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Abstract 

Crust formation on soils around Isfahan reduces infiltration and seedling emergence in cultivated lands. Mechanism 
of crust formation on local soils was investigated under field condition. Soil and crust samples from a field under 
furrow irrigation were taken for physical, chemical and micromorphological analysis. Seedling emergence of sugar 
beets (Beta vulgaris) reduced by 50% due to crust forming after the first irrigation. Rise of water table, increase 
of exchangeable sodium percentage to 6.4, and higher silt content resulted in higher susceptibility of soil to crust 
formation. Crust forming inside furrows was thicker and usually consisted of 3 layers as compared to a thinner crust 
formed on beds with only 2 layers. Layers found in crusts of Lavark soil generally had less sand and more silt and 
fine clay compared to the overall Ap horizon. Silt and fine clay in the middle M2 layer of crust forming on furrows 
were increased from 51.6 and 5.6 to 59.8 and 21.1 percent respectively. Percolation of finer particles through and 
inside the pores created layers that were denser and less porous. Chemical dispersion of particles together with 
physical deterioration of surface structure by long period of mechanized agriculture in the area are probably the 
main reasons for crust formation. 

Introduction 

Crust formation is a major problem on many soils of 
cultivated land in arid and semi-arid parts of central 
Iran. Surface crusts are usually thin (<2 mm to 3 mm) 
and have greater density, finer pores, and lower satu- 
rated hydraulic conductivity than the underlying soils 
(Shainberg and Singer, 1985). 

Arshad and Mermut (1988) reported three kinds 
of crusts: i) disruptional crust, formed due to break- 
down of soil aggregates under rain-drops in silty soils; 
ii) sedimentational crust, formed on soil from surface 
runoff; iii) laminar crust, forming in clayey soils with 
high exchangeable Na and Mg. Shainberge and Singer 
(1985) recognized two kinds of depositional crusts: 
one made of flocculated particles and much faster per- 
meability, and the second made of dispersed clay and 
silt particles. The former formed in a soil with low 
exchangeable sodium percentage (ESP < 5) and the 
latter formed in a soil with higher ESP and lower elec- 
trical conductivity (EC < 0.3 dS m-l) .  Agassi et al. 

* FAX No: + 318912254 

(1981) reported chemical dispersion reduces sharply 
in soils with low ESP (~5) when electrolyte concen- 
tration increases to 5 meq L -1 . 

The micromorphology of soil crusts has been stud- 
ied with the aid of optical techniques (Arshad and Mer- 
mut, 1988; Evans and Buol, 1968; Le Souder et al., 
1990). Scanning electron microscopy (SEM) has also 
been used to examine undisturbed soil crust sections 
(Chen et al., 1980; Moore and Singer, 1990; Onofiok 
and Singer, 1984). Soil micromorphology together 
with the aid of physical and chemical analysis of soil 
crust can be used to better understand the mechanism 
of crust formation. The objective of this study was to 
examine factors influencing crust formation on a soil 
in field condition araund Isfahan. 

Materials and methods 

The study area is located in central Iran within Isfa- 
han Province (Fig. 1). Lavark soil (fine-loamy, mixed, 
thermic Typic Haplargids) was chosen for this study 
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Table 1. Physical and morphological properties of Lavark soil 

Horizon Depth Texture Sand Silt Clay 

(cm) (%) 

Bulk 

Density 
(Mg m -3)  

Structure a Pores a 

Ap 0-20 sil 28 52 20 1.73 

Bw 20-50 cl 31 36 33 1.74 

Bt 50-100 cl 24 31 45 1.5 

Btb 100-150 sicl 18 41 41 1.5 

Massive 

lc sbk 

2c sbk 

2m sbk 

I f dis.i 

lm con.i 

2m and c con.t 

2c con.t 

astructure and pores are described using USDA-SCS abbreviations. 
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Figure 1. Location of the study site in central Iran. 

because it was known to have serious infiltration prob- 
lems, presumed to be associated with surface crusting. 
The soil is formed in alluvial sediments of Zayandeh- 
rud river. A 2.3 ha plot, planted with sugar beets (Beta 
vulgaris) and irrigated using furrows, was chosen for 
this study. 

Morphological properties of soil horizons were 
described from a profile excavated to a depth of 150 
cm and soil samples were taken for physical and chem- 
ical analyses. Soil particle size distribution was deter- 
mined using the pipet method (Gee and Bander, 1986). 
Bulk densities were measured using the clod method 
(Blake and Hartge, 1986). Thin layers of crusts were 
also separated and analyzed for particle size distri- 
bution. Electrical conductivity, pH, cation exchange 
capacity (CEC) and soluble and extractable cations 
were determined (Soil Conservation Service, 1984). 
Exchangeable sodium percentage (ESP) was calcu- 
lated from exchangeable cation data. Carbonate and 
bicarbonate in saturation extract was measured by acid 
neutralization (US Salinity Laboratory, 1954). 

Double ring method was used to measure infiltra- 
tion before and after irrigation on furrows and beds. 

Infiltration measurements were replicated at three sites 
within the field. To measure infiltration with minimum 
disturbance soil surface was covered with plastic and 
was slowly removed as soon as water was applied. 
Seedlings were counted after thinning in 10 m interval 
on beds to compare emergence in areas with crust and 
with no crust. Crust samples were collected from dif- 
ferent parts of the field after each irrigation for micro- 
morphological observation. 

Undisturbed crust samples were impregnated with 
Petropoxy-15 resin (Palous Petro Products, Palous, 
WA) for thin section preparation. Warm Petropoxy was 
applied directly to a warm crust sample to aid resin 
absorption. Due to the abundance of discontinuous 
pores in the crust layers, impregnation under vacuum 
was not effective. Many successive resin applications 
and grinding were necessary to achieve a fully impreg- 
nated face. The thin sections were observed and pho- 
tographed with an Olympus petrographic microscope. 

Results and discussion 

Physical and morphological properties 

Lavark soil has had a history of crust formation on 
the surface but in recent years the problem has been 
more serious. Physical deterioration of surface soil 
is shown by massive structure, higher bulk density 
and less observable porosity (Table 1). The texture of 
surface soil has higher silt content as compared with 
lower horizons which has made it more susceptible 
to physical deterioration and crust formation. Crust 
usually forms after the first irrigation. The Bw horizon 
also has high bulk density and weak structure probably 
due to compaction with heavy machinery. The area 
under study has been under mechanized agriculture in 
the past 30 years. 



Table 2. Infiltration rate in the field 
before and after crusting on beds and 
on furrows 

Time BI z AF z AB z 

(rain) (cm h -  ~)~ 

2 51.9a 40.5b 50.4a 

4 42.3a 34.9b 42.0a 

6 36.5a 31.4a 36.9a 

11 23.0a 20.4a 23.6a 

16 17.4a 16.0a 18.2a 

21 14.3a 13.5a 15.2a 

31 10.2a 9.8a 11.0a 

41 8.1a 7.9a 8.8a 

51 6.7a 6.7a 7.4a 

81 4.4a 4.4a 4.8a 

111 3.2a 3.3a 3.6a 

ZBl=before irrigation, AF=after irri- 
gation on furrows, AB=after irriga- 
tion on beds. 
VValues followed by the same letter 
on each row are not significantly dif- 
ferent at p=0.05 by Duncan's test. 

60 F 
t. --- Before irrigation 

8 

10 

0 
0 20 40 60 80 100 120 

Time (min) 
Figure 2. Infiltration rate in the field before and after crusting. 

Although crust inside furrows may have reduced 
the initial infiltration to some degree, but overall infil- 
tration was similar for soils with and without crust 
(Fig. 2). The infiltration rate attempts to be relatively 
high at first, but soil surface condition could affect the 
magnitude and slope of infiltration at different stages 
(Hillel, 1982). Statistical analysis for infiltration mea- 
surements shows that infiltration rates were only higher 
for the first two measurements (time) on non-crusted 
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Figure 3. Influence of crusting on seedling emergence. Values with 
the same letter are not significantly different at p--0.05 by Duncan's 
test. 

soils and crusted beds as compared to furrows with 
thicker crust (Table 2). The surface crust can act as 
a hydraulic barrier impeding infiltration in soils with 
no crust. Similarity of infiltration rates in crusted and 
non-crusted soils (especially after the first stage) in this 
study may indicate that pores created by cultivation are 
temporary and clods are quickly destroyed to seal the 
soil after the first irrigation. 

Local farmers prefer furrow irrigation for sug- 
ar beets because they get better seedling emergence. 
However, if top of the furrows are covered by water 
seedling emergence decreases drastically. Figure 3 
shows the number of seedlings after thinning in areas 
with and without crust on the surface. On average, 
there is about 50% reduction in seedling emergence 
due to crust formation. This percent would have been 
higher if seedling were counted before thinning. 

Crust morphology 

Observation of crusts showed that they consist of lay- 
ers with different texture and morphology. To further 
investigate the mechanism of crust formation, particle 
size distribution of each recognizable layer was deter- 
mined (Table 3). Crusts forming in furrows normally 
showed three layers while those on beds usually had 
two layers. The layers are named M1, M2, M3 from 
bottom to the top after Le Souder et al. (1990). 

Layers found in crusts of Lavark soil generally have 
less sand and more silt and clay compared to the overall 
Ap horizon. Except in M3 layer found on crust inside 
furrows (M3-f), all layers have higher fine clay content 
than coarse clay. 
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Figure 4. Thin section micrograph of Ml layer from a crust formed on beds. The bar is 1 mm (v = voids, ma = micraaggregates). 

T&le 3. Particle size distribution of crust layers0 

Clust 
layers Sand Silt 

Fine Coarse 
Clay clay clay 

(46) 

Furrows 

M3-f 
M2 
Ml 

24.7 54.3 21 5.1 15.9 
17.5 59.8 22.7 21.1 1.6 
24.7 55.7 23.5 19 4.5 

Beak 

M3-b 
Ml 

18.8 53.9 27.2 22.6 4.6 
24.5 54.5 24 19.3 4.7 

Overall Ap horiz.on 28.5 51.6 19.8 5.6 14.2 

aValues for each size fraction is an average of 3 samples taken from 
different parts of the field. 

Ml layer, both in furrows and on beds, show an 
increase in fine clay and silt and a decrease in sand con- 
tent, as compared to overall Ap horizon. The increase 
in total clay and silt are probably due to percola- 
tion of these finer particles inside and through the 
pores into lower layers (Onofiok and Singer, 1984; 
Shainberge and Singer, 1985). Figure 4 shows the 
micromorphology of Ml layer from a crust formed 
on beds. The pores in this layer are usually discontin- 

uous orthovughs (Brewer, 1964). Within the s-matrix, 
very little skeleton grain is present. The thickness of 
M 1 layer varies and its morphology gradually becomes 
similar to Ap horizon. 

The structure of the Ap horizon is massive, but 
microaggregates were observed in the thin sections 
specially in Ml layers. Presence of flocculated parti- 
cles in crust layers indicate that crust is depositional 
(Arshad and Mermut, 1988; Shainberge and Singer, 
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Figure 5. Thin section micrograph of M2 layer from a crust formed inside furrows. The bar is 1 mm. 

Figure 6. Thin section micrograph of M3-f layer from a crust formed inside furrows. The bar is 500 h (v = voids, sg = skeleton grains). 

1985). Arshad and Mermut (1988) suggested sedimen- 
tational (depositional) crusts form from surface runoff, 
as compared with laminar and disruptional crusts, 
which form on soils with high clay and exchangeable 

Na, and from breakdown of aggregates under raindrop 
respectively. 

The M2 is a dense layer which was only observed 
inside furrows. In addition to increase in fine clay and 
silt contents, the M2 layer shows a decrease in sand 
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Figure 7. Thin section micrograph of M3-b layer from a crust formed on beds. The bur is 1 mm (o = organic layer, v = voids). 

content (Table 3). The percolation of finer particles has 
apparently occurred more in this layer as compared to 
M 1 layer. Figure 5 illustrates the micromorphology of 
an M2 layer from a crust inside furrows. The thickness 
of M2 layer varies between 2 to 5 mm. 

M3 is a thin layer (about 1 mm) with different mor- 
phology on beds compared to furrows. The M3 layer 
inside furrows (M3-f) has higher skeleton grain and 
lower porosity (Fig. 6). The particle size distribution 
of this layer (Table 3) shows that it is similar to the 
overall Ap horizon. Movement of water and more tur- 
bulence inside furrows is probably the reason for higher 
sand and lower fine clay contents in this top layer as 
compared to bottom layers of crusts. The M3 layer on 
beds (M3-b) has 6% (absolute) less sand as compared 
to M3-f (Table 3) and it usually has a much thinner 
organic rich part on the top of it (Fig. 7). The lower 
sand content and finer plasma indicates that M3-b is 
formed by slow deposition of fine particles on the top. 
Crust on beds show no M2 layer and M3-b usually lies 
on the top of the Ml layer. 

Chemical properties 

Chemical properties of soil can also influence the for- 
mation of crusts (Shainberge and Singer, 1985). Select- 
ed chemical properties of Lavark soil is shown in Table 

Table 4. Chemical analysis af Lavark soil 

Depth PH EC SAR ESP 
(cm) sat. ext. (dS m-l) 

O-20 7.8 3.7 5.6 6.4 
20-50 7.8 1.4 4.5 5.1 
50-100 7.7 1.4 3.9 4.3 
loo-150 7.8 1.3 3.3 3.5 
Irrig. water 7.8 1.14 - - 

4. Soil samples and irrigation water had pH around 
7.8. The EC increases toward the surface, due to a 
higher water table (~300 cm) in recent years. The 
rise of the water table has probably been caused by 
rice cultivation in surrounding areas. Sodium adsorp- 
tion ratio (SAR) and exchangeable sodium percentage 
(ESP) also follow the same increasing trend toward 
the surface. The higher exchangeable sodium may be 
a factor in crust formation by causing dispersion at the 
time of irrigation. However, higher EC in the surface 
horizon could prevent chemical dispersion significant- 
ly (Agassi et al., 1981). The increase of finer particles 
in crust layers (Table 3) suggests that chemical disper- 
sion could partly be responsible for reduced infiltration. 
Although dispersion of finer particles may be a factor in 
crust formation in Lavark soil, but as described in pre- 



vious section, some stable microaggregates are present 
in crust layers. This shows that chemical condition of 
the soil does not allow total dispersion of clays and 
that higher EC and presence of divalent cations help 
the formation of some microaggregates. 

Summary and conclusions 

Formation of crust on Lavark soil after the first irriga- 
tion reduced seedling emergence by 50 percent. The 
surface horizon has higher silt content which has made 
it more susceptible to physical deterioration and crust 
formation. In fields with furrow irrigation, two kinds 
of crusts are formed. The crust inside furrows is thicker 
and has 3 layers as compared with the crust on beds 
with only 2 layers. Particle size distribution of the bot- 
tom M1 layer in both locations show that fine clay 
and silt content increase and sand content decreases. 
The middle M2 layer, which is found in crusts formed 
inside furrows, is more compacted, less porous, and 
has the highest silt content. Increase of clay and silt 
fraction in M1 and M2 layers is due to percolation of 
these finer particles through the pores. The top M3 lay- 
er on beds has more clay and less sand as compared 
to M3 layer on crusts inside furrows. Although ESP 
is relatively high (6.4), but higher EC (3.7 dS m -1) 
should help prevent dispersion and thus crust forma- 
tion. Formation of microaggregates in M1 layer may 
support this idea. 

Micromorphological observation and particle size 
distribution in crust layers, however, suggest that dis- 
persion of clay and silt particles and their percolation 
through the pores are also responsible for the reduced 
infiltration. Overall, it may be concluded that higher 
exchangeable sodium together with physical deteriora- 
tion of surface structure due to a long period of mecha- 
nized cultivation on the silty Lavark soil has created a 
suitable condition for crust formation. This study was 
conducted only on one type of soil. Further studies are 
needed to have a better understanding of crust forma- 
tion for other type of soils and also to clarify the effect 
of exchangeable sodium on crust micromorphology. 
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