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The influence of foliar application of biologically active compounds (commer-
cial growth regulators Rastim and Atonik and synthetic cytokinin N6-(meta—
-hydroxybenzyl)-adenosine and bioalginate on the betaine content in leaves *
and roots in six sugar beet cultivars was examined. The experiments were
realized at the Experimental Station of the Czech University of Agriculture in
Prague on small plots with regard to the weather of different years 1993, 1994,
1995. The first spray was made before full canopy closing and the second
6 weeks before harvest. The mean betaine content in per cent of dry matter of
leaf blades was in studied variants 3.44 in 1993, 5.73 in 1994 and 4.67 in 1995.
The betaine content in per cent of dry matter of roots as the mean of all variants
was 2.18 in 1993, 1.77 in 1994 and 1.93 in 1995. The differences in betaine
content among the cultivars were higher in comparison with the differences of
variants with different application of biologically active compounds and in the
main at the limit of significance. The highest decrease of betaine in leaves and
roots was in 1993 after foliar spray of Atonik and in 1994 after spring foliar
spray of cytokinin. The betaine content increased in Hilma cultivar leaves in
1995, after spraying of growth compounds and the greatest decrease after the
treatment, was in Ibis and Edda cultivars. The effect of biologically active
compounds showed lower values in standard variations, variance and high
percentage of stability rate every year. A negative correlation of leaf and root
yields on the betaine level in blades and roots was proved in 1993. In the other
years this association was less visible and the trend was reverse. Changes in
betaine content after application of biologically active compounds depend very
much on meteorological conditions and in leaves mainly on the precipitation
in April and in roots more on the precipitation distribution in the second half
of vegetation period.

SUgar-beet; betaine; biologically active compounds; influence of precipitation;
fluence of cultivars
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INTRODUCTION

One of the most effective nitrogen compound in sugar beet is the betaine
or trimethylderivate of glycine (CH3)3:N*CH,COO™~, with molecular weight
117.146 and N content of 11.05 % (Bretschneider etal, 1974).

Starting point for betain biogenesis is an oxidative saccharide exchange,
when alpha-ketoglutaric acid, originating in Krebs cycle enables a conversigy
to amino acid metabolism. Betaine probably originates by a direct methylatiop
of amino acid glycine, with the transfer of methyl groups through tetrahydro.
folic acid translocation (Delwiche, Bregoff, 1958; Steinmetzer,
1972).

In sugar beet ontogenesis betaine plays a very important role, the bio-
chemical and physiological function of which is still not very enlightened
betaine (Cromwell, Rennie, 1953,1954; Delwiche, Bregoff,
1958; Steinmetzer, 1972; Wyn Jones, 1980; Jefferies, 1980;
Saxton etal., 1980; Svachula, 1981), except its importance as a com-
ponent of the so-called harmful nitrogen, for it passes to molasses during the
sugar refining processing (Sommer, 1957). Relatively high betaine con-
centration in plant tissues is the taxonomic character main by in the species
from the family Chenopodiaceae and Amaranthaceae (Stanék, Domin,
1909; Wyn Jones, 1980; Jefferies, 1980). Betaine stimulates in
some plants the accumulation of dry matter and chlorophyll and its positive
effect was proved in frost resistance, for example in potatoes (Bokarev,
Ivanova, 1971). The noteworthy is the correlation of betaine content in
sugar beet and NaCl stress and mainly diseases resistance (Cromwell,
Rennie, 1953, 1954; Steinmetzer, 1972; Storey, Wyn Jones,
1975; Rains et al., 1980; Jefferies, 1980; Wyn Jones, 1980;
Hanson, Wyse, 1982). Betaine is not a waste product or a compound
of ammonium detoxication, but a molecule with a distinct physiological func-
tion in osmotic adaptation (Rains et al., 1980; Jefferies et al, 1980;
Saxton et al., 1980). Betaine increases pathogene resistance (bacteria and
viruses) from 40-45% by means of special antiphytopathogenic system
cholin-cholindehydrogenase-betaine (Sokolova et al., 1967). Many
authors have studied the localisation and dynamics of betaine from the beginning
of this century till now (e.g. Stané€k, Domin, 1909; Cromwell,
Rennie, 1953, 1954, Delwiche, Bregoff, 1958; Steinmetzel

1972; Bretschneider etal,, 1974; Hanson, Wyse, 1982; Beiss:
1994: Svachula, 1979; Svachula, Pulkrabek, 1995). They con-
form with the fact, that the betaine content is higher in leaves than in roots
and the leave content is increasing in leaves during ontogenesis (in contrast
to free amino acids and amides) and is decreasing in roots. In the first vege”

= on 9
184 SCIENTIA AGRICULTURAE BOHEMICA, 27, 1996 (3): 183 19

tation period betaine is transported to the |
content 1s f_xigher i.n younger leaves and lower during their withering. Betai

creates an increasing gradient inside the sugar beet head inside trlinot; e
Thf‘/ minimum content of betaine is not connected with maxim et
refined sugar yleld, but more with medium content, so in the unt]' i i
content. Betame content differs in individual culfivars It WW?I)’? gy
that betaine formation is inhibited by the oxygen ab‘sence a;ng Si(; I:Jrs?l\;?;jy

higher in the light than in dark condition i
! s. Betaine ¢ i
increased in a delayed harvest. e K o e e

Saccharides and proteins are of reserve co
amides and betaine present structural and t
foqnd anywhere in plants, where new tiss
Thl_S characteri;ation was a motivation for betaine utilization, besides th
basic technploglcal values, for finding and explanation 01"-4biolo’ic'(:{lsll 3 t .
compound 1r{f1uences, mainly of cytokinin on the yield and quoafr; b; ty aCt]l_Vf‘
(Zahradnélcek, 1993; Pulkrabek, 1995). The spr;ycof sue ;luilty
leav.es by N.-(m-hydroxybenzyl)—adenosine affects, according to theg A
studies, .resplratloq and membrane transport processes (K o t ;k et al prl(;sggt
and an increase of net photosynthesis and photorespirationv slows d . :
plant senescence (Catsk y etal, 1996; Zahradni&ek et al ) 1909\?)] ki

eaves from the root system, its

mpounds character in sugar beet,
ransport compounds and can be
ues are built (Stehlik, 1982).

MATERIAL AND METHODS

Field experiments: Small plot experiments were established
meptal Statlon of Crop Science Department, F
Umversxty of Agriculture, on deep orthic luviso
ing te(.:hnology. Experimental sugar beet plots
Sown in 50 cm rows and the plant distance wit
4 replicates. The pl
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3 : periments, 3 high in sugar content
CI(;I)II‘G;:.rt?any'(Ibl_sT E@da, Perla) and 3 cultivars from Hilleshég (Sweden —
- itka (high yielding type), Petra (normal till sugary type) and Hil
mal till sugary type). 1
A ;
Réstifrtgr;(l)llg developed Cz}?opy and 6 weeks before harvest the regulators
R KV (.0,3 l..ha , dispersable concentrate water diluted, active
Producug benzothiazoline, c.ontaining 300 g of active compound per 1 litre
06 h;].bZCtI.stroch;m Bratislava, Slovak Republic), were applied Atonik,
Japan._ > active substances are aromatic nitrocompounds, manufactured b
. A;)SAHI CHEMI.CAL MFG. Co. Ltd.), synthetic cytokinin N(’~(mera}-l
- an(); e_nzyl)-adenosme (concentration 3.107° mol in 300 | water per hec-
Bioalgeen S 90 (3,0 Lha 7, hydrolysate from sea algae).
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In 1993 vegetation period followed May normal in precipitation and very
warm after very dry and warm April. June, July and September were of humjg
character and September was very cold. August was normal in precipitatiop
and temperature. The 1994 vegetation period was strongly below norma] in
precipitation and with above normal temperatures in June. In July, the pre-
cipitation was below normal and temperatures above normal. August Was
above normal in both parametres and caused a strong retrovegetation of beet
plants during the second half of vegetation period. In 1995 vegetation periog
were May and June above normal in precipitation (unequally emerged plants
were affected by hypoxy), but in contrary June was below normal in tempera.
ture. Extreme, above normal temperatures were observed in July and August,
The other months can be characterized as normal in precipitation and ajr
temperature.

Plant material for betaine determination was sampled before the harvest of
experimental plots. The samples from single replicates were mixed together
after drying and then ground before analyses.

Betaine content was determined by modified method (Bretschneider
etal, 1968; Lukovnikova, Jaro§,1972; Prey et al., 1974) consist-
ing in betaine precipitation in water extract from dry samples of plant material
by means of Reinecke salt (tetrarhodano-diamo-ammonium chromitane)
NH4[Cr(NH3)2(SCN)4] with following measurement of arosen colour solution
on Spekol-220 Spectrophotometer (Carl Zeiss Jena) — wave length 525 nm
(Svachula, Kohout, 1977; Svachula, 1979, 1981: Svachula et
al., 1995).

RESULTS

The mean betaine content in leaf blades in all observed variants was the
highest in 1994 and in roots in 1993. The three years mean of betaine content
in blades was roughly 2.4 times higher than in roots (Tab. I).

Analyses among others showed, that the influence of cultivars in betaine
content is more evident, than the influence of biologically active compounds

—

. Mean betaine content (% dry matter) in leaves and roots of sugar beet in all studied variants

Growing organ 1993 1994 1995 Average
Leaf blades 3.44 573 4.67 4.613
Roots 2.18 1.77 1.93 1.960

Value how many times is the content

35
higher in blades than in roots Lo i 4 2
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1. Betaine content in dry samples of sugar beet before harvest — Experimental station Prague-

Uhfinéves
ﬁﬂl e Leaves Roots
1993 1994 | 1995 1993 1994 1995
| Check - | 640 | 362 | - | 160 | 123
Cytokinin spring = 6.16 5.26 - 1:97 1.55
Hilma Cytokinin autumn - 5.49 5.31 - 1.68 1.78
Cytokinin spring + autumn - 5.83 5.29 - 1.89 2.28
Atonik spring + autumn - 5.57 594 - 1.62 1.89
Rastim spring + autumn - 6.04 5.92 - 1.82 2.46
| Check 392 | 829 | 626 | 243 | 174 | 222
Cytokinin spring - 7.04 4.20 - 1.98 2.24
Cytokinin autumn - 7.23 7.58 ~ 2.13 2.43
Edda | cyiokinin spring + autumn - 5.87 6.33 - 1.95 2.28
Atonik spring + autumn 4.18 7.15 4.17 215 1.33 1.91
Rastim spring + autumn 3.43 5.53 3.81 2.11 1.74 1.44
Bioalgen spring + autumn 4.28 - - 2.19 - -
Check 2.18 5.07 3.69 1.30 1.51 1.89
Cytokinin spring + autumn - 4.97 3.66 - 1.65 1.65
Ibis | Atonik spring + autumn 241 | 442 | 295 | 158 | 145 | 1.58
Rastim spring + autumn 3.55 5.48 4.02 1.25 1.58 1.75
| | Bioalgen spring + autumn 3.18 - - 1.34 - -
Check 4.87 3.62 3.33 3.06 1.65 1.69
Cytokinin spring + autumn = 4.01 3:39 - [.93 231
Petra | Atonik spring + autumn 3.80 | 4.89 | 498 260 | 2.23 2.01
Rastim spring + autumn 3.79 5.61 361 2.64 1.95 1.91
|| Bioalgen spring + autumn 3.08 - - 3.11 = -
Check 2.94 - - 2.80 - -
Per, | Atonik spring + autumn 3.13 - - 1.98 - -
Rastim spring + autumn 3.90 - - 2.59 = -
L | Bioalgen spring + autumn 4.18 - - 2.00 - -
Check 3.33 - - 2.11 - -
Jitka | Atonik spring + autumn 2.44 - - 2.16 = =
Rastim spring + autumn 3.49 - - 2.00 - -
| Bioalgen spring + autumn 2.63 - - 2.19 = -
Note: dagh = data were not measured
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(Tab. II, III, IV). The highest level of betaine in leaves and partly in Tootg
were observed in cultivars Hilma and Edda and the lowest (positive for
technology) in blades and roots of cv. Ibis and Jitka.

The effect of biologically active compounds on the betaine content Was
mostly insignificant in given experimental conditions. Only certain tendenceg
were evident (Tab. III, IV). The betaine content in leaves and roots decreageq
on average in 1993 after the application of biologically active compoungg
(mainly in the Atonic variant). The growth compounds had a reverse effect
in 1994, caused by the influence of retrovegetation and the most perspicuoyg
increase was evident after cytokinin application. The increase of betaine
content in leaves and roots of cv. Hilma and Petra came in 1995. The other
cultivars were not ambiguous in differences.
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The effect of growth compounds showed lower levels in standard devia-
{ions and variance with a high percentage of stability rate in all the experi-
mental years (Tab. III).

1t was possible to observe the relationship between the betaine level in
plades and roots at the harvest and final leave and root yields by regressive
analysis of obtained values by the help of computer program Microsoft Excel
5.0 (Tab. V). Relative high levels of confidence regressive coefficient show
the significance of this relationships (Tab. V, Fig. 1, 2). These tendencies
were not proved in 1994 and 1995. The higher correlation coefficient of
polynomic curve (towards linear) indicated in all experimental years, that the
highest yields had, as a rule, the extreme betaine content (high or low) and
the lowest yields had more often average betaine levels.
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IV. Bifactorial analysis of variance (without replicates) of betaine content in sugar beet

Leaf blades Roots B
Year | Factor ST [ i
Alfa | F . Feritic. czgm e Alfa Begie. Foritic; Séig:;:"
R ** _W-
cultivars 0,10 | 2,723 | 2,480 0,05 |[19,635| 3,259
1993
biol. act. comp. | 0,10 | 0,425 | 2,606 - 0,05 1,059 | 3,490 Ll
. KoKk _V
1994 cultivars 0,05 | 4,822 | 3,863 0,10 2,983 | 2,813
biol. act. comp.| 0,05 | 0,414 | 3,863 - 0,10 1,104 | 2,813 o
p =
1995 cultivars 0,20 | 2,048 | 1,901 * 0,05 0,446 | 3,863 *
~ | biol. act. comp.| 0,20 | 0,157 | 1,901 - 0,05 0,710 | 3,863 <

V. Dependence of leaves and roots yields of sugar beet (t.ha’l) on the betaine content in leaves
and roots (% of dry mass) — values of confidence of regression equations R and tendency of
curves

Leaves Roots
Year | jinear regression polynom | linear regression polynom
regression of 3rd degree regression of 3rd degree
0.58 0.65 0.26 0.76
1993
decreasing decreasing decreasing decreasing
0.03 0.54 0.06 0.30
1994
sligtly increasing | sligtly increasing sligtly increasing | sligtly increasing
0.48 0.60 0.35 0.47
1995
increasing increasing increasing increasing

A significant influence on the effect of growth compound application, even
on the cultivar yields, had the weather character of experimental vegetation,
mainly precipitation and temperature distribution. The values of significance
(correlation coefficients) of regressive equations of the dependence of betaine
content in experimental variants on the sum of precipitation in individual
months support this reality (Tab. VI).

The closest dependence of the final betaine content in leaves on the pre-
cipitation was in April and August. In roots came this dependence in Aptil
precipitation but only in variants treated with growth compounds. The closest
relationship to precipitation in cultivars was in the second half of the vege:
tation period.
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1. Dependence of betaine content on the sum of month precipitation — correlation coefficients
i gression equations ranged decliningly

of 1€
j‘ Cultivar means o?l?i?l? z?cf;?\l;afglr:;zzﬁgs Check variants
part R? month R? month R? month
— | 09988 v 0.9932 v 0.9463 v
0.9984 VIII 0.9923 VIII 0.9438 VIIL
— 0.9604 VII 0.9394 VIl 0.8483 VIl
0.9275 IX 0.9004 IX 0.7930 IX
0.5052 VI 0.5535 VI 0.6992 VI
0.1139 \% 0.0850 v 0.0208 \Y
T 0.9998 VII 0.9953 v 0.9894 IX
0.9925 IX 0.9945 VIII 0.9695 VII
Roofs 0.9787 VIII 0.9459 VII 0.8911 VIII
0.9771 v 0.9086 IX 0.8876 v
0.3230 VI 0.5396 VI 0.4350 Y
0.2559 v 0.0930 \'% 0.1623 VI
DISCUSSION

The presented results show, that the betaine content could be utilized not
only as one of the criteria of ecological influences, but also as an indicator
of the activity or inactivity of biologically active compound application. The
knowledge about the betaine accumulation in sugar beet gives the possibility
of a wider exploitation, for example in fodder or pharmaceutical industry and
S0 sugar beet could be considered as a fodder or energetic crop (Stein-
metzer, 1972; Bretschneider et al., 1974).

The results observed correspond with the data in literature (Sommer,
1957, Pre y etal, 1974; Hanson, Wyse, 1982). No significant rela-
Iipns were proved among betaine and other technological characters, mainly
Yield (Beiss, 1994). More considerable differences among cultivars were
observed. It testifies, that the cultivars are in the possession of a higher
Sensitiveness to growth compounds. Their application will be economical
Mainly in cultivars which are sensitive and reactive (Zahradnicek, 1993;
Pulkrabek, 1995).

Our previous knowledge was confirmed in the practice, showing that the
*®laine content is not connected with maximal yields. Medium content of

®laine appears to be optimum in root yields (Svachula, 1978). Our re-
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sults proved, that the betaine accumulation is often connected with a Stregg
(Wyn Jones, 1980; Saxton et al., 1980) and that the betaine keeps
a significant physiological function in the osmotical adaptability to envirgp,
mental conditions (Rains et al., 1980). It could be very interesting to study
changes in betaine dynamics during ontogenesis and mainly immediately
after the application of biologically active compounds. This could be a themg
for a further research work.

The high betaine levels in leaf blades (in 1994) prove the fact, that betaing
is a structural and transport compound, evidently as a consequence of re.
trovegetation (Cromwell, Rennie, 1953, 1954; Delwiche, Bre.
goff, 1958; Stehlik, 1982; Beiss, 1994).

The weather of all experimental years was rather extreme and thus was the
positive influence of biologically active compounds to a certain extent lower
(Zahradnicek etal, 1995; Kotyk etal, 1996; Catsky et al., 1996),
Nevertheless, the study confirmed, that betaine is a sensitive indicator not
only for weather conditions but for growing technology too (Zahradni-
Cek, 1993; Pulkrabek, 1995). The changes in betaine content can con-
tribute together with other technological properties to a revelation of the
effect of biologically active compounds and to the process of their application
and also define with more precision the methods of its exploitation.
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Zmény obsahu betainu ve vybranych odriidiach cukrovky ofetiené biologicky
aktivnimi litkami.

Scientia Agric. Bohem., 27, 1996 (3): 183-197.

V povétrnostn€ rozdilnych ro&nicich 1993, 1994 a 1995 byl na maloparcelovych
pokusech Ceské zem&délské univerzity v Praze (Pokusn4 stanice v Praze-Uh¥in&vsi)
zkoumdn vliv listové aplikace biologicky aktivnich litek — komernich riistovych
reguldtord Rastim a Atonik, syntetického cytokininu N(’-(meta-hydroxybenzyl)-ade-
nosinu a bioalginitu — na obsah betainu v listech a bulvich Zesti odriid cukrovky.
Prvni postiik se uskutenil po zapojeni porostu a druhy 3est tydnd pred sklizni.
Primérny obsah betainu v procentech suginy listovych &epeli u zkoumanych variant
byl 3,44 v roce 1993, 5,73 v roce 1994 a 4,67 v roce 1995. Bulvy mély v praméru
vSech variant obsah betainu v procentech susiny 2,18 v roce 1993, 1,77 v roce 1994
a 1,93 v roce 1995. Priimérny obsah betainu v listovych &epelich viech sledovanych
variant byl nejvy$si v roce 1994 a v bulvach v roce 1993. Obsah betainu v listovych
Cepelich byl v priiméru tii let zhruba 2,4krat vy$3i neZ v bulvach (tab. I).

Analyzy ukdzaly, Ze vliv odrid se v obsahu betainu projevil zietelngji nez vliv
biologicky aktivnich latek (tab. II, III a IV). Nejvyssi hladinu betainu v listech a z&8s-
ti i v bulvdch vykazaly odridy Hilma a Edda a nejnizsi (technologicky pfiznivou)
v Cepelich i v bulvach odrtdy Ibis a Jitka.

Utinek biologicky aktivnich latek na obsah betainu byl v danych pokusnych pod-
minkdch vétSinou neprikazny. Patrné byly pouze uréité tendence (tab. III a IV)-
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y roce 1993 obsah bet.ainu v listejch i bu]véch' po aplikaci biologicky‘ aktivnich latek
4 raméru poklesl (nejvice u varianty s Atom‘kem) a v.roce 19?4 vlivem retrovege-
tace pusobily rﬁstgvé létky. spi.§e opa.én.é, pficemz nejzfetel‘ljc.':ﬁi zvy’n§eni v llst’ech
i pulvach se projevilo po aplikaci cytokininu. V roce ]‘995 se ucinkem ristovych latek
y listech i bulvach zvysil obsahu betainu u odrad Hilma a Petra. U ostatnich odrad
nebyly zmény jednoznacné.

vliv aplikace biologicky aktivnich litek se ve v3ech roénicich projevil niZgimi
nodnotami smérodatnych odchylek a rozptylu a vysokym procentem miry stability
(tab. T1D). Regresni analyzou souboru ziskanych hodnot bylo moZné zachytit vztahy
mezi hladinou betainu v Cepelich a bulvéch pfi sklizni a kone¢nym vynosem chrastu
a bulev (tab. V). Z regresnich kiivek roku 1993 vyplynulo, Ze &im byl vy3si vynos,
tim niz§i byl obsah betainu. Relativn€ vysoké hodnoty spolehlivosti — regresniho
koeficientu — sv&d¢i o priikaznosti tohoto vztahu (tab. V, obr. 1 a 2). V letech 1994
a 1995 se tyto tendence nepotvrdily. Ve viech zkoumanych letech vy3§i koreladni
koeficient polynomické kfivky (proti linedrnim) naznacil, Ze nejvy3si vynosy mély
zpravidla rostliny s extrémnimi obsahy betainu (vysoké & nizké) a nejniZsi vynosy
mély spiSe rostliny s primérnymi hladinami betainu.

Vyznamny vliv na d¢innost aplikace ristovych latek i na vynosnost odriid mél
povétrnostni charakter pokusné vegetace, zvlasté rozdéleni srazek a teplot. Dokladaji
to hodnoty spolehlivosti (korela¢ni koeficienty) regresnich rovnic zavislosti obsahu
betainu v pokusnych variantidch cukrovky na dhrnu sriZek v jednotlivych mésicich
(tab. VI).

U listd byla nejtésnéjsi zavislost kone¢ného obsahu betainu na sraZkich v mésicich
dubnu a srpnu. U bulev byla nejtésn&jsi zdvislost na dubnovych srazkich jen u va-
riant o3etfenych ristovymi latkami, u odriid byl nejtésngj§i vztah ke srazkdm v mé-
sicich druhé poloviny vegetace.

V8echny pokusné roky byly povétrnostné spise extrémni, takZe pozitivni vliv bio-
logicky aktivnich latek byl do jisté miry sniZovan. I tak v8ak zkouméni obsaht be-
tainu potvrdilo, Ze tato latka je citlivym indikdtorem nejen povétrnostnich vliva, ale
i péstitelskych zdsahi. V komplexu s ostatnimi technologickymi ukazateli mohou
zmény obsahu betainu piispét k objasn&ni Gginku biologicky aktivnich latek a zpi-
sobu jejich aplikace a v neposledni fadé umozni zpfestiovani metod jejich pouZiti.

cukrovka; betain; biologicky aktivni litky; vliv odrid; vliv sraZek
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