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Abstract

In 1999 and 2001 three field experiments on compost application at sowing
time of sugar beet were conducted. Thermophilic compost was applied in two
ways: in the first method as a 3-cm layer of compost (“single compost layer”), and
in the second method as two split layers of compost of 4 and 3 cm (“double com-
post layer”).

Double row compost application vs. single row application reduced yields of
roots, tops and white sugar by 26, 14 and 21% in Bałcyny experiment and 15, 12
and 16% in Chrząstowo experiment, respectively. The fungus Aphanomyces co-
chlioides which was the main pathogen occurring in infected seedlings was not sat-
isfactorily controlled by either of applied experimental methods. Compost
application decreased sugar beet seedling infestation by Pythium, Fusarium and
Cephalosporium.

Key words: row compost application, sugar beet, emergence, damping-off, seed-
ling development, yielding

Introduction

Sugar beet is often grown on loamy and clay soils which have a strong tendency
to encrust. In consequence germinating seeds have difficulties to penetrate the
soil, have no adequate oxygen supply, germination and emergence are retarded,
which stimulates activity of damping-off pathogens. It may delay emergence and
result in a problem of achieving a proper crop stand. It is of a special importance in
organic farming where sugar beet seeds have to be undressed. In the performed ex-
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periments a positive influence of compost application was expected: quicker seed
germination, reduced damping-off losses and speeding up the first phase of sugar
beet growth, as it was previously demonstrated in pot experiments (Szymczak-
-Nowak and Tyburski unpublished). As results obtained in glasshouse conditions
quite often do not replicate in field conditions, three field experiments were con-
ducted.

Weather conditions may have an essential influence on sugar beet vegetation.
This is of a special importance during germination and emergence, and especially
on clayey soils. In 12-years’ crop rotation study with sugar beets on clayey soil it
took 18 to 44 days from drilling to full emergence (Tyburski 2002). The longer
emergence time was recorded in wet springs and it was accompanied by high
damping-off losses. Therefore in our experiments row compost application was
aimed to facilitate germination and speed up first phase of sugar beet seedlings de-
velopment.

Although in conventional farming compost fertilization is very rare, in organic
farming is used quite often. Typical way of organic manure application is its even
distribution on a field surface and mixing with soil afterwards. The aim of this
study was to check if row compost application might be an effective strategy in or-
ganic sugar beet cropping.

Materials and methods

Field and pot experiments were carried out in 1999 and 2001. Field experi-
ments were performed in three locations. As the first experiment, a field microplot
one was conducted in Bydgoszcz on clayey soil in 1999. The forecrop for sugar beet
was white mustard. The soil was fertile, with neutral pH and high content of P, K,
Mg and Ca. In the experiment compost was applied in rows. At the bottom of 4-cm
row undressed and dressed seeds were sown and then covered with 3-cm layer of
compost (which corresponds to a rate of 10 t per 1 ha) and 1-cm layer of soil.

In 2001 two field experiments were performed on loamy soils: one in Bałcyny
near Ostróda (Warmia and Mazury voivodeship) and one in Chrząstowo near Nakło
(Kujawy and Pomerania voivodeship). In both cases the forecrop for sugar beet was
winter wheat. Both soils were of the same type and the same fertility, with slightly
acid pH, high content of P, Mg, Ca and medium content of K. In these experiments
compost was applied in two ways. In the first method undressed sugar beet seeds
were sown at the bottom of 4-cm row, then covered with 3-cm layer of compost
(which corresponds to a rate of 10 t per 1 ha) and then covered by 1-cm layer of soil
(“single compost layer”). In the second method compost was applied at the bottom
of 8-cm row with 4-cm layer, then sugar beet seeds were sown, and covered by 3-cm
compost layer, followed by 1-cm soil layer (“double compost layer” which corre-
sponds to a rate of 50 t per 1 ha). The experiments were arranged as split-plot in four
replications. Plots were 6.0 m long and 2.7 m wide. Sugar beet cultivar ‘Janina’ was
sown in the first decade of May.
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Pot experiments with soil fertilized with compost vs. non-compost fertilized
soil were carried out in glasshouse conditions. 700-ml pots were filled with soils
brought from above mentioned fields in Bałcyny and Chrząstowo, then undressed
and dressed seeds (Zaprawa Oxafun T 75 DS/WS – a.i. thiram 37.5% and carboxin
37.5% + Tachigaren 70WP – a.i. hymexazol 70%) of sugar beet cultivar ‘Janina’
were planted (25 seeds per pot) and covered with 3-cm layer of compost and 1-cm
of soil afterwards. The same thermophilic compost was used in pot and field exper-
iments. The pot experiments were arranged in five replications (one replication =
25 seeds of sugar beet per pot).

Damped-off sugar beet seedlings from pot and field experiments underwent
laboratory examination. The seedlings were washed out from soil with a tap water
and then rinsed with sterile water. Later they were placed on water agar and incu-
bated for three days in room temperature. After incubation they were analyzed un-
der microscope for identification of fungi.

One-year-old compost used in the experiments was produced by thermophilic
process from: 1000 kg of cattle manure, 100 kg of garden soil, 30 kg of eggs’ shells,
5 kg of basalt rock, 10 kg of chestnut-tree leaves. According to Spruway’s method
of chemical analysis the compost had a pH of 7.95 and the content of: N-NO3 – 152
mg/l, P – 415 mg/l, K – 1110 mg/l, Mg – 425 mg/l, Ca – 2510 mg/l, Na – 151 mg/l.

Results from pot and field experiments were statistically analyzed (by the anal-
ysis of variance) and means were compared according to range test of Duncan.

Results

In the microplot experiment in Bydgoszcz in 1999, spring was wet (Table 1)
and germination of sugar beet seeds sown in rows with compost was quick, en-
abling fast development of seedling. Row compost application improved emer-
gence rate by 10.3% and shortened emergence time by nine days (Table 2). It also
reduced markedly seedling infestation by damping-off pathogens. On composted
microplots damping-off losses decreased from 12.4 to 8.6%. Moreover, compost
application increased sugar beet seedling root mass by 52% and leaf mass by 54%.

Although the whole vegetation period of 2001 was wet, spring was dry both in
Bałcyny and Chrząstowo (Table 1). Germination and emergence of sugar beet
seedlings were worse on double compost layer (Table 3) as compared to single
compost layer. Thus, instead of facilitation of germination we stated retardation
and slowing of the first phase of sugar beet development. Sugar beet germination
in double compost layer was delayed by two weeks and so vegetation period was
shortened (Table 3). In the same time in pot experiments on soils from Bałcyny
and Chrząstowo, we have found a very positive influence of compost addition on
seedlings development (Table 4). It is worth noting that in the same pot experi-
ment seeds dressing did not differentiate seedlings development at all.

Although the same soils and compost were used in Bałcyny and Chrząstowo
field experiments and pot experiments, different results were obtained in glass-
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house conditions vs. field conditions (Tables 3, 4). In glasshouse conditions we
found positive influence of compost fertilization: 43% increase of seedlings root
mass and doubling of leaf mass (Table 4). In field experiments bad results were
found on objects with double compost layer (Table 3). Root yields on double com-
post layer vs. single compost layer were decreased by 17 and 10% in Bałcyny and
Chrząstowo experiments, respectively.

Laboratory investigations of sugar beet seedlings’ with disease symptoms
showed similar results for seedlings grown in pots on soils from Bałcyny and
Chrząstowo locations (Tables 5, 6). Aphanomyces cochlioides, the main pathogen of
sugar beet seedlings, was not directly affected by compost application nor by seed
dressing. We found this pathogen on each diseased seedling grown on soils both
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Table 1
Meteorological data in the vegetation period of sugar beet in Bydgoszcz (1999),

Bałcyny (2001) and Chrząstowo (2001)

Month
Daily mean temperature (oC) Total precipitation (mm)

Bydgoszcz
1999

Bałcyny
2001

Chrząstowo
2001

Bydgoszcz
1999

Bałcyny
2001

Chrząstowo
2001

IV 9.8 7.3 7.6 83.5 43.5 38.1

V 14.0 12.2 13.1 45.6 31.3 50.6

VI 17.7 13.8 14.5 53.6 48.8 102.2

VII 21.5 19.5 19.4 36.8 135.1 165.8

VIII 19.0 18.4 18.8 35.3 81.8 40.1

IX 17.4 12.0 12.3 13.3 99.3 122.0

X 8.6 10.5 11.5 30.2 35.1 20.6

Mean
temperature

15.4 13.4 13.9 – – –

Total
precipitation

– – – 298.3 474.9 539.4

Table 2
Effect of row compost application on undressed sugar beet seed emergence

and seedling development in microplot experiment, Bydgoszcz 1999

Specification
Fertilization method

without compost with compost

Emergence rate (%) 65.0 a 75.3 b

Damping-off (%) 12.4 a 8.6 b

Days from sowing to full emergence 23.0 a 14.0 b

Early development of seedlings

10 seedlings root mass (g)

10 seedlings leaf mass (g)

4.0 a

22.4 a

6.1 b

34.4 b

Means in columns marked with the same letters are not significantly different at P = 0.05.



with and without compost. Nevertheless, compost application substantially de-
creased seedling infestation by Pythium, Fusarium and Cephalosporium.

Coming back to agronomical assessment of our field experiments we have
found much better results of sugar beet growing on single compost layer, in con-
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Table 3
Effect of row compost application on sugar beet emergence, health, root, top

and white sugar yield in field experiments in Bałcyny and Chrząstowo

Specification Emergence rate
(%)

Damping-off
(%)

Roots
(t/ha)

Tops
(t/ha)

White sugar
(t/ha)

Bałcyny experiment

Control (NPK) 59.1 a 1.1 a 53.2 b 43.5 a 7.89 a

Compost 10 t/ha 62.3 a 0.2 b 59.3 a 42.5 a 8.45 a

Compost 50 t/ha 34.0 b 0.1 b 47.2 c 37.2 b 6.98 b

Chrząstowo experiment

Control (NPK) 58.8 b 2.4 a 52.0 a 41.5 a 7.92 a

Compost 10 t/ha 72.6 a 1.6 b 52.1 a 42.5 a 7.64 a

Compost 50 t/ha 68.0 a 1.2 b 45.0 b 38.0 b 6.60 b

Means in columns marked with the same letters are not significantly different at P = 0.05.

Table 4
Effect of single compost application and seed dressing on sugar beet biomass

of seedlings (pot experiments)

Specification
Bałcyny soil Chrząstowo soil

roots (g) leaves (g) roots (g) leaves (g)

Soil + undressed seeds 3.9 a 20.5 a 3.7 a 21.0 a

Soil + dressed seeds 3.8 a 20.7 a 3.8 a 20.8 a

Soil + compost + undressed seeds 5.3 b 44.0 b 5.5 b 42.5 b

Soil + compost + dressed seeds 5.2 b 40.1 b 5.4 b 42.3 b

Means in columns marked with the same letters are not significantly different at P = 0.05.

Table 5
Effect of compost application and seed dressing on sugar beet infected seedlings’

microfungi in pot experiment on soil from Bałcyny

Specification
Share of fungal genus in diseased seedlings (%)

Aphanomyces
cochlioides

Pythium
sp.

Fusarium
spp.

Mucor
sp.

Cephalosporium
sp.

Penicillium
spp.

Soil + undressed seeds 100.0 12.5 50.0 10.0 37.5 20.0

Soil + dressed seeds 100.0 14.3 52.4 0.0 47.6 0.0

Soil + compost + undressed seeds 100.0 0.0 33.0 0.0 0.0 0.0

Soil + compost + dressed seeds 100.0 0.0 0.0 11.0 0.0 25.0



trast to double compost layer. First of all, on single compost layer the emergence
rate was good, even better than on control plots fertilized with NPK (Table 3). On
double compost layer germination was retarded, especially in Bałcyny experiment,
where the emergence of seedlings decreased almost by half. This had a great influ-
ence on sugar beet yielding. Single layer compost application gave as good results
as sugar beet growing in the object with mineral fertilizers, whereas double com-
post application reduced yields of tops, roots and white sugar below control re-
spectively by 17, 13 and 13% in Bałcyny experiment and by 9, 15 and 20% in
Chrząstowo experiment.

Discussion

In our pot experiments on soils taken from Bałcyny and Chrząstowo fields, we
have recorded a very positive influence of compost addition on seedlings develop-
ment: improved emergence rate, shortened emergence time, markedly reduced
seedlings infestation by damping-off pathogens, substantial speeding up of seed-
lings growth rate. Similar positive results of compost application were found by
Boff et al. (2000) in organic onion cropping.

In the field experiments we have found that the effect of row compost applica-
tion depends on a method of its application and soil water regime. During wet
springs it is positive, whereas in dry springs it may retard germination, bring about
crop stand and yield losses (especially when compost is applied by double layer
method). We think that the reason is a different water regime. In pot experiments
water was added regularly, as needed to achieve soil humidity of about 60% full
water capacity of soil. In field conditions sugar beet seeds placed between two lay-
ers of compost do not have a direct contact with soil and cannot get soil moisture
unless compost gets wet enough. This is a problem especially during dry springs.
The larger amount of compost, the more external moisture is needed to wet it, and
longer time is required for seeds to germinate. Thus, instead of facilitation of ger-
mination we stated retardation and slowing down of the first phase of sugar beet
development. Sugar beet germination in double compost layer was delayed by two
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Table 6
Effect of compost application and seed dressing on sugar beet infected seedlings’

microfungi in pot experiment on soil from Chrząstowo

Specification
Share of fungal genus in diseased seedlings (%)

Aphanomyces
cochlioides

Pythium
sp.

Fusarium
spp.

Mucor
sp.

Cephalosporium
sp.

Penicillium
spp.

Soil + undressed seeds 100.0 31.3 72.9 0.0 62.5 0.0

Soil + dressed seeds 100.0 25.0 69.4 0.0 63.9 0.0

Soil + compost + undressed seeds 100.0 11.8 35.3 11.8 17.6 29.4

Soil + compost + dressed seeds 100.0 9.6 34.6 11.5 17.3 26.9



weeks and so vegetation period was shortened. Finally, it resulted in yield losses of
roots, tops and white sugar.

In literature data on compost sugar beet fertilization are quite rare and some-
times contradicting. In the first series of long-term studies conducted in The Neth-
erlands by De Haan (1972) neutral effect (data ranging from hardly any or even
negative effect) on sugar yield was found. In the second series of long-term trials
compost application on heavy river clay soil increased soil pH and sugar yield (De
Haan 1980). In a German study conducted by Diez and Weigelt (1980) slightly
higher sugar yields were recorded in compost applied in treatment with mineral ni-
trogen. Adamiak and Adamiak (1996) found the same yielding of sugar beet grown
on compost, organic and mineral fertilizers and exclusively mineral fertilizers.
Pacuta et al. (1999) recorded the increase of sugar beet root yield by 5 t per 1 ha,
thanks to farmyard manure and compost application. It should be mentioned that
the above quoted authors did not apply compost in a row.

Conclusions

1. Effect of row compost application on sugar beet development depends on a
method of application and weather conditions (soil water regime), especially in
spring time during seed germination. During wet springs it is positive, whereas in
dry springs it may retard germination, bring about crop stand and yield losses (es-
pecially when compost is applied by double layer method).

2. Mineral and row compost fertilization applied as single layer seems to result
in the same level of sugar beet root and white sugar yield, when compost was ap-
plied at the rate 10 t per 1 ha.

3. Double row compost application vs. single row application may reduce yields
of roots, tops and white sugar because of lowered water availability for germinat-
ing seeds of sugar beet.

4. Row compost application did not ensure control of Aphanomyces cochlioides
which was the main pathogen infecting sugar beet seedlings.

Streszczenie

WPŁYW RZĘDOWEGO NAWOŻENIA KOMPOSTEM
NA WSCHODY BURAKA CUKROWEGO, ZDROWOTNOŚĆ SIEWEK

ORAZ PLONOWANIE NA GLEBACH GLINIASTYCH

W 1999 oraz 2001 roku badano wpływ rzędowego nawożenia kompostem na
wschody, zdrowotność siewek i plon buraka cukrowego w porównaniu z nawoże-
niem mineralnym NPK. Doświadczenie mikropoletkowe przeprowadzono w Byd-
goszczy, a polowe w Chrząstowie (woj. kujawsko-pomorskie) oraz Bałcynach (woj.
warmińsko-mazurskie), na glebach o składzie gliny średniej. Na polu w Bydgosz-
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czy w rowki o głębokości 4 cm wysiewano najpierw nasiona buraka cukrowego od-
miany ‘Janina’, niezaprawiane oraz zaprawione zaprawami fungicydowymi (s.a.
tiuram, karboksyna i hymeksazol), a następnie przykrywano je 3-centymetrową
warstwą kompostu (co odpowiadało dawce 10 t/ha) i 1-centymetrową warstwą
gleby („metoda pojedynczej warstwy kompostu”). Na polach w Chrząstowie i
Bałcynach kompost zastosowano w sposób opisany powyżej, ale także „metodą po-
dwójnej warstwy kompostu”: w rowki o głębokości 8 cm dano najpierw 4 cm kom-
postu, następnie wysiano zaprawione i niezaprawione nasiona buraka cukrowego
odmiany ‘Janina’ i przykryto je 3 cm kompostu (co w sumie odpowiadało dawce 50
t/ha) oraz 1-centymetrową warstwą gleby. Przeprowadzono również doświadcze-
nia wazonowe w warunkach szklarniowych. Wazony napełniono glebą pobraną z
pól w Chrząstowie i Bałcynach, wysiano zaprawione oraz niezaprawione nasiona
buraka cukrowego, po czym przykryto je 3-centymetrową warstwą kompostu i
1-centymetrową warstwą gleby. Porażone zgorzelą siewki wykładano na agar wod-
ny, inkubowano przez trzy dni w temperaturze pokojowej i analizowano mikrosko-
powo mikoflorę.

W doświadczeniach polowych wpływ kompostu na wschody i dynamikę rozwo-
ju buraka cukrowego zależał od warunków wilgotnościowych – w mokre wiosny je
przyśpieszał, a w suche opóźniał. Działanie to występowało w większym nasileniu
przy nawożeniu metodą podwójnej warstwy kompostu. W konsekwencji nawoże-
nie podwójną warstwą kompostu wpłynęło na zmniejszenie wydajności korzeni,
liści i cukru białego w Bałcynach o – odpowiednio – 26, 14 i 21%, a w Chrząstowie
o 15, 12 i 16% w stosunku do nawożenia pojedynczą warstwą kompostu.

Ani zaprawianie nasion, ani zastosowanie kompostu nie ograniczało skutecznie
Aphanomyces cochlioides, grzyba będącego głównym sprawcą zgorzeli siewek.
Nawożenie dojrzałym kompostem przyczyniało się natomiast do zmniejszenia
stopnia porażenia siewek przez grzyby z rodzajów Pythium, Fusarium oraz Cephalo-
sporium.
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