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It can be concluded on the basis of laboratory experiments with cultivars of
wheat, triticale and barley that there are great differences among cultivars at
the juvenile phase in root development in acid conditions accompanied by
aluminium toxicity. Low pH and aluminium affect the growth of the root
system more than in the shoot. Cultivar differences in nutrient uptake and
nutrient distribution, to the roots and shoots exist (N, P, K, Ca, Mg, Na).
Transport in plants of K and N is oriented acropetally, P and Mg is distributed
cyclically between the root and shoot. Ca ions are bound in the roots to pectic
compounds. Na releases Ca”* from the pectins and this process at the same
time slows down its transport from the roots. Microelements are bound in the
roots (Zn, Fe, Mn). Cultivars with higher nutrient absorption and with higher
distribution of nutrients to the shoot biomass are more tolerant to acid soils.
It is necessary to prepare individual analyses for every element according to
individual differences of transport. In the shoot of cereals with good tolerance
to the low pH — low differences in individual analysis, in nutrient content
between standard and low pH conditions exist. There is also a possibility of
using of this phenomenon to select cultivars already in the juvenile phase of
development with efficient nutrient uptake and utilization at low level of pH.

cereals; cultivar differences; tolerance; low pH (4.5); aluminium toxicity; nu-
trient uptake; nutrient distribution; shoot/root ratio; morphology

INTRODUCTION

The yield of crops at a majority of acid soils all over the world is consid-
zrfably lower than their potential yield (Polle et al., 1978). The total area
Ny the arable Jand with the soil acidity is about 10 million square kilometers

Tepresents a large potential for the food production.
5 ‘:;fld soils with pH below 5.5 constitute 31.4 per cent of the arable land
€ Czech Republic (Svachula, 1991). The low pH with aluminium
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toxicity conditions reduces an uptake of nutrients, roots growth and activity
of microflora, increases the sensitivity to water stress and as a result, {]{C
plants have reduced growth of an above-ground biomass and the yield.

It is important to breed cultivars with a stable yield and with genetically
fixed tolerance to the above-mentioned and other stress factors (high tem-
perature, drought, low level of nutrients etc.).

In acid mineral soils the major constraints to plant growth are the following
(Marschner, 1995): increase in concentration and toxicity of H*, manga-
nese, aluminium and decrease in magnesium, calcium, potassium, phosphorug
and molybdenum solubility. There is especially an inhibition of root growth
and water uptake.

The main aim of the presented work is analysis of influence of low pH on
the root and shoot growth, nutrient uptake and nutrient distribution to the root
and shoot at juvenile phase of development.

MATERIAL AND METHODS

This study was conducted to analyse hypothesis that low pH substantially
affects nutrient uptake and distribution already at the juvenile phase of de-
velopment and hypothesis, that cultivar differences are distinguishable at
juvenile phase of growth. In presented work the cultivars of wheat, triticale,
barley and rye were. used:

Wheat: Beaver, Siria, Estica, Trane, Ritmo, Mona, Asta, Bruta, Simona,
Senta.

Triticale: Ring, Korm, Malmo, Presto.

Barley: Kamil, KM 2099, Kromir, Kromoz, KM 948, Okal, KM 1799,
Marinka, Borwina, Luxor.

Rye: Albedo.

In all outlined experiments the same seed stock was used and chosen
varieties had different pedigrees.

After 5 days of germination at low temperature average standard sprouting
plants were selected. Plants were cultivated under standard conditions in
growth chamber. Environmental conditions were maintained at 20 °C at day,
15 °C at night, 18 h light and 6 h darkness.

Plants were grown hydroponically in nutrient solution (Duffek, 1972):
NaNO; — 1,06 mmol, Ca(H2PO4),.2 H,O — 0,278 mmol, K2SO4 - 0,816 mmol,
MgS04.7 H20 - 0,304 mmol and equivalent concentration of micronutriens:
Fe, Zn, Cu, Na, B, Mo. Two variants were tested: nutrient solution at pH 4.5
with 36 mg/kg concentration of aluminium ions and at standard conditions

(pH 6.5).
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Two weeks after the beginning of experiments in growth chamber, differ-
ent parameters of roots and shoots were measured by standard methods: dry
matter of roots and shoots, length of roots, volume of roots, total length of
main roots, root: shoot ratio and nutrient uptake.

Nutrient content (K, Ca, Mg and Na) was analysed by AAS-4 flow ana-
lyser and N and P were analysed by analyser SAN PLUS SYSTEM
(SKALAR)- Program for statistical analysis of growth and nutrient uptake —
NONLIN-3 were used (Dvoftiék etal, 199]).

In all the outlined experiments the same seed stock was used and the
chosen varieties had different pedigrees in order to avoid the influence of
common parents.

RESULTS

It can be concluded that there are great differences among cultivars at the
juvenile phase in root development in standard, in low pH (= low pH with
aluminium) and between standard and acid conditions (Tab. I). The reduction
of the root system is not always in relation with reduction of shoot (Fig. 1 to 6).
The best tolerance to the acid conditions at triticale exists. The most sensitive
cultivars at barley were found out.

Cultivar differences and differences among wheat, triticale and barley in
nutrient uptake and nutrient distribution (N, P, K, Ca, Mg, Na) to the roots
and shoots at low pH and at standard conditions exists (Tabs. II, IV, VI, VII).
At low pH conditions lower nutrient content at root and at shoot was obtained

L Averagfe weight of dry matter of root and shoot. shoot root ratio of different cereals and
tolerance index to low pH

pH 6.5 shoot root shoot + root | pH 4.5 shoot root shigut +
| root
Wheat 25.6 8.6 34.2 wheat 18.4 6:5 24.9
i
lticale 24.2 8.5 32.7 triticale 18.0 6.8 24.8
B
arl& 23.8 7.6 314 barley 19.0 6.4 25.4
s_hoot - root — |whole plant — :
| index index index SHORUADISE O
Wheat
- 0.72 Q.75 0.73 wheat triticale barley
I
1 lticale | .74 0.80 0.76 pH 65 | 297 2.84 3.13
arle .
& | 079 0.84 0.80 pH 4.5 2.83 2.64 2.96
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. Growth of root a

nd shoot of triticale: standard conditions

5. Growth of root and shoot of triticale: low pH
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3. Growth of root and shoot of barley: standard conditions
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5. Growth of root and shoot of wheat: standard conditions
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6. Growth of root and shoot of wheat: low pH
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L Average nutrient content in roots of cereals — low pH (4.5) and standard conditions (pH 6.5)

N % [ P % K % Ca % Mg % Na %

pH 6.5
6>
hicat 1.671 1.189 5.155 0.750 0.245 0.468
Triticale 1.610 1.480 5.570 1.020 0.337 0.502
iy 0.852 1.108 4.638 0.682 0.247 0.594
5
.
Wheat 0.469 1.077 4.479 0.372 0.134 0.498
Triticale 1.170 1.182 4.152 0.342 0.145 0.562
Barley 0.278 1.057 3.641 0.353 0.144 0.634
I1L. Differences of nutrient content in roots between pH 6.5 and pH 4.5

N % P % K % Ca % Mg % Na %
Wheat 1.201 0.112 0.666 0.380"" o111 -0.030
Triticale | 0.450 0.297" 1.417" 0677 | 0.192"" -0.060"
Barley 0.573" 0.058 09977 | 0329 | 0105 | —0.040™"

> . . . . *%k
statistical significance 5% , = statistical significance 1%, ™ statistical significance 0.1 %

IV. Average nutrient content in s} indivi c
R shoots of individual cereals — low pH (4.5) and standard

N % P % K % Ca % Mg % Na %
pH 6.5 |
W
; %lfat 3.971 1.244 8.612 0.305 0.251 0.106

Iiticale 3.327 1.447 8.555 0.347 0.290 0.132
Barley 4.027 ‘ 06

.02 1.234 9.975 0311 0.279 ¢
F 278 0.396
Wheat
b ‘éﬂ 4.442 1.012 7.199 0.143 0.144 0.144
I1t1 ‘

y lcﬂle 4.750 1.337 8.262 0.235 0.180 0.157
arle s
Y 4.430 1.022 7.869 0.174 0.147 0.235

(Tabs, 1
1l to V, Fig . . .
eXception exists.FléS. 6 and 7). Only at nitrogen in low pH conditions an

I
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i ctwee a H4.5.
V. Differences of nutrient content in shoots between pH 6.5 and p

Na % W

0162 | 0107 | -0.038
Vihieat 0.112" 0.110 ~0.030
Triticale 6,083 0122 0.129
Barley

Ca R 5 (¢l Stc. 1 0.1 %
tatistical signi icance 5% btanSthﬂl mgmhcancc 1%, statistica Sl&llli cance |
S cal f o

d 5 C and bm‘le\/ —
Maximur and minimum Ol nu rient content 1n ultivars o wheal riticale
VI. aximum I trie el I f t, tritic

shoot

ith hi istribution of

Cultivars with higher nutrient absorption and w1th‘h1ghe{ dlri“tlr::l):;?dnd

trients to the shoot biomass are more tolerant to acid soils: B
rs];lvlelfal cultivars of wheat and barley (these types of cultivars are stz
Ly ur.ldervsli1t1;]:€lroe\:1/te;C lte()lfder;(r)lr;intf?;c):‘low pH (in comparison with trn{ia};)d

At C(;O{E‘) -ences of P, K, Ca, Mg and Na content between t}le. standau‘ ;m—
lowef - ments e);ist. As to barley and triticale, the differences ‘ar‘t‘qlly
Etes env}'r?n'ficant Triticale-crop more tolerant to the low pH, StaUSE%itS.
tllstILTa.llhy 515“(11 ctior.l of nutrients content in root (but not at shoc?t) ex ,‘1 o
Slgmkflm;tn;nrg buarley is a statistically significant reduction of nutrient con
f;l :\(l)o‘i and in shoot at acid conditions (Tabs. III and V).
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VI Maximum and minimum of nutrient content in cultivars of wheat, triticale and barley —
root system

Wheat Wheat Triticale Triticale Barley Barley

pH 6.5 pH 4.5 pH 6.5 pH 4.5 pH 6.5 pH 4.5
0.10 0.01 1.20 0.10 0.10 0.10
5 2.16 1.34 1.96 0.77 1.70 1.06
0.99 0.56 1.29 1.10 0.94 0.83
4 1.50 1.39 1.68 1.32 1.39 1.20
4.89 3.35 5.05 3.71 4.19 3.04
- 5.40 9.59 6.29 4.54 5.19 5.03
0.02 0.21 0.84 0.30 0.33 0.25
£ 0.91 0.88 1.09 0.38 1.07 0.73
0.21 0.11 0.30 0.12 0.18 0.10
i 0.27 0.19 0.40 0.18 0.35 0.27
0.42 0.21 0.46 0:55 0.46 0.47
b 0.51 0.60 0.54 0.59 0.73 0.84

It can be also concluded that there is a possibility to select cultivars with

effective nutrient uptake and utilization already in the juvenile phase of de-
velopment.

DISCUSSION

Cultivars more tolerate the low pH transport and more nutrients to the
above-ground biomass (Blaha etal., 1996). Strid (1996) obtained similar
results especially at K and P transport. Lower influence of pH level was
Obtained at Ca and Mg.

There are measurable differences at the Juvenile phase (two week old
plants) among cultivars in nutrient content between standard and acid condi-
tons, Younger plants are not suitable for acid conditions according to the
fluence of Storage carbohydrates and proteins.

Cultivars under 1ow

. pH conditions give lower yields than in other types
Soil Baier, B

. ' aier o.vzi, 1988). The development of scAreeniljg

e S‘ for selection of cultivars toleram t()'qt}(>ve named stresses is QCSU‘—
> PCCause contemporary used tests give different result (Bldha, Sip,
» Roldan, Blaha, 1994).
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Usually, transport of N is oriented acropetally, P is distributed cyclically
petween the root and shoot. Transport of K, similar to N, is oriented signifi-
cantly acropetally. Ca ions are bound in the roots in pectic compounds. Mg

create many chelates with the possibility of cyclic transport, in a similar
can Dk . ;
way as P. On the ther hand Na rgleases Ca™ from the pectins and this
process at the same time slow down its transport from the roots. Thus, there
is a possibility for preliminary selection of cultivars with good nutrient up-
take and utilization in low pH in laboratory experiments. Genetic variability
and plant ability to uptake, translocate, distribute, accumulate and use of
mineral elements are important in adapting plants to specific (low pH with
aluminium) toxicity of environment. The problems of mineral stress can be
reduced by selecting or breeding plant genotypes with greater tolerance to the
stress. It is known that the majority of traits correlated with resistance of
cultivars to different abiotic stresses are independently inherited. Breeding
for nutrient efficiency under stress conditions requires to establish a clear
conceptual definition for nutrient uptake and efficiency, identify plant prop-
erties related to nutrient efficiency, develop screening methods on the main
factors correlated with nutrients efficiency.

A very important problem of root research will be also estimating of the
functionally active part of the root system. There is, however, also still a lack
of detailed information of changes in anatomy and morphology of roots and
their effect on nutrient uptake. Nutrient content in the environment influences
the root shoot relationship (Novak, 1985).

Atrye (only one cultivar) Albedo, similar results to triticale were obtained:
weight of dry matter of roots for low pH and standard conditions are 5.5 and
5.2 mg, for shoots 18 mg and 22 mg a total weight of plants 23.5 and

27.2 mg; tolerance indices for roots, shoots and total weight are 1.06, 0.82
and 0.86.

Nutrient content for rye:

N P K Ca Mg Na

PH 6.5 shoot 2.85 1.92 9.42 0.43 0.31 0.18
roots 0.73 1.73 3.96 1.14 0.4 0.64

PH 45 shoot 4.88 1.58 8.54 0.23 0.2 0.15
roots 0.28 1.39 3.87 0.39 0.14 0.53

PH 6.5.4 5 shoot 2.03 0.39 0.14 0.2 0.11 0.03
roots 0.45 0.34 0.09 0.75 0.26 0.11

rioIh'e Toot system seems to be very suitable as a perspective selection crite-
: izom plant breeding. The chemism of low pH and aluminium ions in the
SPhere and their effects on the plant metabolism is a subject for the
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research abroad as well as in our country. There is still a lack of detailed
information of low pH and aluminium on changes in anatomy and morphol-
ogy of roots (length, total length, number of root tips, volume, diameter, etc.)
and their effect on nutrients uptake. It is well known that some traits (ions
efflux from the roots, roots length and diameter) of root system correlate well
with nutrient uptake and utilization.

Development of root system, its geometry, density, distribution of roots in
soil profile, branching pattern, length and density of root hairs affect acqui-
sition and uptake of nutrients (Romer et al., 1988; Fohse etal, 1991).
Under low soil fertility (nutrient content) and low water content increase role
of root system characteristics. It applies chiefly to P, N and K(De Willi-
gen, Van Noordwijk, 1991). Stability of shoot : root ratio measured
in juvenile plants at different nutrient level and different level of influence
of abiotic stresses seems to be a suitable selection criterion, for stability of
yield (Strid, 1996; Blaha et al, 1996). The content and ion form of
absorbed nutrients modify root growth and morphology. Intervarietal differ-
ences were observed in these reactions, too.
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Odré S ; - , .
dridové diference u F’w.)_lby korenového systému, nadzemni biomasy a jejich
Ztrszz;lzﬁl: }:Jovd’mi.n].(éch (pH 4.5 a 36 mg/kg Al v prostiedi kofent). Redukci kofent
2 a;l()(:dst;(]ec!not.hvych obilovin v téchto podminkich zndzorfiuje tab. I
. red.Ukce k(,)fna te}lxc/:h 'Je zoll)razen vyvoj kofenll a nadzemni Casti rostlin, vyplyva
enové Casti rostlin neni u jednotlivych odrid vzd ’ !
el : : y rud vzdy v souladu s redukci
. otime-li odridy podle citlivosti kof 2
- i kotfenového systé I
o ! v : systému kofeno-
pg’enice f)fein, mmemf: uvést, Ze triticale je odolnéjsi vici sledovanému stresu nez
- Oérjftfgmer'l, ktel;e vyka21'111 v priméru priblizné stejny stupen tolerance. Nejcit-
. ¥, tj. odridy s nejvétsi redukci kofenového systému, se vyskytuji u jec
ene (obr. 1 az 6). ‘ T
Obdobné j sti susi
. N:)]ak; u hmot]?ostl susiny byly nalezeny rozdily v obsahu zivin (N, P, K
» Mg, Na) u biomasy kofent a nad i Casti in j ( inich,
. oo A ) 8 zemni Casti rostlin jak u genotypi tolerantnich,
. e pv : kIvym k nizkému pH (tab. I, IV, VI, VII). Z tab. Il a V a z obr. 7
g a, ze jak u kofen, tak u nadz i Casti a = ; :
b A Allu:mn. adzeml.n‘cdstl klesa obsah Zivin v podminkach
2 d «l @ i i 5 ¢ Zi i
Vkofeneah | it iovou tox’lu’tou Plodiny tedy obsahuji méné Zivin
B e ‘ddse vej srovndni se standardnim prostfedim. Vyjimku
- pée — 'u u nadzemni biomasy v prostfedi nizkého pH.
1 Senice a jec j selé fedi Si i
drashku, . hofcg?k mene _]C’ v kysel'em prostiedi mensi rozdil v obsahu fosforu,
Stfedlim L porov;lém 1[ u Vd SOdlkl]. 1316:21 standardnim prostfedim a stresovym pro-
Vznamng, L sf l'ltl(,fllc-. U ]ec‘mene a u triticale jsou rozdily vzdy statisticky
ale md statisticky vyznamnou redukci obsahu prvka v kofenech
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nikoliv v8ak v nadzemni biomase. U nadzemni biomasy i u kofend maji statisticky
vyznamnou redukci prvki pSenice i je¢men (tab. III a V). Triticale v prosttedi ni,.
| kého pH i v prosttedi standardnim (pH 6,5) ma v&tSinou vyssi obsah Zivin a v pros-
tfedi zatiZeném sledovanym stresem udrZuje vysoky obsah Zivin v nadzemni biomase
(distribuce z kofenti do nadzemni &4sti). Z vysledki Ize také usoudit, Ze obsah jed-
notlivych prvka je pro predikci citlivosti jednotlivych odrid vadi nizkému PH méng
l piesny neZ kofenovy index.

E I obiloviny; odriidové rozdily; tolerance; nizké pH; toxicita hliniku; obsah Zivin; trans.
port asimilatd a Zivin; index nadzemni Cast/koteny; morfologické znaky
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