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ABSTRACT 

 
This research is trying to identify the contribution of some different organic and 

inorganic materials besides alternating wetting and drying process in soil aggregates 
formation and stability. A laboratory incubation experiment was conducted to achieve 
this purpose, sandy soil was chosen for this study. The incubation treatments included 
inorganic materials; calcium sulfates and ferrous sulfates and some organic materials; 
humic acid and plant residues. These materials were added only and with 10 % clay, 
also, the treatments conducted to drying/wetting cycles and without. The findings of 
this experiment showed that the soil aggregates formation and stability depended 
largely on the interaction between organic materials and clay content under 
drying/wetting cycle's effect. The higher contribution percentage was 9.2 % for humic 
acid plus 10 % clay after drying/wetting cycle's treatment compared with the control. 

Keywords:soil aggregates formation, stable aggregates, dry/wet cycles.  

 
INTRODUCTION 

 
A soil aggregate has been defined as “a naturally occurring cluster or 

group of soil particles in which the forces holding the particles together are 
much stronger than the forces between adjacent aggregates”, (Soil Science 
Society of America 1997).The soil aggregation affects the most properties of 
soil, such as pore size distribution and subsequently, air and water 
movement, organic matter decomposition and plant growth. Tisdall and 
Oades (1982) reported that the water-stability of micro-aggregates depends 
on the persistent organic binding agents and appears to be a characteristic of 
the soil, independent of management. Bartoli et al. (1992) found that both 
cementation and aggregate water-stability were increased with increase in 
adsorbed iron. Rechcigl (1995) found that organic materials promote 
aggregation stability by gluing particles together within aggregates as well as 
by coating aggregate surface. As the soil dries, the gel-like glues undergo 
practically irreversible dehydration, becoming more stable cementing agent 
that bind clay flocs to one another as well as the silt and sand grains. Puget 
et al. (1995) concluded that young organic matter was responsible for macro-
aggregate stability. Miller et al. (1998) found that the stable aggregates 
percentage in the polyacrylamide treatments ranged from 52 to 97%, vs. 20-
32% in the control. These treatments significantly increased the percentage 
of >4 mm sized aggregates compared with the untreated aggregates. 
polyacrylamide was more effective at stabilization in the light to medium 
textured soils than in the clayey. Bartoli and Dousset (2011) showed that the 
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increase in soil organic matter content had beneficial effects on water stable 
aggregates, particularly for the partially hydrophobic clover and fescue top 
soils (water stable aggregates of 22.3–44.5%) against the hydrophilic 
reference and cereal straw top soils (water stable aggregates of 8.2–12.7%). 
Zhu et al. (2014) reported that the influence of hematite and natural organic 
matter was demonstrated by aggregation kinetics and critical coagulation 
concentrations.  

 Alternating wetting and drying process causes differential expansion 
and shrinkage, may enhance aggregation in some cases while contributing to 
aggregate breakdown in others. A particularly destructive condition may 
result when thoroughly desiccated aggregates are suddenly submerged in 
water. Wagner et al. (2007) showed that the incorporation of wetting/drying 
cycles, barley straw and clay content enhance macro-aggregation and 
development of water-stable aggregates in poorly structured soils. They 
interpreted the effect of drying/wetting cycles on aggregation as follows; the 
water drawn into each aggregate over its entire periphery may trap and 
compress the air originally present in the dry aggregate. As the cohesive 
strength of the outer part of the cold is reduced by swelling, and as the 
pressure of the entrapped air builds up in proportion to its compression, the 
latter may eventually exceed the former and the cold may actually explode. 
More typically, however, a series of small explosions, each marked by the 
escape of a bubble of air, shatters the cold into fragments. This destructive 
process is known as air slaking.This research is an attempt to support the 
formationandstability of soil aggregates in the sandy soils, which so many 
benefits for the productivity of these soils, by the addition of some organic  
and inorganic materials, either with or without adding clay and also under the 
influence of drying/ wetting cycles. 
 

MATERIALS AND METHODS 
 

A laboratory experiment was conducted to evaluate the contribution of 
organic and inorganic materials with drying/wetting cycles on soil aggregates 
formation and stability. The used organic materials were humic acid (25 mg 
g

−
 
1
of soil) and plant residues (5 %). The used inorganic materials were 

calcium sulfate (25 mg g
−
 
1
of soil) and ferrous sulfate (25 mg g

−
 
1
of soil). 

Alternating drying and wetting cycles was for six cycles were allowed to dry 
for the same time of wet (dry/wet cycle ranged between 14 and 15 day). One 
kilogram of sandy soil (routine analyses for it are presented in Table 1 
according to Klute, 1986 and Page et al., 1982) was putted in PVC pot, and 
then added the different materials as follow: 
1- Calcium sulfates (CS), 
2- Calcium sulfates plus 10 % clay (CSC), 
3-Calcium sulfates plus 10 % clay with dry/wet cycles (CSC dry/wet),  
4- Ferrous sulfates (FS), 
5- Ferrous sulfates plus 10 % clay (FSC), 
6-Ferrous sulfates plus 10 % clay with dry/wet cycles (FSC dry/wet), 
7- Humic acid (HA), 
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8- Humic acid plus 10 % clay (HAC), 
9- Humic acid plus 10 % clay with dry/wet cycles (HAC dry/wet), 10- Plant 
residues (PR), 
11- Plant residues plus 10 % clay (PRC) and 
12- Plant residues plus 10 % clay with dry/wet cycles (PRC dry/wet). 

The all materials were loosely mixed into the soil. The all treatments 
without drying/wetting cycles were irrigated at field capacity for the long of 
experiment. The pots were subjected for drying/wetting cycles allowed to dry 
for the same time of wet (drying/wetting cycle was 16 day). The treatments 
were conducted in three replicates. At the end of experiment (after 3 months), 
soil samples were taken for aggregate size distribution by dry sieving to 
calculate the mean weight diameter (MWD) according to Six et al. (2002) as 
follows:  MWD = ∑ Xi Wi, I = 1 where X = mean diameter of the considered 
fraction mm, W = weight of the dry sieving fraction g. 
 
Table 1. Analytical data of the investigated soil 

Coarse 
sand 

Fine 
sand 

% 

Silt 
% 

Clay 
% 

Texture 
class 

 

Bulk 
density 
Mg m

-1
 

Real 
density 
Mg m

-1
 

Porosity 
% 

EC 
dSm

-1 pH 
Hydraulic 

conductivity 
cm hour

-1
 

MWD 

43 46 8 3 sandy 2.69 1.5 44.23 0.5 7.4 23.5 0.545 

 

RESULTS AND DISCUSSION 
 

1. The effect of adding materials. 
Data of the aggregate size distribution and their mean weight diameter 

(MWD) in Tables 2 and 3 generally, show that the all treatments increased 
the macro-aggregates and MWD as a result of organic and inorganic 
materials, clay and the effect of alternating drying and wetting cycles. For the 
contribution on different materials, compared to the control, aggregation was 
increased in all treatments. The improvement in aggregation, as indicated by 
large increase in MWD, was most pronounced for humic acid treatment 
whereas the contribution percentage was 3.7 % compared with the control.        

The beneficial order of enhancement of aggregates formation and 
stability was as follows: humic acid (3.7 %) > plant residues (2.4 %) > calcium 
sulfate (1.3 %) > ferrous sulfate (1.1 %). The effect of the added materials is 
presented in Fig. 1.  This may be attributed to the effect of cementing action 
of these materials on particles, especially, active humus. Also, when internal 
surface of humic acid treated aggregates were exposed, the percentage of 
stable aggregates exceeded the amount expected if the humic was only 
adsorbed onto external surfaces. This suggested that humic acid had 
penetrated into aggregates interiors, thereby stabilizing both external and 
internal aggregates surface. This in agreement with those of Xiao et al. 
(2008) who found that polysaccharides play a major role in stable soil 
aggregates formation. 
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                          Figure 1.the contribution % of added materials. 
 
2- The effect of adding materials with clay. 

Concerning the interaction of varying materials and clay content, the 
results of tables 2 and 3 and Fig 2. show that more obtained after treatments 
plus 10 % clay compared with the previous treatments. The beneficial order 
of treatments followed by humic acid + clay (4.8 %) > plant residues + clay 
and calcium sulfate + clay (4 %) > ferrous sulfate + clay (3.6 %). This may be 
attributed to the effect of clay in coagulation increasing of particles. This in 
agreement with those of Bartoli and Dousset (2011) and Wagner et al. (2007) 
who found that the aggregation enhances in clay soils with large straw 
amendment rates.  

 
Table 2. Aggregate size distribution as affected by  different  treatments. 

Treatments Aggregate size distribution 

8-2 2-1 1-0.5 0.5-
0.25 

0.25-0.1 0.1-0.08 0.08-
0.00 

mm mm mm Mm mm mm mm 

control 2.1 9.15 19.75 28.5 19.75 10.75 10.0 

CS 2.2 9.25 19.8 28.3 20.55 10.7 9.2 

CSC 2.25 10.0 20.25 27.9 20.15 10.3 9.15 

CSC dry/wet 2.45 10.0 20.2 27.85 20.45 10.05 9.0 

FS 2.15 9.35 19.8 28.4 20.4 10.5 9.4 

FSC 2.4 9.45 19.85 28.35 20.45 10.3 9.2 

FSC dry/wet 2.5 9.8 20.1 27.95 20.2 10.25 9.2 

HA 2.4 9.4 19.9 28.35 20.25 10.4 9.3 

HAC 2.45 9.65 19.95 28.3 20.0 10.4 9.25 

HAC dry/wet 2.7 10.2 20.75 27.65 20.1 9.45 9.15 

PR 2.3 9.35 19.85 27.9 20.8 10.7 9.1 

PRC 2.45 9.45 19.85 28.35 20.35 10.2 9.35 

PRC dry/wet 2.65 10.25 20.7 27.95 19.2 10.0 9.25 
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Table 3. Mean weight diameter (MWD) and contribution percentage of 
treatments compared with the control 

treatments MWD Contribution percentage of 
treatments compared with 

the control 
% 

control 0.545 0.00 

CS 0.552 1.3 

CSC 0.567 4.0 

CSC dry/wet 0.576 5.7 

FS 0.551 1.1 

FSC 0.565 3.7 

FSC dry/wet 0.575 5.5 

HA 0.565 3.7 

HAC 0.571 4.8 

HAC dry/wet 0.595 9.2 

PR 0.558 2.4 

PRC 0.567 4.0 

PRC dry/wet 0.592 8.6 

 

 
 
          

  
Figure 2. the contribution percentage of added materials plus clay. 

 
3- The effect of adding materials with clay under dry/wet cycles. 

Relative to the results after wet/dry cycles, generally, the MWD values 
were increased in all treatments compared with the control. In this concern, 
the best treatment was after humic acid plus 10 % clay with wet/dry cycles 
whereas the contribution percentage was 9.2 % compared with the control, 
followed by PRC dry/wet treatment whereas the contribution percentage was 
8.6 %. (Table3 and Fig. 3). This may be attributed to the wetting which 
causes changes due to expansion of the electrical double layer, differential 
swelling, air entrapment and compression and heat wetting. Also, on drying, 
soil particles and aggregates re-orientate due to the effective stress of 
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increasing soil water suction with the dispersed materials placed between 
coarser particles (Kay, 1990). This is more pronounced with clay content and 
humic acid, whereas the drying of soil increase bonding between soil organic 
matter and clay as water is consumed, thereby bringing soil organic matter 
into closer contact with the clay.  
 

 
 

       
  
Figure 3. the contribution percentage of added materials with clay under 

the effect of dry/wet cycles. 
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مساهمة بعض المواد العضوية والغير عضوية ودورات الجفاف واالبتالل على 
 تكوين وثبات التجمعات األرضية

 على محمد عبد الوهاب مشهور
 جامعة األزهر. –كلية الزراعة  –قسم األراضى والمياه 

 

الهدف من هذا البحث هو امكانية معرفة مساهمة بعض المواد العضوية والغير عضوية 
ودورات الجفاف واالبتالل على تكوين وثبات التجمعات األرضية فى األراضى الرملية. ولدراسة 

 52.0المركبات العضوية )وهى حمض الهيوميك بمعدل هذا الهدف تم اجراء تجربة تحضين لبعض 
%( والمركبات الغير عضوية )وهى كبريتات الكالسيوم  0ملليجرام/ جم تربة والبقايا النباتية بمعدل 

ملليجرام/ جم تربة( وذلك بخلط تلك المواد بطريقة متماثلة مع  52.0وكبريتات الحديدوز بمعدل 
% من الطين وأيضاً تم تقسيم األصص إلى  05منفردة ومع  التربة وقد تمت اضافة تلك المواد

مجموعتين؛ األولى بدون دورات الجفاف واالبتالل )تم ترطيبها إلى السعة الحقلية باستمرار( والثانية 
يوم )تترك التربة تجف لمدة  01تم وضعها تحت دورات الجفاف واالبتالل حيث تستمر الدورة لمدة 

 تالل( وقد أخذت العينات لدراسة التجمعات بعد ست دورات.يوم كما الحال فى االب 8
وقد أضحت النتائج أن عملية تكوين وثبات التجمعات األرضية تعتمد بصورة أساسية على 
وجود الطين والمادة العضوية وقد أدت عملية تعاقب دورات الجفاف واالبتالل إلى زيادة تكوين 

نكما  نتيجة للرطوبة األرضية. وكانت أفضل المعامالت التجمعات وثباتها وذلك لتأثير التمدد واال
% طين مع دورات الجفاف واالبتالل حيث أعطى أفضل نسب  05هى معاملة حامض الهيوميك + 

 % مقارنة بالكنترول. .22مساهمة وهى 


