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THE COMPARISON OF CELLULOLYTIC ACTIVITY
OF THE MODIFIED SOIL TREATED WITH ROUNDUP

POROWNANIE AKTYWNO SCI CELULOLITYCZNEJ
MODYFIKOWANEJ GLEBY POTRAKTOWANEJ ROUNDUPEM

Abstract: The activity of soil microorganisms affects saittflity and structure, what leads to satisfactorgp
yields, thanks to changes in the decay of orgaritten Their activity may be impaired as a restiagplication
by farmers both fertilizers and pesticides. Therdégtion of cellulosic biomass represents an ingmopart of the
carbon cycle within the biosphere. Cellulolitic miorganisms are responsible for this decompositanthey
produced the enzymes of the cellulase complex.aiimeof the study was to compare the cellulolytitivéty of
soil with Roundup and modified using urea phosplaaig / or manure. The pot experiment was conduateiér
laboratory conditions. The studied material wasworcsoil (pH of 5.5) fertilized with manure and/orea
phosphate. To each earthenware vase were fed 06 #we tested soil supplemented with 1% carboximylet
cellulose. The cellulolytic activities of soil infférent experimental variants were expressed ifo& using
a colorimetric Petkov method. Modification of seillulolytic activity varied considerably depending the
additive manure and/or urea phosphate and Rourthup.lowest soil cellulolytic activity was observad the
presence of manure and urea phosphate, and theshighthe soil with manure and Roundup. The objeft
Roundup independently of the other additives uteasphate stimulate the activity of the cellulolytiicroflora
compared to objects containing only urea phospfdte.presence of manure in soil treated with Ropradearly
accelerated degradation of cellulose, what carskd in agriculture in the degradation of crop nes&d The study
shows that pesticides and fertilizers have a bigaich on cellulolytic activity in soil. Changes imliclolytic
activity can be used as an ecological indicataaiifpollution level.
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Introduction

The activity of soil microorganisms affects soiftfiity and structure, which leads to
satisfactory crop yields, thanks to changes indbeay of organic matter. Soil enzyme
activities are the direct expression of the soinowinity to metabolic requirements and
available nutrients. One of essential microbialcfion in soils is processing and recovery
of key nutrients accumulated in soil organic matt€his often requires activity of
extracellular enzymes to process complex organimpomunds into assimilable subunits
(sugars, amino acids, NH PQ*). The decomposition of organic matter is carried twy
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enzymes like amylase, cellulase, invertase dehydrage and urease. Soil enzyme
activities depend on physio-chemical parameterscrahial community structure,
vegetation, additives like pesticide or fertilizetidowever, no correlation was found
between enzymatic activity and the amount of orgamatter in soil or soil pH.

The degradation of cellulosic biomass represenismaortant part of the carbon cycle
within the biosphere. A large number of cellulatythicroorganisms are involved in the
decomposition of plant material in soil but not thus known about their cellulolytic
activity on quantitative basis. The changes of emtjc activity belong to indicators which
allow us to estimate changes in number of soil admanisms and biodegradation ability
of soil. This activity may be impaired as a resoitthe application by farmers both
fertilizers and pesticides. Processing and mireatiin of plant and animal residues
occurring in soil have of great significance iniagiture. Plant cell walls consist a network
of interwoven biopolymers that form crystallineustiures. Cellulose, hemicellulose and
lignin are the major structural components of wopthnts and non-woody plants such as
grass and represent a major source of renewabkniargnatter. The total amount of
cellulose on Earth has been estimated at 700 PH{¥Mg).

Cellulose is a polysaccharide with the formulgH§D,0),, wheren ranges from 500 to
5000, depending on the source of the polymer. tbimposed of a linear chain of several
hundred to over ten thousafid(1—4) linked D-glucose unit (Fig. 1). Cellulose chains
linking together by hydrogen bonds and Van der Wdatces form fibrils. Thanks to
a simple chain created by bindifgl,4-glycosidic bonds of the cellulose, the fibbeve
a high tensile strength. Cellulose mainly contaiagbon (44.44%), hydrogen (6.17%), and
oxygen (49.39%) [1].
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Fig. 1. Structure of cellulose

The decomposition leads to simple sugars that aeel by the soil edaphon as the
primary source of carbon in the environment. Théitalto degrade cellulose have the
microorganisms which produce cellulases enzyme tamgCellulolitic enzymes, called
cellulases, have been defined as the enzymes gidgptellulose thereby yielding water
and soluble sugar [2, 3].

Fungi are well known agents of the organic matrodnposition in general, and of
the cellulosic substrate in particular [4]. Thenee anany reports on fungi producing
cellulases but only a few have proved high actsiti5]. Under aerobic conditions,
cellulose is degraded by the fungus tygeschoderma, Penicillium, Aspergillus, Fusarium
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and Rhizopus [5-7]. The most active producer of cellulolytic gnres wasAspergillus
terreus andAspergillus niger [8].

After the initial loosening of the material in fber transformations are involved,
among others, bacteria type3ellulomonas, Streptomyce and Micromonospora [7, 9, 10]
There were also reported cellulolytic property oimg bacterial genera such &sllvibrio,
Pseudomonas, Micrococcus, Sporocytophaga and species asBacillus cereus,
Bacillus subtilis, Paenibacillus amylolyticus, Pseudomonas fluorescens and Serratia
marcescens [9, 10}

The decomposition product is cellobiose, and evewoge, colorful compounds are
often produced with uronic acids and proteins. Wnagaerobic conditions, cellulose is
degraded by bacteria of the gerCisstridium. However, in environments where oxygen
access is difficult in the degradation of celluléske part methanogenic archaea.

Cellulolytic microorganisms in soil provide carbsources to improve the soil fertility
and sustain the nutrient balance of the ecologgatem through the decomposition of
cellulosic remains.

Cellulases are a group of enzymes that catalyzedlielose degradation. This group
consists of endo-1,4-glucanase (EC 3.2.1.4), edalucanase (EC 3.2.1.91), and
B-d-glucosidase (EC 3.2.1.21). The products of tmdlr degradation are glucose,
cellobiose and oligosaccharides with higher molgculeight. Cellulose can be degraded to
glucose with this enzyme in synergistic action 13-

The degree of cellulose decomposition is determimedhe presence of different
substrates (carboxymethylcellulose, Whatman fitaper No. 1, Avicel microcrystalline
cellulose or cotton fiber ) by the following methsod
e colorimetric - by measuring the amount of reducisggars calculated as

glucose [14, 15],

» the electron microscopy - location of cellulase cagon sites on a substrate,

decomposition and structural changes in celluldserd [16-18],

* weighing method - to determine the total cellulmctivity in soil,
» chemical method as measured by the intensity ot#tlalolytic activity of the carbon

dioxide evolution from soil enriched with celluloge, 20].

The aim of the study was to compare the cellulolgttivity in soil with Roundup and
modified using urea phosphate and/or manure.

Methods

The pot experiment was conducted under laboratonglitions. The studied material
was brown soil (S)( pH of 5.5), fertilized with mare (M) and/or urea phosphate (P) or
treated with commonly used herbicide Roundup (R).e&ch earthenware vase were fed
0.5 kg of the tested soil (S) supplemented withce¥oxymethyl cellulose. Experiments
pot was established in 4 replications in the follmyfacilities: I-S, II-S + R, llI-S + P,
IV-S+P+R,V-S+M,VI-S+M+R,VII-S+ M+ R/IlI-S + M+ M + R. Samples were
incubated at 25°C for 90 days, maintaining a conishaimidity level of 65% of the total
water capacity. Cellulolytic activity was determihafter 7, 30 and 90 days.

The cellulolytic activities of soil in different @erimental variants were expressed in
% C using a colorimetric Petkov method [19].
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Results and discussion

Cellulose is the main mass of organic matter, wisctie totally or partially degraded
by soil microorganisms. The biodegradation of dela has important consequences for
the cultivation of arable soils, since under cdodié of restricted oxygen supply
metabolism microbial populations change signifibandnd as a result acetic acid
accumulates in soil, reaching phytotoxic conceiutret

The degree of cellulose use as a major carbon edayrsoil microorganisms depends
on abiotic factors, such as fertilization, pestcicse, pH and soil moisture and temperature.
Long-term presence and accumulation of pesticidessadil is often the cause of
modifications in microbiological soil activity. Mb®ften these substances induce changes
in quantities of soil microflora and enzymatic &ityi. The enzymatic activity belongs to
indicators which allow us estimation of changea@iluted soil and soil biodegradation
ability [20-22].

Our study included effects of fertilization with mae and / or use of Roundup on the
degree of cellulose degradation by soil microorgiasiin situ. The measure of cellulolytic

activity in the test objects was carbon residue [86]the not decomposed therein
carboxymethylcellulose (Table 1).

Table 1
The carbon content of the examined objects
7 days 30 days 90 days
Object A Carbon A Carbon A Carbon
590 content [%] 590 content [%] 590 content [%]

S 0.115 0.764 0.175 1.302 0.160 1.168
S+M 0.170 1.258 0.185 1.392 0.185 1.392
S+P 0.180 1.347 0.210 1.617 0.175 1.302
S+R 0.200 1.527 0.180 1.347 0.205 1.572
S+M+P 0.200 1.527 0.235 1.841 0.185 1.392
S+M+R 0.170 1.258 0.195 1.242 0.175 1.200
S+M+R+P 0.185 1.392 0.195 1.482 0.210 1.617
S+R+P 0.170 1.258 0.170 1.258 0.180 1.347

Cellulolytic activity, expressed as a loss of carlio CG; in the test objects with the

addition of carboxymethylcellulose, were determimedelation to the seventh day of the
experiment (Table 2).

Table 2
The carbon content as the indicator of cellulolgiitivity of soil in relation to the seventh daytbé experiment
. 30 days 90 days
Object Carbon content [%] Carbon content [%)]
S 0.135 0.808
S+M 0.584 0.584
S+P 0.540 0.314
S+R 0.539 0.629
S+M+P 0.719 0.719
S+M+R 0.016 0.058
S+M+R+P 0.225 0.404
S+R+P 0.404 0.135
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Cellulolytic activity index of the soil is inverselproportional to the evolved and
determined CQ@ The higher content of GOn the test samples indicate a lower degree of
carboxymethyl cellulose decomposition in the saihd thus - for limited cellulolytic
activity of autochthonous soil microflora.

Introduction to soil different groups of pesticidaghe field dose and 10 times higher
resulted in generally increase in cellulolytic gityi. In contrast, a 100-fold higher than the
field dose of these pesticides have led to thebitibh of the cellulolytic activity [23].

Cellulase yields appear to depend on a complexioakhip involving a variety of
factors like inoculum size, pH value, temperatpresence of inducers, medium additives,
aeration, growth time, and so forth [10, 24, 25].

Sethi et al. [10] observed the high activity anabsity of cellulose enzymes between
neutral to alkaline pH and high temperature. Afsoduction of extracellular cellulases and
sensitivity to repression of different carbohydrated nitrogen sources has been shown.
Nitrogen is one of the major stimulator of cellyli¢ activity. Among the various nitrogen
sources, ammonium sulphate was found to be theritesgen source for production of
cellulases [10]. In our study presence of manuresdit treated with Roundup clearly
accelerated degradation of cellulose, what canseel in agriculture in the decomposition
of crop residues.

The study shows that pesticides and fertilizersehavbig impact on cellulolytic
activity in soil. Changes in cellulolytic activityan be used as an ecological indicator of
level of soil pollution.

Conclusions

1. The soil cellulolytic activities varied signifiotly depending on the addition of manure
and / or urea phosphate and Roundup.

2. The lowest soil cellulolytic activity was obsedvin the presence of manure and urea
phosphate, and the highest in the soil with maanceRoundup.

3. The presence of manure in soil treated with Raprclearly enhanced the degradation
of cellulose, which can be used in agriculturenie lecomposition of crop residues.
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POROWNANIE AKTYWNO SCI CELULOLITYCZNEJ
MODYFIKOWANEJ GLEBY POTRAKTOWANEJ ROUNDUPEM
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Abstrakt: Aktywnos¢ mikroorganizméw gleby wplywa na jejyznas¢ oraz strukiug, co pozwala uzyska
satysfakcjonujce plony, mgdzy innymi dzéki przemianom materii organicznej w prochni€roces ten zachodzi
w obecndci réznych grup mikroorganizmoéw, ktérych aktywdéanaze by zaburzona w wyniku stosowania przez
rolnikéw zaréwno nawozéw sztucznych, jak i organigzh oraz pestycydéw. Vilaym ogniwem w obiegu ygla

w biosferze jest degradacja celulozy. Rozktad oelulzachodzi przy udziale drobnoustrojow o aktysano
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celulolitycznej, ktére produkuj enzymy kompleksu celulaz. Celem pracy bylo poravimaaktywndgci
celulolitycznej gleby wzbogaconej fosforanem mokanii/lub obornikiem po opryskaniu powszechnie
stosowanym herbicydem Roundup. siadczenie wazonowe prowadzono w warunkach labojjatech. Do
bada uzyto gleby brunatnej wiziwej o pH 5,5, nawionej obornikiem i/lub fosforanem mocznika, oprysijan
Roundupem. Do kalego wazonu wprowadzano 0,5 kg badanej gleby wzinogg 1% karboksymetylocelulozy.
Aktywnos¢ enzymow celulolitycznych w poszczegélnych warightadédwiadczenia wyraono w % C,
wydzielonego z gleby w postaci GGstosuac kolorymetrycza metod Petkova. Modyfikacja gleby znagmo
zmieniata aktywn& celulolityczry w zaleznoici od dodatku obornika i/lub fosforanu mocznikazoRoundupu.
Najnizszz aktywna¢ celulolityczry gleby zaobserwowano w obeénb obornika i fosforanu mocznika,
a najwysz w glebie z obornikiem i Roundupem. W obiektach auRdupem niezatmie od innych dodatkéw
fosforan mocznika stymulowat aktyw§tomikroflory celulolitycznej, w poréwnaniu do obigit zawieragcych
tylko fosforan mocznika. Obecfibobornika w glebie opryskanej Roundupem vigia przyspieszata rozktad
celulozy, co ména wykorzysta w rolnictwie w rozktadzie resztek poiwnych. Badania wykazatye pestycydy

i nawozy maj dwzy wptyw na celulolityczg aktywna¢ gleby. Zmiany aktywngei celulolitycznej gleby miana
wykorzysta jako ekologiczny wskanik jej jakasci.

Stowa kluczowe:aktywna¢ celulolityczna gleb, Roundup



