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ABSTRACT 

 

Light textured soils especially; sandy loam 

ones are the most dominant in the new reclaimed 

areas in Egypt. The main production constraints of 

this type  of  soil  are  low in organic carbon,  po-

rosity,  stable aggregates, water retention capacity, 

and biological  activities. Agriculture soil should 

have not only a good structure but also a good 

structure which can persist for a long time (e.g., a 

structure of high quality and stability). Soil aggre-

gates are structural units of soil, which create 

complex pore systems controlling gas and water 

storage and fluxes in soil. Formation and stability 

of natural soil aggregates are affected by dozens 

of different factors and their individual effects are 

hardly distinguishable. Therefore, to observe more 

clear the mechanisms governing their water and 

mechanical stability, it was found necessary to  

study soil  aggregates. In that sence, some studies 

showed encouraging findings of increasing soil 

stable aggregates due to using different soil condi-

tioners. The objective of this work is to assess 

some extracellular polysaccharides biopolymers, 

i.e., Dextran, Alginate, Xanthan, Pullulan, and Cur-

dlan, which were produced in our laboratory under 

the most suitable production conditions, to test 

their effects on the physical proprerties of soil tak-

en   from Toshka region at Aswan Governorate of 

Egypt. Data showed that soil porosity and MWDwet 

values have significant differences between all 

treatments and control under un-leaching process-

es. On the Other hand, in leaching processes, 

significant differences between all treatments and 

control were observed except in some treatments 

that using lower ratios of Pullulan and Curdlan bi-

opolymers (i. e. 0.4, 0.6 and 0.8%). 

Generally, the beneficial order of enhancement 

of aggregate stability was obtained with Dextran, 

followed by Alginate, Xanthan, Pullulan, and Cur-

dlan.  

 

INTRODUCTION 

 

Varieties of exopolysaccharides (EPSs) are 

normally produced by a number of microorganisms 

such as extracellular or cell surface- attached ma-

terial in the form of amorphous slime (Sutherland, 

1998). These EPSs can be categorized as homo-

polysaccharides and heteropolysaccharides (Gar-

cia-Ochoa, et al1995; Jorris and Vandamme, 

1993). Homopolysaccharides are generally neutral 

glucans, while most of the heteropolysaccharides 

are polyanionic due to the presence of uronic acid. 

Microbial EPSs are propitious substitutes for the 

plant polysaccharides due to their unique and su-

perior physical properties 

Most bacteria are found as biofilms in soil, a 

complex aggregate of bacteria  can be attached to 

the solid surface and embedded within a matrix of 

extracellular polymeric substances (EPS). EPS 

polysaccharides hold a primary role in maintaining 

the biofilm mechanical and structural stability 

(Flemming and Wingender, 2010). Typical mo-

lecular weights of positive charged extracellular 

polymeric substances (EPS) biopolymers ranged 

between 10
3
 to 10

8
 kDa (Allison, 1998, and Suth-

erland, 2001). A number of microorganisms (bac-

teria, yeasts and fungi) can produce polysaccha-

rides, depending on their subunit composition, 

structure and molecular mass. About 20 different 

types of microbial polysaccharides of commercial 

importance have been reported hitherto (Suther-
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land, 2001). Moreover,   microbial polysaccharides 

were generally produced by the selected microbes 

under controlled fermentation conditions in stirred 

tank fermenters using complex media having high 

C: N ratio (10: 1). 

In soil, polysaccharides, as a whole, have re-

ceived much attention because of a prominent role 

in soil aggregation (Lynch, 1985). One of the high-

ly effective methods to improve soil structure is 

addition of conditioners such as synthetic and nat-

ural polymers that improve soil cohesion, porosity, 

maximum water holding capacity, and various 

beneficial soil properties. 

Soil structure has traditionally been considered 

as one of the dominant attributes of soil quality, 

which critically influences the hydraulic properties, 

such as soil   water retention curves (Bossuyt et 

al 2005; Jastrow et al 1996 and Lal, 2004).  Alt-

hough soil structure is not considered a factor di-

rectly related to crop production, it plays an im-

portant role in water and air supply to roots, root 

elongation, nutrient availability and macro fauna 

activity (Alexander et al 2016 and Patricia et al 

2016) 

Water stable aggregates are structural units 

within the soil organized as micro- (<250 mm) and 

macro-aggregates (>250 mm) (Six et al 2004). 

The structure and stability of aggregates is crucial 

for water infiltration and movement, gas exchange 

(i.e. soil aeration), soil erosion, biological activity 

and rooting influencing the growth of crops (Hillel, 

1998; Amézketa, 1999; Bronick and Lal, 2005 

and LI and FAN, 2014). 

The structure is often measured by the stability 

of soil aggregates (Six et al 2000a; Bronick and 

Lal, 2005). Mean weight diameter (MWD) is a fre-

quently applied parameter for aggregate stability 

quantification. Comparison of two MWD values 

related to the aggregate state before and after the 

applied test gave an estimation of the aggregate 

stability (Cosentino et al 2006, Castro Filho et al 

2002, and Moncada et al 2013). High and sus-

tainable soil aggregate stability is thus an im-

portant characteristic for soil physical quality (e.g. 

soil hydraulic and transport properties) preserving 

soil productivity and restraining soil erosion and 

degradation (Amézketa, 1999; Kodesova et al 

2008; Castro Filho et al 2002 and Shrestha et al 

2007). This has led to increased demands for the 

development of water-soluble polymeric soil condi-

tioners, for example, Dextran and xanthan,which 

are commercially produced, and alginate, another 

potentially applicable exopolysaccharide as well as 

Curdlan.  

The objective of this study is to find out the ef-

fect of   extracellular polysaccharides produced by 

different microorganism differ in their chemical 

structure on the formation and stability of soil ag-

gregates. 

 

MATERIALS AND METHODS 

 

To investigate the effect of produced extracellu-

lar polysaccharides on enhancing soil physical 

quality, e.g, the soil porosity and aggregates stabil-

ity, surface comprehensive soil samples were col-

lected from Toshka region at Aswan Governorate 

of Egypt to represent poor structural soils.  

Forty hundred grams of soil were mixed indi-

vidually with one of tested microbial polymers, us-

ing eight ratios of each polymer, i.e., 0.4, 0.6, 0.8, 

1, 1.5, 2, 3, and 5, forty treatments were applied 

with six replicates. Fresh water was added to all 

treatments until one a week,   the water level was 

kept at field capacity of soil during this period by 

adding water back when lost 50% of water field 

capacity.  After that, perforated plastic cans were 

divided into two groups. While the first group (120 

cans) was subjected to same technique for three 

months. While the second group (120 cans) was 

subjected to excessive amount of water (i.e. leach-

ing water) for three months.   

The soil water-stable aggregates, really and 

bulk density, and porosity (ƒ%) were determined 

before and after experiments. 

 

Extracellular biopolymeric Substances    
 

In this study, a range of extracellular polysac-

charides, which naturally produced by the soil mi-

crobes, were used; pullulan from Aureobasidium 

pullulans.; curdlan from Rhizobium spp.; alginate 

from Azotobacter spp; xanthan, from Xanthomonas 

spp.; and dextran from Leuconostoc spp.  These 

polysaccharides were produced in our laboratory 

under the most suitable production conditions. 

 

Soil sampling and characteristics 

 

Samples were gently crushed and sieved to <2 

mm. Physical, hydro-physical and chemical proper-

ties of soil samples were determined according to 

the standard methods described by Page (1982) 

and Klute (1986a), and are described in Table (1). 

 

Experimental technique  

 

To study the effect of different kinds and ratios 

of microbial polymers on the porosity and the 
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stablilty of soil aggregates, incubation experiments 

were performed under open field conditions using 

perforated plastic cans, with inner diameter of 15 

cm and height of 15 cm, with filter paper at the bot-

tom to prevent the soil from falling out of the col-

umn (Jalali and Merrikhpour, 2008). 

Subtract between field capacity (θFC), which 

equaled 0.17 and residual water (θr) when Δ θ/ Δ h 

= 0, which equaled 0.04 gave the difference of 

0.13 which refered to the effective pores for trans-

mit and holding water per unit volume (cm
3
) after 

discharge water of soil (Saad El-Dein, 2013). This 

subtract represent the percentage of fresh water 

which is used for all treatments up to one week,   

the water level was kept at field capacity of soil 

during the whole by adding water when soil lose 

50% of water field capacity.  After that, perforated 

plastic cans were divided into two groups. The first 

group (120 cans) was subjected to  the same tech-

niqe for three months. The second group (120 

cans was subjected also to   the excessive amount 

of water ( e.g. leaching water) for three months.  

The quantity of leaching water was 3× V× (θFC - 

θr), where V is the soil volume in the  plastic cans.  

Leaching processes technique was done to in-

vestigate the stability of different kinds and ratios of 

biopolymers on the soil by noticing the decrease in 

MWDwet values. 

 

Soil analyses after experiments 

 

At the end of the experimenters, soil samples 

were collected from perforated plastic cans. Particle 

and bulk density, porosity, aggregate size fractiona-

tion and stability testing of soil were determind 

(Mashhour, et al 2009). 

 

Aggregate size fractionation and stability test-

ing 

 

The soil aggregates distribution of bulk soil was 

obtained by wet sieving (Haynes and Swift, 1990; 

Denef et al 2001; Klute, 1986b and Yoder, 1936). 

This study was focused on macro-aggregates; that 

are particularly affected by agricultural use (Six et 

al 2000b. Four macro-aggregate fractions were 

studied after wet-sieving of the soils using 0.25, 1, 

2, 5 and 10mm mesh sieves. Micro-aggregate frac-

tions were studied after wet-sieving the soils using 

less the 0.25 mm mesh sieves.   

The percentage of water-stable aggregate 

(WSA) was calculated as shown in Eq. 1 as fol-

lows: 

 

𝐖𝐒𝐀 = 𝟏𝟎𝟎 ∗ ∑ 𝐌𝐢𝐧
𝐢=𝐧       ………….……..    (1) 

 

The aggregate mean weight diameter (MWD) 

was calculated as shown in Eq. 2 as follows: 

 

𝐌𝐖𝐃 = ∑ 𝐗𝐢𝐌𝐢𝐧
𝐢=𝐧      ……………….   (2) 

 

Where: MWD is the mean-weight diameter of the 

WSA (mm), Xi is the mean diameter of each 

size fraction (mm), Mi is the proportion of 

the total WSA in the corresponding size 

fraction, n is the number of size fractions, 

and i = 1, 2, . . . , 5% (Manuel et al 2016; 

Xiaolei, et al 2016 and Jinsong, et al 

2017)  

 

Statistical analysis 

 

The effect of different kinds and ratios of bio-

polymers on the porosity and the formation and 

stability of aggregates of soil were assessed by 

one-way ANOVA and the Tukey's multiple range 

tests at a level of significance of P < 0.05 using 

Costat program (version 6.400) (Parihar, et al 

2016  and Xiao, et al 2017). 

 

RESULTS AND DISCUSSIONS 

 

Characteristic of soil sample 

 

Table (1) shows some physical and chemical 

properties of the studied soil sample. The obtained 

data indicated that the soil sample has sandy loam 

texture, high value of bulk density which equals 

1.82 g/ cm
3
, low value of total porosity which 

equals 30.89%, particle density of 2.63 g/ cm
3
. The 

percentage of organic matter and calcium car-

bonate content were very low. The soluble salts 

content was also low (less than 4.0 dS/ m at 25
o
C). 

Therefore, the soil sample is classified as non-

saline according to Richards, (1954). 

 

Soil porosity as affected by biopolymers 

 

The soil porosity (ƒ%) represents an index of 

the relative pore space.  Traditionally ƒ% is deter-

mined from the relationship between the soil bulk 

density (ρb) and particle density (ρs), (Barros  et al 

2016).  

Data of the soil particle and bulk density, and 

porosity with and without leaching processes are 

shown in Table (2). Data indicated that by in-

creasing in the used biopolymers ratio soil 

particle and bulk density were decreased.  
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Table 1. Some physical and chemical properties of the studied soil sample   

 

PH 
(peste) 

** Ece 
(dS/m) 

 
OM 
% 

ƒ % 
ρb  

g/cm
3
 

ρs 
g/cm

3
 

Texture 
class 

* Particle size distribution % 

CaCO3% 
Coarse 
Sand 

Fine 
Sand 

Silt Clay 

7.97 0.36 2.42 0.09 30.89 1.82 2.63 
Sandy 
Loam 

45.26 34.72 2.17 17.85 

Each value is the mean of three replicates.  ρs is the Particle density.     
ρb is the Bulk density.    ƒ % is the percentage of porosity. 
* According to ISSS classification.    ** Electrical conductivity at 25

0
C in soil paste extract. 

    
Table 2.  Effect of adding different rations of biopolymers on soil porosity before and after leaching pro-

cesses. 
 

Tret. % 
without leaching with leaching 

ρs g/cm3 ρb  g/cm3 ƒ % ρs g/cm3 ρb  g/cm3 ƒ % 

Control 0.0 2.57 1.82 29.3  a 2.58 1.89 26.6  a 

D
e

x
tr

a
n

 

0.4 2.62 1.80 31.2  g 2.66 1.88 29.3  e 

0.6 2.62 1.80 31.2  g 2.63 1.86 29.3  e 

0.8 2.61 1.79 31.2  g 2.57 1.82 29.3  e 

1.0 2.59 1.78 31.2  g 2.51 1.78 29.3  e 

1.5 2.59 1.77 31.8  i 2.44 1.72 29.3  e 

2.0 2.62 1.77 32.3  i 2.47 1.70 31.2  g 

3.0 2.70 1.76 34.9  j 2.40 1.65 31.2  g 

5.0 2.71 1.76 34.9  j 2.37 1.63 31.2  g 

A
lg

in
a

te
 

0.4 2.61 1.80 30.9  f 2.66 1.90 28.6  d 

0.6 2.60 1.80 30.9  f 2.63 1.87 28.6  d 

0.8 2.59 1.79 30.9  f 2.56 1.83 28.6  d 

1.0 2.59 1.78 31.3  g 2.50 1.79 28.7de 

1.5 2.57 1.76 31.4gh 2.46 1.75 29.1  e 

2.0 2.58 1.77 31.4gh 2.43 1.72 29.1  e 

3.0 2.57 1.75 31.8  i 2.43 1.69 30.5  f 

5.0 2.57 1.76 31.8  i 2.39 1.66 30.5  f 

X
a

n
th

a
n

 

0.4 2.59 1.80 30.4 b 2.59 1.90 26.6  a 

0.6 2.59 1.81 30.4 b 2.65 1.89 28.6  d 

0.8 2.63 1.81 30.9  f 2.63 1.88 28.6  d 

1.0 2.63 1.81 30.9  f 2.59 1.85 28.6  d 

1.5 2.63 1.80 31.4gh 2.57 1.82 29.1de 

2.0 2.63 1.80 31.4gh 2.51 1.78 29.1de 

3.0 2.63 1.80 31.6  h 2.53 1.77 30.2  e 

5.0 2.63 1.80 31.6  h 2.50 1.75 30.2  e 

P
u

ll
u

la
n

 

0.4 2.59 1.80 30.4  b 2.59 1.90 26.6  a 

0.6 2.59 1.80 30.4  b 2.58 1.90 26.6  a 

0.8 2.59 1.80 30.4  b 2.58 1.89 26.6  a 

1.0 2.59 1.80 30.7  d 2.58 1.88 27.2  b 

1.5 2.59 1.80 30.7  d 2.54 1.85 27.2  b 

2.0 2.57 1.78 30.7  d 2.49 1.81 27.2  b 

3.0 2.59 1.78 31.2  g 2.54 1.80 29.1bc 

5.0 2.59 1.78 31.2  g 2.51 1.78 29.1bc 

C
u

rd
la

n
 

0.4 2.59 1.80 30.4  b 2.59 1.90 26.6  a 

0.6 2.59 1.80 30.4  b 2.58 1.90 26.6  a 

0.8 2.59 1.81 30.4  b 2.58 1.89 26.6  a 

1.0 2.60 1.80 30.7  d 2.59 1.88 27.2  b 

1.5 2.59 1.80 30.7  d 2.56 1.86 27.2  b 

2.0 2.59 1.80 30.7  d 2.54 1.85 27.2  b 

3.0 2.59 1.79 30.8de 2.54 1.83 27.9  c 

5.0 2.58 1.79 30.8de 2.53 1.82 27.9  c 

Each value is the mean of three replicates. 
Means having the same letter in each separate column are not significantly different at the 5 % level according to LSD-
test. 
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These led to increase soil porosity. The soil po-

rosity data showed significant differences between 

all treatments and control with un-leaching pro-

cesses experiments, since treatments designated 

by the same letter are not significant at the 5% 

level according to LSD-test. The beneficial order of 

enhancement of aggregate stability was Dextran, 

Alginate, Xanthan, Pullulan, and Curdlan, respec-

tively.  On the Other hand, in leaching processes 

experiments, there were significant differences 

between all treatments and control except with 

those treatments using lower ratios of Pullulan and 

Curdlan biopolymers, (i .e. 0.4, 0.6 and 0.8%). 

Stability and size distribution of soil aggre-

gates 
 

Data of the aggregate size distribution without 

leaching processes are shown in Tables 3 and 

their MWDwet are shown in Figure 1. Mean weight 

diameter (MWD) is a frequently applied pa-

rameter for aggregate stability quantifica-tion. 

Comparison between the aggregates state be-

fore and after the applied test can give an esti-

mation of the aggregate stability (Moncada et 

al 2013). Therefore, data indicated by in-

creasing biopolymer ratio soil aggregates 

stability increased.   
 

 
Table 3. Distribution and stability of aggregates as affected by different treatments without leaching pro-

cesses 
 

Aggregates diameters (mm) 

Tret. polymer No 5-10  2-5  1-2  0.25-1 <0.25 

Distribution of aggregate fractions (%) 

0.20  1.36  12.50  34.46  51.48  0 Cont. 1 
1.37  2.36  15.22  36.98  44.07  0.4 

D
e
x
tr

a
n

 

2 
1.20  2.65  16.23  37.69  42.23  0.6 3 
1.65  3.30  15.00  32.25  47.80  0.8 4 
1.29  3.78  14.23  33.23  47.47  1 5 
2.59  4.23  15.26  34.56  43.36  1.5 6 
4.00  4.69  16.16  37.69  37.46  2 7 
4.42  4.56  18.92  33.56  38.54  3 8 
4.44  4.68  19.92  29.26  41.70  5 9 

0.30  1.23  15.69  38.39  44.39  0.4 

A
lg

in
a

te
 

10 
0.43  1.29  17.65  43.33  37.30  0.6 11 
1.02  1.89  17.66  29.52  49.91  0.8 12 
1.04  1.90  18.22  35.60  43.24  1 13 
2.09  3.90  13.27  25.60  55.14  1.5 14 
2.10  3.89  13.31  25.20  55.50  2 15 
3.26  4.09  14.25  26.33  52.07  3 16 
3.33  4.10  14.36  25.40  52.81  5 17 

0.23  0.58  15.50  32.33  51.36  0.4 

X
a
n

th
a

n
 

18 
0.42  1.02  14.26  30.33  53.97  0.6 19 
1.52  1.58  16.99  23.39  56.52  0.8 20 
1.52  1.60  16.66  23.33  56.89  1 21 
1.60  1.53  16.59  24.44  55.84  1.5 22 
1.89  2.03  15.22  23.33  57.53  2 23 
2.05  2.22  15.20  26.66  53.87  3 24 
2.10  2.33  14.23  27.10  54.24  5 25 

0.24  0.59  16.21  30.23  52.73  0.4 

P
u

ll
u

la
n

 

26 
0.33  0.62  15.23  33.33  50.49  0.6 27 
0.35  0.67  15.11  33.66  50.21  0.8 28 
0.45  0.78  15.23  33.26  50.28  1 29 
0.78  0.91  14.23  34.27  49.81  1.5 30 
1.02  1.11  13.59  37.59  46.69  2 31 
1.45  1.26  14.59  33.02  49.68  3 32 
1.88  1.45  11.59  34.56  50.52  5 33 

0.25  0.61  16.05  30.22  52.87  0.4 

C
u

rd
la

n
 

34 
0.34  0.65  15.28  32.36  51.37  0.6 35 
0.35  0.65  15.29  32.33  51.38  0.8 36 
0.36  0.67  15.11  33.74  50.12  1 37 
0.37  0.78  15.33  35.66  47.86  1.5 38 
0.38  0.88  16.23  36.66  45.85  2 39 
0.48  1.01  15.66  33.34  49.51  3 40 
0.51  1.10  16.69  32.33  49.37  5 41 

Each value is the mean of three replicates. 
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Fig. 1. Mean Weight Diameter (MWD) of soil aggregates stability without  leaching processes as affected 

by biopolymers . 
 
 
 
 
 

 
 

The MWDwet showed significant differences be-

tween all treatments and control, which means that 

designated treatments by the same letter are not 

significant at the 5% level according to LSD-test. 

The beneficial order of enhancement of aggregate 

stability was Dextran, Alginate, Xanthan, Pullulan, 

and Curdlan, respectively.  These results may be 

attributed to the effect of organic matter content of 

microbial biomass and microbial byproducts includ-

ing cell wall residues and extracellular polysaccha-

rides (Mashhour, et al, 2009). In addition, data of 

the aggregate size distribution with leaching pro-

cesses are shown in Tables 4 and their MWD wet 

are shown in Figure 2. Data indicated that the 

significant differences between all treatments and 

control were obtined except with some treatments 

using the lowest ratios of Pullulan and Curdlan 

biopolymers (i. e. 0.4, 0.6 and 0.8%). 

 

 

Stability of biopolymers 

  

The aim of leaching processes experiments to 

detect the polymers stability against water, in other 

words, determinate losing of polymer with adding 

excessive water more than field capacity which has 

impact on stability of new formatted aggregates.  

Detection of losing was conducted by the decreas-

ing in both MWDwet and soil aggregates. 

The results of ANOVA for data are shown in 

Table 2. and Figure 2. and indicated that leaching 

processes had significant differences between all 

treatments and control except with some treat-

ments that using the lowest ratios of Pullulan and 

Curdlan biopolymer (i. e. 0.4, 0.6 and 0.8%) and 

slight decrease in the rest treatments except dex-

tran treatments. 

 

 

 

u 
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CONCLUSION 

  

Use of some biopolymers can raise soil quality 

by enhancing soil physical properties (i. e. the soil 

porosity and aggregates). The beneficial order of 

enhancement of soil quality was Dextran, Alginate, 

Xanthan, Pullulan, and Curdlan, respectively with-

out continuous leaching processes but with contin-

uous leaching it is not recommended to was the 

low percentage of Pullulan, and Curdlan. 

 
 

Table 4. Distribution and stability of aggregates as affected by different biopolymers with leaching pro-

cesses 
 

Aggregates diameters (mm) 

Tret. polymer No 

5-10 2-5 1-2 0.25-1 <0.25 

Distribution of aggregate fractions (%) 

0.20 1.22 12.22 33.23 53.13 0 

c o n t r o l 

1 

1.36 1.23 11.22 33.33 52.86 0.4 

D
e
x

tr
a

n
 

2 

1.38 1.23 12.01 30.30 55.08 0.6 3 

1.52 1.45 13.40 36.66 46.97 0.8 4 

1.55 1.54 13.89 35.23 47.79 1 5 

2.03 1.89 12.12 37.89 46.07 1.5 6 

2.10 1.91 12.21 36.60 47.18 2 7 

3.33 3.80 15.55 38.89 38.43 3 8 

1.78 2.15 30.21 25.48 40.38 5 9 

0.33 1.20 12.36 35.55 50.56 0.4 

A
lg

in
a

te
 

10 

0.48 1.56 12.30 33.17 52.49 0.6 11 

0.58 1.52 12.23 31.64 54.03 0.8 12 

0.78 2.02 12.25 34.42 50.53 1 13 

1.01 2.20 13.10 31.23 52.46 1.5 14 

1.23 2.33 12.58 30.33 53.53 2 15 

1.48 3.02 13.22 30.00 52.28 3 16 

2.25 3.33 12.59 23.66 58.17 5 17 

0.23 1.32 12.22 33.23 53.00 0.4 

X
a

n
th

a
n

 

18 

0.28 1.50 12.11 33.33 52.78 0.6 19 

0.45 1.68 12.26 32.30 53.31 0.8 20 

0.89 2.03 11.11 35.36 50.61 1 21 

1.02 2.00 11.12 34.00 51.86 1.5 22 

1.23 2.22 11.36 37.60 47.59 2 23 

1.44 2.21 11.50 37.00 47.85 3 24 

1.46 2.33 11.65 35.66 48.90 5 25 

0.28 0.65 14.23 33.33 51.51 0.4 

P
u

ll
u

la
n

 

26 

0.30 0.70 14.02 33.33 51.65 0.6 27 

0.34 0.68 14.02 32.30 52.66 0.8 28 

0.35 0.80 13.80 32.20 52.85 1 29 

0.59 0.65 14.50 35.02 49.24 1.5 30 

0.61 1.63 12.23 34.25 51.28 2 31 

0.85 1.77 12.13 37.36 47.89 3 32 

0.85 1.78 12.46 37.40 47.52 5 33 

0.29 0.56 12.23 38.00 48.92 0.4 

C
u

rd
la

n
 

34 

0.32 0.60 12.30 38.69 48.09 0.6 35 

0.43 0.69 12.30 37.25 49.33 0.8 36 

0.32 0.78 12.45 37.20 49.25 1 37 

0.42 0.60 12.36 38.60 48.02 1.5 38 

0.54 0.71 12.60 38.60 47.55 2 39 

0.69 1.01 13.33 31.64 53.33 3 40 

0.78 1.10 14.20 29.26 54.66 5 41 
 

Each value is the mean of three replicates. 
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Fig. 2. Mean Weight Diameter (MWD) of soil aggregates with leaching  processes as affected by biopoly-

mers.  
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