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In exact field trials conducted in the years 1993 to 1995 the effect of biologi-
cally active substances (Rastim 30 DKV, Atonik and cytokinin-meta-hydroxy-
benzyl adenosine) applied in the growth stage 26-38 (June, spring application
close before stand density took place when the beet plant had 14 leaves, and
secondly some six weeks prior harvest (end of August, autumn or preharvest),
in the growth stage 46, as exerted on the number and quality of harvested beet
was studied. The treatment with Atonik had the best effects. It stepped up the
root yield on an average of three years under study by 3.4% (in particular years
by 2.5; 1.3 and 7.9%). An increase of white sugar was higher by 4.3% com-
pared with the control. The treatment with Atonik and Rastim 30 DKV had a
positive effect on the quality of beet roots, in particular by the drop of sodium
and potassium content. Sugar beet content was only slightly affected by the
substances investigated. The numbers of vascular bundles show the differences
between varieties; the greatest number was found in the varieties Ibis and Petra
in the Edda variety. Of the studied substances, Atonik affected the number of
vascular bundles the most remarkably (+2% against untreated control).

sugar beet; growth regulators; yield formation: vascular bundles; sugar con-
tent; sugar beet quality

INTRODUCTION

Sugar beet root is a main supplying organ and crossroads of conductive
Passages connecting the root and above-ground systems. Conductive passages
STeate majn prerequisites for its high production capacity (Sebanek, 1983).

J h“;‘ been proved in sugar beet that formed right leaves stimulate the pro-
:;l:‘:“ 0f\circ]gs of v?scu]ar bundles in root. In young plants to the deve-
; ‘u;!“ of the fifth pair of leaves the number of produced vasc‘ulvar bundles,
'Ng rosette, is almost identical with the number of pairs of right leaves.

48T period the vascular bundles of single leaf are connected with several
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us, rosette and each circle of vascular bundles

circles of vascular bundles. Th
aves. Three to five leaves fall to

are connected with greater number of le
a circle of vascular bundles, formed later. Particular circles of vascular bun-

dles are formed during root thickening. The growth of individual circles go
on also after rise of new circle, so greater number of circles of vascular
bundles grows simultaneously. There is an information that all circles of
vascular bundles and rosettes in mature roots have an ability of cell growth
and tissue thickening. It follows from it that the whole sugar root can cumu-
late reserve substances till the end of thickening.

Sugar beet plants can produce 12 to 14 circles of vascular bundles per root
during a growing season (Stehlik, 1982). Fodder beet forms only a half
number. It is evident from this that more ample vascular system has a positive
offect as on sugar production in leaves as on its accumulation in roots. There-
fore our attention has been focused on potential changes in production of
particular circles of vascular bundles after plant treatment by biologically
active substances — growth regulators.

The current plant production exploits plant growth regulators to control
physiological processes in required direction of production. A main attention
in sugar beet has been devoted to improvement of biological value of the
seed, growth regulation and development during growing season aimed at
yield increase of roots and sugar content. In recent years the effect of bio-

logically active substances on sugar beet physiology, its yields and quality
has been attracted by more authors (Lassa, Perez-Peiia, 1976; Le-
ton, Milford, 1977; Wedder et al, 1985; Ghanen, 1985;
Hayasaka, 1988).

This study has been concentrated on the question whether different geno-
types (varieties) have or have not different reaction to investigated biologi-
cally active substances and whether these changes reflect in different
production of circles of vascular bundles in beet roots.

MATERIAL AND METHODS

Exact small-field trials have been established at the experimental station
in Prague-Uhfin&ves. The experimental site is at an altitude of 295 above sed
level, the plot belongs to the beet production region, wheat subtype. Fertile
type with higher nutrient content, well available to plants, was produced of
loess substrate. Considering the complex survey of soils and the great SO%‘
group an experimental site belongs to the luvisol. Average depth of to;)SO}l
is 32 cm and humus horizon has the depth of 70 cm. The humus content 13
medium (1.74 to 2.2%). Soil reaction is neutral, sorptive complex is saturate
in the whole soil profile. P20s content in soil is good to ample which strongly
103
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temperatures. August was above-normal as for precipitation and temperatures
what resulted in strong retrovegetation of beet plants in the second hailf of

the growing season. The year 1995 was unfavourable for sugar beet at the
beginning of the growing season (delayed sowing, rainstorms at sprouting up
and the drought by the end of June and beginning of July). The second half
of the growing season allowed the sugar beet plants to create bulky leaf

system and subsequently satisfied root yield and corresponding sugar content.

RESULTS AND DISCUSSION

993 to 1995 the investigated substances had a variable effect

d, beet tops, white sugar) and technolog
quality (sugar content, content of sodium, potassium, alpha—amino—nitr
and white sugat yield) in tested sugar beet varieties what has been )
confirmed by the data presented by Kutina (1983) (Tabs. I-11ID. On an
average for the investigated years and varieties the root yield was most af-
fected and this was followed by the yield of polarization and white sugar.
The treatment with Atonik, which increased the root yield on average 1or
three investigated years by 3.4% (in particular years by 2.5; 1.3 and 7.9%),
was the best. The yield of white sugar rose by 43% compared with an
untreated control (in particular years by 215 3.3 and 12.0%). Significant
differences were recorded also between different varieties. On an average for
the investigated years the greatest increase of root yield was present after
double treatment with Atonik in the Hilma variety (9.6%). Similar results had

the white sugar yield (12.2%).
h Atonik and Rastim 30 DKV had a positive effect

Double treatment wit

on the quality of roots, namely by the drop of sodium and potassium contents.
Sugar content was 2 little affected by all studied substances, statistically
insignificantly on average for investigated years and particular experim@mal
years. On average for investigations sugar content of treated treatments in
1993 was slightly below the level of control, in 1994 slightly above control
treatments and in 1995 there were positive trends of studied substances (1.1t0
relative 5.5% increase). Summary indicator — theoretical white sugar yield -
shows certain positive trends (statistically insignificant), i.e. increase in reld”
tive value on average for the investigated years, &-&. 1.3% increase after the
treatment with Atonik. The Edda variety acted the least to studied substance®
by the change (required increase) in theoretical sugar yield, the best the Hilm?
variety (+1.8%) and Petra (+1.0%), the least Ibis (+0.4 %).
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X 3
88 SCIENTIA AGRICULTURAE BOHEMICA, 27, 1996 (2 g5-10

contain values found for diff
) . ifferent experi
av%?lgrerseioi.tanestlgated varieties ar?c? r;l?;)zr:;?llczears’ three-ye
ults as i . . S.
B ity of h;:‘f::igg Sthe effect of investigated substances
Edda, Petra and Ibis) ugar beet roots in four investigated On t_he number
Wby the Resear hgenegally coincide with the co:clus' e ckiilma,
Research Institute Pr(z:lhal?\j[muvle of Chemical Technology 11;>):at(")t 1 retils
N sticulture B -Modfany, and Central Control and T IS'lava, Sugar
Henselova et r’nlo (Zahradnicek, 1993; He esting Institute
Michalikovs, 1991 Giba et ot 1993 1993, 1994 Bajer.
e tho conditions a et al., 1992). ’ »oBaet,
] ; s of the Czech R :
with various effe ; ch Republic a lot of :
By Zan: ;td(;ni téhe lgleld and quality of roots ofS iZitviTte; were tested
6-benzylaminopurine (BZP) (‘i,iglh :1993) tested the effects 0? bissliar ll)eet.
thesis in such a wa ich had good effect S Eu @or
. y that sugar ¢ s on saccharose bi
during harvest (com gar content of treated beet inc . tosyn-
ring pared with the ¢ increased significe
Rimar (1992) confir e control — absol gnificantly
rmed a positi : utely by 0.5 to 1.1%
900-1 500 g per tonne of positive effect of Rastim 3 1%).
e of seed e astim 30 DKV (at a d
of IS_Ieed) on the sugar beet yielzl A SHUG (2 & dose mf ZHI-B00 2 per(if)ir?ef
enselova etal. (1989 . .
50 DKV who ore . , 1993) were involved in th
Rastim is 2 8%958;1?? Averige mctease of profit in suiaprrzzl?? ey
- average for th 5 et treated with
nicek etal. (1993) verifi : e years 1991 and
AL rified replicated foli 91 and 1992). Zahrad
economically advantage plicated foliar applicatio - anrad-
: : geous. The b : n as very positive and
rate industrial . eet treated in such Sl
, processin b a way had (duri
logical param g in beet sugar facto T uring sepa-
t : . ry) si
L Domo;:aerj of bas.lc material and its intermei?;tflcantly better techno-
ariety in double application of Rastens‘nth;(;1 Iu)f;éreated Fon
V Pulk-

ribek (1995) confi

: confirmed 5% i .

influence on sugar content ;hl:crease in per hectare yield and insignificant
‘ n

ar ﬂVerage and

4.1% and whi yield of digesti
t : 1gestio o .
ite sugar yield by 3.6%. In the fol102/iilug°ilrriarlzsepre]laliwely by

ulkrabek

(1993) confir § g
L Struct:r)gdoihs effect of Elnoh on increase in sugar
e eet. root can strongly affect the exgl 'Con'tem 7 ?OO[S'
of Beet root that Crlcesb In sugar beet. One of potential gaqltatlt?n e
Vas.cular e irzlmthe simply observed, is also the nml:bof . Strucmfﬁ
. e oo eScours:e of harvest and dynamics fer'  poi
| . e axsl ( ebqn ek etal., 1983; Steh lil(z llt;SPrOdUCt?On
W:f f o e Of, Circallersu:)ef in three week-intervals, in the ,year52)1-9l9)urmg
Calcuf()llowcd B e fVas:cular .bundles in roots of different 3 a'nd
indi B or investigated varieties and sub Bt
Wida i » - ab. III presents average val i e
stigations for a growing season Co?res ndi s
. pondingly, the number

SCg
NT14
AG
RICULTURAE BOHEMICA, 27, 1996 (2): 85-103
: k 89



L'yl 1'el 9t ELI 06 L's '8 6'CI X7 quoyy eppPH =N

9%1 gl (4! I'L1 6 '8 S8 87T Xg Um0l eppd

Lyl 611 Lyl 9Ll 06 9°¢ ¢8 0¢l [01U0d %vm

8¢l 6'11 Sel 191 68 69 6L 611 XT AJA 0¢ wnsey TuIry

I'v1 (44! 4 L'S1 £'6 69 08 6Tl XC Juoly BUWIH

8¢l 811 (4! eI £'8 09 '8 L0l XZ Umnjolky By

9°¢l AN SEl 861 £'8 49 S'L I'Cl [01nu0d BuIIy g

(%) Buipjaik reSns ayym (eyp) preif 1esns ajrym
a5erony S661 v661 £661 a5eroAy S661 ¥661 £661 R g

1e3ns Aym Jo SuIppaik [edna109y) pue praik redns UM 29Ul U0 $30UTISqNS 9ANDdE A[[ro130]01q PaleSnsaAul JO 109))0 YL 11

I 'qel jo uonenunuo)

o
S
vk
o0
Q
O
(=)
=
N
o
991 €l §91 061 v'€9 '8 9'65 1'z8 1999 1e3ns — oferoAy S
991 (44! ¥91 06l 8¢9 96t 0’19 908 XT AA 0¢ wnsey W
. ~ . . ~ H
L91 Sl 991 06l €19 I'6v £°6S 98 XZ Juoyy m
L91 1ad! 991 681 1'€9 (A% L'6S §08 Xg umunjoiky M
991 I'vl §91 161 €79 9'SP 9'8¢ L8 [onuo) m
(%) wa3u0o 1esns (eys) preIk joorx 1299 1e3ns Ul oueIsqns pajednsaAuf M
991 14! S91 061 7'€9 ¥'8f 9'6S 128 199q 1e3ns — ofereAy &
. ~ . . G
¥91 gel 791 S'6l Y9 6y $'09 I'L8 elod =
. . . . A
691 8v1 691 €6l 0°L9 '8y 619 606 sIq[ E
g
(&)
o

)
v # epa | T
[ o | [ N | | / 3
. . . T .
691 Syl ‘ I _ _ - " - :
g syl | 91 T8l | 0°¢s ¢ e 8
i _ (ey/)) PIetk 1001 _ 1 2
(9) AUOD T3NS _ @ 1 g — o s
791 el | 09 897 ¥'19 L'e8 Xz AA ! N
| OM# i : 7 o} enod L
- yel 791 £61 Ts9 09v €09 £'68 xZ ! ‘< - %
i w i 7 utufold O
e £91 96l 9'¢9 Lyv 109 098 X7 UlpRoIAD : W
| - : 0nuod e1R
- i 191 961 6'¢9 1Ty 09 768 I . m
o 5 \\ : ’ 9 888 x7 AN 0g wWhsey 1q1 H
i (24! $91 col 799 VLY L e 3
. 991 S6l1 L9 8°9¥ €79 L6 (U ! unnv
| - ' xg uup[o1f) s1q] =
o ’ 501 €6l ¥'89 €18 €79 L'16 X7 umuny mw
g o : 199 'Ly 9'09 S'06 [013U02 siq] 3
e e . e 19 'Ly 19 9'SL X7 AMA 0g wnsey Tppd M
i o . o m.ﬁ S 6'9v 9'8¢ YL X7 Juoy eppd <
691 91 WA 1'61 66 | o A ot m
0Ll 881 ¥'19 ¥ 6Y L'6S TSL : z
y <l | = Z
e X LY £6l1 L'6S 697 78S I'vL [0uod p 3]
. . 3 euiiH
o o 91 ¥'81 9°¢9 8'LS 98¢ £vL X7 AMA 0 WSty 1
| " ) g X7 JIUoly euwI[IH
i 8l L9r | T8l 0°¢9 9'9¢ 196 £'C8 At ' s
| ’ 7 uIunyol 1
o 1 891 081 0'6S A §'9¢ 069 X Uu0lAD .
| o : S g 0Nuod eyl
o Tyl 191 (! €65 1'9% 7SS 99L I
43! [
{2g) awseo A {enpl pR 107 sourysqns payeSnsaAu] Kyatre A
BeIAY 661 7661 — —— i
JueIu0o TeSns pue pIaIA 1001 3y} UO soouwlsqNs oAnOE K[[BO150[01q pRjeslisaAul 10O 109132 YL 2




A _ 4

111. Two-factor analysis of variance - The effect of biologically active substances on the number
A I and quality of sugar beet (Prague-Uhfinéves, averages for the years 1993 to 1995)
oo s 22 g o = T2 ==
T T T = B T T m’di'cator Factor F P-value Significance
_— - b e ]
e it BAL effect 0.597 0.6328 insignificant
ey [P S Root yie .
- E:/D w o @ o x|we o =® effect of varieties 9.665 0.0036 significant
o o - o o = = el T T D~ =
e 388 =cggczZlgl=2<== 3 Beet tops BAL effect 0.220 0.8799 insignificant
AR R -7*2 s : = )
N ;‘ yield effect of varieties 1.208 0.3515 significant
e
- e e e ;:,‘) o oy 9 : 2 baﬂ a 3 5 °:) i Sugar BAL effect 1.286 0.3373 insignificant
~ 7] 32} —_ e e e
R a2 o @ ) ol D 22 == }’E content effect of varieties 15.48 0.0007 significant
B = R —
= Alfa BAL effect 0.176 0.997 insignificant
——_’————_—-——_’——— 1 — ~ . . . .o
s @ o w o o0 < = g ; ; < amino — N effect of varieties 5.541 0.0197 significant
= ; E E = e 5 R 2 == B Potassium BAL effect 1.653 0.2455 insignificant
I e, e content effect of varieties 137.3 7.8-E08 significant
- | y o
- o @ e B B Wt 3= & o o Sodium BAL effect 0.474 0.7082 insignificant
— <4 0 - ® o 2 D L
2 5 S g @ content effect of varieties 3.947 0.047 significant
I - BAL effect 1.005 0.4343 insignificant
—_— |= £ Productivity o
£ N = T B effect of varieties 30.67 4.6E-05 significant
o | 2|« y W ow e A
e B e Rl et R SRR B e BAL effect 1.413 0.3016 insignificant
! - - il .
5 sugar yield | ofpect of varieties 18.08 0.0004 significant
- )
50 Zl= - = < @ White sugar BAL effect 1.46 0.2894 insignificant
© © — & o < 2lo o :f) 2 2 gl s 0 o 0 ield o N . e
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0 0 = £
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—’/——i— i 1 . - . .
.- o o o o o = ] :rr. < 3 yielding effect of varieties 27.54 7.2E-05 significant
-~ 9 % % = A - o v ov X - e
R - R ] B Rl Note: F crit. = 3.862
& o 10 T
I
- s
3
Lo o
5 = 5, of circles of vascular bundles in harvested roots years was assessed (Tab. IV).
5 ‘; > 2 T_ab, V presents per cent effect of the followed substances on the number of
Z 5 E y o = B Circles of vascular bundles during harvest and growing season.
N ] 5] % 5 o . .
a o s % 2 Bl 2 % 9 The counts indicate the difference between varieties, the greatest count was
2 g & & 2 9 9 Ey = et T . 5 . : ° .
= &5 5 2 g3 Z % E ol 2 > 5 ound in the varieties Ibis and Petra, while the smallest one was in the Edda
s B B =2 B 2 § 5 5 : = i . . . 4
| 2 £ 2 8 % g >“<% s 2| @ & o @ Variety. The substances investigated had a very little influence on the number
o ® 80 <& 80U 71 e % 2 . Ofcircles of lar bundles, tt s attained by the Atonik
w L §0 g & @ §D b OI vascular bundles, the most significant was attaine y the Atoni
- - g = : 5 . .
g = T Z % E 4 ®Paration. Double treatment of sugar beet plants with Atonik increased the
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ps5 + 5881 - 7261

he number of circles of vascular bundles (average for

t yields on t
axis — root yields t/ha

5. The dependence of roo
1993-1995); x-axis — number of circles of vascular bundles, y-

the dynamics of formation of circles

The effect of investigated substances On
s more marked in the varieties Petra

of vascular bundles in different years wa
and Ibis. Tab. VI presents the number of increase — positive response (0

substances applied (102% increase compared with untreated control). The
Petra variety responded most to applied biologically active, in which during
three years and three observed substances the number of circles of vascular
bundles increased in five cases compared with the untreated control. The least
sensitivity was found in the yielding variety Hilma in which observed sub-
nces increased the number of circles of vascular bundles solely in 1995
compared with the untreated control. '

Investigations of the number of circles in sugar beet roots showed insig-
nificant influence of observed substances on their number. Differences in
their production in individual investigated varieties were confirmed. In addi-
tion, correlations to indicators of number and quality of harvested sugar 100t
were evaluated. The dependence of root yield on the number of circles of

vascular bundles (average for 1993 to 1995) is expressed by polyrzomi{11
function of the 3rd order with corre ° this

lation coefficient 0.75. Parameters Of
and linear function (R =

0.69) are in Fig. 5.
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reatment with biologically active substances (effect

V1. Response of sugar beet varieties to t
dicator over 102.0% compared

of the number of circles of vascular bundles, increase of in

with untreated control)
i iiloty Number of lll.vcgtiga(c;;\
‘ increases indicator
Hilma 12.3
Edda 12.0
Ibis 12.7
Petra | 12.6
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V presnych polnich pokusech na pokusné stanici KRV v praze-Uhfinévsi v pové-
trnostné rozdilnych letech 1993, 1994 a 1995 byl sledovan vliv biologicky aktivnich
latek aplikovan)’/ch ve fazi 26-38 2 46 (Pulkréabek, 1989) na pocet kruhi svazkil
cévnich v bulvéch vybranych odrad cukrové fepy. V pribéhu vegetace, zpravidla
v tfitydennich intervalech, byl sledovan pocet kruhi cévnich svazkd v bulvéch jed-
notlivych variant a byly vypogitany praméry pro sledované odridy (Hilma, Edda, Ibis
a Petra) a latky (Rastim 30 DKV, Atonik a cytokinin—mela-hydroxybenzyl adenozin).
V tab. IV jsou uvedeny hodnoty vypotitané z jednotlivych sledovéni za vegetaci.
Obdobn& byl hodnocen i pocet kruhd cévnich svazkl u sklizenych bulev (tab. TV).
Na obr. 1 aZ 4 je uvedena dynamika tvorby kruhil cévnich svazk v pribghu vegetace.
V tab. V je vyjadfen v procentech vliv sledovanych latek na pocet kruhd cévnich
svazki pfi sklizni a za vegetace.

Zjisténé pocty ukazuji na statisticky vyznamné diference mezi odradami — nejvyssi
poet byl zjistén u odrad Ibis (12,7) @ Petra (12,6) a nejnizsi u cukernaté odrudy
Edda (12,0). Sledované latky ovlivnily pocet kruhl cévnich gvazka velmi malo,
nejvyraznéji je ovlivnil Atonik. Dvoji o$etfeni cukrovky Atonikem statisticky vy-
znamné zvysilo pocet kruh@ cévnich gvazka predeviim béhem vegetace (zvyseni
0 2 % proti neodetiené kontrole). Vliv sledovanych latek na dynamiku tvorby kruhl
cévnich svazkd v jednotlivﬁch Jetech byl vyraznéjsi u odrad Petra a Ibis (statisticky
vyznamné diference). Jako statisticky vyznamny faktor se projevil i vliv ro¢niku.
Vysoce prikazné diference roénikovych rozdila byly prokazény mezi lety 1993
a 1994 a prakazné diference mezi lety 1994 a 1995. Rozdily zjisténé mezi roky 1993
a 1995 nebyly prakazné. V tab. VI je uveden pocet zvyseni poct kruht cévnich
svazkl jako pozitivni reakce na aplikované latky (zvySeni proti neosetiené kontrole
nad 102 %). Z4avislost vynosu bulev na poctu kruhtl cévnich svazkt (pramér 1993-
1995) vystihuje polynomické\ funkce 3. stupné s Kkorelatnim koeficientem 0,75. Para-
metry této funkce a funkce linedrni (R = 0,69) jsou znazornény na obr. 5

Nage vysledky hodnotici vIiv sledovanych latek na mnoZstvi a jakost sklizenych
bulev cukrovky u ¢yt odrid (Hilma, Edda, Petra a Ibis) se Vv obecné poloze shoduji
se zavéry pokusi uskutegnénych VUCHT v Bratislavé, VUC v Praze a UKZUZ v Br-
né (Zahradniéek, 1993, Henselova et al., 1993; RozkoSova, 1994).
Sledované latky ovlivnily ukazatele mnoZstvi a technologické jakosti u ovéi‘,m‘mly'Ch
odrid cukrovky velmi variabilné. V praméru sledovanych let a odrid byl nejvyraz

n&ji ovlivnén yynos bulev a nasledné i vynos polarizaéniho a bilého cukru. Nejpfi-
znivéji se projevilo oetfeni Atonikem (statisticky prikazn& v roce 1995), ktery 7l
L

vynos bulev v praméru ti sledovanych let 0 3,4 % (v jednotlivych letech 0 2,5 7

13 % a9 %). Vzestup vynosu bilého cukru byl jesté vyraznéjsi, a sice 0 49 7
proti neodetfent Kontrole (v jednotlivych letech 0 2,1 %, 3,3 % a 12.0 %). Vyrazh
diference byly 1 mezi jednotliV)"mi odradami. V praméru sledovanych let pylo el
vy§si zvyseni vynosu bulev po dvojim oSetfeni Atonikem u odridy Hilma (9,6 %)
a obdobné nejvyssi zvyeni vynosu bilého cukru (12,2 %). Statisticky vyznmuné ro%”
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