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Abstract This research is aimed to study comparison of

the effects of applied nanozeolite and zeolite on aggrega-

tion and organic carbon (OC) in each aggregate size frac-

tion in treated soil with different levels of some plant

residues and incubation for 90 days. The analysis of vari-

ance showed that the effects of applied nanozeolite, zeolite,

plant residues, and their interaction and incubation times

on MWDw and OC in aggregate size fractions were sta-

tistically significant. The results showed that MWDw and

OC contents in each aggregate size fraction increased with

the additions of nanozeolite, zeolite, and plant residues.

This study also revealed that nanozeolite and alfalfa straw

were more effective for increasing the MWDw and OC

contents in aggregate size fractions than zeolite and wheat

straw, respectively. In other words, higher percentage na-

nozeolite, zeolite, and plant residues resulted in increasing

the MWDw and OC in aggregate size fractions. The

highest amounts of OC were observed in A and B com-

pounds compared with the control and other treatments.

However, the comparison of OC contents in all the treat-

ments showed that proportion of nanozeolite for increasing

the OC content was greater than that of zeolite. Also the

highest OC contents were observed in larger aggregate size

fractions. The MWDw and OC contents increased with the

increasing days of incubation in treated soil. Thus, it was

concluded that compound A can be more effective to

improve the soil carbon sequestration.

Keywords Nanozeolite � Zeolite � Plant residue � Organic

carbon � Aggregation � Incubation

Introduction

Aggregation has a major effect on carbon cycling in soil.

Aggregates are composed of primary mineral particles

and organic binding agents (Haynes and Swift 1990;

Tisdall and Oades 1982). Soil aggregation and soil

structure are important aspects of soil fertility in influ-

encing the root distribution and the uptakes of water and

nutrients (Pachepsky and Rawls 2003; Bronick and Lal

2005). The initial unit of aggregation is called microag-

gregate. According to Tisdall and Oades (1982), the

microaggregates (\0.25 mm) are bounded together by

organic compounds of different origins to form macro-

aggregates ([0.25 mm).

The macroaggregates affect soil carbon storage by

occluding organic residues, making them less accessible to

degrading organisms and their enzymes (Six et al. 2000).

The soil organic carbon (SOC) protection by aggregates

has been extensively studied (Tisdall and Oades 1982;

Elliott 1986; Gupta and Germida 1988; Angers 1992).

Christensen (2001) considered the structural control of soil

aggregates as the accessibility of decomposers for the SOC,

diffusion of oxygen, degradation of products, transport of

moisture, etc. Beare et al. (1994) showed that macroag-

gregates ([0.25 mm) in nontilled soils provide an impor-

tant mechanism for the SOC protection. Six et al. (2002)

asserted that SOC protection is greater within free micro-

aggregates (\0.25 mm) than within macroaggregates.
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Carter et al. (2003) concluded that macroaggregates play

an important role in the SOC storage, although protection

by macroaggregates is labile because macroaggregates

provide an environment conducive for interactions between

clay particles and the SOC. Even though the effect of the

SOC on soil aggregation seems to be more evident in the

wet-sieved aggregates (Puget et al. 2000), the aggregates

obtained from dry sieving might have more information on

the processes occurring in situ. Previous studies of these

sites between 1995 and 2002 showed that tillage practices

influenced the accumulation of the SOC fractions (Wander

and Bidart 2000; Yoo and Wander 2008).

Soil aggregation, more specifically of macroaggregates

(250–2,000 lm) and microaggregates (53–250 lm), has

direct influence on soil properties such as, but not limited

to, bulk density, pore size distribution (Hillel 1982),

microbial community structure (Paul and Clark 1996), and

soil resistance to erosion (Valmis et al. 2005). Soil organic

matter (SOM) indirectly contributes to soil structure by

serving as a nucleus for aggregate formation (Six et al.

1998). SOM has been found to increase with reclamation

age, but there is not always a corresponding increase in soil

macroaggregation (Malik and Scullion 1998).

The fractionation of water-stable aggregates and density

fractionation may thus be helpful for an improved under-

standing of carbon dynamics affected by soil management,

since aggregate and density fractions are more sensitive to

changes in soil management than total OC (Oades 1988;

Pikul et al. 2007; Puget et al. 2000; Von Lützow et al.

2006). For example, Puget et al. (2000) concluded that

water-stable macroaggregates were enriched in younger

organic materials and have faster turnover times than

microaggregates. Meanwhile, it is currently ascertained

that the quality of organic matter is involved in both the

accumulation of OC and the stabilization of soil particle

sizes and aggregates (Piccolo et al. 2004; Spaccini et al.

2002; Yamashita et al. 2006).

Organic matter inputs through organic amendment, in

addition to supplying nutrients, improve soil aggregation,

and stimulate microbial diversity and activity (Shirali-

pour et al. 1992; Carpenter-Boggs et al. 2000). Soil

aggregate stability is important for carbon (C) sequestra-

tion (Chivenge et al. 2011; Laganière et al. 2011). Soil

microaggregates (i.e., organo–mineral complexes) form

through the interaction of clay colliding with organic

compounds and inorganic cementing materials (Blanco-

Canqui and Lal 2004). Macroaggregates are composed of

microaggregates bonded by root hair and fungal hyphae

(Oades. 1984; Shukla et al. 2004). Natural zeolites are

extensively used to improve soil physical environment,

particularly, in sandy and clay poor soils (Abdi et al.

2006). The purpose of this study was to compare the

effects of nanozeolite and zeolite on mean weight

diameter of water-stable (MWDw) aggregates and OC in

each fraction of MWDw in a treated soil by some plant

residues.

Materials and methods

Site description

This study was conducted in Hamedan province, western

part of Iran. This area is located between longitudes 47�420

and 48�450E and latitudes 33�280 and 34�290N. The climate

of the region is semiarid with a mean annual precipitation

of 300 mm and a mean annual temperature of 10 �C.

Agriculture is an industry and constitutes principal land

use in Hamadan. Major crops grown in Hamadan are

winter wheat (Triticumaestivum L.), Alfalfa (Medicago

sativa), potato (Solanumtubersum), and garlic (Allium

sativum). The soil of this area is mostly classified as typic

Haplocalcids.

Sampling, treatment, and analysis of soil

The soil samples were collected from the top layer of

soil (30 cm) from an agricultural land. Wheat straw,

alfalfa straw, nanozeolite pH, and electrical conductivity

(EC) were measured in a 1:10 soil, plant residues, and

nanozeolite separately: water extract after shaking for

2 h. Their OCs were measured by wet oxidation

(Walkley and Black 1934). The total phosphorous

(P) was measured in an acidic (HCl) solution of ashes of

plant residues spectrophotometrically as blue molybdate–

phosphate complexes under partial reduction with

ascorbic acid (Peperzak et al. 1959). The total nitrogen

(N) content was measured by the Kjeldahl method

(Hinds and Lowe 1980). Cation exchange capacity

(CEC) of the soils were determined by the 1 M NaOAc,

pH 8.2 method (Pratt 1965). Subsequently, the soil was

then air dried and mixed with different amounts of

(d \ 2 mm) wheat straw and alfalfa straw (0 and 5 %

w/w) separately; afterward, the samples were mixed with

different amounts of nanozeolite (0, 10, and 30 % w/w)

and then were kept in field capacity moisture content and

lab condition.

Untreated soils were also incubated as controls. The

treated soils, wheat straw, alfalfa straw, and nanozeolite

were uniformly wetted with a spray to a water content near

field capacity. The approximate field capacity of each

mixture of soil, wheat straw, alfalfa straw, and nanozeolite

was measured gravimetrically, and the volume of water

required to bring each of the soils to the approximated field

capacity was determined by weighing daily. The treated

and moistened soils were incubated in lab condition

12 Int J Recycl Org Waste Agricult (2015) 4:11–22

123



(20–25 �C) for 90 days. After 1, 5, 10, 20, 30, 45, 60, 75,

and 90 days of incubation, a portion of each soil was taken

for the study of MWDw and its OC fractions.

Aggregate fractionation

The classical procedure described by Kemper and Rosenau

(1986) was used to separate water-stable aggregates. In

brief, 20 g of\4 mm air–dried soil samples was put on the

topmost sieve of a nest of three sieves of 2, 1, 0.25, and

0.053-mm mesh sizes and pre-soaked in distilled water for

30 min. Then, the nest of sieves was oscillated vertically in

water 20 times, using a 4-cm amplitude at the rate of one

oscillation per second. Care was taken to ensure that soil

particles on the topmost sieve were always below the water

surface during each oscillation. After wet sieving, the

water-stable soil materials left in each sieve were quanti-

tatively transferred into beakers, dried in the oven at 50 �C
for 48 h, weighed, and stored for later analysis. OC content

in each fraction was measured by Walkley and Black

(1934) method. MWDw was calculated by the following

equation:

MWDw ¼
Xn

i¼1
ðXi:WiÞ

where Xi is the mean diameter of the ith sieve, and Wi is the

amount of total aggregates in ith fraction.

Statistical data analysis

The experiment was a complete randomized factorial

design with three replicates. The factors applied were

alfalfa straw (0 and 5 % w/w), wheat straw (0 and 5 %

w/w), Nanozeolite (0, 10, and 30 % w/w), and incubation

times (1, 5, 10, 20, 30, 45, 60, 75, and 90 days). Experi-

mental data of MWD and OC fractions were subjected to

analysis of variance and the means compared with the

Duncan’s new multiple range test using SAS Ver.9.2 (SAS

Institute 2008).

Results and discussion

Table 1 shows the sand, clay, and silt contents were 69, 12,

and 19 % in the studied soil, respectively. The soil texture

was loamy sand. The soil was not saline (EC 1.1 dS m-1);

equivalent calcium carbonate and pH values were 1.79 %

and 7.2, respectively, with low CEC (4.80 Cmol Kg-1) and

Total OC (3.41 g Kg-1).

Table 2 presents some properties of the applied plant

residues. Alfalfa and wheat straw had a neutral pH (6 and

7.97), high OC (511 and 532 g Kg-1) values and C/N

(23.30 and 90.75) and C/P (85.20 and 123.50) ratios,

respectively. Some properties of applied nanozeolite and

zeolite are shown (Table 3). The pH values in both the

nanozeolite and zeolite are neutral, and nanozeolite and

zeolite are not saline. CEC in nanozeolite is much higher

than that in zeolite.

Table 4 shows the analysis of variance of the effects of

nanozeolite, plant residues application, incubation time,

and their interaction on MWDw and OC fractions in soil.

Although the effects of applying nanozeolite, alfalfa, and

wheat straws, their interaction, and incubation time on

MWDw and OC fractions in soil were significant

(p \ 0.01), the interactions between nanozeolite and

incubation time; plant residues and incubation time, and

between nanozeolite, plant residues, and incubation time

did not have significant effects on MWDw and OC frac-

tions in the soil.

Table 5 shows the analysis of variance of the effects of

zeolite and plant residues’ application, incubation times,

and their interactions on MWDw and OC fractions in soil.

The effects of zeolite, alfalfa, and wheat straws

Table 1 Some chemical and physical properties of applied soil

EC (dS m-1) PH CEC (Cmol ? Kgsoil
-1 ) Total organic C (g Kg-1) CCEa Sand Clay Silt

%

1.1 7.2 4.80 3.41 1.79 69 12 19

a Carbonate calcium equivalent

Table 2 Some physical and

chemical properties of used

plant residues in this study

PH EC

(dS m-1)

Total organic C

(g Kg-1)

Total nitrogen

(g Kg-1)

Total phosphorous

(g Kg-1)

C/N C/P

Alfalfa

straw

6 9.5 511 22 5.98 23.30 85.20

Wheat

straw

7.97 4.3 532 7 4.31 90.75 123.50
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applications, their interactions, and incubation times on

MWDw and OC fractions in soil were significant

(p \ 0.01). Also, the interactions between the application

of zeolite and incubation time, plant residues and incuba-

tion time, and between zeolite and plant residues and

incubation time did not have significant effects on MWDw

and OC fractions in the soil.

Figure 1 shows Duncan’s tests of means of MWDw and

OC fractions in the soil as affected by nanozeolite, zeolite,

alfalfa, and wheat straws percentages applied in the soil.

MWDw increased by the addition of higher percentages of

nanozeolite and zeolite (10 and 30 %) and 5 % plant res-

idues into the soil. The amounts of MWDw on the treated

soil with 30 % zeolitic materials and 5 % plant residues

increased by 0.735 and 0.685 mm in 30 % nanozeolite plus

5 % alfalfa straw (compound A), and 30 % zeolite plus

5 % alfalfa straw (compound B) compared with the con-

trol, respectively.

The highest amounts of MWDw were observed as 1.24

and 1.19 mm in compound A and compound B, respec-

tively. The comparison of treatments obtained, in mixed

samples that applied nanozeolite, zeolite, and different

plant residues, compound A was more effective than

compound B (Fig. 1), because the amount of MWDw was

higher in compound A into the compound B.

Although MWDw is known to be related to soil aggre-

gate stability, the results of recent researches indicated that

the SOC is closely related to the formation and stability of

soil aggregates (Tisdall and Oades 1982). Thus, the

Table 3 Some properties of applied nanozeolite and zeolite

Parameter Nanozeolite Zeolite

pH 7.17 7.20

EC(dS m-1) 0.98 1.20

CEC (Cmol ? Kgsoil
-1 ) 400.39 169.3

Total organic C (g Kg-1) 1.03 0.93

Table 4 Analysis of variance

(mean square) of the effects of

nanozeolite and plant residues

application, incubation time,

and their interactions on

MWDw and organic carbon

fractions in soil

ns Mean square of the treatment

is not significant

** Mean square of the treatment

is significant at the 0.01 level

Source DF MWDw

(mm)

Organic carbon (g Kgsoil
-1 )

Agg. size

[2 mm

Agg. size

(1–2 mm)

Agg. size

(0.25–1 mm)

Agg. size

(0.053–0.25 mm)

Nanozeolite 2 9.7** 52.28** 46.97** 40.03** 27.79**

Plant residues 3 0.45** 2.47** 1.65** 1.4** 0.97**

Time 8 1.16** 17.54** 7.19** 6.12** 4.25**

Nanozeolite 9 time 16 1.10 ns 9.76 ns 5.82 ns 4.96 ns 3.44 ns

Plant residues 9 time 24 0.30 ns 4.22 ns 1.78 ns 1.52 ns 1.05 ns

Nanozeolite 9 plant

residues

6 1.88** 10.21** 9.01** 7.68** 5.33**

Nanozeolite 9 plant

residues 9 time

48 0.28 ns 2.44 ns 1.46 ns 1.24 ns 0.86 ns

Error 216 0.003 0.001 0.002 0.0015 0.0011

Table 5 Analysis of variance

(mean square) of the effects of

zeolite, plant residues’

application, incubation time,

and their interactions on

MWDw and organic carbon

fractions in soil

ns Mean square of the treatment

is not significant

** Mean square of the treatment

is significant at the 0.01 level

Source DF MWDw

(mm)

Organic carbon (g/Kg soil)

Agg. size

[2 mm

Agg. size

(1–2 mm)

Agg. size

(0.25–1 mm)

Agg. size

(0.053–0.25 mm)

Zeolite 2 7.03** 27.85** 20.91** 17.82** 13.37**

Plant residues 3 0.68** 2.20** 1.62** 1.31** 1.08**

Time 8 1.49** 10.55** 7.18** 6.13** 4.75**

Zeolite 9 time 16 1.002 ns 5.40 ns 3.82 ns 3.25 ns 2.26 ns

Plant

residues 9 time

24 0.40 ns 2.60 ns 1.74 ns 1.49 ns 1.01 ns

Zeolite 9 plant

residues

6 1.47** 5.7** 4.27** 3.64** 2.52**

Zeolite 9 plant

residues 9 time

48 0.26 ns 1.37 ns 0.97 ns 0.83 ns 0.67 ns

Error 216 0.0004 0.01 0.007 0.008 0.005
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amendment of organic residues can improve soil structure

and increase aggregate stability (Hati et al. 2008). Soil

management systems that leave more plant residues on the

soil surface generally allow for improvements in soil

aggregation and aggregate stability (Carpenedo and Miel-

niczuk 1990).

Aggregate stability and SOC have also been shown to be

positively correlated with polyphenol concentration (Grif-

fiths and Burns 1972; Martens 2000, 2002; Martens and

Loeffelmann 2002), which has been thought to be an

important precursor of humic substances that stabilize

aggregates (Dell’Agnola and Ferrari 1971; Stevenson

1994).

Blair et al. (2005) observed slower decomposition and

greater aggregate stability (MWD) following the addition of

intermediate quality Flemingia macrophylla ([4 % poly-

phenols) versus the addition of high quality Medicago

truncatula. The reason for the stability of the aggregate

hierarchy is most probably the continuous incorporation of

young organic matter (Puget et al. 2000; Six et al. 2000;

Helfrich et al. 2008), like carbohydrates and glomalin-rela-

ted soil protein (GRSP), which decreased less than the TOC.

Among the various components of SOM, carbohydrates

have particular importance in increasing aggregate stability

(Angers and Mehuys 1989; Feller and Beare 1997), and as

such, may act to a certain degree in protecting soil organic

carbon against mineralization.

It was suggested that, for instance, macroaggregates are

stabilized mainly by carbohydrate-rich roots or plant debris

occluded within aggregates (Golchin et al. 1995). Various

authors have also observed the positive effects of long-term

manure application on MWD (Singh et al. 2007; Su et al.

2006) and better physical condition of soil.

Nanozeolite and zeolite are clay minerals, and they have

considerable calcium (Ca) content (Kazemian 2002). For

this reason, greater concentration of Ca, which acts as a

potential cationic bridge between the inorganic and organic

colloids’ surfaces (Bronick and Lal 2005; Six et al. 2004).

The availability of polyvalent cations, such as Ca2?, is an

important factor in the chemical protection of TOC. In

addition to its role as a binding agent, polyvalent cations

enhance the formation of cationic bridges between organic

matter and clay (Bronick and Lal 2005; Six et al. 2004); a

high saturation of clay particles with these cations helps the

organic–mineral complex to remain more flocculated and

condensed as well as reducing the efficiency of microbial

and enzymatic attacks (Baldock and Skjemstad 2000).

Calcium exerts an influence on organo–mineral com-

plexation and its stability is observed mainly at the mic-

roaggregate level (Six et al. 2004). According to Baldock

et al. (1994), the process of Ca bridge formation is the

dominant factor in the positive long-term effect of the

addition of Ca on the structural stability of the soil.

Meanwhile, the results reported by Muneer and Oades

(1989) provide support for an association between the

highest content of TOC with liming, and increased avail-

ability of Ca2?. Those authors also concluded that the

additions of CaCO3 and glucose result in the formation of

macroaggregates larger than 2 mm in 80 % of the soil, and

only a small proportion of aggregates that are smaller than

0.05 mm.

Briedis et al. (2012) reported that Ca2? from the surface

liming was positively correlated with the TOC content and

acted as a cationic bridge between the clay particles’ sur-

faces and the OC of the soil, contributing to the seques-

tration of carbon. Water-stability of soil aggregates has

Fig. 1 Comparison of MWDw (mm) in treated soil by zeolitic materials (ZM) and plant residues
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been reported to increase with revegetation in a landslide

area (Burri et al. 2009).

Figure 2 shows the amounts of MWDw on the treated

soil with nanozeolite, zeolite, and plant residues, increased

significantly during the 90 days of incubation. The amount

of MWDw on the treated soil with nanozeolite and plant

residues was 0.65 mm at the start of incubation, which

increased to 1.16 mm after 90 days of incubation. Also the

amounts of MWDw on the treated soil with zeolite and

plant residues increased from 0.58 mm on the 1st day of

incubation to 1.1 mm on the 90th day of incubation. Also

Fig. 2 reveals that the amounts of MWDw on treated soil

with nanozeolite and plant residues were higher compared

with those on treated soil with zeolite and plant residues.

These changes were reasonably related to the OC variation

in the soil.

Figure 3 shows that the amount of OC in all of aggre-

gate size fractions increased significantly (p \ 0.01) with

the additions of nanozeolite, zeolite, and plant residues to

the soil, especially that of alfalfa straw, into the control.

The amounts of OC were significantly great with the

addition of higher percentages of zeolitic materials (10 and

30 %), and plant residues (5 %), especially alfalfa straw, in

all of the aggregate sizes, in both the compound A and the

compound B treatments. However, the amounts of OC was

higher in each aggregate size fraction in the treated soil

with nanozeolite and alfalfa straw than that in the treated

soil with zeolite and alfalfa straw (Fig. 3, 4, 5, 6).

The amount of OC increased from 2.16 (g Kgsoil
-1 ) in

control to 3.93 and 3.54 (g Kgsoil
-1 ) in compound A and

compound B, respectively, in aggregate size fraction

([2 mm). Also, in this aggregate size class, the amounts of

OC increased from 10 % nanozeolite 3.27 (g Kgsoil
-1 ) and

zeolite 2.91 (g Kgsoil
-1 ) in (10 % zeolitic materials plus 5 %

alfalfa straw) treatment to 30 % nanozeolite 3.93 (g Kgsoil
-1 )

and zeolite 3.54 (g Kgsoil
-1 ) in (30 % zeolitic materials plus

5 % alfalfa straw) treatment. The amount of OC in

aggregate size fraction ([2 mm) increased with additions

of 5 % alfalfa straw 3.93 and 3.54 (g Kgsoil
-1 ) in (30 %

zeolitic materials plus 5 % alfalfa straw) treatment toward

5 % wheat straw 3.69 and 3.31 (g Kgsoil
-1 ) in (30 % zeolitic

materials plus 5 % wheat straw) treatment in nanozeolite

and zeolite, respectively.

The achieved results from previous researches showed

that long-term field studies in the North America, and

China indicate that manuring increases the SOC (Liu et al.

2003; Whalen and Chang 2002). In a 25-year study, SOC

progressively increased with manure applications at an

average rate of 0.181 (g Kg-1 mg-1) of manure (Hao et al.

2003). Management practices such as reduced tillage and

increased C inputs through residue management and

manuring improve soil structure, reduce erosion, C loss

through mineralization, and CO2 emissions (Hao et al.

2002; Lal 2003a, 2003b).

Carpenedo and Mielniczuk (1990) reported a medium-

to-high correlation between the geometric mean diameter

(GMD), the MWD, the amount of aggregates [2 mm, and

the TOC content of Latosols from Brazil; also another

research achieved similar result of OC content of Latosols

from Brazil (Castro Filho et al. 2002). Kouakoua et al.

(1999) and Dutartre et al. (1993) indicated a strong cor-

relation between aggregate stability in water and the carbon

content of bulk clayey Ferralsols from Africa.

Figure 4 shows that the amount of OC increased with

the additions of the higher percentages of nanozeolite,

zeolite, and plant residues, particularly alfalfa straw, in

aggregate size 1–2 mm; in A and B compounds, OC was

maximum compared with the control and other treatments.

However, comparison of the OC contents in zeolitic

materials showed that proportion of nanozeolite to the

Fig. 2 The amounts of MWDw on the treated soil with nanozeolite, zeolite, and plant residues during 90 days of incubation
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increasing amount of OC was greater than that of zeolite

(Fig. 4).

The results showed the amount of OC increased in

aggregate size range of 0.25–1 mm with the additions of

nanozeolite and zeolite, especially nanozeolite, and also

addition of plant residues, particularly alfalfa straw; the

amounts of OC were 2.76 and 2.36 (g Kgsoil
-1 ) in compound

A and compound B, respectively (Fig. 5). The results

indicated that the amount of OC in aggregate size fraction

(0.053–0.25 mm) increased with the additions of nanoze-

olite, zeolite, and plant residue. The amounts of OC were

2.2 and 1.87 (g Kgsoil
-1 ) in compound A and compound B,

respectively. However, comparison of zeolitic materials

indicated that nanozeolite was more effective than zeolite

for increasing the OC (Fig. 6).

In soils organic matter of which is acting as the major

binding agent, OC concentrations may increase with the

increasing aggregate size fractions, because larger aggre-

gate size fractions are composed of smaller aggregates plus

organic binding agents (Elliott 1986). TOC found in mic-

roaggregates is considered to be stabler and more resistant

to microbial decomposition, leading to an accumulation of

SOM over a long period (Angers et al. 1997; Oades 1984).

Microaggregates have been considered a key factor in

the formation of new macroaggregates (Six et al. 2000) due

to the protection of intra-aggregate TOC. The results

revealed that larger aggregate size fractions had greater

amount of OC than smaller aggregate size fractions. This

may be due to either an increased aggregates’ stability and

strength caused by the addition of zeolitic materials, or

Fig. 3 Comparison of OC (g/Kg soil) in aggregate size [2 mm in treated soil by zeolitic materials (ZM) and plant residues

Fig. 4 Comparison of OC (g/Kg soil) in aggregate size (1–2) mm in treated soil by zeolitic materials (ZM) and plant residues

Int J Recycl Org Waste Agricult (2015) 4:11–22 17

123



because the humification of plant residues increased the

amount of OC in macroaggregates during incubation

(Koushwaha et al. 2001) in the treated soil. Also Bronick

and Lal (2005) concluded that smaller aggregates

(0.25–0.5 mm) had smaller C aggregate compared with the

larger aggregates.

Figure 7 reveals that the increased OC content of the

treated soil during incubation in the lab condition. The OC

content increased with the increasing time of incubation in

different aggregate sizes [2 mm (Fig. 7a), 1–2 mm

(Fig. 7b), 0.25–1 mm (Fig. 7c), and 0.053–0.25 mm

(Fig. 7d). Overall, Fig. 7 indicates that the increasing OC

content in the subsequent days of incubation in nanozeolite

treatments were higher than that in zeolite treatments in all

the aggregate size fractions. The amount of OC in larger

aggregate size fractions was higher than that in smaller size

fractions.

The manure which was applied for 2 years increased the

SOC mineralization with the passage of time in different

aggregate sizes (Pare et al. 2000; Aulakh et al. 2000).

Aoyama and Kumakura (2001) investigated an increase in

SOM with animal manure application, and consequently,

the formation of macroaggregates (250–1,000 lm). They

further pointed out that manure application increased the

accumulation of macroaggregate-protected C and thus

sequestrated more organic C in soils.

Organic and inorganic fertilizers have complex effects

on soil’s physical, chemical, and biological properties,

resulting in variable effects on soil aggregation (Bronick

and Lal 2005). Also those authors reported that application

Fig. 5 Comparison of OC (g/Kg soil) in aggregate size (0.25–1) mm in treated soil by zeolitic materials (ZM) and plant residues

Fig. 6 Comparison of OC (g/Kg soil) in aggregate size (0.053–0.25) mm in treated soil by zeolitic materials (ZM) and plant residues
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of organic manure directly increases SOM, leading to

improved soil aggregation and enhanced stability over

time. These trends are usually indicated by increases in

macroaggregate content and the MWDw, as well as by

decreases in bulk density (Bronick and Lal 2005; Haynes

and Naidu 1998; Sainju et al. 2003; Whalen and Chang

2002).

Huang et al. (2010) observed significantly more macro-

aggregates and higher SOM content in the bulk soil and the

[2 mm aggregate fraction for the NPK plus OM treatment

compared with the other treatments. Zhou et al. (2013)

concluded that the application of NPK plus OM increased

the size of sub-aggregates that comprised the macroaggre-

gates. Also, they observed that long-term application of

NPK plus OM improves soil aggregation and alters the

three-dimensional microstructure of macroaggregates,

while NPK alone does not. In other research studies, it was

reported that the enrichment of the SOC, either from crop

residues or from directly applied organic manure, has been

documented to improve soil aggregation (Six et al. 1998,

2004).

Chen and Shrestha (2012) observed that the SOC

increased with the passage of time (year) and caused an

increase in percentage of water-stable aggregate. Higher

C accumulation in macroaggregates could be due to the

lower decomposable SOM associated with these aggre-

gates and also the direct contribution of SOM to the

stability of macroaggregates resulting in only C-rich

macroaggregates being able to withstand slaking due to

zeolitic materials in the soil. The achieved results from

the present study are in accordance with the results of

Tripathi et al. (2014).

Fig. 7 The amount of OC (g/

Kg soil) in a aggregate size

[2 mm, b aggregate size (1–2)

mm, c aggregate size (0.25–1)

mm, and d in aggregate size

(0.053–0.25) mm, on the treated

soil with nanozeolite, zeolite,

and plant residues during

90 days of incubation
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Conclusion

Aggregation process in the soil is important, and it plays a

considerable role in improving the soil physical charac-

teristics such as hydraulic conductivity, infiltration, venti-

lation, etc. Also, the aggregation process is important in

improving the carbon sequestration in soil. This report

shows the effects of application of nanozeolite and zeolite

on MWDw as an index of aggregate stability and strength,

and OC aggregate size fractions in a soil treated with some

plant residues during the incubation period. The results

revealed that the amount of MWDw increased with the

additions of nanozeolite, zeolite, and plant residues.

The highest amount of MWDw was measured when 30 %

zeolitic materials and 5 % plant residues were added to the

soil. The results showed that nanozeolite was more effective

in increasing the OC contents in MWDw than zeolite. Also

alfalfa straw efficiently produced more OC than wheat straw

did. In other words, higher percentages of nanozeolite, zeo-

lite, and plant residues increased the amount of MWDw in

treated soils. During the incubation period, MWDw increased

from the first day until the 90th day of incubation.

The highest amounts of OC were found in compound

A and compound B treatments in all the aggregate size

fractions. However, comparison of OC contents in zeolitic

materials showed that nanozeolite plays an important role

in increasing the OC contents in different aggregate size

fractions compared with the zeolite. Also the amount of

OC in larger aggregates size fractions was higher than

that in smaller fractions. The amount of OC increased

with the increasing time of incubation in different

aggregates size fractions. Thus, the highest amount of OC

was measured in soil treated by compound A. This

compound can be more effective to improve soil carbon

sequestration. However, it must be mentioned that addi-

tional and more researches need for the assessing of the

effects of zeolitic materials, plant residues, and their

interactions on OC fractions and other characteristics of

soil under different incubation conditions.
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