
Maize is one of the most important field crops glob-
ally. Although about 69% of the soils in Hungary have 
average to favourable properties, the national aver-
age yields of maize produced in Hungary (7–8 t/ha) 
lag significantly behind the important growing coun-
tries of the world (e.g. the USA reach 10–11 t/ha on 
an average of more than 30 million hectares).

Maize yield is significantly influenced by ecologi-
cal, genetic and agrotechnical factors. Long-term 
experiments are the most suitable for the complex 
study of the effects of the factors and the elements 
of sustainable crop production ( Johnston 1997, 
Hejcman and Kunzová 2010). In long-term experi-
ments, Berzsenyi et al. (2011) found the effect of 
fertilisation to be 30.6%, that of the given hybrid to 
be 32.6%, and crop density to be 20.8% in terms of 

maize yield. The cultivation of maize in crop rotation 
is particularly important for plant protection reasons. 
Crop rotation can potentially have a positive effect 
on the agronomic and biological efficiency of other 
agrotechnical factors (Kurowski and Adamiak 2007, 
Vári and Pepó 2011). Sárvári (1995), Nagy (2005), 
Pepó (2006) and Széll et al. (2011) demonstrated 
a significant yield-increasing effect of fertilisation on 
maize in different long-term experiments. However, 
the yield-increasing effect of fertilisation can be 
greatly modified by water supply in maize production 
(Vad et al. 2007, Pepó 2009, Vári and Pepó 2011).

Maize is particularly sensitive to ecological condi-
tions, i.e. high yields can be expected on good soils 
and with adequate water supply. The pH of Hungarian 
soils is extremely diverse (Várallyai et al. 1980). It 
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was found that 43% of soils could be classified as 
weakly acidic and 13% as strongly acidic. In addition 
to wet and dry sedimentation from industrial and 
residential pollution, high-dose fertilisation may 
have increased soil acidity in recent decades (Máté 
and Pusztai 1977, Murányi and Rédlyné 1986). At 
the same time, as a result of fertilisation, the nutri-
ent supply of soils available to plants increased on 
the basis of long-term experiment data (Kátai 2006, 
2015, Kátai et al. 2017). Similarly to many other 
international and Hungarian measurement results 
(Zhao et al. 2013, Geissler and Scow 2014), Kátai et 
al. (2018) observed a significant change in the pH 
and hydrolytic acidity (y1) values of Chernozem in 
a long-term experiment in Debrecen. In monoculture 
maize production, pHH2O values of Chernozem ranged 
from 6.69 to 5.83, pHKCl values from 5.55 to 4.86 and 
y1 values from 6.45 to 11.08 during the 30 years after 
the establishment of the long-term experiment in 
1983, depending on the fertiliser treatments (2013 
data). Soil acidity increased with decreasing fertiliser 
doses (decreasing pH, increasing y1 values). A similar 
trend was found by Kátai et al. (2018) in triculture 
crop rotation (pHH2O = 6.10–6.50, pHKCl = 5.35–4.73, 
y1 = 10.90–15.50).

Our study aimed at determining the effects of soil 
chemical traits (pHH2O, pHKCl, y1) on the yields of 
maize in different crop rotation (mono-, bi- and tri-
culture) in a long-term experiment (Chernozem). Soil 
acidification is a serious problem not only in Hungary 
but also in the other well- and under-developed 
countries. It could modify and decline the soil fer-
tility. This study wanted to examine the correlation 
among soil acidity traits and the yield of maize in 
a long-term experiment on Chernozem. Our hypoth-
esis is that high yields can be obtained by optimisation 
of agrotechnical factors (crop rotation, fertilisation, 
irrigation, hybrid) even in the acid soil type.

MATERIAL AND METHODS

The long-term experiments are located in Hajdúság, 
15 km from Debrecen (47°33'N, 21°27'E) at the 
Látókép Experiment Site of the Department of Crop 
Production and Landscape Ecology. The soil of the 
experimental area is calcareous Chernozem. The 
most important characteristics of soil at the time of 
establishment were as follows: the carbon content 
of the cultivated layer was 1.52–1.62%, the pHKCl 
ranged between 6.36–6.58, and the AL-soluble P 
content was 58.5 mg P/kg, while the AL-soluble K 

content was 199.2 mg K/kg. The soil had favourable 
water management properties.

In the polyfactorial long-term experiment, the 
agrotechnical elements of maize cultivation (crop 
rotation, fertilisation, irrigation, crop density) were 
studied in special crop rotations. These treatments 
were as follows:

– crop rotation
– monoculture: maize
– biculture: wheat-maize
– triculture: soybean-wheat-maize
– fertilisation
Five increasing fertiliser doses were used in the 

experiment, of which the following were involved 
in this study:

– control
– N120 + PK
– N240 + PK
The whole amount of P and K, as well as 50% of N 

were applied in the autumn, while the other 50% of 
N was applied before sowing. The reason of splitting 
50–50% of nitrogen was the leaching of nitrogen in 
autumn and winter period especially at high doses 
treatments.

– water supply
Two of the three water supply treatments were 

examined
– dry = no irrigation
– irrigated = terms (50 mm on 04-05/06/2019, and 

      50 mm on 14-15/07/2019)
– crop density
Of the three crop density values, the results ob-

tained at the crop density of 72 500 plants per ha 
are included in this paper.

In the long-term experiment, the agrotechnical 
operations met the requirements of modern maize 
production. The P9241 cultivar was tested in the 
experiment.

Weather data for 2018/2019 (Table 1) show that 
the precipitation in the autumn-winter months was 
similar to the average, followed by dry spring with 
particularly favourable rainfall distribution corre-
sponding to the water demand of maize (103.7 mm 
in May, 46.9 mm in June, 115.9 mm in July). During 
the growing season of maize, the average monthly 
temperatures, with the exception of June, were signifi-
cantly higher than the 30-year average (1981–2010).

After harvest, soil samples were taken from the 
ploughed layer (0–30 cm) of the long-term experi-
ment Chernozem of in four replicates per treatment 
on October 10, 2019. Six soil samples (1–1 kg) were 
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taken from each plot, from which an average sample 
was prepared in the chemical analyses. After drying 
the samples, the measurements were performed in 
the laboratory of the Institute of Agrochemistry and 
Soil Science. The pH was measured with 1 part soil 
and 2.5 parts distilled water (pHH2O) and with the 
addition of potassium chloride solution (pHKCl). 
Hydrolytic acidity was determined as reported by 
Buzás (1988).

Mathematical-statistical evaluation of the data was 
performed using Microsoft Excel (2013) (USA) and 
SPSS for Windows 19.0 (USA).

RESULTS AND DISCUSSION

As a result of the excellent soil quality, relatively 
favourable precipitation of the 2019 vegetation period 
and its distribution, as well as the applied, near-
optimal production technology, favourable yield 
results were achieved in our long-term experiment 
(Figure 1). In monoculture, the yield of maize varied 
between 8 026–13 451 kg/ha, in biculture between 
10 858–13 915 kg/ha, and in triculture between 
12 099–13 987 kg/ha, depending on the nutrient 
and water supply. These results provide good evi-
dence of excellent physical, chemical and biological 
characteristics of the site soil and significant natural 
nutrient uptake capacity of maize. In the long-term 

experiment established in 1983, high yield levels in 
the control (non-fertilised) treatments were also 
achieved depending on the crop rotation: mono 
8.0–8.4 t/ha, bi 10.9–11.4 t/ha, tri 12.1–12.6 t/ha. 
Fertilisation had a significant yield-increasing effect 
in monoculture production (4.0–5.0 t/ha), while much 
smaller fertilisation yield surpluses were obtained in 
biculture (2.0–2.5 t/ha) and triculture (1.0–1.5 t/ha). 
As a result of favourable rainfall and its distribution 
in the summer months, which is critical for the water 
supply of maize, the effect of irrigation (2 × 50 mm = 
100 mm) was moderate. The yield surplus of irriga-
tion varied between 400–700 kg/ha in monoculture, 

Table 1. Agrometeorological parameters before and in 
the vegetation period of maize (Debrecen, 2018/2019)

Month

Temperature 
(oC)

Rainfall 
(mm)

2018/ 
2019

mean of 
30 years

2018/ 
2019

mean of 
30 years

October 12.3 10.4 10.1 37.9
November 6.2 4.6 52.0 41.6
December –0.4 –0.1 50.9 43.7
January –2.4 –1.4 36.1 29.7
February 2.6 0.1 6.7 31.0
March 8.1 5.1 9.4 30.2
April 12.4 11.1 38.7 52.8
May 13.1 16.6 103.7 64.0
June 22.0 19.4 46.9 66.5
July 20.5 21.3 115.9 66.1
August 22.2 20.7 14.4 49.0
Average (oC) 10.6 9.8
Total (mm) 484.8 512.5

 

 

 
Figure 1. Effects of crop rotation, fertilisation and ir-
rigation on the yield of maize in long-term experiment 
(Debrecen, Chernozem, 72 500/ha, data of 2019)
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700–1 400 kg/ha in biculture, and 0–400 kg/ha in 
triculture in the different fertilisation treatments.

Data of soil analysis of the 35-year long-term ex-
periment, namely the values of pHH2O, pHKCl and 
hydrolytic acidity in monoculture, biculture and 
triculture  are shown in Table 2. When establishing 
the long-term experiment, pHKCl values ranged from 
6.36 to 6.58, which, according to the measurements of 
Kátai et al. (2018) decreased to 5.55 in monoculture 
and 5.35 in triculture in the control treatment during 
the 30 years following establishment (2013 data). This 
decline continued. According to our measurement 
results (Table 2), the pHKCl values varied between 
5.29–5.34 in monoculture, 4.96–5.68 in biculture 
and 5.08–5.24 in triculture in the non-fertilised 
control treatment. Similar to pHKCl values, pHH2O 
values also demonstrated the acidification processes 
of soil. In the control treatment, the pHH2O values 

varied in the range of 6.43–6.49 in monoculture, 
6.12–6.62 in biculture and 6.19–6.29 in triculture. 
Increasing fertiliser doses (N120 + PK and N240 + 
PK) reduced pHH2O and pHKCl in all three rotation 
regimes. The extent of this reduction was significant, 
representing a decrease of 0.3–1.0 absolute units. 
A similar decrease was obtained by Kátai et al. (2018) 
in previous studies (2013). Determining the pHH2O 
and pHKCl values separately is important from the 
aspects of pedology and crop science because they 
have different effects on the acidification processes 
that take place in the soil. The pHH2O refers to the 
current acidity of the soil, while pHKCl indicates the 
latent (hidden) acidity rate at which the soil acidifi-
cation process continues. The greater the difference 
between the two values, the faster the process of 
soil acidification may progress in the future. If the 
data of 2013 in monoculture (Kátai et al. 2018) are 

Table 2. Effects of croprotation and fertilisation on the chemical traits of Chernozem in a long-term experiment 
(Debrecen, soil sample: October 10, 2019)

Treatment Fertilisation pHH2O pHKCl Hydrolytic acidity

Monoculture (forecrop = maize)

Non-irrigated
Ø 6.49 5.34 9.38

N120 + PK 6.37 5.33 7.75
N240 + PK 5.93 5.04 13.25

Irrigated 
Ø 6.43 5.29 7.88

N120 + PK 6.13 4.96 10.13
N240 + PK 5.57 4.69 14.75

LSD0.05 0.21 0.26 0.84
Biculture (forecrop = winter wheat)

Non-irrigated
Ø 6.12 4.96 12.13

N120 + PK 5.63 4.69 15.38
N240 + PK 5.22 4.36 23.00

Irrigated
Ø 6.62 5.68 7.67

N120 + PK 5.98 5.16 11.50
N240 + PK 5.52 4.76 14.13

LSD0.05 0.20 0.24 0.86
Triculture (forecrop = soya bean – winter wheat)

Non-irrigated
Ø 6.29 5.24 10.13

N120 + PK 5.67 4.79 14.50
N240 + PK 5.46 4.56 18.38

Irrigated
Ø 6.19 5.08 11.50

N120 + PK 5.90 4.94 13.88
N240 + PK 5.54 4.70 14.38

LSD0.05 0.17 0.28 0.91

LSD – least significant difference
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compared with our results (2019) the difference 
between pHH2O (current acidity) and pHKCl (hid-
den acidity) shows the same deviation (differences 
pHH2O–pHKCl 0.97–1.14 and 0.89–1.15 in 2013 and 
2019, respectively). Hence, the acidification trend 
did not accelerated.

The hydrolytic acidity values (Table 2), which prop-
erly express soil acidity, showed significant acidifica-
tion of the soil in the long-term experiment. In the 
control (non-fertilised) treatments, y1 values ranged 
between 7.88–9.38 in monoculture, 7.67–12.13 in 
biculture and 10.13–11.50 in triculture. The degree 
of hydrolytic acidity increased significantly as a result 
of fertiliser treatments. Using the high fertiliser dose 
(N240 + PK), the y1 values increased to 13.25–14.75 
in monoculture, to 14.13–23.00 in biculture and to 
14.38–18.38 in triculture. In addition, these val-
ues significantly exceed those of Kátai et al. (2018) 
measured in 2013 in the same long-term experiment 
(y1 values for control monoculture: 6.45, and tricul-
ture: 10.90; y1 values for N240 + PK monoculture: 
11.08, and triculture: 15.50).

Irrigation either moderately modified pHH2O, pHKCl 
and y1, or the change was different in each crop 
rotation variant.

Analysis of the yield results of our long-term ex-
periment (1986–2019) proved that maize is especially 
sensitive to the water supply during the vegetation 
period (Table 3). However, the effects of agrotechnical 
elements on maize yield were also important. The 
analysis of our experimental results over more than 
30 years proved that the highest yields were obtained 
in the crop year characterised by favourable water sup-
ply (in optimum fertiliser treatment 12.0–12.8 t/ha, 

such years took 18%), but only moderate differences 
were found in average crop years (in optimum ferti-
liser treatment 10.6–12.2 t/ha, such years took 47%) 
comparing with the rainy crop years. The weakest 
yields were obtained in the drought years (in opti-
mum fertiliser treatment 5.1–8.2 t/ha, such years 
took 35%). The effect of crop rotation on maize 
yield was significant. Very significant differences 
were found in the optimal fertiliser doses in each 
crop rotation system (optimum N + PK doses in 
mono 180–240 kg/ha, in bi 120–180 kg/ha, in tri 
60–120 kg/ha). Our results highlight the importance 
of divers crop rotation. Especially huge yield differ-
ences were among monoculture and bi- and triculture 
when the ecological conditions were unfavourable 
for maize growing (drought crop year).

The yield results of the long-term experiments 
together with the chemical characteristics of the 
soil showed that Chernozem has an extremely high 
buffering capacity against various agrotechnical 

Table 3. Effect of agrotechnical factors and crop year on the yield of maize in long-term experiment (Debrecen, 
Chernozem, non-irrigated, 1986–2019)

Fertilisation 
treatment

Yield (kg/ha)
dry (12 years, 35%) average (16 years, 47%) rainy (6 years, 18%)

Monoculture
Control 3 743

1 315
6 284

4 344
7 330

5 501
Nopt + PK 180–240 5 058 10 628 12 831

Biculture
Control 7 279

924
9 439

2 795
9 977

2 101
Nopt + PK 120–180 8 203 12 234 12 078

Triculture
Control 6 708

891
9 682

1 991
9 916

2 344Nopt + PK 60–120 7 599 11 673 12 260

Mono: Nopt = 180–240; Bi: Nopt = 120–180; Tri: Nopt = 60–120

Table 4. Pearson correlation analysis among soil traits, 
agrotechnical elements and the yield of maize (Debre-
cen, Chernozem, 2019)

Yield pHH2O pHKCl y1

Yield 1 –0.594xx –0.543xx 0.409xx

Fertilisation 0.512xx –0.578xx –0.437xx 0.420xx

Crop rotation 0.397xx –0.361xx –0.454xx 0.394xx

Irrigation 0.051ns –0.090ns 0.033ns 0.010ns

y1 0.409xx –0.848xx –0.836xx 1

xxCorrelation LSD0.01 level; xCorrelation LSD0.05 level, 
nsnon-significant; y1 – hydrolytic acidity
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interventions. In their long-term experiments, 
Bohme and Bohme (2006) found a significant ef-
fect of agrotechnical factors on yield. Also based on 
long-term experimental results, Goyal et al. (2006) 
demonstrated the interactive effect of fertilisation 
on the soil’s chemical properties, while Perucci et 
al. (1997) demonstrated the effect of fertilisation 
and crop rotation. As a result of fertilisation, soil 
pH value (pHH2O, pHKCl) decreased significantly and 
the hydrolytic acidity increased in all crop rotations 
(mono-, bi- and triculture). Nevertheless, maize as 
an indicator plant showed high yields on Chernozem 
(maximum yields : mono 13 t/ha , bi 13.5 t/ha , 
tri 14 t/ha).

The results obtained from the Pearson correla-
tion analysis (Table 4) showed that maize yield was 
moderately but significantly affected by fertilisation 
(0.512xx), while crop rotation had a moderate ef-
fect (0.397xx) and irrigation had a negligible effect 
(0.051) on yield. A medium negative correlation 
could be shown between the pH values and the 
yield of maize (pHH2O = –0.594xx, pHKCl = –0.543xx), 
while a positive, medium-strong correlation (y1 = 
0.409xx) was shown with hydrolytic acidity. A close 
negative correlation between the pH values and the 
y1 values could be demonstrated in our long-term 
experiment (–0.848xx and –0.836xx). It is important 
to underline that the correlation between maize 
yield and soil traits demonstrates momentary status 
of long-term experiment (in 2019) but – according 
to our previous results – the trend should be the 
same in the future.

The analysis of the crop production (yield) and 
pedological (pHH2O, pHKCl, y1) results of the long-term 
experiment showed that the agrotechnical factors 
(fertilisation, irrigation, crop rotation) performed on 
Chernozem over nearly 40 years caused the deteriora-
tion of the soil’s chemical properties (pHH2O, pHKCl, y1), 
i.e., soil acidification. However, this unfavourable 
process was also affected by ecological factors, as 
evidenced by the values of control treatments. Despite 
the unfavourable chemical properties of the site soil, 
outstandingly high yields could be obtained with the 
appropriate agrotechnical measures in the long-term 
experiment, which proved the extremely favourable 
buffering properties of Chernozem.
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