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Biostimulants have different effects on plants. The aim of this paper is to determine responses of the ‘Alsószentiváni 117’ walnut cultivar on foliar applications of different biostimulants (Wuxal Ascofol, Kondisol, Alga K Plus). The nut traits (nut length, nut diameter, nut weight, kernel weight) and some phenolic compounds of the kernel were measured and detected. In 2020, during warmer early spring weather conditions under pistillate flowering receptivity, chlorogenic acid and quercetin content of kernels treated with Kondisol were higher than in control. All biostimulants influenced positive effects on catechin and rutin content, as well as treatments made with Wuxal Ascofol and Kondisol increased the juglon content of the kernel. In 2021, when the spring weather was typical for that period, only the Kondisol treatments had increasing effects on the catechin and chlorogenic acid content, than the control. The rutin and quercetin concentrations reached the highest value in this trial by Alga K Plus applications. The juglon content decreased in this year compared to the control. The pirocathecin, cinnamic acid, and gallic acid (except Wuxal Ascofol treatment in 2021) content decreased in all treatments in both observed years. Responses of woody fruit species on biostimulants applications depend on the weather conditions. Biostimulants had positive effects on the nut size characteristics in both observed years.
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1 Introduction

There is a keen interest in nut tree crops worldwide, because their production shows a massive increasing trend in many countries. During the last two decades the global Persian or English dried walnut (Juglans regia L.) production increased by 20% annually. Currently, the harvested quantity of dried walnuts with shells is 3.5 million tons globally (FAO, 2023). In Hungary, the ecological demands of walnut are similar to wine grape (Vitis vinifera L.) (Nyitrainé Sárdy et al., 2022) and apricot (Prunus armeniaca L.) (Mendelné Pászti et al., 2023). The growing area doubled to 6,000 ha during the past three decades, and the production reached the 6,000 tons dried shelled nuts annually (FAO, 2023).

The cultivars with large, at least 32 mm in diameter nut size are the most valuable product on the market (Akca, Y et al., 2016; Vahdati et al., 2019; Iordănescu et al., 2021; Özcan et al., 2022; Sokolova, 2022; Sutyemez et al., 2022; Paunović and Rade, 2023). There are some possibilities for growers to increase the nut size and to enrich the phenolic compounds of kernels. Among the phenolics, ellagic acid, ferulic acid, gallic acid, catechin, vanillic acid, caffeic acid, sinapic acid, salicylic acid, rutin, and epicatechin were abundant in the kernel and seed coat (Colaric et al., 2005; Bujdosó et al., 2014; Gharibzahedi et al., 2014; Kónya et al., 2015; Trandafir et al., 2016/a; Rahmani et al., 2018; Kafkas et al., 2020; Trandafir and Cosmulescu, 2020; Shen et al., 2021; Medic et al., 2021/a; Medic et al., 2021/b; Li et al., 2023; Wu et al., 2023). Different papers reported quite similar quantities of phenolics in three different forms, however their sequence is always the same. The largest quantity of the phenolics is in free form, which rate is 51.1%-75.8%, followed by bound form (17.7%-38.0%) and esterified form (1.3%-18.7%) (Persic et al., 2018/a; Wu et al., 2021; Wang et al., 2022; Wu et al., 2023). The main source of the phenolic compounds (Colaric et al., 2005; Persic et al., 2018/a; Sheng et al., 2021; Medic et al., 2021/a; Jin et al., 2022) is pellicle, which contains almost 95% of the phenolic compounds, which can be detected in kernel (Slatnar et al., 2015). Positive and very strong correlations were found between the total phenolic content in free, esterified, and bound forms in pellicle and the pellicle color (0.920, 0.990, 0.940) (Wang et al., 2022). Kernels with a yellow pellicle contain more total phenolic content and flavonoids than a kernel with red pellicle (Trandafir et al., 2016/b; Peršić et al., 2018/b).

Beside the genetic backgrounds of the cultivars, just usage of the biostimulants is the only way to reach both aims described above, as they do not apply mechanical and chemical thinning in the nut tree production nowadays. The biostimulants have some positive effects on the plant characteristics, which can be seen from outside and can be measured inside. Usage of them is typical for herbaceous species mostly. In the nursery production usage of biostimulants (benzyladenine in 0.02%) increased feathering of the woody fruit bearing species such as apple, European plum, and cherries (Magyar and Hrotko, 2002). Furthermore, biostimulants had a positive influence on the growth of container grown shrubs, this application (applied biostimulants: Kelpak® in 0.3%, Yeald Plus® in 1.5%, Bistep in 0.5% dosages) improved their market value (Kovács et al., 2017). They increased the yield of different crops such as on faba bean (Lammas et al., 2022.), barley (Lakić et al., 2022), spring wheat (Lozowicka et al., 2022), wheat (Iwaniuk et al., 2022), sweet pepper (Ombódi and Toók, 2022), and potato (Mystkowska et al., 2022). Yield of peanuts was increased 25% to 296% after usage of the biostimulant treatments (Khudaykulov et al., 2021) compared to the control. Length of spike on spring barley plants increased significantly, and weight of grains of spring barley increased also up to 30% to 31% (Lammas et al., 2022) with 7% up to 14% on corn (Ajaj et al., 2020). Number of seeds per pods of faba bean become more with 22% (Lakić et al., 2022), oil content of peanut increased 2% to 7% after the application (Khudaykulov et al., 2021) compared to the control. Protein content of spring barley was increased by 11.9% to 12.8% by usage of Restart Zh (Lammas et al., 2022.). On ‘Oita 4’ mandarin easily extractable glomalin-related soil protein application combined with some other agricultural treatments (fruit bagging, reflective film mulching, and grass-proof cloth mulching) had positive effects on fruit quality (coloration value, hardness, fruit size, weight of pulp, peel and single fruit) (Lei et al., 2023). On strawberry, biostimulant applications had an effect on the yield and total anthocyanin content, but there were no effects on the total soluble sugar and acid content (Popovic et al., 2022). The biostimulant treatments decreased the mycotoxins contamination in the seeds of spring wheat (Lozowicka et al., 2022), and spring barley (Lammas et al., 2022). Among Eastern Bulgarian conditions ‘Lozen 1’ coriander contained from 2.9% to 9.6% more essential oil content after applying the biostimulant Fertigrain – 1.26% and the foliar fertilizer Masterblend – 1.25% (Georgieva et al., 2022). On oilseed plants usage of HL100, HLN55, and TH1-20% biostimulants decreased the saturated (by 3.5%, 1.74%, and 4.7%) and polyunsaturated fatty acids (by 2.74%, 0.59%, and 3.1%) content, however the monounsaturated fatty acid content increased (by 0.99%, 0.58%, 1,47%) (Petrova et al., 2023). Application of potassium (K) foliar fertilizers (such as Alga K Plus – 1%) had a moderate increase of cluster weight of wine grape cultivar ‘Zéta’. It also increased the sugar content in its juice and acceleration of ripening processes compared to the control vines. These results pointed out the positive effects of K foliar fertilization during the ripening process due to K deficiency of grapevines (Zsigrai and Juhász, 2000).

Currently, there is no data about effects of biostimulants’ applications on walnut, therefore the possible responses of this nut crop should be checked. Aim of this study was to examine the responses of nut size characters and some phenolic compounds of walnut kernel on usage of different biostimulants applied in a bearing orchard.




2 Materials and methods



2.1 Plant material and orchard system

The trial was conducted in a commercial orchard of Hilltop Vinery Ltd. located in Kocs (North-West Hungary, GPS coordinates 47°34’57” N, 18°15’04” E, 193 m above sea level). The orchard was planted in fall of 1999 with grafted trees. The ‘Alsószentiváni 117’ scion was grafted on Juglans regia selected seedling rootstocks, and planted out 10 x 10 m in the rows and between the rows, and trained to a central leader canopy. The orchard was not irrigated. The observed trees produced 30 to 50 cm one-year-old shoots during the previous year, which means medium condition in the practice.

The examined cultivar, derived from the walnut breeding program of the Fruit Research Centre of the Hungarian University of Agriculture and Life Sciences in Budapest – Érd (Hungary), is a selection from the local population. It has early budburst (early April) and the earliest harvest time (second decade of September) in the Hungarian walnut assortment. It is a proterandric cultivar. It has an oval, large nut size, which means 33 to 35 mm in diameter, large kernel recovery (40 to 45%), and a light brown shell and kernel color (Bujdosó et al., 2022).




2.2 Soil and climatic conditions

The trial was planted on loamy soil with high lime (pH = 7.5, total lime content in the top 120 cm layer 5%) and humus content (0,8–1.5%). Considering the Arany-type cohesion index (Dobos et al., 2010) the KA = 49 refers to medium compactness. Meteorological conditions of the site are presented in Table 1. The 2020 spring was warmer during the pistillate flowering receptivity, than spring of 2021.


Table 1 | Meteorological data during the data collection in 2020 and 2021.






2.3 Treatments

The biostimulants used in the trial were tested in a small plot trial design. 10-10 sample walnut trees per treatment were selected in such a way as to represent the different growing conditions of the area. Five replications of the samples taken per each treatment and the untreated control, where one sample consisted of 50 nuts, thus the physical parameters of 250 nuts per treatment were measured individually. Three biostimulants were tested that can also be used in organic farming to increase yields and improve nut quality: Wuxal Ascofol (Kwizda Agro Hungary Kft.), Alga K Plus (Leili Agrochemistry Co. LTD) and Kondisol (Huminisz Kft). Each tested product was applied according to the product description and instructions.

Used biostimulants:

Wuxal Ascofol: This biostimulant is from algae extracts derived from seaweed Ascophyllum nodosum, which belongs to the group of yellow algae. Its active ingredients are N – 30 g/l; K – 20 g/l; B – 38 g/l; Mn – 10 g/l; Zn – 6,3 g/l. In the case of stone fruit species, the recommended dose to increase the size of the fruit (to stimulate cell division and elongation) is 3 l/ha. The application was foliar spraying after leafing, when the leaf surface was sufficiently developed. Due to its natural plant hormone content, it increases the stress tolerance of plants, especially in the early phase of the fruit growth, and stimulates cell division and elongation, which can be expected to improve the quality and quantity of the crop. Due to its high microelement content, it promotes fruit setting and strengthens the plants’ natural resistance and improving frost tolerance (Website 1).

Alga K Plus: It is a foliage fertilizer with a very high potassium (K2O 30%) and algae content. The combination of the algae extract and potassium found in it can be very effective in the case of walnuts, especially as walnuts are a potassium-demanding plant. Its application is recommended for most of fruit species from the beginning of ripening. The combination of the algae extract and potassium effectively improves the fruit quality, especially the sugar and dry matter content, the amount of flavoring substances, and contributes to the development of the marketable color. To improve the quality of grape and fruit crops, to increase the sugar content, to add color, the advised dose is 3–5 kg/ha and the maximum concentration is 0.7–1.0%. The dose of the Alga K Plus treatment in walnuts was 3 kg/ha (Website 2).

Kondisol: The physiological effect of the Kondisol product family is primarily due to different sized humic acids and fulvic acids. In addition, the products contain enzymes, co-enzymes, polysaccharides, various macro-, micro- and meso-elements. Mechanism of action of the product is humic acids have a “carrier” role, since they significantly contribute to the faster uptake and better utilization of macro-, micro- and meso-elements, as they adsorb metal ions in the form of metal humates. Due to the oxygen-carrying and respiratory processes-accelerating effect of humic acids (they stimulate peroxidase activity), Kondisol enhances root formation, plant growth, enzyme activity and protein synthesis resulting to increased yields. It can be used to reduce the year effect, to treat and eliminate relative nutrient deficiencies (ion antagonisms: e.g. P-Zn, K-Mg). In the case of unfavorable soil conditions (e.g. compaction, excessive water saturation) it helps the uptake and utilization of mineral elements and nutrients. It also reduces the scale of stress on plants in extreme weather and stress situations (e.g. drought, cold weather, heavy rainfall). It is characterized by fast uptake and excellent utilization (several times faster related to traditional foliar fertilizers). Applied dose in the treatments was 6 l/ha, which matched the application recommendations (Website 3).

Timing of treatments:

The products presented above were applied with a mist blower motorized spraying machine to evenly apply the treatment on the canopy. Date of application for all three products was on 11th May 2020 and on 7th May 2021. The different treatments were separated from each other by a safety (untreated) row of walnut trees.

Sample collection:

Nut samples from three treatments and the untreated control for the laboratory tests were collected during the harvest time (when 50% of the green husks were opened). A total of 250 nuts per treatment (in 5 replications, 50 nuts per replication) were taken randomly. The sample collection date for Alga K Plus and Kondisol was on 24th September 2020. At this time, the nuts of the trees treated with Wuxal Ascofol were still immature (their green husks did not crack). In the case, the samples were collected one week later, on 30th September 2020. In 2021, all samples were collected on 1st October.

During laboratory observations the phenolic compounds (pirocatechin, catechin, chlorogenic acid, rutin, quercetin, juglon, cinnamic acid, and gallic acid) and their physical parameters (nut size (nut length, nut diameter), dried nut weight, dried kernel weight, kernel recovery (dried kernel weight/dried nut weight)) were checked.




2.4 Chemicals, sample preparation, analytical conditions



2.4.1 Chemicals for sample preparation

Analytical HPLC grade standards of different phenolic compounds such as catechin (PubChem CID: 73160), chlorogenic acid (PubChem CID: 1794427), cinnamic acid (PubChem CID: 44539), epicatechin (PubChem CID: 72276), gallic acid (PubChem CID: 370), juglone (PubChem CID: 3806), pyrocatechin (PubChem CID: 161125), quercetin (PubChem CID: 5280343), rutin (PubChem CID: 5280805) and the solvents phosphoric acid and methanol (MeOH), were purchased from Sigma Aldrich Chemical Co. (St. Louis, MO, USA). The standards (0.5 g mL-1) were dissolved in methanol and a 100× dilution was used as the working standard for HPLC.




2.4.2 Sample preparation

1000 g of dried kernels –contained their seed coats– (drying at 30°C up to 10% of moisture content) were examined. 2 g samples were taken to Falcone-tubes and extracted in 10 mL methanol for 12 hours in the dark (4°C, using an Edmund Bühler SM 30 control shaker on 250 rpm min-1). The supernatant was decanted and centrifuged in Eppendorf tubes in a Hettich Mikro 22R (Andreas Hettich GmbH & Co. KG Tuttlingen, Germany) centrifuge (15000 rpm min-1 for 5 min). The supernatant was filtered on a 0.45 μm MILLEX® HV Syringe Driven Filter Unit (SLHV 013 NL, PVDF Durapore), purchased from Millipore Co. (Bedford, MA, USA), and injected into the HPLC system. The quantities of the individual phenolic compounds are given in mg g-1.




2.4.3 Analytical conditions

The analysis carried out at the HPLC Laboratory of Department of Fruit Growing, Institute of Horticultural Science, Hungarian University of Life Sciences. The WATERS High Performance Liquid Chromatograph (purchased from Waters Co., Milford, MA, USA) was equipped with 2487 Dual λ Absorbance Detector, a 1525 binary HPLC pump, and in-line degasser, a column thermostat (set at 35°C) and an 717plus auto sampler (set at 5°C) and was controlled using EMPOWER TM2 software. An Atlantis dC18 5 μm 4.6X150 mm column (Waters Co., Milford, MA, USA) was installed. The gradient mobile phase was A: H2O:MeOH:H3PO4 = 940:50:1; B: MeOH (0–30 min: A 100%–10%, 30–30.1 min: 10%–100%, 30.1–31: A 100%) with a flow rate 1 cm3 min-1, the pressure in the column was 2500 ± 10 psi at a column temperature of 30°C. The running time was 35 minutes. Each injected volume was 20 μL. The sampling rate was 10 pt sec-1, and the phenolic components were monitored at a wavelength of 280 nm.





2.5 Statistical evaluation

The data derived from compositional analyses were evaluated using the SPSS software (IBM SPSS 27.0, Chicago, IL, USA). The letters, a, b, c indicate significantly different groups at SD5%, while cultivars that are not significantly different are indicated with the same letter. Values represent the mean and standard deviation of five replicates from each sample.





3 Results

The applied biostimulants had different effects on the physical parameters of the nuts. In the case of nut length, all treatments had positive effects compared to the control during both years (Figure 1).




Figure 1 | Effects of different biostimulants on nut length (mm) of ‘Alsószentiváni 117’ walnut cultivar (SD5%(2020)=0.6, SD5%(2021)=0.6).



All treatments resulted to a larger nut diameter than the control. In both years, the diameter of the examined nuts reached the lowest border of first grade category (Figure 2).




Figure 2 | Effects of different biostimulants on nut diameter (mm) of ‘Alsószentiváni 117’ walnut cultivar (SD5%(2020)=0.4, SD5%(2021)=0.25).



In both observed years, all treatments resulted to heavier dried nut weight compared to control. Among the treatments, the heaviest dried nut weight was produced by Wuxal Ascofol in 2020. In 2021, nuts after all treatments had the same value of dried nut weight. The Alga K Plus treatments reached the same values in both observed years; there was no effect of year in this case (Figure 3).




Figure 3 | Effects of different biostimulants on dried nut weight (g) of ‘Alsószentiváni 117’ walnut cultivar (SD5%(2020)=0.5, SD5%(2021)=0.3).



All treated kernels were heavier than the control in 2020 and in 2021. Among the Wuxal Ascofol treatments, a heavier kernel weight was produced in 2020, than in 2021. Among the Kondisol, Alga K Plus, and control treatments, heavier dried kernel weights were measured in 2021 compared to 2020 (Figure 4).




Figure 4 | Effects of different biostimulants on dried kernel weight (g) of ‘Alsószentiváni 117’ walnut cultivar (SD5%(2020)=0.4, SD5%(2021)=0.5).



The applied biostimulant treatments had positive effects on the kernel recovey in both observed years, except the Kondisol treatment had a significantly negative effect in 2020 compared to the other treatments (Figure 5).




Figure 5 | Effects of different biostimulants on kernel recovery (%) of ‘Alsószentiváni 117’ walnut cultivar (SD5%(2020)=6.1, SD5%(2021)=5.2).



There were big differences in the quantity of phenolic compounds detected in the kernel between the two years during our research. In 2021, all observed compounds had higher concentrations compared to their quantities measured in 2020.

Figure 6 shows a typical HPLC chromatogram of ‘Alsószentiváni 117’ (retention times of observed phenolic compounds; pirocathecin 8.6 min, catechin 9,5 min, chologenic acid 12,2 min, rutin 16.3 min, quercetin 18.5 min, juglon 19.4 min, cinnamic acid 21.2 min, gallic acid 32.9 min).




Figure 6 | Typical HPLC chromatogram of walnut extraction (‘Alsószentiváni 117’) at 280 nm.



In 2021, the pirocatechin concentration was 5 to 14-fold higher than in 2020. In 2020, the highest concentration of pirocatechin was measured in control, followed kernels treated with Alga K Plus, Wuxal Ascofol, and Kondisol. In 2021, the quantity of this compound decreased in all kernels with applied biostimulants treatments compared to the control (Figure 7).




Figure 7 | Effects of different biostimulants on pirocatechin content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B)(SD5%(2020)=0.01 SD5%(2021)=0.15) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.



For catechin, kernels from trees treated with Wuxal Ascofol and Alga K Plus reached the highest concentration in 2020. In the case of 2021, the Kondisol treatment had the highest concentration followed by control, Alga K Plus, and Wuxal Ascofol treatments. The concentration of catechin was 7-fold higher in the control and Kondisol treatment, followed by a 4-fold after Wuxal Ascofol and Alga K Plus treatments in 2021 compared to 2020 (Figure 8).




Figure 8 | Effects of different biostimulants on catechin content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B) (SD5%(2020)=0.05, SD5%(2021)=0.6) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.



The sequence of chlorogenic acid content was similar in both observed years, but the chlorogenic acid concentration was 4-fold higher after all treatment applications in 2021, than in 2020. Kernels treated with Kondisol reached the highest concentration followed by Alga K Plus, as well as Wuxal Ascofol treatments and control (Figure 9).




Figure 9 | Effects of different biostimulants on chlorogenic acid content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B) (SD5%(2020)=0.11, SD5%(2021)=0.3) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.



There were large differences in the rutin concentration between 2020 and 2021. Kernels from Alga K Plus treatment and the control produced 17-fold, Wuxal Ascofol-treatment 15-fold, and Kondisol treatment had 10-fold higher rutin quantity in 2021 than in 2020. Among the biostimulants the sequence was different in both observed years. In 2020, kernels with Kondisol had the highest rutin concentration, followed by the two other biostimulants and control, which reached the same amount. In 2021, kernels with Alga K Plus application produced the highest concentration of rutin, followed by Kondisol, control, and Wuxal Ascofol treatments (Figure 10).




Figure 10 | Effects of different biostimulants on rutin content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B) (SD5%(2020)=0.12, SD5%(2021)=0.3) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.



The quercetin concentration increased 4-fold from 2020 to 2021 after all treatments. Within the observed years, there were quite similar values. In 2020, the Kondisol treatment reached the highest value, followed by control, Wuxal Ascofol, and Alga K Plus applications. In 2021, Alga K Plus, Kondisol treatments, control, and Wuxal Ascofol applications were in descending order (Figure 11).




Figure 11 | Effects of different biostimulants on quercetin content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B) (SD5%(2020)=0.08, SD5%(2021)=0.22) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.



Juglon is one of the most important compounds of walnut, therefore we put more attention on it. The control, kernels with Wuxal Ascofol, and Alga K Plus treatments produced 3-fold, the kernels with Kondisol reached a 2-fold higher juglon concentration in 2021 than in 2020. Among the treatments the sequence of juglon concentration was different between 2020 and 2021. In 2020, Kondisol, Wuxal Ascofol, control, and Alga K Plus treatments were the decreasing order. However, the control reached the highest concentration of juglon in 2021, followed by Wuxal Ascofol, Alga K Plus, and Kondisol applications (Figure 12).




Figure 12 | Effects of different biostimulants on juglon content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B) (SD5%(2020)=0.2, SD5%(2021)=1.1) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.



The cinnamic acid concentration showed a 1.2 to 1.4-fold increase from 2020 to 2021. During 2020, the control produced the highest cinnamic acid quantity followed by samples with Kondisol, Wuxal Ascofol, and Alga K Plus treatments. In 2021, again the control reached the highest cinnamic acid concentration followed by Kondisol, Alga K Plus, and Wuxal Ascofol treatments (Figure 13).




Figure 13 | Effects of different biostimulants on cinnamic acid content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B) (SD5%(2020)=0.9, SD5%(2021)=0.7) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.



In 2021, we detected 3 to 4-fold higher gallic acid concentration after all treatments than in 2020. In 2020, the control had the highest gallic acid quantity, followed by samples treated with Wuxal Ascofol, Alga K Plus, and Kondisol. In the next year, we measured the highest concentration in the control and in a sample with Wuxal Ascofol, Alga K Plus and Kondisol treatments (Figure 14).




Figure 14 | Effects of different biostimulants on gallic acid content (mg/g kernel) of ‘Alsószentiváni 117’ walnut kernel in 2020 (A) and 2021 (B) (SD5%(2020)=0.5, SD5%(2021)=1.8) The scale on the Y axis is different on the a and b figures due to quantities caused by effects of the year.






4 Discussions

The applied biostimulants had different effects on nut and kernel characteristics as well as the quantity of phenolic compounds in the kernels during the two trial years. All nut size and kernel traits increased after the biostimulants treatments in both observed years, except in the case of kernel recovery after Kondisol treatment in 2020. There was a significant difference between the treated nut length and the control in 2020, this difference was not observed in 2021. There were no significant differences in the nut diameter during the observed two years. There were significant difference in dried nut weight between the control and nuts treated with Wuxal Ascofol in 2020. There were significant difference in dried kernel weight between the control and nuts treated with Wuxal Ascofol in 2020. In 2021, the Alga K Plus produced a significantly positive effect on kernel recovery than the other treatments and control. It is clear, that there were huge differences between years of 2020 and 2021. The early spring weather during the pistillate flowering receptivity was warmer in 2020 than in 2021, which might have caused this difference.

According to Wielgolaski (2001) climatic factors correlated well to the phenological stages, and the air temperature is reported to be the major force for the onset of the early spring phenological stages (Rodriguez-Rajo et al., 2003; Wielgolaski, 2003; Crepinsek et al., 2009; Cosmulescu et al., 2010; Crepinsek et al., 2012; Bîrsanu Ionescu and Cosmulescu et al., 2017; Cosmulescu et al., 2015; Bujdosó et al., 2022) such as pistillate flower receptivity. Negative relationships between the heat demand of early spring phenological stages and daily air temperatures indicate that warm weather is required for early flowering (Emberlin et al., 2007). ‘Alsószentiváni 117’ has one of the earliest pistillate flowering receptivity listed on the Hungarian walnut assortment.

Respect to phenolic content, this study analyzed eight compounds. In 2020, pirocatechin content was significantly lower than the control. In 2021, again the control had significantly higher pirocatechin content, than those treated with Wuxal Ascofol and Kondisol. Catechin content of kernels treated with Wuxal Ascofol and Alga K Plus were significantly higher than in control and Kondisol in 2020. In the next year, there was no significant difference in the catechin content in all treated kernels. The chlorogenic acid content was higher in kernels treated with Kondisol in both years. In 2020, the Kondisol treatment had significant higher value in chologenic acid content. In 2021, the difference in chologenic acid content was only significant between kernels treated with Wuxal Ascofol and Kondisol. In rutin content, significant differences were only observed in kernels treated with Kondisol in 2020. For the case of quercetin content, kernels treated with Kondisol and Alga K Plus had the highest quantity. They were significantly different from those treated with Wuxal Ascofol and the control in 2021. Significant difference in juglon content was observed between kernels treated with Alga K Plus and Wuxal Ascofol in 2020. In the next year, the untreated kernels had the highest juglon content, followed by kernels treated by Wuxal Ascofol, both were significant different from kernels treated with Kondisol. There was no significant difference in the cinnamic acid content in both observed years. In the case of gallic acid, untreated kernels had the highest content, which were significantly different from all treated kernels in 2020. There was no significant difference in gallic acid in 2021.

Our results confirm statements of Popovic et al., 2022, and Petrova et al., 2023 that different effects of the biostimulants on the compounds can be detected.




5 Conclusions

The biostimulants affect the plants at different levels, and we have to underline that responses of woody fruit species on biostimulants depend not only on biostimulant – host plant interactions, but also on weather conditions during and after their application. When warm spring weather conditions occurred, not only significant differences in the nut size characteristics were observed, but all examined characters increased.
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OEBPS/Images/table1.jpg
average yearly temperature

average yearly temperature during the growing season (March-September)
number of frosty nights during spring (between March and May)

average air temperature during spring (between March and May)

average air temperature during the pistillate flowering receptivity

days with frosty nights during the pistillate flowering receptivity

average yearly luminous flux

annual average of sunshine hours

average yearly precipitation

11.4°C

16.1°C
28
25°C
11.6°C
1 day
1015 I/m*/day
2065

434.1 mm

2021

10.6°C

154°C
34
29°C
9.6°C

2 days

996 1/m*/day

2001

404,5 mm
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