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Abstract

:

The growing global water shortage is an increasing challenge for the agricultural sector, which aims to produce sufficient quantity and quality of food and animal feed. In our study, effluent water from an intensive African catfish farm was irrigated on grain sorghum plants in four consecutive years. In our study the effects of the effluent on the N, P, K, Na content of the seeds, on the phenological parameters (plant height, relative chlorophyll content), the green mass, and on the grain yield of three varieties (‘Alföldi 1’, ‘Farmsugro 180’ and ‘GK Emese’) were investigated. Five treatments (Körös River (K) water and effluent (E) water: 30 and 45 mm weekly irrigation water dose; non-irrigated control) were applied with micro-spray irrigation. Compared to non-irrigated plants, effluent water did not negatively affect the N, P, K and Na contents of the grain crop. In terms of phenological parameters, the quality of the irrigation water (150–230 cm) had no negative effect on any of the measured parameters compared to the control (133–187 cm) values. In terms of biomass in 2020, grain yields were 89–109 g/plant with variety Alföldi 1, 64–91 g/plant with variety Farmsugro 180, and 86–110 g/plant with GK Emese.
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1. Introduction


The growing global demand for energy and the high use of fossil fuels are a matter of distress in both the long and short term, as these energy sources are not renewable [1,2]. There may be a shortage of these non-renewable energy sources in the future, which could result in economic and political conflicts between energy-scarce nations. Therefore, there is an increasing urgency to research for renewable energy sources that can meet humanity’s energy needs in the long term [3,4]. Hungary is poor in fossil fuels, but half of its area is under arable cultivation, and its agro-ecological characteristics also favor biomass production. For this reason, energy produced as biomass as an alternative energy source may be the main perspective in the future [5]. Areas that do not allow the successful cultivation of other crops can be used to for energy crops. At the same time, they meet the growing conditions for some woody or herbaceous energy plants. The sorghum plant may be a perfect candidate for the production of low-cost biofuels in the future, as its abiotic stress tolerance, diverse genetics, and reliable seed production all contribute to this property [6].



During changes in climatic conditions, drought periods and uneven rainfall distribution become more frequent. It has been described several studies that sorghum has excellent drought tolerance, with dry-land regions growing more than maize. In drought conditions, sorghum grain absorbs nutrients more efficiently than maize. However, the sorghum crop grown under non-irrigated conditions does not exceed the irrigated crop [7,8,9]. Declining freshwater supplies and pollution are global problems [10]. According to a study by Mekonnen and Hoekstra [11], approximately four billion people live in water scarcity worldwide, and an estimated five hundred million people live in areas with grave water crisis. For this reason, one of the most significant resources today is water. Nowadays, the biggest challenge is to provide irrigation water for agriculture in the context of the increasingly frequent drought phenomenon. As a consequence of climate change periodically and regionally, there may be a phenomenon in which the surface freshwater supply is insufficient to meet irrigation water demand [12]. The need for irrigation water can be solved by making more optimal use of the available irrigation water. However, in some situations, it may be necessary to use municipal wastewater or agricultural effluent water [13]. Municipal water sources contain lower concentrations of potential pollutants compared to industrial wastewater [14]. During the use of reused water in agriculture, environmental changes that may have a positive or negative property should be monitored [15]. Another source is the irrigation utilization of the effluent of intensive aquaculture systems. Moreover, the effluent is usually rich in organic matter; therefore, the fertilizer doses applied to the production area can also be reduced [16]. At the same time, nutrient accumulation caused by large amounts of organic and inorganic metabolites and residual fish feed should be taken into account when placing effluents in natural recipients [17].



The importance of growing sorghum is increased by the fact that it does not require as intensive plant protection and nutrient replenishment as maize [18]. It is less sensitive to the quality of the area and can be grown successfully in places where other crops make little or no profit in an average year. The uses of sorghum are diverse. Sorghum also plays a significant role in human consumption; in terms of production area, it ranks fifth after maize, rice, wheat and barley among the cereal crops [19]. Sorghum is a plant of physiological type C4 with high productivity and good drought tolerance [20,21]. Species have good drought tolerance due to their original habitat conditions; indeed, sorghum’s gene center is the steppe and savannah region of Africa [22]. It has a water demand of 500–580 mm/year and a transpiration coefficient of 150–250 l/kg dry matter [8]. It can be used as a multi-purpose energy crop in both human food and feed production, although it can also be grown for energy purposes [23,24].



The aim of our study was to determine the growth rate of the sorghum varieties that were irrigated with effluent water from an intensive fish farm with a higher Na content, and to define the biomass production. Our further objective was to determine the concentration of N, P, K and Na elements which were accumulated in plant parts and its effect on the macronutrient content in the soil.




2. Materials and Methods


2.1. Site Description and Climatic Conditions


The field experiment was set up at the Lysimeter Research Station (46°51′49″ N 20°31′39″ E, Szarvas, Hungary) of the Hungarian University of Agriculture and Life Sciences (MATE), Institute of Environmental Sciences (IES), Research Center for Irrigation and Water Management (ÖVKI).



Szarvas is located in one of the warmest and driest areas of Hungary. The climate of the Great Hungarian Plain is characterized by large annual and daily temperature fluctuations, late spring and early autumn frosts, high sunlight, relatively low air humidity, and extremely capricious rainfall conditions. In all four experimental years, the spring was characterized by drought in which the average monthly precipitation did not exceed 49.7 mm (Figure 1). We measured the lowest precipitation in 2019, during which the average annual precipitation was 516.4 mm. In terms of temperature, the warmest year was observed in 2019, where the average annual temperature was 27.1 °C.



The soil parameters were analyzed before the start of the study and at the end of the experiments. The soil of the small-plot experiment was Vertisol. The pH of the soil was neutral, total carbonate content and total organic carbon content were low; however, the nutrient supply was high for phosphorus and potassium and moderate for nitrogen (Table 1). Based on the recorded electrical conductivity (EC) and sodium (Na) concentration values, the soil is not saline (Table 1).




2.2. The Plant Material and Experimental Design


In the present study, the growth parameters of three registered grain sorghum cultivars (‘Alföldi 1’, ‘Farmsugro 180’, ‘GK Emese’) of the Cereal Research Non-Profit Ltd. (Szeged, Hungary) were monitored using different amounts and qualities of irrigation water. The sowing time was set up when the average soil temperature (at 5 cm deep) reached 12–13 °C in each experimental year (late April or early May). The row spacing was 70 cm and a stocking density was 190–230 thousand plants/hectare (114–138 plants per plot). Each plot contained 4 rows (1 m), and the measurements were performed in the middle two rows (in 6 replicates) in each case. Accordingly, the size of one sample area was 3 m long and 2.1 m wide.



In our experiment, two different types of irrigation water were used (Table 2). One of these was a surface freshwater from the local oxbow lake of the Körös River (46°51′38.6″ N 20°31′28.0″ E, Szarvas, Hungary). The second was an untreated effluent water which was collected from the direct outflow tank of an intensive African catfish farm. The amount of water applied during the experiment is shown in Table 3.



In that fish farm, the continuous water supply was provided by a flow-through system, and the water was obtained from a geothermal reservoir to ensure minimum (16 °C) water temperature and quality needs for the African catfish. The average daily effluent from the fish farm exceeds 1000 m3 per day [16]. During the irrigation experiment, two doses of irrigation water (30 and 45 mm) were set on a weekly basis and applied with a micro sprinkler irrigation system. Five treatments were set up, one non-irrigated control (C), two surface water irrigated treatments (K30 and K45), and two effluent treatments (E30 and E45). For each variety, six replicates were set. In the first four weeks after sowing, the plants were irrigated with Körös River water to supplement the precipitation in all treatments to promote germination and initial growth. It had a uniform water condition of 30 mm on a weekly basis, which was ensured by the total amount of precipitation and irrigation water in the Körös. Subsequently, differentiated irrigation was implemented.




2.3. Assay of Phenologycal Parameters and Mineral Content


The phenological measurements of the plants were recorded weekly during the growing seasons. The plant height was measured with a measuring rod at the intersections of the upper two leaves. The Soil Plant Analyses Development (SPAD) index was measured with the Chlorophyll Meter SPAD-502 (Konica Minolta Inc., Tokyo, Japan) on 3 plants per sampling point, on the most advanced leaf, at 4 points per leaf. The SPAD measurement was distributed proportionally along the length of the leaf plate at two points on the right and left sides of the leaf plate. For the determination of biomass, the whole above-ground part of the plant was sampled, when the moisture content of sorghum grains dropped below 20 m/m%. We also measured wet green weight and the weight of grains (in both cases we worked with six replicates).



We performed the studies based on our previously published study of Kolozsvári et al. [16]. The analysis of the soil samples and mineral content of different plant parts was carried out at the end of the growing season assayed by the Hungarian and International Organization for Standardization (ISO) methods. Sodium, phosphorus, and potassium were extracted with nitric acid + hydrogen peroxide and their concentrations were measured using inductively coupled plasma-optical emission spectrometry (ICP-OES) (according to Hungarian standard MSZ 08 1783 28-30:1985). The ISO 5983-2:2009 standard method was used to determine nitrogen.In the analytical studies, we worked with three repetitions.




2.4. Statictical Analyses


IBM SPSS Statistics 25.0 software was used for statistical evaluation. The significant differences between different irrigation treatments and cultivars were determined by one-way analysis of variance ANOVA, where the Tukey’s test was considered significant at p ≤ 0.05. Pearson correlation was used in correlation analysis.





3. Results


3.1. Changes in Soil Parameters during the Experiment


Soil properties were examined in two soil layers. In the sub-soil layer (30–60 cm), there was no significant difference between the different treatments, expect the sodium content (Table 4). The properties of the upper soil layer were changed for five parameters due to irrigation or irrigation water quality. The pH values were significantly higher in the effluent water treatment than in the K30, K45 and control treatments. The highest EC values were measured in the control, and there were no significant differences between the treatments. In case of two macronutrients, phosphorus and potassium, there were less available amounts in the soils in E30 and E45 treatments than in surface water or non-irrigated treatments (Table 4). The AL-Na content was lowest in the control treatment; for the irrigated soil samples, the value in E45 was significantly higher than others.




3.2. Results of the Main Macroelement Content of Sorghum Plant Parts


3.2.1. Changing of Nitrogen Content in Different Plant Parts


Figure 2a shows the nitrogen (N) analyses of the grains of the ‘Alföldi 1’ variety during the experimental four years. The grains show a decreasing trend every year. The highest value is shown by the control samples (2.4 m/m%), while the lowest nitrogen content was in the K45 (1.8 m/m%) treatment in 2016. In the 2017 growing year, the samples were characterized by a balanced nitrogen content. The results obtained in the next two years converge, where it can be seen that the control (C) values were the lowest and the samples irrigated with effluent irrigation water had the highest nitrogen content. There was only a significant difference in the first year, where the E45 treatment (p = 0.005) had a significantly lower N element content compared to the C and K30 treatments.



The Figure 2b shows the development of nitrogen content in the grain yield of ‘Farmsugro 180’. In the first two growing years, almost the same N-element content was measured in the grains, during which the C treatment had the highest concentration (1.7–1.8 m/m%). In addition, a decrease can be observed in 2019 and 2020. No significant difference can be described; however, it can be observed that higher N content was measurable for irrigated treatments. The significant difference was characteristic of the first year of cultivation, where we measured a significantly lower N content in the E45 treatment (p = 0.035) compared to the C treatment.



In the ‘GK Emese’ variety (Figure 2c), it can be stated that the highest N content in the grains occurred in the first year of cultivation. The highest values were measured for the E45 treatment (2.1 m/m%) and the lowest for the K30 sample (1.0 m/m%). In 2017, there was some decrease in plant samples for all treatments. Almost the same course can be observed in the last two growing years. We measured a significant difference in 2016 and 2019. The K30 treatment (p = 0.047) had significantly less N content compared to the E 45 treatment with the highest value. In the latter case, we also measured a significantly higher nitrogen content in the plant sample of the 45 mm irrigated effluent treatment compared to the K30 (p = 0.005), C (p = 0.018) and K45 (p = 0.029) samples.




3.2.2. Changing of Phosphorus Content in Sorghum Plant Part


Figure 3a shows the phosphorus (P) content measured in the grains of the ‘Alföldi 1’ grain sorghum variety. The phosphorus values were between 2700 and 3700 mg/kg dry matter (d.m.) during the four years of cultivation. In 2016, treatment C had the highest concentration (3700 mg/kg d.m.), while K30 treatment had the lowest concentration (3190 mg/kg d.m.). In the second year of cultivation, the highest phosphorus concentration was measured in the C treatment plant sample, and the lowest in the E45 treatment. In the experimental years of 2019 and 2020, a small decrease was observed, especially for treatment C, where the values were around 3000 and 2700 mg/kg d.m. We measured significant differences between the treatments, except for the last year. In 2016, K30 (p = 0.028) and E45 (p = 0.046) treatments had significantly less phosphorus content compared to the C treatment with the highest value. In the second year, we also measured significantly lower values for E45 (p = 0.003), E30 (p = 0.047), and K45 (p = 0.049) samples compared to the C treatment. In 2019, the phosphorus value of the E30 treatment proved to be the highest, where we measured a significantly lower value than the C sample (p = 0.045).



Lower phosphorus values were measured for the ‘Farmsugro 180’ variety in the first experimental year compared to the other years (Figure 3b). The highest value was recorded by C treatment (2987 mg/kg d.m.), while the lowest was recorded by E45 treatment (2430 mg/kg d.m.). In the following two experimental years, the values show an upward trend. However, a repeated decline in phosphorus levels can be observed in 2020. The significant differences were detected between the applied treatments, with the exception of the year 2017. In 2016, we measured a significantly lower concentration for the E45 (p = 0.004) sample compared to the value of treatment C. In 2019, the K30 (p = 0.043) sample had a significantly higher phosphorus concentration. Compared to the E45 sample with the highest value, the last year was characterized by significantly lower phosphorus content in E30 (p = 0.048).



In Figure 3c, the phosphorus value of the grains of the ‘GK Emese’ cultivar ranged from 2540 to 3950 mg/kg d.m. In the first year of cultivation, E45 treatment had the lowest concentration, while C treatment had the highest concentration. The difference between the measured values exceeded 600 mg/kg d.m. The year 2017 was characterized by equalized values. In the last two years, a decrease in phosphorus levels was observed, where the K30 treatment had the lowest value and the E45 treatment had the highest concentration. There was no significant difference between the treatments in 2017 and 2020. However, in 2016, treatments E45 (p = 0.015) and K30 (p = 0.023) contained significantly less phosphorus capable of C treatment with the highest P levels. Furthermore, we measured significantly more phosphorus in the E45 treatment in 2019.




3.2.3. Changing of Potassium Content in Sorghum Plant Part


In the first year of cultivation, the potassium (K) levels of the grains of the ‘Alföldi 1’ variety ranged from 4020 to 5000 mg/kg d.m. (Figure 4a). The K30 treatment had the lowest value and the E45 treatment had the highest value. In 2017, a decrease in potassium levels was observed for all treatments. Subsequently, in the last two growing years, the values showed a nearly identical trend, where we measured higher potassium levels with K30 treatment. We detected a significant difference between the treatments in the first two experimental years. In 2016, E45 (p = 0.044) treatment had significantly more potassium content than the others. Furthermore, E30 (p = 0.016) had significantly less K element content compared to the C treatment with the highest value in 2017.



In the case of the ‘Farmsugro 180’ cultivar, it can also be described that the samples were characterized by elevated K levels in the first year. It is also typified by balanced values (Figure 4b). In 2017, potassium levels ranged from 3490–3580 mg/kg d.m. The samples from 2019 and 2020 showed significant differences. The E30 (p = 0.010) and E45 (p = 0.021) treatments had significantly less K content compared to the highest value of K30 in 2019. In the last year, E45 (p = 0.029) had significantly less K content compared to the highest value of K45 treatment.



In case of ‘GK Emese’, we detected a higher K level in the samples, which was between 3843 and 4266 mg/kg d.m. in the first year of cultivation (Figure 4c). In 2017, the potassium content in the grains was similar to the other varieties as some decrease can be observed. The K content of the last two years was balanced, with nearly the same values, where treatment C showed a decreased potassium content (3580 and 3560 mg/kg d.m.). The highest values were measured for the E45 treatment in both years. In the evaluation of the K-level measured in the grains of the ‘GK Emese’ variety, no significant difference between the treatments was detected in any of the examined cultivation years.




3.2.4. Changing of Sodium Content in Sorghum Plant Part


In 2016, the sodium (Na) content detected in the grains of the ‘Alföldi 1’ variety proved to be the lowest, where its measured values ranged from 29 to 34 mg/kg d.m (Figure 5a). Some decreases were observed in the 2017 and 2019 cultivation years; however, even the highest Na content does not exceed 44 mg/kg d.m. In the last experimental year, a significant increase in Na levels was observed for all treatments. In this case, treatments E45 and C exceed 100 mg/kg d.m. The effects of the treatments were compared within that cultivation year, where no significant differences were detected.



In the case of the ‘Farmsugro 180’ cultivar, the Na content measured in the grains was higher than in the case of the ‘Alföldi 1’ cultivar. In the first year of cultivation, treatment C had the lowest value of 32 mg/kg d.m., while treatments K45, E30 and E45 had the highest values (56 mg/kg d.m.) (Figure 5b). The following year was marked by growth. The highest sodium values in the control samples were 73 mg/kg d.m. and the lowest was 63 mg/kg d.m. for K45 treatment. In 2019, a repeated decrease was observed in the samples, where they ranged from 41 to 49 mg/kg d.m. In 2020, a remarkable increase was observed between 92 and 109 mg/kg d.m. There were no significant differences for this variety when comparing the treatments in that year.



The level of Na content measured in the grains was similar for the ‘GK Emese’ cultivar (Figure 5c). In 2016, a balanced sodium level was measured for each treatment, during which it did not exceed 26 mg/kg d.m. In the second year of cultivation, samples irrigated with water from the Körös oxbow lake represented higher Na levels. In 2019, however, samples irrigated with effluent showed higher values (53 and 57 mg/kg d.m.). It is also observed in this variety that the Na content in the grains increased notably in 2020, especially in the case of the E45 sample, where it reached 115 mg/kg d.m. In this case, there was no significant difference between the treatments in the statistical evaluation.





3.3. Phenological Results


3.3.1. Development of Relative Chlorophyll Content


Table 5 shows the average chlorophyll values. In the experimental year of 2016, the highest SPAD value in the leaf parts was measured in the case of the C treatment in the ‘Alföldi 1’ variety, while the lowest was detected in the case of the E45 treatment. A decrease was observed for all treatments in the following year. The SPAD value developed similarly in 2019 and 2020, with the highest measured at E45 and the lowest at K30. There was no significant difference between treatments for the first two years. In the third and the fourth year, E30 (p = 0.000), K30 (p = 0.000), and C (p = 0.001) treatments had significantly lower SPAD values compared to the highest E45 treatment. By 2020, the chlorophyll content of the leaves was also significantly lower in the E30 (p = 0.001), K30 (p = 0.002) and C (p = 0.001) treatments compared to the E45 value.



Regarding the ‘Farmsugro 180’ variety, it can be observed that in all cases except the first year, E45 treatment had the highest SPAD value, especially in 2017, where it reached 52.5. Of the four experimental years, the lowest mean chlorophyll values were detected in 2019 (38.9–47.1), while the highest was measured in 2017 (49.8–52.5). During the one-way statistical evaluation, there was no significant difference between treatments in the first two years. In 2019 and 2020, E30 and K45 (p = 0.000) treatments had significantly lower chlorophyll values compared to E45 treatment with the highest SPAD data.



For the ‘GK Emese’ sorghum variety, the highest chlorophyll value was measured in 2017 out of the four experimental years (51.9–56.5), while the lowest was in 2020 (38.8–45.5). It was characteristic of the first two cultivation years that the treatments irrigated with the water of the Körös River had a higher SPAD value, especially the K45 treatments. However, in 2019 and 2020, plants with K30 treatment had the highest chlorophyll value. In this case, it can be described that there was no significant difference between the treatments during the first two years of the statistical analysis. In the year 2019, the K45 (p = 0.012) treatment had a significantly lower SPAD value compared to the value measured at the highest K30 treatment. In 2020, E45 (p = 0.003) and K45 (p = 0.002) treatments also had significantly lower chlorophyll values compared to the highest K30 treatment.




3.3.2. Determination of Growth Parameter during the Seasons


In the case of the ‘Alföldi 1’ variety, it can be observed that the height values measured during the first year exceeded the measurements of the following years (Figure 6a). For the E45 treatment, we measured the highest plants where they reached 199 cm. Plants with the E30 treatment grew to the lowest one (155 cm). In the following year, a decrease in height was observed for all treatments. Height values from 2019 to 2020 were detected in nearly the same range. As in previous years, the plants grew smaller with E30 treatment and the largest with E45 treatment (156–169 cm). The significant difference between the treatments was detected only in the first year of cultivation, where sorghum plants grew significantly smaller (p ≤ 0.01) than all other treatments compared to the E45 treatment with the highest value.



For ‘Farmsugro 180’ (Figure 6b), higher plant heights were also detected in the first year of cultivation, with the lowest plants in treatment C (187 cm) and the highest in treatment K45 (236 cm). In the following years, a decrease was observed with all treatments. In 2017, the height of the ‘Farmsugro 180’ variety was between 149 and 164 cm. In 2019 and 2020, an increase of 10% was observed, during which the height ranged from 161 to 182 cm. In 2016, a significant difference was found between the treatments, where plants of other treatments grew significantly lower (p ≤ 0.05) compared to K45 treatment.



The ‘GK Emese’ variety is also characterized by the finding that the height values measured in 2016 exceeded those in other years (Figure 6c). The measured values were between 140–170 cm in the first year and 133–152 cm in the second year. In all four years of cultivation, treatment C was found to be the lowest and treatment E45 to be the highest. In the last two years, a decrease can be observed, where the measured values were between 156–162 cm. In the first two years there was a significant difference between treatments. In 2016, C (p = 0.001) E30 (p = 0.008) and K30 (p = 0.016) treatments proved to be significantly lower than E45. In the second year, significantly lower values were detected for C treatment (p = 0.018) compared to the highest E30 treatment.





3.4. Development of Biomass Product over the Four Experimental Years


3.4.1. Development of the Green Mass of the Three Sorghum Cultivars during the Experimental Years


The development of the wet green mass of grain sorghum varies from variety to variety. In the case of the ‘Alföldi 1’ variety, the 2017 growing year proved to be the most productive in terms of wet green mass, during which the E45 treatment reached 476 g/plant (Table 6). In the same year, the lowest weight was measured for treatment C, which was 349 g/plant. In addition, the green mass of the first year of cultivation proved to be the lowest, where the E45 treatment (365 g/plant) had the highest biomass and E30 treatment had the lowest (296 g/plant) value. In the one-way analysis of variance, there was no significant difference when comparing treatments over the years.



For the ‘Farmsugro 180’ cultivar, the highest green weight was detected in the first year of cultivation, reaching 583 g/plant for the K30 treatment, while the E45 treatment with the lowest weight value 433 g/plant. The plants of 2019 had the lowest weight, where their measured values ranged from 308 to 346 g/plant. A significant difference between the treatments was detected in the first year of cultivation (p ≤ 0.05).



In the case of the ‘GK Emese’ cultivar, the year 2016 had the lowest plant weight, where the highest measured values did not exceed 256 g/plant. However, in 2019, these values increased for all treatments, with the lowest C treatment reaching 421 g/plant and the E30 treatment having the highest plant weight of 573 g/plant, although there was no significant difference between treatments during the statistical annual evaluation.




3.4.2. Improvement of the Grain Yield of the Three Sorghum Cultivars during the Experimental Years


In the course of the change in the weight of the grain yield of the ‘Alföldi 1’ variety, the smallest grains yield was detected in the year 2019, which was between 67–91 g/plant (Table 7). The highest grain yield values were measured in 2016, where the C treatment had the lowest grain yield of 82 g/plant and the E30 samples had the highest grain yield of 138 g/plant. During the one-way analysis of variance, there was a significant difference between treatments only in 2016 (p ≤ 0.001).



For the ‘Farmsugro 180’ variety, the grain yield was the lowest in the last experimental year, during which the measured value was only 57 g/plant for the K45 treatment. However, the highest values were detected in 2017, during which the grain yield of sorghum was the lowest for the E45 (81 g/plant) treatment and the highest for the K45 (105 g/plant) treatment. There was no verifiable significant difference between the treatments in any of the years.



Compared to the other cultivars, we measured a higher amount of grain yield in the case of the ‘GK Emese’ every year (Table 7), during which the lowest values measured in 2019 exceeded it (77–110 g/plant). The year 2016 had the highest weight value, with the lowest value for treatment C (100 g/plant) and the highest for treatment K30 (140 g/plant), although there was no significant difference between treatments during statistical evaluation.






4. Discussion


The irrigation experiment applied to the grain sorghum varieties took place between 2016 and 2020. With population growth and swift urbanization, the agricultural sector is under increasing pressure as freshwater supplies for crop production declining in all parts of the world [25]. The use of wastewater and effluents of industrial or agricultural origin is an essential element in the protection of our water resources. According to Qi et al. [26], effluents from aquaculture systems have a rich organic matter content which can be advantageously used in crop production. At the same time, it increases soil fertility, improves cultivation success and reduces fertilizer costs [27]. Irrigation of the higher salinity effluent with us gave similar results as Guimarães et al. [28] described in their research that the cultivation of the sorghum forage could be solved by irrigation with saline effluent water.



The high Na+ and HCO3− concentration in irrigation water is known to be responsible for soil salinization. In sodic soils, ionic exchange between Na+ and H+ causes the dissociation of water in soil solution, leading to increasing concentrations of NaOH in the soil solution and the soil pH may increase to values above 10.5 [29,30]. The negative relationship between basic respiration and pH in salt-affected soils [31] could be another reason of the alkalization of the soil irrigated with effluent water (Table 4). In case of total carbonate, total organic carbon and N values, there were no significant differences due to the treatments (Table 4).



According to our results in the non-irrigated treatment, the highest EC value was measured (in surface soil layer). Strong correlation was found between EC and P and K content of the soil (Pearson correlation coefficients 0.824 and 0.823, respectively, sig. < 0.01) in the surface layer, but there was no correlation between them in the subsoil layer. We assume the EC differences occur because of the more available nutrients (P, K) in the soil at 0–30 cm depth.



The impact of irrigation and water quality on the available phosphorus content of the soil was proved in the surface soil layer where the lowest mean P content were calculated in E30 and E45, despite the P content of the effluent and the river water (Table 1 and Table 4). We assume the disintegration of soil aggregates was due to soil salinization was the significant role of the released colloid-sized clay particles in P fixation; however, further studies are needed to prove our assumption. According to Arienzo et al. [32], potassium availability is strongly affected by the pH of the wastewater, as well as by the pH of the receiving soil. Normally, potassium availability is sustained for most plants in neutral or slightly acidic soils. In this study, the pH was significantly lower in the soil irrigated with Körös River water, which may have caused higher K content in the control treatment.



One of the acidic extractants, the ammonium lactate (AL, pH = 3.7) solution, introduced by Egner et al. [33], is commonly used in Europe. When the soil is treated with AL extraction solution, the soluble substance enters the solution partly through dissolution and partly through ion exchange, and AL extraction solution could decompose the carbonates also. The higher sodium concentration of the soils irrigated with effluent (Table 4) indicates the start of the sodication process.



The increase in the nitrogen content of sorghum plants is directly proportional to the higher crude protein content [34], which may mean a more nutritious feed for the animals. Although, the lower nitrogen content affects the physiology of the plant processes in which the macronutrient content of the grain changes, in particular the uptake of Ca, Mg and S [34]. For all three cultivars, significantly higher nitrogen values were measured in the grain yield in the first two growing years. In certain years of the experiment, it was found for each variety that the higher N content of the effluent irrigation water could be well utilized in grain yields.



The P demand of plants is high during the development of vegetative organs, but it is also significant during crop production. The seeds are the phosphorus-containing plant organs [35]. Nitrogen and phosphorus are antagonists of each other in terms of their physiological effects, where N stimulates the growth of vegetative organs, while phosphorus stimulates the appearance of generative organs and crop ripening [36]. Regarding phosphorus, there was no significant difference between the varieties and the irrigation treatments. On the other hand, the ‘Alföldi 1’ and ‘GK Emese’ varieties were able to make slightly better use of the higher P content of effluent irrigation water, especially in the last two years.



Potassium is an essential element for growth and one of the most frequently occurring cations in plant organs. Unlike other elements such as nitrogen, phosphorus, magnesium, calcium and sulfur, potassium is not incorporated into organic matter. Over time, the K content of older organs showed a decreasing trend. [37]. In the experiment, sorghum plants had high K levels of grain yield between 3500 and 5000 mg/kg d.m. There was no significant difference between the varieties. The Na+/K+ ratio is considered to be the basis of the salt tolerance of plants, which increases in direct proportion to the increase in salinity [38]. According to Ahmad et al. [39] and Iqbal et al. [40] studies, effluent irrigation water with higher salinity did not reduce the accumulation of K+ in plant organs.



High salinity in plants cause hyperionic and hyperosmotic stress effects, as well as limited growth. Sodium is not essential even for extreme salt-tolerant plants, requiring only small amounts of C4 and CAM plants [41,42]. Due to this, in addition to salt stress, sorghum is able to maintain its photosynthetic activity and dry matter production [43]. The sodium content of the grain crop was the lowest in the first year of cultivation. There was a difference in the accumulation of the cultivars, where a higher Na level was detected in the case of ‘Farmsugro 180’, while the lowest sodium content was measured in ‘GK Emese’. The level of Na in the grain yield of sorghum also shows an upward trend between the years, but it occurred to different degrees for the three sorghum cultivars. However, this value has not yet been shown to be toxic to the dose. In a vegetation period—in proportion to the amount of annual irrigation—41–66 g/m2 Na was applied in the case of 30 mm effluent irrigation and 49–99 g/m2 Na in the case of 45 mm effluent.



Sixto et al. [44] have shown that a decrease in vegetative growth parameters can be observed in plants as a function of increasing salinity. In plants exposed to salt stress, a decrease in shoot, stem and root development, fresh and dry stem and root mass, leaf area and number of leaf, and relative chlorophyll amount and yield were observed [45,46,47,48]. For all three varieties, the average SPAD value of the leaves was lower in the last two growing years. There is a linear relationship between the nitrogen content of the crop and the chlorophyll value, where a positive correlation (r = 0.737, Pearson correlation) was observed during the study.



In the case of plant height, it can be stated that the highest plants (149–236 cm) were detected in the first year of cultivation, which can be explained mainly by the maximum amount of total water (precipitation + irrigation). Subsequently, a decrease was observed for all three cultivars (133–181 cm), depending on the total annual water volumes, as plant height is primarily affected by precipitation and temperature. In the experiment, the ‘Farmsugro 180’ fell short of its average height of 180–220 cm except for the first year. However, the measured height data of ‘Alföldi 1’ (140–16 cm), and mainly the ‘GK Emese’ (130–150 cm), corresponded to their characteristic height, which means that they were well adapted to the experimental stress conditions. This trend is also observed in the weight of grain yield. In addition, several studies have reported that higher salinity in irrigation water reduces plant mass, crop, and biomass product [49,50].



Hussein et al. [51] showed that higher Na concentrations of irrigation water had a negative effect on the growth profile of sorghum. In the 2017 growing year, the amount of irrigation water presented a positive correlation (r = 0.026, Pearson correlation) for both green mass and grain yield. In the case of both green mass and grain yield, it was observed that lower biomass values were detected in the last year of cultivation. The sorghum is a moderately salt tolerant plant [52], and no yield reduction is expected at irrigation water with EC of 4.5 dS/m and soil salinity up to 6.8 dS/m. According to our soil EC values (Table 4), it is not proven that salinity could cause the decrease; however, a detailed analyses of soil exchangeable sodium percentage would be justified to further investigate the effluent water impact on these sorghum cultivars. Nevertheless, a decrease occurred in all treatments, and hence cannot be linked to water quality with absolute certainty. For example, the sensitivity of ‘Farmsugro 180’ should be emphasized, during which the value of grain yield in the case of samples irrigated with the water of the Körös River in the last year was only between 57–67 g/plant.




5. Conclusions


Irrigation of fish farm effluent water with a higher Na content may provide an alternative solution for regions with water scarcity; however, the possibility of its long-term use should be considered as it may cause salinization of the soil.



During the chemical analysis of plant parts compared to non-irrigated plants, effluent water irrigation did not negatively affect the N, P, K, and Na contents of the grain crop. Furthermore, based on the plant height and SPAD values, it can be concluded that compared to the control values, the applied irrigation waters did not have a negative effect on the two parameters mentioned above.



In summary, in the short term, in water-scarce or unfavorable soil areas, a good alternative could be to irrigate the effluent water of the intensive African catfish farm we studied on a grain sorghum plantation.
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Figure 1. Average mean temperature and precipitation data for the 2016–2020 experimental years. 
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Figure 2. Nitrogen content of sorghum grains from 2016 to 2020. (a) The nitrogen content of ‘Alföldi 1’ variety; (b) the nitrogen content of ‘Farmsugro 180’ variety; (c) the nitrogen content of ‘GK Emese’ variety. The mean nitrogen content data are presented in five treatments. The results are means ± SD, n = 3. The different letters establish significant differences between irrigation water qualities for the four vegetation periods, corroborating to the Tukey’s test at p ≤ 0.005. 
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Figure 3. Phosphorus content values of sorghum grains from 2016 to 2020. (a) The phosphorus content of ‘Alföldi 1’ variety; (b) the phosphorus content of ‘Farmsugro 180’ variety; (c) the phosphorus content of ‘GK Emese’ variety. The mean phosphorus content data are presented in five treatments. The results are means ± SD, n = 3. The different letters establish significant differences between irrigation water qualities for the four vegetation periods, corroborating to the Tukey’s test at p ≤ 0.005. 
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Figure 4. Potassium content values of sorghum grains from 2016 to 2020. (a) The potassium content of ‘Alföldi 1’ variety; (b) the potassium content of ‘Farmsugro 180’ variety; (c) the potassium content of ‘GK Emese’ variety. The mean potassium content data are presented five treatments. The results are means ± SD, n = 3. The different letters establish significant differences between irrigation water qualities for the four vegetation periods, corroborating to the Tukey’s test at p ≤ 0.005. 
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Figure 5. Sodium content values of sorghum grains from 2016 to 2020. (a) The sodium content of ‘Alföldi 1’ variety; (b) the sodium content of ‘Farmsugro 180’ variety; (c) the sodium content of ‘GK Emese’ variety. The mean sodium content data are presented five treatments. The results are means ± SD, n = 3. The different letters establish significant differences between irrigation water qualities for the four vegetation periods, corroborating to the Tukey’s test at p ≤ 0.005. 
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Figure 6. Plant height data measured at the last evaluation time of sorghum grains from 2016 to 2020. (a) Height values of ‘Alföldi 1’ variety; (b) height values of ‘Farmsugro 180’ variety; (c) height values of ‘GK Emese’ variety. The mean height data are presented five treatments. The results are means ± SD, n = 3. The different letters establish significant differences between irrigation water qualities for the four vegetation periods, corroborating to the Tukey’s test at p ≤ 0.005. 
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Table 1. Soil parameters of the experimental field before the start of the experiment in the 0–30 cm and 30–60 cm soil layers (2016, Szarvas, Hungary).
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Depth of the Soil Layer




	
Soil Parameter

	
0–30 cm

	
30–60 cm






	
pH (KCL)

	
7.23 ± 0.06

	
7.15 ± 0.05




	
Texture

	
clay loam

	
clay loam




	
EC (µS/cm)

	
410 ± 28

	
458 ± 30




	
Total carbonate content (m/m%)

	
1.96 ± 0.97

	
1.41 ± 0.51




	
Total organic carbon content (m/m%)

	
1.21 ± 0.08

	
1.33 ± 0.09




	
KCL-NO2− + NO3−-N (mg/kg)

	
3.47 ± 0.56

	
4.42 ± 0.63




	
AL-P2O5 (mg/kg)

	
2350 ± 607

	
3013 ± 395




	
AL-K2O (mg/kg)

	
627 ± 137

	
957 ± 195




	
AL-Na (mg/kg)

	
45.0 ± 11.0

	
56.2 ± 13.6








Comments: EC—specific electrical conductivity of saturated soil paste, KCL—extraction with potassium chloride solution, AL—extraction with ammonium lactate solution.
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Table 2. Types and average quality parameters of irrigation water used in the irrigation experiment of grain sorghum varieties (Szarvas, Hungary).
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EC

	
NH4-N

	
N

	
P

	
K

	
Na

	
SAR




	

	
(µS/cm)

	
(mg/L)

	
(mg/L)

	
(mg/L)

	
(mg/L)

	
(mg/L)

	






	
Effluent water

	
1307.0

	
22.5

	
29.2

	
3.9

	
6.4

	
275.5

	
12.1




	
Körös River oxbow lake water

	
371.0

	
0.6

	
2.1

	
0.2

	
3.7

	
31.2

	
1.2








Comment: SAR—Sodium adsorption ratio.
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Table 3. Date of sowing and the available amount of water (irrigation and precipitation) during the growing seasons of grain sorghum in 2016–2020.
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Date of Sowing

	
Irrigation Water Doses (mm)

	
Number of Irrigation

	
Amount of Water Applied by Irrigation (mm)

	
Precipitation during the Growing Season

(mm)

	
Amount of Additional Irrigation (Körös River) during Germination (mm)

	
Total Amount of Available Water (mm)






	
2016

	
4 May

	
30

	
5

	
150

	
296

	
120

	
566




	
45

	
225

	
641




	
2017

	
2 May

	
30

	
6

	
180

	
144

	
80

	
404




	
45

	
270

	
494




	
2019

	
7 May

	
30

	
8

	
240

	
208

	
40

	
488




	
45

	
360

	
608




	
2020

	
27 April

	
30

	
4

	
120

	
288

	
90

	
498




	
45

	
180

	
558
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Table 4. Soil parameters of the experimental area sampled in the final year of the irrigation experiment. Average soil parameters data are presented from five treatments. Results are means ± SD, n = 6. Different letters show significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.






Table 4. Soil parameters of the experimental area sampled in the final year of the irrigation experiment. Average soil parameters data are presented from five treatments. Results are means ± SD, n = 6. Different letters show significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.





	
2020

	
E30

	
E45

	
K30

	
K45

	
C

	






	

	
0–30 cm

	
p1




	
pH (KCl)

	
7.28 ± 0.04 b

	
7.30 ± 0.06 b

	
7.22 ± 0.02 ab

	
7.25 ± 0.04 ab

	
7.18 ± 0.03 a

	
*




	
EC (µS/cm)

	
355 ± 38 a

	
352 ± 38 a

	
411 ± 38 ab

	
402 ± 38 ab

	
464 ± 38 b

	
**




	
Total carbonate content (m/m%)

	
2.31 ± 0.67

	
2.02 ± 0.93

	
1.90 ± 0.23

	
2.35 ± 0.23

	
1.43 ± 0.24

	
n.s.




	
Total organic carbon (m/m%)

	
1.09 ± 0.08

	
1.08 ± 0.05

	
1.18 ± 0.05

	
1.16 ± 0.04

	
1.23 ± 0.07

	
n.s.




	
KCL-NO2− + NO3−-N (mg/kg)

	
3.01 ± 0.45

	
3.45 ± 0.81

	
3.44 ± 0.95

	
3.85 ± 1.04

	
3.42 ± 0.64

	
n.s.




	
AL-P2O5 (mg/kg)

	
1243 ± 262 a

	
1247 ± 159 a

	
1880 ± 285 ab

	
1543 ± 179 bc

	
2300 ± 225 c

	
**




	
AL-K2O (mg/kg)

	
350 ± 75 a

	
333 ± 45 a

	
475 ± 67 ab

	
460 ± 31 ab

	
509 ± 41 b

	
**




	
AL-Na (mg/kg)

	
113.7 ± 18.9 ab

	
122.9 ± 21.3 b

	
89.2 ± 21.0 ab

	
82.1 ± 17.9 a

	
86.8 ± 23.3 a

	
**




	

	
30–60 cm

	
p1




	
pH (KCl)

	
7.13 ± 0.10

	
7.08 ± 0.03

	
7.16 ± 0.06

	
7.17 ± 0.07

	
7.12 ± 0.05

	
n.s.




	
EC (µS/cm)

	
458 ± 38

	
476 ± 38

	
464 ± 38

	
452 ± 38

	
451 ± 38

	
n.s.




	
Total carbonate content (m/m%)

	
1.92 ± 1.16

	
1.41 ± 0.74

	
1.74 ± 0.52

	
1.91 ± 1.10

	
1.40 ± 0.47

	
n.s.




	
Total organic carbon (m/m%)

	
1.30 ± 0.18

	
1.42 ± 0.06

	
1.29 ± 0.07

	
1.30 ± 0.14

	
1.40 ± 0.06

	
n.s.




	
KCL-NO2− + NO3−-N (mg/kg)

	
3.55 ± 0.32

	
3.37 ± 0.31

	
3.22 ± 0.92

	
3.26 ± 0.66

	
3.53 ± 0.36

	
n.s.




	
AL-P2O5 (mg/kg)

	
2100 ± 447

	
2447 ± 716

	
2373 ± 234

	
2127 ± 318

	
3010 ± 828

	
n.s.




	
AL-K2O (mg/kg)

	
612 ± 114

	
607 ± 94

	
635 ± 93

	
727 ± 66

	
640 ± 68

	
n.s.




	
AL-Na (mg/kg)

	
122.2 ± 14.7 ab

	
127.0 ± 18.2 b

	
88.9 ± 20.0 a

	
95.6 ± 24.2 ab

	
89.9 ± 20.0 a

	
**








Comment: p1: represent p-value. * p < 0.05, ** p < 0.01, n.s.—not significant. EC—specific electrical conductivity of saturated soil paste, KCL—extraction with potassium chloride solution, AL—extraction with ammonium lactate solution.
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Table 5. Chlorophyll values over the four experimental years. Average chlorophyll data are presented from five treatments. Results are means ± SD, n = 30. Different letters recommend significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.






Table 5. Chlorophyll values over the four experimental years. Average chlorophyll data are presented from five treatments. Results are means ± SD, n = 30. Different letters recommend significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.





	
Variety of Grain Sorghum

	
Treatments

	
Average SPAD Values




	
2016

	
2017

	
2019

	
2020






	
‘Alföldi 1’

	
K30

	
50.7 ± 5.8 a

	
51.7 ± 6.2 a

	
42.8 ± 6.7 a

	
42.5 ± 6.1 a




	
K45

	
52.6 ± 7.5 a

	
52.1 ± 11.6 a

	
48.5 ± 9.0 bc

	
49.9 ± 8.8 bc




	
E30

	
52.6 ± 8.0 a

	
49.0 ± 6.7 a

	
44.0 ± 7.2 ab

	
44.5 ± 7.7 ab




	
E45

	
50.0 ± 6.1 a

	
49.1 ± 6.7 a

	
52.4 ± 4.5 c

	
53.2 ± 4.7 c




	
C

	
52.8 ± 9.1 a

	
49.8 ± 7.8 a

	
44.3 ± 9.2 ab

	
45.3 ± 9.4 ab




	
‘Farmsugro 180’

	
K30

	
46.3 ± 7.3 a

	
49.8 ± 5.7 a

	
44.8 ± 5.1 b

	
45.6 ± 5.5 b




	
K45

	
50.0 ± 9.0 a

	
51.0 ± 5.8 a

	
39.1 ± 5.4 a

	
41.0 ± 5.6 a




	
E30

	
49.5 ± 10.1 a

	
50.7 ± 6.2 a

	
38.9 ± 5.0 a

	
41.1 ± 4.6 a




	
E45

	
47.7 ± 8.8 a

	
52.5 ± 6.9 a

	
47.1 ± 5.1 b

	
48.0 ± 4.9 b




	
C

	
47.6 ± 10.2 a

	
49.8 ± 7.4 a

	
46.8 ± 5.0 b

	
47.7 ± 4.6 b




	
‘GK Emese’

	
K30

	
51.9 ± 7.0 a

	
49.2 ± 5.7 a

	
45.7 ± 6.3 b

	
45.5 ± 6.2 b




	
K45

	
56.5 ± 7.3 a

	
50.1 ± 7.3 a

	
40.0 ± 7.3 a

	
37.8 ± 8.0 a




	
E30

	
52.4 ± 7.2 a

	
47.3 ± 7.6 a

	
41.0 ± 6.9 ab

	
38.0 ± 10.2 a




	
E45

	
53.1 ± 7.1 a

	
48.6 ± 6.8 a

	
44.8 ± 6.8 b

	
45.0 ± 7.5 b




	
C

	
55.8 ± 7.3 a

	
48.4 ± 7.5 a

	
42.8 ± 6.7 ab

	
43.0 ± 6.6 ab








Comments: SPAD—Soil Plant Analyses Development.
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Table 6. Development of wet green mass at harvest between 2016–2020 growing seasons. Average green mass weight data are presented from five treatments. Results are means ± SD, n = 6. Different letters recommend significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.






Table 6. Development of wet green mass at harvest between 2016–2020 growing seasons. Average green mass weight data are presented from five treatments. Results are means ± SD, n = 6. Different letters recommend significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.





	
Variety of Grain Sorghum

	
Applied Treatments

	
2016

	
2017

	
2019

	
2020




	
Green Mass Weight (g/Plant) Mean ± SD

	
p-Value

	
Green Mass Weight (g/Plant) Mean ± SD

	
p-Value

	
Green Mass Weight (g/Plant) Mean ± SD

	
p-Value

	
Green Mass Weight (g/Plant) Mean ± SD

	
p-Value






	
‘Alföldi 1’

	
K30

	
301 ± 9 a

	
n.s

	
422 ± 79 a

	
n.s.

	
315 ± 58 a

	
n.s.

	
379 ± 104 a

	
n.s.




	
K45

	
302 ± 49 a

	
451 ± 92 a

	
357 ± 54 a

	
420 ± 123 a




	
E30

	
296 ± 62 a

	
436 ± 100 a

	
386 ± 81 a

	
402 ± 31 a




	
E45

	
365 ± 108 a

	
476 ± 117 a

	
329 ± 93 a

	
376 ± 173 a




	
C

	
320 ± 80 a

	
349 ± 89 a

	
397 ± 70 a

	
269 ± 55 a




	
‘Farmsugro 180’

	
K30

	
583 ± 81 b

	
*

	
427 ± 48 a

	
n.s.

	
331 ± 36 a

	
n.s.

	
397 ± 80 a

	
n.s.




	
K45

	
528 ± 96 ab

	
489 ± 105 a

	
308 ± 52 a

	
383 ± 62 a




	
E30

	
539 ± 91 ab

	
460 ± 65 a

	
346 ± 37 a

	
422 ± 107 a




	
E45

	
433 ± 84 a

	
458 ± 71 a

	
330 ± 33 a

	
461 ± 60 a




	
C

	
540 ± 58 ab

	
411 ± 74 a

	
321 ± 60 a

	
448 ± 53 a




	
‘GK Emese’

	
K30

	
244 ± 70 a

	
n.s

	
427 ± 98 a

	
n.s.

	
435 ± 74 ab

	
**

	
347 ± 86 a

	
n.s.




	
K45

	
229 ± 47 a

	
418 ± 74 a

	
531 ± 83 abc

	
303 ± 65 a




	
E30

	
256 ± 20 a

	
401 ± 75 a

	
573 ± 96 c

	
335 ± 70 a




	
E45

	
209 ± 25 a

	
421 ± 61 a

	
555 ± 59 bc

	
401 ± 140 a




	
C

	
227 ± 27 a

	
339 ± 67 a

	
421 ± 63 a

	
330 ± 56 a








Comments: * p < 0.05, ** p < 0.01, n.s.—not significant.
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Table 7. Development of wet grains yield at harvest between 2016–2020 growing seasons. Average grains yield data are presented from five treatments. Results are means ± SD, n = 6. Different letters recommend significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.






Table 7. Development of wet grains yield at harvest between 2016–2020 growing seasons. Average grains yield data are presented from five treatments. Results are means ± SD, n = 6. Different letters recommend significant differences among irrigation water qualities for the four cultivation years, corroborating to the Tukey’s test at p ≤ 0.05.





	
Variety of Grain Sorghum

	
Applied Treatments

	
2016

	
2017

	
2019

	
2020




	
Grain Yield (g/Plant) Mean ± SD

	
p-Value

	
Grain Yield (g/Plant) Mean ± SD

	
p-Value

	
Grain Yield (g/Plant) Mean ± Std. Deviation

	
p-Value

	
Grain Yield (g/Plant) Mean ± Std. Deviation

	
p-Value






	
‘Alföldi 1’

	
K30

	
125 ± 16 bc

	
***

	
123 ± 18 a

	
n.s.

	
68 ± 17 a

	
n.s.

	
102 ± 38 a

	
n.s.




	
K45

	
128 ± 21 c

	
115 ± 9 a

	
83 ± 21 a

	
109 ± 53 a




	
E30

	
138 ± 17 c

	
116 ± 17 a

	
91 ± 16 a

	
105 ± 7 a




	
E45

	
100 ± 14 ab

	
120 ± 24 a

	
67 ± 11 a

	
106 ± 42 a




	
C

	
82 ± 10 a

	
104 ± 22 a

	
83 ± 11 a

	
89 ± 46 a




	
‘Farmsugro 180’

	
K30

	
75 ± 6 a

	
***

	
94 ± 11 a

	
n.s.

	
88 ± 16 a

	
n.s.

	
67± 13 ab

	
*




	
K45

	
86 ± 2 b

	
105 ± 25 a

	
88 ± 13 a

	
57 ± 12 a




	
E30

	
88 ± 3 b

	
90 ± 19 a

	
96 ± 17 a

	
64 ± 23 ab




	
E45

	
87 ± 3 b

	
81 ± 8 a

	
93 ± 16 a

	
81 ± 21 ab




	
C

	
70 ± 6 a

	
86 ± 13 a

	
94 ± 12 a

	
91 ± 21 b




	
‘GK Emese’

	
K30

	
140 ± 13 a

	
n.s.

	
109 ± 27 a

	
n.s.

	
80 ± 18 a

	
n.s.

	
94 ± 22 a

	
n.s.




	
K45

	
129 ± 26 a

	
106 ± 17 a

	
75 ± 18 a

	
77 ± 13 a




	
E30

	
110 ± 52 a

	
112 ± 15 a

	
77 ± 15 a

	
86 ± 19 a




	
E45

	
127 ± 15 a

	
107 ± 17 a

	
87 ± 9 a

	
110 + 46 a




	
C

	
100 ± 19 a

	
98 ± 13 a

	
73 ± 19 a

	
94 ± 15 a








Comments: * p < 0.05, *** p < 0.001, n.s.—not significant.
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