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Vegetables are important agricultural products with numerous health benefits. Excessive chemical fertilization to meet the food challenge has resulted in environmental and soil health hazards. Considering this aspect, the current study was conducted with the aim to introduce biostimulants as an alternative to chemical fertilizers to improve soil quality, crop quality, and yield. In the first experiment, the response of radish was noted against the application of glycine (GLY), aspartic acid (ASP), lysine (LYS), vitamin B complex (VBC), and chemical fertilizers (CF). The biostimulants were sourced from Sigma Aldrich and Martin Dow Market Ltd. The results indicated that ASP has significantly improved the phenolic contents in shoot (1.01%) and root (12.23%) compared with CF. Additionally, total protein was significantly increased in shoot with GLY (251.81%) and in root with ASP (57.06%). Shoot ascorbic acid contents were significantly improved with ASP (179.90%), VBC (159.91%), and LYS (139.92%). Plant fresh and dry weight was improved with VBC (478.31%) and ASP (364.73%). The N and P concentrations in radish root were higher in VBC (25.93%) and LYS (100%). Soil organic matter was improved ASP (61.51%), followed by VBC (60.13%). Soil available P concentration was also enhanced with LYS (40.43%), ASP (31.20%), and VBC (23.19%). The second experiment was focused on identifying the response of turnip crop against the following treatments: chemical fertilizers (CF), Isabion® (ISA), 25% CF + LYS + GLY (CLG), 25% CF + ASP + GLY (CAG), and 25% CF + ASP + LYS (CAL). The biostimulants were sourced from Sigma Aldrich Syngenta, Pakistan. The results denoted that CAL and ISA significantly improved the phenolic contents in turnip shoot and root. The ascorbic acid in turnip shoot was improved with CAL (19.27%), CAG (18.13%), ISA (17.68%), and in root with CLG (26.96%). The P concentration in turnip shoot was significantly higher in ISA (19.25%), CLG (16.85%), and CAG (12.26%). Soil total N was improved in all treatments. ISA improved the available P concentration, whereas CF (67.87 mg kg−1) followed by ISA (65.93 mg kg−1) improved the soil available K. Both studies conclude that biostimulants capable of improving vegetable quality.
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1 Introduction

Vegetables are an essential agricultural product for the vegetable industry and people's livelihood. They are a rich source of nutrient and has numerous health benefits, such as blood pressure and cardio-activity, mental health, hormonal production, anti-inflammation, and anti-cancer benefits (Buturi et al., 2021). Radish (Raphanus sativus L.) is a tap root vegetable with a white fleshy edible root, rich in carbohydrates, proteins, and minerals cultivated globally. It is the second-largest vegetable crop in China and is cultivated mainly in Indo-Pak (Yousaf et al., 2021). Turnip (Brassica rapa L.) is also a root vegetable and forage crop, indigenous to Asia, Europe, the Near East, and Russia (Sun, 2015). In 2020–21, radish and turnip were cultivated on 7,231 and 9,609 hectares of land, with an annual production of 113,074 and 167,065 tons in Pakistan, respectively (Government of Pakistan, 2021).

The world population is growing, estimated to reach 9.7 billion by 2050, posing a critical challenge to meet food demand. This demand could be fulfilled with a 70% increase in food production (Del Buono, 2021). Commonly, chemical fertilizers are adopted to achieve high crop yield and agricultural production. However, it has also been reported that only 30–40% of the fertilizers are utilized by the plants, whereas the remaining is left behind, causing environmental pollution and associated hazards (Liu et al., 2023). Considering all these factors, the scientific community has focused on developing sustainable production technology that can enhance the yield and quality of agricultural products. In this aspect, biostimulants are a modern and eco-friendly approach toward sustainable agriculture (Radkowski et al., 2021). The status of biostimulants can determine its significance as it is one of the largest growing industries that has reached a market of USD 2.5 billion in 2019 (Raza et al., 2023) and is expected to reach 4.9 billion by 2025 (Shahrajabian et al., 2021). This trend offers a valuable approach to minimizing the application of chemical fertilizers.

Biostimulants are organic or inorganic substances that can improve crop performance and productivity by influencing plant nutrient use efficiency, developing tolerance against biotic and abiotic stresses, improving quality, and enhancing nutrient availability in the rhizosphere (Bashir et al., 2021). It contains biologically active substances, including proteins, amino acids, vitamins, nutritional elements, hormones, and other compounds. Biostimulants have also emerged as enzyme activators, causing changes to physiological and biochemical processes, influencing hormonal activity, and acting as a chelating agent of other minerals (Al-Karaki and Othman, 2023). Moreover, biostimulants can affect the primary and secondary metabolism in plants by improving photosynthetic activities and activating biosynthetic pathways (Franzoni et al., 2022).

The positive effects of biostimulants on various horticultural crops have been reported. A study demonstrated that biostimulants improved photosynthetic activity and inhibited chlorophyll degradation, enhancing radish crop production (Raza et al., 2022). Biostimulants, in addition to vitamin B12 and coenzyme Q10, enhanced the root and shoot biomass of red radish (Rehim et al., 2021). Chitosan has also been reported to influence hypocotyl and root elongation and improve organ development in radish (Sarhang et al., 2023). Moreover, biostimulants positively influenced the various nutraceutical parameters and reduced the nitrate content in radish and turnip microgreens (Toscano et al., 2023). The application of the biostimulant has also been reported to increase the phenolic compounds concentrations in barley grains (Nowak et al., 2023).

To explore the efficacy of biostimulants for radish and turnip crop performance, quality, and nutritional value, and its impact on soil properties the current study was planned. Two pot experiments were performed, and sole and mixed biostimulants were applied with reduced or null fertilization. We hypothesized that using biostimulants would reduce the application of chemical fertilizers and become an alternative and eco-friendly approach to sustainable agriculture. The objectives of our study were to (i) assess the influence of biostimulants on radish and turnip performance, quality, and nutritional value, (ii) identify its effects on soil properties, and (iii) reduce or eliminate the dependency on chemical fertilizers.



2 Materials and methods

Two pot trials were conducted to explore the role of biostimulants in vegetable performance and production. The first study was conducted in the research area of the Department of Soil Science, Faculty of Agricultural Sciences and Technology, BZU, Multan (30.258°E, 71.515°N), Pakistan, from September to December 2021. The second experiment was conducted at the experimental area of the College of Agriculture, BZU, Bahadur Sub-campus (now University of Layyah) Layyah (30.97°E, 70.96°N) Pakistan, from October to January 2021. Details of both trials are given in Table 1. This study was supported by Higher Education Commission (HEC) Pakistan under the indigenous Ph.D. 5000 fellowship program. Qurat-Ul-Ain Raza [520 (PH-II) 2AV6-075/HEC/IS/2020] acknowledges HEC for providing financial support to fulfill her degree requirements at BZU.


TABLE 1 The experiment details and pre-sowing soil properties.
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2.1 Experiment 1

This experiment aims to identify the potential of biostimulants in the absence of chemical fertilization. Pots were filled with 15 kg soil, and six radish seeds were sown on September 24, 2021. Later, thinning was done, and two healthy plants were kept in each pot. Following a completely randomized design (CRD), five treatments with three replications were maintained. Tested treatments are given in Table 2. The foliar application of treatments was done using a hand sprayer four times during the crop cycle at 10-day intervals. Plants were irrigated, and manual weed eradication was performed throughout the experiment. The crop was harvested on December 9, 2021.


TABLE 2 .Experiment details and treatment plan.
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2.2 Experiment 2

This experiment aims to identify the role of biostimulants with reduced chemical fertilization. Pots were filled with 8 kg soil, and turnip seeds were sown on October 21, 2021. Agricultural practices and experimental design were similar to the first experiment (Table 2). The crop was harvested on January 13, 2022.



2.3 Plant analysis
 
2.3.1 Total phenolic compounds

The fresh plant sample (shoot and root) was homogenized using ethanol (10 ml, 80%) and then centrifuged (10 min, 4,500 rpm). The supernatant was diluted with deionized water, and Folin-Ciocalteu (FC) reagent was added. After 20 min, 20% sodium carbonate was added, and the sample was mixed using a vortex mixer; then, the samples were stored in the dark for 60 min. The absorbance was measured at 765 nm using a spectrophotometer, and a calibration curve was prepared (Brighente et al., 2007).



2.3.2 Total protein content

The fresh plant sample of root and shoot was homogenized with deionized water (25 ml) using a motor and pestle and then centrifuged (10 min, 4,500 rpm) (Lu et al., 2008). The supernatant was added to an alkaline copper solution, shaken, and left for 10 min. Later, the FC reagent was added, and samples were kept in the dark for 30 min at normal temperature. A spectrophotometer was used to measure the absorbance at 660 nm wavelength. The standard solutions were prepared using bovine serum albumin (Waterborg, 2009).



2.3.3 Ascorbic acid

The fresh plant root and shoot samples were homogenized using oxalic acid (4%, 25 ml) using a motor and pestle and centrifuged (10 min, 4,500 rpm). The supernatant was titrated against Tillmans' reagent until the pink color was developed and sustained for 30 s (Godlewska et al., 2021).



2.3.4 Nutritional attributes

The plant root and shoot samples were oven-dried at 65°C until constant weight was achieved. The samples were ground using an electrical grinder and then digested to determine total N, P, and K concentrations. N concentration in plant samples was estimated by the Kjeldahl N determination method (Kjeldahl, 1883). While P was measured using the colorimetric method using a spectrophotometer (McGeorge, 1954), and K concentration was estimated by a photometric method using a flame photometer (Reitemeier, 1963), respectively.



2.3.5 Plant weight

Harvested plants were washed and cleaned using distilled water to remove soil and other dust particles. Plant fresh weight (shoot + root) was measured using a digital weighing balance. Afterwards, plant samples were oven-dried at 65°C until constant temperature was achieved to determine the dry weight of the samples.




2.4 Soil analysis

Soil sample from each pot was collected, ground, sieved, and stored for analysis. Soil pH, electrical conductivity, soil organic matter (Walkley, 1947), total N (Jackson, 1960), extractable P (Olsen and Sommers, 1982), and K (Richards, 1954) were estimated.


2.4.1 Statistical analysis

All the data sets were reported as average ± standard deviation (n = 3), and a complete randomized design was used to analyze variance (ANOVA). To compare the results, the Fisher's Least Significant Difference test (p-value = 0.05) was used (Calinski et al., 1981). Statistix 9® was used for statistical analysis. For graphical representation and data processing, Microsoft Excel 2016 and R Studio (2022.12.0) were used.





3 Results


3.1 Experiment 1
 
3.1.1 Quality attributes

Comparative to CF, the application of ASP significantly enhanced the total phenolic compounds in radish shoot (1.01%) and root (12.23%). Other treatments significantly reduced the total phenolic compounds compared to chemical fertilizers (Figure 1A). Moreover, biostimulants enhanced the total protein contents in radish. The results revealed the total protein contents in radish shoots were significantly increased with the application of GLY (251.81%). Statistically similar results were found with other treatments, but all improved the protein content compared to CF. On the contrary, ASP improved the protein content in the root (57.06%; Figure 1B). In addition, biostimulants also influenced the ascorbic acid content in plants. In radish shoots, ascorbic acid was improved with the use of ASP (179.90%), VBC (159.91%), and LYS (139.92%). All the treatments were alike except LYS, which significantly reduced the ascorbic acid contents in radish root (28.99%) compared to CF (Figure 1C).


[image: Figure 1]
FIGURE 1
 (A) Total phenolic compounds, (B) total protein content, (C) ascorbic acid content with the application of chemical fertilizers (CF), glycine (GLY), lysine (LYS), aspartic acid (ASP), and vitamin B complex (VBC). Lettering indicates a significant difference among means.




3.1.2 Nutritional attributes

The nutritional value of the vegetables was also improved with the application of biostimulants. The results elaborated that all biostimulants increased the N concentration in the radish shoot except LYS. In addition, VBC (25.93%) and GLY (18.51%) significantly enhanced, while LYS significantly reduced the N concentration in the radish root (Figure 2A). Moreover, P concentration was significantly improved in radish shoot with CF (275.71 mg kg−1) followed by LYS (201.88 mg kg−1), VBC (181.58 mg kg−1), GLY (156.38 mg kg−1), and ASP (148.46 mg kg−1). In addition, radish root, LYS showed the highest P concentration (301.92 mg kg−1) followed by ASP (234.00 mg kg−1), GLY (185.92 mg kg−1), VBC (170.58 mg kg−1), and CF (150.96 mg kg−1). This indicates that LYS significantly improved P concentration (100%) in radish compared to CF, followed by ASP, GLY, and VBC with 55.01, 23.16, and 13.00%, respectively (Figure 2B). For radish shoot, K concentration was highest with VBC (270.64%) and LYS (260.70%), followed by ASP (237.38%) and GLY (219.04%) as compared to CF. Whereas LYS significantly reduced the K concentration in ASP (17.83%) compared to CF, all other treatments were similar in this aspect (Figure 2C).
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FIGURE 2
 (A) Total nitrogen concentration, (B) total phosphorus concentration, (C) total potassium concentration with the application of chemical fertilizers (CF), glycine (GLY), lysine (LYS), aspartic acid (ASP), and vitamin B complex (VBC). Lettering indicates a significant difference among means.




3.1.3 Plant fresh and dry weight

The application of biostimulants significantly improved the plant's fresh and dry weights (Table 3). Plant fresh weight was improved in radish with VBC (478.31%), followed by ASP (472.82%), GLY (284.63%), and LYS (264.02%). Moreover, plant dry weight was also significantly enhanced with the foliar application of ASP (364.73), followed by LYS (337.90%), VBC (364.73%), and GLY (212.50%) compared to the CF.


TABLE 3 Post-harvest soil properties and plant weight.
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3.1.4 Soil analysis

Comparing the treatment effects on soil properties revealed that the foliar application of biostimulants influenced the soil pH and EC, but the results were non-significant. Moreover, soil organic matter was significantly improved in all treatments except CF. Soil organic matter was highest with the application of ASP (61.51%), followed by VBC (60.13%), LYS (59.57%), and GLY (42.35%) as compared to CF. Likewise, the total N concentration was also positively enhanced in the soil. ASP (61.51%), VBC (60.13%), and LYS (59.57%) were significantly higher, followed by GLY (42.35) as compared to CF. Furthermore, soil available P concentration was significantly improved with the application of LYS (40.43%), followed by ASP (31.20%) and VBC (23.19%). Soil K concentration was significantly highest in CF (270.09 mg kg−1), and all other treatments significantly reduced the soil available K concentration (Table 3).




3.2 Experiment 2
 
3.2.1 Quality attributes

The application of biostimulants significantly improved the turnip quality. Our study revealed that CAL (22.09%) significantly enhanced the phenolic compounds in turnip shoot, followed by CAG (15.40%) compared to CF. Whereas ISA (31.78%) showed the highest phenolic compounds in turnip root, followed by CAG (22.46%) compared to CF (Figure 3A). Total protein in turnip shoot was improved with CLG (246.97%), followed by CAG (223.48%), ISA (204.55%), and CAL (130.30%) compared to CF. All biostimulants contributed positively and improved protein content in turnip root. CAG and CAL showed similar results (Figure 3B). Compared to CF, ascorbic acid was improved with CAL (19.27%), CAG (18.13%), and ISA (17.68%) in turnip shoot. Moreover, CLG (26.96%) improved the ascorbic acid in turnip root, followed by CAG (10.87%) and CAL (0.97%) as compared to CF (Figure 3C).
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FIGURE 3
 (A) Total phenolic compounds, (B) total protein content, (C) ascorbic acid content with the application of chemical fertilizers (CF), isabion (ISA), 25% CF + lysine + glycine (CLG), 25% CF + aspartic acid + glycine (CAG), and 25%CF + aspartic acid + lysine (CAL). Lettering indicates a significant difference among means.




3.2.2 Nutritional attributes

Biostimulants significantly improved the nutritional attributes of turnip crops. ISA (19.25%), CLG (16.85%), and CAG (12.26%) significantly improved P concentration in turnip shoot. Whereas CF showed the highest P concentration in turnip root (Figure 4A). K concentration in turnip shoot was significantly improved with CAG (104.27%), CAL (92.55%), CLG (85.24%), and ISA (42.56%) as compared to CF. In turnip root, CLG (162.13%) and ISA (139.92%) improved K concentration, followed by CAL (71.43%) and CAG (66.32%) compared to CF (Figure 4B).
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FIGURE 4
 (A) Total P concentration, (B) total K concentration with the application of chemical fertilizers (CF), isabion (ISA), 25% CF + lysine + glycine (CLG), 25% CF + aspartic acid + glycine (CAG), and 25%CF + aspartic acid + lysine (CAL). Lettering indicates a significant difference among means.




3.2.3 Plant fresh and dry weight

Turnip plant fresh weight was enhanced in CLG (5.84%), while the other treatments, ISA (67.00 g), CAG (50.00 g), and CAL (47.67 g), showed negative results as compared to CF (102.67 g), respectively. Moreover, turnip plant dry weight was highest in CF (14.72 g), followed by BLG (11.48 g), CAG (8.51 g), CAL (6.16 g), and ISA (7.83 g; Table 3).



3.2.4 Soil attributes

The application of biostimulants showed non-significant changes in soil pH and EC. Soil organic matter also exhibited minor changes, but the results were non-significant. Soil total N was improved in all treatments significantly except CF. ISA improved the soil P concentration, while other treatments were non-significant with respect to CF. Soil K was improved with CF (67.87 mg kg−1) followed by ISA (65.93 mg kg−1), and all other treatments reduced the available K concentration in soil compared to CF.




3.3 Heat map correlation

Heat map indicated the influence of biostimulants on various parameters. Blue color specifies a negative correlation, yellow color indicates a positive correlation, and purple color indicates a neutral association with the parameters. The higher the color intensity, the stronger will be the correlation. In experiment 1, various parameters show a negative influence of the use of CF on radish crops. Whereas the second experiment showed a neutral influence of biostimulants on turnip crop (Figure 5). It justifies that biostimulant effects vary with specie, crop, climate, and dose.
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FIGURE 5
 Heatmap indicated the influence of biostimulant on radish and turnip. Herein PhS is phenolic compounds in shoot, PhR is phenolic compounds in roots, ProS is protein in shoot, ProR is protein in shoot, VitS is ascorbic acid in shoot, VitR is ascorbic acid in root, NS and NR is nitrogen in shoot and root, PS and PR is phosphorus in shoot and root, KS and KR is potassium in root and shoot, spH is soil pH, sEC is soil, sOM is soil organic matter, sTN is soil total N, sAP is soil available phosphorus, and sAK is soil available K.





4 Discussion

Biostimulants have played a significant role in improving radish and turnip performance. Literature reported that the plants subjected to amino acids respond positively and enhance plant development; therefore, amino acid application has widely been adopted to improve horticultural crop production (Khan et al., 2019). Moreover, exogenously applied glycine also improves yield and boosts the growth and physiological traits of plants (Ali et al., 2020). Previous studies also reported that biostimulants combined with coenzyme Q10 and vitamin B12 have the potential to improve radish biomass (Rehim et al., 2021), and commercial biostimulants improved the protein content in bean (Phaseolus vulgaris L.) (Kocira et al., 2020). Considering the above, our study focused on the sole application of biostimulants in the absence of chemical fertilizers, as well as combining biostimulatory agents with chemical fertilizers to find their antagonistic or synergistic effects.

The findings of our studies elaborated that foliar application of amino acids improved the phenolic compounds, proteins, and vitamin contents in radish and turnip. It could be associated with the amino acids-based treatments that are building blocks of protein and a precursor for phyto-hormones (Kocira et al., 2020). The ascorbic acid content is reduced in the presence of high N application (Paradiković et al., 2011), so it may be hypothesized that amino acids are a reduced form of N and might be a reason for higher ascorbic acid content in plants. Another study also presumes that the building of ascorbic acid might be linked with the process of sugar or glucose synthesis in plants (Khan et al., 2019). Another study (Paradiković et al., 2011), also reported that biostimulants are involved in synthesizing proteins and phenolic compounds.

In addition, amino acids have carboxylic and amine groups that act as buffering compounds, maintain pH, and ensure the proper functioning of plant cell (Souri, 2016). Amino acid also plays numerous roles in plant metabolism; therefore, their exogenous application aids plant growth and enhance quality products (Teixeira et al., 2017; Khan et al., 2019; Alfosea-Simón et al., 2021; Rehim et al., 2021). Glycine is the most commonly used biostimulant because the plant's leaves easily absorb it. It is also considered the most suitable and safe approach to sustainable agriculture and alternative to chemical fertilizers (Zargar Shooshtari et al., 2020). Aspartic acid is metabolized to produce lysine and other amino acids (Alfosea-Simón et al., 2021) and has been reported to improve plant growth under stress conditions with unknown mechanisms (Rizwan et al., 2017; Alfosea-Simón et al., 2020). However, it has been observed that amino acids have a role in influencing plant growth and antioxidant activities depending upon the formulation and the surrounding growth conditions (Rizwan et al., 2017). Moreover, the application of N has also been reported to improve protein content in wheat primarily due to the accumulation of gliadins and glutenins (Zhang et al., 2017).

Nutrient concentrations in plant root and shoot were also enhanced by applying biostimulants. It might be associated with improved nutrient uptake, a characteristic of biostimulants (Bashir et al., 2021). Furthermore, glycine has also been reported to mitigate the uptake of sodium (Na), enhancing the uptake of other nutrients and facilitating improved plant growth. Additionally, the application of reduced forms of nitrogen, such as amino acids, may serve as an excellent energy source for soil microorganisms and could play a role in improving soil life and microorganisms' activity (Zargar Shooshtari et al., 2020). Amino acids also play an essential role in N assimilation, translocation, and accumulation in all parts of the plants (Noroozlo et al., 2019). Glycine has better potential to release N than chemical fertilizer, i.e., urea (McCoy et al., 2020). Plants can biosynthesis their vitamins except vitamin B12, whereas vitamin B6 acts as a cofactor for the synthesis of specific enzymes that are involved in the biosynthesis and catabolism of amino acids and various other plant-specific pathways (Vanderschuren et al., 2013). The vitamin B complex used in our study includes B1, 6, and 12, which fulfills the plant's requirement and enhances its performance.

Our studies reported that the plant's fresh and dry weight was significantly improved with the application of biostimulants. Various scientific studies also reported the positive influence of biostimulants on yielding plants. It might be associated with the mixture of amino acids, vitamins, humic acids, and other substances present in biostimulants. In addition, the higher plant fresh weight might be linked with better leaf area, higher photosynthetic activity, and improved chlorophyll content. All these conditions enable plants to improve their nutritional value (Drobek et al., 2019). Our previous studies also demonstrated that amino acids and vitamins based biostimulants improve the gaseous exchange attributes in plants (Raza et al., 2022). Also, glycine is an important component for normal cell growth and elongation (Noroozlo et al., 2019).

Our studies revealed that biostimulants has a potential to improved production, and biochemical and nutritional quality of radish and turnip crop. It also has a promising role in mitigating the dependency on chemical fertilizers. Biostimulants are capable of providing good quality agricultural products to meet the increasing food demand. However, the molecular mechanism behind the activity of plants under the influence of biostimulants needs to studied to find the possible mechanism. Plants utilize amino acids and other biostimulants according to their nutritional requirements, environmental condition, developmental cues, and genetic makeup. The recommendation of biostimulants can been made after multiple trials because plant shows a specie and environment specific responses toward them. Plant and environmental scientist has developed an interest in exploring the efficacy of biostimulants, their potential and their suitability for plant growth (Khan et al., 2019). However, field trials and long-term experiments need to be conducted to identify optimal doses, application time, and recommendations to the farming community for other agronomic and horticultural crops.



5 Conclusion

Our studies elaborated that the foliar application of biostimulants with reduced or complete absence of chemical fertilizers can achieve quality products, improve crop yield as well as soil quality. This identifies the potential of biostimulants to replace chemical fertilizers. However, the long-term studies, field experiments and advance molecular researches are needed before any general recommendations. In addition, the biostimulants are specific for crops, dose, application time, and method, and climatic conditions therefore our results might differ from other reported results. In a nutshell, our research state that small-scale farmers and organic vegetable gardeners can implement biostimulants and grow radish and turnip crops with less use of fertilization. Further research to find its mechanism of action and its economic analysis is an open question.
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Location yyah

Tested crop Radish (cultivar “Mino Turnip (cultivar;
early long white,” purple top white
Nongwoo Bio) globe)

Soil properties

Soil pH 77 7.8

Electrical conductivity 0.5dS-m™" 0.1dS-m™!

Organic matter 0.4% 0.7%

Texture (USAD system) Loam Sandy loam

Soil total N' 221 mgkg™! 450mgkg™!

Soil extractable P 82mgkg™ 7.1mgkg™!

Soil extractable K 30.1 mgkg™! 62.3mgkg™!
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Experiment Treatments

Experiment 1 | o Chemical fertilizer (CF; N 62kgha™!, P 49kgha~!,K
62kgha™!);

Glycine (2.47 g pot='; GLY)

Lysine (4.79g pot™'; LYS)

Aspartic Acid (4.37 g pot™'; ASP)

.
.
B
o Vitamin B complex (0.46 g pot™'; VBC)

Experiment2 | o Chemical fertilizer (CF; 62kg ha™! N, 49 kg ha~! B,K
62kgha~! K)

Isabion® (ISA (composition of free amino-acids and
peptide chains manufactured by Syngenta, Pakistan;
1Lha™!)

© 25% CF+LYS (1gL™") + GLY (5 L™'; CLG)

® 25% CF + ASP (2gL™") + GLY (5gL™'; CAG)

© 25%CF + ASP (2gL™") + LYS (1gL™'; CAL).
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Soil analysis Plant weig

Treatment  Soil pH Soil EC Organic Total Available AVETET S Fresh Dry
(dSm~1) matter nitrogen  phosphorus potassium  weight weig
)

(%) (gkg~!)  (mgkg™!) (mgkg~!) (@ (@)

Radish CF 842+006° | 051£0.07 | 048+£0.03 | 0.24:£002° 9.11:£024° | 270.09 £ 6.33 12133+ 1L13%
6.03 0.85¢

GLY 816007 | 043005 | 068001 | 034000 | 1023045 | 18078 1.92 466.67 + 3478+
2.89 321°

LyYs 8.18£0.06™ | 050£0.06° | 077£006° | 0.38£003" | 1279£021° | 166.36 3474 441.67 48.74 £
7.64° 226

ASP 8354005 | 0.64£020° | 078£002° | 039£001° | 11.95£036> | 24166 654" 695.00 % 5172+
5.00° 3.02°

VBC 829+ 053£005° | 0774001 | 038£001° | 11.22040° | 14658:+9.62° 701.67 48.61 %
0.172b¢ 577 380

Turnip CF 765£0.10° | 0.16£0.04 | 0.63£005 | 026001 | 817066 67.87 £0.12° 102.67 £ 1472+
1.53° 0.10*

I1SA 7.60£0.19° | 0.15£003 | 0.62£0048 | 031£004* | 1076£080° | 6593+ 2.42° 67.00 % 783+
2.00¢ 0.56°

CLG 7.56£015° | 016£0.04 | 067£002 | 033£0.01° 825 047" 35.07 & 2.05 108.67 £ 1148+
252 0.82°

CAG 7.594£008" | 0.14£003 | 0.68£001° | 033001 826+021° | 32.67 % 169 50.00 + 851+
2.65¢ 1.54¢

CAL 7704007 | 0.14£002° | 0.67+£0.02° | 034027 8364 0.05" 3173 £0.51° 47.67 % 616+
1.53¢ 0.10°¢

The values herein indicate mean 4 standard deviation and lowercase lettering significantly differs among means.
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