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Abstract—The influence of liming on some biological characteristics of soddy-podzolic soil was studied in a 
field experiment with different rates of organic and mineral fertilizers. A decrease in soil acidity resulted in a 
reduced amount of C02 production and lower invertase activity, while nitrogen fixation and hydrolysis of nitro-
gen-containing organic substances were activated. 

INTRODUCTION calculated so that the yield (in forage units) could reach 
...        , . . . .         , 5 t/ha, and the rate increased by 30-50% depending 

A number of studies have shown that liming reduces       upon the crop)/. Lime and organic fertilizers were  
the acidity of soddy-podzolic soils and improves their          applied once – at the beginning of experiment. Mineral                                                            
chemical, physical, and biological properties. A consul-         fertilizers were applied annually,  
erable improvement in the properties of the adsorption        simultaneoously with soil cultivation. 
complex in response to liming is well documented.  
However, biological properties of plowed soils with 
different acidity have not been thoroughly investigated. The rate of C02 production was determined using 
According to Mishustin [8], many biological processes the LXM-8 gas chromatograph [5]; the potential activ- 
in soil are activated by liming. Karyagina et al, who hy of nitrogen fixation was determined by the acetylene 
studied this problem in Belarus [3, 4], demonstrated an reduction technique; the amount of ethylene formed 
increase in nitrification, nitrogen fixation, and activity was measured by the Chrom-4 gas chromatograph [9]; 
of urease, invertase, and nitrogenase, and a decrease in invertase and urease activities were determined by the 
C02 production in the soils subjected to liming. Shcherbakova-Romeiko   and   Malinskaya   methods, 

__ . . . .  ,     respectively [101. 
The main purpose of our investigation was to reveal 

the   changes   in  microbiological   characteristics   of 
Belarussian soddy-podzolic soils under the impact of RESULTS AND DISCUSSION 
liming. 

CO 2 Emission 

MATERIALS AND METHODS The study of soil biology was started in 1989 one 
year after liming. The results obtained (Table 1) attest 

The soils were treated with different rates of organic to a decrease in C02 production in response to liming, 
and mineral fertilizers. The field experiment was con- An active emission of C02 was observed on the plots 
ducted from 1988 to 1996 on soddy-podzolic sandy with acid soil (Cao, pH 5.0). A decrease in soil acidity 
loamy soil underlain by moraine loam at a depth of 0.5 m. was accompanied by the reduction of C02 emission 
The soil has a moderate nutrient supply, the original from soils. Thus, an increase in pH up to 5.5 (Caj) 
pHKC15.0, total acidity 4.3 cmol/kg of soil, and the sum resulted in the reduction of C02 emission by 19-32%; 
of exchangeable cations 5.4 cmol/kg of soil. The layout the further rise in pH up to 5.9 led to an additional 
of the experiment included three different modes of decrease in C02 emission by 2-15%. A somewhat 
lime application: (1) Cao—without lime; (2) Caj—the increased production of C02 in the acid soil under clo- 
amount of lime added was calculated so that the total ver is attributable to the specific influence of legumi- 
acidity could be neutralized (6.5 t/ha); (3) Ca2—lime nous plants on the soil. A decrease in C02 emission in 
was added in an amount sufficient for reaching the response to liming can be explained by the lower rate of 
optimal pHKC1 6.2 (12.4 t/ha). Each of these modes mineralization of organic matter and the intensified 
included nine different treatments with organic and accumulation of humic substances. The application of 
mineral fertilizers in four replicates: 0, 12, and 24 t/ha organic and mineral fertilizers resulted in the increase 
of peat-manure compost (PMC) in combinations wijth of C02 production across all the plots, except for the 
different rates of mineral fertilizers (zero rate, the rate plots under clover. 
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particularly under barley (Tables 1 and 2). The activity of nitrogen fixation was considerably greater in 
the variant with a high (Ca2) rate of liming. Thus, for the plots without fertilizers it increased by three 
times as compared to the control without liming. In 1989, the nitrogen-fixing capacity of limed soils 
increased by 2.8 times in the control (without fertilizers), by 1.4 times in the soils treated with mineral 
fertilizers, and by 2.8 times in the soils treated with NPK and peat-manure compost, as compared to the 
background without liming (Table 1). Similar results were obtained for the plots that had been treated 
with increased doses of lime. Data obtained by Aristovskaya [1], Kalininskaya [2], and Karyagina et al. 
[3, 4, 6] allow us to regard nitrogen fixation and humification as conjugated processes. As a rule, a 
combination of such factors as augmentation of nitrogen fixation, reduction of C02 production, and 
saturation of soils with C2+ and Mg2+ results in a rise in coefficients of humification (when pH values 
change from 4.0-4.2 to 6.0-6.2, a 1.5-2-fold increase in coefficients of humification is observed). This 
allows the conclusion that when the optimum soil reaction is achieved, humification becomes more 
intensive than mineralization. 
The application of fertilizers did not render a definite impact on nitrogen fixation. A distinct 
intensification of nitrogen fixation was only observed in 1990 under the plots with barley that were 
treated with increased rates of organic and mineral fertilizers (Table 2). 

 

Enzyme Activity 
Within a year after liming we determined a distinct difference between the plots with respect to the 
activity of hydrolytic enzymes urease and invertase (Table 1). Judging by the activity of invertase, the 
intensity of the decomposition of carbohydrates decreased under trie impact of liming, indicating a 
better preservation of carbon-containing substances in the soil and the possibility of a reduction of 
organic matter losses. A decrease in soil acidity accelerated the decomposition of nitrogen-containing 
substances in soil. For example, urease that catalyzes the hydrolysis of urea was more active in the soil 
to which lime was applied (Tables 1 and 2), regardless of the amount of fertilizers added. 
Usually, organic fertilizers increase the activity of urease. The activity of invertase increased 
significantly in response to an increase in the rate of fertilizers during each year of the experiment (by 
up to 90% in the plots without liming). Nitrogenase activity usually did not correspond to the amount of 
fertilizers applied. At the same time, it considerably increased in the plots treated with lime, as 
compared to those without lime (Table 1). 

 

Changes in Microbial Cenosis 

Neutralization of soil acidity was always accompanied by the regrouping of the microbial cenosis; the 
population of mold fungi decreased (Table 3), and bacterial microflora, such as, for example, 
ammonium-fixing and nitrogen-consuming bacteria, actively developed. The population of the 
aforementioned bacteria increased even more intensely when mineral and, especially, organic nitrogen 
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fertilizers were applied. The application of lime caused a growth in the population of Actinomycetes, 
particularly in the plots without fertilizers. The application of fertilizers on the plots without lime caused 
the same effect on the population of Actinomycetes. The impact rendered by organic fertilizers on fungi 
was insignificant in nonlimed soil, though considerable in the variants with liming (pH 6). 

 
A general conclusion can be made that liming activates the development of bacteria and Actinomycetes and depresses the development 

of fungi in the soil. 

CONCLUSION 

The changes in the soil adsorption complex under the impact of lime cause a significant alteration in the biological state of soils. The 
intensive transformation of organic matter accompanied by the production of C02 and the intensive breakdown of carbohydrates (under the 
impact of invertase) are typical of acid soils. A decrease in soil acidity results in decreasing C02 emission and invertase activity. Liming 
activates the fixation of air nitrogen and the hydrolysis of nitrogen-containing organic substances. It leads to a regrouping of the soil 
microflora: the populations of bacteria and Actinomycetes increase, while the population of fungi is reduced. 

In general, the optimization of the acidity of soddy-podzolic soil helps to optimize its biological state. 
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