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The research work was started on the preliminary knowledge that the risk of secondary salinization is high in the hobby 
gardens around Karcag as the water of the aquifers used for irrigation is saline, nevertheless irrigation in the drought periods 
is essential for vegetable production. A complex experiment was set up in 12 simple drainage lysimeters at the lysimeter 
station of the Research Institute of Karcag in 2012 in order to simulate the conditions of irrigation characteristic in the region 
with the goal of finding a solution to mitigate the harmful effects by means of optimization of irrigation. In 2017–2018 three 
approaches were applied for the scientific establishment of the problem studying the effect of different irrigation frequencies, 
different irrigation water qualities, and soil conditioning on the moisture content and the salt profile of the soil. The soil 
conditioner (Neosol) applied was found to have a positive effect on the water and salt regime of the soil, partly by creating 
a more favourable vertical distribution of the soil water, and partly preserving more moisture in the soil.

DOI: 10.2478/agri-2019-0008 Original paper

© 2019 Authors. This is an open access article licensed under the Creative Commons Attribution-NonComercial-NoDerivs License  
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

There are extended agricultural areas in the 
world that can be utilised only with irrigation for 
crop production, nevertheless salt affection, erosion, 
and other physical degradation processes can be in-
duced by the application of irrigation. Therefore, the 
scientific establishment of irrigation in a soil-plant 
system has been started in several countries with 
the involvement and support of different interna-
tional organisations (FAO, UNESCO, World Bank) 
(Bardaji 1974).

The accumulation of salts can be a big problem 
during germination. In the top soil layer higher sa-
linity can be found that may be influenced by the 
depth and spacing of the tape, and pre-seasonal irri-
gation. Salt accumulation in the soil can be expect-
ed when irrigation is practiced under water limiting 
conditions (Enciso et al. 2002). Plant yield and qual-
ity could be negatively affected if the salts which are 
transported to the root zone are accumulated here. 
The salt concentration of the irrigation water or the 
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groundwater at high salinity may be the most im-
portant factor of salinity in the root zone. Irrigation 
water starts to reduce with evaporation and plant us-
age after being kept in the soil. Unfortunately most 
of the salts that are transmitted remain in the soil at 
this time (Kaman et al. 2017). Population is grow-
ing really quickly, thus the land and water resources 
cannot sustain them; prime farmland and fresh wa-
ter have been already fully utilized. It is obvious that 
bringing salt-affected land and water resources into 
production is suggested (Abdul & Mahmood 2012).

In the Great Hungarian Plain approximately 
400,000 ha is the area where secondary salinization 
has occurred, mainly due to the rise of the level of 
salty groundwater. Blaskó (2005) monitored the salt 
and water balance of irrigated areas and found the 
increase of salt content of the soil in several cases. 
During the 1980’ and 1990’ on 30% of the studied 
area increasing soil salt content could be detected, 
especially on the susceptible areas where the soil 
can be only potentially irrigated due to the high salt 
content in their deeper layers.

Saline soils are characterised by poor plant 
growth and low microbial activity. It is important to 
understand the response of soil microbial communi-
ties to changes in soil salinity (Asghar et al. 2012). 
Active substances, like in soil conditioners, have 
a broad spectrum of impact on processes responsi-
ble for soil fertility, as well as on plants. Moreover, 
they influence the optimal development of the bio-
logical, chemical and physical processes in the soil 
and plants (Borowiak et al. 2016) giving a chance of 
the mitigation of the harmful effects of salinity.

The research work was started on the prelimi-
nary knowledge that the risk of secondary saliniza-
tion is high in the hobby gardens around Karcag as 
the water of the aquifers used for irrigation is saline, 
nevertheless irrigation in the droughty periods is 
essential for vegetable production (Zsembeli et al. 
2011). We examined the possibility of a “soil friend-
ly” optimization of irrigation if we take all these 
conditions given. Our hypothesis is that by the opti-
mization of irrigation (site-specific frequency, dos-
age) combined with soil conditioning (better physi-
cal, chemical, and biological status of the soil) more 
favourable conditions can be created for the crops 
even under originally unfavourable circumstances.

The main objective of our study is to determine 

the correlations in a soil-water-plant system in or-
der to understand the processes taking place during 
secondary salinization and to find solutions for this 
problem to mitigate the harmful effects, mainly by 
means of prevention. We consider optimization of 
irrigation the best preventive method if the unfa-
vourable soil conditions (heavy textured clay soil 
susceptible to secondary salinization) and hydro-
logical circumstances (saline irrigation water, high 
climatic water shortage) are given. Three approach-
es are applied for the scientific establishment of the 
problem studying the effect of:

•	 different irrigation frequencies,
•	 different irrigation water qualities,
•	 soil conditioning

on the moisture content and the salt profile of the 
soil, and through that, on the water supply of the 
indicator plant that can be manifested in the mor-
phological parameters and the yields of the plants. 
As the final aim of our research is the optimization 
of irrigation for soils endangered by secondary sali-
nization we have chosen beans (Phaseolus vulgaris 
L. var. nanus) as an indicator crop, which is com-
monly grown in the hobby gardens. It has high water 
demand and relatively poor salt tolerance. 

Though our experiment is very complex, in this 
paper our results gained by studying the effect of 
soil conditioning are described only. The aim of 
the application of the Neosol soil conditioner is to 
improve the soil characteristics by unblocking the 
nutrients in the soil and making them available to 
plants (Sulewska et al. 2016). Soil, where Neosol 
was applied, showed a higher moisture level, es-
pecially in the 0.25 – 0.3 m soil depth. It could be 
a result of a better capillary porosity of soil which 
is responsible for storing soil water, which is really 
important for crops growing on heavy soils. 

MATERIAL AND METHODS

Experimental location  lysimeters
For the scientific establishment of our examina-

tions, we set up a complex experiment in 12 sim-
ple drainage lysimeters (Figure 1) in the lysimeter 
station of the Research Institute of Karcag (RIK), 
Institutes for Agricultural Research and Education-
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al Farm, University of Debrecen (N 47o 29’, E 20o 
56’). The lysimeters are 1.5 m deep with a drain pipe 
at 1.2 m and have a surface area of 0.8 m2. Sim-
ple drainage lysimeters are very suitable to quanti-
fy the amount of salts leached from the soil column 
(Blaskó & Zsembeli 2008).

The lysimeters are filled with a slightly sodic 
meadow solonetz soil. The main soil parameters of 
the investigated soil were determined according to 
the Hungarian standards in the accredited laboratory 
of RIK (Table 1).

Irrigation regimes
The effect of two treatments is analysed in 

a complex way in this paper: irrigation with two dif-
ferent qualities of water and soil conditioning. All 
the lysimeters were irrigated with the same weekly 
amount of water (15 litres per week), 6 with saline 
water (1,600 mg/l salt content), and the other 6 with 
deionised water. The concentration of 1,600 mg/l was 
chosen as it is characteristic to the groundwater and 
the shallow wells utilizing the aquifers at 12 – 40 m 
depth in the area of Karcag.

Taking the surface area of the lysimeters into 
account, 1 litre of irrigation water equals 1.25 mm 
water input. The soil of 6 lysimeters was treated 
with a soil conditioner (Neosol), the other 6 did not 
get any chemical amendments. Hence 6 replications 
were applied for irrigation water quality as well as 

for soil conditioning. The combination of the treat-
ments are summarised in Table 2.

The soil moisture content data were collected 
from 1st September 2017 until 31st August 2018 (12 
months). We distinguished two seasons according 
to the presence of irrigation: the autumn-winter 
(AW) season lasting from 1st September 2017 un-
til 28th February 2018, and the spring-summer (SS) 
season lasting from 1st March till 31st August 2018, 
respectively. This way, the AW season is practical-
ly between two irrigation periods. This resolution 
is rational if we want to study the long term effect 

T  a  b  l  e   1

Main soil parameters of the investigated soil

Parameter Unit Layer
0 – 0.2 m

Layer
0.2 – 0.4 m

Layer
0.4 – 0.6 m

pH(KCl) 7.00 7.23 7.41

Total soluble salt content* [%] 0.13 0.12 0.13

Humus content [%] 2.31 1.43 1.07

NO3-N [mg/kg] 68.60 14.60 9.60

P2O5 [mg/kg] 1,072.00 653.00 307.00

K2O [mg/kg] 444.00 247.00 207.00

Ca [mg/kg] 8,710.00 19,080.00 44,160.00

Mg [mg/kg] 813.00 1,722.00 2,160.00

Na [mg/kg] 90.00 316.00 782.00

*Total soluble salt content was calculated from electric conductivity (EC)

Figure 1. Simple drainage lysimeters used for the complex 
experiment
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of irrigation and to assess the soil moisture stocks 
available before the start of the irrigation season. 
Before the AW season irrigation was also applied 
(beans were grown as a second crop after sweet 
corn), 204 mm water was irrigated in 2017 accord-
ing to the irrigation protocol (15 litres per week). In 
2018, when we grew only beans, 192 mm water was 
irrigated in total.

Soil conditioning
The soil conditioner we applied in the experi-

ment is Neosol (previously called PRP-SOL). Ac-
cording to the producer, Neosol is a soil conditioner 
formulated as concentrated premium quality pellets. 
Thanks to its MIP (Mineral Inducer Process) soil in-
gredients, Neosol boosts the biological activity of 
the soil and thus improves its fertility (I1). Some pa-
rameters of Neosol soil conditioner are summarised 
in Table 3.

The first application of Neosol in 6 of the simple 
drainage lysimeters of our irrigation experiment was 
on 30th April of 2013. We repeated the application 
every spring with the dose of 48 g/m2 (480 kg/ha). 
This dose is higher than the recommended for field 
conditions, but the intensive irrigation justified the 
increased dosage (higher loss by leaching was ex-

pected). The results described in this study originate 
from the 5th and 6th years of application.

Soil moisture content measurements
24 SMT 100 sensors by Umwelt-Geräte-Technik 

GmbH (Figure 2) inserted in the soil layers of 0 – 0.1 
and 0.2 – 0.3 m measured the soil moisture content 
[v/v%] and temperature [°C] with the measurement 
frequency of one hour. Due to its unique measuring 
principle, it combines the advantages of a low-cost 
FDR system with the accuracy of a TDR system, 
resulting in reliable measuring values even in clayey 
soils. It is compact and robust but also elastic and 
thus resistant design make the SMT-100 a durable, 
flexible and versatilely applicable measuring instru-
ment (I2).

T  a  b  l  e   2

Experimental design of the complex lysimeter experiment (Karcag, 2017, 2018)

Lysimeter No. Replication Application of
Neosol Irrigation water

1 1 + deionised

2 2 + deionised

3 3 + deionised

4 1 + salty well water

5 2 + salty well water

6 3 + salty well water

7 1 – salty well water

8 2 – salty well water

9 3 – salty well water

10 1 – deionised

11 2 – deionised

12 3 – deionised

Figure 2. SMT-100 soil moisture probe
Source: I2
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The soil moisture data were expressed in [mm] 
taking the following correlation into account:

1 mm soil moisture stock = 1 v/v% soil mois-
ture content in a 0.1 m deep soil layer (Filep 1999). 
The measurement frequency was 1 hour, but only 
the daily averages of the soil moisture data are il-
lustrated in this paper by ranking them into four wa-
ter supply categories (‘dry’, ‘sufficient’, ‘good’ and 
‘wet’) determined on the base of the water holding 
capacity of the investigated soil. 

One-way analysis of variance (ANOVA) was 
used to compare the means of the soil moisture 
data representing the investigated treatments, peri-
ods and soil layers. Where a significant result from 
ANOVA was gained, the least significant difference 
(LSD) was calculated.

RESULTS

Effect of soil conditioning on the soil moisture 
content

The soil moisture content results are analysed 
according to the investigated soil layers and seasons 
in order to figure out the relevant correlations and 
for the easier understanding.

The change of the sum of the soil moisture con-
tents in the two investigated soil layers (0 – 0.1 and 
0.2 – 0.3 m) in the AW season in the function of soil 
conditioning is illustrated in Figure 3. The curves 
fit very well to each other, which means that no ef-
fect of the soil conditioner on the total water stocks 
of the upper 0.3 m deep soil layer could be figured 
out (the mean values are not significantly different). 
Nevertheless we found significant differences in the 
stratification of the moisture profile. The soil mois-
ture content in the upper soil layer (0 – 0.1 m) was 
higher in the untreated control than in soil of the ly-

simeters treated with Neosol (LSD = 0.48) almost 
along the entire AW season (Figure 4). Exactly the 
opposite correlation (LSD = 0.32) could be observed 
in the lower, 0.2 – 0.3 m deep layer (Figure 5). Due to 
irrigation and the natural precipitation of 343.5 mm 
in the AW season and the fact that only evaporation 
(no transpiration) decreased them, the soil moisture 
stocks were in the ‘good’ category in the lower in-
vestigated soil layer. 

From 1st March 2018 the SS season started, it is 
practically the continuation of the AW season hence 
the initial soil moisture contents originate from the 
previous season showing if the soil has water short-
age or not. The change of the sum of the soil moisture 
contents in the two investigated soil layers (0 – 0.1 
and 0.2 – 0.3 m) in the SS season in the function of 
soil conditioning is illustrated in Figure 6. The dif-
ference was found to be significant (LSD = 0.55).

Contrary to the AW season, during the SS sea-
son higher moisture content was characteristic to the 
soil treated with soil conditioner. The difference did 
not come from the moisture content of the top layer 
as we detected quite similar values (the mean values 
are not significantly different) for the treated and the 
untreated lysimeters as well (Figure 7). Significant 
difference (LSD = 1.49) could be figured out in the 
lower soil layer: during the SS season the average 
soil moisture content was 20% higher where Neosol 
was applied resulting in ‘good’ water supply along 
the season, contrary to the control soil where the wa-
ter supply of the plants was in the ‘sufficient’ cate- 
gory in the second half of the investigated period 
(Figure 8).

Effect of soil conditioning on the salt profile of the 
soil

The effect of soil conditioning was examined not 
only on the soil moisture content, but in close rela-

T  a  b  l  e   3

Main parameters of Neosol

CaO MgO pH
Bulk 

density
Na2O K2O N P2O5 Particle size

35% 8% 8 1.21 kg/m3 4.5% 0.7% 0.3% 0.03% <0.315 mm

Source: PRP Technologies
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Figure 4. Change of soil moisture stocks in the 0 – 0.1 m soil layer in the AW season
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Figure 3. The sum of the soil moisture stocks of the two investigated soil layers in the AW season

0

10

20

30

40

50

60

70

20
17

.0
9.

01

20
17

.0
9.

11

20
17

.0
9.

21

20
17

.1
0.

01

20
17

.1
0.

11

20
17

.1
0.

21

20
17

.1
0.

31

20
17

.1
1.

10

20
17

.1
1.

20

20
17

.1
1.

30

20
17

.1
2.

10

20
17

.1
2.

20

20
17

.1
2.

30

20
18

.0
1.

09

20
18

.0
1.

19

20
18

.0
1.

29

20
18

.0
2.

08

20
18

.0
2.

18

20
18

.0
2.

28

So
il 

m
oi

st
ur

e 
co

nt
en

t [
m

m
]

wet good sufficient dry Neosol control



Agriculture (Poľnohospodárstvo), 65, 2019 (2): 77−87

83

Figure 5. Change of soil moisture stocks in the 0.2 – 0.3 m soil layer in the AW season
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Figure 6. The sum of the soil moisture stocks of the two investigated soil layers in the SS season

0

10

20

30

40

50

60

70

20
18

.0
3.

01

20
18

.0
3.

11

20
18

.0
3.

21

20
18

.0
3.

31

20
18

.0
4.

10

20
18

.0
4.

20

20
18

.0
4.

30

20
18

.0
5.

10

20
18

.0
5.

20

20
18

.0
5.

30

20
18

.0
6.

09

20
18

.0
6.

19

20
18

.0
6.

29

20
18

.0
7.

09

20
18

.0
7.

19

20
18

.0
7.

29

20
18

.0
8.

08

20
18

.0
8.

18

20
18

.0
8.

28

So
il 

m
oi

st
ur

e 
co

nt
en

t[
m

m
]

wet good sufficient dry Neosol control



Figure 7. Change of soil moisture stocks in the 0 – 0.1 m soil layer in the SS season
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Figure 8. Change of soil moisture stocks in the 0.2 – 0.3 m soil layer in the SS season
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tion to it, on the salt content too. We supposed that 
the positive change in the soil structure resulting in 
the re-stratification of the water profile also effects 
on the salt content and profile of the soil. Due to the 
application of Neosol for a longer term, we expect-
ed better leaching features, therefore the downward 
movement of the salts resulting in better growing 
environment for the crops in the root zone, even un-
der irrigation with saline water. We did not consider 
secondary salinization avoidable, but we aimed to 
mitigate its harmful effects by the application of soil 
conditioning.

After 6 years of application of Neosol, we took 
soil samples from each lysimeter after the irrigation 
season of 2018. On the base of the laboratory analy-
ses of the soil samples, we calculated the total solu-
ble salt contents of the top five 10 cm deep layers of 
the soils of each lysimeter taking the soil mass [g] of 
each 10 cm deep soil layer and its [m/m%] salt con-
tent into account. We compared these values to the 
original salt content when no saline water was irri-
gated. The results shown in Figure 9 originate from 
the average (mixed) soil samples of 3 – 3 lysimeters 
according to the water quality and the application of 
the soil conditioner.

Comparing to the original salt content of the soil 
(indicated with a horizontal line in the graphs), it 
can be concluded that leaching (negative salt bal-
ance) was characteristic to the lysimeters irrigated 
with deionised water due to the fact that no salts got 
into the soil. Nevertheless 5.2% less salt was found 
in the top 50 cm of the soil in the case of soil condi-
tioning than in the control soil.

Due to the intensive irrigation with saline water, 
salt accumulation was the dominant process result-
ing in positive salt balance, though the degree of 
secondary salinization could be mitigated by the 6 
years application of Neosol as the increase of the to-
tal soluble salt content of the upper 0.5 m soil layer 
was 14% less than in the untreated soil. 

DISCUSSION

We expected improved soil properties after the 
5 – 6 years of application of Neosol resulting in 
more favourable moisture and salt profile in the soil. 
This is of great importance not only from the point 
of view of providing enough water to the plants in 
the vegetation period, but for avoiding the harmful 
effect of excess water in the upper soil layers in and 
out of the vegetation period too. All these contribute 
to the necessity of a complex approach of the opti-
mization of the irrigation practice under unfavour-
able agroecological conditions.

We could figure out the elongated effect of regu-
lar application of soil conditioning as more favour-
able water supply was characteristic in the root zone 
(0.2 – 0.3 m) even in spring, before the re-applica-
tion of Neosol. The irrigation water (and also the 
natural precipitation) could percolate into the deep-
er layers providing satisfactory water source for the 
crops even during the dry summer period (‘good’ 
water supply category). Nevertheless at the begin-
ning of the SS season, there was no lower moisture 
content in the treated soil than in the control, there-
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Figure 9. Effect of soil conditioning on the salt profile of the soil under irrigation with deionised and saline (1,600 mg/l) water, 
Karcag 2018
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fore it was not a limiting factor in the point of view 
of germination.

The difference we found in the stratification of 
the same moisture content between the treatments 
can be considered a very positive effect of soil con-
ditioning as the moisture profile (vertical distribu-
tion of the same amount of water) characteristic to 
the treated soil can be considered water preserving: 
through the higher infiltration and percolation rate, 
less unproductive evaporation loss takes place in the 
hot months.

On the base of our results, we established that 
the long-term and regular application of Neosol the 
porosity and water holding capacity of the soil can 
be increased; all these are manifested in the more 
favourable water supply in the root zone in the dry 
and hot months.

In harmony with the results of Borowiak et al. 
(2016), Sulewska et al. (2016) and Wojciechowski 
(2015), improved soil status could be achieved by 
means of the application of Neosol. In close cor-
relation with the water regime of the soil (based on 
the improved soil structure), slight mitigation of the 
harmful effect of secondary salinization can be fig-
ured out, but this effect is highly dependent of the 
total annual salt load gets into the soil through irri-
gation.

CONCLUSIONS

On the base of our results it can be concluded 
that soil conditioning is recommended in order to 
improve the status of salt affected or potentially salt 
affected soils susceptible for secondary salinization 
with unfavourable water regime as the harmful ef-
fects of irrigation with saline water can be mitigat-
ed. We found Neosol to be a prospective soil condi-
tioner, it was proved that its application has positive 
effect on the water and salt regime of the soil, partly 
by creating a more favourable vertical distribution 
of the soil water, and partly preserving more mois-
ture in the soil.

The soil structure improving effect of Neosol 
was also manifested in the salt profile of the soil, 
the harmful salt causing secondary salinization were 
leached down to the deeper (0.4 – 0.5 m) layers pro-
viding “saltless” environment for the development 

of the crops in the main root zone.
Soil conditioning, combined with the optimiza-

tion of irrigation (control of quantity, frequency), is 
highly recommended for areas with unfavourable 
agroecological conditions as the safety of crop pro-
duction can be increased.
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