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 Background: Mollisols are fertile soils rich in basic cations and organic matter that 

play a fundamental role in the production of many agricultural products. More than 

70000 hectares of the lands south of the Gorgan Rood River in Golestan Province have 
this soil type, and a large part of these lands has been devoted to rice cultivation in 

recent years.The rice is a plant that requires a lot of water during growth period. 

Influencing many pedogenic processes, the water plays an essential role in soil 
formation and development. Objective: Six soil profiles were dug in two physiographic 

regions in the piedmont and alluvial plains to study the effects of growing flooded rice 

on the trend of changes in these soils and to compare these changes with those in dry 
farming systems and pastureland. After soil profile description, necessary samples were 

taken from each diagnostic horizon. In keeping with the purposes of the research, a 

series of important parameters influencing the quality and classification of soils were 
measured including soil structure, texture, cation exchange capacity, percentage organic 

matter, color, CCE(%), saturated soil paste acidity, and electrical conductivity. Results: 

The Results showed that, in land under rice cultivation, puddling operations severely 
degraded soil structure in the mollic epipedon and its underlying horizon. In the surface 

horizon of the paddy fields, suitable moisture and temperature enhanced the pedogenic 

processes and increased clay percentage, following which cation exchange capacity 
increased. Percentage of organic matter in soil under rice cultivation increased because 

two crops were annually planted and more crop residue was left behind. However, 

unsuitable aeration, and reduced populations of soil aerobic organisms, decreased the 
intensity of the organic matter mineralization process and the surface later in these soils 

had lighter colors compared to those of soils used for other purposes. Percentage lime in 
all soils increased with depth and lime accumulation in the lower layers led to the 

formation of a calcic horizon, but no significant differences were observed in the lime 

contents of lands used for various purposes. Considering the high lime content of the 
soils in the region, soil pH was mainly affected by its lime content and increased with 

depth. Electrical conductivity in the surface layer of soils under rice cultivation was 

greater compared to that of soils used for other purposes due to greater water 
evaporation and salt accumulation. Conclusion: Conducting this research suggest that 

flooded rice cultivation is accompanied by degradation of Mollisols, changes many 

important soil characteristics, and creates limitations for the growth and development of 
other crops.Moreover, puddling operation will reduce strongly water penetration into 

the lower layer through destroying the structure of soil surface horizon and condensing 

its lower layer. Subsequently, as the rainy season begins in autumn and the water is 
accumulated on the soil surfaces, tillage operation and cultivation of autumn plant will 

face problems. Therefore, it is recommended to stop ricecultivation by flooding method 

in order to prevent soil degradation in this region. 
 

 
© 2014 AENSI Publisher All rights reserved. 
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INTRODUCTION 

 

 Human life depends on the soil and such dependence will increase considerably over time with the increase 

in population. The soil is built under the interaction of pedogenic processes, which are themselves affected by 
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pedogenic factors. Considering the interaction between pedogenic factors and human factor and based on the 

strength and weakness of the mentioned effects, different types of soils are created [1]. Golestan Province with 

an area of 22000 km
2
 is situated in the north of Iran. Pedogenic factors, especially the varying climate and 

topography, have caused the formation of various soil orders including Alfisols, Mollisols, Aridisols, Entisols, 

and Inceptisols. One of the most important of these soil orders is the Mollisols that has a basic role in the 

production of agricultural products due to the fertility of the soils in this order. More than 70000 hectares of the 

lands south of the Gorgan Rood river have soils belonging to Mollisols and these areas, together with lands 

having soils included in the Mollic Suborder, reach 150000 hectares [2]. Type of land use is one of the very 

influential factors in soil change and development. Pressure resulting from population increase has led to land 

use changes and uncontrolled land utilization in large land areas of Golestan Province so that today soil 

degradation is one of important problems in this region [3]. 

 Based on the statistical report prepared from the database of the Ministry Jihad-e-Agricultural, the average 

area under rice cultivation in Iran has increased by about 30% during the last 30 years and by more than 200% 

in Golestan Province during the same period. This while in recent years the area of paddy fields in the north of 

Iran(Gilan and Mazandaran) has sharply declined (despite the fact that this region is suitable for rice production) 

because of the uncontrolled change in land use and conversion of paddy fields to villas and residential and 

industrial areas. Among crop plants, growing rice requires special conditions and rice needs a lot of water during 

its growing season. More than 90% of freshwater resources in Asia are used for agricultural purposes, almost 

half of this volume is used for rice production [4]. Irrigated rice consists of 55% of the cultivated surface and 

75% of world rice production [5]. On average, more than 5000 liters of water are used to produce one kilogram 

of rice[6]. In Golestan Province, as in other parts of the country, flooded rice is grown. This flooding strongly 

affects the three physical, chemical, and biological factors that are involved in soil formation and development 

and in many pedogenic processes [7]. 

 When dry soil is flooded, water infiltrates aggregates that disintegrate due to the expansion of the air 

trapped inside them. Moreover, iron and manganese are reduced and dissolved, and the organic bonds 

connecting soil particles are broken. Aggregates are crushed with the decrease in their strength and soil 

infiltrability and electrical conductivity are greatly reduced due to the blockage of soil pores by particles and 

microbial residue [8]. Moreover, flooding of the soil substantially influences organic matter accumulation and 

decomposition. In the absence of oxygen, anaerobic fermentation takes place that is only 1/3 as efficient as 

aerobic respiration. Soil microorganisms use oxygen and the consumed oxygen must be replaced. If this 

replacement happens slowly, organic matter decomposition declines [9]. Plowing puddled soil after rice harvest 

causes the formation of large clods resistant to breaking up and, hence, seedbed preparation for subsequent 

crops will require considerable energy and time [10]. Bahmanyar (2007)conducted a study on rice paddies in 

Mazandaran and concluded that continuous rice cropping changes moisture regime change from xeric to aquic, 

soil color from brown to grey, surface layer from Mollic to Acric, soil structure from granular to massive, and 

soil order from Mollisol to Inceptisol [11]. 

 Ogbodo (2010) carried out research about the effects of plant residue on paddy soil physical properties and 

on rice yield. Obtained results showed that crop residue significantly increased soil infiltrability and porosity 

while considerably decreasing soil temperature and bulk density compared to plots without plant residue [12]. 

Sharma et al. (1998) conducted a study on the effects of plowing on soil physical property and on rice yield in 

the Philippines. They found that soils planted with no-tillage or with minimum tillage dried earlier after water 

flow into them was cut off at harvest time compared to soils which were puddled (and which had more cracks 

and fissures). Moreover, they observed that clay soils in which rice was planted with minimum tillage had the 

same yield as puddle soils. Therefore, in this type of soils rice can be planted with minimum tillage instead of 

performing puddling operations [13]. Given the importance of Mollisols and their impressive role in the 

production and provision of human food, conducting studies such as those mentioned above seems to be 

necessary in helping to preserve these soils and to prevent their degradation. Therefore, the main purpose in this 

research was to study the effects planting rice had on the trend of changes and developments in these soils and 

to compare these effects with those of dry farming systems or with using the land for growing pastures. 

 

MATERIALS AND METHODS 

 

 This research was carried out in two regions with Mollisol soil order in East Golestan province. The 

Aghghamish physiographic region with latitudes from 37˚21′ 12′′ to 37˚22′23′′ north and longitudes from 

55˚35′27′′ to 55˚40′40′′ east, and the Atabehelkeh physiographic region with latitudes from 37˚10′46′′ to 

37˚21′12′′ north and longitudes from 55˚06′24′′ to 55˚06′45′′ east (Image 1). These regions have Mediterranean 

climates, xeric moisture regimes, and thermic temperature regimes.  
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 The lands in these regions are often used for grain production under dry farming systems, but farmers who 

have sufficient water supply grow two crops each year: after the first crop is harvested, they grow rice in 

flooded paddies. The required water is provided by the Gorgan Rood and from wells. Six profiles were dug in 

lands devoted to cultivating rice, dryland grain production, or to growing pastures in the two physiographies of 

the alluvial and piedmont plains. After describing the profiles, required samples were taken from each 

diagnostic horizon. The samples were transferred to the laboratory, dried in the open air, ground, and passed 

through a 2-mm sieve. Required measurements were made based on the laboratory analysis guidelines for soil 

and water samples (publication number 467) [14]. After removing the organic matter, soil texture was 

determined using the hydrometer method. Soil pH was measured using a pH meter, and electrical conductivity 

of each sample was determined by using an electrical conductivity meter. Soil lime content was measured by 

reacting it with an excess of HCl and back titrating the residual excess HCl with NaOH. Soil organic matter was 

measured through oxidation by potassium dichromate and by using cation exchange capacity (the Chapman 

method). Morphological studies and laboratory results were then combined, and the soils were classified based 

on the Keys to Soil Taxonomy (2014) [15]. Finally, the trend of changes and developments in soils under rice 

cultivation, dry farming, and pasture were analyzed and compared.  

 

Results: 
 Results of this research showed that planting rice has caused basic changes in many characteristic of 

Mollisols compared to lands used in dry farming or for growing pastures (Table 1).The results achieved by 

laboratory measurements indicate that electrical conductivity, cation exchange capacity, percentage of organic 

carbon, percentage of clay in surface layers cultivated by the rice compared to the soils under dry farming and 

pasture applications were increased. The lime percentage in all soils reduces based on the depth; the ratio in 

surface layer of paddy fields is lower than all other applications. Furthermore, according to the results gained by 

field measurements, the structure of soil in puddling layer of paddy fields has changed from granular to massive. 

Comparing the color of the soil surface in wet conditions showed that the soil color in paddy fields has been 

lighted rather than dry farming and pasture lands. 

 

Discussion: 

 Gradation studies of the soils suggest that percentage clay in the surface layer of land under rice cultivation 

has increased compared to land used for dry farming and for growing pastures. It seems that some silt particles 

have changed into clay particles due to pedogenic processes and puddling operations (and this has resulted in 

soils having heavier textures). These results are consistent with those found by Khormali and Ghorbani 

(2009)and by Zeraat Pishe et al. (2012)[16] [17]. The considerable increase in the percentage of clay in the 

surface layer of soils under rice cultivation has led to greater specific surface, following which cation exchange 

capacity has increased. This result is in agreement with those Ajami et al (2009)obtained[3]. Soil structure is 

one of the important physical characteristics of soils because it influences soil porosity, air and water flows in 

the soil, plant root expansion, and advancing rooting front[8]. In soils under rice cultivation, puddling operations 

has destroyed soil structure and changed the epipedon structure (and the structure of its underlying layer) from 

granular to massive. Soil structure destruction in the physiography of the alluvial plain is substantially less 

because it is situated along the riverbank and enjoys a natural drainage system. All these soils had alkaline pH 

values that steadily increased with depth. Considering the high lime percentages, we can say that soil reaction is 

controlled by lime. Under flooded conditions, H
+
 concentration is considerably reduced in soil solution raising 

soil pH values. Electrical conductivity of the studied soils suggest in areas under rice cultivation electrical 

conductivity has increased since deep infiltration of water has been prevented, and greater water evaporation has 

resulted in salt accumulation on soil surface (which entails the risk of soil salinity). 
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Table 1: Results of some of the soil morphological, chemical, and physical parameters of the study area. 
Profile 

No. 

Land use Horizon Depth 

(cm) 

Color 

moist 

EC 

×103 

dS/m 

CEC 

m.e/100grs 

pH CCE 

(%) 

O.C 

(%) 

Percent particles Soil 

texture 

Soil structure 

sand silt clay 

 

 

1 

 

Paddy 

soils 

AP 0-30 10YR5/2 3.5 19.5 7.7 5.25 1.81 14 52 34 SiC M 

BK1 30-65 10YR4/2 2.5 18.1 8.0 4.5 1.64 10 48 42 CL m &1csbk 

BK2 65-90 10YR4/3 2.3 16.8 7.9 15 0.70 12 48 40 SiCL 2mabk & 3csbk 

BK3 90-125 10YR4/3 2 14.7 7.9 15.75 0.60 14 48 38 CL 3csbk 

BK4 125-

150 

10YR4/3 1.8 13.1 7.9 15.25 0.55 16 48 36 SiCL 2mabk 

 

 

2 

 

 

Dry 

farming 

AP 0-30 10YR3/4 1.1 18.1 7.4 7 1.79 18 60 22 SiL Fgr 

BK1 30-70 10YR4/2 3.8 14.3 7.6 12 0.93 18 50 32 SiCL 2mabk 

BK2 79-100 10YR4/3 4.3 13.5 7.9 14 0.60 18 48 34 SiCL 3mabk 

BK3 100-

130 

10YR4/3 3.3 13.1 8.2 15 0.53 24 42 34 CL 2mabk&2msbk 

BK4 130-

150 

10YR4/3 2 15.9 8.3 15.5 0.49 12 42 46 SiC 2mabk 

 

 

3 

 

Pasture 

A 0-35 10YR4/2 0.97 18.5 7.9 8.5 2.3 16 62 22 SiCL Cogr 

BK1 35-60 10YR4/2 1.3 15.5 8.0 14 1.41 12 56 32 SiCL 1mabk 

BK2 60-90 10YR4/3 3.8 15.5 8.1 16 1.11 14 58 28 SiCL 2mabk 

BK3 90-115 10YR4/3 2.3 15.1 8.3 15.5 1.04 16 50 34 SiC 2mabk 

BW 115-

150 

10YR4/4 4.3 15.1 8.1 16 0.91 16 62 22 SiC 2mabk 

 

 

4 

 

Paddy 

soils 

AP 0-35 5YR2.5/2 0.83 27.5 7.7 5.2 1.8 10 46 44 SiC M 

BW1 35-70 10YR4/3 0.56 17.2 7.8 12 0.44 20 48 32 SiL m&1mabk 

BW2 70-100 10YR4/3 0.64 13.5 7.9 24 0.26 26 50 24 SiL 2msbk 

BK1 100-

125 

10YR4/4 0.74 13.5 7.9 24 0.24 20 56 24 SiCL 1mabk 

C 125-

150 

10YR4/4 0.60 16.8 7.9 20 0.27 16 54 30 SiCL s.g 

 

 

5 

 

Dry 

farming 

AP 0-35 10YR3/2 0.53 19.5 7.4 13 1.1 12 60 28 SiCL Gr 

BW1 35-55 10YR3/4 0.43 18 7.5 14 0.55 10 62 28 SiCL 2mabk 

BW2 55-80 10YR3/4 0.39 16 7.7 18 0.36 16 64 20 SiL 1mabk &2msbk 

BW3 80-120 10YR3/4 0.55 17 7.5 23 0.36 28 48 24 L s.g 

C 120-

150 

10YR4/4 0.45 14 7.5 25.5 0.20 28 58 14 SiL s.g 

6 Pasture A1 0-25 10YR3/3 0.94 15.5 7.5 18 1.32 30 56 14 SiL Gr 

BK1 25-70 10YR3/2 0.62 22 7.7 8 1.06 8 62 30 SiCL 3cabk 

BK2 70-110 10YR4/4 0.46 19.5 7.8 15.5 0.35 8 56 36 SiCL 2mabk 

BK3 110-

150 

10YR4/4 0.67 20.5 7.9 11.5 0.33 8 56 36 SiCL 2mabk 

 

 Organic carbon content in soils used for growing pastures is often higher compared to agronomic land use, 

but in Aghghamish soil series it is lower than that of lands under rice cultivation due to uncontrolled grazing. In 

all areas under rice cultivation, soil organic carbon content is considerably higher than those in dry farming 

systems. These results are consistent with those observed by Lin Zhang at al. (2003), and Bahmanyar 

(2004)[18][19]. Although percentage organic matter in the surface layer of soils under rice cultivation is higher 

compared to land used for other purposes (because two crops are planted annually and larger quantities of crop 

residue remain in the soil), conditions are not suitable for aerobic organisms due to the flooding of the surface 

layer and unsuitable aeration. With the decline in the population of these organisms, soil organic matter 

mineralization is slowed down and, hence, soil surface layer color becomes lighter in color compared to soils 

used for other purposes. Study of the lime content of the soils showed that lime percentage increased with depth. 

In these soils, especially in soils used for growing pastures, increased organic carbon, and carbon dioxide, 

production resulting from microbial activity has enhanced lime dissolution, leaching, and transfer, and has led to 

the formation of a calcic horizon. However, considering that the lime transfer process takes a long time, and 

since growing rice in many places in these regions does not have a long history, no significant differences are 

observed between lime content of soil horizons in various land uses.Based on the results of this study, rice 

cultivation through flooding method affected many pedogenic processes and played an important role in 

changing and developing mollisols. The intensity of damaging effects of such cultivation method varies in 

different soils, considering the soil texture, percentage and length of the slope, percentage of organic materials, 

climate, cultivation time, water consumption, drainage and farm management. Thus, rice cultivation requires a 

particular management and such investigations will help identify sustainable managements and prevent soil 

destruction. 

 
Table 2: Classification of the soils in the study area 

Physiography Profile number Land use Soil Classification (keys to soil taxonomy, 2014) 

 

Piedmont plain 

1 Paddy soil Fine, mixed, active, thermic, Aquic Calcixerepts 

2 Dry farming Fine-loamy, mixed, superactive, thermic Typic Calcixerolls 

3 Pasture Fine-loamy, mixed, superactive, thermic Typic Calcixerolls 

 
Alluvial plain 

4 Paddy soil Fine, mixed, active, thermic Aquic Calcixerepts 

5 Dry farming Fine-loamy, mixed, superactive, thermic Typic Calcixerolls 

6 Pasture Fine-loamy, mixed, active, thermic Typic Calcixerolls 

 

Conclusion: 
 With respect to the research's findings, it can be concluded that regarding high volume of minerals in 

Vinasse and subsequently its high salinity, its application alone leads to increased salinity in heavy and light -
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textured soils. From this perspective, it can exert compounding impacts on the soil; thus, direct use of this 

substance, is not recommended. However, in following cases one can benefit from not only the application of 

Vinasse as irrigation water but also its other advantages, especially rich nutritional resources: using its water-

diluted form; applying it alternately with high quality water, specifically in light-textured soils; employing it in 

greenhouse cultivation, where soil salinity is controllable; and using it with crops that are more resistant to 

salinity. Nevertheless, due to the large volume of daily wastewater production, further practical studies are 

required to find more optimal, economic, and environment friendly use of this product. 
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