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Figure 1- L ocation of study area
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Table 1- Morphological and classification char acteristics of r epresentative pr ofiles

3 sl B 5 s sl .
&8 Dd"‘t‘h Hd" 30 Soil cély OleiLus ;s ‘-5)_st~ P Sal S, sl
Horizon p orzon color Texture  Structure (e Root ONSISIENCY | ime Mottlin
(cm)  boundary (moist) Pores (wet) 9
Coar se-loamy, mixed, active, thermic, Typic Eutrudepts S8 s lyi g UM sty aald &5
Plateaues and upper terraces unit representative profile
Apg 0-15 aw 10YR4/2 SC Z l_f or 3vf 2f vs/ivp e F1D,10Y R5/6
P.2mabk
ABg  15-42 cs 10YR4/2 SIC  Sivfgr- 2f v sp e  C2D,10YR5/6
msbk
P.3mabk
Bw 42-80 cw 7/5YR4/3 SC S 2mabk 2f - s/ps e C2P,10YR5/6
c 80< 0vR44 s g of - - e -
Fine, mixed, active, thermic, Fluventic Endoaquepts S, s il asly sald ¢ ,S16
River alluviums unit representative profile
Apg 0-18 aw 5Y4/2 CL Zifgr 2vf-m 3f slp e F1P,10YR5/6
P.2mabk
AB 18-40 gs 7/5YR4/3 SC S.1vfgr- 2vf 1vf slp e C2P,10Y R5/6
msbk
P.3mabk
Bgl 40-75 cs 7/5YR4/2 C S.2mabk 2f - slp e M2P,10Y R5/6
75- P.3msbk-abk
Bg2 105 cw 10Y R4/2 C S omebk-abK 1f - sp e  M2P10YR5/6
105- P.1msbk-abk
BCg 160 5Y4/1 SC S 1fsbk-abk 1f - s3/ps e M2D,5Y5/1
Fine, mixed, active, thermic, Typic Endoaquepts Cony 21y anlg aalis &S5
L owland unit representative profile
! P-
Apg 0-19 as 5Y4/2 SiCL Sifgr 2m 3f vsivp e -
ABg 1942 cs svaz  sc DAk of of vsivp e M2D5YS/1
. P.2msbk
Bgl 42-80 cs 5Y3/2 SC S 1fsbk 2f - vs/ivp e C2D,5Y5/1
80- P.2msbk
Bg2 150 5GY3/1 Cc S 1msbk 1f - vs/ivp e C2D,5Y5/1
Mixed, thermic, Typic Psammaquents o lw Culd sty wall &S
Coastal plain unit representative profile
Apg 0-23 as 10YR4/2 CL Zﬁlfgr 2f-m 2f ss/ps e C2D,10YR5/6
Cgl 23-80 cs 10YR4/2 S Z-_sg 2f 1vf so/po - -
P.-
Cg2 80< 2/5Y3/2 S S s 2f - so/po - -

58l 550 s lazs| w3Me(hOrizon boundary marks): asie ¢ > s=abrupt and wavy (aw), =sls 5 slo=clear and smooth (Cs),xsl; 5 > s=Clear and wavy (cw), sl
=, s=gradual and smooth (gs), ,asus. 5 sle=abrupt and smooth (as)
S el ¢ lazsl (S0l texture marks): sl o =Silty clay (SIC), ..=Clay(C), . »,=sandy clay (SC), s =sandy (S), ., p#=Clay loam (CL),
ik w, pg=silty clay loam (SICL)

SB ol s Lazsl wM(SOl structure marks) P =(primary structure) aJyl ;s lo: 1 =(Weak) s, 2 =(strong moderate) s ks, 3=(strong) s
m=(medium) kg, f=(fine) ;,,, vi =(very fine) ;, .Ls, gr=(granular) I «ls, Sok =(subangular blocky) 4ss5 90 x%e, 8Dk =(angular blocky) sasl; xLe,
sg=(single grain) slal s, S=(secondary structure)a, gt -lezsLe
5 s J5 o lasl wdte(pores marks) :1=(few) s, 2=(common) st ; ks, 3=(Many) si;, V=(very fine) j, s, f=(fine) j,, m=(medium)Le.s.
ady) g bais) )le(root marks) :1=(few) s, 2=(common) sb; s, 3=(Many) sb;, vi=(very fing) 5, Ls, f=(fine) ;,, m=(medium)ia. gz
Sk lub ¢ lazsl (3M=(S0il consistency marks)vs=(very sticky) sxws s, Vp=(very plasticity) ,,i s s, S=(Sticky) oswe, p=(plasticity) i, s,
ss=(slightly sticky) suwe 5, ps=(slightly plastic) ,,i, s S, SO=(Nonsticky)  Suws o5, PO=(NONplastic) it s
S Sal ¢ Lassl M(s0il carbonate marks).e=(slightly effervescent)qs s
Sy sleasd ¢ Lasl e(Mottling): ua.=(abundance)) :F=(few) .5, C=(common) Lus., M =(Many)sb;;s;lui=(Size):1=(fine) ;,,, 2=(Medium)la.e; 4,5
zsss(contrast):D=(distinct) asie, P=(promonent) jasie JLs
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Table 2- Some of physical, chemical and electr ochemical characteristics of representative profiles
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el Denth Texturefractions CEC ocC ECe Eh rH
Horizon €p oy G o (CmO(DkgY) (%) (dSMT)  cacl, (mV)
(cm) i H,0
Clay Silt Sand (0.01M)
(Plateaues and upper terraces unit representative profile)  sBgd gl w5 o LY ssly oLl 7,58
Apg 0-15 29.1 48 22.9 27.6 3.84 0.3 7.3 76 1599 20.1
ABg 15-42 171 52 30.9 155 1.44 0.2 75 7.7 1635 205
Bw 42-80 51 30 64.9 6.4 0.72 0.4 7.4 77 1896 212
C 80< 11 4 85 5.8 0.12 0.3 6.9 72 2158 211
(River alluviums unit representative profile) glalsg, gwed of aslg wals #,5B
Apg 0-18 38 376 244 27.3 2.42 11 7.1 75 1653 198
AB 18-40 478 412 11 27.8 1.08 0.8 7.3 7.7 1792 206
Bgl 40-75 406 362 232 237 1.05 0.5 7.2 76 1812 205
Bg2 75-105 428 38 19.2 25.2 1.2 0.5 7.4 74 1686 205
BCg 105-160 36 17 47 20.1 0.85 2.1 74 76 1558 20.1
(Lowland unit representative profile) cuw ool asls aald 7 S
Apg 0-19 39 442 168 32.2 3.96 1.2 7.2 72 1208 184
ABg 19-42 39 45 16 224 0.98 13 7.4 74 1396 195
Bgl 42-80 41.8 42 16.2 231 0.78 14 75 79 1236 191
Bg2 80-150 482 30 21.8 25.1 0.55 0.9 7.4 8 121.2 189
(Coastal plain unit representative profile)  dslw cudd aslg wals &5
Apg 0-23 212 514 274 18.1 2.15 1.2 7.4 76 1623 203
Cogl 23-80 6 4.8 89.2 49 0.18 14 7.4 78 1769 20.7
Cg2 80< 6 56 884 3.8 0.12 2.2 7.4 7.8 1756 20.7
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Figure 3- Organic carbon and amor phous Fe changes trend with soil depth in different physiographic uints
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Table 3- Different Feformsin representative profiles

Fes-Fey

@ Gos Feprea Fe Feg Fe
Horizon Depth(cm) (Mgkg™) (gkg™) FefFe  (FerFe)lFe
(Plateaues and upper terraces unit representative profile)  JlBgd gy w5 g LS sl aald 7,56

Apg 0-15 107.1 626 387 256 13.1 0.66 0.21
ABg 15-42 47.2 627 388 254 13.4 0.65 0.21
Bw 42-80 34.2 611 373 147 22.6 0.39 0.37

C 80< 239 539 305 158 147 0.51 0.27

(River alluviums unit representative profile) glailag, gwed of asly wals #,5B
Apg 0-18 83.3 629 39 264 12.6 0.67 0.20
AB 18-40 411 621 383 256 127 0.66 0.20
Bgl 40-75 39.3 63.7 398 243 155 0.61 0.24
Bg2 75-105 42.7 59.7 36 175 185 0.48 0.31
BCg 105-160 359 551 316 165 15.1 0.52 0.27
(Lowland unit representative profile) cuw ol asly aald # S
Apg 0-19 110.8 536 30.1 193 10.8 0.64 0.20
ABg 19-42 39.3 533 298 181 11.7 0.61 0.21
Bgl 42-80 35.9 479 248 16.2 85 0.66 0.17
Bg2 80-150 30.8 424 195 133 6.2 0.68 0.14
(Coastal plain unit representative profile)  Jdslw codd aslg wals 7,56

Apg 0-23 79.9 62.2 383 296 8.7 0.77 0.13
Cgl 23-80 25.6 238 104 56 438 0.53 0.20
Cg2 80< 21.6 243 68 25 43 0.37 0.17

(o 25 9 (Pdaws) Cgliio (308 90 )3 ] Wieo (S dlie (uRilo dmulio € Jgua

Table 4- Mean comparison of different Fe formsvaluesinvariousdepths (surface and subsurface)

3155 90 348 Sl (CM) s lio 30 Fepren Fe.  Fey l_:leo FerFe, e/Fe, (FerFe)lFe
(Physiogr aphic unit) (Comparison depth) (Mgkg~) (9kg™)
g5 (sl 3 5 M 0-30 107.3¥  627° 389" 254 131° 063° 0.22%
PO Sl g
(Plateaues and upper terraces) 30-150 28.7% 57.3% 33.1* 16.4° 17.12 0.482 0.30%
sy, clacs,] 0-30 83.2°  624* 389° 255° 127  0.62° 0.22*
River aluviums 30-150 387° 588” 349" 188" 161° 054 0.26°
( )
o o) 0-30 1104° 533" 296" 185° 106° 067 0.18°
Lowland 30-150 33.3° 45°  219° 144° 75  0.66° 0.15°
( )
Sbls e 0-30 80.1°  622° 383" 27.9° 9.1° 0.73° 0.17°
(Coastal plain) 30-150 216° 241 85" 39" 45" 047 0.17°

s o/ Jleis] pdaw 53 55 gne M (glyls @iglize gy b oSl
(Means followed by different |etters are significant difference at the 0.01 level (P<0.01))
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Figure 4- Fe,/Fey changes with soil depth in different physiographic uints
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Introduction: Paddy soils are important and the base of agriculture in Guilan province. It is necessary to
recognize these soils for understanding of their limitations and optimum use. Unsaturated soil submerging is the
cause of collection of chemical and electrochemical process that has significant effects on soil fertility. Eh, rH
and pH are important indexes that are used to investigate oxidation and reduction condition in submerged soils
and have abundant effects on activity and sorption rate of nutrients. Decrease of Eh and rH in poorly drainage of
paddy soils affects availability and solubility of nutrient. Different Fe forms are used for analysis of soils
evolution trend and submerging influences on changes of Fe forms. The aim of the present study was conducted
to investigate the effect of redox potential changes on soil characteristics and analysis of soils evolutiona trend
in different physiographic units.

Materials and Methods: The study area with 40000ha (at the east of Rasht city) is located between 49° 31'
to 49° 45' E longitude and 37° 7' to 37° 27" N latitude in North of Guilan Province, Northern Iran, in the southern
coast of the Caspian sea with different water table depth. The climate of the region is very humid with the mean
annual precipitation of 1293.6 mm. The mean annual temperature is 15.8°C. The soil moisture and temperature
regimes are Aquic, Udicand Thermic, respectively. The parent materials are derived from river sediments. The
soils formed on the plateaues and upper terraces, river aluvial plain and lowland physiographic units were
classified as Inceptisols and the soils formed on coastal plain physiographic unit as Entisols. Air-dried soil
samples were crushed and passed through a 2mm sieve. Particle-size distribution, organic carbon and cation
exchange capacity were determined by hydrometric, wet oxidation and ammonium acetate methods,
respectively. Eh by Eh electrode, total iron, free iron and amorphous iron were determined using nitric acid,
dithionite-citrate-bicarbonate and ammonium oxalate methods, respectively. The means of different Fe forms
values compared through LSD test.

Results and Discussion: It can be seen especial morphological and physicochemical characteristics in
studied paddy soils with high groundwater table due to artificial submerging in rice growing seasonDifferent Fe
mottles such as orange mottles include lepidocrocite mineral was observed in studied soils. Low redox potential
with average 145/7mV and rH with average 19.6 in lowland and coastal soils implicate intense reduction
condition. In lowland soils Eh was lower than other units and it was lower in top horizons than to sub horizons in
all of units. Eh index had inverse relationship with organic matter, because of high organic matter anount caused
high activity of anaerobic micro-organisms, increase of iron reduction and reduction soils degree decrease. rH
index amounts showed that studied soils had reduction condition and presence of brown iron and black
manganese minerals proved this condition. CEC was high in top soil of physiographic units due to high amount
of organic matter and clay content. Clay particles in plateaues were lower than other units because of alteration
and suitable aeration and showed high evolution in these soils. Clay coatings were not observed due to high
ground water table and its alternative fluctuation. Results showed amorphous iron in surface horizons with
average amount of 24.3g kg™ was higher than subsurface in al soils and had positive correlation with organic
matter, because of high activity of anaerobic micro-organisms that prevent from transformation of amorphous
iron to crystallized iron, therefore amorphous iron amount increased in presence of organic matter. Pedogenic
iron was high in A and B horizons with regard to BC and C horizons due to aeration and weathering. In lowland
and coastal land Fey was lower than plateaues and upper terraces and river aluviums units because of ground
water presence and its alternative fluctuation. Fey-Fe, index showed crystallized iron oxides, high amount of Fey-
Fe, index proved soils evolution and high weathering. Fe,/Feq ratio was related to amorphous pedogenic iron and
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high amount of this index showed few evolution of soil. Fey/Fe, and Fes-Fe, indexes indicated the lower rate of
crystallized iron with average 6.8g kg™ in lowland and coastal soils and implicated the lower evolution of these
units' soils, due to higher surface groundwater and its more fluctuation than soils of plateaues, upper terraces and
river aluviums unites with average amount of crystallized iron 15/8g kg™.The comparison of different Fe forms
using LSD method showed significant difference at the 0.01 level for different Fe forms values in different
physiographic units.

Conclusion: Submerging, high groundwater table and severe fluctuation caused noticeable changes in
morphological, physical, chemical and electrochemical properties of studied paddy soils. Noticeable organic
matter amount added to soil and their buria by puddling operation and slow decomposition were effective
factors in redox potential changes of studied wet soils. In equal anaerobic condition, more organic matter caused
to decrease redox potential in surface horizons of soils with aguic condition and reverse, lower organic matter
caused increasing in redox potential. lower amount of Eh and rH proved severe reduction condition in lowland.
Investigation of Fes-Fe, and Fe,/Fey showed that their amount in lowland and coastal land were lower than
plateaus and river alluviums, therefore lowland and coastal soils had lower evolution. Mean comparison of
different Fe forms values using LSD method showed significant difference at the 0.01 level for different Fe
formsin different physiographic units.
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