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In Türkiye diverse ecological conditions allow for the cultivation of a wide variety of plant species, 

significantly increasing its competitiveness in various agricultural sectors, particularly vegetable 

production. According to 2023 data from the Turkish Statistical Institute, total vegetable production 

in Türkiye was recorded at 22,270,558 tons, 817,591 tons of which were eggplants. Humic acid 

plays a key role in facilitating the absorption of micronutrients by plants and contributes to plant 

growth by providing numerous benefits to both the soil and the plants. Acting through hormone-

like effects, humic acid positively influences plant growth and development. These beneficial 

effects are related to increased water and nutrient uptake, increased element availability, and 

stimulation of root system development. This research was carried out to determine the effects of 

humic acid applications applied at doses of 0, 10, 20, 30 and 40 ppm, both from soil and from leaves, 

on the amounts of N (%), P (%), K (%), Ca (%), Mg (%), Fe (ppm), Mn (ppm), Zn (ppm) and Cu 

(ppm) which are nutrient element contents in the leaves of eggplant (Solanum melongena L.). When 

the investigated criteria were examined, positive effects of humic acid applications were determined 

in terms of Cu, Mn, Fe and B amounts and were found to be statistically significant. 
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Introduction 

Türkiye ranks among the leading global vegetable 

producers, along with India, China, and the United States. 

Eggplant accounts for 817,591 tons of our 22,270,558-ton 

vegetable production (TÜİK, 2025). Humic acid plays an 

important role in facilitating the absorption of 

micronutrients by plants and contributes to plant growth by 

providing numerous benefits to both the soil and plants 

(Böhme and Thi Lua, 1997; Akıncı, 2017). These positive 

effects are associated with increased water and nutrient 

uptake, increased plant uptake of nutrients, stimulation of 

root system development, increased chlorophyll content in 

leaves, changes in enzymatic and nucleic acid activities, 

acceleration of protein synthesis, changes in cell 

membrane permeability, and regulation of respiration and 

photosynthesis processes (Tejada and Gonzalez, 2003; 

Ulukan, 2008; Sabzevari et al., 2010; Kibar, 2022). 

In addition to the total amount of nutrients in the soil, 

their available availability and basic soil properties play a 

crucial role in plant nutrition. In recent years, various 

agricultural practices aimed at increasing the solubility of 

micronutrients, particularly in calcareous soils with high 

pH values, have been implemented, and an increase in 

scientific studies on these practices has been observed. In 

addition, humic acids have positive effects on plant matter 

content, increasing N (nitrogen) and P (phosphorus) 

contents (Sözüdoğru et al. 1996; Uyanık, 2019), increasing 

the availability of phosphorus in the soil (Bermudez et al. 

1993), increasing the humic composition of mineral soils 

and more effectively immobilizing all metals in their 

usable form (Piccolo 1989), and increasing the amount of 

humic acid added significantly increases the amount of N, 

P, and K (potassium) removed from the soil along with the 

amount of dry matter (Şivka 1988). It has been determined 

that Al (aluminum) toxicity, which occurs in the form of 

chlorosis and necrosis, is prevented by the addition of 

humic acid, increasing plant dry matter and maintaining 

healthier and greener plants, and that P eruption is reduced 

by Al eruption in leaves by humic acid addition, and that 

humic acids prevent the reaction of Al and aluminum with 

P in the environment (Tan and Binger 1986). 

In this study, it was aimed to determine the effects of 

different humic acid application doses on the amount of 

nutrient elements N (%), P (%), K (%), Ca (%), Mg (%), 

Fe (ppm), Mn (ppm), Zn (ppm), Cu (ppm) in eggplant 

(Solanum melongena L.) leaves. 

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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Materials and Methods 

The experimental site is a greenhouse covered with 

polyethylene sheet used in vegetable cultivation in the 

Research and Application Farm of the Faculty of 

Agriculture of Süleyman Demirel University, located in 

the transition zone between the Mediterranean climate and 

the continental climate seen in the Central Anatolia 

Region, between 37° north latitude and 30° east longitude, 

in the Western Lakes Region, at an altitude of 1050 m 

above sea level (coordinates: 37°50′09″ N, 30°31′53″ 

E).Amounts of nutrients in the soil taken from the 

application area: Before applying humic acid in the 

experiment, soil samples were taken from a depth of 0-30 

cm with stainless steel augers and soil structure, physical 

and chemical analyses were made on the soil samples 

taken, and the results are given in Table 1.  

In the trial, 2 tons of chicken manure per decare was 

mixed into the soil before planting, and no additional 

nutrients were added. In the study, Aydın Siyahi eggplant 

variety was used as plant material. Seedlings were planted 

with 75 cm inter-row and 50 cm intra-row spacing, with 

buffer rows between plots to prevent side spacing and 

interference between different humic acid treatments. Once 

the seedlings began to develop in their original location, 

the necessary hoeing operations were carried out, plant 

collars were filled, weeds were removed, and soil aeration 

was ensured to maintain soil moisture. The plants were 

periodically sprayed with fungicides, insecticides, and 

acaricides to protect against diseases and pests. 

The experiment was designed as a randomized 

complete block design with three replicates and 10 plants 

per replicate. A drip irrigation system was used to regularly 

administer water as needed to the plants, and maintenance 

and cultural practices were carried out according to the 

methods described by Vural et al. (2000) and Günay 

(2005). 

In the study, liquid material containing 23% humic 

acid, commercially sold under the name of ‘humasit likit’, 

was used.  Humic acid applications were made three times, 

at 3-week intervals, starting 3 weeks after planting. 

Applications were applied to both the leaves and the soil at 

control (0) and 10, 20, 30, and 40 ppm doses. 

 

Soil and Leaf Analyses 

Soil Analyses 

Soil samples were taken from 0-30 cm depth from the 

application area and their soil structure, physical and 

chemical analyzes were carried out in the Eğirdir 

Horticulture Research Institute Eğirdir Agricultural 

Analysis Laboratory. In soil analyzes, 1: 2.5 for pH 

analysis; Calcimetric for Lime; Saturation for Saturation; 

Smith Weldon for Organic Matter analysis; Kjeldahl for 

Total N (%); Olsen-ICP for Available P (%); A. Acetate-

ICP for Available K (%), Ca (%), Mg (%); and DTPA-ICP 

for Available Fe (ppm), Mn (ppm), Zn (ppm), Cu (ppm), 

and Hot Water-ICP for Available B (ppm) methods were 

used. 

Leaf Analyses  

When the first-generation fruits began to show, leaf 

samples that had reached normal size and completed 

development closest to the growth peak were taken from 

the first two replicates of each application, dried, and 

macro and micronutrient analyses were performed at the 

Eğirdir Horticulture Research Institute's Agricultural 

Analysis Laboratory. In the determination of leaf nutrients, 

the Kjeldahl method was used for N (%), and the Wet 

Combustion-ICP method was used for P (%), K (%), Ca 

(%), Mg (%), Fe (ppm), Mn (ppm), Zn (ppm), and Cu 

(ppm). 

 

Results and Discussion 

 

The effects of control and 10, 20, 30 and 40 ppm soil 

and foliar applied humic acid on leaf nutrient content in 

eggplant (Solanum melongena L.) were evaluated. 

 

Table 1. Analysis values in soil taken from the application area 

Soil Properties Unit Method Result (0-30 cm) 

Physical 

Analysis 

Sand (%)  29.56 

Silt (%)  39.84 

Clay (%)  30.59 

Texture --  Clay Loam 

Salinity (EC*106)  1874 

pH -- 1:2,5 7.3 

Lime (%) Calcimetric 20.10 

Saturation (%) Saturation 46 

Chemical 

Analysis 

Organic matter (%) Smith Weldon 4.75 

N (ppm) Kjeldahl 2828 

P (ppm) Olsen- ICP 697.80 

K (ppm) A. Asetat-ICP 1460 

Ca (ppm) A. Asetat-ICP 6061 

Mg (ppm) A. Asetat-ICP 494.20 

Na (ppm) A. Asetat-ICP 319.90 

Fe (ppm) DTPA-ICP 3.80 

Cu (ppm) DTPA-ICP 1.52 

Mn (ppm) DTPA-ICP 14.60 

Zn (ppm) DTPA-ICP 3.74 

B (ppm) Hot Water-ICP 0.86 
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Table 2. Effects of different HA doses applied from soil and leaves on the amount of N, P, and K in eggplant leaves 

Humic Acid Applications (ppm) N (%) P (%) K (%) 

Soil Application 

10 4.09 0.26 3.69 

20 3.69 0.25 3.52 

30 3.71 0.25 3.56 

40 3.52 0.27 3.68 

Leaf Application 

10 3.97 0.24 3.36 

20 3.69 0.23 3.86 

30 3.30 0.21 3.09 

40 3.94 0.27 3.06 

Control 3.55 0.21 3.27 

 

Table 3. Effects of different HA doses applied from soil and leaves on the amount of Ca and Mg in eggplant leaves 

Humic Acid Applications (ppm) Ca (%) Mg (%) 

Soil Application 

10 2.60 0.249 

20 2.76 0.223 

30 2.79 0.221 

40 3.15 0.221 

Leaf Application 

10 3.10 0.207 

20 3.10 0.239 

30 3.28 0.237 

40 2.49 0.231 

Control 2.89 0.244 

 

Effects of Different Humic Acid (HA) Doses Applied 

from Soil and Foliar to Eggplant on the Amount of 

Nutrient Elements in Leaves 

The effect of the humic acid applications used in the 

experiment on the N amount in eggplant leaves was found 

to be insignificant; the N amount varied between 3.30-

4.09% (Table 2). The results showed that the highest N 

amount was obtained from the 10-ppm application from the 

soil (4.09%), and the lowest N amount was obtained from 

the 30-ppm application from the leaves (3.30%). 

The effect of different humic acid doses applied from 

soil and leaves on the P amount in the leaves of eggplant 

was found to be insignificant; the P amount varied between 

0.21-0.27% (Table 2). The results showed that the highest 

P amount was obtained from 40 ppm soil and 40 ppm leaf 

application (0.27%); the lowest P amount was obtained 

from 30 ppm leaf application (0.21%). 

The effect of humic acid applications on the amount of 

K in eggplant leaves was found to be insignificant; the 

amount of K varied between 3.06-3.86% (Table 2). The 

results showed that the highest amount of K was obtained 

from the 20-ppm application on the leaves (3.86%), and the 

lowest amount of K was obtained from the 40-ppm 

application on the leaves (3.06%). 

Ünsal (2007) determined that the effect of humic acid 

applications on grain nitrogen content in chickpeas was not 

significant. Cangi et al. (2003) determined that the effect 

of potassium humate application on leaf N content in 

kiwifruit was insignificant. Similarly, other studies found 

that the effect of humic acid applications on N content in 

corn and spinach plants was not significant (Çimrin et al., 

2001; Demir et al., 2002). 

Cangi et al. (2003) found that the effect of potassium 

humate application on P content in kiwifruit was 

insignificant. No effect of humic acid applications on P 

content was detected in spinach (Demir et al., 2002). It is 

generally thought that the low P content of leaves is due to 

P levels being below a sufficient level in the soil (Yaşar, 

2005). Ünsal (2007) found that the effect of humic acid 

application on phosphorus content in chickpeas was not 

significant. Dormaar (1975) reported that humic acid 

applications did not affect P uptake in forage grasses. 

Ünsal (2007) determined that the effect of humic acid 

applications on grain potassium content in chickpeas was 

not significant. Sözüdoğru et al. (1996) concluded that 

humic acids applied to bean plants had no effect on K 

uptake. Dormaar (1975) reported that humic acid 

applications did not affect K uptake in forage grasses. 

Pilanalı and Kaplan (2000) determined the effects of humic 

acid on the nutrient element content of strawberry leaves. 

The effect of humic acid applications on elements other 

than Zn was found to be insignificant. The mean values of 

nutrient element contents of leaves following liquid humic 

acid applications were determined as 2.51% N, 0.276% P, 

and 1.73% K. No statistical relationship was found 

between the K content of leaves and humic acid 

applications; K amounts ranged from 0.77-1.26% in the 

first year and from 0.85-0.99% in the second year (Yaşar, 

2005). The effects of humic acid application at six different 

doses (0, 2, 4, 6, 8, and 10 L/da) on the amount of 

potassium available from the soil were investigated in corn 

plants. The amount of potassium taken up by the plant was 

observed to increase numerically as the humic acid dose 

increased, but this increase was not found to be statistically 

significant (Alak and Müftüoğlu, 2014). 

The effect of the humic acid applications used in the 

experiment on the Ca amount in eggplant leaves was found 

to be insignificant; the Ca amount varied between 2.60-

3.28% (Table 3). The results obtained showed that the 

highest Ca amount was obtained from 30 ppm application 

via leaves (3.28%), and the lowest Ca amount was obtained 

from 10 ppm application via soil (2.60%). The effect of 

different humic acid doses applied via soil and leaves on 

the Mg amount in leaves in eggplant was found to be 

insignificant; the Mg amount varied between 0.207-

0.249% (Table 3). The results obtained showed that the 
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highest Mg amount was obtained from 10 ppm application 

via soil (0.249%), and the lowest Mg amount was obtained 

from 10 ppm application via leaves (0.207%). 

Günaydın (1999), in his study investigating the effects 

of foliar and soil-applied humic acid on tomato 

development and the uptake of certain nutrients, found that 

it did not affect Ca uptake in tomato plants. Dormaar 

(1975) reported that humic acid applications did not affect 

Ca and Mg uptake in wheatgrass and forage crops. Studies 

by many researchers report that humic acid applications 

have no effect on P, K, Ca, or Mg levels. The results 

obtained are similar to those obtained in other studies on 

this subject (Dormaar, 1975; Çimrin and Yılmaz 2005; 

Erdal et al., 2014; Alaboz et al., 2022). 

The effect of different humic acid doses applied from 

soil and leaves on the amount of Zn in the leaves of 

eggplant was found to be insignificant; the amount of Zn 

varied between 12.94 and 24.66 ppm (Table 4). The results 

showed that the highest amount of Zn was obtained from 

the 10-ppm application from the leaves (24.66 ppm), and 

the lowest amount of Zn was obtained from the 30-ppm 

application from the leaves (12.94 ppm). 

Elgala et al. (1978) showed that different humic acid 

applications did not affect Zn uptake in barley. Gerzabek 

and Ullah (1990) found that humic acid applications were 

not effective against zinc uptake in corn grown in nutrient 

solution, and Gülser et al. (2018) determined that the effect 

of humic acid doses on Zn uptake in gladiolus varieties was 

insignificant. The results obtained are similar to those in 

the literature.The effect of the humic acid applications used 

in the experiment on the amount of Cu in eggplant leaves 

was found to be statistically significant at the 5% error 

level (Table 5). The results showed that the highest Cu 

amount was obtained from the 10-ppm soil application 

(15.43 ppm), and the lowest Cu amount was obtained from 

the 40-ppm foliar application (2.37 ppm). Applications of 

10 ppm foliar, 40 ppm soil, 20 ppm soil, 20 ppm leaf, 30 

ppm soil, and the control and 40 ppm foliar and 30 ppm 

foliar applications were statistically in the same group. 

Fagbenro and Agboola (1993) determined that humic 

acid applications increased Cu content in teak (Tectona 

grandis L.F.) seedlings. David et al. (1994) found that 

application of 1280 mg/L humic acid to tomato seedlings 

increased Cu content in roots and shoots. Adani et al. (1998) 

found that a humic acid preparation applied to aquaculture 

in Italy increased Cu uptake in tomatoes. Günaydın (1999), 

in his study investigating the effects of foliar and soil-

applied humic acid on the development and uptake of certain 

nutrients in tomatoes and corn, reported increased Cu uptake 

in tomato and corn plants compared to controls. Gülser et al. 

(2018) reported that no statistically significant differences 

were found among varieties with different humic acid doses 

in terms of micronutrient content, except for Cu. The change 

in Cu content among different varieties was found to be 

statistically significant. The results obtained from the 

experiment are consistent with studies showing increased Cu 

levels with humic acid applications. 

The effect of humic acid applications used in the 

experiment on Mn amount in eggplant leaves was found to 

be statistically significant at 5% error level (Table 6). The 

highest effect of humic acid applications on Mn amount in 

eggplant leaves was found to be 127.23 ppm in 30 ppm 

application from leaves, followed by 113.66 ppm in 20 ppm 

application from leaves, 109.13 ppm in 40 ppm application 

from soil, 101.53 ppm in 10 ppm application from leaves, 

100.46 ppm in 10 ppm application from soil, 93.35 ppm in 

control application, 93.06 ppm in 20 ppm application from 

soil, 89.79 ppm in 30 ppm application from soil and 87.18 

ppm in 40 ppm application from leaves. Soil 40, leaf 10 and 

leaf 20 and soil 10, soil 20, soil 30, leaf 40, control 

treatments were statistically in the same group. 

 

 

Table 4. Effects of different HA doses applied from soil and leaves on the amount of Zn in eggplant leaves 

Humic Acid Applications (ppm) Zn (ppm) 

Soil Application 

10 21.54 

20 16.32 

30 17.82 

40 15.45 

Leaf Application 

10 24.66 

20 14.05 

30 12.94 

40 16.45 

Control 13.28 

 

Table 5. Effects of different HA doses applied from soil and leaves on Cu content in eggplant leaves 

Humic Acid Applications (ppm) Cu (ppm)* 

Soil Application 

10 15.43 a 

20 9.16 b 

30 8.68 b 

40 9.49 b 

Leaf Application 

10 10.47 b 

20 9.09 b 

30 2.30 c 

40 2.37 c 

Control 9.86 b 
*: Significant at 5% error level. 
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Table 6. Effects of different HA doses applied from soil and leaves on the amount of Mn in eggplant leaves 

Humic Acid Applications (ppm) Mn (ppm) * 

Soil Application 

10 100.46 b 

20 93.06 b 

30 89.79 b 

40 109.13 ab 

Leaf Application 

10 101.53 ab 

20 113.66 ab 

30 127.23 a 

40 87.18 b 

Control 93.35 b 
*: Significant at 5% error level. 

 

Table 7. Effects of different HA doses applied from soil and leaves on the amount of Fe in eggplant leaves 

Humic Acid Applications (ppm) Fe (ppm) * 

Soil Application 

10 64.45 ab 

20 55.21 b 

30 63.12 ab 

40 70.55 a 

Leaf Application 

10 66.64 ab 

20 72.18 a 

30 62.25 ab 

40 55.14 b 

Control 55.21 b 
*: Significant at 5% error level. 

 

Kütük et al. (2000) found that the amount of available 

Mn increased in a study conducted with humic acid. 

Sözüdoğru et al. (1996) reported that humic acid 

applications applied to bean plants increased the Mn 

content of leaves. Günaydın (1999) investigated the effects 

of humic acid applied to leaves and soil on the development 

and uptake of some nutrients in tomato and corn and found 

that Mn uptake in tomato plants increased compared to the 

control. David et al. (1994) found that 1280 mg/L of humic 

acid application to tomato seedlings increased the Mn 

content in shoots. Erdal et al. (2000) found that an increase 

in Mn content occurred in plants treated with humic acid. 

Çimrin et al. (2001) reported that humic acid applications 

combined with fertilizer combinations provided significant 

increases in Mn content. Tarhan and Karademir (2019) 

reported in their study examining the effect of different 

application methods of humic acid on the nutrient content 

of the soil that the K, Ca, Mg, Fe, Mn and Cu content values 

in the soil increased with the application of humic acid to 

the seed. 

The effect of humic acid applications used in the 

experiment on Fe amount in eggplant leaves was found to 

be statistically significant. The highest effect of humic acid 

applications on Fe amount in eggplant leaves was found to 

be 72.18 ppm in 20 ppm application from leaves, followed 

by 70.55 ppm in 40 ppm application from soil, 66.64 ppm 

in 10 ppm application from leaves, 64.45 ppm in 10 ppm 

application from soil, 63.12 ppm in 30 ppm application 

from soil, 62.25 ppm in 30 ppm application from leaves, 

55.21 ppm in 20 ppm application from soil, 55.21 ppm in 

control application and 55.14 ppm in 40 ppm application 

from leaves (Table 7). Soil 10, soil 30, leaf 10 and leaf 30 

and soil 40, leaf 20 applications were statistically in the 

same group. 

Kütük et al. (2000) found that the amount of available Fe 

increased in a study conducted with humic acid. Elgala et al. 

(1978) reported that the combined application of humic acid 

and Na2EDDHA increased Fe uptake. David et al. (1994) 

found that the application of 1280 mg/L humic acid to tomato 

seedlings increased Fe content in roots and shoots. Sözüdoğru 

et al. (1996) reported that humic acid applied to bean plants 

increased Fe content in leaves. Güneş et al. (1997) determined 

that humic acid applied with waste iron increased the total Fe 

content of the plants. Günaydın (1999), in his study 

investigating the effects of foliar and soil-applied humic acid 

on the development and uptake of certain nutrients in 

tomatoes and corn, found that it increased Fe uptake in tomato 

plants compared to the control. Çimrin et al. (2001) reported 

that humic acid applications combined with fertilizer 

combinations resulted in significant increases in Fe content, 

while humic acid applications alone also increased plant Fe 

content. Fallahi et al. (2006) determined that different humic 

acid applications resulted in increases in Fe content in apple 

leaves. The data obtained in the experiment are similar to the 

data of researchers reporting that humic acid applications 

affect plant Fe uptake (Fagbenro and Agboola, 1993) and 

studies reporting that humic acid applications increase the Fe 

content in grape (Reynolds et al., 1995), cucumber (Demir et 

al., 1997), corn (Erdal et al., 2000) leaves and pepper (Yaylacı 

and Erdal, 2021).The effects of different humic acid doses 

applied from soil and leaves on eggplant on the amount of B 

in leaves were found to be statistically significant. The effects 

of humic acid applications on the amount of B in eggplant 

leaves were obtained as 49.08 ppm in the control application, 

48.28 ppm in the 10 ppm application from soil, 49.29 ppm in 

the 20 ppm application from soil, 51.94 ppm in the 30 ppm 

application from soil, 58.41 ppm in the 40 ppm application 

from soil, 55.77 ppm in the 10 ppm application from leaves, 

44.60 ppm in the 20 ppm application from leaves, 17.39 ppm 

in the 30 ppm application from leaves, and 20.27 ppm in the 

40 ppm application from leaves (Table 8).  
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Table 8. Effects of different HA doses applied from soil and leaves on B content in eggplant leaves 

Humic Acid Applications (ppm) B (ppm) * 

Soil Application 

10 48.28 ab 

20 49.39 ab 

30 51.94 ab 

40 58.41 a 

Leaf Application 

10 55.77 ab 

20 44.60 b 

30 17.39 c 

40 20.27 c 

Control 49.08 ab 
*: Significant at 5% error level. 

 

The highest effect of humic acid applications on B amount 

in eggplant leaves was obtained from 40 ppm application from 

soil (58.41 ppm) and the lowest B amount was obtained from 

30 ppm application from leaves (17.39 ppm). Soil 10, soil 20, 

soil 30, leaf 10 and control and leaf 30, leaf 40 applications 

were statistically in the same group. 

Various studies have shown that humic substances 

increase nutrient uptake (Kononova et al. 1966; Dormaar 

1975; Vaughan and Linehan 1976; Wang et al. 1991; 

Gülser et al. 2018; Tarhan and Karademir 2019; Yaylacı 

and Erdal 2021). 

 

Conclusion 

 

Under the greenhouse conditions of this study, different 

doses of soil- and foliar-applied humic acid (0, 10, 20, 30 

and 40 ppm) had limited effects on the macronutrient (N, P, 

K, Ca, Mg) and Zn contents of eggplant leaves, whereas 

clear and statistically significant effects were observed on 

Cu, Mn, Fe and B concentrations. In general, humic acid 

applications did not significantly change leaf N, P, K, Ca, 

Mg and Zn levels, indicating that, under the existing soil 

fertility and management conditions, these nutrients were 

already within an adequate range for eggplant growth and 

were not strongly responsive to the tested humic acid doses. 

In contrast, humic acid treatments significantly 

influenced the uptake of several micronutrients. The 

highest Cu content in leaves was obtained from the 10-ppm 

soil application, while higher foliar doses (30 and 40 ppm) 

markedly reduced Cu levels. Leaf Mn and Fe contents were 

also enhanced by humic acid, particularly at intermediate 

doses and depending on the application method, with 30 

ppm foliar application increasing Mn and 20 ppm foliar 

and 40 ppm soil applications increasing Fe. Similarly, 

humic acid treatments, especially 40 ppm applied via soil, 

increased B content in leaves, whereas high foliar doses 

substantially decreased B levels. These results highlight 

that both the dose and the route of application (soil vs. 

foliar) are critical in determining the direction and 

magnitude of plant nutritional responses to humic acid. 

Overall, the findings indicate that humic acid has a 

more pronounced effect on micronutrient dynamics (Cu, 

Mn, Fe and B) than on macronutrient status in eggplant 

leaves grown in calcareous, clay-loam soils. Appropriate 

soil-applied doses, particularly in the lower to intermediate 

range, appear to support improved micronutrient nutrition 

without negatively affecting other elements, whereas high 

foliar doses may lead to undesirable reductions in some 

micronutrients. These results suggest that humic acid can 

be used as a complementary tool to enhance micronutrient 

availability and uptake in eggplant production, provided 

that dose and application method are carefully optimized. 

Further studies under different soil types, cultivars and 

environmental conditions would be useful to refine dose 

recommendations and to better understand the mechanisms 

underlying nutrient-specific responses to humic 

substances. 
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