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INFLUENCE OF NUTRIENT CONCENTRATION AND
ENVIRONMENTAL CONDITIONS ON THE WHEAT
ROOTS AND SHOOTS"

L. Blaha

Research Institute for Plant Production, Prague-Ruzyné, Czech Republic

The development of various root and shoot traits at the juvenile stage of
§ wheat cultivars has been analyzed under gradually increasing nutrient con-
centrations in a climatic chamber. The largest effect of gradually increasing
concentration of macro- and micro-nutrients has been found in dry matter of
roots and shoots. Dry matter of roots is more sensitive to nutrient concentration
to compare with the above ground biomass (% of change). Increasing nutrient
concentration in nutrient solution has had especially influence in volume of
roots, their number, number of leaves, length of leaves and in dry matter of
the above ground biomass. The lowest intluence has been found in the number
of seminal roots (high degree of genetic control). Under increasing concentra-
tion of nutrient three phases of development in majority of the measured traits
have been observed: First, the increase of the measured values of the analyzed
traits to the maximum at different nutrient concentration for each measured
trait, second phase was represented by a plateau of measured values and third
phase is gradual decrease of values of these traits at high concentration of
nutrients. Substantial effect on the root and shoot parameters has been ob-
served for different types of root environment during cultivation, i.e. soil, fine
or coarse sand and standard nutrient solution or distilled water.

nutrient concentration; root environment; different types of root environment;
root growth; root traits; shoot traits; root : shoot ratio; wheat

INTRODUCTION

Analysis of the root system is still neglected. Plant root system has a num-
elf‘Of Important functions in growth and yield formation (Haberle,

aha, 1990). Cultivar - i.e. genotypic differences are at all measured traits
.
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(number of toot tips, length of roots, dry matter of roots, length of the largeg;
root depth of the penetration of roots, root : shoot ratio).

The numerous measurable parameters of the root systems, physiologicy|
activity and their relationships to the growth of the above-ground parts are
integrated into shoot/root ratio. The root system seems (o be very suitable ag
a perspective selection criterion in plant breeding because plant root systems
have a number of important functions in growth and yield formation. The
improved response of cultivars to the nutrients and stress conditions is acces-
sible via screening, selection and breeding on the basis of available plang
resources. The root development is under genetic control and can be modified
by plant breeding (Taylor, Ter rel, 1982; Baligar, Duncan, 1990,
Clarkson, 1995; Marschner, 1995: Nilsen, Orcutt, 1996).

Soil conditions may become a limiting factor for growth and the normal
physiological function of the root system in certain types of soil and moisture
regimes.

Seed provenance has also a very important effect on the biological value
of seeds at the first phases of plant development and especially on the root
system and on the yield formation.

The order of importance of individual traits of the root for plant production
depends on environmental soil and air conditions and on the influence of
abiotic and biotic stresses. There are lots of possibilities of utilisation of
genetic resources for shortage of influence of stresses, i.e. from agronomical
point of view influence of negative environmental conditions. A wider ge-
netical diversity of crops and cultivars also contributes to a more stable
production and a balances agroecosystem. At the present there are substantial
opportunities for improving the availability of ex situ conserved plant genetic
germplasm and number of important recent developments. The current esti-
mates are that over 6 million of genetic resources are conserved ex siti. In
June 1996 the first Global Plan for the Conservation and Sustainable Utilisa-
tion of Plant Genetic Resources for Food and Agriculture was adopted by
representatives of about 150 countries.

An improved response of cultivars to the conditions of nutrient and stress
is accessible by way of screening of available plant genetic resources, through
selection and breeding. For example, considerable genetic variation of 100t
mass exists between clones of perennial ryegrass. Root mass is positively
related to competitive ability (Ennick, Ho fman, 1983). Special atten
tion is paid to the level of dry matter ratio of root and shoot (R : S), number
of roots, depth of root penetration into the soil, length of roots, volume of
roots at different phases of development. It seems that for wheat varietics
with higher R : S ratio, higher tolerance to soil stresses exists (B1aha

1992). For triticale and rye greater root : shoot ratio exists than for wheat 1!
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fime of advanced growth stages (Sheng, Hunt, 1990). The varieties with
the highest ratio of roots dry matter to the above ground biomass are those
with large_ probabilily characterized with higher uptake of nutrients, higher
yield stability, higher resistance to drought and other traits, but cxccptbions
exist Bldha, Vancura, 1990).

The cultivars with a complex resistance to the abiotic stress factors and
with high R = S ratio have larger probability of ecological stability. The
difference among the substrates used on root parameters was also observed
by several other authors.

It is known that already more than one factor limits growth and reproduc-
tion of plants at any one time. Why is it that there are in biology many studies
on single factor responses in plants and far fewer studies on interaction of
multiple factors on plant stress physiology? One reason for this phenomenon
is nature of science — to determine the basic impact of different nutrient level
on plant root system.To determine the impacts of one factor on a system, all
other factors must be stable. '

The different levels of nutrient concentration (especially very high and
low) are also special forms of abiotic stresses. This study was conducted in
order to provide some basic information regarding the common effect of the
influence of single factor-nutrient levels on root traits on the basis of analysis
of 8 different cultivars of wheat and the influence of different root environ-
ment.

MATERIJAL AND METHODS

The eight cultivars were evaluated in experiments (Mironovskaja 808,
Kosutka, Sparta, Selekta, Viginta, Regina, Zdar, Iris). Cultivars were éelcclcd
on the basis of different morphological and physiological traits, traits deter-
mining productivity and quality resistance to drought, and other abiotic
stresses. Plants have been cultivated in growth chamber. Cultivars of winter
Wheatv were tested for development of root and shoot traits at the juvenile
Stage in distilled water, 18 h in nutrient solution followed by distilled water
In standarq nutrient solution and in fourth different nutrient concenlmtion;
Sj)b D) with aeration and regular exchange (every 72 hours, 25litre contain-
prgit:;f)?f:y; 1013% germ‘ination at lovsf temperature, the standard, juvenile,

nVir()nrgnlé ctn] S ~»/vuc' §ele‘cted _and tr.anst.’errcd to a constant ten1pg‘ature room.

B Wm? alguyn(dltloniwexg mmn‘ta?ned as follows: 2Q °C .[01' roots and

B %hhioum pex‘lod‘ 0.1 llg'ht / dar!@ess. ngljt intensity was

parameter.s . [1 3 1.e.e weeks a‘tu beginning of the experiments, different
he roots and shoots were measured.
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1. Change of different values of traits (per 1 plant) in different nutrient concentrations — average

accross of all cultivars
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s2| ¥z | £8| 5 |cE| £8| & E | ps
£29 | Ag|r8 Z > 2l Z O G
Distilled water 10.15 0.139 10.0063 | 18. 0.0174
18 h of cultivation 10.73 0.131 10.0082 | 21.00 8 0.0232
0.1x concentration 14.78 0.204 | 0.022 | 23.63 0.0310
|x concentration 1471 ).202 | 0.032 | 24.13 0.0290
2x concentration 10.15 0.189 10.026 | 19.82 55 0.0260
3x concentration 10.10 0.220 10.0092| 19.80 .53 10.0290
6x concentration 7.09 0.090 {0.011 17.23 0.0470

Different nutrient concentrations with pH 6,5 with stepwise increase on
different nutritive elements have been used for our experiments. The concen-
trations used were in mmol: (standard concentration) NaNOz — 0.11,
Ca(HyPO4)2 . 2 H20 — 0.03, KaSO4 — 0.08, MgSO4 . 7 HoO — 0.03 and
equivalent concentration of micronutrients (Fe, Zn, Cu, Na, B, Mo) up to the
following concentrations of macronutrients (6x higher concentration) NaNO3
— 6.36, Ca(H2PO4)2 . 2 HoO — 1.67, K,SO4 — 4.89, MgSO4 . 7 H2O — 1.82
and equivalent concentration of micronutrients (Fe, Zn, Cu, Na, B, Mo).

The same seed stock has been used throughout all the experiments. The
chosen varieties had different pedigree in order to avoid the common parcnts
influence.

At the end of the growing period twelve different root and shoot parame-
ters were measured by using standard methods (Blaha, 1992). Regression
equations were calculated for all cultivars for different traits, for increasing
{ solution. In regression the traits in distilled
able. Only traits with statistically signifi-
age length of roots, depth of pene-

nutrient concentrations in nutrien
water were used as independent vari
cant regression are presented (5%). Aver
tration of roots (length of the longest root is equal to main root). total length
olume of roots, dry matter of roots. dry

of roots, number of seminal roots, v
matter of the above ground biomass, number of leaves, dry matter :
content ratio and R : S dry matter weight ratio. The R : S ratio is calcula
by dividing the dry weight of roots by corresponding dry weight of sh

every cultivar. Each type of experiment was repeated five times.

> %
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RESULTS

Relzlti\fgly large effect of gradually increasing concentration of macro- and
1r1icrojlmlrlenls was found in dry matter of ro:)(x and sh((mls. %1;1;11?1:)1;1‘1]2:1
roots 1s more stcxlslt.lvc to nutrient concentration than that ubové «rmuLnd bio-
mass. Only traits with statistically significant influence of incrcwq?nﬂ nu(riﬁ t
concenl‘rallon (5%) are presented (Tab. I). Low, almost llC‘Yli“il:iC cbﬂ’cct \\Q/"\‘
found for number of | roots (= seminal roots), perhaps bgc;u&:,c this trait d
under strong genetic control (Tab. T). \ ‘ T

The largest effect of high nutrient concentration (6x) in nutrient solution
was found for volume of roots, number of roots, number of leaves Iénvth of
Jeaves and for dry matter of the above ground biomass in 6x nutriéx‘n cocncen—
gration (Tab. II). In this nutrient concentration decrease in different traits of
roots exists. High concentration of macronutrients and micronutrients 1& f%om
physiological point of view strong abiotic stress. From morph()l(wi;ai point
of view, plants which are cultivated in this nutrient level are simcilar tzw the
plants cultivated at distilled water.

‘Under increasing concentration of nutrients three phases of development
of every mea‘lxurcd trait of root were observed. The stepwise increase of the
values reaching maximum, in the second phase keeping the valucs‘ul maxi-
mum and during the third phase decrease due to high c&wentrntioﬁ of nL?lri—
ents was recorded. For each cultivar and each mgasurcd trait lhé different
form of dependence was obtained. |

1. Average values of root traits (per plant) expressed in high level of nutrients (6x)

- 7 - 2 @ B 3

Bz 2 |2 | EE |5 |2 | &
Cultivar ::’J % o = %’J’EE ?E % g _ % S 5 5
MirvOHOVSkuj;\ 808 | 460 | 7.63 | 23.3 | 5.03 | 0.125 [ 0.009 | 19.54 | 2.50 | 0.025
:‘)’:‘fl :.3(? 7.77 273 | 5.08 | 0.101 | 0.007 | 15.94 | 2.35 | 0.026
b (ji 2\.4% 233 4.64 0.130 | 0.006 | 17.85 2.43 0.064
E ~/4‘_; (».()ﬂ‘l 239 | 5.63 | 0.090 | 0.004 | 14.84 | 2.40 | 0.026
. il.35 7.34 25.8 5.95 0.009 | 0.008 | 18.95 2.35 0.027
" 528 7.62 26.6 5.25 0.100 | 0.006 | 19.10 3.00 0.068
Regilm 4.20 6.65 22.7 5.40 | 0.103 | 0.002 | 15.30 2.40 0.023

5.20 7.10 23.2 4.53 0.910 | 0.005 | 19.06 2.60 0.022
S -
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In majority of cultivars the maximal increase of roots dry matter prevailg
at the average nutrient concentration (3x) (Fig. la, b). At the side of higj
nutrient concentrations decreases of dry matter of roots exist, however g
different intensity depending on the cultivar. On the other hand, for high
concentration of nutrients some cultivars exhibit increase in dry matter of
shoots.

As additional information the analysis of influence of different types of
environment conditions at standard nutrient concentration was undertaken op
the basis of experiments in soil, standard nutrient solution, distilled water,
fine sand, coarse sand and in glass tubes, with circulation of nutrient solution
or regular exchange of nutrient solution, aeration. From these experiments it
follows that substantial influence of the root environment on the root mor-
phological traits really exists (Tab. ).

DISCUSSION

Strong influence of different stress conditions on root traits root develop-
ment and also on yicld formation, grain quality and plant biomass production
was obtained (Blaha, Opatrna, 1998) Different stress conditions had
high effect especially on the first phase of root growth and root morphology.

The basic aim of the presented work was analysis of influence of different
nutrient concentration on the root and shoot traits and at different types of
cultivation medium (i.e. variability of root traits). The similar results were
obtained at winter wheat cultivars: Hana, Vlada, Asta, Siria, Estica, Simona,
Torysa and Blava at winter cultivar of triticale Dagro, at rye cultivar Dan-
kovské and at winter barley cultivars Borvina and Sigra.

A wide range in nutrient efficiency exists within the cultivars (Blaha et

al., 1997) and it seems to be possible that a special breeding programme of

111, Values of traits (per | plant) in different root environment — average of all cultivars

Average Fresh Dry Fresh Dry )
=27 | Volume . ’ ; 5 7 .| Root:
- length DU | weight | omatter | weight of | matter of |
Environment . of roots 5 ;o shoot
of roots (cm}) of roots | of roots | shoots shoots catic
(cm) (g) (g (g) (g) /
Soil 19.43 0414 0.371 0.049 0.694 0.0657 0.75
Nutrient solution 28.17 0.694 0.716 0.098 0.728 0.1169 |.47
Distilled water 42.74 0.674 0315 0.089 0.603 0.0493 1.95
Fine sand 22.92 0.629 0.340 0.095 0.277 0.0867 1.12
Coarse sand 24.28 0.670 0.350 0.051 0.291 0.0742 ().71/
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Crop cultivqrs for different conditions will be successtul. There is still a lack
of information regarding changes in anatomy and morphology of roots under
gifferent conditions and especially on their effect on nutrient and water up-
take-

In submitted experiments with juvenile plants only characters of seminal
root system were measured. Characters of seminal root system are of higher
heritability than these of adventitious ones. It is known that the seminals
gppeared to be more suitable for selection (Gérny, Larson, 1989).

Different maximum of roots and shoot development at the different nutri-
ent concentration at the different cultivars suppose differences in nutrient
absorption and especially at different nutrient distribution and utilisation.
Only a few cultivars exhibit maximal increase of dry matter of root at low
Jevel of nutrient concentration (Blaha, 1992).

Plants seldom enjoy optimal environmental conditions but are often sub-
ject to extremes of physical conditions. The different combinations of abiotic
stresses affect vigour, viability and other traits of seeds, shoot and especially
root traits development. To study the plant stress physiology is important to
basic and applied botanical sciences. Morphological, anatomical, and meta-
bolic responses to abiotic stress (drought, high and low temperature, radia-
tion, flooding, wind, magnetic field, heavy metals, pesticides, toxins, low pH,
salinity, different level of macro and micronutrients...) are some ol the pri-
mary processes of microevolution by natural sclection. In agriculture it is
increasingly important for scientists to improve environmental stress toler-
ance in crops. In general crops are limited to about 25% of their potential
yield by the impacts of environmental stress (Boyer, 1982).

_According to development of root : shoot (R : S) ratio of dry matter,
dlt:t'el‘ent types of reaction for tested cultivars could be (probably) distin-
guished:

A) The cultivars with similar development of dry matter of roots and shoots,
Le. without a substantial change of R @ S ratio.

B) The cultivars where growth of roots is faster than that of shoots at the
lower concentrations and slower decrease of the roots growth than that of
shoots at the higher concentration of nutrients.

C) The cultivars where, after the maximum growth of roots at the lower
concentration of nutrients and followed by maximum growth ol shoots at
the higher concentration of nutrients.

un(}gle“l:]('){edwork i:s‘l‘\e‘cessary:lo evaluate the significance of root parameters

. Coul_e‘ a?dld‘l.t.fclcm‘ nutrient su[?ply zmd to ;solve probicms‘cncou»ntcrc‘d

i consiclli(i of their dptcmnnat_]()n. The habit of root system of seedlings 1s

erably influenced by light spectrum and by nutrient level (B laha,
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b)

I.a, b The relative influence of
different concentration of nu-
trients in nutrient solution on
the root (R), shoot (S) devel-
opment and on the root : shoot
dry matter ratio. 100%, stan-
dard is distilled water

X axis: Nutrient concentra-
tion, 0 = distilled water, [ =
[8h of cultivation in nutrient
solution, 2 = 0.1x concentra-
tion, 3 = Ix concentration
(normal), 4 = 2x concentra-
tion, 5 = 3x concentration, 6 =
6x concentration

Y axis: %

89



1985: Paviovd, 1983). The R : S ratio is influenced also by temperature
(Kummerow, Ellis, 1984; Hess, 1983 etc.).

In agriculture the plant breeding system influences directly or indirectly
also the tolerance of cultivars to the abiotic stresses as it could be seen in
case of comparison of modern and old winter wheat cultivars from the be-
ginning of the 20th century (Bldha, Michalova, 1993). Understanding
stress responses is essential for attempts (0 breed stress resistant cultivars,
From the agronomic point of view influence of combinations of different
levels of different abiotic stresses has influence on the seed traits and the tirst
phases of plant development(root and shoot) and the yield formation (Blaha
et al., 1993). Regulation of vigour of sprouting plants is one of the key issues
for developing crop production (Blaha, Opatrnd, 1997). In our experi-
ments water culture prevails. In many respects the form of the root system is
very similar in soil and in water (H acket, 1970). But in our experiments
the habit, morphology, of the root system in water culture is only partly in
accord with that one grown in soil (Tab. TIT).

Our presented results support the hypothesis that different nutrient concen-
tration in water solution has the major influence on the development of shoot
dry matter and especially on root dry matter. Different maximum of roots and
shoot development under different nutrient concentrations for various culti-
vars implies differences in nutrient absorption and different nutrient distri-
bution and utilization (Kutschera et al,, 1992). In case of shoot-root
relations the nutrient uptake by the roots, nutrient translocation to the shoots
and subsequent redistribution among plant organs are controlled by a com-
plex exchange of substrates and information between shoots and roots, con-

centration of ions and energy providing substrates, as well as the level of

hormones concentration. These are important factors of the feedback system
coordinating root activity according to shoot demand.

At future research work a special attention will be paid to the development
of root traits and morphology of juvenile plants (10 days old plants) and to
the other developmental and growth stages at standard and at different stress
conditions. The morphology of root system will be analysed by the image
analyser LUCIA-D (Blaha, Janace k, 1997).

References

BALIGAR. V. C. - DUNCAN, R. R.: Crops as Enhancers of Nutrient Use. San Dicgo, N. York.
Boston, London. Sydney, Tokyo, Toronto, Academic Press, Inc. 1990. 574 p.

BLAHA. L.: Vliv osvétleni a vyZivy na habitus klicnich rostlin (The influence of nutrition and
light quality on the habit of spring wheat seedlings). Genet. a Slecht., 2/, 1985: 259-268
BLAHA. L. Influence of root : shoot ratio on the yield at different types of environment. 10
Root Ecology and its Practical Application. 3rd ISSR Symp., 1992.

90 SCIENTIA AGRICULTURAE BOHEMICA, 29, 1998 (2): 8 1-92

-

BLAHA' L — JAIl\IVA’CEK. J.: Evaluation of wheat cultivars root traits at standard and low pH
environment conditions with higher concentration of aluminium ions. Bioloeia, 52. 1997: 95-98.
BLAHA, L. = MICHALO.VA', A Analysis of development of physiological and yielding char-
acters of Czechoslovak winter wheat from the beginning of 20th century. Rostl. Vyr.. ,?()U 1993:
923-929. )

BLAHA, L. i OPATRNA, J.: Influence of different stress conditions on root growth and
morphology of young cereal plants. In: Abstracts of Sth Int. Symp. on Structure and Function
of Roots, Starda Lesnd, Slovakia, 1998.

BLAHA. L. — VANCURA, J.: Hodnoceni rozdili kofenové soustavy u pienice (Evaluation of
varietal differences in the root system of wheat). Rostl. Vyr., 36, 1990: 1573-1579.

BLAHA, L. — HABERLE, J. — SVOBODA, P.: Predikce vlivu snizené hladiny Zivin na vynos
odrad ozimych obilnin (Prediction of influence of low level of nutrients on the yield of cultivars
of winter cereals). Rostl. Vyr., 44, 1998: 157-163.

BLAHA, L. — KUCERA, V. - KOSTKANOVA, E. — MALY, J.: The effect of provenance on
(he properties of seed, growth and the yield of of winter wheat. Rostl. Vyr., 39. 1993: 687-700.
BOYER. J. S.: Plant productivity and environment. Science, 2/8, 1982: 443-448.
CLARKSON, T.: Factors affecting mineral nutrient acquisition by plants. Ann. Rev. Plant.
Physiol., 30, 1995: 77-115.

ENNIK, G. G. - HOFMAN. T. B.: Variation in the root mass of ryegrass types and its ecological
consequences. Neth. J. Agric. Sci., 31, 1983: 325-334.

GORNY, A. G.— LARSON, S.: New aspect in root breeding. In: Proc. XII Congr. of Eucarpia,
Gottingen, Germany, Scientific Series: Vortr. Pfl.-Ziichtung, /6. 1989: 339-356.

HESS. D.: Fyziologie rostlin (Physiology of plants). Praha, Academia 1983.

HABERLE, J. -BLAHA, L.: Kofenovy systém zemédélskych plodin — Slechtitelské a agrotech-
qické cile (The root system of agricultural crops — breeding and agrotechnical goals). Praha,
UVTIZ 1990. 70 p.

HACKET, C.: Quantitative aspects of the growth of cereal root systems. In: WHITTINGTON,
W. J. (ed.): Root Growth. London. Butterworths 1970: 134147,

KUMMEROW, J. — ELLIS. B. A.: Temperature effect on biomass production and root/shoot

biomass ratios in two arctic sedges under controlled environmental conditions. Canad. J. Botany,
62, 1984: 2150-2153.

KUTSCHERA, L. - HUBL, E. — LICHTENEGGER, E. - PERSON, H. - SOBOTIK, M.: Root
Ecology and its Practical Application. Klagenfurt, 1992: 269-272, 371 462,

MARSCHNER, H.: Mineral Nutrition of Higher Plants. Academic Press 1995: 605-615.

NI_LSEN, T. — ORCUTT, D. M.: Physiology of Plants Under Stress (Abiotic Factors). John
Willey and Sons, Inc. 1996.

PAVLOVA, L. Fotomorfogeneze. In: Dny rostlinné fyziologie Ill, Praha, 1983: 62-71.

SHENG, Q. — HUNT, L. A.: Shoot and root dry weight and soil water in wheat, triticale and
f¥e. Canad. J. Plant. Sci., 7/, 1991: 41-49.

T 5 . -
MAYLOR, H. M. - TERREL, E. E.: Rooting pattern and plant productivity. In: RECHCIGL,
- (ed)): Handbook of Agricultural Productivity. 1982: 185-200.

Received for publication on April 22, 1998

Ne
IENTIA AGRICULTURAE BOHEMICA, 29, 1998 (2): 81-92 91



BLAHA, L. (Vyzkumny dstav rostlinné vyroby, Praha-Ruzyné, Ceska republika):
Vliv koncentrace Zivin a vngjsiho prostfedi na vlastnosti korenit a nadzemni Cist
u obilovin.

Scientia Agric. Bohem., 29, 1998: 81-92.

Sledovali jsme tvorbu kofenového systému (a nadzemni biomasy) juvenilnich rost.
lin u 16 odriid ozimé pdenice v substratu s postupné se zvysujici koncentraci Zivip
ve standardnich podminkach klimaboxu.

Nejvétsi vliv postupné rostouci koncentrace makroprvk( a mikroprvka byl nalezen
u sudiny kofentl a nadzemni biomasy. Sutina kofent je vice citlivi k odlidné koncen-
traci Zivin pii porovnéni s nadzemni biomasou.

Pramérny vliv rostouci koncentrace Zivin (vyjadieny v procentech zmény) byl
saznamendn u téchto znaki: objem kofeni, pocet kofentl (adventivni a zdrodecng),
poet listd, délka listl a susina nadzemni biomasy.

Nejniz§i vliv postupné se ménici koncentrace Zivin byl zjidtén u poctu zarodecnych
kofenl (genetickd fixace s malym vlivem prostiedi).

V podminkdch rostouci koncentrace 7ivin byly pozorovany klasické i faze ristu
u kofenii a nadzemnich orgént: Prvni fazi predstavuje rast hodnot méfrenych znaku
do maxima, kterého je u jednotlivych znaki u jednotlivych odrid dosazeno u rozli¢-
nych koncentraci, druhd fize je charakterizovédna téméf standardnimi hodnotami P
(plateau) sledované kiivky hodnot a tieti faze je charakterizovana postupnym pokle-
sem hodnot sledovanych znakd v pritbéhu rostouci koncentrace Zivin.

Vyznamny vliv na parametry kofenové soustavy byl pozorovan u odlisnych sub-
strat, ve kterych jsou kofeny kultivovany (hruby pisek, jemny pisck, piida, Zivny
roztok aj.). Naskytuje se také otazka, které prostiedi je pro kultivace nejvhodnéjsi pi
vyzkumu kofenového systému jednotlivych odrid.

koncentrace zivin; kultivacni substrat; rist kotentl; znaky kofent; nadzemni biomasa;
pomér kofeny : nadzemni Cast
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