
 

 

 

 

 

Theses of Doctoral (PhD) Dissertation 

 

 

 

 

 

 

 

MITIGATION OF THE EFFECT OF SECONDARY SALINIZATION BY ‘MICRO 

SOIL CONDITIONING’ 

 

 

 

 

 

 

Arzu Rivera Garcia 

 

 

Dissertation supervisor: Dr. József Zsembeli 

 

 

 
 

 

UNIVERSITY OF DEBRECEN 

 

 

Kálmán Kerpely Doctoral School 

 

 

Debrecen 

2023 

  



1 
 

1.1. ANTECEDENS AND OBJECTIVES OF THE DOCTORAL DISSERTATION 

 

Secondary salinization is induced by human activities like the development of large-scale 

irrigation projects. These projects around the world affect the environmental conditions. For 

example, irrigating with salty water, rising the water table of saline aquifers, clearing the land 

of native vegetation, leaching and discharge of industrial salts in to the water cycle (LAMBERT 

et al., 2002). Where there is irrigation for agriculture, no climatic zone in the world is free from 

salinization. However, the knowledge of farmers how to irrigate their lands properly is low. 

The lack of knowledge and initiatives to produce high yields is the major soil degradation threat 

affecting over 10% of the total irrigated land (FAO Soil Portal, 2017; LAMBERT et al., 2002). 

The effect of salinity by human activities became a land degradation issue with big impacts on 

environmental health, agricultural production, and economic welfare, eventually evolving into 

a human health issue (SMITH et al., 2015). During the following years, governments from all 

around the world will debate about the water utilization for industry, agriculture and human 

consumption. However, many undeveloped countries use waste water without treating it to 

irrigate crops for human consumption, because they have not enough fresh water for irrigation. 

The consequences are soil pollution and population health problems like parasites and 

intoxication of heavy metals. 

 

Another problem I consider important in horticulture and vegetable production, is the inequality 

between agricultural land and the environment. In semiarid areas, the production is determined 

by the arable land and/or resources. The scarcity of water and land creates difficult situation for 

many small-scale producers or hobby farmers including climate change, increasing demand of 

production, scarce of economic resources. Small-scale farmers have been developing traditional 

systems to survive during generations. In other cases, to compensate for the scarcity of land, 

small producers participate in specialized intensive farming systems, which use synthetic 

fertilizers and pesticides generating serious imbalance in the environment, such as the depletion 

of groundwater or eutrophication, and pollution. 

 

My general hypothesis was that we can mitigate the harmful effect of secondary salinization 

occurs in vegetable production under saline irrigation. The specific hypotheses of my research 

were as follows: 

• Salts getting into the soil by irrigation can be leached with minimizing irrigation and 

applying soil conditioners. 

• The process in the first hypothesis can be quantified by means of lysimeters through the 

calculation of the salt mass balance. 

• The moisture content and the actual electric conductivity (ECa) of the soil are such 

variables that are positively correlated and can function as an indicator for secondary 

salinization. 

• The irrigation period is strongly related to the plant cycle (vegetation period) 

determining the potential to salinization and inversely correlates to the yield.  

• CO2 emission from the soil, hence its microbiological activity, is affected by irrigation 

with saline water. 

 

The principal aim of my secondary salinization related studies was to understand the dynamics 

of salt affection in order to adapt mitigation techniques for the long-term sustainability for 

horticultural production. I intended to propose various methods and analyses to innovate and 

develop techniques, which are based on the application of microdoses of soil conditioners at 

sowing or planting time in order to change the physical and chemical properties of soils irrigated 
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with salty water, and at the same time, to create an improved environment for the development 

of young plants.  

 

The specific aims of my research were as follows: 

• To adapt techniques to monitor salinity process to assess salt management. 

• To determine the correlation among actual soil EC, soil moisture content, and 

soil conditioning by developing a new index to quantify the process of secondary 

salinization. 

• To elaborate a new technique of (micro) soil conditioning based on the principle 

of micro irrigation. 

• To study the efficiency of microdose application of soil conditioners comparing 

them to full dose and compost applications. 

• To evaluate the yields of some vegetable crops with different salt tolerance under 

secondary salinization. 

• To reveal and determine the correlation between microbiological activity of the 

soil and secondary salinization induced by irrigation. 

 

My research work mainly focussed on secondary salinization by irrigation and the application 

of soil conditioners in order to mitigate its harmful effects. Therefore, I overview the 

international bibliography according to the following topics relevant to my studies: 

• Salt affected soils in the world including primarily and secondarily saline soils 

• Saline soils in Hungary 

• Secondary salinization including salt content dynamics and salt balance of soils 

• Effect and environmental issues of irrigation with saline water 

• Soil conditioning including types of soil conditioners 

• Effect of soil conditioning on the microbiological activity of the soil 

 

The city of Karcag is in the Great Cumania part of the Middle-Tisza region, which has the most 

extreme ecological conditions in the Great Hungarian Plain with the highest shortage air- and 

soil moisture, special pedological, hydrological and geological conditions. For more than 300 

years, gardening activities take place in the common’s gardens located around Karcag. Is a long 

tradition for the citizens to grow vegetables and fruits, mainly for their own consumption but 

also for the local market (ZSEMBELI et al., 2011). Among the pedological factors, the high 

rate of heavy textured soils containing swelling-shrinking clay minerals. Most of the area is 

meadow chernozem soil and meadow solonetz. Both soil types can be considered the greatest 

soils of the region. Due to climate change large amounts of subsurface waters are used for 

irrigation for vegetables and fruits with high water demand. In previous studies, it was proven 

that the underground waters in Karcag are not suitable for irrigation (ZSEMBELI et al., 2013). 

However, both soil types are threatened by secondary salinization (ZSEMBELI et al., 2011). 

This clandestine irrigation is affecting the environment and can cause secondary salinization. 

Generally, when the rainfall is below 500 mm. The result of artificial irrigation, is the rise of 

salt to the surface where salts are deposited in the surface of the soil as a result of 

evapotranspiration and transpiration (MARTÍNEZ, 2002). In addition is a fact that saline and 

alkali problems arise even when the drainage facilitates are adequate unless sufficient irrigation 

water is applied to provide for both crop needs, water consumption and leaching requirements 

(DONNAN and HOUSTON, 1967). 

Soil conditioning is a practice that increases the ability to increase production from crops and 

horticulture. Any product or material that has specified amount nutrients which is beneficial for 

soil properties is called soil conditioner. Soil conditioning is defined from GABRIELS et al. 
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(1981) as a management of the soil to stabilize the soil structure against erosion, salinization, 

where the root zone has the capability to hold water and nutrients for the plant grow and produce 

the higher yields. Any soil conditioning has to be related with a physical reclamation. In the 

salt affected soils, the physical properties of the soil can be remediated with soil loosening. 

Loosening can be handled by depending on the moisture of the desired depth that is required. 

 

2. MATERIALS AND METHODS 

 

In Karcag, the past 50 years, the temperature average of the air in had been fluctuating. During 

my research practice, the fluctuation is more extreme, especially summers are hot, when June, 

July and August are supposed to bring showers during the season (Fig 1). In consequence, 

irrigation is needed to maintain the high production of several crops. Therefore, this research 

work is dedicated to secondary salinization due to climate change. Nowadays, the rain storms 

are counted and heavier which damage the crop production due to plant damage, soil erosion 

and water ponding.  

 

 
Figure 1. Monthly mean air temperature values during the investigated period compared to 

the 30-year average data (Karcag, 2019-2022) 

 

In the Research Institute of Karcag, we simulated the circumstances of the vegetable 

production; therefore, we created the excess of salts in the A-horizon of the soil by means of 

irrigation with saline well water (coming from the top aquifer). The salt content of the irrigation 

water we used was around 1,000 mg L-1, which is the double of the upper threshold determined 

in the regulation as the maximum salt content of waters allowed to use for irrigation in Hungary.  

 

My research included four experiments with irrigation and application of soil conditioners 

studying their effects on the soil and the indicator crops. 

 

Experiment in simple drainage lysimeters to determine the effects of irrigation with saline water 

on the salt dynamics of the soil 

 

Lysimeters are effective, versatile tools and very suitable tools for the precise quantification of 

the processes determining the water- and salt balance of the soil as the elements of the soil water 

balance and their chemical compositions can be precisely determined. In order to describe the 

leaching process and determine the salt mass balance of the soil, we investigated 5 simple 

drainage lysimeters (giving 5 replications Fig. 2) irrigated with saline water in the Lysimeter 

Station of the Research Institute of Karcag in 2019 (ZSEMBELI et al., 2019). 
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Figure 2. Simple drainage lysimeters dedicated to the study of secondary salinization at the 

Research Institute of Karcag in June, 2019 

 

In order to understand the salt mass balance, we used Wilcox’s (1963) equations were adapted 

to calculate the relevant amount of the total dissolved salt mass (SM) of the irrigation water 

(Eq. 1) and the leachate (Eq. 2) from which SBTH was derived (Eq. 3). 

SMIRR = (VIRR * CIRR)  (1) 

where SMIrr is the total dissolved salt mass (g), VIRR is the volume (L), and CIRR is the salt 

concentration (g L-1) in the irrigation water, respectively. 

 

SMLCH = (VLCH * CLCH)  (2) 

where SMLCH is the total dissolved salt mass (g), VLCH is the volume (L), and CLCH is the salt 

concentration (g L-1) in the leachate, respectively. 

SBTH = SMIRR – SMLCH (3) 

where SBTH is the theoretical salt balance. 

 

If SBTH is equal to zero, neither accumulation nor leaching is taking place in the investigated 

soil layer. 

 

Preliminary experiment in lysimeters including soil conditioning 

 

The principle of the newly developed technique of micro soil conditioning includes the 

application of microdoses of soil conditioners. Microdose means the application of a reduced 

amount of soil conditioners. This new technique was developed on the same principle as micro-

irrigation: small doses of soil conditioners are placed only close to the roots, not distributed on 

the whole soil surface (Fig. 3). This way, the physical and chemical properties of the soil of the 

space directly surrounds the roots are reclaimed with lower doses of soil conditioners. 

 

 
Figure 3. Paper baskets used for the micro soil conditioning experiment in the lysimeters 

(Karcag, 2019) 
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Small-plot experiment in the Irrigation Experimental Garden 

 

The experiment is dedicated to carry out monitoring experiments to study the process of 

secondary salinization by simulating the vegetable production and irrigation being typical in 

the hobby gardens located in Karcag. As the treatments of the experiment, we applied two 

biosynthetic and one organic soil amendments in order to study their potential secondary 

salinization mitigating effect. All of the indicator crops (beans, peas, chilli) were vegetable 

species with various salt tolerance, all are typically grown in the region. The amendments used 

as treatments and the relevant indicator crops with their salt tolerance degree are listed in Table 

1. 

 

Table 1. Amendments and indicator crops used in the irrigation experiment (Karcag, 2020) 

Amendment name and 

dose 
Components Crops 

Degree of tolerance 

to salinity 

(Rasool et al. 2012) 

Neosol (microdose: 

120 kg/ha, standard 

dose: 200 kg/ha) 

Polysaccharides and trace 

elements (CaO, Ca, MgO, Mg) 

from algae (Balusson, 2018, 

Szűcs et al. 2014; 2015) 

chilli 

peas 

beans 

LT 

NT 

NT 

Physiomax 

(Microdose: 180 

kg/ha, standard dose: 

300 kg/ha) 

CaCO3 and sulphates as 

biostimulants 

(Zsembeli, 2019a,b) 

chilli 

peas 

beans 

LT 

NT 

NT 

Terrasol biocompost  

(10 t/ha) 

 

sheep manure 96% + zeolite 2% + 

mineral phosphate 2% + bacterial 

culture EM 1) (Monori et al. 

2008; Kovács et al., 2013; Tuba et 

al., 2020) 

chilli 

peas 

beans 

LT 

NT 

NT 

Legends: LT: low salt tolerance, NT: not salt tolerant 

 

We figured out the influences of the tested soil amendments on the variables of soil moisture 

content and ECa with a statistical analysis. We calculated the means of the two measured 

variables and calculated the Pearson's correlation coefficient (PCC) with the software of 

Windows Office Excel 2016. PCC is the covariance, a measure of the joint variability of two 

variables divided by the product of their standard deviations, a measure of the amount of 

variation or dispersion of a set of values. In the case of our study, PCC was calculated for the 

correlation between ECa measured with the UMP-1 type mobile probe and the actual volumetric 

soil moisture content (Θ) measured with SMT-100 soil moisture probe. In other words, 

irrigation with salty water induces higher salt input and soil moisture content, which represents 

the interaction of electrolyte solution and salts binding to the clay particles. The PCC value 

close to 1 represents a positive correlation showing the probability of salt accumulation (higher 

ECa), hence the risk of secondary salinization is high. In contrast, PCC value tending to 0 shows 

no significant increase in ECa even under irrigation with saline water due to the more intensive 

leaching down to the deeper soil layers and/or the influence of the plant on the salt content of 

the soil. 

 

In addition, we used a statistic model in order to verify if there is a significance difference in 

the yields of the three indicator crops grown on the subplots treated with the investigated soil 

amendments. We used SPSS 27.0.1.0 statistical software to run the one-way analysis of 

variance (ANOVA) to determine whether there is a statistically significant difference between 
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the yield group means (if the significance value was below 0.05, there was a significant 

difference). In order to know which of the specific soil conditioning treatment groups differed, 

I made Multiple Comparison tables containing the results of the LSD post hoc tests. 

 

Pot experiment 

 

This experiment was set in order to evaluate the soil respiration by the CO2 emission on the soil 

treated with micro doses of 2 different soil conditioners and 2 irrigation waters with different 

salt content. I was wondering if the high salt content of the irrigation water has a negative impact 

on the microbiological activity of the soil, and if yes, it could be mitigated by the application 

of soil conditioners. Plastic pots (buckets) of 10 L volume were used where each one was filled 

with 6 kg of soil. 6 treatments and 3 replicates were applied making altogether 18 pots. Two 

different irrigation waters were used: 1) tap water with 900 mg L-1 total soluble salt content, 

and 2) deionised water as a control of the salt load treatment (Table 2; Fig. 4). 

 

Table 2. Treatments of the pot experiment (2022) 

Treatment Soil conditioner Irrigation water 

Physi-1 Physiomax Tap 

Physi-2 Physiomax Deionised 

Neo-1 Neosol Tap 

Neo-2 Neosol Deionised 

Control-1 No Tap 

Control-2 No Deionised 

 

 
Figure 4. Measuring with Testo 535 infrared gas analyser 

 

 

3. NEW CONTRIBUTION TO ACADEMIC KNOWLEDGE 

 

3.1. Salt content dynamics in the topsoil 

 

The dynamics of the EC and the moisture content in the upper soil layer is essential to 

understand the salinization process. We assumed that the improved soil structure due to soil 

conditioning results in more intensive leaching of the salts to the deeper layers, hence lower 

ECa. The dynamics of ECa in the upper soil layer (0-10 cm) showed changes during the 

irrigation period indeed, but differences could be detected at certain points only. The soil EC 

was found to be dependent on the soil moisture content due to the high salt content of the 

irrigation water. To corroborate the findings with ECa, we analysed the salt content of soil 

treated with the two soil conditioners and the control. We sampled the soil and calculated the 

actual salt content (m/m%) in the upper layer (Fig. 5). Though this measurement did not provide 
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information on the dynamics of soil salt content, we found the differences that were indicated 

and predicted by the ECa values more expressed. Based on the results, Explorer could eliminate 

the accumulation of salts compared with Neosol and the control, hence Explorer is a soil 

conditioner with the potential to mitigate the harmful effect of secondary salinization under the 

investigated conditions even in a short term. Long-term effects could not be determined in this 

experiment, that is why the measurements were extended to the small-plot experiment. 

 

 
Figure 5. Average actual salt contents of the upper soil layer (0-20 cm) of the lysimeters in 

the function of soil conditioning before and after the irrigation season (Karcag, 2019) 

 

In fact, secondary salinization was taking place proving that irrigation water was the only source 

of salt causing higher EC. Therefore, we analysed the data was monitored and analysed. We 

understand that, irrigation with salty water induces higher salt input and soil moisture content, 

which represents the interaction of electrolyte solution and salts binding to the clay particles.  

 

3.2. Assessment of the salt mass balance of the soil 

 

Salt balance and leaching are two basic concepts relating to salinity control that have useful 

applications to water management in agriculture. The salts move and accumulate in soils largely 

as a result of movement of water. Measurements of soil water flux and salt movement in soil 

are difficult to appreciate due to the physical and chemical complexity of most natural soils 

(BERGSTROM, 1990). The average salt content of the leachate was more concentrated than 

the irrigation water. Each horizon of the soil columns retained water and salts for a while, and 

there were slight differences among the lysimeters as replications in the duration of absorbing 

and retaining the water. We consider the leaching season as the period between the first and last 

appearance of leachate. The leachate season is very informative in terms of the efficiency of 

irrigation and the soil moisture profile. The length of the overlap between the irrigation and 

leachate seasons can indicate if the intensity of irrigation and the hydraulic conductivity of the 

soil is in harmony or not. The length of the leachate season after the end of the irrigation season 

is also important showing if there is a chance for the natural precipitation to leach out the 

harmful salts from the root zone providing good soil status for the next year’s crop. The date of 

the last appearance of leachate (end of the leaching season) is expected to be variable in 

accordance with the climate change and the increasing frequency of hydrological extremes. The 

climate conditions have major influence on the rate of processes salt balance. 

 

More detailed information on the process of secondary salinization can be gained by 

determining the salt profile of the soil column. As theoretical SM and SB calculations do not 

provide this possibility, the analysis of the soil samples is necessary. In our study, soil samples 
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were taken from three soil layers (0–0.2, 0.2–0.4, 0.4–0.6 m) before and after the irrigation 

season provided a good opportunity to determine salt profiles. Knowing TSMINI and TSMFINAL 

of the soil in the three investigated soil layers, we could determine SBACT for each layer and 

consequently for the whole 0–0.6 m depth (Fig. 6).  

 
Figure 6. Mean actual salt balance of three soil layers (0–0.6 m depth) of the lysimeters in the 

irrigation season of 2019 

 

This result reveals that salts can and are supposed to move to the deeper layers within one 

irrigation period even in the case of such a heavy textured chernozem soil. The nature of this 

type of soils under semiarid conditions creates swelling-shrinking characteristic, which can 

change the distribution of pore size. The effect of the wet and dry conditions changes the 

distribution of moisture and solutes can be rapidly go to deeper layers or stay in upper layers 

causing salinization (CRESCIMANNO and GAROFALE, 2006). 

 

3.3. Effect of soil conditioning on the salt content of the soil 

 

In the small-plot experiment set on the experiences gained from the lysimeter experiments, 

three vegetable crops with different salt tolerance and life cycle were rotated between 2020 and 

2021. We integrated a complex experiment which involves irrigation with salty water, different 

doses of soil conditioners and a rotation system. The differences between treatments and soil 

cultivation techniques had an impact on the soil salt balance, the yields of the indicator crops, 

and also on the correlation between the soil EC and moisture content of the root zone. I 

determined the salt profile of the soil of the subplots of the small-plot experiment based on the 

soil samples taken before (April) and after (October) the irrigation season. Illustrating TSMINI 

and TSMFINAL of the soil in the three investigated soil layers by means of cumulative column 

charts shows the salt profiles and we can easily see the differences (changes during the irrigation 

season) that represent the salt balance for the whole 0.6 m deep soil mass and for each layer in 

the cases of each subplot with different indicator crops and treatments The salt profiles 

determined for the subplots covered with beans in 2020 and 2021 are shown in Fig. 7-9. 
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Figure 7. Average actual salt content of three soil layers in the small plots of beans before 

(left) and after (right) the irrigation seasons of 2020 and 2021 

 

In the first year of the experiment, I did not expect significant effect of soil conditioning in 

terms of extended leaching in the subplots, but Neosol full application showed promising results 

in this respect. By the second year of the experiment, we expected more extended effect of soil 

conditioning in terms of enhanced leaching after the irrigation period. For the whole 0.6 deep 

soil horizon slightly negative salt balance was characteristic in all the treatments. Neosol full 

application had the most negative salt balance. In the second year of the experiment, Physiomax 

and Neosol full applications had the lowest salt balances. For the soil profile deep 0-0.6 m our 

results described positive balances due to the salt mass movement during the irrigation period 

(0.01-0.04 m/m%), but Physiomax full application and microdoses showed promising results 

in this respect. In the second year, there were a positive balance, salt accumulation in the upper 

layer. 

 

 

Figure 8. Average actual salt content of three soil layers in the small plots of peas before (left) 

and after (right) the irrigation seasons of 2020 and 2021 
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Figure 9. Average actual salt content of three soil layers in the small plots of chili before (left) 

and after (right) the irrigation seasons of 2020 and 2021 

 

In the first year of the chilli subplots, I recognized in the 0.6 m deep soil layer had negative salt 

balances for all the treatments. In the second year of the experiment, the upper 0.2 m deep soil 

layer, described positive balances the salt input by irrigation was even higher than in the first 

year, while the water inputs were lower. All in all, Physiomax full application had the best salt 

balance which is a favourable result in this respect. 

 

3.4. Effect of soil conditioning on the yields 

 

In 2019, the yield results were expressive and the differences were in harmony with the soil EC 

and salt content results in terms of the harmful effect of secondary salinization manifested in 

yield depressions. Fig. 10 shows the chili yields in the three lysimeters in the function of soil 

conditioning. The yields ranged between 741 and 1297 g m-2 depending on the treatments, 

which can be considered normal. The control showed just a slight difference compared with 

Neosol and bit larger difference with Explorer treatment in the number of chili fruits. Explorer 

generated the highest yield, while Neosol just a bit higher than the untreated control variant. 

 

 
Figure 10. Total yield of chili in one lysimeter in the function of soil conditioning 

(Karcag, 2019) 

 

In the small plot experiments, it is obvious that the yields of the investigated vegetable crops 

cannot be compared to one another, partly because of the differences of their genetic potential, 



11 
 

and partly because of the differences in their vegetation periods. Nevertheless, the longer the 

vegetation period, the higher the water demand, hence the salt affection due to the irrigation 

with saline water. This correlation was manifested in the degree of the differences occurred 

among the treatments. I identified an effect in soil salinity and yield production during the 

rotational crop year showing that salinity accumulation in the root zone can be leached easily 

in crops with lower irrigation period. In addition, salts were accumulated in the lower layers of 

the soil profile. In other words, the saline input from the previous crop life cycle can be washed 

down to lower parts of the root zone by natural leaching. I consider the yield results expressive 

and the differences are in harmony with the soil EC and salt content results in terms of the 

harmful effect of secondary salinization manifested in yield depressions. 

 

According to my measurements, the best yield in 2020 was achieved by the micro dose 

application of Neosol (Fig. 11). The other treatments showed no considerable differences, 

except for Physiomax full dose, which had no positive effect on the yield of peas. Peas have a 

shallow root depth, probably the micro dose application ensured a closer and faster contact with 

the conditioner hence a mora favourable environment for the crop resulting in a positive effect 

on its early development. Soil conditioning was a real competitor of compost application for 

peas in 2020. The analysis of variance of the yields of 2020 showed strong significant difference 

between the means of the yield groups (0.00<0.05). 

 

 
Figure 11. Average yields of the indicator crops in terms of the different soil conditioning 

treatments in 2020 
* The mean difference compared to the control is significant at 0.05 level 

 

In the second year (2021), we increased the salt income by irrigation, which projected lower 

yields due to the effect of extended salt accumulation. Indeed, yields were 50% on average 

lower (Fig. 12). Interestingly and contrary to 2020, the Terrasol treatment resulted in the lowest 

yield that cannot be explained as a negative effect of compost application. The analysis of 

variance of the yields showed no significant difference between the means of the yield groups. 

The post hoc test showed again that if there is no statistically significant difference between the 

yield groups, only Neosol micro treatment has some positive effect compared to the control. 

The post hoc test showed statistically significant positive effect of Neosol, Neosol micro, 

Physiomax micro, and Terrasol treatments compared to the control on the yields in 2020. 

Neosol micro was significantly better than all the other treatments. Physiomax micro dose 

application had significantly better effect of the pea yields than its full dose application. 
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Figure 12. Yields of the indicator crops in terms of the different soil conditioning treatments 

in 2021 
* The mean difference compared to the control is significant at 0.05 level 

 

The yields of the three indicator crops irrigated with saline water under soil conditioning in 

2022 are presented in Fig. 13. The third year of the experiment was extremely dry, hence 

intensive irrigation was essential. The increased amount of irrigation water came together with 

high salt income, which could project lower yields due to the effect of extended salt 

accumulation. Nevertheless, bean yields were 0.8-1.8 kg m-2 (50% on average) higher than in 

the previous years. Interestingly and contrary to 2021, the Terrasol treatment resulted in the 

highest yield which can be explained with the high nutritive effect of compost application when 

enough water was available for the nutrient uptake. I did not find big differences in the yields 

in terms of the soil conditioning treatments. Neosol micro dose was not as effective as in the 

previous years. The analysis of variance of the bean yields of 2022 showed no significant 

difference between the means of the yield groups (0 >0.05). 

 

 
Figure 13. Yields of the indicator crops in terms of the different soil conditioning treatments 

in 2022 
* The mean difference compared to the control is significant at 0.05 level 

 

3.5. Correlation of moisture content and electric conductivity of the soil with soil 

conditioning 

 

Based on our results, we could identify that irrigation with saline water creates a positive 

correlation between soil moisture content and the salts in the upper soil layer (ECa). The 

correlation depended on the irrigation and the salt content coming from an aquifer (well) water 

and the amount of clay soil particles in the soil. The proportional positive correlation increase 

adding salts to the root zone. We found a positive correlation between ECa and soil moisture in 
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the investigated meadow chernozem soil. The PCC values determined by the ECa and moisture 

content of the 0-0.1 m soil layer in the function of soil conditioning are illustrated in Fig. 14-

16. The correlation is useful to monitor the soil health and risk of salt affected conditions. PCC 

value involves and expresses a favourable condition generated by the higher soil moisture 

content due to irrigation, and at the same time, it also involves and expresses the unfavourable 

process of salt affection induced by irrigation with saline water. In order to quantify and 

evaluate the joint effect of soil moisture content and ECa, we differentiated 2 types of salt 

tolerance of the indicator crops: with no salt tolerance (NT), and low salt tolerance (LT).  

 

 
Figure 14. Person’s correlation coefficients determined by ECa and moisture content of the 0-

0.1 m soil layer in the function of soil conditioning for peas before (left) and after (right) the 

irrigation seasons of 2020 and 2021 

 

 
Figure 15. Person’s correlation coefficients determined by ECa and moisture content of the 0-

0.1 m soil layer in the function of soil conditioning for beans before (left) and after (right) the 

irrigation seasons of 2020 and 2021 

 

 
Figure 16. Person’s correlation coefficients determined by ECa and moisture content of the 0-

0.1 m soil layer in the function of soil conditioning for chilli before (left) and after (right) the 

irrigation seasons of 2020 and 2021 

 

This correlation is useful to monitor the soil health and risk of salt affected conditions. PCC 

value involves and expresses a favourable condition generated by the higher soil moisture 

content due to irrigation, and at the same time, it also involves and expresses the unfavourable 

process of salt affection induced by irrigation with saline water 
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3.6. Effect of soil conditioning and irrigation with saline water on CO2 emission from the 

soil 

 

I found no statistically significant differences among the treatments in both cases (both 

irrigation waters) indeed (F<F critical). During the phase of the experiment with compost 

application alone, the results demonstrated that salt concentration of irrigation water and 

compost ratio had negligible influence on soil respiration. However, following the addition of 

soil conditioner, a dramatic increase in respiration was recorded with initial spike of chemical 

reaction and second spike with biological reaction. Just like in that former experiment, the peak 

in CO2 emissions were experienced after the treatment with Solactive in both groups of the pots 

irrigated with tap and deionized water, though the sudden increase was more expressive in the 

pots with tap water irrigation. Based on this result, it can be supposed that soil bacteria 

developed in salt affection characteristic to the soils of Karcag find better living conditions if 

the soil moisture was created by irrigation with saline water than with saltless deionised water. 

Even though, the research review from RATH and ROUSK (2015) mentioned that the salinity 

is an important factor for microbial respiration (Fig 17). Contrary to our results, the respiration 

in soils is supposed to negatively correlate with salinity, but microbial respiration is complex 

and depends on other factors. For example, the C-content or organic material in the soil, because 

the level of C determinate the size of microbiota. Also common in semiarid ecosystems are 

calcareous or carbonate-rich soils, and carbonate weathering can be a significant source of CO2 

efflux. 

 
Figure 17. The soil surfaces irrigated with tap water (left) and deionized water (right) in the 

pot experiment (Karcag, 2022) 

 

It can be concluded that the two investigated soil conditioners had no considerable positive 

effect on the CO2 emission from the soil hence its microbiological activity under the given 

conditions, contrary to Solactive, which was tested at the end of the pot experiment. 

Nevertheless, higher CO2 emission values characterized the soil irrigated with saline (tap) water 

compared to the irrigation with deionized water, but these differences were not statistically 

significant. 

 

4. CONCLUSIONS 

 

It is known that a high presence of salt-affected soils and the increase of salinity/sodicity with 

negative outcomes like reduced agricultural yields; salinization of groundwater; biodiversity 

loss; soil erosion and soil structure degradation due to the removal of vegetation cover can be 

expected in the coming years. We are conscious about the potential damage of the soil structure, 

decrease of soil permeability and increase of soil compaction; concentrations of specific ion 

toxicity; reduced defensive ability of the soil to filter contaminants by surface crusting; increase 

of osmotic stress and desertification that reduces land value. All these drove the goals of my 

doctoral project to measure, analyse, compare, design, and innovate the potential mitigation 

overhead of vegetable production demand under climate change focused on the effect of 
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secondary salinization. Preliminary, based on my research scope, one general hypothesis and 

five concrete principal hypotheses were determined and tested by means of experiments, 

measurements and calculations. 

 

The general hypothesis was accepted as we could mitigate the harmful effect of secondary 

salinization occurring in vegetable production under saline irrigation. We discovered that the 

salts getting into the soil by irrigation can be leached with minimizing irrigation and applying 

soil conditioners. The second principal hypothesis that the process of salinization can be 

quantified by means of lysimeters through the calculation of the salt mass balance could also 

be accepted, due to the results gained from the monitoring of salt input during one year and the 

adaptation of calculation to asses salt mass balance in the soil profile. The third principal 

hypothesis considering that the moisture content and the actual electric conductivity (ECa) of 

the soil are such variables that are positively correlated and can function as an indicator for 

secondary salinization was tested in a small-plot experiment. I used the innovative approach of 

PCC index for statistical analysis. I concluded that positive PCC values close to 1 indicate a 

potential salinization, while a negative correlation close to -1 indicates a lack of salts in the 

investigated soil layer. 

 

My fourth principal hypothesis was that irrigation period is strongly related to the plant cycle 

(vegetation period) determining the potential to salinization and inversely correlates to the 

yield. In this case, we used different crops with different salt tolerance levels. Based on the 

results, I concluded that salty irrigation is an input factor which has a negative correlation with 

the crop yield hence this hypothesis was accepted. In addition, I proved that soil conditioners 

can mitigate the harmful effect of salty irrigation depending on the range (amounts) of the added 

salts. In other words, each soil conditioner has an efficiency depending on the salt input range. 

 

Finally, the fifth principal hypothesis was that soil microbiological activity is negatively 

affected by irrigation with saline water and it can be quantified by determining the CO2 

emission from the soil, we concluded that CO2 emission declines in time during the experiment 

and found no difference among the effect of the soil conditioners.  

 

5. PRACTICAL UTILISATION OF THE RESULTS 

 

The experiences I gained by conducting the experiments dedicated to secondary salinization by 

irrigation with saline water and the application of soil conditioners for four years of studies are 

suitable to provide concrete expert advice for hobby gardeners in terms of the recommended 

doses of micro-dose application of the two investigated soil conditioners that can be directly 

utilized in the practice. The sowing or planting methods of each vegetable crop were considered 

during the calculations, namely if the seeds are sown in a row or a nest (e.g., opened with a 

hoe), or if transplants are planted separately in holes. In the latter case, so called condibags are 

suggested to be used. A condibag is like a teabag but contains the solid form of the required 

dose of the given soil conditioner. Condibags can be easily created by using one layer of a piece 

of paper tissue (Fig. 16). 

 

The recommended doses of micro-dose application of the soil conditioners are summarized in 

Table 3. The recommended doses expressed in g m-2 were calculated based on the number of 

plants produced in 1 m-2 taking row and plant spacing into account. 
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Figure 16. Preparing a condibag for micro soil conditioning 

 

I do not consider my first approach including organic (recycled paper) baskets filled with soil 

practical enough for the application in the hobby gardens. Nevertheless, the second approach 

including the distribution of micro doses of soil conditioners in the rows, nests parallel with 

sowing or the use of condibags at planting time are easy to implement by anyone. Micro soil 

conditioning based on the principle of micro-irrigation was proven to be useful to reclaim the 

physical and chemical properties of the soil directly surrounding the roots and has positive 

effect on the yields as well. Furthermore, this method is economically feasible as its conditioner 

demand is ~5-10 times lower compared to full dose application. 

 

Table 3. Recommendation for micro-dose application of soil conditioners based on my research 

Vegetable 

crop 

Salt 

tolerance 

Full dose 

recommended by the 

producers (g m-2) 

Recommended 

microdose (g m-2) 

Type of 

microdose 

application 

Neosol Physiomax Neosol Physiomax  

Chilli Low 20 33 12 20 Condibag 

Peas Non 20 33 12 20 Row 

Beans Non 20 33 12 20 Nest 

Tomato* Moderate 22 33 13 20 Condibag 

Carrot* Low 20 30 12 18 Row 

Parsley* Low 20 30 12 18 Nest 

Celery* Moderate 11 22 7 13 Row 

Sweet corn* Low 33 44 20 26 Row 

*based on other experiments carried out in the Irrigation Experimental Garden 

 

Micro 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 that are characteristic in the hobby gardens near Karcag. I do believe that the harmful 

effects of irrigation with saline water can be mitigated in a longer term by the application of 

micro soil conditioning as it has 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. The main beneficiaries of this method are the gardeners who produce 

vegetable crops under unfavourable agroecological conditions with irrigation. 

 

Naturally, not only the soil conditioners I used are recommended, any other products are 

suggested to be tried as soil conditioning, combined with the optimization of irrigation (control 

of quantity, frequency), can be useful. 

 

Parallel to the application of micro soil conditioning, I also recommend to determine the salt 

content of the soil before and after the vegetation period by a simple EC meter or a laboratory 
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analysis. Furthermore, if it is also possible, I also recommend to regularly monitor the salt 

content of the soil and the irrigation water, the actual soil moisture content of the root zone 

during the vegetation period. I think, that can be expected from the farmers of the 21st century. 

 

All these can ensure a sustainable vegetable production in areas with unfavourable 

agroecological conditions as the safety of crop production and soil health can be maintained or 

even increased. 

 

6. NEW SCIENTIFIC RESULTS 

 

1. By means of lysimeters through the calculation of the salt mass balance, I established that 

more salts getting into the soil by irrigation with saline (~1,000 mg L-1 total soluble salt 

content) water can be leached with applying soil conditioners even in the heavy textured 

soils characteristic to the gardens around Karcag. The application of Explorer resulted in a 

negative (-0.01 m/m%), while Neosol just a slightly positive (+0.01 m/m%) salt balance in 

the upper 0.2 m soil layer during one irrigation period, making soil conditioning 

recommendable compared to the untreated control with negative (-0.05 m/m%) salt balance. 

2. I elaborated a new technique of (micro) soil conditioning based on the principle of micro 

irrigation involving three different methods of its application with 40% lower dosage (12-20 

g m-2 instead of 20-33 g m-2) accommodating to different vegetable crops. 

3. Based on the well-known correlation between the moisture content and the actual electric 

conductivity (ECa) of the soil and involving the effect of soil conditioning, I developed a 

new index (PCC) that can function as an indicator for secondary salinization. 

4. I figured out that microdose application of soil conditioners can be as effective as their full 

dose applications in terms of yields. Full dose application increased bean, pea, and chilli 

yields with 13%, 24%, and 24%, while microdose application with 7%, 55%, and 15% 

compared to the untreated controls, respectively. 

5. I quantified the relationship between salt input by irrigation and the salt content of the soil 

with and without soil conditioning. I found no salt accumulation mitigation effect of soil 

conditioning for the 0–0.2 m and 0.4–0.6 m soil layers. In the 0.2–0.4 m soil layer, full dose 

application resulted in 50%, while micro doses 30% salt accumulation mitigation for both 

soil conditioners under study.  

6. I established that CO2 emission from the soil, hence its microbiological activity, was 50% 

higher (0.087 g m-2 h-1) when irrigated with saline water compared to deionized water (0.058 

g m-2 h-1), but it was not influenced by soil conditioning. 
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