American Journal of Agricultural and Biological 8aoces 4 (3): 179-186, 2009
ISSN 1557-4989
© 2009 Science Publications

Distribution of p-Glucosidase Activity within Aggregates of a
Soil Amended with Organic Fertilizers

Saeid Hojati and Farshid Nourbakhsh
Department of Soil Sciences, College of Agriculfure
Isfahan University of Technology, Isfahan, 84158-BB, Iran

Abstract: Problem statement: Distribution pattern of enzyme activities in saggregate size classes
as affected by organic amendments is not well wgtded. Approach: A study was conducted to
evaluate the effects of repeated annual applicaifoGow Manure (CM), Sewage Sludge (SS) and
Municipal Solid Waste Compost (MSW) on the disttibn of f-Glucosidase {G) activity within
aggregates of a soil. Soil samples were collecteth f0-15 cm of a soil which, had been treated
annually from 1999-2006 at 4 application rates wlitee replications. A control (with no applicatjon
was also run. Soil organic C content gitd activity were measured in 5 aggregate size frasti
Results. Results illustrated that application of the ameadts decreased the proportion of
microaggregates (<0.25 mm). The proportion rangewh 64% in control to 35% in MSW. In contrast,
the proportion of macroaggregates (>0.25 mm diametehanced from 35% in control to 65% in
MSW. Application of organic amendments modified thistribution of Soil Organic C (SOC) content
andpG activity. Distribution of SOC in macroaggregalesses was not identical in CM, SS and MSW
treatments. The distribution patternf activities in aggregate size classes was dissirtol those of
SOC contents. In general, an increasing trend vimerged inBG activity as the aggregate sizes
increased. The highest level p& activity was observed in aggregate size clasée2anm of all
applied soils. Among the solid waste treatments, i6liced greatepG activity in macroaggregates.
For all aggregate size classes, the lowest level BGf activity was observed in control.
Conclusion/Recommendations. To conclude, organic fertilization increased theopwmrtion of
macroaggregates to microaggregates. The highesitiastof G and SOC contents were observed in
macroaggregates and in soils received the hightss of organic fertilizer applications.
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INTRODUCTION formation of aggregates. The decline in soil suitestis
increasingly seen as a form of soil degradation iand
One of the characteristics of soils in arid anchise often related to improper land use and soil/crop
arid re?ions of the world is their scarcity of onga  management practicés
mattef!. Organic matter is involved in the The position of Soil Organic Matter (SOM) within
enhancement of soil quality since it acts on soilthe soil matrix is an important determinant offésg®!.
structure, nutrient storage and biological actfffitthe ~ Nearly 90% of SOM was found to be located within
application of organic fractions of urban wastesy(e soil aggregatéd. Not only the distribution of total soil
sewage sludge and municipal solid wastes) as arganbrganic matter among the aggregate size fractians c
amendments to agricultural soils of these areasmay be heterogeneous and is subject to variationsalsot
of use in improving their quality and be consideeed that of young vs. old organic maffér
attempt to alleviate the serious environmental and Few studies investigated relationships between
health problems caused by their accumul&tion aggregate formation and organic matter cycling unde
Aggregation and Soil Organic Carbon (SOC)application of organic amendments and a better
concentrations represent integrative effects dftgpe,  understanding is needed of how organic amendments
environment and soil management practices includingnay contribute to the enhancement of soil organic
crop rotation, tillage and fertilizer managent®nfrhe  matter. Indeed, knowledge of the cycling and
SOC acts as a binding agent and as a nucleus in tlempartmentalization of soil C that influence Crate
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may lead to the developments of the strategies ttarge basin. Distilled water was added to the baaiil
increase soil C storage potentfals the water level reached 1 cm below the wire mesh of

There is currently great interest in the use ofthe 2 mm sieve. The soil (100 g dry weight) spreatd
enzymes as biological indicators of soil qualitgcause evenly over the surface of the 2 mm mesh and then t
they are relatively simple to determine, have nb@b water level rose just until the soil could be wet b
ecological significance, are sensitive to environtak capillarity. The soils were allowed to moisten I min.
stress and respond rapidly to changes in landieving consisted of raising and lowering the nafst
management. Research has shown fhgtucosidase sieves 1 cm at a rate of 50 times/min for 2 minteAf
(EC 3.2.1.21) activity is the most abundant andlyeas sieving the soils were remained in the basin undisd
detected of the three enzymes involved in cellulosdor 5 min to allow fine particles to settle. Théretnest
degradation in soil, thus making it ideal to exaeihe  of sieves were slowly removed from the basin and
importance of physico-chemical controls on thepaced onto a catch pan to collect any remainingmvat
turnover of soil organic matter. Indeed, it proswdEn  The sieves were separated and allowed to dry a th
early indication of changes in organic matter fa&nd aggregates of different sizes were collected frown t
turnovef%. sieved/.

Changes in soil structural properties brought abou  p-Glucosidase fG) activity was determined on
by the use of organic amendments might change thehole soil and all aggregate size fractions accgydo
interactions between microorganisms and theiran standard protoddy. In brief, 1g samples of air-dried
substrates in the soil matrix. We hypothesized $gdt  soil were incubated for 1 h with-nitrophenyl - D-
structural changes stimulated by application ofaoig  glucoside and toluene in a pH 6.0 modified universa
amendments might be reflected in the size distbbut puyffer and Producp-nitrophenol (PNP), was determined
of soil aggregates and might allow us to identitgss colorimetrically at 420 nmp-glucosidase activity was
where highest level of activities exist. This stulns  reported as mg PNP Kgsoil H* or mg PNP kg
to identify physical locations within the soil stture  aggregatest
that display the greatest amount of enzymatic gtiv Analysis Of Variance (ANOVA) and least

under organic fertilization (Cow Manure (CM), Sewag sjgnificant difference (LSD, p<0.05) was determitsd
Sludge (SS) and Municipal Solid Waste Compostsas g 02 softwats.

(MSW).
RESULTS
MATERIALSAND METHODS

Chemical characteristics of the organic

A field experiment was |_n|t.|ated n 1999 on asilt amendments are summarized in Table 1. The pH values
clay loam soil (Typic haplargid: Clay, 357 g'kgsand, were 6.4 in SS, 7.8 in MSW and 8.6 in CM. The

S1. H i °20”
136 g kg'; pH 8.3) in Lavark research station (32°30° g|ectrical conductivity in the extracts of the mesu

N, 51°20° E), lIsfahan, Iran. The environmentalg),qqe and municipal solid waste amendments were as
conditions define the area as arid with an averagﬂigh as 17, 9.4 and 14.7 dS'prespectively

?enr:uglrat?rlgf;y 1Acf)f5°é4cl)?emg;ltezngnnialn;earllic;:)%nnusal The amount of SOC in soil was influenced by the
b o~ RED bp type of amendments. The SOC content was generally

three organic fertiizers (CM, SS and MSW) at threegreater in the amended soils compared to the dontro

levels of application (25, 50 and 100 Mg hawere however, the greatest SOC content was observdtein t

arranged in a complete block design with threeicaas. -
A control treatment was also run. Soil sampling was>cWage sludge treatment (Table 2). The activitg-of

performed in July 2006 at the end of the 7th yefar odlucosidase was similarly increased in ame_ndeds soil
application. Composite soil samples were colletech ~ cOmpared to the control but the maximui
surface soils (0-15 cm). Soil Organic Carbon (S@E3 gl_ucosmase activity was observed in the soil &éat
determined using wet digestion procedure on whoile s With cow manure (Table 2).
and on all aggregate size fractidhs The activity of G as compared to control
The wet sieving method used for aggregatdréatment reached a maximum by increasing level of
distribution in this study was adapted from thoseorganic fertilizer application from 25-100 Mg ha
described earli€f. The sieve sizes were 2, 1, 0.5, 0.25,(Table 3). The highest level of SOC was observed in
0.1 mm; therefore, the size fractions collectedene?,  the soils received 100 Mg Haof the amendments.
1-2, 0.5-1, 0.25-0.5 and 0.1-0.25 mm. The sieve we Soils with 50 and 25 Mg haapplication rates came in
nested with the largest mesh on top and placedanto the next orders, respectively (Table 3).
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Table 1: Chemical characteristics of the organiemgiments ?E 0.1-025mm F30.25-05mm EA0.5-1mm [§1-2mm H>2mm
Sewage Cow Municipal = 2.

Unit sludge manure solid waste = €0

pH - 6.40 8.60 7.80 £ 50

EC (dS 1Y 9.40 17.00 14.70 £

’SOC (g kg 310.00 430.00 270.00 2

°Pb (mg kg  148.50 20.50 113.00 =38

“Ni (mg kgt 48.00 12.50 56.00 8 20

Zn (mg kg") 217.00 82.50 710.00 2

‘Cu (mgkg")  159.50 39.50 130.00 =

2 Electrical conductivity®: Soil organic C% DTPA-extractable cM Control

Table 2: Soil Organic Carbon (SOC) gh@lucosidasef(G) activity Fig. 1: Aggregate size distribution in soils reegv

as affected by type of amendments Cow Manure (CM), Sewage Sludge (SS),
Type of amendments  SOC (gRy  BG (mg PNP kg soil h™") Municipal Solid Wastes (MSW). Bars topped
gg" 22%72%2 427322-790130 with the same letter within each type of
MSW 16.80¢C 326.65b treatments are not significantly different
control 9.23d 182.77d (p<0.005)
CM: Cow Manure, SS: Sewage Sludge, MSW: MunicipalidS
Waste; Different letters in each column indicagngicant difference B01-02mm Bo2505mm Bo5-lmm @12mm W:2mm
between treatments according to Duncan test (p¥x0.05 70 1

a

60 4

Table 3: Soil Organic Carbon (SOC) aigjlucosidasefiG) activity
as affected by application rates

Level of application SOC (gkh PG (mg PNP kg soil %

i

100 (Mg ha') 29.30a 489.94a
50 (Mg ha?) 22.67b 385.19b
25 (Mg ha?) 18.55¢ 318.45¢c
Control 9.23d 182.77d

Different letters in each column indicate signifitadifference
between treatments according to Duncan test (p¥x0.05

Agg.size distibution (% ol Lotal)

The distribution of aggregate size classes was
influenced by application of the organic amendments ]
(Fig. 1). Microaggregates (<0.25 mm) consisted &% cT
the control soil while the percentage has beenedsed
to 35, 39 and 42% in MSW, SS and CM, respectivelyFid- 2: Aggregate size distribution in soils reeelv

No significant differences were observed among different rates of organic amendments. Bars
macroaggregate (>0.25 mm) classes in control topped with the same letter within each rate of
treatment. It was also observed that in soils éaatith applications are not significantly — different
SS, CM and MSW, there were no differences in (p<0.005)

distribution of macroaggregate size classes (Fjg. 1 L .
However, the contribution of the largest though PG activity n sludge amended soils were
macroaggregates (size >2mm) in control and sewag%onS'Stemly lower (Fig. 3a)_. The SOC content_s n

. . macroaggregates were consistently greater thahain t
sludge-amended soils were 2 and 13%, respectilrely.

) f microaggregates. The pattern was somehow similar
CM and MSW, the percentage of microaggregates anfl, o yreatments (Fig. 3b). The greatest rateg3Gf

the smallest macroaggregate size class (0.25-0.5 MMyivity found in the macroaggregate size clasdgshw
were not significantly different. An increasing e 556 possessed higher amount of SOC (Table 4).éWhil
was observed for macroaggregate formation as level the G activity among the macroaggregate size classes
organic fertilizer application increased (Fig. 2). was not significantly different, application of

When the distribution oG activity was weighed amendments in various rates resulted in considerabl
to the contribution of aggregate fractions acle differences among the classes (Fig. 4a). The SOC
soil  (aggregate-derived activity), all  organic contents in the aggregate size classes have been
amended soils had approximately similar pattern ofncreased proportionally as the rate of application
activity distributions within aggregate sibactions, increased (Fig. 4b).
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Table 4: Soil Organic Carbon (SOC) giblucosidasefiG) activity @01-025mm B025-05mm @05-1mm @1 2mm MW>2mm
as affected by aggregate size fraction 700

Aggregate size fraction ~ SOC (gKg PG (mg PNP kg'soil H?)

>2mm 23.48a 463.67a 6eo

1-2 mm 22.83a 350.95b

0.5-1.0 mm 22.69a 374.18¢c 300

0.25-0.5 mm 19.76b 341.18d

0.1-0.25 mm 10.94c 190.47¢ 400

Different letters in each column indicate significdifference
between treatments according to Duncan test (p¥0.05 300

N
B0102mm B02505mm B051mm @12mm ®W>2mm 200

§00 4
100

P-glucosi dascactivity (mg PNPkg ! soil h)

700 i

0
6004 -

500 4

=
20
2
=z
@

401
334 2 ,ah

304

SOC {mg kgt soil)
=

B0.1-025mm B025-05mm @05Imm @1 2mm W>2mm

Control R25 R30 R100

(b)

]

Fig. 4: B-glucosidase activity (a) and Soil Organic
Carbon (SOC) content (b) of each aggregate
size classes in soils received different rates of
organic amendments. Bars topped with the
same letter within each rate of applications are
not significantly different (p<0.05)

SOC {mg kg ! soil)

7
7
:
g
7
%
ﬁ
7
.
¢
g

MM

MSW

w
w

CM Control
(b) pH values were not significantly changed even ia th
. . . ] ~ soil treated annually with highest rate of organic
Fig. 3: B-glucosidase activity (a) and Soil Organic gmendments. The high values of electrical condifgtiv
Carbon (SOC) content (b) of each aggregatgarticularly in manure and municipal solid wastes! h
size classes in soils received different type ofthe potential to cause salinity problems in theliagp
amendments. Bars topped with the same lettegojls, However, the field was under surface iriigat
within - each type of treatments are notand therefore, the electrical conductivity of thailss

significantly different (p<0.05) remained in the same order of magnitude because of
regular leaching of excessive soluble salts bgation
DISCUSSION water (data not shown).

Higher levels of SOC were observed in soils

Although the sewage sludge is mildly acidic, thereceived organic amendments compared to control
high content of Ca-carbonate equivalent in the soi{Table 2). As expected, SOC content of the soils
(395.3 g kg") creates high buffering capacity. Hence, enhanced as the rate of application increased. The
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increased levels of SOC in organic fertilizer tesht An increasing trend was observed for
soils compared to control ﬂTabIe 1) were attributed macroaggregate formation as level of organic feetil

the higher input of organic®. Similarly, composted application increased (Fig. 2). It has been suggietstat
manure applications up to 45 Mg hgear™ for 2 years  organic C provided from higher application ratesuigo
increased SOC and led to more wet stable aggregatstimulate aggregation through increased SOC as hot
>2 mm in conventional tillage and no tillage spots for aggregation and increased biological
system&®, activity.

B-glucosidase activity reflects the state of the  All amended soils exhibited larger amountsBaf
organic matter and the processes occurring tH&fein aggregate-derived activity in the >2mm size fractio
The enzyme activity was low in the control treattnen (Fig. 3a). The greater level offG activity of
(Table 2), probably due to the low organic carbonmacroaggregate size fractions in CM, SS and MSW
content of arid soilf. Application of organic compared to the control treatment was likely admapti
amendments to this soil had a positive influencéhen to the changes caused by the organic amendments
activity of this enzyme and soil amended with CMswa application. This was also the case when distriiputf
responsible for the highest values observed G SOC and3G activity were compared in different levels
activity (Table 2). The greatfiG activity of the CM  of application (Fig. 4a and b). Nutrient management
compared to the SS and MSW can partially bethrough chemical fertilization and manure applicas
attributed to the greater heavy metal concentration generally increases aggregation, SOC concentratidn
the sewage sludge and the municipal solid wastegicrobial communitids'?®. These workers concluded
(Tab_le ;). Enhanced enzyme activities after lomgite that the primary effect of improved nutrient
application of farmyard manures have been repofted management is on increasing plant productivity, SOC
The study has shown that manure-amended soils haygq soil biological activity. It is probable thatarobial
higher microbial biomass, N mineralization poténtia communities were responding to an increase in soil
and mic.robiall gc;tivities .that are related to SOMeprganic matter due to application of organic
enzymatic activities. This would be ex.pected @Samendments (Fig. 3b). This agrees with other studie
elevated levels of C inputs and other nutrients ldou 5¢ jikewise concluded that macroaggregate strastu
stimulate biological activity and stabilization of provide habitat for microbial biomass and enzyme
abiontic enzymé¥’. The activity of soil enzymes may activity?®?]  The varying predominance of the

be inhibited by using a certain kind of organic individual enz : : :
ymes in the different aggregate size

?mendmetntls. .It has beenl rgported that the p[)eiés]ﬂégce fractions can be discussed on the basis of théidocaf
ini?t\)/i}t/orrnee?‘fzgssvshweage s 3e dwer_le responsi dr soil microorganisms and their substr&fasThe activity

y n amen R%}c SOlis weré assdge of BG, which is produced and released to a great extent
urease and phosphatase activityThe activity offG by both bacteria and furdtfi was mainly found in the
as compared to control treatment reached a maximurlraﬁgest aggregate size classes (Fig. 3a). The p@h
gy pNiS 'f]‘;?' ‘Ef oﬁa”'%;e”'“ﬁer app"‘l‘m”rorr']‘ activity (Fig. 3a) and the high SOC content (Fity) 8f
5-1 Mg ha (Table . This implies that ' . . L ;
eruiormental condiions creaed by 100 igaere 1€ A10eSL ag0tegate size actons ndcated o

t . . '
lely to be more favorable to the growt organic mattéf”. The organic amendments increased

microorganisms and plant roots that secrete thigran h v of o
into the soil. The level of soil enzyme activitycirases the capacity of macroaggregates to profiBtactivity
in amended soils.

with increasing soil organic matter cont&ft _ _
Our results indicated that macroaggregates Although the size fraction of 0.1-0.25 mm
frequency have been enhanced in a” amended SO'@(h|b|ted the greatest Contl’ibution in a.” treatisen
however,  distributon  pattern  of  various (Fig. 1 and 2), but showed the lowest level of SOC
macroaggregates in amended soils are dissimil&gontent. Similarly, Ellid® observed more organic
(Fig. 1). Different chemical properties of organic matter associated with macroaggregates than with
carbon in the amendments can influence the respminse microaggregates in a temperate grassland soil.
aggregatio”. It has been reported that different ~ As SOC content enhanced by application of
macroaggregate distribution patterns were observedirganic amendments (Table 2 and 3), the abundance o
when native prairie, cultivated and two restoration0.1-0.25mm size classes decreased and instead, the
treatments were compaf@dit seems that, management frequency of larger aggregate size classes inalease
practices (either organic fertilization or restagyat (Fig. 1 and 2). The increased contribution of tiee s
practices) which improve SOC status, can also affecclass >2mm is consistent with increasing SOC cdnten
the aggregate size distribution. This result was in line with the concept of aggtega
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hierarchy according to which microaggregates arearbon cycle and through which CM was the most

bound together into macroaggregates by transietit areffective

amendment.  Application of organic

temporary binding ageft¥. The consequences of this amendments was observed to be effective in inargasi
aggregate hierarchy are an increase in C conciemtrat the distribution of macroaggregates to microaggeega
with increasing aggregate-size classes becauserlargsize classes when compared with control treatniérd.
aggregate-size classes are composed of smalléighest and lowest proportion of macroaggregates wa

aggregate size classes and organic binding dgfénts
In the current study, the greatest rates p&f
activity found in the macroaggregate size clasdaishw

shown in MSW and control treatments. The greatest
value of BG activity was observed in size classes of
>2mm in CM. An increasing trend was observed in
also possessed higher amount of SOC (Table 4% It imacroaggregates proportion as

level of organic

suggested that macroaggregates would contain mowamendments application increased. This implies that
labile carbon and microaggregates possessed motaerarchical theory of aggregation can be thoughha
recalcitrant carbdfl. Results obtained by Gupta and main mechanism for aggregate formation in this \tud
Germid&® showed that there are greater concentration¥he highest activities opG and SOC contents were

of organic C in
microaggregates.

macroaggregates than
Greater mineralization

inobserved in macroaggregates and in soils received t
ofhighest rates of organic fertilizer applicationshist

intramacroaggregate organic matter compared witimplies that macroaggregate formation modified the
those associated with microaggregates was alsdistribution of SOC aniG activity.

reported”!. We observed that the lowest SOC contents
were found to be in aggregate fraction <0.25 mme On
possible interpretation is that this fraction camed
sand particles and free silt particles and it migdtthat
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The microaggrgate fraction did not contribute
much to theBG activity of the whole soils (Fig. 3a and
4a and Table 4), because this fraction is poor@QCS 1
content and therefore, provides lower level R
activity in all amended soils. It can be relevamtthie
fact that bonds within microaggregates are stronger
than bonds between microaggregates and therefore be
protected more from decompositth It is also 2
possible that residual enzyme activity was prot&dte
these microaggregates by having been once
incorporated into larger macroaggregate structure.
Evidence for this conclusion is supported by thdca
stable isotope ddfhin which the age of C3 and C4
derived C in aggregate size fractions of pasturé an
cultivated (corn) soils was compared. The larger3,
macroaggregates were found to have a greater
proportion of recently deposited C and thus a more
rapid apparent turnover rate (74 years) than thahe
microaggregate structures (412 yers) 4.

CONCLUSION

In summary, CM, MSW and SS influenced SOC in5,
a direction that is compatible with improved soll
aggregation. The application of solid wastes is a
suitable method for recovering structure of sailsfid
areas. After the seventh year onward, the incotora
of amendments seems to be effective on mainter@ince
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