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Changesin Soil Characteristicsin aMono- and Triculture
Long-term Field Experiment

J. KATAI

Debrecen University, Centre for Agricultural Sciences, Debrecen (Hungary)

Nutrient management, irrigation and crop rotation are important parts of plant
production technologies, which influence the physical, chemical features, and the
biological status of soil, and the ability of the soil community to maintain or restore
the soil’s production function (SWIFT, 1994). Finally, the soil is the habitat for a
diverse community of microorganisms and invertebrate animals, all of which play
some role in determining the primary productivity of agro-ecosystems. Long-term
experiments are suitable for studying such effects of field operation (POWLSON &
JOHNSTON, 1994).

Long-term studies of changes in the biological status in relation to crop produc-
tion and other components of field operation still have a priority in soil research
(SWIFT, 1994). Mention should be made of the analysis of the relationships among
biological activities, soil properties and soil management (BRUSSAARD, 1994; FILEP
& SzILI-KOVACs, 2005).

Soil microbial studies in long-term fertilization experiments (HICKISCH &
MULLER, 1990; MULLER, 1991; HOUOT & CHAUSSOD, 1995; KAUTZ et al., 2004,
RATIESI, 2004; LI-X1U et al., 2005) have verified that a balanced nutrient supply of
both macro- and microelements (CSATHO & RADIMSZKY, 2005) positively affects
the energy and material transformation processes in the soil, its biodynamics, as
well as plant development. Soil nutrient deficiency and unbalanced fertilizer appli-
cations have a negative effect on yield quantity, and also on the diversity of micro-
bial communities and the total microbial biomass in the soil (SZILI-KOVACS &
TOROK, 2005; ZHANG et al., 2005).

The amount, the composition and the activity of soil microbes are also influ-
enced by the fact whether the crops are grown in monoculture or crop rotation.
KREZEL (1977), MARTYNIUK and WAGNER (1978), ELLIOTTE and LYNCH (1994),
VIPPER (1999), PALMA et al. (2000) and SELVI et al. (2005) found that in general
crop rotation was more favourable for soil microbial processes than monoculture. In
monoculture, not only the amount of microbes (KARTVELISVILI, 1983), but the
microbial activity of the soil (CO,-production, cellulose decomposing and enzyme
activities) (JAMAR, 1984; GAWRONSKA et al., 1990) is also reduced significantly.
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According to the results of a long-term fertilization experiment going on for
more than 30 years on meadow soil (Hajduboszérmény) KATAI and HELMECZI
(1995) stated that the total number of bacteria, the amounts of nitrifying and cellu-
lose decomposing bacteria were lower in fertilized monoculture than in fertilized
triculture. Whereas in both cultures, the larger fertilizer doses resulted in a higher
amount of microbes, but reduced the activity of some enzymes.

In the 6™ and 7" year of an other long-term experiment carried out on calcareous
chernozem (Debrecen-Latokép), the number of nitrifying bacteria increased consid-
erably due to fertilization in triculture. Larger fertilizer doses stimulated the phos-
phatase and catalase activity as well. The saccharase and urease activity were higher
in monoculture and triculture, respectively (KATAIL 1999).

In the present study the influences of fertilization, mono- and triculture, irrigated
and non-irrigated systems on the physical, chemical and microbiological soil prop-
erties were studied in the 16™ and 17" years of the fertilization long-term experi-
ment carried out at Debrecen-Latokép, mentioned above.

Materials and Methods

The fertilization experiment was set up in 1983 in the east part of the Hajdusag
loess region, at Debrecen-Latokép on a calcareous chernozem soil. Five fertilization
treatments (control, low, low—medium, medium-high and high fertilizer doses)
were studied under non-irrigated (A) and irrigated (B) conditions in monoculture
and triculture. In triculture the crop rotation was pea—winter wheat—maize. In the
maize triculture, winter wheat and maize were grown in 1999 and 2000, respec-
tively. The treatments of the experiment are shown in Table 1.

Table1
Fertilization treatments of the maize monoculture and triculture under non-irrigated (A) and
irrigated (B) conditions (Long-term experiment, Debrecen-Latokép, 1999-2000)

A. Non-irrigated conditions B. Irrigated conditions
Fertilization rate Treatment | Fertilizer dose, | Treatment | Fertilizer dose,
number kg/ha number kg/ha
Maize monoculture
Control 1. 0 11. 0
Low dose 2. N60 P45 K45 12. N()O P45 K45
Low—medium dose 3. N|20 Pg() Kgo 13. leo P90 Kg()
Medlum—hlgh dose 4. ngo P135 K135 14. N]go P135 K135
High dose 5. Na4o P1go Kigo 15. Naso Pigo Kigo
Maize triculture
Control 6. 0 16. 0
Low dose 7. Neo Pas Kys 17. Neo Pas Kys
Low—medium dose 8. N120 P90 Kgo 18. leo P90 Kgo
Medium-high dose 9. Nigo Pi3s Ki3s 19. Nigo Pi3s Ki3s
High dose 10. Na4o Piso Kiso 20. Naso Pigo Kigo
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Samples were taken in 1999 and 2000, once a year for physical and chemical,
three times a year (spring, summer, autumn) for microbiological analyses. These
analyses were done in four replicates. The results were evaluated by variance analy-
sis, where it was possible. The examined soil parameters were as follows:

— physical characteristics: moisture content, clay and silt content, hygroscopicity
according to Kuron, plasticity according to Arany;

— chemical characteristics: pH(H,O), pH(KCI) (BALLENEGGER & DI GLERIA, 1962),
hydrolytic acidity (FILEP, 1988), organic carbon and nitrogen content (TYURIN, cit.
FILEP, 1988), AL-soluble phosphorous and potassium content (GEREIL, 1970), nitrate
nitrogen content (FELFOLDY, 1987);

— microbiological characteristics: total number of bacteria and number of micro-
scopic fungi by plate dilution method, number of nitrifying and cellulose-
decomposing bacteria (POCHON & TARDIEUX, 1962), CO,-production (WITKAMP,
1966 cit. SZEGI, 1979), microbial biomass-C by fumigation extraction method
(KUHNERT-FINKERNAGEL, 1995), phosphatase (KRAMER—ERDEINE, cit. SZEGI,
1979), saccharase (FRANKENBERGER & JOHANSON, 1983), catalase (SZEGI, 1979)
and urease (modified method by KEMPERS, cit. FILEP, 1988) activity.

Results and Discussion

The results of the study on the influence of fertilization, irrigation and crop rota-
tion — mean values of two years — are shown in Tables 2-5.

Table 2
Changes in some physical soil properties in the maize monoculture and triculture
treated with fertilizers under irrigated and non-irrigated conditions
(Long-term experiment, Debrecen-Latokép, 1999-2000)

A. Non-irrigated conditions B. Irrigated conditions
Treat- | Clay + Moisture | Treat- | Clay + Moisture
ment silt, hy Ka content, | ment silt, hy Ka content,
number % % number % %
Maize monoculture
1. 36.40 | 2.24 38.0 12.27 11. 36.10 | 2.30 38.0 15.18
2. 36.90 | 2.22 38.5 12.08 12. 37.05 | 2.26 38.0 14.55
3. 35.50 | 2.18 39.0 11.29 13. 36.74 | 2.38 39.0 14.99
4. 36.85 | 2.24 38.0 12.41 14. 37.52 | 240 38.5 14.88
5. 37.34 | 2.18 38.5 12.55 15. 36.82 | 2.28 39.0 14.70
Maizetriculture
6. 3740 | 2.13 39.0 11.59 16. 36.60 | 2.28 38.0 14.90
7. 3842 | 2.28 40.0 11.72 17. 36.67 | 2.32 38.5 15.62
8. 36.95 | 2.40 38.5 11.53 18. 36.96 | 2.38 39.0 15.95
9. 3724 | 2.28 37.0 11.73 19. 37.50 | 2.18 39.5 15.84
10. 3520 | 2.16 39.0 11.40 20. 38.35 | 2.15 40.0 15.37

hy: Hygroscopicity according to Kuron; K,: Upper limit of plasticity according to Arany
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According to the analyses of soil physical characteristics (Table 2), it can be
stated that the examined soil was of loam texture and the soils of the various treat-
ments were homogeneous. Obviously, the moisture content of irrigated plots was

higher by about 2—4%.

The application of higher fertilizer doses reduced both pH(H,0O) and pH(KCI)
values (Table 3). In some cases this reached an almost one unit reduction as com-
pared to the control. The pH of soils decreased until reaching medium-high fertil-
izer doses and did not change considerably in the case of high doses. The values of
hydrolytic acidity increased with rising fertilizer doses. Especially high values oc-

curred in treatments with low—medium or higher doses.

Table 3

Changes in some chemical soil parameters in the maize monoculture and triculture

(Long-term experiment, Debrecen-Latokép, 1999-2000)

treated with fertilizers under irrigated and non-irrigated conditions

Treat- pH Hyd.ro- Organic | Nitrate AL-soluble
ments lytic C N P,Os | K,0O
H,0 | Kl acidity akg' mg-kg'

A. Non-irrigated conditions
Maize monoculture
1. 6.71 5.63 5.94 14.4 7.4 48.60 222.0
2. 6.51 5.40 6.86 13.3 7.8 85.55 241.0
3. 6.21 5.24 12.38 13.6 16.2 148.30 277.0
4. 5.87 5.09 17.45 14.6 10.4 181.75 306.5
5. 6.03 4.89 11.09 13.8 16.5 216.20 346.0
Maize triculture
6. 6.75 5.89 7.56 14.1 8.4 36.15 187.0
7. 6.26 5.47 8.58 13.5 22.0 51.05 197.0
8. 6.02 5.13 9.73 13.9 47.0 86.25 212.0
9. 5.98 5.04 17.42 14.0 48.0 119.80 250.5
10. 591 4.92 13.06 12.6 46.0 122.40 231.5
B. Irrigated conditions
Mai ze monoculture
11. 6.44 5.37 8.54 12.7 4.1 47.60 156.0
12. 6.23 5.16 11.78 13.0 10.6 62.30 156.0
13. 5.91 498 13.07 12.9 7.0 81.30 174.0
14. 5.61 4.66 13.57 13.7 12.8 114.90 193.0
15. 5.75 4.69 18.18 13.3 11.8 140.25 210.0
Maize triculture
16. 6.32 5.35 8.54 14.8 6.6 29.35 241.0
17. 6.31 5.18 9.48 13.7 14.5 59.60 247.0
18. 6.11 5.23 8.19 13.5 15.0 107.40 255.0
19. 5.90 4.89 16.14 14.9 31.8 148.50 287.0
20. 5.80 4.85 14.43 15.3 32.8 165.05 282.0
LSDsq, 0.24 0.21 3.22 — — 14.68 15.74
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Only slight differences were found among organic carbon contents of the vari-
ous treatments. Higher nitrate nitrogen, AL-soluble phosphorus and potassium con-
tents were measured in plots treated with medium or high fertilizer doses.

Under irrigated conditions, in both the maize mono- and triculture lower phos-
phorus contents were determined in the case of lower fertilizer doses as compared
to the corresponding non-irrigated treatments. At higher fertilization rates, the
phosphorus content was higher in the monoculture than in triculture treatments.

In the case of the non-irrigated maize monoculture, the AL-soluble potassium
content was relatively higher than in other corresponding treatments. The values
were significantly higher in irrigated and non-irrigated monoculture treatments than
in the corresponding treatments of the triculture.

Table 4
The influence of fertilization, irrigation and crop rotation on soil microorganisms in the
long-term experiment (Debrecen-Latokép, 1999-2000)

Number of Nitrifying Cellulose decom- Microscopic
Treat- . . . . .
ments bacteria bacteria posing bacteria fungi
(x10°g™h (x10°-g™")
A. Non-irrigated conditions
Maize monoculture
1. 4.78 2.35 0.54 47.25
2. 3.73 3.50 0.77 50.25
3. 2.98 5.70 2.30 53.25
4. 3.20 6.50 2.27 62.25
5. 3.90 9.25 1.90 59.00
Maize triculture
6. 4.63 2.95 0.95 66.75
7. 5.00 4.45 1.90 65.00
8. 6.00 7.20 3.00 52.25
9. 7.98 13.50 3.30 55.25
10. 9.73 6.75 3.90 52.25
B. Irrigated conditions
Maize monoculture
11. 4.60 5.20 1.40 45.00
12. 423 5.20 2.40 43.00
13. 5.53 6.35 2.40 36.50
14. 6.43 9.75 3.00 51.25
15. 14.28 12.00 3.50 30.25
Maizetriculture
16. 4.00 3.50 2.80 43.75
17. 4.40 13.50 5.20 36.75
18. 6.16 12.60 7.00 56.50
19. 7.64 20.00 10.50 50.25
20. 10.20 26.00 28.00 51.75
LSDsy, 3.06 - - 19.61
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The influence of the studied field operations on the amount of microbes is
shown in Table 4. The total number of germs was the lowest in the maize monocul-
ture. Medium—high and high fertilizer doses significantly increased the total number
of germs in both irrigated monoculture and triculture and non-irrigated triculture.

Due to fertilization the amount of nitrifying bacteria increased in all treatments.
Irrigation obviously stimulated the propagation of bacteria. A higher amount of
bacteria was found in the triculture treatments than in the corresponding ones of the
monoculture.

The number of cellulose decomposing bacteria was relatively low in most of the
cases, it increased considerably in the medium or high fertilizer dose treatments in
irrigated triculture.

No significant differences were established in the amount of microscopic fungi
between the corresponding treatments of monoculture and triculture. Neither fertili-
zation, nor irrigation had an unambiguous effect.

Changes in the microbial activity of the soil were evaluated via the changes in
the CO, production, the amount of microbial biomass C, and enzyme activities (Ta-
ble 5). The CO, production of soils was generally lower under non-irrigated than
under irrigated conditions. In the non-irrigated triculture CO, production increased
in treatments receiving higher fertilizer doses. In irrigated monoculture, CO; pro-
duction was balanced, while in triculture fertilization had a stimulating effect on it.

Due to fertilization the amount of microbial biomass C increased in both crop-
ping systems and irrigation treatments. Smaller values were recorded under non-
irrigated than irrigated conditions. Significant differences were measured primarily
in the irrigated treatments receiving high fertilizer doses.

As a result of fertilization, a significant increase was detected in the phosphatase
as well as urease activity in both crop rotations and irrigation treatments. A stimu-
lating effect was observed at low and medium fertilizer doses, while the enzyme
activity decreased considerably in the case of high rates. When comparing the cor-
responding treatments of the crop rotations, it can be stated that higher values were
obtained in triculture than in monoculture.

Under non-irrigated conditions in triculture, the saccharase enzyme activity was
significantly higher than in the corresponding treatments of the monoculture. At
high fertilizer doses, a reduction in enzyme activity was observed.

Catalase activity was reduced primarily by medium and high fertilizer doses.
There were no significant differences in catalase activity either between the two
crop rotations or between the irrigation treatments.

When comparing the results of the 6™ and 7™ years of the fertilization experi-
ment with those of the 16" and 17" years, it can be seen that the former (1989-
1990) and latter (1999-2000) soil microbiological examinations showed similar
trends in the case of several parameters.

At both times, the number of germs slightly increased due to fertilization. Fertil-
izer doses increased the amount of nitrifying bacteria. The increase was greater in
triculture than in monoculture. Higher values were measured in the high dose treat-
ments of triculture under irrigation. The amount of cellulose decomposing bacteria
showed a similar trend as that of nitrifying bacteria.



Changes in Soil Characteristics in Long-term Field Experiment

189

Table5

The effect of fertilization, irrigation and crop rotation on soil microbiological activity in the
long-term experiment at Debrecen-Latokép (1999-2000)

CO,- Urease Sac-
. . . Phosphatase o charase Catalase
Treat- | P roduction Mlcroblal activity activity activity activity
(CO, biomass-C (NH4-N
ments mg-100g™ (ug-g") I(OPOZOf ;;1% mg-g (gluco_sle 2 (?éml -1
‘14days™) g2 r_gif.l) g -2min’)
A. Non-irrigated conditions
Maize monoculture
1. 3.99 58.13 9.83 12.19 16.65 25.5
2. 3.86 72.84 13.46 16.12 1543 23.75
3. 3.59 70.89 17.58 20.09 15.93 20.25
4. 3.66 89.47 18.34 24.28 16.65 19.75
5. 3.10 88.49 13.24 16.63 14.95 17.00
Maize triculture
6. 3.96 57.36 14.55 30.08 18.75 24.75
7. 3.58 75.12 17.04 38.15 19.00 20.25
8. 431 74.30 19.32 40.65 18.88 20.25
9. 4.69 95.04 21.16 30.91 18.75 15.00
10. 8.46 104.14 14.43 24.71 16.67 13.50
B. Irrigated conditions
Maize monoculture
11. 6.22 100.76 14.45 20.56 14.95 23.75
12. 6.44 98.60 16.06 2541 14.70 21.25
13. 451 86.12 15.41 27.52 17.15 20.50
14. 5.40 116.24 13.89 29.06 14.95 14.50
15. 5.49 127.88 18.55 29.07 15.95 14.75
Maize triculture
16. 3.92 70.20 16.94 33.14 17.43 26.75
17. 6.08 100.34 18.88 33.33 18.38 24.25
18. 4.10 85.90 18.40 43.15 15.68 20.75
19. 6.72 125.66 18.23 35.16 15.68 19.00
20. 6.51 141.77 16.12 22.28 14.20 15.75
LSDs, 2.14 324 2.54 3.19 2.14 3.54

Microbial biomass C, introduced in the latter examination series, proved to be a
sensitive indicator of soil microbial processes.
Irrigation generally had a favourable effect on the amount of microbes and soil
microbiological processes.
A higher number of nitrogen-fixing and cellulose decomposing bacteria and a
higher activity of phosphatase, saccharase and urease enzymes were detected in
triculture than in monoculture (KATAI, 1999).
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Summary

The effects of fertilization, irrigation and crop rotation on the major soil parame-
ters and microbiological soil properties were studied at Debrecen-Latokép in the
16™ and 17" years of the fertilization experiment on calcareous chernozem soil. The
results can be summarized as follows:

In the examination period the moisture content of the experimental soil in-
creased by 2-3% due to irrigation.

With increasing fertilizer doses, the pH value of soils reduced both in aqueous
and M KCI suspension, but it did not change considerably at medium and high fer-
tilizer doses. The hydrolytic acidity increased with decreasing pH values. The
nitrate-N, AL-soluble phosphorus and potassium contents increased gradually with
increasing fertilizer doses.

Among the soil microbial parameters, the total number of germs increased
slightly, while the amount of nitrifying bacteria was significantly higher due to
fertilization.

As a result of fertilization, a significant increase was detected in the phosphatase
and urease activity in both crop rotations and irrigation treatments. The activity of
saccharase and catalase was reduced at medium and high fertilizer doses.

In addition to changing the moisture content of soils irrigation increased the total
number of germs and the amount of nitrifying and cellulose decomposing bacteria.
Irrigation provided more favourable conditions for CO, production, increasing the
microbial biomass C content and for the functioning of phosphatase and urease
enzymes.

In triculture the number of nitrogen-fixing and cellulose decomposing bacteria
was higher than in monoculture, especially in the case of medium and high fertilizer
doses. The activity of phosphatase, saccharase and urease enzymes was signifi-
cantly higher in triculture than in monoculture.

Key words: soil characteristics, amount of microbes and microbial activity, fertili-
zation, irrigation, crop rotation
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