of root 

penetration and also root weight, and later the number of root tips, number of root hairs, 

number of lateral roots and the density of roots. Good roots influence the further course of 

growth. The start of the vegetation period has a significant influence on the following growth. 

The developmental and growth stage, in which stress appears, is very important for all the 

vegetation period [28, 29]. 

 

 

IT IS THEREFORE NECESSARY IN ORGANIC FARMING  

TO USE GENOTYPES WHICH HAVE THE STABILITY  

OF SPECIFIED PROPERTIES ACROSS VARIOUS ENVIRONMENTS 
 

To date, results, by one of the largest symposiums in Japan concerning the root 

physiology and ecology, confirmed ecological manifestations of the roots in different 

conditions. On the basis of the results of this symposium it is required to analyse the 

following at the root system: 

Anatomy and morphology of the roots, tropism and nutational movement of the roots, 

growth physiology and environmental stress, functional ecology of the root systems, root soil 

interaction, rhizosphere and soil microbiology, agricultural and horticultural sciences, forest 

ecology and management, methods of investigation, plant nutrition, physiology, 

biotechnology, genetics, microbiology in rhizosphere, forestry science, ecology and 

horticultural sciences [30].  

Quality and physiological activity of the roots is a necessary condition for growth and 

optimal shoot development and subsequent development of the seeds for good quality in the 

majority of the field crops. This relation is also valid vice versa: the seed quality has a 

positive influence on the root growth and development. 
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Darwin expressed that „Roots are the brains of plants‟ [31], i.e., roots can be taken as a 

similar body like the ―brain of plant‖. Currently, it is well known that for the transmission of 

signals (changes in potential) between root and above-ground plant parts plasmodesmata is 

needed and there seems to be an important role for auxin molecule (IAA) and other 

phytohormones. The importance of the seeds and roots are still neglected in the plant 

production, but in organic agriculture this will be very important 

It is also necessary to distinguish between two types of root system; monocotyledonous 

root system and dicotyledonous root system. In the first case, the ‗monocot‘ root system, is 

known as fibrous roots because of the massive group of small roots in the top 10 to 20 

centimetres of the soil. A dicotyledonous root system grows vertically and has a system of 

subordinate branches  

Influence of soil types on the crop root system is relatively high. There exists an 

important influence on the root traits of both the soil temperature and its nutrient content.  

It is very important for organic and ecological agriculture that stabile root growth and the 

development of utilised cultivars is desirable across the different soil types. 

It is well known that the nutrient concentration has influence on the volume, number and 

dry matter of the roots. Substantial effect has also been observed for different types of root 

environment during cultivation. That is to say the cultivars for the ecological and organic 

agriculture must have root system stability across the different soil conditions [32]. Old 

cultivars are more tolerant to drought and high temperature stresses. They show deeper 

penetration of the root system in the soil [33]. There has been very interesting results from the 

research on special the protein ACR4. Therefore, it is particulary relevant for this issue to 

directly quote (reproduced) from an original citation [34]. 

VIB researchers at Ghent University have discovered the substance that governs the 

formation of root offshoots in plants, and how it works. Root offshoots are vitally important 

for plants and for farmers. Plants draw the necessary nutrients from the soil through their 

roots. Because they do this best with a well-branched root system, plants must form offshoots 

of their roots at the right moment. The VIB researchers describe how this process is 

controlled in the prominent professional journal Science. A key player in this process is a 

protein called ACR4. Depending on the signals that it receives from its environment, this 

protein triggers the formation of a root offshoot. Now that we know the control mechanism, 

we can begin to stimulate plant roots to form more, or fewer, offshoots. This can lead to a 

more ecological agriculture and to the production of better crops at the same time. 

An efficient network. So, a well-coordinated, controlled formation of root offshoots is 

crucial to a plant. But, until now, how a plant determines when and where an offshoot should 

be formed was unknown. Asymmetric cell division. The presence of stem cells is very 

important in the development of plants and animals. Stem cells are cells that can transform 

themselves into various types of cells. In animals, tissues and organs are formed before birth; 

but in fully-grown plants, stem cells continue to play a major role in the formation of new 

organs or tissues, such as root of shoots.These stem cells are found inside the root, and 

several of them will induce the formation of an offshoot. These ‗root-founder‘ cells undergo 

an asymmetric cell division. In contrast to the usual cell division, which gives rise to two 

identical cells, asymmetric cell division produces two different cells: a stem cell that is 

identical to the original cell, and a cell that is ready to become a specialized cell – in this case, 

a secondary root cell. The decisive signal. They found out which genes are active in these 

cells and compared them with the genes that are crucial to normal cell division. In this way, 
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the researchers identified a specific set of genes that control asymmetric cell division and 

send the signal for the formation of offshoots.  

ACR4: control over asymmetric division. The ACR4 gene contains the DNA code for a 

receptor, a protein that is often located on the exterior of a cell to pick up signals from the 

outside and transmit them to the controlling mechanisms within the cell. ACR4 plays a key 

role in the creation of offshoots. Because the protein has a receptor function, triggering the 

formation of offshoots depends on its reaction to signals from the environment. 

Desired or undesired.This new knowledge enables us to promote, or retard, the formation of 

offshoots, both activities are useful in a large number of applications.  

Promoting an extensive root system helps plants absorb nutrients more readily, and thus 

they need less fertilizer. Such plants can also grow more easily in dry or infertile soils. 

Furthermore, plants with a well-developed root system are more firmly anchored in the soil 

and can be used to counteract erosion.  

On the other hand, slowing down secondary root formation can be advantageous in 

tuberous plants, like potatoes or sugar beets. 

 

 

ROOT SHOOT RATIO IMPORTANCE 
 

In the course of ontogenesis, each species creates a specific optimal ratio between above 

ground biomass and below ground portions of plants: the roots. The ratio of the mass of the 

roots and shoots is genetically fixed. During the phylogenesis of every species, and cultivars, 

the ratio has a stepwise development modified by environmental conditions. This is the result 

of the of physiological processes in the plant during the vegetation period. For every period 

of plant growth and development of an optimal root to shoot ratio exists. For organic 

agriculture a larger root system is desirable.  

 

 

CONCLUSION 
 

In this type of farming it is necessary to use seeds with good germination, great vitality, 

efficient nutrient utilization, with seedlings resistance to abiotic and biotic stresses, because 

the level of agro-inputs is lower in organic farming that in conventional agriculture. 

 Seed quality has an influence on the growth and the development of the roots and the 

relationship exists vice versa. The roots must be resistant to abiotic and biotic stresses with a 

good nutrient and water uptake in deteriorated conditions. A lower-modifying effect of 

external conditions and a low variability at the optimum root to shoot ratio is desirable. 

The current range of varieties are usually bred for conditions of higher levels of 

fertilization and protection against diseases and pests.  

Suitable varieties must be bred specifically for organic agriculture because the current 

varieties can only satisfy the requirements for partial organic farming. Problems such as 

heredity of described seed and root properties are not negligible.  

From time to time it is proposed that organic agriculture should cultivate/combine old 

varieties with contemporary varieties, but this is a misconception and very much the opposite 

is true. There are traits associated with conventional and old varieties, which are unsuitable 
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for organic production systems and certain traits required in organic farming systems are not 

present in recently developed ―conventional‖ varieties. 

Special problem is utilisation of the ―organic seeds‖. Are Organic Seeds Required for 

Organic Certification? What it is question….Certified organic seeds for crops and other 

organic agricultural uses has been a long-standing problem within the organic industry. Seed 

availability over organic vs. non-organic seed production systems both play a part. Organic 

seeds defined, means seeds that are untreated, or treated only with allowed substances found 

on the National Lists of Allowed and Prohibited Substances. This type of seeds s are seeds 

that are grown without the aid of synthetic fertilizers, chemicals, pesticides or herbicides. 

 

 

ACKNOWLEDGMENTS 
 

The work was supported by the Project No. MZe RO0414 of Ministry of Agriculture of 

the Czech Republic. 

 

 

REFERENCES 
 

[1] http://www.encyclopedia.com/topic/organic_farming.aspx (Organic Agriculture 

Encyclopedia of Food and Culture, 2003, Derven, Daphne L.)  

[2] http://en.wikipedia.org/wiki/Ecological_farming (ecological farming From Wikipedia, 

the free encyclopedia) 

[3] http://www.uvm.edu/~fmagdoff/Magdoff2007JRAFS. Fred Magdoff (2007)(Ecological 

agriculture: Principles, practices, and constraints1 Renewable Agriculture and Food 

Systems: 22(2); 109–117)  

[4] http://www.agris.cz/clanek/107703/. (Petr J.,Skeřík J: Odrůdy pšenice a ječmene pro 

ekologické zemědělství -Wheat and barley varieties for organic farming. September 22, 

1999, Professional Conference) 

[5] E.T. Lammerts van Bueren
, 

P.C. Struik,E. Jacobsen (2002):Ecological concepts in 

organic farming and their consequences for an organic crop ideoty pe NJAS 

Wageningen Journal of Life Sciences, Volume 50, Issue 1, Pages 1–26. 

[6] http://ec.europa.eu/agriculture/organic/organic-farming/index_fr.htm (L‘agriculture 

biologique, c‘est quoi? L‘agriculture biologique, c‘est quoi - Agriculture biologique - 

EUROPA - Commission européenne). 

[7] M. S. Wolfe, J. P. Baresel, D. Desclaux,I. Goldringer, S. Hoad, G. Kovacs, F. 

Löschenberger, T. Miedaner, H. Østergård, E. T. Lammerts van Bueren (2008): 

Developments in breeding cereals for organic agriculture Euphytica, Volume 163, Issue 

3, pp. 323-346.  

[8] <img alt=―Cover image‖ src="http://ars.els-cdn.com/content/image/S15735214.gif" 

class="toprightlogo"/> Ecological concepts in organic farming and their consequences 

for an organic crop ideotype E.T. Lammerts E.T van Bueren1,P.C. Struik,E. Jacobsen 

2002, Available online 3 June 2009. 

[9] http://orgprints.org/8393/1/litterick_crop_protection.pdf Crop protection in organic 

agriculture - a simple matter?Audrey M Litterick, Christine A Watson, David 



Ladislav Bláha 36 

AtkinsonScottish Agricultural College, Craibstone Estate, Bucksburn, Aberdeen,AB21 

9YA, UK . 

[10] Bláha L., Pazderů K. (2013):Influence of the root and seed traits on tolerance to abiotic 

stress K. In: Agricultural Chemistry, Croatia, M. Stoytcheva, R.Zlatev, edits; ISBN 

980-953-307-1002-1 

[11] Kvaček Z. et al(2000). Základy systematické paleontologieI. Učební texty, Karolinum, 

Karlova univerzita, Praha (Principles of systematic paleontology I. Textbooks, 

Carolinum, Charles University,Prague)  

[12] Linkies A., Graeber1 K., Knight Ch., Leubner-Metzger G.:(2010) The evolution of 

seeds New Phytologist, (186),pp. 817–831. 

[13] Linkies, A., Leubner-Metzger, G.(2012): Beyond gibberelins and abscisic acid: how 

ethylene and jasmonates control seed germination. Plant Cell Report, (31),253-270. 

[14] Copeland L.O, McDonald M.B.(1985):Priciples of the seed science and 

tecghnolopgy,second edition, Burhgess publishing company, Minneapolis, Minnnesota. 

[15] Bláha L.,Pazderů K.(2013): Influence of the Root and Seed Traits onTolerance to 

Abiotic Stress.In:Agricultural Chemistry.Stoytcheva M., Zlatev R. ,edits, INTECH, 

2013, pp.89-113.Additional information:http: //dx.doi.org/10.5772/55656. 

[16] Spruyt .E, De Greef J.A.(1987): Endogenous rhytmicity in water uptake by seeds. 

Annals of Botany,60,pp.171-176.  

[17] Bláha L., Gottwadová P.(2008): Klíčivost semen netradičních pícnin s rozdílnou 

proveniencí v různých stresových podmínkách(Non-traditional forage seed germination 

of different provenances under different stress conditions) Úroda ,(12), pp.36-42. 

[18] Bláha L, Gottwaldová P.,(2008): Changes of seed germination during the year. Italian 

Journal of Agronomy: July-September; 3,(3), pp. 387-388. 

[19] Baluška F. Volkmann D, Mancuso S. (2006): Communication in Plants.Neuronal 

Aspects of Plant Life. Springer Verlag. 

[20] Peterson C.M., Klepper B., Rickman R.,W.:Seed reserves and seedling development in 

Winter Wheat,Agroniomy Journal,Vol 81,No2, pp245-251. 

[21] Toppi, L.S., Skowronska B.P. (2003): Abiotic stress in plants, Kluwer.  

[22] Khah E.M, Robetrs E.H., Bllis R.H. (1989):Effects of the seed Ageing on growth and 

yield of spring wheat at different plant population densities. Field Crop Research,20, 

pp.175-190. 

[23] Bláha L.,Kálalová S., Šimon T.,Bouniols A.,Mondies M.,Piva G. (2014):Evaluation of 

soybean root systm- influence of different seeed provenance,Scientia,Ariculturae 

Bohemika,35, (1),212-225. 

[24] Opoku G., Davies F.M., Zetina E.V.,Gamble E.E.(1996),:Realationship between seed 

vigour and yield of White beans(Phaseolus vugaris L)Plant varietries and seeds 9,119-

125.  

[25] http://www.stendeselekcija.lv/jaunumi/data/augsuplades/files/dokumenti/EnvirfoodCo

mpendiumOrgPlBreed.pdf 6th Framework Program,FP-2003-SSA-1-007003 

ENVIRFOOD, May 31-June 3, 2005, Talsi,Latvia. 

[26] Sharma B.D., Kar S., Jalota S.K.(2013): Effect of irrigation and nitrogen on the root 

growth nad prediction of soil-water profiles in wheat(T.aestivum), Indian Journal of 

Agricultural\Sciences, 63(1), pp 8-13. 

[27] (Schubert S., Mengel K.( 1989): Important factor in the nutrient availability: root 

morphology and physiology Z.Pflanzenerähr bodenk.,152, pp169-174. 



Significance of Seed and Root Crop Properties in Organic Farming 37 

[28] Bláha L. (2001): Influece of seed quality on the root growth and development In: 

Proceeedings,7-th International symposium Structure and Functuion of Roots, 

NovýSmokovec, 5-9 september, High tatras, Slovakia,p.18-20 . 

[29] Bláha L., Klíma M., Vyvadilová M., (2011): The infleuence of the seed traits on the 

yield of selected genotypes of winter trape pieštany.In proceeedings: Nové poznatky z 

genetiky a šlachťenija poľnohoss podárských rastlín, 69-72,. Piešťany.  

[30] The 6th ISRR Symposium.Report of the 6th ISRR Symposium, Roots (1990): The 

Dynamic Interface Between Plants and the Earth Nagoya, Japan ; November 11-15, 

2001 – finished.A.Sato, K.Suenaga, H.Takada,K.kawaguchi: Effect of soil types on the 

growth of Shoots and roots and the grain yields od wheat varuieties JARQ 24,pp.83-90.  

[31] Darwin C. (1880): The Power of Movements in Plants. London, John Murray. 

[32] Blaha, L., (1998): Influence of nutrient concentration and environmental conditions on 

the wheat roots and shoots. Scientia Agriculturae Bohemica 29,(2), pp.81-92.  

[33] Blaha, L. (1997): Influence of abiotic stresses on nutrient utilisation in modern and old 

cultivars of wheat. J. Appl.Genet., 38B ,pp.59-66. 

[34] http://www.vib.be/en/news/Pages/Origin-of-root-offshoots-revealed-%E2%88%92 

Science. 2008 Oct 24;322(5901):594-7. doi: 10.1126 /science.1160158. De Smet I., 

Vassileva V., De Rybel B., Levesque M.P., Grunewald W., Van Damme D., Van 

Noorden G., Naudts M., Van Isterdael G., De Clercq R., Wang J.Y., Meuli N., 

Vanneste S., Friml J., Hilson P., Jürgens G., Ingram G.C., Inzé D., Benfey P.N., 

Beeckman T. (2008): Origin of root off shoots revealed − possible basis for new 

ecological agricultural applications 24 October 2008.Receptor-like kinase ACR4 

restricts formative cell divisions in the Arabidopsis root. 

 

 

ADDITIONAL BIBLIOGRAPHY 
 

http://www.greenpeace.org/international/en/publications/reports/Defining-Ecological-

Farming/ (2011) (Defining Ecological Farming. Publication )  

Alpi A.,et al.(2007):Plant neurobiology: no brain, no gain? Trends PlantSci., 12, pp135–142. 

Baluška F. Volkmann D., Mancuso S. (2006).: Communication in Plants: Neuronal Aspects 

of Plant Life. Springer Verlag. 

Baluška F.(2009): Plant Signaling. Springer-Verlag. 

Baluška F.(2009): Stress perception and adaptation in plant from neurobiology perspective 

In:Bláha L.edit. Vliv abiotických a biotických stresorů na vlastnosti rostlin,pp.19-21. 

Baluška F., Mancuso S. (2009): Plant-Environment Interactions. Springer-Verlag.  

Barlow P.,W.( 2008): Biosystems.Reflections on 'plant neurobiology'. 92,(2),pp.132-47. 

Baroux C., Spillane C., Grossniklaus U.(2002): Evolutionary origins of the endosperm in 

flowering plants. Genome Biology, (3),1026,1.–1026.5. 

Bazzaz F.A. Ackerly D.D. Reekie E.G.: Reproductive Allocations in Plants. In: Fenner M 

(ed) Seeds: the ecology of regeneration in plant communities. Oxon, CABI Publishing. 

2000.; p. 410. ISBN 0851994326.  

Berger F. (2003): Endosperm, the crossroad of seed development. Current Opinion in 

PlantBiology (6), pp.42–50.  



Ladislav Bláha 38 

Bewley J., D., Black M.(1994) Seeds Physiology of Development and Germination. Plenum 

Press,New York.  

Bláha L.(2012): Influence of the seed provenance on the germination and efficiency of water 

using In: Pazderu, K. (ed.): Proceedings of 10th Scientific and Technical Seminar on 

Seedand Seedlings,pp.164-168. 

Bláha L., Gottwaldová P.(2008): Changes of seed germination during the year. Italian Journal 

of Agronomy: July September, 3, (3),pp. 387-388. 

Bláha L., Hnilička F.(2007): Efficiency in water utilisation during seed germination. 

In:Proceedings from Conference, Water productivity ina agriculture and 

horticulture:How can less water be used more efficiently 2-4 July, Viborg, Copenhagen. 

Bláha L., Hnilicka F., Hořejší P., Novák V.(2003): Influence of abiotic stresses on the yield, 

seed and root traits at winter wheat (Tritium aestivum L.).Scientia Agriculturae 

Bohemica,34,(1), pp.1-7.  

Bláha L., Hnilicka F., Kadlec P., Smrcková-Jankovká P., Macháčková I., Sychrová E., 

Kohout L.(2008): Influence of abiotic stresses on the winter wheat sprouting plants. 

Italian Journal of Agronomy, 3,(0),pp. 389-390. 

Bláha L., Janovská D.,Vyvadilová M.(2014): Methods of Testing Seed and Seedling 

Physiological Traits for the Improvement of Rapeseed Yield Stability, Journal of Life 

Sciences, ISSN 1934-7391, USA, 8. 2. pp.152-163. 

Bláha L., Kadlec P., Kohout L., Gottwaldová P., Čepl J., Macháčkova I., Hnilička F.(2008): 

Vigour of seeds, quality of seed and influence of these traits on the selected crops, minor 

cropsand potato for plant breeding, seed production ant plant production. In: Úroda12, 

pp.53–60. 

Bláha L., Klíma M.,Vyvadilová M.(2011): The influence of the seed traits on the yield of 

selected genotypes of winter trape,. In: Nové poznatky z genetiky a šlachťenija 

poľnohosspodárských rastlín, Piešťany, November, 69-72. 

Bláha L., Marková V.(2011): Posouzení odolnosti jetelovin vůči suchu(Assessment of 

resistance of legumes to drought) 2011; Úroda 8s: 79-81.  

Bláha L.,et al. (2003): Rostlina a stres (Plant and stress). VÚRV, Praha ; ISBN:80-86; 

555-32-1.  

Bláha L.,Hnilička F.edits.(2011):Aktuální kapitoly z fyziologie rostlin a ze zemědělského 

výzkumu (Curent chapters of Plant Physiology and of agricultural research), Praha,256, 

s.ISBN 978-80-7427-069-7. 

BláhaL.,Šerá B.edits.(2013):Význam celistvosti rostliny ve výzkumu, šlechtění, produkci 

(Importance of plant breeding and production) Powerprint, Praha. 

Brenner E., Stahlberg R., Mancuso S., Vivanco J., Baluška F., Van Volkenburgh E. (2006): 

Plantneurobiology: an integrated view of plant signaling. Trends Plant Sci., (11): pp.413–

419. 

Crane P.,R., Herendeen P., Friis E.,M.(2004): Fossils and plant phylogeny. American Journal 

of Botany, (91), pp. 1683–1699. 

Deno N.C.(1993): Seed germination theory and practice. Published by Norman C. Lenor 

Drive, State College PA 16801, USA, second edition, 139 pages. 

Dornbos Jr. L., Mullen R., E.(1991): Influence of stress during soybean seed fill on seed 

weight,germination, and seedling growth rate Canadian Journal of Plant Sciences 

71(2),pp.373-383. 



Significance of Seed and Root Crop Properties in Organic Farming 39 

Edwards C.A., L R. at al, Madden P., Miller R.H., House G., (Eds.): Sustainable Agricultural 

Systems, Soil and Water Conservation Society, Ankeny, Iowa (1990), pp. 637–654. 

Edwards C.A., Lal R., Madden P., Miller R.H., House G., (Eds.)(1990): Sustainable 

Agricultural Systems, Soil and Water Conservation Society, Ankeny, Iowa , pp. 107–123. 

Egli D.,B., TeKrony D.,M., Heitholt J., Rupe J.(2004): Air Temperature During Seed Filling 

and Soybean Seed Germination and Vigor. Crop.sci., 45,(4),pp.1329-1335. 

Egli D.B., TeKrony M., Heitholt J.J., and Rupe J. (2005): Air Temperature During Seed 

Filling and Soybean Seed Germination and Vigor. Crop sci., 45,(4),1329-1335. 

Eisele, U., Köpke (1997): Choice of cultivars in organic farming: new criteria for winter 

wheat ideotypes, II: Weed competitiveness of morphologically different cultivars 

Pflanzenbauwis-senschaften, 2 , pp. 84–89. 

El Bassam N.(1998) A concept of selection for ‗low-input‘ wheat varieties, Euphytica 100, 

pp.95-100. 

Ellis R.(2011): Rice seed quality development and temperature during late development 

andmaturation. Seed Sci. Res., 21, pp. 95-101. 

Fageria N.,F., Embrapa, Santo Antonio de Goiásm,GO (2012):The role of the plant roots in 

crop production; 2012 od CRC Press pp. 467.  

Fitter A., H., Stickland T.,R., Harvey M.,L., G.W. Wilson(1991): Architectural analysis of 

plant root systems. 1. Architectural correlates of exploitation efficiency New Phytology, 

118 , pp. 375–382. 

Funes F., Garcia L.,Bourque M., eds.(2002):Sustainable Agriculture and Resistance: 

Transforming Food Production in Cuba. Oakland, Calif.: Food First. 

Gotwaldová P., Bláha L.(2008): Germinability of minor fodder crops with different 

provenance under different stress conditions. In: Aktuální poznatky v pěstování, 

šlechtění, ochraněrostlin a zpracování produktů. Vědecká příloha časopisu Úroda, ISSN 

0139–6013, pp.171 – 174. 

Greene C.(2001).U.S. Organic Agriculture. Washington, D.C.: USDA 

Hendrix P.F., Crossly D.A. Jr, Blai J.M., D.C. Coleman Soil biota as components of 

sustainable agroecosystems(http://www.fao.org/agriculture /crops/thematic-sitemap/ 

theme/spi/soil-biodiversity/useful-links/references/en/) 

Karban, R. (2008): Plant behaviour and communication. Ecology Letters, (11), pp.727–739. 

Karssen C.,M.(1995): Hormonal regulation of seed development, dormancy, and 

germinationstudied by genetic control. In: Seed Development and Germination, J. Kigel 

adn G.Galili, eds. (New York, Marcel Dekker), pp.333-350. 

Kvaček Z., et al. (2000):Základy systematické paleontologieI(Principles of systematic 

paleontologie I). Učební texty, Karolinum, Karlova univerzita, Praha.  

Lammerts Van Bueren E.,T., Struik P.C., Jacobsen E. (2002): Strategies for organic 

propagation of seed and planting materiál In: E.T. Lammerts Van Bueren. Organic plant 

breeding and propagation: concepts and strategies PhD thesis Wageningen University, 

Wageningen pp. 83–103. 

Linkies A., Graeber K., Charles Knight CH., Leubner-Metzger G.(2010): The evolution of 

seeds. New Phytologist. 2010; 186: 817–831 doi: 10.1111/j.1469-8137.2010.03249. 

Linkies A., Graeber1 K., Knight Ch., Leubner-Metzger G.(2010): The evolution of seeds 

New Phytologist (186),pp. 817–831. 

Pazderu K. (ed.),(2009): Proceedings of 9th Scientific and Technical Seminar on Seed and 

Seedlings, CULS Prague;143-149. 



Ladislav Bláha 40 

Pazderů, K.(2013): From the Seed to the Plant. In: Importance of Plant Integrity in Research, 

Plant Breeding and Production. Crop Research Institute, Prague, pp61-67. ISBN:978-80-

7427-129-81. 

Pazderů, K., Bláha L. (2013): Trends in Plant Breeding and Seed Production to 

ImproveAbiotic Stress Tolerance. In: 11th Scientific and Technical Seminar on Seed and 

Seedlings, CULS Prague,:29-33. 

Powell et al. (eds).(2002): UK Organic Research 2002: Proceedings of the COR Conference, 

26-28th March 2002, Aberystwyth, pp. 203-206. 

Scott P.(2008): Physiology and Behaviour of Plants. John Wiley & Sons Ltd. 

Sun F., Zhang W., Hu H., Li B, Wang Y., Zhao Y., Li K., Liu M., Li X.: Plant Physiol., 

(146),pp.178-188. 

Toppi L.S., Skowroňska B.P. (eds).(2003): Abiotic stresses in Plants. Kluwer. 

Van Bruggen A .,H., C., (1995): Plant disease severity in high-input compared to reduced 

input andorganic farming systems. Plant Disease, 79, 976-984. 

Yussefi, Minou, and Helga Willer. Organic Agriculture Worldwide 2002. Biofach in 

collaboration with International Federation of Organic Agriculture Movements (IFOAM), 

SOEL, Foundation for Ecology and Agriculture, Germany. 

 

 


