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Summary

In growing maize, an increase in the content of phenolic
compounds and selected phenolic acids in soil was found after
the incorporation of white mustard, buckwheat, spring barley,
oats and rye mulches into the soil. The highest content of phe-
nolic compounds in soil was found after oats mulch incorpora-
tion (20% more than in the control soil). The highest content of
selected phenolic acids was found for the soil with the oats and
rye mulch. Among the phenolic acids investigated, ferulic acid
was most commonly found in the soil with the plant mulches.
However, two phenolic acids: the protocatechuic and chloro-
genic acid, were not detected in any soil samples (neither in the
control soil nor in the mulched soil).

At the same time, a decrease in the primary weed in-
festation level in maize was found in the plots with all the ap-
plied plant mulches, especially on the plots with oats, barley
and mustard. The plant mulches were more inhibitory against
monocotyledonous weeds than dicotyledonous ones.

During high precipitation events and wet weather, a rap-
id decrease in the content of phenolic compounds in soil and an
increase in the primary weed infestation level in maize were
observed.

Key words: primary weed infestation, phenolic acids, phenolic
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INTRODUCTION

The use of plant mulches in agriculture becomes
more and more popular, especially in organic and in-
tegrated farming (Narwal, 1999). Plant residues
decomposing in soil play a double role: they supply
soil with organic matter and also provide a barrier for
weed emergence, which is connected with their physi-
cal presence in soil and with release of allelochemi-
cals during their decay (Inderjit and Keating,
1999). Among allelochemicals, phenolic compounds
are most commonly listed (Macias etal. 2007).

Plant mulches may be left on soil surface, as
cover crops, or may be incorporated with soil (Ho -
chol etal. 2004; Dhima et al. 2006). The duration
of cover crops residues in soil determines the extent
of an effective weed control period (Bhowmik and
Inderjit,2003). Infield conditions, many factors in-
fluence the presence and allelopathic potential of resi-
dues, like various soil physical, chemical and biological
factors (Kobayashi, 2004) and weather conditions
(Stupnicka-Rodzynkiewicz etal. 2004). As
a consequence, interactions noticed in the controlled
conditions may be less visible in the field (Inderjit
and Foy, 2001;Igbal etal 2003). As an example,
Xuan et al. (2005) evaluated allelopathic potential of
alfalfa (Medicago sativa L. cv. Rasen) and kava (Piper
methysticum L.) after soil amendment by their mulches
in the field experiment. A strong inhibitory effect of
both alfalfa and kava mulches on barnyardgrass and
monochoria growth for up to ten days was stated,
but after this period the magnitude of inhibition was
drastically reduced. The authors have confirmed that
the mulched soil contained high amounts of phenolic
compounds which have been recognized by many au-
thors as substances with significant allelopathic poten-
tial (Weston and Duke, 2003). On the other hand,
phenolic compounds concentration in soil is strongly
modified by many physical and chemical factors (In -
derjit, 1996). Some role in the magnitude and dura-
tion of phytoxicity of individual phenolic acids in soil
is played by reversible sorption, which partly protects
these substances from microbial degradation (Blum,
1998).

Hura et al. (2006) examined the level of eight
selected phenolic acids in 5 crop-plant species: buck-
wheat (Fagopyrum esculentum Moench.), mustard (Si-
napis alba L.), winter rye (Secale cereale L.), spring
barley (Hordeum sativum L.) and oats (4vena sativa L.)
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during two vegetative seasons in 2002 and 2003. The
authors found significant differences in each phenolic
acid content in plants, depending on weather conditions
during the growing period of the plants. The plants
were arranged from the most to the least abundant in
phenolic acids, in the following order: spring barley >
oats > buckwheat > white mustard > rye.

In the present paper, three hypotheses are tested:
1) the concentration of phenolic compounds increase
in soil after incorporating each of the above mentioned
plants as a mulch; 2) primary weed infestation changes
after the incorporation of mulches; 3) phenolic com-
pounds from mulches decrease weed emergence and,
in consequence — primary weed infestation in maize
through an allelopathic interaction.

The study aimed at (1) determining the concen-
tration of phenolic compounds in soil, after incorpo-
rating plant mulches into it; and (2) assessing primary
weed infestation of maize after the incorporation of
plant mulches.

MATERIALS AND METHODS

The field experiment was conducted at the Ex-
perimental Station of the Department of Plant and Soil
Cultivation of the University of Agriculture, at MydI-
niki near Krakéw (Poland), during three successive
vegetation seasons 2002-2004. The site was located at
50°5°N, 19°51” E; mean height 224 m a.s.l. The experi-
mental brown soil contained 71% of sand, 18% of silt
and 11% of clay, pH 6.1. The concentration of basic
elements was as follows: 0.11% N, 7.61 mg P per 100
g, 13.45 mg K per 100 g.

The two-factorial experiment (1% factor — soil
with plant mulch, 2™ factor — technology of mulch in-
corporation into soil) was set up as a split-plot design,
with four replications. The plot size was 12 m? (4 by
3 m). Maize (Zea mays L., cv. Kasia) was grown in
the experiment. As a natural source of phenolic com-
pounds, plant mulches of 5 crop-plant species were
used: white mustard (Sinapis alba L., cv. Barka),
buckwheat (Fagopyrum esculentum Moench., cv.
Hruszowska), spring barley (Hordeum sativum L., cv.
Klimek), oats (Avena sativa L., cv. Dragon) and winter
rye (Secale cereale L., cv. Esprit). Two technologies
were applied for mulching plants: 1. sowing in early
April, before maize planting, and then, after about
a month, incorporating the growing plants into soil (by
rototiller) at a depth of 10 cm, just before maize plant-
ing; II. sowing in the beginning of May in maize inter-
rows and incorporation into soil a month after maize
planting. Plots without mulch were used as a control.
Details of mulches and soil sampling operations are
displayed in Table 1.

In the seasons 2002 and 2004, the total content
of phenolic compounds in soil was measured 20 days

after incorporation (DAI) of mulches with respect
to each technology. Moreover, in 2003 the total content
of phenolic compounds in soil and the content of eight
individual phenolic acids: chlorogenic, ferulic, p-hy-
droxybenzoic, p-coumaric, protocatechuic, salicylic,
trans-cinnamic and vanillic, were measured after 10
and 20 DAI with respect to each technology.

Soil preparation and phenolic compounds
analysis. On each plot, 3 samples of soil were taken
and properly mixed. A sample of 5 g of air-dried soil
was extracted with 10 ml of 80% ethanol and shaken
for 1 hour. The soil extract (2 ml) was centrifuged at
4,000 x g for 15 min. at a temperature of 3°C. The ex-
tract was condensed to 1 ml in a CentriVap Concen-
trator (LABCONCO, Kansas City, Missouri, USA).
For the measurement, 0.5 ml of the extract with 0.5
ml of water, 0.5 ml of carbonate (0.25%) and 0.125 ml
of Folin-Ciocalteu (Singleton and Rossi 1965)
reagent were taken.

Trans-cinnamic acid, salicylic acid, ferulic acid,
chlorogenic acid, p-hydroxybenzoic acid, protocate-
chuic acid, p-coumaric acid and vanillic acid were pu-
rified with silica gel thin-layer chromatography (TLC,
silica gel 60 F,,, Merck & Co., Inc., 0.25 mm thick).
In order to better identify phenolics, a small volume
(2,5 pl) containing a known concentration of pure phe-
nolic compounds (5 mgxml') was added to the extract.
The mixture of benzene, acetic acid and MeOH (45:8:4
v/v/v) was used as developing solvent. The phenolics
were located on the TLC plates as spots under UV ra-
diation. The phenolic compounds from silica gel were
scraped off and eluted with 3 ml of 80% aqueous etha-
nol. The concentration of phenolics was determined
using a spectrophotometer (Perkin Elmer, Norwalk,
CT, USA). Absorbance was measured at 290 nm. The
phenolics concentration was expressed as pugxg' DW
(dry weight of soil). The analysis of individual phe-
nolic compounds was performed in 3 replications.

Maize primary weed infestation assessment.
Weed seedlings were counted 3 weeks after mulch in-
corporation into the soil for technology I and 4 weeks
after mulch incorporation for technology II. Weeds
were counted on an area of 0.25 m? (10 x 250 cm) in
2 replications, on each plot (a total sum of 8 replica-
tions for each mulch with respect to each technology).
Weed counting was conducted on the following dates:
for technology I — 7 June 2002, 30 May 2003, 27 May
2004; for technology 11 — 26 June 2002, 26 June 2003,
28 June 2004.

Statistical analysis. Analysis of variance
(ANOVA), with use of STATISTICA PL 7.1 (StatSoft,
2005), was performed for the phenolic concentration
in soil, by using a two-factorial approach (soil with
each type of plant mulch x technology). One facto-
rial ANOVA was performed for weed density analysis
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(each type of mulch). Common logarithmic transfor-
mation of data was performed, when variance was not
homogenous (based on Levene’s test). Differences be-
tween means were found to be significant at p < 0.05
level, by Tukey’s test.

Weather conditions. Decade rainfall data and
mean decade temperatures during the months of April
to June 2002-2004 were combined and presented in
values of Sielianinov’s hydrothermic coefficient (K),

P .
K=2(T~0.1) , where P is the

sum of decade rainfall in mm and X (7px0.1) is the sum

according to estimation:

of decade temperatures in °C. Ranges of the K coeffi-
cient: <0.3 catastrophic drought, 0.3-0.5 drought, 0.5-
1.0 humidity below balance, 1.0-2.0 sufficient amount
of water, >2.0 excess of water (Ozolinc¢ius and
Stakénas, 2001; Ostrowska etal. 2007).

A large dispersion in K values was observed be-
tween the months of April, May and June during the
2002-2004 seasons (Fig. 1). Generally, more wet decades
were noted during 2002 and 2003, with the extremely wet
first decade of April in 2003 (K = 23.6). The 2004 season
was rather dry, with drought observed during the 2" dec-
ade of April and the 3" decade of June (Fig. 1).

RESULTS

The amount of biomass introduced into the soil
was unequal and depended on both technology and
plant species. On average, during the three vegetative
seasons, all plants accumulated less biomass in tech-

nology I: buckwheat ca. 10 g of dry weight (DW)xm™,
oats ca. 40 g DWxm?, rye ca. 50 g DWxm?, mustard
and barley ca. 60 g DWxm?; in technology II: buck-
wheat ca. 190 g DWxm?, oats ca. 320 g dmxm™, rye
ca. 290 g DWxm?, mustard ca. 330 g DWxm? and barley
ca. 400 g DWxm=.

Total concentration of phenolic compounds
in soil

The level of phenolic compounds in soil was
significantly influenced by donor species (p = 0.05)
(Fig. 2). Among all the mulches tested, the highest
content of phenolic compounds in soil was found after
oats incorporation (20% more than in control soil), the
lowest after buckwheat incorporation (6% less than in
the control soil). The total content of phenolic com-
pounds was also significantly influenced by the vegeta-
tive season (p<0.0000). A significantly lower level of
phenolic compounds in soil was found in 2003, when
during April and May there was an extremely high lev-
el of rainfall (Fig. 1). In this season, compared to 2002
and 2004, the level of phenolic compounds in the soil
after the incorporation of white mustard, buckwheat,
barley and rye mulches into it was significantly lower
(Fig. 2).

The type of technology for mulch incorporation
into soil was not significantly different (p=0.5); the
mean content of phenolic compounds for technology
I was: 0.48 ugxg?!, and for technology II. 0.49 pgxg™.
The content of phenolic compounds in soil was not
significantly affected by the interaction of technology
and donor species (p =0.9).

Table 1
Crop and mulch management and details of soil sample collection.

Specification 2002 2003 2004
Dates of plant mulches sowing in technology I:
oats, spring barley, rye, white mustard 14 March 31 March 1 April
buckwheat 12 April 15 April 14 April
Dates of mulch incorporation with soil, technology I 6 May 6 May 6 May
Dates of maize sowing 6 May 6 May 6 May
Dates of plant mulches sowing in technology II 7 May 7 May 7 May
Dates of soil sample collection for technology I: 10 DAI* 16 May
20 DAI 26 May 26 May 26 May
Dates of mulch incorporation with soil, technology I1 5 June 6 June 7 June
Dates of soil sample collection for technology II: 10 DAI 16 June
20 DAI 26 June 26 June 26 June

*DAI — days after incorporation
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Fig. 2. Mean content of phenolic compounds in soil (ugxg", logarithm transformed and experimental data) for years 2002-2004,
irrespective of technology. Bars correspond to 95% confidence interval.

In the 2002 growing season, a significantly
higher level of phenolic compounds in the soil was
found 20 DAI of oats and barley mulches, sown in
technology I (Fig. 3). The amount of phenolics in the
soil with oats was on average 20.24 pgxg' and with
barley — 16.65 pugxg!' (experimental data). Comparing
to the control, these concentrations were higher by 64%
and 35% for these mulch, respectively. For the other
mulches, the phenolics concentration in soil 20 DAI
was similar as for the control. In technology II, the
amount of phenolics in soil 20 DAI was similar to that
in the control. Moreover, the level of phenolics in the
soil with incorporated barley or oats was significantly
lower, comparing to that in technology I, by 30% and
40%, respectively. In 2002 a higher level of rainfall oc-
curred during the decay of the mulches in technology
11, especially during the first decade of June which was
extremely wet (Fig. 1).

In the 2003 growing season (Fig. 4), the pheno-
lics concentration in soil measured 20 DAI differed sig-
nificantly between technology I and II. In technology I,
comparing to the control, a significantly lower amount
of phenolics in soil was found after the incorporation of
barley (by 58%) and buckwheat (by 52%) mulches. The
content of phenolics in soil found after the incorporation
of mustard, oats and rye mulches was similar to that in
the control. In technology II, the content of phenolics in
soil 20 DAI was similar for all the types of mulches and
the control, being the range of 7.7-8.6 ugxg' (experi-
mental data). This lower level of phenolic compounds
in soil in technology I may be caused by wet weather
occurring in the 2003 season during the first and second
decades of May. On the other hand, the weather pattern
during the decay of the mulches in technology II was
optimal (for the first and second decade of June) and dry
for the third decade of June (Fig. 1).
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Fig. 3. Mean content of phenolic compounds in soil (ugxg!, logarithm transformed and experimental data) in technology I and 1T
20 DAI during the 2002 vegetative season. Bars correspond to 95% confidence interval.

In the 2004 growing season, the amounts of
phenolic compounds in the mulched soil found 20 DAI
were similar to that in the control (Fig. 5), in the range
0f 9.1-12.0 pgxg' and 11.7-15.9 pgxg! (experimental
data) for technology I and II, respectively.

The total content of phenolics in soil for each
technology was measured twice in the 2003 vegetative
season: 10 and 20 DAI (Fig. 6). In technology I, 10
DAL, the phenolics concentration in soil was similar
to that in the control soil and the mulched soil. After
the next 10 days (20 DAI), the content of phenolics in
soil significantly decreased under the buckwheat and
barley mulches, comparing to 10 DAI by about 40%
and 50%, respectively. The amount of phenolic com-

pounds found in the control soil and the soil with the
mustard, oats and rye mulches remained at the same
level after 10 and 20 DAI (Fig. 6). Changes in the phe-
nolic compounds content in the soil found after 10 and
20 DAI were not significant in technology II (Fig. 6).

The concentration of selected phenolic acids
in soil

The concentration of selected phenolic acids in
soil was measured in the 2003 vegetative season. No
chlorogenic and protocatechuic acids in the control soil
and the mulched soils were found, either in technol-
ogy I or II. Comparing to the control soil, the soil with
the incorporated mulches in technology I contained
a higher level of phenolic acids (Fig. 7). In the soil
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Fig. 4. Mean content of phenolic compounds in soil (ugxg™!, logarithm transformed and experimental data) technology I and II
20 DAI during the 2003 vegetative season. Bars correspond to 95% confidence interval.

without mulches, a low concentration of ferulic, sali-
cylic and vanillic acids occurred (Fig. 7 a). The control
soil contained a small content of p-hydroxybenzoic
acid. In both, 10 and 20 DAI, the measured level of
phenolic acids in the control soil was similar.

The soil with the mustard mulch (Fig. 7 b) incor-
porated in technology I 10 DAI contained high levels
of ferulic, trans-cinnamic and vanillic acids, compared
to the control soil. The content of ferulic acid 20 DAI
was twice as high as in the control soil. The content of
vanillic acid in the soil with the mustard mulch dras-
tically decreased 20 DAI, comparing to 10 DAI (by
about 55%), while the content of other phenolic acids
was similar to that in the control soil. Comparing to the
control and the soil with the mustard mulch, the con-
tent of phenolic acids in the soil with the buckwheat
mulch was high, especially for salicylic acid 20 DAI

(Fig. 7 ¢). In the case of p-hydroxybenzoic acid, a high
decrease of its concentration in soil (by 75%) was 20
DAI, compared to its concentration 10 DAI (from 0.75
to 0.18 ugxg! of soil).

Among the soils incorporated with each of three
cereal mulches, the soil with the oats and rye mulches
contained higher levels of phenolic acids, comparing
to the soil with the barley mulch. The soil with the
barley mulch contained higher amounts of ferulic and
vanillic acids and small amounts of p-coumaric acid
20 DAI (Fig. 7 d). The soil with the oats mulch (Fig.
7 e) contained high amounts of salicylic acid. The con-
tent of trans-cinnamic acid decreased by about 60% and
the content of vanillic acid increased almost three times
(from 0.13 to 0.37 pugxg' DW) between 10 and 20 DAL
As for the soil with the rye mulch incorporated (Fig. 7 f),
an over twice higher level of ferulic acid content was
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Fig. 5. Mean content of phenolic compounds in soil (ugxg”, logarithm transformed and experimental data) in technology I and II,
20 DAI during the 2004 vegetative season. Bars correspond to 95% confidence interval.

found 20 DAI, comparing to 10 DAL Moreover, high
levels of p-coumaric and salicylic acids 20 DAI were
found, 0.94 and 0.90 pugxg" of soil, respectively. As re-
gards the frans-cinnamic acid, an almost 7 times lower
level was found 20 DAI compared to 10 DAL

In II technology, the mulched soils contained
higher amounts of ferulic and vanillic acids, compar-
ing to that in the control soil (Fig. 8). The control soil
measured in technology II contained similar amounts
of phenolic acids as in technology I, except for the va-
nillic acid which was not found (Fig. 8 a).

The content of phenolic acids in the soil with
the incorporated mustard mulch (Fig. 8 b) 20 DAI was
similar to that in technology I, except for the trans-
cinnamic acid whose concentration was over 3 times
higher. Moreover, 20 DALI the vanillic acid occurred in

the soil with the mustard mulch. The soil with incorpo-
rated the buckwheat mulch (Fig. 8 ¢) 10 DAI contained
high amounts of ferulic and p-coumaric acids, but after
the next 10 days (20 DAI) the concentration of these
acids decreased. On the other hand, the concentration
of trans-cinnamic acid increased markedly (Fig. 8 c).
In technology II, the soil with the barley mulch
(Fig. 8d) contained high amounts of ferulic acid 20 DAI
and p-coumaric acid 10 DAL In the soil with the oats
mulch (Fig. 8 e), the concentration of ferulic acid 10 DAI
was almost twice as high as in technology I, but 20 DAI its
concentration decreased by about 50%. The concentration
of p-hydroxybenzoic and vanillic acids 20 DAI was simi-
lar in both technology I and II. However, in technology I1
20 DAI a high amount of #rans-cinnamic acid was found
in the soil with the oats mulch and a significant increase
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Fig. 6. Mean content of phenolic compounds in soil (ugxg™!, logarithm transformed and experimental data) in technology I and II
after 10 and 20 DAI of mulches during the 2003 season. Bars correspond to 95% confidence interval.

of salicylic acid (form 0.18 ugxg' DW 10 DAI to 0.80
ugxg' DW 20 DAI) was observed. The concentration of
phenolic acids in the soil with the rye mulch 20 DAI was
higher, compared to technology I (Fig. 8 f). The content
of ferulic acid in the soil with the rye mulch 20 DAI was
similar to that in technology I and the highest, comparing
to its concentration in other soils in technology II. Among
the phenolic acids tested, this soil contained the lowest
concentration of salicylic acid (0.37 and 0.32 pgxg™! soil
in technology I and II, respectively).

The influence of mulches on primary weed
infestation

In the 2002 season, the overall weediness of
the plots was similar both for the control and the plots
with mulches, both in technology I and II (Tab. 2). The
number of weeds on the control plots in 2002 was very
low, comparing to that in the control plots in the 2003
and 2004 seasons.

The average weed infestation of the maize plots
was lower on the plots with the incorporated mulches

in technology 1II, comparing to technology I (Tab. 2).
Generally, the mulches used in the experiment were
more inhibitory against monocotyledonous, compar-
ing to dicotyledonous weeds (Tab. 2).

On average, the mustard mulch inhibited 54%,
buckwheat 55%, oats 57%, barley 55% and rye 50% of
monocotyledonous weeds, comparing to the control.
As regards dicotyledonous weeds, they were inhibited
by mulches in 49%, 29%, 49%, 44% and 55%, respec-
tively (Tab. 2).

The strongest inhibitory effect of mulches on
weed infestation was found in the 2003 season in tech-
nology II (Tab. 2). In this technology, the number of
monocotyledonous and dicotyledonous weeds was
lower comparing to that in the control, by about 80%
and 90-95%, respectively (Tab. 2). A visible decrease
in weed density was also observed after the use of
mulch in the 2004 season.

On the contrary, during the 2002 season, in tech-
nology I an increase in the number of dicotyledonous
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— vanillic.
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Fig. 8. Composition of selected phenolic acids in the control soil and soils with mulches incorporated in technology II, 10 DAI
and 20 DAI (ugxg'; logarithm transformed data): a — control, b — soil with mustard mulch, ¢ — soil with buckwheat mulch,
d — soil with barley mulch, e — soil with oats mulch, f — soil with rye mulch. Bars correspond to 95% interval.
Phenolic acids: FER — ferulic, P-H — p-hydroxybenzoic, P-C — p-coumaric, SAL — salicylic, T-C — trans-cinnamic, VAL
— vanillic.
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weeds was found, comparing to the control, particu-
larly on the plots with the incorporated buckwheat and
barley mulches, by about 80% and 60%, respectively
(Tab. 2). However, the number of monocotyledonous
weeds decreased, comparing to the control. The most
inhibitory was the mustard mulch (a reduction in weed
number by about 50%) and the least inhibitory — the
rye mulch (a reduction in weed number by about 5%)
(Tab. 2).

DISCUSSION

All the plant species used in this experiment
as the mulches contained high amounts of phenolic
compounds in their tissues, according to Hura et
al. (2006). Nevertheless, in the presented results the
amounts of phenolic compounds found in the soil 20
DALI of each mulch were mostly very similar to those
in the control soil. Only the soil with the oats and bar-
ley mulches incorporated in technology I in 2002 and
the soil with the oats mulch incorporated in technology
II in 2004 contained higher amounts of phenolic com-
pounds. This indicates strong degradation of phenolics
due to the presence of mulches in the soil. Moreover,
the time of degradation was shorter than 10 days, as in
the 2003 vegetative season. The amounts of phenolic
compounds in the soil after this time were the same as
in the control soil. The higher rate of phenolics deg-
radation was observed for technology I in 2003, with
higher precipitation levels in the second and third dec-
ade of May. Souto et al. (2000) found almost total
disappearance of phenolic compounds in spruce forest
humus after 6 days of incubation, due to increased deg-
radation by microbes. However, Xuan et al. (2005)
detected phenolic acids in the soil with alfalfa or kava
mulches even 50 DAI. According to Kefeli et al.
(2003), the excretion of phenolics from living maize
roots could have additional effect on the phenolic
compounds content in soil. A similar phenomenon was
observed by Wu et al. (2000) for wheat roots. Also
reversible sorption, which partly protects these sub-
stances from microbial degradation, plays a role in the
changeable in time level of phenolics in soil (Blum,
1998).

The soil with the incorporated mulches con-
tained a higher level of some phenolic acids, compar-
ing to the control soil. Many of these are putative al-
lelochemicals (Igbal et al. 2003). The soil with the
cereal mulches contained high amounts of p-coumaric
and ferulic acids, which is consistent with the find-
ings of Whitehead et al. (1982). Szajdak and
Zycinska-Batoniak (1994), in soil under con-
tinuous rye cultivation, found a high content of vanil-
lic acid and the smallest content of p-coumaric acid.
Chou andPatrick (1976) among others identified

vanilic, ferulic, p-coumaric, p-hydroxybenzoic and
salicylic acids in decomposing rye residues, which ex-
hibited phytotoxicity to lettuce seeds germination.

The amounts of phenolic acids were very change-
able in the soil between 10 DAI and 20 DAI in each of
technologies. According to Souto et al. (1998), soil
microorganisms are responsible for a significant de-
crease of p-hydroxybenzoic and vanillic acids and the
formation of ferulic and p-coumaric acids, which are
products of lignin degradation in soil. Ohno (2001)
states that phenolic acids are very reactive in soil and
degrade not only by increased activity of microbes, but
also through oxidation, what limits their allelopathic
potential. This author found that the reaction of cin-
namic acid with soil for 18 hours resulted in the signifi-
cant elimination of its bioactivity. However, the initial
phytotxicity after soil incorporation with mulches may
coincide with the early, critical stage of weed emer-
gence and establishment. Different results have been
obtained by Krogmeier and Bremner (1989)
who found that the negative effect of plant residues on
crop yields was not due to phenolic acids from resi-
dues, as there was no effect found on seed germination
in the soil.

Among the investigated phenolic acids, two
compounds: protocatechuic and chlorogenic acid,
were not detected in any soil samples (the control soil
and the mulched soil), neither in technology I or 1. An
explanation of this phenomenon has been by Engel-
hardt etal. (1976) who found rapid degradation of
protocatechuic acid by some soil bacteria.

The influence of weather conditions (decade
temperature and rainfall) on the amount of phenolic
compounds in soil and primary weed infestation was
very important in our experiment. According to the
K coefficient, hydrothermic conditions during the pe-
riod of April-May in 2002 and 2004 were not as wet as
those observed in a similar period in the 2003 season.
Perhaps, the high level of rainfall occurring during
these months in the 2003 vegetative season promoted
higher degradation of phenolics. Séne et al. (2000)
also found different concentrations of phenolic acids
in soil, depending on the vegetative season. On the
contrary, the primary weed infestation level was much
higher in 2002, when the higher level of phenolic com-
pounds in soil was noted. Accordingto Stupnicka-
Rodzynkiewicz etal (2004), a low reduction in
the number of selected weed species after mulch incor-
poration into soil is promoted by wet and cool weather.
A less inhibitory effect of the incorporated mulches on
weeds was observed in technology I, when the donor-
plants developed lower amounts of biomass, compar-
ing to technology II. In technology II the effect of the
plant mulches was more effective, as the weeds in the
maize interrows were initially shadowed by the grow-
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ing donor plants and then inhibited by the mulch incor-
porated with soil. Also the weather conditions for the
donor plants, occurring during the mulching period in
technology II, were more favorable, because the plants
grew in a higher temperature.

Generally, the plant mulches, especially oats,
buckwheat and mustard, were more inhibitory against
monocotyledonous weeds. Buckwheat is well known
for its inhibitory, allelopathic effect against quackgrass
(Elymus repens L.) (Golisz etal. 2002). Bialy et
al. (1990), who studied allelopathic potential of mus-
tard against wheat, found its usefulness in weed con-
trol.

CONCLUSIONS

The level of phenolic compounds in soil and
the primary weed infestation level varied largely be-
tween the vegetative seasons for both technologies
of mulch incorporation with soil. The level of weed
infestation in maize was weakly correlated with the
amounts of phenolic compounds in soil, but both these
phenomena were influenced by weather conditions.
In the wet conditions during April-June, phenolic
compounds degraded more rapidly and a stimulation
of weed growth was observed. The mulches used in
technology II, when the donor plants were incorpo-
rated with soil in the maize interrows after a month of
growth, inhibited primary infestation more efficient-
ly, particularly for monocotyledonous weeds. The
hypotheses tested in our study were confirmed: 1) an
increase of phenolic acids content in soil, after mulch
incorporation, was found; 2) a decrease of primary
weed infestation in maize, after mulch incorporation,
was found; 3) a decrease of primary weed infesta-
tion is not always correlated with increased amounts
of phenolic compounds in soil. Besides, amounts of
phenolic compounds in soil depend largely on both
hydrothermal conditions occurring in each vegetative
season and the technology of mulch incorporation
with soil. Moreover, amounts of phenolic compounds
in soil not always differ significantly from control
plots. All these restrictions allow us to offer only
a partial explanation of the influence of mulches on
primary weed infestation in maize.
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Wplyw mulczéw na zawarto$¢
zwigzkow fenolowych w glebie
i zachwaszczenie pierwotne kukurydzy

Streszczenie

W uprawie kukurydzy stwierdzono wzrost za-
warto$ci zwiazkoéw fenolowych i wybranych kwasow
fenolowych w glebie po wprowadzeniu do niej mul-
czu z: gorczycy biatej, gryki, jgczmienia jarego, owsa
1 zyta. Najwyzsza zawarto$¢ zwiazkow fenolowych
stwierdzono w glebie z mulczem z owsa (0 20% wig-
cej, niz w glebie kontrolnej). Najwyzsza zawarto$é
wybranych kwaséw fenolowych stwierdzono w gle-
bie z mulczami z owsa i zyta. W glebie z mulczami
najczgsciej stwierdzano kwas ferulowy. Jednoczesnie
w zadnej glebie (kontrolnej i z mulczami) nie stwier-
dzono wystgpowania kwasow fenolowych: protoka-
techowego 1 chlorogenowego. Rownoczesnie na tych
samych poletkach z mulczami stwierdzono zmniejsze-
nie zachwaszczenia pierwotnego kukurydzy, wyrazne
zwlaszcza z mulczem z owsa, jeczmienia jarego i gor-
czycy biatej. Zastosowane mulcze bardziej ogranicza-
ty wzrost chwastow jednoli$ciennych.

Wyrazne zmniejszenie ilosci zwigzkoéw fenolo-
wych w glebie oraz zwigkszenie zachwaszczenia pier-
wotnego kukurydzy obserwowano w okresie zwigk-
szania ilo$ci opaddw 1 wilgotnej pogody.
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