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Abstract

CERKAL, R., DVORAK, J., VEJRAZKA, K., KAMLER, J.: The effect of leaf area reduction on
the yield and quality of sugar beet (Beta vulgaris L. var. altissima Ddll). Acta univ. agric. et silvic.
Mendel. Brun., 2007, LV, No. 5, pp. 3744

The yield of sugar beet is directly affected by LAI (leaf area index) and values of LAD (leaf area dura-
tion). The integral leaf area plays, except for other factors, an important role during the damage or redu-
ction of leaf apparatus. There are many sources of leaf damage: natural disasters (hailstorm), diseases,
pests (including game browsing) etc. The intensity of the root production and quality differs in relation
to the growth stage of the damage plant. The aim of this study was to evaluate the extent of losses in
the root yield and the quality of sugar beet upon gradual reduction of the leaf area. Two diploid varieties
Monza and Compact were used in the small-plot trials conducted in years 2004 to 2006 (in the experi-
mental station Zab¢ice — maize production region, zone K2, average altitude 184 m, soil type was clas-
sified as gley fluvisoil, soil is medium heavy to heavy, clay-loam to loam type). The leaf area was manu-
ally reduced by 25% and 50% at BBCH 18-19 growth phase (8-9 leaves unfolded). The results were
statistically evaluated by analysis of variance and testing by Tukey test (at the significance level a =
5%). Reduction of the leaf area was reflected on the decrease of the root yield by 1 to 10% depending
on the year of harvest. In addition, the stressful state of the plants after defoliation resulted in the decre-
ase of the yield of polarization sugar per hectare, namely by 0.45 to 1.66 t.ha™'. In 2005, the leaf area
reduction caused a rise of the a-amino nitrogen content. The rise in the potassium and sodium cati-
ons content caused by the leaf area reduction also increased the sugar content in the treacle (by 0.1 to
0.16%). The increasing leaf area reduction lead to decreasing of yield of polarization sugar. However,
this descent was statistically significant in harvest year 2006 only.

damage caused by game, defoliation, sugar beet
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A wide range of sources that cause damage to
the plants’ leaf apparatus, mainly natural disasters,
pests, and diseases, is known from agricultural prac-
tices (BACHMANN, 1993). Nevertheless, the size
of the leaf apparatus has a significant impact on
the productivity of plants and vegetation. The indi-
vidual reaction of the damaged plant depends upon
its growth phase and the extend of the leaf area redu-
ction. The leaf damage, or the loss of leaf parts, can
be the cause of yield loss as well as drop in the pro-
duction quality. The decrease of both the root yield
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and the dry mass of the roots of sugar beet can be pri-
marily associated with the relation between the leaf
area duration (LAD) and the plants’ productivity. In
this context, LANGNER (1997) points out the impor-
tance of the relation between the leaf area index (LAI)
values of damaged leaves and the subsequent sugar
beet roots production.

The moment when the damage to the plants exceeds
the limit at which the decrease of the economic yield
or the production quality occurs is critical. However,
establishing a general relation between the extent of
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defoliation and decrease of yield or production qua-
lity proves rather complicated in practice. The extend
of the yield losses in experimental damaging may not
correspond with the real damage values due to many
additional factors (nutrition status of plants, presence
of diseases, pests, weather conditions, etc.) (SROL-
LER and PULKRABEK, 1999). The very early
growth phases are the most critical ones for the plants
of sugar beet. The situation deteriorates if the weake-
ned plants are further damaged or damaged again, e.g.
by game consumption. Herbivores prefer the parts
of the meristem tissue that are actively growing. The
protection of these tissues by the plants’ own pro-
tective mechanisms is low (BLAHA et al., 2003), the-
refore, this type of damage can lead to death of the af-
fected plant.

Generally, sugar beet belongs to crops that lack
the ability to self-regulate its yield formation com-
ponents. Still, it is a crop that is exposed to abiotic
stress agents as well as diseases and pests. It is also
a crop that is heavily consumed by game (OBRTEL
et al., 1984). In some locations, the high number of
game causes serious problems to land users, because
the plant damage caused by game often results in
substantial production losses (KALUZINSKI, 1982;
CONOVER et al, 1995; IRBY et al, 1996; VAN
TASSELL et al., 1999). This situation is partly caused
by the imbalance between the game and the environ-
ment; however, the damage is also influenced by other
factors, including agrotechnical measures (WEST and
PARKHURST, 2002). The extend of the long term
production losses caused by game has led to sear-
ching for means of their evaluation (ENGEMAN
and STERNER, 2002) as well as for possibilities to
reduce the losses by using. The individual reaction of
the damaged plant depends upon its growth phase and
the extend of the leaf area reduction (BELANT ef al.,
1997) and game management (CONOVER, 2001).

The aim of this work was to evaluate the yield and
the quality of sugar beet after simulated damage —
the plants’ leaf area reduction. Acquired results will
be used for compiling an authoritative evaluation
methodology for field crops damage caused by game.

MATERIAL AND METHODS

In2004-2006, the influence of the leafarea reduction
on the yield and the quality of sugar beet roots was
monitored at the experimental station of the School
Agricultural Enterprise of the Mendel University of
Agriculture and Forestry in Brno situated in Zabgice
(maize production region, zone K2, average altitude
184 m, soil type was classified as gley fluvisoil, soil
is medium heavy to heavy, clay-loam to loam type)
within a half series of small-plot trials. After har-
vesting the forecrop, farmyard manure in the amount

of'40 t.ha ' was spread over the plot and then processed
by subsoil ploughing into the soil. Dipped (fungicide,
insecticide) and calibrated seed (3.75/4.75 mm) was
used for sowing, and there were 111 000 seeds sown
per hectare (spacing 0.5 x 0.18 m). In the course of
all the examined years, the simulated damage repre-
sented leaf area reduction by 25% and 50%, the con-
trol plot was without reduced leaf area. All experi-
mental variants were established in three (2004) or
four repetitions. The leaf area was reduced manually
with scissors during the BBCH 18-19 growth phase
(89 leaves unfolded). During this particular phase,
the herbivores’ high attraction to the sugar beet plants
has been observed in agricultural practice. The leaf
apparatus of all plants of the relevant variants was
reduced on the whole area of the 25 m? plot. On har-
vesting, the yield of roots was established and sam-
ples (10 roots) were taken in order to determine tech-
nological characteristics — sugar content, o-amino
nitrogen content, potassium and sodium content, and
sugar ratio in PCM(B) treacle.

The plants’ reaction to the leaf area reduction was
evaluated in two varieties — Monza (in 2004 and
2006) and Compact (in 2005). Monza (year of regis-
tration 2003) and Compact (year of registration 2001)
are diploid varieties of the normal (N), respectively
intermediate (NC) type, with medium resistance to
cercospora (Cercospora beticola). The Compact vari-
ety is also mildew resistant (Erysiphe betae).

Tab. I shows the agricultural engineering of the expe-
riments in 2004 to 2006. Tab. II displays the average
month temperatures and precipitation figures. Plots
were harvested by using a lifter, the roots were clea-
ned and weighted. An average sample of ten roots was
sent for qualitative analyses to an accredited labora-

tory.
RESULTS AND DISCUSSION

During the first year of the trials, the extent of
the leaf area reduction was reflected mainly in the root
yield. A yield of 69.76 t.ha™! was achieved in the non-
reduced control variant (Tab. III). Upon reducing 25%
of the leaf area, a statistically indecisive decrease of
the yield by 3.82 t.ha, i.e. by 5.5% occurred. This
particular level of reduction was the most crucial in
regard to the establishment of the root yield. Redu-
cing 50% of the leaf area did not result in further sub-
stantial decrease of the yield. The root yield was only
by 1.12 t.ha! lower than the yield in the previous case
(and by 7.1% lower than the control variant yield).
This may have been caused by the fact that only
parts of leaves had been cut off (parts of lamina). As
a result, the plants did not undergo the same amount
of stress that would have followed entire leaf redu-
ction. Because the leaf area reduction occurred at an
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early growth phase (eight to nine true leaves unfol-
ded), further leaves were able to grow from adventiti-
ous buds (SROLLER and PULKRABEK, 1999) and
form the necessary assimilation area. DRAYCOTT
and CHRISTENSON (2003) indicate that once there
is a sufficient nitrogen supply available for the sugar
beet plants, the leaf attains its final size in approxima-
tely 60 days. As the plants did not have to form whole
leaves including the leaf-stalk, the energy and nutri-
ents expenditure was distinctly lower and the expected
decrease of yield was inconclusive.

Because of the high yield achieved in the control
variants, a certain dilution effect regarding the sugar
content was established. However, the higher sugar
content in the trial variants with reduced leaf area was
in no case able to compensate for the drop in the pola-
rization sugar yield. The stressful state of plants indu-
ced by removing parts of the leaf area at the begin-
ning of the vegetation was reflected in an indecisive
lower yield of the polarization sugar per hectare,
namely by 580 to 740 kg.ha™' (Fig. 1). Lower diges-
tion in the control variant was negatively manifested
in the ash contents and led to a slight rise of the sugar
ratio in treacle (Tab. III).

In 2005, the highest root yield was again achie-
ved in the control variant (75.62 t.ha'). Analogous
to 2004, the leaf area reduction at the beginning of
the vegetation resulted in an inconclusive decrease of
the root yield by 7.1% and 1.2% respectively. In addi-
tion, the leaf area reduction led to a drop in the sugar
content of roots, which enhanced the differences in
the polarization sugar yield per hectare (Fig. 1). The
control variant provided more polarization sugar per
hectare (by 1076 kg and 452 kg, respectively) than
variants with reduced leaf area.

Lower sugar content of roots is usually related to
a higher content of harmful nitrogen and monova-
lent treacle-forming cations (ZAHRADNICEK et al.,
2005). This conclusion was confirmed in the experi-
ment in 2005. A considerably higher a-amino nitrogen
content and a high content of potassium and sodium
cations adversely increased the sugar ratio in treacle in
the reduced leaf area variants. The timing of the har-
vest as well as the weather conditions, especially
during July and August, probably played a vital role,
too (Tab. II). The plots were not harvested at a tech-
nologically optimal time and the precipitation amount
was substantially higher during the above mentioned
months in comparison to the previous year, which had
created ideal conditions for nutrients intake and root
growth, and it was subsequently reflected in the yield.
However, the roots were not sufficiently mature. The
question is whether postponing the harvest would
have resulted in a better technological quality of

the roots, or not. According to JOZEFYOVA et al.
(2002), a later harvest may contribute to the weight
increase of roots approximately by 4.5 g.day' and of
sugar content by 0.66 g.day'. Therefore, the dilution
effect related to the increase of dry mass may contri-
bute to the decrease of the potassium and sodium con-
tent, the intake of which ends in August (HRIVNA
et al., 2003). Nevertheless, it is not warranted that
the content of harmful nitrogen can be reduced by
postponing the harvest, because the intake of nitrogen
lasts through the whole vegetation season (HRIVNA
etal., 2004).

The most significant decrease of the yield and sugar
content of roots due to the leaf area reduction occur-
red in 2006. The partial loss of the leaf apparatus was
not compensated for by the plants during the rest of
the vegetation season in spite of favourable weather
conditions (adequate precipitation and higher average
temperatures) and sufficient supplies of available nutri-
ents. The leaf area reduction caused an average decre-
ase of root yield by 5-10% (Tab. III). The drop in
the LAI values caused the reduction of sugar content in
roots by 0.87 and 0.57%. The total loss of polarization
sugar eventually reached 1.34-1.66 t.ha™! (Fig. 1).

The established results indicate that the leaf area
reduction of the sugar beet plants at an early stage of
vegetation can negatively affect the plants’ develop-
ment and decrease the yield of roots and polarization
sugar per hectare. It may also negatively influence
the technological quality of the roots by increa-
sing the a-amino nitrogen and ash contents in roots,
and subsequently cause a further loss by decreasing
the sugar yield. Even heavier loss can be expected
upon a more severe leaf area reduction or a complete
elimination of the leaf apparatus. Reducing leaf area
of plants that are fully capable of regeneration leads
to smaller losses than reducing leaf area of plants
already weakened e.g. by diseases (DRACHOV-
SKA et al., 1960). A partial loss of the leaf appara-
tus at the beginning of the vegetation season is less
harmful as sugar beet first uses assimilates to form
new leaves, and therefore, it can fast compensate for
the loss incurred at this point. It is because the change
in the dynamics of the roots and leaves growth oc-
curs approximately upon unfolding 20" to 25™ leaf, at
which time the increment of roots exceeds the growth
of the leaf mass (SROLLER and PULKRABEK,
1999). The peak leaf size is achieved in the second
half of August when almost 85% of the dry mass of
roots has already been formed. At the end of the vege-
tation season (middle of September, October — har-
vest) when the intensity of the sun radiation drops,
the leaf area reduction affects the root yield to a signi-
ficantly lower extent.
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1. Agrotechnics of experiments used in all experimental variants from 2004 to 2006

Operating step

Year

2004 | 2005 | 2006

Autumn — fertilization (superphosphate + potassium salt)

90 kg.ha! PO, + 120 kg.ha ! K,0

Seedbed preparation

harrow + land leveller

Fertilization before sowing

NPK 15:15:15 (300 kg.ha™)

Pre-emergent herbicide application

Goltix Top (5,5 1.ha™)

Sowing 28.4. | 254 | 9.5.
Betanal Expert (1 Lha™)
First divided application of herbicides (BBCH 12) Lontrel 300
) (1,5 Lha™) )

Fertilization LAV 27 (40 kg.ha! N)

. L . Pantera 40 EC (1,5 Lha™)
Second divided application of herbicides (5 days after
first application) - - Bt?tanal Expert +

Goltix Top (1,5 Lha™)

Leaf area reduction (BBCH 18 — 19) 16.6. 13.6. 11.7.
Harvest (growing season) 12.10. 20.10. 1110

growing (167 days) | (178 days) (155 days)

II: Average month temperatures and total precipitation in years 2004—-2006, normal temperatures and precipi-
tation from years 1961—1990 and 1991-2000 (Zabéice; SVOBODA, 2003)

Month/Year 2004 2005 2006 1991-2000 1961-1990

°C mm °C mm °C mm °C mm °C mm
January -2.9 41.9 0.1 19.4 -6.1 22.2 -0.6 15.6 -2.5 24.6
February 2.1 27.6 -2.0 44.4 2.2 26.4 0.7 14.6 -0.3 23.8
March 43 59.8 2.6 5.8 1.9 46.2 4.9 28.5 3.8 24.1
April 11.8 34.0 11.0 49.5 11.1 50.5 10.7 30.8 9.0 31.5
May 13.9 28.3 15.0 66.8 14.7 75.3 15.7 48.7 13.9 61.0
June 18.0 65.2 17.9 46.2 18.7 71.4 18.9 56.6 17.0 72.2
July 19.6 28.6 19.9 | 103.1 22.6 78.4 20.6 78.3 18.5 63.7
August 20.1 33.2 18.1 80.7 16.8 | 151.3 20.5 56.7 18.1 56.2
September 14.6 43.8 16.1 33.2 16.8 9.0 15.2 50.7 14.3 37.6
October 11.0 66.2 9.9 6.2 11.1 13.9 9.5 27.8 9.1 30.7
November 4.5 35.0 2.8 23.4 6.4 21.4 4.1 39.9 3.5 37.4
December 0.0 18.0 -0.9 30.2 2.7 20.8 -0.2 27.3 -0.6 27.1
Veg. period 16.4 | 233.1 16.4 | 379.5 16.8 | 435.9 16.9 | 321.7 15.1 | 3222
Average/Total 9.8 | 481.6 9.2 | 508.9 9.6 | 586.8 10.0 | 483.0 8.7 | 489.9
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II1: Average values of examined characteristics for varieties Monza (2004 and 2006) and Compact (2005) and
results of leaf area reduction level difference (testing by Tukey test, a. = 5%)

5| Leafarea Root yield [t.ha™] Sugar content [%] a~-N [mmol/100g]
=\ red. [%] N x % \'% x % \'% x % \%
- 0% 3 | 69.76* 100 2.56 19.90° 100 1.81 0.68* 100 24.48
§ 25% 3 ] 6594* | 945 10.39 | 20.17* | 101.3 0.76 0.722 105.9 5.56
50% 3 | 64822 | 929 13.20 | 20.27* | 101.8 1.59 0.61° 90.2 17.96
0% 4 | 75.62¢ 100 4.65 17.08* 100 3.75 3.892 100 2.41
% 25% 4 | 7026 | 92.9 10.46 | 16.85* | 98.7 1.24 4.01° 103.1 7.91
50% 4 | 74.72* | 98.8 13.73 | 16.68* | 97.7 3.96 4.30° 110.4 2.78
- 0% 4 | 77.59* 100 1.58 17.25° 100 7.48 2.20° 100 15.18
§ 25% 4 | 73.51° | 94.7 1.24 16.38* 95 2.02 2.21° 100.5 | 15.84
50% 4 | 70.29° | 90.6 3.28 16.68* | 96.7 1.50 2.15° 97.7 14.85
5| Leafarea Na [mmol/100g] K [mmol/100g] PCM(B) [%]
Slred ] | VT T w v ¥ | % |V x | % | Vv
- 0% 3 0.36° 100 21.70 442 100 4.10 1.21° 100 5.61
(% 25% 3 0.32¢ 89.8 4.72 430 97.7 6.04 1.21° 99.5 1.73
50% 3 0.34° 94.4 | 28.97 4.1° 93.2 4.40 1.16* 95.6 3.76
0% 4 1.51° 100 10.45 5.55* | 100 6.62 2.26° 100 2.53
§ 25% 4 1.68° 111.6 | 12.99 5.86* | 105.6 8.71 2.35° 103.9 6.01
50% 4 1.50° 99.5 7.26 6.05* | 109.0 5.84 2.428 107.0 2.85
- 0% 4 1.27* 100 22.55 4.20* | 100 8.04 1.66* 100 4.93
§ 25% 4 1.51# 1189 | 12.61 4.01° 95.5 6.12 1.67° 100.6 6.86
50% 4 1.37¢ 107.9 | 15.25 4.38* | 104.3 7.32 1.69° 101.8 7.59

Explanatory notes: Average values marked with different letters represent statistically significant differences at
the significance level of 95%; V — variation coefficient (%).

U8R R
SNE LB\

1: The yield of polarization sugar (t.ha™') by variants of leaf area reduction (2004—2006)
Explanatory notes: Average values marked with different letters represent statistically signi-
ficant differences at the significance level 95%.
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SOUHRN

Vliv redukce listové plochy na vynos a kvalitu cukrovky
(Beta vulgaris L. var. altissima Doll)

Vynos bulev fepy cukrové bezprostfedné zavisi na velikosti listové plochy (LAI — leaf area index)
a hodnotach LAD (leaf area duration). Integralni listova plocha pfitom hraje (kromé jinych faktori) kli-
¢ovou roli v ptipadech poskozeni nebo ztraty ¢asti listového aparatu. V zemédélské praxi existuje mno-
ho pricin vedoucich k poskozeni listového aparatu — ptirodni zivly (napt. krupobiti), choroby, Skiidci
(v€etné zvere) a dalsi. Intenzita produkce susSiny bulev a jejich kvalita se li$i v zavislosti na ristové fazi
rostliny, ve které k poskozeni doslo. Cilem prace bylo posoudit rozsah ztrat na vynosu a kvalité bulev
fepy cukrové pii stupiiované redukci listového aparatu rostlin. V maloparcelnich polnich pokusech rea-
lizovanych na SZP v Zabgicich (kukufiéna vyrobni oblast, podoblast K2, primérna nadmotska vyska
184 m n. m., pidni typ byl klasifikovan jako fluvizem glejova, ptida stfedné tézka az tézka, pudni druh
jilovitohlinita az jilovita) v letech 2004 az 2006 byly pouzity dv¢ diploidni odriidy — Monza (N) a Com-
pact (NC). Listova plocha byla redukovédna z 25 a 50 % manualné ntizkami v rtstové fazi BBCH 18—19
(osm az devét listh rozvinutych). Vysledky byly statisticky zhodnoceny analyzou variance a nasledné
testovany podle Tukeye (na hladin€ vyznamnosti a = 5 %). Redukce listové plochy se projevila pokle-
sem vynosu bulev v rozmezi 1 az 10 % v zavislosti na ro¢niku sklizng. Stres rostlin po odstranéni ¢asti
listové plochy vedl k mensimu vynosu polariza¢niho cukru z hektaru, a to 0 0,45 az 1,66 t.ha™'. Redukce
listové plochy byla v roce 2005 piic¢inou nartistu obsahu a-aminodusiku, zvysil se podil kationti drasli-
ku a sodiku, ktery neptiznivé zvySoval podil cukru v melase (0 0,1 az 0,16 %). Ze ziskanych vysledkt
je zfejma tendence poklesu vynosu polariza¢niho cukru se zvysujicim se poSkozenim listové plochy.

Avsak pouze v roce 2006 byl tento pokles statisticky prikazny.

Skody ptisobené zvéti, defoliace, fepa cukrova

This work is a partial output of the project of the National Agency for Agricultural Research No. QF4192
with the title ,,Methodology of evaluation of damages caused by game to field crops”.
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