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Background and Objectives: Microscopic techniques provide invaluable
information about soil genesis and also physicochemical and morphological
properties of undisturbed natural soil structure. Determination of
micromorphological indices is an advanced method of quantifying soil
properties and increasing the accuracy of morphological and
micromorphological studies. At present, there are no quantitative criteria in
the American soil classification system to determine the classification of
soils with an aquic moisture regime or with aquic conditions; so that there
is no distinction between saturated soils and their reduction due to high
groundwater and soils which saturation and reduction due to water
infiltration from the soil surface is temporarily saturated only in the upper
horizons. To prevent this problem, the general purpose of this research is to
use micromorphology and image analysis in order to manage soil resources
through the correct identification of soils with aquic conditions. In addition
to the specific purpose, a new hydromorphic index (SHI) for soil evolution
in aquic conditions based on micromorphological features was proposed.

Materials and Methods: To do this research and determine the
micromorphological index of soil hydromorphic properties, after preparing
intact samples from different horizons of the studied profiles (six control
pedons with aquic conditions from northern Iran), their thin sections were
prepared. In the following, thin sections were prepared and analyzed using
a polarizing microscope. To determine the soil hydromorphic index (SHI)
for aquic soils the following steps were then performed in the following
order: 1-Preparation of thin sections, 2-Study of the micromorphological
properties, 3-Preparation of necessary images, 4- Image analysis and
quantification of micromorphological parameters, 5- Score attributes
between 0 and 100 points and 6-Calculation of soil hydromorphic index
(SHI).

Results: The obtained hydromorphic index was correlated with
microstructure, fine soil materials, birefringence fabric, organic materials,
hydromorphic features and mineral alteration. This index can be useful for
correlation of soils with aquic horizons formed on different landscape
units. The results showed that the hydromorphic index varied from very
high values in paddy soils under aquic moisture regime to very low values
in non-paddy soils under kiwifruit cultivation. In paddy soils under aquic
moisture regime, SHI values increased with soil depth and its maximum
was seen in deeper horizons, whereas in non-paddy soils, the relationship
between SHI and soil depth was unclear.
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Conclusion: The defined hydromorphic index in soils under aquic
moisture regime was more than 0.35 and in the soil taxonomy keys were in
the aquic soils class. In contrast, soils with a hydromorphic index of less
than 0.35 are found in soils that have only aquic conditions. Finally, many
of the problems that exist in the American Soil Classification System in
distinguishing soils with aquic moisture regime from soils with aquic
conditions can be solved by determining the hydromorphic index.
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Figure 1. Steps of determining soil hydromorphic index in the studied samples.
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Table 1. Micromorphological characteristics and their ratings to calculate SHI.

(Rate) 23,1 (Micromorphological characteristics) 54 5, 39 5 (sla el 54

(1. Microstructure) g sKwy S0 Oloss-bo

(A: Types) ¢ il

10 (Pedal: blocky, prismatic) (s, sice < xS (0l L (5,15
20 (Pedal: granular, crumb) .l s «slals :olast b glols
30 (Pedal: platy) (glamiv :Olale gl)ls

20 UL of o & aIIS 1 5 , ol pod 4y glain gy D3 e 3 e o310 55 b3 Olext b ezl 6L

Apedal. Sand size grain structures: bridge grains, pellicular grains, with microaggregates, with channels
50 oo oS 5 s o IS5 5s sl ( JUS (il (S5 t0let L 2L
Apedal: vughy, spongy, channel, chamber, vesicular, fissure, crack, massive
(B:Grade of pedality) JolSS 4> )5 -0

0 (Strongly developed) «sl, ol s

10 (Moderately developed) L s JolsSS

30 (Weakly developed) —ias oSS

50 (Apedal) JolS 56

(C: Void types) il i~ ¢ 55 -

0 (Simple packing) esbw j2ul,T &l i

5 (Compound packing) s e _ul,l &l i

10 (Channels, chambers, vesicles) JsS5s «sle e ¢ JUIS
20 (Vughs, planes) gla=is « S

(D: Void proportions) (U ol > e -2

5 1-5%

10 5-15%

20 15-30%

30 > 30%

(2. Fine material <10pm) (o5 S0 V51 5 S 55) ¢ 5 5150 .Y
(A: Percent of fine materials) p 3 51 30 Sl5) # Ao ,5 -

10 1-5%

20 5-10%

30 10-20%

40 20-30%

50 30-40%

60 40-50%

70 50-60%

80 60-70%

90 70-80%
100 >80%

(B: Soil Matrix Colour -Hue) (4) Sk 4wy K, -o

10 5YR

20 75YR

30 10YR

40 25Y

50 5Y

50 10R
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Continue Table 1.

(C: Birefringence fabric) < 6 ¥

(A: Types) ¢ 5 il

0 (Undifferentiated) oais S
10 (Stipple speckled, crystallitic) s, sl o3 = (glab s (14T
20 (Mosaic speckled, monostriated) e G S35 50 (14T

(4. Organic materials) 7 5130 .¢

(A: Degree of alteration) $s3/ss a3 -l

10 (Moderate) Jaw g2
30 (Weak) i

(B: Percent of organic materials) Ji slge Slsl 3 daoys —

10 1-5%

20 5-15%
30 15-30%
40 > 30%

(C: Excrements) ol gl g2 310 -

10 >10%
20 1-10%
30 <1%

(6. Hydromorphic features) <3, 09,008 2,5l 95 .0

(A: Types of Redox Concentration) (gawS! <leess gl -l

—

10 (Nodules and coatings of Fe/Mn weakly impregnated) —ixs ~525 b 35 5 oal gla iy s s S
30 (Nodules and coatings of Fe/Mn strongly impregnated) s 3 ~ 555 | 5K 5 el glaidy s Sa S

(B: Types of Redox Depletion)  sl>! olaess tl,sl -o

10 (Depletion mottles) oLl ls kL
30 (Depletion matrices) L=l slaaws;

(C: Redoximorphic features colour) sl 5 a1 o050 K -z

10 5YR
20 7.5YR
30 10YR
40 25Y
50 5Y
50 10R
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Figure 2. Determination of color value in soil matrix and micromorphological features based on image analysis.
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Table 2. Some micromorphological properties of studied thin sections.
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Color) (Pedofeatures)  fabric) Residue) distribution Gr% ) Struct r'; Depth
pattern agg. Grade ucture (cm)
P(1) paddy-Fine-loamy, mixed, active, thermic, Typic Endoaquepts (I ;3La)\ o ,led 'C,Sb'
c.Fe, h.c.Fe, rns chn, pn, Bg
2.5Y5/3 ok dep ssp (1-29%) po(40/60) chm - Ap Mass. (80-90)
P(2) paddy-Fine, smectitic, thermic, Typic Endoaquepts (,!;JL3)Y o ks 'C,Sb'
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