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Abstract 
 

The article deals with the negative effect of the prolonged irrigation on the contents and quality of humus, and plant nutrients’ stock in 

the soil. The research was aimed at studying the nature and regularities of the transformation of organic matter (humus) and nutrients in 

the dark chestnut soil of dry steppe zone in the Volga region in the process of irrigation over half a century long. Field and laboratory 

experiments, as well as theoretical methods, such as mathematical statistics were used for studying the soil agrochemical properties. The 

research has shown that humus mineralization in irrigated soils is more pronounced, compared to nonirrigated soils, dehumification 

increases with increasing the period of irrigation and intensification of agriculture; the content and stock of humus decreases with irrigation, 

and is accompanied by the negative changes in its qualitative composition. The article describes the reasons for dehumification and negative 

changes in the qualitative composition of humus in the dark chestnut soils: deficient nitrogen balance due to insufficient use of nitrogen 

fertilizers, which resulted in the destruction of the organic matter in the soil, increased share of tilled crops in the crop structure, absence 

of nitrogen-fixing ability in alfalfa due to significant soil compaction, and insufficient introduction of organic fertilizers. The found 

peculiarities of dehumification and reduction of nutrients availability in the soil, which are the most dangerous degradation processes in 

the soils of the region that reduce the efficiency of irrigated agriculture, are required for developing substantiated solutions for preventing 

dehumification, restoring the fertility of irrigated soils, and reducing deficiency of foodstuffs in arid regions. 
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1. Introduction 

The most important problem in the world is the increased food 

deficiency. The solution to this problem requires a significant 

increase in crop production. In arid areas, this cannot be achieved 

without expanding irrigation areas, since irrigation has always been 

and remains an important factor that influences agricultural 

productivity [1-4]. However, irrigation contributed to widely spread 

degradation of irrigated agricultural lands. Along with salinization 

and waterlogging of soils [5-8], irrigation increased their 

dehumification, and reduced the available nutrients in the soils. In 

Russia, the average humus losses over the last 15 years in not 

washed-off soils have been 9.5 %, and the annual average values 

have been 0.62 t/ha. In the Saratov region, humus losses over the 

last 20 years have achieved 6 – 16%, with the average annual humus 

balance deficiency of 0.59 – 0.91 t/ha. Soil dehumification is an 

extremely undesirable process. It is determined by the enormously 

important role of humus in soil fertility, as it is a universal system 

that determines and regulates the level of almost all factors that 

contribute to increasing or decreasing soil fertility [9]. Well 

humified soils are characterized by a strongly pronounced 

phytosanitary ability, which ensures the cultivation of 

environmentally clean products; these soils are less prone to the 

effect of artificial rain, which destroys the structure and compacts 

the soils. 

To reduce the foodstuffs’ shortage, it is necessary to know the 

nature of the organic matter and nutrients’ transformation processes 

that occur in case of long-term irrigation of dark-chestnut soils in 

the dry steppes in the Volga region, which constitute the majority 

of irrigated lands in the region, as well as the reasons for these 

processes.  

2. Literature review 

The importance of preserving organic matter in the soil has been 

long understood in agricultural science. As early as in the XIX 

century, the founder of Russian Soil Science V. V. Dokuchaev 

pointed to the direct correlation between the soil fertility and the 

content of humus in it [10]. In the United States, in the thirties of 

the last century W. L. Powas and R. D. Lewis studied the 

regularities of the effect of nitrogen and organic matter in the soil 

on its productivity [11], Wm. A. Albrecht — the loss of organic 

matter in the soil [12], W. L. Powers — the characteristics of 

organic soil colloids [13], and R. M. Salter and T. C. Green — the 

factors of organic carbon accumulation and loss [14]. Works of 

N.A. Tuev [15] were of great importance for understanding the 

processes of humus substances’ formation and decomposition in the 

soil. Currently, the specific problems of soil dehumification at 

irrigated farmlands in the Russian Federation and in the 

neighboring countries are widely studied. Human-induced changes 

in the organic matter of the dark chestnut soils of Northern 

Kazakhstan were studied by A. K. Kurishbayev et al [16], the 

current humic condition of the irrigated meadow-brown soils in the 

Republic of Armenia — by H. Gh. Ghazaryan et al. [17], changes 

in the conditions of humus formation in the typical black soils of 

the Northern part of the Republic of Moldova under the influence 

of irrigation were studied by I. Senikovskaya and V. Filipchiuk 

[18], the content of organic carbon, total nitrogen and dissolved 
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fractions of soil organic matter in the Chersky meadows (Republic 

of Poland) in the conditions of long-term irrigation (over 150 years) 

— by A. Dziamski, M. Banach-Szott, B. Dębska [19], changes in 

the structure of humus and microbial cenoses in deflated chestnut 

soils of Western Transbaikalia — by M. G. Merkusheva and S. B. 

Sosorova [20], and the content of humus in the long irrigated soils 

of the Akdalinsky and Chiiliysky massifs in the southern 

Kazakhstan — by M. A. Ibraeva, A. Otarov, B. Wiłkomirski, M. 

Suska-Malawska [21]. 

3. Methods and materials 

The research was performed at the agricultural enterprises 

representative for the irrigated agriculture in the steppe zone of the 

Volga region: ZAO Agrofirm “Volga” in the Marx district, 

development and production facilities of the Volga Scientific 

Research Institute of Hydraulic Engineering and Land Reclamation 

(OPH VolzNIIGiM) in the Engels district, and the Ershovka 

Experimental Land Reclamation Station (Ershovka OMS) in the 

Ershovka district of the Saratov region. Representativeness was 

assessed by the collection of indicators: soil and climate — typical 

for the irrigation in the dry steppe zone of the region, irrigation — 

with water from the Volga River with hydrocarbonate-calcium 

salinity of 0.2-0.3 g/l, through the engineering irrigation systems 

with the use of the most common method of irrigation — sprinkling 

irrigation, prolonged irrigation duration — 35, 60, and 65 years. 

Field and laboratory experiments, as well as theoretical methods, 

such as mathematical statistics were used for studying the 

agrochemical properties of the soil. The research was performed 

from 1990 to 2010. To determine the nature of organic matter and 

nutrients’ transformation in the soil under the influence of 

continuous irrigation, archive materials of the state agrochemical 

station Saratovskaya of the Volga Research Institute of Hydraulic 

Engineering and Land Reclamation and of the Ershovskaya 

Experimental Land Reclamation Station were used [22-26]. Field 

experiments were performed in accordance with the commonly 

adopted methods. Soil samples were selected according to the 

Methodical guidelines on comprehensive monitoring of agricultural 

soil fertility (2003). The content of humus was determined using 

the method of I. V. Turin (GOST 26213-84). The data were 

analyzed using the methods of correlation and regression analysis 

according to B. A. Dospekhov, using the STATISTICA 5.5 

software and Microsoft Excel spreadsheet editor. 

4. Results and discussion 

The results have shown that in the process of long-term irrigation, 

the content of humus in the irrigated dark chestnut soils reduces 

(Table 1, Figure 1). 

Table 1: Changes in the content of humus in the topsoil of the irrigated dark 

chestnut soil in the dry steppe zone of the Volga region, % 

Experimental production farm of the Volga Scientific Research Institute 

of Hydraulic Engineering and Land Reclamation in the Engels district 

of the Saratov region 

Year 1950 1960 1970 1980 1993 1996 2008 

% of 

humus 3.80 3.75 3.59 2.90 2.84 2.77 2.80 

ZAO Agrofirm “Volga”, Marx district of the Saratov region 

Year 1990 1997 2001 2004 2006 

% of 

humus 

3.05 3.01 2.96 2.92 2.88 

Ershovka Experimental Land Reclamation Station  

Ershovka district of the Saratov region 

Year 1954 1970 1980 1994 2004 

% of 

humus 

3.55 3.20 3.00 2.92 2.72 

 

 
Fig. 1: Trends in the changes in the content of humus in the topsoil of the 

irrigated dark chestnut soil in the dry steppe zone of the Volga region 

In the soils of the experimental production farm of VolzNIIGiM, 

humus content decreased from 3.80 % in 1950 to 2.80 % in 2008 

(by 26.32% over almost 60 years); of ZAO Agrofirm “Volga” — 

from 3.05 % in 1990 to 2.88 % in 2006 (by 5.57% over 16 years); 

and of Ershovka Experimental Land Reclamation Station — from 

3.55 % in 1954 to 2.72 % in 2004 (by 23.38% over 50 years). These 

data show that the longer is the period of using the irrigated lands, 

the more pronounced is the process of irrigated dark chestnut soils 

dehumification. 

Calculations show that over the years of observation, the content of 

humus had annually decreased in the soils of experimental 

production farm VolzNIIGiM by 0.02 absolute %, ZAO Agrofirm 

“Volga” – by 0.01 absolute %. The rate of soil dehumification at 

the experimental production farm of VolzNIIGiM had varied 

considerably over the 60-year period. Over the first 20 years, the 

content of humus was decreasing on the average at the rate of 0.01 

% per year. In the subsequent years, the decrease rate increased over 

5 times. 

The trends of changes are expressed by the following mathematical 

equations (Gum - content of humus, %; Year – year number): 

Gum = 0.0001∙Year2 - 0.5365∙Year + 555.12 for the experimental 

production farm of VolzNIIGiM; 

Gum = -0.0104∙Year + 23.28 for ZAO Agrofirm “Volga”; 

Gum = 0.0001∙Year2 - 0.6075∙Year + 619.73 for the Ershovka 

Experimental Land Reclamation Station. 

The levels of approximation reliability (R2) for these equations 

were 0.9205, 0.9476, and 0.9812, respectively. 

The main reason for dehumification of the irrigated dark chestnut 

soils was the intensification of irrigated agriculture with insufficient 

intake of fresh organic matter. Thus, at the experimental production 

farm of VolzNIIGiM, intensification of the technologies of 

agricultural crops’ cultivation, especially the use of high-yielding 

varieties and the use of pesticides, contributed to 2.9 times growth 

of spring wheat yield; 3.1 times — for winter wheat, and 1.25 times 

— for maize. As a result, the total subtraction of nitrogen by 

cultivated crops had increased 1.94 times from the 50-ies to the 80-

ies, which was the reason for the deficient balance of humus on the 

background of the almost twofold decrease of organic fertilizers’ 

introduction. Along with the increased nitrogen subtraction, the 

increased share of tilled crops from 12 to 50 %, and the loss by 

alfalfa of its nitrogen-fixing ability due to soil compaction to 1.5-

1.57 g/cm3 played  their roles [9, 26]. 

The process of humus mineralization in the irrigated lands is more 

pronounced, compared to the nonirrigated ones. Thus, over the 20 

years from 1964 to 1984, the content of humus in the irrigated dark 

chestnut soils at the experimental production farm of VolzNIIGiM 

had decreased by 1 %, while in the nonirrigated conditions, the 

content of humus in this subtype of soils on the average for the 

Saratov region had decreased by 0.7 %. 

The calculation of humus balance for 1997-2006 in the soil of 18 

irrigated fields of ZAO Agrofirm “Volga” with the area of about 
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2,000 hectares has shown that for most of them (13 of 18) it was 

deficient, and the average value of the deficiency amounted to 5 t/ha 

(Figure 2).  

 
Fig. 2: Estimated and actual humus balance in the dark chestnut soil of 
individually irrigated fields of ZAO Agrofirm “Volga” in the Marx district 

of the Saratov region 

The mean-square deviation between the estimated and the actual 

value amounted to 1.33 t/ha, which was within the analytical 

precision for determination of humus content. The correlation 

coefficient was R = 0.95. The Fisher LSD is F = 1.01 with the 

tabular F05 = 2.29, and t-test is t = 1.7 with the tabular t05 = 2.11, 

which proves the validity of the null hypothesis, and, therefore, the 

accuracy of the calculations. 

Simultaneously with the depletion of reserves and the decreasing 

content of humus in the irrigated dark-chestnut soils of the dry 

steppe in the Volga region, some negative changes occurred in the 

quality of humic substances, especially in the conditions of high 

rising groundwater (Table 2). 

Table 2: Humus fractional composition in the arable layers of dark-chestnut soils at the Ershovka experiment station (% of Ctotal) 

Humic acids Fulvic acids 

Nonhydrolyzed 

residue 
Cha/Cfa free 

(HA1) 

bound 

with Ca 

(HA2) 

tightly 

bound 

(HA3) 

Total 
aggressive 

(FA1a) 

bound 

with 

HA1 

(FA1) 

bound 

with HA2 

(FA2) 

tightly 

bound 

(FA3) 

Total 

Irrigated plot 1, groundwater level less than 2 m 

6.6 18.1 9.4 34.1 3.1 1.3 8.1 4.4 16.9 49.0 2.0 

Irrigated plot 2, groundwater level more than 10 m 

5.5 15.7 8.2 29.4 3.4 1.4 7.5 3.9 16.2 54.6 1.8 

Plot 3, without irrigation 

1.9 20.5 8.6 31.0 3.3 1.3 9.3 3.9 17.8 51.2 1.7 

The comparative analysis of humus qualitative composition in the 

soils of irrigated and nonirrigated plots has shown that, compared 

to bogharic lands, the amount of mobile organic substances had 

increased, which resulted in the intensification of the losses of 

organic matter in the soil due to its removal into the second half-

meter of the soil layer. The content of humic acids bound with 

calcium also decreased (especially in the irrigated soils with the 

automorphic type water regime). 

The trends in the changes in the content of main plant nutrients were 

also negative, especially those of available phosphorus and 

exchange potassium in the irrigated dark chestnut soils of the dry 

steppe zone of the Volga region. Due to the insufficient introduction 

of phosphatic and potash fertilizers, deficiency of these nutrients 

occurred. 

Calculation of phosphorus balance for 1997-2006 (Figure 3) 

showed that it had been deficient for all 17 studied arable fields of 

ZAO Agrofirm “Volga”. The balance of exchange potassium was 

also deficient for almost all studied fields (Figure 4). 

The deficient balances cause expressed processes of reducing the 

content of available phosphorus and exchangeable potassium 

(Table 3). 

 
Fig. 3: Estimated and actual available phosphorus balance in the dark 
chestnut soil of individually irrigated fields of ZAO Agrofirm “Volga” in 

the Marx district of the Saratov region 

 
Fig. 4: Estimated and actual exchange potassium balance in the dark 

chestnut soil of individually irrigated fields of ZAO Agrofirm “Volga” in 

the Marx district of the Saratov region 

 
Table 3: Changes in the content of main plant nutrients in the arable layers 
of irrigated dark chestnut soils at ZAO Agrofirm “Volga”, mg per 100 g of 

soil 

Year 
Available phosphorus Exchange potassium 

Average Min Max Average Min Max 

1997 9.70 2.60 17.2 35.93 13.20 65.60 

2001 8.90 2.30 14.30 39.49 10.60 80.00 

2004 3.50 1.00 6.10 24.22 8.53 58.73 

2006 3.27 1.67 5.85 31.64 22.00 57.50 

 

As a result, a decreased content of available forms of phosphorus 

was noted in the soil of 72 % of the irrigated fields at ZAO Agrofirm 

“Volga”. With that, in 16 % of the fields there was a very strong 

reduction in phosphorus content with the change of reserves’ group 

from the fifth (very high reserve level) to the second (low reserve 

level), and even the first (very low reserve level). A 66% decrease 

in the content of exchange potassium was noted. With that, in 22 % 

of the fields there was a very strong reduction in K2O content with 

the change of reserves’ group from the third (moderate reserve 

level) to the second (low reserve level), and even the first (very low 

reserve level). 

5. Conclusion 

During the crop production on the dark chestnut soils of the dry 

steppe zone of the Volga region, sprinkler irrigation results in the 
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transformation of their organic matter and nutrients, which is 

characterized by the following peculiarities: 

– with increasing the period of irrigation and with the growth of 

irrigated agriculture intensification, the process of dehumification 

intensifies; 

– the main reasons for soil dehumification are the following: 

deficient balance of humus and nitrogen due to the insufficient 

introduction of organic and nitrogen fertilizers, increased share of 

tilled crops and loss of alfalfa's ability to fix nitrogen due to soil 

compaction; 

– the process of humus mineralization under irrigation is more 

pronounced, compared to bogharic lands; 

– reduction of the humus content under irrigation is accompanied 

by negative changes in its qualitative composition; and 

– the process of decreasing the reserve of available nutrients in the 

soils due to the deficiency of their balance due to the insufficient 

introduction of phosphate and potash fertilizers is pronounced. 
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