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THE AGE OF SHELTERBELTS AS A FACTOR DETERMINING
OF ENZYMES ACTIVITY IN THE AGRICULTURAL LANDSCAPE

WIEK ZADRZEWIENIA JAKO CZYNNIK DETERMINUJ  ACY AKTYWNO SC
ENZYMOW W KRAJOBRAZIE ROLNICZYM

Abstract: Shelterbelts belong to the stable elements iragnultural landscape which reduce very succdgsful
the concentrations of many chemical compounds tingravith ground water, restrain the erosion angllate
water regime in soils. The investigations were cmted in General Dezydery Chlapowski Landscape Pédst
Polish Lowland). For purpose of this experimeneéhshelterbelts and adjoining cultivated fieldsenselected.
Two of them were planted 200 years ago. The domisecies in the first shelterbeltsRsbinia pseudacaciand
the second one includes Gfataegus monogyndhe third - new shelterbelt was planted in 1988 eonsists of
several species of plants. An activity of xanthim&te, and phenol oxidase was investigated. Tharaddl results

have revealed that annual mean activity of xanthimate, and phenol oxidase was statistically ficamt higher
<1

in soils undeRobinia pseudacaciés.42, 13.23, 14.22 umol ~*h g*, respectively)Crataegus monogyn@.21,
7.02, 12.79 umol --h- g*, respectively) than in the soil under new shel#rf2.14, 2.15, 8.05 umol ~h g2,

respectively) and adjoining cultivated fields. T$tady was to investigate the influence of the aigehelterbelts
on the activity of xanthine, urate, and phenol asigl
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Introduction

The tradition of environment protection in Wielkdgka region has its roots in the first
half of the previous century before the nature ggtidbn movement gained prominence in
Poland. General Dezydery Chlapowski the owner géiwestate was the first to introduce
mid-field shelterbelts in order to improve the midimatic conditions of adjoining fields
was the pioneer of landscape management. Sheterdoed multifunctional forms in the
landscape, which reduce very successfully the washiit of nutrient compounds, improve
the microclimate for agricultural production, regi@ of water ratios in soils, limit soil
erosion and the spread of chemical non-point golun ground water [1].

Enzymes are a good indicator of changes occurrintfpe soil under the influence of
natural and anthropogenic factors. Enzymatic a@wiprovide quantitative information on
the functional diversity of microbial activity, d$ochemical processes, the rate of
mineralization and humification of soil and the aewlation of organic matter. As well as
they take an active part in release and made #&milto plants mineral substances,
molecular nitrogen binding, detoxification of xematics, nitrification and denitrification
[2, 3].

The aim of our investigations was to investigateitifluence of the age of shelterbelts
on the activity of xanthine, urate, and phenol ezl
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Materials and methods

Soil samples for this experiment were collected2Bil2 from three shelterbelts
differing in age and species of trees and adjoirnlgivated fields in General Dezydery
Chlapowski Landscape Park (40 km South-West of BwozriVest Polish Lowland
52° 3 32.382 N, 16° 49 10.736 E). Two of them were created about 200 years ago.
The species composition of the first includesbinia pseudacaciavith an admixture of
Quercus roburand Larix decidua,the second -Crataegus monogynand the third -
25 years old shelterbelt consistQuercus petragaQ. robur, Larix decidua Pinus
sylvestris Sorbus aucupariaS. intermediaandTilia cordata These soils were classified
as Luvisols (FAO classification) consisting of loasands and boulder clays. Soil samples
were taken from a depth of 0-20 cm with 10 placeden shelterbelts and places located
100 meters from shelterbelts occurring on adjaceftivated fields. Next, the roots and
stones were removed and air-dry the aggregatedraniparticles were sieved by 1 mm
mesh sieve.

In the soil samples were analyzed: pH (in 1M K®blk density [4], contents of total
phenolic - colorimetrically by Folin-Ciocalteu reag [5], total organic carbon (TOC) and
dissolved organic carbon (DOC) - Total Organic @arAnalyzer 5050A [6], total nitrogen
(TN) - Kjeldahl method, ammonium ions (N-YHi - ion chromatograph Waters 1515, and
nitrate ions (N-N@) - ion chromatograph HIC-6A [7]. In investigatignils, moisture was
under shelterbelts from 12.13 to 27.32 %, and ijoiaithg cultivated field from 7.25 to
10.20 % (Table 1).

Xanthine oxidase [EC 1.17.3.2] activity was meaduog Krawczynski method [8].
Urate oxidase [EC 1.7.3.3.] was evaluated by M&stmth method [9]. Phenol oxidase
[EC 1.14.18.1] activity was determined by Perucetmod [8, 10].

All chemical and biochemical analyses were perfatrre triplicate and the results
were averaged. The confidence intervals were catledl using the following formula:
X+t SE wherex - mean;t,,, - the value of the Student test for = 0.05,
n—1 - degree of freedor8E- standard error.

Results and discussion

The influence of pH the environment on the physiacilemical and biochemical
properties of soil are widely known. The changelhis related to the smaller or greater
assimilation of nutrients by the plants and theedigyment of soil microorganisms. In the
soil, the stability of enzymes is associated withirt structure, stabilization or changes in
the activities associated with adsorption in thié Sgstem as well as changes in pH of the
soil solution [11]. Soil pH under the new sheltdtl{f.43) was higher compared with an
adjoining cultivated field (4.92) (Table 1). Whesedhe soils undeRobinia pseudacacia
and Crataegus monogynaere more acidic (3.89 and 3.12, respectivelypanttin the
corresponding cultivated field (5.51 and 4.05, eetpely) (Table 1). Our results revealed
that the bulk density was significantly lower inetlsoils underRobinia pseudacacia
(1.08 g - cnm), Crataegus monogyng0.92 g - cnm), and 25 years old shelterbelt
(1.29 g - ci?), than in adjoining cultivated fields (1.34, 1.8348 g - ci¥, respectively)
(Table 1).
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Table 1
Annual mean data of physical and chemical param@tesoil under shelterbelts and adjoining cultbfield
Robinia Adjoining Crataegus Adjoining 25 vears old Adjoining
Parameters | pseudacacia | cultivated monogyna cultivated shgl terbelt cultivated
shelterbelt field shelterbelt field field
pH
(1M KCl) 3.89 551 3.12 4.05 5.43 4.92
Mﬁt]“re 27.32 10.05 20.10 7.25 12.13 10.20
BFg"‘_ ifnrfgs]'ty 108008 | 134:009| 092004  1.53:0.1 12920 1.48+0.09
Total
phenolic 0.34 +0.03 0.15 +0.01 0.17 £0.02 0.09 £0.01 0.19020 0.04 +0.01
[mg - g]
[g-lt?(cg:_l] 58.2 +3.2 8.06 +0.14 42.1 3.1 7.44 +0.8P 13.1®60{ 5.88 +0.12
[gD-CI)(;il] 4.61 £0.18 0.76 +0.08 3.70 +£0.98 0.44 £0.05 0.8@%0 0.38 +0.05
[mgNHT(gl] 10.28 +0.63 4.55 +0.52 6.35 +0.63 4.32 +0.43 30498 5.02 +0.25
[mg@k'gl] 17.3+1.2 18.0+1.1 10.6 +1.2 19.0+2.1 4.84 +0.19 7.05 +0.22
g Tll:lg_l] 6.31 +0.51 1.19 +0.06 3.97 £0.19 1.98 +0.07 2.33%0 1.56 +0.07
CIN ratio 9.22 7.22 10.61 3.76 5.61 3.77

X * Ax - confidence interval of average at confidencellev= 0.05 forn — 1 degree of freedom

The sorption complex of organic soils opposite foaral soils contains many organic
compounds with free groups such as —COOH, —OH, ;-NNH, —SQH, SOH, —SH, as
a result of which they act as ion exchangers ane samplexing properties. The presence
of bridges connecting the aromatic rings of hunitds causes them to have a porous
structure. These features determine the absorptiorwater molecules and sorptive
properties [12, 13].

Statistically significantly higher annual mean @nttof TOC (from 2.2 to 7.2 times) in
soil under shelterbelts in comparison to the adjgircultivated fields was observed (Table
1). For shelterbelt planted in 1993, the proces$oohing new organic matter is short.
In contrary the concentration of TOC in adjoiningltivated field was on lower level.
In addition, it was observed that the annual meamtent of TOC in soil undeRobinia
pseudacaciawas 1.4 times statistically significantly higherath under Crataegus
monogynaand 4.4 times for new shelterbelt. Moreover, theas statistically significantly
higher annual mean content of DOC in soil undebinia pseudacacig.61 g - k@) than
underCrataegus monogyné.70 g - kg') and 25 years old shelterbelt (0.80 g ~*kgnd
adjoining cultivated field (0.76, 0.44, 0.38 g - kgrespectively) (Table 1). DOC is
connected to microbial activity and it affects emeg activity. Therefore, significant higher
contents of DOC in soils under 200 years old shadiés than young shelterbelt showed
higher microbial and enzymatic activity in thesédsso

The increase in TOC and DOC content of shelterlieltomparison with agricultural
fields was in line with the increase in the concatimn of total nitrogen.Robinia
pseudacaciasoil was characterized by statistically signifitgnhigher annual mean
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concentrations of total nitrogen (6.31 g -~kdn comparison withCrataegus monogyna
(3.97 g - k@), new shelterbelt (2.35 g - Ry and adjoining cultivated field (1.19, 1.98,
1.56 g - kg, respectively) (Table 1). This increase resultednfthe high level of the litter
and its degradation impacts on a higher input wbgen.

Szajdak and Meysner [14] reported a rapid decrefsé@rogen decrease in the forest
floor and suggest that nitrogen sequestering in dyoresidues may be an important
guantity of nitrogen in forest soil. Twenty five ars old shelterbelt was characterized by
low contents of organic matter. It is caused byrtgrotime of deposition of organic
compounds than in old shelterbdRebinia pseudacaciandCrataegus monogyna

The statistically significant higher annual meamaantration of ammonium ions in
soils under 200 year old shelterbelts (10.28 a8 éng - kg") than adjoining cultivated
fields (4.55 and 4.32 mg - Kyrevealed that demonstrated differences can bsedaoy the
presence of litter which affects changes in thé smiptive complex and effectively retain
migration of different compounds (Table 1). The @apsve properties of soils under
shelterbelts play an important role in binding @as and cation exchange capacity [1, 15].
The data of nitrate ions ranged from 4.84 to 17¢8-nkg™ in soil under shelterbelts and
from 7.05 to 19.02 mg - kbin adjoining cultivated fields (Table 1).

One of the basic factors determining the availgbdf nitrogen to higher plants which
is release during the decomposition of organic enatt the soil is the ratio of carbon to
nitrogen [16]. The C/N ratio in soil unddRobinia pseudacaciavas 9.22,Crataegus
monogynal0.61 and 25 years old shelterbelt 5.61 (Tabl&ig¢se data indicated that there
were more favorable conditions for the formationhofmus under old shelterbelts than
25 years old shelterbelt.

One group of compounds that appears to be a compafethe “unknown” soil
nitrogen is nucleic acid bases, that is, purinas @rimidines [17]. In purine metabolism,
a key role plays xanthine oxidase. This enzyme filoenoxidoreductase class catalyzes the
conversion of hypoxanthine into xanthine and xarghiinto uric acid [18]. Our
investigations have shown significant differenaesanthine oxidase activity in soil under
shelterbelts and adjoining cultivated fields. Thetivity of this enzyme estimated in
adjoining cultivated fields ranged from 1.15 to Bmol - ' - g%, and in soil under
shelterbelts was from 2.14 to 6.42 umol™ hg?' (Fig. 1). Investigations showed that
xanthine oxidase activity was statistically sigrafintly higher in soil undeiRobinia
pseudacaciathan Crataegus monogyngl.6 times), new shelterbelt (3.0 times) and
agriculture fields (2.1 times).

Also, urate oxidase is an important enzyme in theide pathway. This enzyme
participates in the cycle of nitrogen transformatiio soil because it catalyzes the oxidation
of uric acid of the final product of purine metaiksai to allantoin, hydrogen peroxide and
carbon dioxide. In soils, urate oxidase and itsstalte uric acid are adsorbed on clay
minerals and under these conditions enzymatic degjen of uric acid to allantoin takes
place [19]. Statistically significant the highesaie oxidase activity in soil und&obinia
pseudacacia(13.23 umol - # - g%, and the lowest in adjoining cultivated field
(0.63 pmol - A - g% was found (Fig. 2). Our results revealed sigaificlower urate
oxidase activity in soil undeCrataegus monogyngl1.9 times) and new shelterbelt
(6.2 times) in comparison witRobinia pseudacaciaResearch carried out by Zhou et al.
[20] indicated no effect of carbon and higher oxygencentration on the increase of urate
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oxidase activity. On the other hand, authors promadincrease in the activity of this
enzyme after using organic nitrogen.
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Fig. 1. Annual mean xanthine oxidase activity inl amder shelterbelts and adjoining cultivated dl
A - 200 years old shelterbealcluding Robinia pseudacacjaB - adjoining cultivated field td&Robinia
pseudacaciashelterbelt, C - 200 years old shelterbaltluding Crataegus monogynaD - adjoining
cultivated field toCrataegus monogynehelterbelt, E - 25 years old shelterbelt includegeral species of
plant, F - adjoining cultivated field to 25 yeald shelterbelt
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Fig. 2. Annual mean urate oxidase activity in switler shelterbelts and adjoining cultivated fields:200 years
old shelterbeltincluding Robinia pseudacacjaB - adjoining cultivated field tdQRobinia pseudacacia
shelterbelt, C - 200 years old sheltertyetiuding Crataegus monogynd - adjoining cultivated field to
Crataegus monogynahelterbelt, E - 25 years old shelterbelt includiseveral species of plant,
F - adjoining cultivated field to 25 years old ghdbelt

The significant higher activity of xanthine oxidaged urate oxidase activity in soil
under Robinia pseudacaciaand Crataegus monogynaontribute to the increasing
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degradation of peptides and purine basis which mdigate the dominance of catabolic
processes. Peptides, purine basis, and aldehyddéseaaompletely decomposed and formed
compounds undergo heteropolycondensation givingrona@lecules of humic substances
[21].

Phenolic compounds include organic acids derivednhfdihydroxybenzoic acid and
dihydroxycinnamic acid, flavone derivatives as wasl flavonoids, catechins, coumarins,
anthocyanins, lignins and many other substance® Wdried structure of phenolics
determines the specific directions of their actidthenolics in plants occur as free
aglycones or combined with sugar as glycosidesoifs, they are decomposed by fungi
e.g.,BasidiomyceteandAscomyceteand bacteria e.gRseudomonaf22]. Phenol oxidase
catalyzes the oxidation of phenolic compounds taanes in the presence of oxygen. The
reaction of quinones with amino compounds may tesulthe formation of nitrogen-
containing heterocyclic compounds, or melanin [23].

Shelterbelts showed the statistically significaighler annual mean content of total
phenolic inRobinia pseudacacig.34 mg - @) andCrataegus monogyn@.17 mg - @)
than in new shelterbelt (0.14 mg *)gand agricultural fields (from 0.04 to 0.15 mg™¥)g
(Table 1). There was a trend of increasing relagikienol oxidase activity with phenolic
compounds for both shelterbelts compared to agurall fields. The highest phenol
oxidase activity inRobinia pseudacacid4.22 umol - # - g, andCrataegus monogyna
12.79 pumol - H - g% the lowest in agricultural fields in range from1% to
5.38 pmol- A g* was observed (Fig. 3). These differences can tibuted to the
processes of soil decomposition under shelterlmli®ig to the loosening action of the
roots of the trees and higher activity of microariigan in comparison with the soil of
agricultural fields.
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Fig. 3. Annual mean phenol oxidase activity in saiider shelterbelts and adjoining cultivated fields
A - 200 years old shelterbelicluding Robinia pseudacacjaB - adjoining cultivated field td&Robinia
pseudacaciashelterbelt, C - 200 years old shelterbaltluding Crataegus monogyneD - adjoining
cultivated field toCrataegus monogynehelterbelt, E - 25 years old shelterbelt includegeral species of
plant, F - adjoining cultivated field to 25 yeald shelterbelt
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However, it was documented that enzymes activignificantly increased with
an annual mean concentration of TOC, DOC, totahphe, bulk density total nitrogen,
ammonium, and nitrate ions in soil under 200 yedisshelterbelts in compared to the new
shelterbelt and adjoining cultivated fields. Acdagdto Dhillon et al. [13], the location of
the litter and its decomposition rate had a sigaift impact on the composition of organic
matter under shelterbelts. The higher content ofgssed forms of organic matter such as
ketones showed that organic matter in soils undelterbelts was at a more advanced stage
of decomposition compared to agricultural fields.

Conclusions

It was shown that the age of shelterbelts was thi@ factor causing the differences in
enzymes activity. On the base of obtained resuftsyas assumed that statistically
significantly higher xanthine, urate and phenoldasie activities in soil of the 200 years old
Robinia pseudacaciand Crataegus monogyna comparison with new shelterbelt and
adjoining arable fields.

The annual mean enzymes activity in the soil undigishelterbelts corresponded with
higher average concentrations of total nitrogenCTé&nd DOC.

These results of xanthine and urate oxidase actindicated that the soils under old
shelterbelts were found to be more effective fog ttegradation of purine basis and
peptides. Moreover, the differences in concentmatib total phenolic componds in soil
under old shelterbelts and agricultural fields possible to be caused by differences in
phenol oxidase activity. The activity of these eneg could affect the accumulation of
nitrogen, carbon and phenolic compounds in therli#ind soil under old shelterbelts and
lead a change in organic matter.
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WIEK ZADRZEWIENIA JAKO CZYNNIK DETERMINUJ  ACY AKTYWNO SC

ENZYMOW W KRAJOBRAZIE ROLNICZYM

InstytutSrodowiska Rolniczego i ls@ego, Polska Akademia Nauk, Pozna

Abstrakt: Zadrzewienia nalg do stabilnych elementéw krajobrazu rolniczego,rd&tékutecznie redukaj
stezenia wielu biogenéw migragych z wod gruntows, ograniczaj erozg i regulup rezim wodny w glebie.
Funkcje, jakie spelniajzadrzewienia w krajobrazie rolniczyny wazne ze wzgjdu na zréwnowzony rozwoj
obszaréw wiejskich. Badania prowadzono w Parkudfngzowym im. gen. Dezyderego Chtapowskiego w Turwi
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(wojewodztwo wielkopolskie). Prdbki gleb pobierapod trzema zadrzewieniami aigcymi sk wiekiem

i sktadem gatunkowym drzew oraz na przylegtych glolaprawnych. Dwa z nich powstaty okoto 200 lat tem
W skfad gatunkowy pierwszego wchodRbinia pseudacacjanatomiast drugiegGrataegus monogyndrzecie,
nowe wielogatunkowe zadrzewienie powstalo w 199RuroW glebach oznaczono aktywido oksydazy
ksantynowej, moczanowej i fenolowej. Badania wykazze srednia roczna aktywré oznaczonych enzyméw
byla statystycznie istotnie wgza i wynosita odpowiednio w glebach pod zdrzeveenrobiniowym 6,42, 13,23,
14,22 ymol - W' - g%, pod zadrzewieniem glogowym 4,21, 7,02, 12jff0l - ' - g* niz pod nowym
zadrzewieniem 2,14, 2,15, 8,@Bol - h*- g’ i na przylegtych polach uprawnych. Stwierdzono ymplwieku
zadrzewi@é na aktywneéc¢ oksydazy ksantynowej, moczanowej i fenolowe;j.

Stowa kluczowe:zadrzewienia, aktywrso oksydazy ksantynowej, aktywfiooksydazy moczanowej, aktyw§io
oksydazy fenolowej



