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Abstract 

 

The Westsik’s long-term crop rotation experiment was set up in 1929 at the 

Nyíregyháza Experimental Station (NE Hungary) on a slightly acidic Arenosol. 

Besides fallow crop rotation (CR), effects of different organic amendments (lupine 

as green manure, lupine as main crop, straw manure, and farmyard manure (FYM) 

were studied with or without N or NPK-fertilizers. The crop rotation consisted of rye, 

potato, lupine, and oat with common vetch. The soil of potato plots was analysed in 

2019 at the 90th anniversary of Westsik’s crop rotation experiment. 

The following chemical and microbiological soil parameters were determined: 

soil pH, available nutrient contents, organic carbon (OC) and nitrogen (ON) contents, 

microbial biomass carbon (MBC) and nitrogen (MBN), soil respiration, net 

nitrification, and activity of some soil enzymes. 

In the CRs, the soil pHH2O varied from acidic to weakly alkaline and it largely 

differed from pHKCl. The results showed a significant increase in the content of 

nitrate, available phosphorus and potassium in most of the fertilized plots. Applying 

straw, green manure, or FYM significantly increased the OC and ON contents. The 

total count of cultivable bacteria increased upon the application of the organic 

manures. Combined application of straw manure and N-fertilization heavily 

improved the abundance of the microscopic fungi. 

While all the applied organic manures significantly enhanced the MBC, the 

MBN increased only by the green manure amendment. Our results revealed higher 

soil respiration rate in the plots receiving straw or FYM than in the control. Both 

green manure and FYM elevated the net nitrification rate. Phosphatase, saccharase, 

urease, and dehydrogenase enzymes showed a hesitating response to the manure 

application in the different CRs. 

The soil respiration and dehydrogenase activity correlated to most of the 

measured chemical parameters. Among microbiological properties, the MBC and 

MBN, as well as dehydrogenase and other enzyme activities displayed a positive 

correlation. Results proved the need for the exogenous application of organic matter 

in the form of organic manures to enhance the nutritional status and health of the soil. 
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Introduction 

 

One of the greatest challenges nowadays in crop production is to maintain soil 

fertility to ensure the production of an appropriate amount of feed and food raw 

materials of good quality. Natural and ecological conditions (climate, climate change, 

soil formation, parent material) are less controllable factors for farming, but agro-

technical processes (nutrient supply, use of chemicals) can be professionally selected 

for more successful productivity (SÁNDOR, 2006). Experiments older than 20 years 

can be termed long-term experiments (RASMUSSEN et al., 1998) studying crop 

production, nutrient cycling, and the environmental effects of agriculture. Long-term 

experiments are suitable for monitoring the effects of regular treatments on soil’s 

physical, chemical, and biological properties (GEISSELER & SCOW, 2014; HUNGRIA 

et al., 2009). The balanced supply of minerals and organic matter (e.g., plant residues, 

manure, green manure, compost, etc.) added into the soil improves the nutrient 

cycling, dynamics, abundance, and activity of soil microorganisms. They contribute 

directly and indirectly to the growth and development of plants (HICKS et al., 2020; 

KÁTAI, 1999, 2006; KÁTAI et al., 2014, 2020; SZILI-KOVÁCS et al., 2009, 2011; ZHAO 

et al., 2013), where the degraded organic matter acts as a nutrient source for the soil 

heterotrophic organisms. Another positive effect of soil organic matter supply and its 

transformation is the part of the organic matter which is converted to humus, which 

can, consequently, improve the soil-water-air relationship (MEURER et al., 2020). 

The intensity of the organic matter conversion in soils depends on the humus 

content and the activity of soil organisms, which are decisively influenced by the soil 

properties, the environmental factors, and the applied agro-technologies (FÜLEKY & 

RAJKAINÉ, 1999). ANDERSON (2003) attributed the sustainability of soil fertility to 

the living soil organisms taking part in the organic matter decomposition. 

In long-term experiments, the dual application of mineral fertilizers and 

different organic materials was the most effective for soil biochemical processes 

(BÖHME et al., 2005; INUBUSHI et al., 2020; SIMON & CZAKO, 2014). The beneficial 

effect could be due to the long-term stimulative effect of the combined nutrient 

replenishment.  

Sandy soils generally have low nutrient content and usually belong to arid and 

semi-arid regions. In these soils, successful crop production, with higher crop yields, 

requires proper management practices with the complex utilization of mineral 

nutrients and organic matter, as well as a balanced water supply (MAYER et al., 2015). 

The Westsik’s Crop Rotation Experiment on sandy soil (Arenosol) in 

Nyíregyháza, Hungary, uniquely models the impact of fallow, straw, farmyard, and 

green manure application, as well as chemical fertilization on soil fertility. The 

obtained results provided important information for the sustainable farming 

(LAZÁNYI, 2001; ISZÁLYNÉ, 2007; ROMHÁNYI et al., 2012). Besides reporting the 

variations in chemical properties of soil, yield information was also reported by 

HENZSEL et al. (2011). 

The present study aimed to conduct a complex chemical and microbiological 

examination of the soil in the 90-year-old experiments. Therefore, chemical, 
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biochemical, and microbiological traits of soil were measured. Correlations between 

the measured soil properties were statistically calculated.  

 

Materials and methods 

 

Westsik’s long-term crop rotation experiment and soil sampling 

The Westsik’s long-term fertilisation experiment was established in 1929 with 

12 crop rotations at the Nyíregyháza Experimental Farm (Nyíregyháza, Hungary, the 

predecessor of the University of Debrecen, IAREF, Research Institute of 

Nyíregyháza). Nowadays, altogether 15 crop rotations (CR) have still been 

maintained (LAZÁNYI, 2001, HENZSEL, 2012). Table 1 shows the description of the 

15 CRs. 

Briefly, the 15 CRs were: CR I was used as periodical fallow in the experiment 

and as a control in data evaluation. In CR II lupine was the main crop and it was 

cultivated for the green manure. In CR III lupine was cultivated for the grain yield. 

In CRs IV, V, VI and VII straw manure was added to the soil, CR VIII lupine was 

cultivated for the grain yield and as a second crop for green manure. In CR IX lupine 

was cultivated as a fodder, CRs X and XI received farmyard manure, CRs XII, XIII, 

XIV, and XV were based on secondary green manure cultivation. 

The CRs I, VII, X, and XV did not receive any chemical fertilizers at any growth 

stage. The fertilized CRs received a total of 94 kg ha–1 of P2O5 and 84 kg ha–1 of  

K2O-fertilizer in every three and four years, respectively. We applied lower dose of 

N for the CRs II, III, XI, and XII at a rate of 43 kg ha–1 (spread over 3 years). We 

added higher dose of N (86 kg ha–1, spread over 3 or 4 years) to the CRs VIII, IX, 

XIII and XIV. We applied the largest amount of N to the CRs IV, V, and VI amended 

with straw at a rate of 108 kg ha–1, spread over 3 years. 

The soil type of the experiment is Lamellic Arenosol, Dystric (WRB 2015) with 

low humus content. The texture of the soil is sand, with 89.13% sand, 2.21% loam, 

and 8.66% clay (HENZSEL, 2012). Potato was cultivated in every crop rotation. Soil 

samples were taken from the experimental plots from the 2–20 cm layer, on 27 June 

2019 at the flowering stage of potato (BBCH 65). In every crop rotation, a composite 

soil sample of 15 subsamples collected from about 20 m2 in front of the hill, split into 

three subsamples. 

 

Determination of chemical and microbiological soil characteristics  

Collected soil samples were transported immediately to the laboratory and 

sieved by <2 mm sieve. Moisture content was measured by drying the soil at 105oC 

for 24h (BUZÁS, 1988). Soil pH was measured in 1:2.5 ratio of soil:water and soil:1M 

potassium chloride (KCl) suspensions, respectively (MSZ 08-0206/2:1978). The 

NO3
–-N, ammonium lactate (AL) soluble phosphorous and potassium contents were 

determined according to the Hungarian Standard MSZ 20135:1999. Soil organic 

carbon (SOC) was estimated according to the MSZ-08-0210:1977, while organic 

nitrogen (ON) content was measured based on the MSZ-08-0458:1980. 
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Table 1 

Treatments of the Westsik’s long-term experiment in Nyíregyháza 

 

Crop  

Rotations ID 
Organic fertilization of the crop rotation 

Applied mineral fertilizers to 

the model plant, potato* 

I fallow no fertilizers 

II lupine green manure as a main crop N-fertilizer 

III lupine for grain N-fertilizer 

IV straw manure N, P, K-fertilizers 

V fermented straw manure with N N, P, K-fertilizers 

VI fermented straw manure with water  N, P, K-fertilizers 

VII fermented straw manure with water no fertilizers 

VIII lupine green and root manure P, K-fertilizers 

IX lupine for green forage N-fertilizer 

X farmyard manure no fertilizers 

XI farmyard manure N-fertilizer 

XII lupine green manure as a second crop N-fertilizer 

XIII lupine green manure as a second crop  P, K-fertilizers 

XIV lupine green manure as a second crop P, K-fertilizers 

XV lupine green manure as a second crop no fertilizers 

*Ratios of chemical fertilizers are described within the text. 

 

The microbial biomass carbon (MBC) and nitrogen (MBN) were measured by 

chloroform fumigation-extraction method (VANCE et al., 1987). The CO2-production 

was determined after a 10-day incubation period according to ÖHLINGER (1996). The 

net nitrification rate was measured after 14-day incubation with a reagent of  

Na-salicylate, same way as by the analysis of NO3
–-N content of soil (Hungarian 

Standard MSZ 20135:1999). The total number (Colony Forming Unit, CFU) of 

bacteria and quantity of microscopic fungi were determined by plate dilution method 

according to SZEGI (1979) on Buillon plate and pepton-glucose agar, respectively. 

The CFU was counted with a Leica-type manual counter. The saccharase activity was 

measured by the method of FRANKENBERGER & JOHANSON (1983), while urease 

enzyme activity was quantitatively determined according to SZEGI (1979). Along 

with the determination of phosphatase activity, the hydrolysed phosphoric acid was 

measured colorimetrically by KRÁMER-ERDEINÉ (SZEGI 1979) at the original soil pH, 

after hydrolysis of disodium phenyl phosphate. Dehydrogenase activity was 

determined based on the reduction of the used artificial hydrogen acceptor  

(MSZ-08-1721-3:1986). 

 

Statistical evaluation 

The means, standard deviation and variance analyses (followed by Post Hoc 

Multiple Comparisons and Duncan test; p ≤ 0.05) were statistically calculated with 

SPSS 27.0 program. Pearson’s correlation analyses (n = 45) were used to highlight 

the relationships between soil properties at 0.01 level. 
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Results 

 

Results of soil moisture, pH and mineral nutrient content are shown in Table 2. 

Soil moisture content was extremely low at the sampling time and ranged between 

3.88–8.73%. Most of the soil samples had a moisture content between 4–6%.  

Based on the results of soil pHH2O, seven soil samples were acidic (CRs I, II, III, 

IV, VI, VIII, XIV), four were slightly acidic (CRs V, VII, IX, X), one was neutral 

(CR XV), and three were slightly alkaline (CRs XI, XII, XIII). The soil pHKCl values 

were lower by 0.92–1.75 pH units than pHH2O. 

Concentrations of the available nutrients in the non-fertilized CRs (CRs I, VII, 

and XV) were significantly lower than in the other CRs (Table 2).  

The soil NO3
–-N content increased significantly in the CRs II, III, IV, VI, and 

XI. Among them, extremely high values were measured in the CRs II, VI and XI 

compared to the control (CR I). Soil NO3
–-N content was significantly lower in the 

CRs IX, X, and XV. Low soil NO3
–-N content was determined in the secondary green 

manure crop rotations (e.g., CRs XII, XIII, and XV).  

The lowest available P content corresponded to the CR XV. The 11 CRs 

fertilized with P showed 2–4.5 times higher P content than the CR I. The highest P 

content linked to the CR XI, where N and+FYM were applied. This nutrient supply 

resulted in a 6.5-time higher soil P content than the CR I. 

The lowest K content corresponded to non-fertilized CRs I, VII, and XV. The 

soil K content significantly increased in ten CRs compared to the control, from which 

three CRs (i.e., CRs III, X and XI) showed 3–5 times higher K content.  
 

Table 2 

Moisture content and some chemical characteristics of soils from  

Westsik’s crop rotation experiment 

 

CRs 
Moisture 

content % 

pH 

H2O 

pH 

KCl 

NO3 

mg kg–1 

AL P2O5 

mg kg–1 

AL K2O 

mg kg–1 

I 7.71 f 5.15 b 4.39 b 23.73 de 64.36 b 31.35 ab 

II 4.32 b 4.79 a 3.93 a 117.61 j   160.93 h 47.92 d 

III 8.22 g 5.10 b 3.85 a 33.10 g   136.41 f 102.12 g 

IV 4.40 b 5.07 b 3.92 a 40.32 h   221.27 j 43.94 d 

V 8.73 h 5.85 c 4.51 bc 23.44 de 133.28 e 33.81 bc 

VI 4.82 c 5.79 c 4.87 d 137.13 k 144.84 g 45.69 d 

VII 5.67 d 6.26 e 4.51 bc 27.93 fg 66.64 b 34.92 bc 

VIII 6.65 e 5.09 b 3.81 a 19.21 cd 116.68 d 55.21 e 

IX 4.39 b 6.08 d 4.61 c 23.77 de 112.98 c 43.04 d 

X 4.53 bc 6.35 e 4.93 d 16.72 bc 139.97 fg 161.19 h 

XI 3.88 a 7.45 i 6.51 h 48.73 i 419.97 l 157.28 h 

XII 5.70 d 7.27 h 7.20 g 11.04 ab 273.34 k 37.59 c 

XIII 4.63 bc 7.86 j 6.31 g 14.55 abc 204.68 i 44.34 d 

XIV 5.34 d 6.69 f 5.15 e 18.20 cd 200.39 i 67.00 f 

XV 6.52 e 6.93 g 5.56 f 8.81 a 33.48 a 26.92 a 

Means followed by different letters in the same columns are statistically significant at 

p < 0.05. 
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Soil organic matter and its degradation 
Low content of SOC, measured in the CRs III, VII, and IX ranged between  

4.32–4.53 g kg–1 soil (Table 3). The CRs (IV, V, and VI) which received straw 

manure showed high SOC contents ranging between 7.54–7.78 g kg–1 soil. The FYM 

and secondary lupine treatments (the CRs X-XIV) in combination with chemical 

fertilizer resulted in the highest SOC content (7.77–9.76 g kg–1 soil). 

The ON content of soils ranged between 0.56–1.02 g kg–1 soil. The lowest ON 

was measured in the CR I, while the highest ON content was determined in the FYM 

+ fertilizers treated CR XI. Soils can be divided into two groups based on their ON 

content: one group (CRs I–V and XV) where ON content ranged between 0.56–0.63 

g kg–1 soil and the other group included the CRs VI-XIV, where the ON content 

ranged between 0.68–1.02 g kg–1 soil. Similar to the SOC, the straw, FYM and 

different lupine treatments (CRs VI–XIV) combined with fertilizers provided higher 

ON content than the other treatments. 

Based on the soil MBC, the CRs can be divided into three groups. First group 

included the CRs I, III, IV, V, VI, and VIII with low MBC values ranging between 

71.00–87.67 µg C g–1 soil. Second group included the CRs II, XI, XIII, and XIV with 

MBC of 103.33–149.33 µg C g–1 soil. Third group included the CRs II, XI, XIII, and 

XIV with an MBC ranging from 170.33-213.33 µg C g–1. In the CRs, where lupine 

was used as green manure, the soil MBC was usually higher than in the other CRs. 

Based on the MBN results, the CRs could be grouped in three categories. The 

CRs I, V, VI, VII, X, and XV showed the lowest MBN values (<2.02 µg N g–1 soil). 

The CRs IV, IX, XI, and XII had MBN contents ranging between 2.28–2.60  

µg N g–1 soil. The CRs II, III, VIII, XIII, and XIV displayed the highest content of 

MBN that ranged between 3.8–6.20 µg N g–1 soil. Based on both the MBC and MBN 

results, the CRs I, II, V, VI, IX, XII, XIII, and XIV belonged to the same category. 

The CO2 production of soils indicated that the various forms of applied organic 

manures resulted in different rates of CO2 emissions. This might be caused by the 

degradation of OM in various ways and rates. Similar CO2 emission of CR I was 

found in the CRs VIII, IX, X, and XV. The other CRs showed significantly higher 

CO2 emissions ranging from 127.1–139.7 mg CO2 kg–1 soil. Outstanding CO2 

production was measured in the fermented straw and FYM treated CRs (VI and XI). 

High CO2 production was measured in the straw-treated CRs (IV–VII) and green 

manure-treated CRs (XII–XIV). 

The nutrient stock of soil was low in the experiment, so the net nitrification was 

also low ranging between 2.53–19.34 mg kg–1 NO3–, as expected. Slightly higher or 

lower net nitrification values corresponded to the CRs IV, V, VII, and XIV compared 

to the CR I. The net nitrification was significantly higher in the CRs applying green 

manure (CRs II, III, XII) and fermented straw (CR VI) with values between  

13.60–19.34 mg kg–1 nitrate.  
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Table 3  

Some parameters of soil C and N cycles from Westsik’s experiments 
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I 0.91 b 5.18 c 0.56 a 72.33 a 2.02 ab 115.9 ab 3.88 ab 

II 0.91 b 5.23 c 0.62 b 173.00 e 5.42 d 135.2 e 17.34 h 

III 0.77 a 4.50 b 0.58 a 87.67 a 4.82 d 122.7 bc 16.07 h 

IV 1.30 e 7.54 f 0.62 b 77.00 a 2.28 ab 127.1 cd 4.13 ab 

V 1.38 f 7.69 f 0.63 b 83.33 a 1.48 a 132.8 de 5.03 bc 

VI 1.38 f 7.78 fg 0.71 cd 71.00 a 1.64 a 155.3 g 19.34 i 

VII 0.77 a 4.32 a 0.70 cd 128.33 c 2.01 ab 138.2 f 5.38 bc 

VIII 1.25 d 6.96 e 0.78 g 72.00 a 3.80 c 114.9 a 11.71 f 

IX 0.79 a 4.53 b 0.74 f 149.33 d 2.60 b 119.0 ab 8.15 de 

X 1.36 f 7.77 g 0.71 ef 105.33 b 1.65 a 118.3 ab 6.64 d 

XI 1.62 h 9.33 i 1.02 h 170.33 e 2.39 ab 151.8 g 6.57 cd 

XII 1.37 f 7.89 g 0.81 g 146.67 d 2.45 ab 139.7 f 13.60 g 

XIII 1.71 i 9.76 j 0.72 ef 191.33 f 6.20 dc 134.5 e 6.17 cd 

XIV 1.48 g 8.37 h 0.68 c 213.33 g 5.06 d 130.2 de 2.53 a 

XV 1.08 c 6.31 d 0.63 b 103.33 b 1.63 a 118.3 ab 9.45 e 

Means followed by different letters in the same columns are statistically significant at p < 0.05 

 

Microbial counts and enzyme activities in the soil 
The total number of bacteria varied between 2.64–13.36 x 106 CFU g–1 soil 

(Table 4). Similar to the CR I, a low number of bacteria was determined in the CRs 

II, IV, VIII, and XIII. Significantly higher total bacterial numbers were counted in 

the other CRs ranging from 5.27–13.36 x 106 CFU g–1 soil. The highest bacterial 

count (13.36 x 106 CFU g–1 soil) can be linked to the CR XII, where N, P, and  

K- fertilizers and secondary sown lupine were applied. 

In ten CRs of the experiment, the population of microscopic fungi varied 

between 11.67–19.00 x 103 CFU g–1 soil; however, the control (CR I) displayed a 

16.00 x 103 CFU g–1 soil. The CRs II, IV, VI, and VIII exhibited significantly higher 

population of microscopic fungi ranging between 30.33–78.33 x 103 CFU g–1 soil. 

Phosphatase activity ranged between 12.65-27.79 mg P2O5 g–1 soil 2h–1  

(Table 4). The enzyme activities in the CRs VII and XII were similar to CR I as they 

ranged between 17.35–18.80 mg P2O5 g–1 soil. The activity decreased significantly in 

the CRs II, IV, V, and VI; nevertheless, increased activities corresponded to the CRs 

III, VIII, IX, X, XI, XIV, and XV. 
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The activity of the saccharase enzyme fluctuated between 22.1–61.3 mg glucose 

kg–1 soil 24h–1. A significant decrease was noticed in the CRs II, III, and VIII 

compared to the CR I. Saccharase activity increased significantly in the CRs V, X, 

XIV, and XV, while the other seven CRs did not significantly differ. 

The urease activity varied over a wide range (676.2–1323.4 mg NH4
+ kg–1 soil). 

There was a small but significant decrease compared to the control (CR I) in the CRs 

III, IV, VII, VIII, and IX, in the group amended with straw and green manure. The 

urease activity significantly induced in the other CRs, especially where root, green, 

and FYM manures were applied (CRs II and X–XV).  

Activity of soil dehydrogenase enzyme significantly increased in all the 

fertilized treatments. Approximately, 1.5–2-fold increase in dehydrogenase activity 

was determined in eight CRs (i.e., CRs V, VII and from X to XV) compared to the 

CR I. 
 

Table 4  

Population dynamics and some enzymes activity from Westsik’s experiments 
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I 2.64 ab 16.00 a 17.35 d 41.7 de 877.5 d 34.97 a 

II 2.77 ab 30.67 b 12.65 a 25.4 ab 1072.3 i 47.30 c 

III 11.05 f 15.00 a 20.83 e 22.1 a 755.1 b 48.75 c 

IV 3.45 abc 78.33 d 16.09 c 35.1 cd 751.9 b 40.44 b 

V 7.59 d 19.00 a 14.48 b 56.4 f 937.0 e 59.80 d 

VI 5.27 c 68.67 c 16.78 c 44.7 e 930.6 e 41.89 b 

VII 9.50 de 13.00 a 18.80 de 47.6 ef 785.7 c 73.99 f 

VIII 1.77 a 30.33 b 21.91 ef 31.9 bc 753.5 b 59.36 d 

IX 9.95 e 18.67 a 22.63 ef 41.7 de 676.2 a 47.40 c 

X 8.05 de 18.67 a 26.54 f 61.3 g 1323.4 l 78.34 g 

XI 8.00 de 14.00 a 21.38 ef 46.6 ef 1202.7 k 72.30 f 

XII 13.36 g 10.33 a 14.54 b 36.7 cd 1003.0 g 60.50 de 

XIII 3.82 bc 11.67 a 17.54 d 45.6 ef 999.8 f 74.97 f 

XIV 8.32 de 16.00 a 27.79 g 51.5 f 1035.2 h 67.70 e 

XV 9.64 de 12.67 a 20.16 e 53.9 f 1156.0 j 62.50 de 

Means followed by different letters in the same columns are statistically significant at p < 0.05 

 

According to the results presented in Tables 2–4, only the CR XIV showed 

positive changes recording higher values for all the measured parameters. In this CR, 
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the secondary sown lupine and NPK were jointly applied. The second most successful 

nutrient supply technique was the combined FYM and N-fertilization (CR XI). Only 

five soil parameters changed positively in the CR V, which seems to be the least 

successful nutrient supply method. 

 

Correlations between soil chemical and microbiological properties 

Positive and negative statistical correlations were found among soil chemical 

and microbiological properties (Table 5). The CO2 emission and the dehydrogenase 

activity correlated with most of the chemical parameters. All correlations were 

positive, except between dehydrogenase activity and NO3
–-N content. In contrast, net 

nitrification correlated only with NO3
–-N content. The CFU of soil bacteria positively 

correlated with pH, while negatively with NO3
–-N. The CFU of microscopic fungi 

negatively correlated with pH and positively with NO3
–-N. Phosphatase activity 

positively correlated with K content and negatively with NO3
–-N. Saccharase and 

urease activities positively correlated with soil pH and OC; moreover, urease activity 

positively correlated with AL-P2O5.  
 

Table 5 

Correlations between soil chemical and microbial properties. 

Correlation significant at 1%-level; n = 45 

 

 

The MBC positively correlated with the MBN, while negatively correlated with 

net nitrification (Table 6). Saccharase activity negatively correlated with net 

nitrification and MBN, while positively with urease and dehydrogenase activity. 

Dehydrogenase activity negatively correlated with CFU of fungi and positively with 

phosphatase, saccharase, and urease activity. Negative correlation was reported 

between CFU of bacteria and microscopic fungi. 
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CO2-emission  0.439 0.562 0.575  0.418 0.469 

Net nitrification   0.608     

CFU of bacteria 0.433 0.423 –0.386     

CFU of fungi –0.515 –0.407 0.573     

Phosphatase   –0.412  0.547   

Saccharase 0.560 0.468    0.442  

Urease 0.424 0.484   0.525 0.617  

Dehydrogenase 0.545 0.491 –0.448  0.435 0.574 0.495 
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Table 6 

Correlations among the soil microbiological properties. 

Correlation significant at 1%-level; n = 45 
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Net nitrification ------- –0.409        

MBC –0.409 -------        

MBN  0.505 --------       

CFU of bacteria    --------      

CFU of fungi    –0.401 ----     

Phosphatase      ------    

Saccharase –0.541  –0.468    -----   

Urease       0.509 ------  

Dehydrogenase     –0.533 0.429 0.532 0.541 ------ 

 

Discussion 

 
In long-term experiments, the same treatments have been applied for decades. 

The real effects of different treatments considering slow changes in some soil 

properties, and the cumulative effects are expected after long time. Therefore, long-

term experiments help us to understand the consequences of agronomical practices 

on soil properties and functions (STUMPF et al., 2021). 

 

Changes in soil pH and available nutrient supply in CRs 

Soil texture of the Westsik’s CRs experiment is draft sand, where the clay and 

silt content was <10% (HENZSEL, 2012). The low soil moisture (3–8%) observed in 

these CRs could be partially attributed to the close correlation between soil texture 

and moisture; however, soil moisture was mainly affected by the precipitation. Very 

low soil moisture content was noticed in the CRs X and XI, where the FYM was 

added. Overall, the OM addition could elevate the soil moisture content (MINASNY& 

MCBRATNEY, 2018) resulting in higher potato yield (HENZSEL, 2011) due to 

increasing water uptake by plants. Furthermore, cultivated plants could modify the 

soil moisture content (YANG et al., 2016). 

The application of chemical fertilizers usually decreases the soil pH (GE et al., 

2018). However, the mean pH of unfertilized CRs I, VII, X, and XV was 4.85, while 

the mean pH value of fertilized CRs with N, PK or NPK-fertilizer was 4.97. This 

result confirms that the long-term utilisation of different forms of OM can mitigate 

the negative effect of chemical fertilizers on soil pH (KÁTAI et al., 1999). Generally, 

higher NO3
–-N concentrations were measured in the N-fertilized treatments. Nitrate 

ion is a labile form of soil N pool, its current value is primarily determined by OM 

decomposition, soil aeration, plant demand, and leaching (GILES et al., 2012; SEBILO 

et al., 2013). Moreover, lupine as a previous crop, could fix N2 up to 300 kg ha–1 
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(SULAS et al., 2016), which also could contribute to the NO3
–-N content of soil. 

Considering the earlier results of KÁTAI et al. (1999) and HENZSEL et al. (2012), the 

FYM+N-fertilizer (CR XI) had substantial impact on this parameter, particularly in 

a long-term observation. 
The dual application of OM and chemical N-fertilizer showed a significant 

potential on the available P and K contents in comparison to the control (I). The 

relatively high K content of FYM (RAYNE & AULA, 2020) and the high adsorption 

capacity of OM (WANG & HUANG, 2001) could increase the available P and K 

content. Long-term application of FYM, green and straw manure proved that the 

FYM could be used more effectively for maintaining high concentration of available 

P and K content, particularly in acidic sandy soils. Moreover, WANG et al. (2019) 

found that mineral and organic matter content of soils were both increased when 

organic and mineral fertilizations were jointly applied. 

 
Organic C and N content and their transformation in CRs  

Our results revealed that the effect of organic manures to increase soil organic 

matter can be improved with chemical fertilizer addition. According to MUHAMMED 

et al. (2018) the OC stock continuously decreased in the arable lands, while it 

increased in grasslands in the UK from 1800. This result also draws attention to the 

decline in OM content of arable lands, which is one of the main threats of soils 

(HUBER et al., 2008). Sandy soils with low humus content are extremely sensitive to 

the decline in OM content. Therefore, our results are of importance to prove that all 

the applied manure types (FYM, green, straw) had a positive effect on soil OM 

content, especially when chemical fertilizers were added to the organic manure.  

The MBC and MBN refer to the quantity of bacteria and fungi in the soil. 

Organic manures usually increase the microbial population of soil resulting in better 

transformation of nutrients (RAYNE & AULA, 2020). The growing rate of microbial 

community depends on the added OM (KÁTAI et al., 2018) and the microbial 

necromass carbon is the primary constituent of stable carbon stored in the soil 

(BUCKERIDGE et al., 2020). MCLAREN & BUCKARIDGE (2019) found that the N 

fertilization had no effect on the MBC but it reduced the MBN. Our results are in 

contradiction with this finding, where the MBC and MBN increased in the CRs 

receiving chemical fertilizers.  

Increased microbial population could raise the quantity of mineralizable N and 

strong relationship was found between the OM, microbial activity and N 

mineralization (N’DAYEGAMIYE & CÔTÉ, 1989). Negative correlation between net 

nitrification, MBC, and saccharase were reported, while no significant correlations 

were found between the other microbiological parameters. 

An important parameter of the carbon cycle in the soil-plant-atmosphere system 

is the CO2 production of soil, originating from the decomposition of OM and plant 

respiration. According to RAVN et al. (2017) the fertilization contributed to the 

acceleration of the carbon cycle. Through the measurement of CO2 changes caused 

by microbes, their amount and activity can be estimated. In an earlier investigation 

of this experiment (KÁTAI et al., 1999), the application of straw and FYM stimulated 

the CO2 emission. HENZSEL et al. (2012) measured higher CO2 emission in the CRs 
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X–XIV, while MAKÁDI et al. (2012) reported lower CO2 emission in the CRs VI, and 

XIII–XV. The main abiotic factors controlling soil respiration are soil temperature, 

soil moisture content and substrate concentrations (TRUMBORE, 2006). Therefore, in 

the Westsik’s experiment, the applied different organic manures determined mainly 

the substrate concentrations and influenced the soil moisture content (Table 2).  

 

Quantitative dynamic of microorganisms and changes in some enzyme activities  
Healthy soils require stable and active microbial community to sustain nutrient 

cycling, improve soil structure, and contribute suppressiveness against plant 

pathogens. Soil organic matter functions as a biotope, shelter and substrate for soil 

microbes (PAUL, 2007). Therefore, the addition of any type of the OM to the soil 

could affect the size and activity of microbial community. In the Westsik’s long-term 

experiment, the regular application of different organic matters had similar effects 

within different sampling times. In 1999 (KÁTAI et al., 1999) and in 2019, the CFU 

of bacteria was higher after the OM addition compared to the control (CR I). 

Fermented straw and FYM increased the number of bacteria (CRs V, VI, VII, X, XI, 

Table 4), while the effect of green manure was not so unambiguous. Whereas green 

manure increased the microbial diversity and changed the microbial richness and 

community composition in sandy silt soil (LONGA et al., 2017), our results revealed 

that the time of sowing and application or lack of chemical fertilizers in CRs could 

cause different results than green manure application on bacterial and fungal 

numbers. The number of microscopic fungi increased upon the dual application of 

straw and N-fertilizer. However, changes in the bacterial and fungal communities 

(abundance and diversity) were different in other fertilization studies (HICKS et al., 

2020; WANG et al., 2019). These results indicated that the effect of the applied 

treatment could be modified by other factors like soil type, cultivation methods, and 

plant species. Our results showed lower bacterial counts coupled with higher fungal 

counts.  

A common method for measuring the intensity of soil microbiological processes 

is the determination of enzyme activities that play a key role in the processes of 

degradation and energy flow taking place in soils. Dehydrogenase activity is a good 

indicator of the increasing substrate supply of microbes, where the quality of OM is 

a strong factor (CHU et al., 2016). Our results showed that the activity of 

dehydrogenase according to the applied manures was as follows: FYM > green 

manure > straw manure ≥ lupine main crop > control. Although earlier results 

revealed the importance of the added N-fertilizer to organic manure in dehydrogenase 

activity (CHU et al., 2016), this is not proved by the correlation analysis of our results. 

Besides the source of OM as a substrate, the environmental conditions have also 

strong effects on dehydrogenase activity (KUMAR et al., 2013). Regarding 

phosphatase activity, a significant increase was observed in some green manure-

amended CRs (III, VIII, IX, XIV and XV). There was no correlation between 

phosphatase activity and available P content, similar to those reported by BALOTA et 

al. (2004). The higher level of available P could decrease the phosphatase activity 

(SPIERS & MCGILL, 1978) as in the case of CRs XI and XIV. 
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According to an earlier comparative study (ANTAL & ANTON, 1986), the main 

factor affecting saccharase activity was the cellulose content of soil, which was 

altered by the NPK treatment. Our results and the earlier findings of KÁTAI et al. 

(2018) have also confirmed these conclusions, proving the important role of the OM 

addition to the soil. According to the correlation analysis, the SOM content 

significantly and positively correlated with the measured soil enzymes, except for the 

phosphatase enzyme. Similar correlation was reported for dehydrogenase activity and 

the other measured soil enzymes. Soil tillage and fertilization heavily affect soil 

microbial properties (HABING & SWANEPOEL, 2015; MEHRA et al., 2018). The SOM 

could have high impact on soil microbial properties, especially enzyme activities 

(KWIATKOWSKI et al., 2020). Our results proved that the long-term application of 

different organic manures could result in differences between microbial properties of 

soils amended with FYM, straw manure, or green manure. 

 

Conclusion  

 

In the Westsik’s crop rotation (CR) experiment, the same nutrient and OM 

supply methods (straw, green and farmyard manure with or without different 

chemical fertilizers) have been applied for 90 years in 15 CRs.  

On potato plots of the Westsik’s CRs, 19 soil chemical and soil biological 

properties were examined in 2019 and the relationships between these variables were 

explored. 

The control (fallow, CR I), fermented straw (CR VII), organic manure (CR X) 

and lupine main + second crop (CR XV) treatments did not receive mineral fertilizers. 

Even so, it showed a significant increase in seven parameters in the CR VII, 13 

parameters in the CR X, and 11 parameters in the CR XV out of the 19 parameters 

examined. 

In most treatments, there was a significant increase in pH, P and K, OC, and 

ON, MBC, CO2, net nitrification, number of bacteria, activity of dehydrogenase and 

urease enzymes. 

The most effective CRs were the CR VI, CR X, CR XI, CR XII, CR XIII, and 

CR XIV, where 12–14 out of the 17 parameters examined were significantly 

increased. The combined application of OM and chemical fertilizers could improve 

soil chemical and microbiological properties in long-term experiments. The results 

suggested that the application of green manure and FYM could effectively increase 

the soil fertility and microbiological activity compared to the straw manure. 

Our results proved that the Westsik’s long-term experiment was able to reveal 

more soil chemical and microbiological processes, concerning the effects of OM 

application to the acidic sandy soil. 

 

Keywords: long-term experiment, crop rotation, nutrient supply, microbial activity, 

Westsik’s crop rotation 

 

  

Unauthenticated | Downloaded 02/24/23 09:51 AM UTC



114 KÁTAI et al. 

Acknowledgement 

 

The publication is supported by the EFOP-3.6.3-VEKOP-16-2017-00008 project. 

The project is co-financed by the European Union and the European Social Fund. 

 

References 

 

ANDERSON, T. H., 2003. Microbial eco-physiological indicators to asses’ soil quality. 

Agriculture, Ecosystems & Environment. 98. 285–293. 

ANTAL, M. B. & ANTON, A. 1986. Comparative Studies on Saccharase Activity of 

Different Hungarian Soils. Zentralblatt für Mikrobiologie. 141. 495–501. 

BALOTA, E.L., KANASHIRO, M., FILHO, A.C., ANDRADE, D.S. & DICK, R.P., 2004. 

Soil enzyme activities under long-term tillage and crop rotation systems in 

subtropical agro-ecosystems. Brazilian Journal of Microbiology. 35. 300–306. 

BÖHME, L., LANGER, U., BÖHME, F. 2005. Microbial biomass, enzyme activities and 

microbial community structure in two European long-term field experiments. 

Agriculture, Ecosystems & Environment 109. 141–152.  

BUCKERIDGE, K.M., MASON, K.E., MCNAMARA, N.P., OSTLE, N., PUISSANT, J., 

GOODALL, T., GRIFFITHS, R.I., STOTT, A.W., WHITAKER, J. 2020. 

Environmental and microbial controls on microbial necromass recycling, an 

important precursor for soil carbon stabilization. Communications Earth & 

Environment 1. 36. 

BUZÁS, I., (ed.) 1988. Talaj és agrokémiai vizsgálati módszerkönyv 2. A talajok 

fizikai-kémiai és kémiai vizsgálati módszerei. Mezőgazdasági Kiadó, Budapest. 

pp. 90–93.  
CHU, B., ZAID, F., EIVAZI, F. 2016. Long-Term Effects of Different Cropping 

Systems on Selected Enzyme Activities. Communications in Soil Science and 

Plant Analysis. 47. 720–730. 

FRANKENBERGER, W. T. & JOHANSON, J. B., 1983. Method of measuring invertase 

activity in soils. Plant and Soil. 74. 301–311.  

FÜLEKY, G. & RAJKAINÉ VÉGH, K., 1999. A talaj tápelem-szolgáltató képessége.  

(ed. FÜLEKY, In: Tápanyag-gazdálkodás) Mezőgazdasági Kiadó. pp. 112–120. 

GE, S., ZHU, Z., JIANG, Y., 2018. Long-term impact of fertilization on soil pH and 

fertility in an apple production system. Journal of Soil Science and Plant 

Nutrition. 18. 282–293. 

GEISSELER, D. & SCOW, K. M. 2014. Long-term effects of mineral fertilizers on soil 

microorganisms – A review. Soil Biology & Biochemistry 75. 54–62. 

GILES, M., MORLEY, N., BAGGS, E. M. & DANIELL, T. J., 2012. Soil nitrate reducing 

processes–drivers, mechanisms for spatial variation, and significance for nitrous 

oxide production. Frontiers in Microbiology. 3. e407. 

HABIG, J. & SWANEPOEL, C., 2015., Effects of Conservation Agriculture and 

Fertilization on Soil Microbial Diversity and Activity. Environments. 2.  

358–384.  

  

Unauthenticated | Downloaded 02/24/23 09:51 AM UTC

https://www.sciencedirect.com/science/journal/02324393
https://www.sciencedirect.com/science/journal/02324393/141/7


Effect of mineral and organic fertilizers on some soil… properties…  115 

HENZSEL, I. 2012. Westsik’s crop rotation experiment. In: ROMHÁNYI et al., (eds.). 

Study of the carbon cycle of the soil-plant system. Possibilities for decreasing 

the CO2 emission of the agriculture. DE AGTC Nyíregyházi Kutatóintézet, 

Nyíregyháza-Livada. pp. 213–222.  

HENZSEL, I. 2011. Sustainable farming on a sandy soil. In: Climate change: 

challenges and opportunities in agriculture. In: Veisz, O. (ed.). Agricultural 

Research Institute of the Hungarian Academy of Sciences, Budapest. pp.  

410–413.  

HENZSEL, I., ARANYOSI, T., TOMÓCSIK, A., PAPP, A., SMIT, G., BANATEANU, C. & 

KURTINECZ, P. 2012. Effect of nutrient supply on mitigation. In: ROMHÁNYI et 

al., (eds.). Study of the carbon cycle of the soil-plant system. Possibilities for 

decreasing the CO2 emission of the agriculture. DE AGTC Nyíregyházi 

Kutatóintézet, Nyíregyháza-Livada, pp. 247–274. 

HICKS, L. C, ROUSK, K., RINNAN, R. & ROUSK, J. 2020. Soil microbial responses to 

28 years of nutrient fertlization in a subarctic heath. Ecosystems. 23.  

1107–1119.  

HUBER, S., PROKOP, G., ARROUAYS, D., BANKO, G., BISPO, A., JONES, R.J.A., 

KIBBLEWHITE, M.G., LEXER, W., M€OLLER, A., RICKSON, R.J., SHISHKOV, T., 

STEPHENS, M., TOTH, G., VAN DEN AKKER, J.J.H., VARALLYAY, G., VERHEIJEN, 

F.G.A. & JONES, A.R. (eds.). 2008. Environmental Assessment of Soil for 

Monitoring: volume I, Indicators & Criteria. EUR 23490 EN/1., Office for the 

Official Publications of the European Communities, Luxembourg. 

HUNGRIA, M., FRANCHINI, J. C., BRANDAO-JUNIOR, O., KASCHUK, G. & SOUZA, R. 

A., 2009. Soil microbial activity and crop sustainability in a long-term 

experiment with three soil-tillage and two crop rotation systems. Applied Soil 

Ecology. 42. 288–296.  

INUBUSHI, K., YASHIMA, M., HANAZAWA, S., GOTO, A., MIYAMOTO, K., TSUBOI, T. 

& ASEA, G., 2020. Long-term fertilizer management in NERICA cultivated 

upland effects on soil bio-chemical properties, Soil Science and Plant Nutrition, 

66. 247–253. 

ISZÁLYNÉ TÓTH J., (ed.). 2007. A Debreceni Egyetem Agrár- és Műszaki 

Tudományok Centruma Kutató Központ Nyíregyháza. 80. évi Jubileumi 

Kiadvány. 1927–2007. 

KÁTAI, J., 2006. Changes in soil characteristics in a mono- and triculture long-term 

field experiment. Agrokémia és Talajtan. 55. 183–192. 

KÁTAI, J., LAZÁNYI, J. & VERES, E., 1999. Talajmikrobiológiai vizsgálatok a Westsik 

vetésforgó tartamkísérletben. Debreceni Agrártudományi Egyetem, Tiszántúli 

Tudományos Napok, Agrokémiai és Talajtani Szekció. pp. 175–184.  

KÁTAI, J., THOMAS, D., TÁLLAI, M., BALLÁNÉ, K.A., HENZSEL, I., MAKÁDI, M., 

SÁNDOR, ZS. & VÁGÓ, I., 2018: Influence of alternative plant nutrient methods 

on the soil microbial characteristics in long-term experiments. Agrokémia és 

Talajtan. 67. 79–90 

KÁTAI, J., ZSUPOSNÉ OLÁH, Á., SÁNDOR, ZS. & TÁLLAI, M., 2014. Comparison of 

soil parameters of the carbon and nitrogen cycles in a long-term fertilization 

field experiment. Agrokémia és Talajtan. 63. 129–138. 

Unauthenticated | Downloaded 02/24/23 09:51 AM UTC



116 KÁTAI et al. 

KÁTAI, J., ZSUPOSNÉ OLÁH, Á., TÁLLAI, M. & ALSHAAL, T. 2020. Would fertilization 

history render the soil microbial communities and their activities more resistant 

to rainfall fluctuations? Ecotoxicology and Environmental Safety. 201. 

e110803.  

KUMAR, S., CHAUDHURI, S.  MAITI, S.K., 2013. Soil dehydrogenase enzyme activity 

in natural and mine soil – A review. Middle-East Journal of Scientific Research 

13. 898–906.  

KWIATKOWSKI, C.A., HARASIM, E., FELEDYN-SZEWCZYK, B. & ANTONKIEWICZ, J. 

2020. Enzymatic activity of loess soil in organic and conventional farming 

systems. Agriculture. 10. (4) e135.  

LAZÁNYI, J., 2001. A Nyírség mezőgazdasága. A homoki gazdálkodás fenntartható 

rendszere a Westsik vetésforgó kísérlet tapasztalatai alapján. Debreceni 

Egyetem Kutató Központ, Nyíregyháza. pp. 1–232.  

LONGA, C. M. O., NICOLA, L., ANTONIELLI, L., MESCALCHIN, E., ZANZOTTI, R., 

TURCO E. & PERTOT I., 2017. Soil microbiota respond to green manure in 

organic vineyards. Journal of Applied Microbiology. 123. 1547–1560.  

MAKÁDI, M., OROSZ, V., DEMETER, I., KURTINECZ, P., BANATEAN, C., PAPP, A. & 

SMIT, G., 2012. Effects on microbial activity on mitigation. In: Romhányi et al., 

(Eds) Study of the carbon cycle of the soil-plant system. Possibilities for 

decreasing the CO2 emission of the agriculture. DE AGTC Nyíregyházi 

Kutatóintézet, Nyíregyháza-Livada, pp. 275–302.  

MAYER, J., GUNST, L., MADER, P., SAMSON, M.F., CARCEA, M., NARDUCCI, V., 

THOMSEN, I.K. & DUBOIS, D., 2015. Productivity, quality and sustainability of 

winter wheat under long-term conventional and organic management in 

Switzerland. European Journal of Agronomy. 65. 27–39.  

MCLAREN, J. R. & BUCKERIDGE, K. M., 2019. Decoupled above-and belowground 

responses to multidecadal nitrogen and phosphorus amendments in two tundra 

ecosystems. Ecosphere. 10. e02735.  

MEHRA, P., BAKER, J., SOJKA, R.E., BOLAN, N., DESBIOLLES, J., KIRKHAM, M. B., 

ROSS, C. & GUPTA, R., 2018. Chapter Five - A Review of Tillage Practices and 

Their Potential to Impact the Soil Carbon Dynamics. Advances in Agronomy. 

150. 185–230. 

MEURER, K. H. E., CHENU, C., COUCHENEY, E., HERRMANN, A.M., KELLER, T., 

KÄTTERE, T., SVENSSON, D. N. & JARVIS, N., 2020. Modelling dynamic 

interactions between soil structure and the storage and turnover of soil organic 

matter. Biogeosciences. 17. 5025–5042.  

MINASNY, B. & MCBRATNEY, A., B. 2018. Limited effect of organic matter on soil 

available water capacity. European Journal of Soil Science. 69. 39–47. 

MSZ 08-0206/2:1978. Determination of the pH of soil (in Hungarian). Hungarian 

Standard Association: Budapest, Hungary. 

MSZ-08-0210:1977. Testing organic carbon content in soils (in Hungarian). 
Hungarian Standard Association: Budapest, Hungary. 

MSZ-08-0458:1980. Determination of total nitrogen content in soils (in Hungarian). 
Hungarian Standard Association: Budapest, Hungary. 

Unauthenticated | Downloaded 02/24/23 09:51 AM UTC



Effect of mineral and organic fertilizers on some soil… properties…  117 

MSZ-08-1721-3:1986. Measuring of soil biological activity with dehydrogenase 

enzyme activity (in Hungarian). Hungarian Standard Association: Budapest, 

Hungary. 

MSZ 20135:1999. Determination of the soluble nutrient element content of the soil. 

(in Hungarian).Hungarian Standard Association: Budapest, Hungary.  

N’DAYEGAMIYE, A. & CÔTÉ, D. E.,1989. Effect of long-term pig slurry and solid 

cattle manure application on soil chemical and biological properties. Canadian 

Journal of Soil Science. 69. 39–47.  

ÖHLINGER, R., KANDELER, E. & MARGESIN, R., (eds.). 1996. Methods in Soil 

Biology. Springer-Verlag Berlin Heidelberg. pp. 20–26., 32–36. 

PAUL, E. A. (ed.). 2007. Soil biology, ecology, and biochemistry. Academic Press, 

Elsevier. pp. 329–336. 

RAVN, N. R., AMBUS, P. & MICHELSEN, A., 2017. Impact of decade-long warming, 

nutrient addition and shading on emission and carbon isotopic composition of 

CO2 from two subarctic dwarf shrub heaths. Soil Biology & Biochemisry. 111. 

15–24. 

RAYNE, N. & AULA, L., 2020. Livestock Manure and the Impacts on Soil Health: A 

Review. Soil System. 4. e64. 

ROMHÁNYI, L., BANATEANU, C., HUDÁK, I. & GYETVAI, M., (Eds.) 2012. Study of 

the carbon cycle of the soil-plant system. Possibilities for decreasing the CO2 

emission of the agriculture. DE AGTC Nyíregyházi Kutatóintézet, 

Nyíregyháza-Livada, pp. 211–389.  

RASMUSSEN, P. E., GOULDING, K. W. T., BROWN, J. R., GRACE, P. R., JANZEN, H. H., 

KÖRSCHENS, M. 1998. Long-Term Agroecosystem Experiments: Assessing 

Agricultural Sustainability and Global Change. Science 282. (5390) 893–896  

SÁNDOR, ZS., 2006. The effect of herbicides on microbes and their activity in soil. 

Cereal Research Communications. 34. (1) 275–278. 

SEBILO, M., MAYER, B., NICOLARDOT, B., PINAY, G. & MARIOTTI, A., 2013. Long-

term fate of nitrate fertilizer in agricultural soils. PNAS. 110. 18185–18189. 

SIMON, T. & CZAKÓ, A., 2014. Influence of long- term application of organic and 

inorganic fertilizers on soil properties. Plan Soil and Environment. 60. 314–319.  

SPIERS, G.A. & MCGILL, W. B., 1978. Effects of phosphorus addition and energy 

supply on acid phosphatase activity in soils. Soil Biology & Biochemistry. 11. 

3–8. 

STUMPF, B., GLENDINING, M., GROSSE, M., HOFFMANN, C., JOSCHKO, M., KÖNIG, S., 

KROSCHEWSKI, B., CARDOSO-LISBOA, C., MACDONALD, A., MACHOLDT, J., 

MAKÁDI, M., OSTLER, R., PERRYMAN, S., PIEPHO, H.-P., SCHNELL, S., 

STORKEY, J., VAZIRITABAR, Y., WELLER, U., HONERMEIER, B. 2021. Long-

Term-Experiments – methods, standardization, and modelling. BonaRes Series 

2021/2 

SULAS, L., CANU, S., LEDDA, L., MELCHIORRE CARRONI, A. & SALIS, M., 2016. Yield 

and nitrogen fixation potential from white lupine grown in rainfed 

Mediterranean environment. Scientia Agricola. 73. 338–346. 

SZEGI, J., 1979. Talajmikrobiológiai vizsgálati módszerek. Mezőgazda Kiadó, 

Budapest pp. 250–256. 

Unauthenticated | Downloaded 02/24/23 09:51 AM UTC



118 KÁTAI et al. 

SZILI-KOVÁCS, T., KÁTAI, J. & TAKÁCS, T., 2011. Application of microbiological 

indicators for soil quality assessment. Methods 1. Agrokemia es Talajtan. 60. 

273–286 (in Hungarian). 

SZILI-KOVÁCS, T., ZSUPOSNÉ, O. Á., KÁTAI, J., VILLÁNYI, I. & TAKÁCS, T., 2009. 

The relationship between soil biology and soil chemistry variables in soil of 

some experiments. Agrokemia es Talajtan. 58. 309–324. 

TRUMBORE, S., 2006. Carbon respired by terrestrial ecosystems – recent progress and 

challenges. Global Change Biology. 12. 141–153.  

VANCE, E. D., BROOKES, P. C. & JENKINSON, D. S., 1987. An extraction method for 

measuring soil microbial Biomass-C. Soil Biology & Biochemistry. 19.  

703–707. 

WANG, F. L. & HUANG, P. M., 2001. Effects of organic matter on the rate of potassium 

adsorption by soils. Canadian Journal of Soil Science. 81. 325–330.  

WANG, H., XUA, J., LIUB, X., ZHANGA, D., LI, L., LI, W. & SHENG, L. 2019. Effects 

of long-term application of organic fertilizer on improving organic matter 

content and retarding acidity in red soil from China. Soil & Tillage Research. 

195. 104382. 

YANG, R., LIU, F. ZHANG, G., ZHAO, Y., LI, D., YANG, J., YANG, F. & YANG, F., 2016. 

Mapping soil texture based on field soil moisture observations at a high temporal 

resolution in an oasis agricultural area. Pedosphere. 26. 699–708. 

ZHAO, B., CHEN, J., ZHANG, J., XIN, X. & HAO, X., 2013. How different long-term 

fertilization strategies influence crop yield and soil properties in a maize field in 

the North China Plain. Journal of Plant Nutrition and Soil Science. 176. 99–109.  

 
Received: 25 Mar 2021 

Accepted: 21 May 2022 

 

Open Access statement. This is an open-access article distributed under the terms of the Creative 

Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/), 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original 

author and source are credited, a link to the CC License is provided, and changes - if any - are 

indicated. (SID_1) 

Unauthenticated | Downloaded 02/24/23 09:51 AM UTC

https://creativecommons.org/licenses/by/4.0/

