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ABSTRACT  ARTICLE INFO 

Tomato (Solanum lycopersicum) is one of the most adaptable, popular, and widely 
consumed vegetable crops in the world. However, current production levels of 
tomatoes fall short of consumer needs. Enhancing soil fertility presents a viable 
solution to address the issue of low productivity in tomato cultivation. Humic acids 
(HA) are organic molecules that significantly improve soil characteristics, plant 
growth, yield, and quality. There was limited information available in previous 
studies regarding the issue; therefore, the review was conducted to investigate the 
issue in greater detail. The review aims to consolidate existing knowledge on the 
topic and encourage further investigation to refine agricultural practices and 
enhance crop production. In the narrative literature, keywords related to the topic 
investigated in popular databases over the last three decades were screened for 
relevant papers, and the information was presented in different sections of the 
manuscript. The application of humic acid has positively influenced several 
parameters, including growth, development, yield, and quality of tomatoes. Humic 
acid increased the stem diameter, number of leaves per plant, and plant height. 
Additionally, humic acid topically improved fruit weight, fruit diameter, fruit 
number per plant, and yield. Furthermore, skin color, lycopene content, fruit juice 
acidity, ascorbic acid, and total soluble solids were all markedly improved by 
applying humic acid. The information synthesized here may benefit policymakers, 
agricultural advisors, and experts in the field, supporting the development of 
effective strategies for sustainable tomato production using humic acid. 
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INTRODUCTION 

Tomato (Solanum lycopersicum) is one of the most adaptable, popular, and widely consumed 

vegetable crops in the world. As a member of the genus Lycopersicon within the Solanaceae 

family, it belongs to a relatively small genus in the large and varied family, which includes 

about 90 genera (Usman, 2015). Tomatoes are versatile and can be eaten raw in salads or, 
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more frequently, added to savory stews, pure sauces, juices, and ketchup. Their vivid color 

enhances the appeal of green salads, and they are great flavorings for soups and refreshing 

additions to beverages (Ilodibia & Chukwuma, 2015). 

Grown from the wild tomato Lycopersicum esculentum var. caraciform, tomatoes are a 

staple in many kitchens around the world and have great dietary and cultural significance. In 

addition to their nutritional value, tomatoes, which are high in vitamins A and C and minerals 

like calcium, phosphorus, and iron, may also have therapeutic uses, such as preventing cancer 

and treating heart disease (Mallick, 2021; Friedman, 2013). Lycopene, ascorbic acid, and ß-

carotene, which are prized for their vivid colors and mouthwatering flavors, are health-

promoting gems that tomatoes give us (Kumar et al., 2013). Carotenoid, a non-pro-vitamin 

A, is the focus of attention due to its anticancer properties, while lycopene is praised as an 

antioxidant powerhouse (Yin et al., 2019). It ranks second in the world after potatoes and is 

one of the most widely consumed and essential vegetables (FAOSTAT, 2023). Tomato yield 

variability persists despite the crop’s nutritional value and is frequently ascribed to variables 

like changes in soil fertility. Optimizing soil fertility is essential in efforts to increase food 

security and achieve agricultural development goals (Ola, 2024). 

Under ongoing intensive cropping practices, the use of synthetic fertilizers by itself does 

not improve crop productivity status; however, the addition of organic materials to chemical 

fertilizers improves soil physical characteristics and sustains higher soil fertility status with 

higher yield production (Elankavi et al., 2020). Humic acid is one of the largest organic 

compounds in terms of molecular weight and plays a significant role in several agronomic 

parameters and soil characteristics (Ampong et al., 2022). Humic acid is primarily made from 

the decomposed waste products of plants and animals. Recently, Humic acid has become a 

standard method for enhancing crop growth, yield, and soil fertility (Salihi et al., 2024). It has 

several important functions in agricultural systems, including improving the biochemical and 

physical characteristics of soil by increasing its texture, structure, microbial activity, and 

water-holding capacity (Nardi et al., 2021; Shah et al., 2018); increasing the availability of 

micronutrients in the soil as a chelating agent and increasing the uptake of nutrients by plants 

(Yang et al., 2021); lowering the intake of heavy metals that are harmful to plants (Wu et al., 

2017). 

By increasing growth-promoting hormones such as cytokinin and auxin, which support 

nutrient metabolism, stress tolerance, and photosynthesis activity, humic acid application 

also enhanced crop growth (Canellas et al., 2020; Jindo et al., 2020). Furthermore, humic acid 

benefits plant cell membranes, promoting increased protein synthesis, increased mineral 

transport, increased enzyme activity, decreased activity of harmful elements, and an 

increased microbial population (Khaled & Fawy, 2011). Additionally, the application of humic 

acid increased the stem diameter (1.9 cm), number of leaves per plant (45), and plant height 

(264.6 cm) (Suliman et al., 2020). Additionally, Yildimir (2007) found that applying 20 

milliliters per liter of humic acid topically improved tomato yield, early yield, mean fruit 

weight, fruit diameter, and fruit number per plant. Furthermore, tomato quality parameters 
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like skin color, lycopene content, fruit juice acidity and pH, ascorbic acid, and total soluble 

solids were all markedly improved by applying humic acid at the recommended dosage 

(Rajendiran & Purakayastha, 2014).  

The current production of tomatoes is not fulfilling market demand, and their 

productivity is low. Furthermore, due to the excessive application of mineral fertilizers in 

tomato production, environmental problems have arisen. In order to fulfill the demand for 

tomatoes in the market, increase productivity, and avoid excess use of mineral fertilizer, it is 

crucial to use bio-stimulants as a sustainable approach in tomato production.  While Humic 

acid is a natural organic fertilizer and a bio-stimulant that has the potential to improve 

tomato growth, yield, and quality sustainably. Thus, the application of humic acid not only 

avoids soil and water pollution, but also increases the growth, yield, and quality of tomato. 

Moreover, the application of humic acid improves soil fertility, making the availability of 

nutrients in the soil for plants to absorb and transport into plant tissues. There was limited 

information regarding the topic in the previous literature, and it was necessary to investigate 

the impacts of Humic acid on tomato production deeply. Thus, the current review was 

conducted to explore and describe the significant impacts of humic acid on the growth, yield, 

and quality of tomato. 

METHOD AND MATERIALS 

The narrative literature was conducted in order to provide an overview, synthesizing, 

summarizing, and interpreting existing literature on the impacts of Humic acid on the growth, 

yield, and quality of tomato. The purpose of the review was to describe and discuss relevant 

literature from a theoretical point of view and identify themes and trends accordingly. To 

search for quality, recently published, and relevant papers, the most popular databases, such 

as Scopus, Web of Science, ScienceDirect, and Google Scholar, were utilized to search for 

keywords related to the topic, including growth, Humic acid, Quality, Tomato, and Yield. The 

review included peer-reviewed journal research and review articles published in the last three 

decades, written in English. Exclusion criteria included non-peer-reviewed articles, 

conference abstracts without complete data, studies older than 30 years, and manuscripts 

that were not relevant to the key word of the topic. A total of 75 papers were selected from 

different sources, and about 60 papers were reviewed in the paper. Then, the papers most 

relevant to the topic in terms of growth, yield, and quality of tomatoes were targeted, 

organized, and screened, with relevant information highlighted and extracted. Then the 

information is paraphrased, summarized, and stated in different parts of the manuscript in 

order to provide a fresh concept on the issue.  

FINDINGS 

Structure, Properties, and Function of Humic Acid 

Humic acid’s structures are linkable to their functions (Rupiasih, 2005; Garciá et al., 2016; 

García et al., 2019; Nardi et al., 2021; van Tol de Castro et al., 2021). The primary Humic acid 
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functional groups that improve soil physical and chemical characteristics and plant growth 

are the COOH and OH functional groups (Figure 1) (De Melo et al., 2016; Nardi et al., 2021). 

When these functional groups dissociate, polar and nonpolar ends—the hydrophilic and 

hydrophobic portions, respectively—are produced; both ends are involved in the processes 

that provide beneficial Humic acid functions (Figure 2). Phenolic (OH) and carboxylic (COOH) 

groups are the most common functional groups in the Humic acid structure, even though it 

contains many others (Figure 1) (Nardi et al., 2021). While the hydrophobic end is associated 

with repelling purposes, the hydrophilic end is mainly involved in chelating functions (Davies 

et al., 2001). According to De Melo et al. (2016), humic acids with low molecular weight 

(LMW) have more carboxylic and phenolic functional groups than Humic acid with high 

molecular weight (HMW).  

The polar end of the anionic portion forms complexes with cationic metals through 

electrostatic bonding in the soil after the OH and COOH groups separate, keeping the metals 

in the soil (Figure 2). The water-loving, hydrophilic portion creates a micelle that raises the 

WHC of the soil. Conversely, the non-polar end deters water molecules, lowering water 

infiltration and enhancing the stability of clay aggregates (Billingham, 2012). LMW, which is 

effective in changing the biochemical properties of the soil, and HMW, which is effective in 

enhancing the physical conditions of the soil, have also been linked to the chelating ability of 

Humic acid (Yang & Antonietti, 2020).  

An earlier finding by Garciá et al. (2016) demonstrated that Humic substances are 

aliphatic and aromatic functional groups stimulated root growth in rice seedlings, while a 

recent study by van Tol de Castro et al. (2021) reports that the aromatic and aliphatic 

functional groups of Humic acid were responsible for increasing N uptake and soluble sugars, 

which resulted in a corresponding yield increase in rice (Figure 1). When both HMW and LMW 

fractions of HA from vermicompost were applied to Arabidopsis and maize seedlings, an 

increase in root growth was also observed (Canellas et al., 2010). It has also been discovered 

that HA and HMW stimulate plasma membrane H+ ATPase, which enables LMWHA to co-

transport nutrients and carry out additional biological functions in plants (Figure 1) (Nardi et 

al., 2021). A summary of Humic acid chemical and molecular components and functions is 

presented in Figure 1. 

 

Figure 1. Molecular structure of humic acid (Stevenson 1994) 
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Figure 2. Graphical representation of humic acid, its chemical and molecular constituents and functions (Ampong 

et al., 2022) 

Figure 3. Model summarizing the mechanisms and functions of humic acids (HA) in soils and plants; (A) 

dissociation of functional groups of HA; (B) hydrophilic ends of dissociated groups form a bridge between 

metal ions and soil surface; (C) humic acids chelate cationic nutrients and transport them through root’s 

plasma membrane; (D) hydrophilic ends of dissociated group attract cations (increase soil cation exchange 

capacity); (E) humic acids replenish nutrients in the soil solution (increase soil buffering capacity); (F) other 

functions of HA (Ampong et al., 2022). 

Effects of Humic Acid on The Growth of Tomato  

The combined application of mineral fertilizers and humic acid results in the slow release of 

complex nutrients, which helps in the subsequent absorption of nutrients and positively 

affects crop growth, development, and yield (Rose et al., 2014; Olaetxea et al., 2020). 

Moreover, foliar applications of Humic acid led to higher leaf and stem dry matter (Yildirim, 

2007). Growth parameters such as the number of branches, plant height, and dry weight were 

significantly increased by humic acid or Calcium foliar applications. The interaction effect 

between humic acid and Calcium foliar application at 30 ppm humic acid +15 mM Calcium 

concentration gave the highest values of growth parameters as compared with either 
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individual foliar application or control plants (Kazemi, 2014). Applying humic Acid increased 

tomato plant height (78.0 cm), number of leaves per plant (57.8), Fresh weight (250.2 g), and 

dry weight (75.1 g) of aerial parts (Abdelkader et al., 2019).  

Humic acids also stimulated growth, and considerable changes occurred in the 

morphology of tomato (Dunoyer et al., 2022). It was determined that humic acid application 

significantly increased the shoot/root length, root fresh/dry weight, shoot fresh/dry weight, 

and chlorophyll values of plants under salt stress (Ural et al., 2023). Soil application of Humic 

acid at a higher dose, 1.5 g L-1, exhibited better results in all three tested tomato cultivars 

(Luanova, Savarona, and Tessera), in terms of their vegetative and reproductive growth 

(Alenazi & Khandaker, 2021). 

 Furthermore, Abdellatif et al. (2017) reported that the application of Humic acid has 

shown significant positive effects on the growth and productivity of tomato plants. The 

application of Humic acid at 14.4 kg·ha⁻¹ enhanced vegetative growth traits such as plant 

height and fresh weight, as well as flowering attributes including the number of flower 

clusters and flowers per plant. Cimrin et al. (2010) also reported that the application of Humic 

acid at varying doses (0, 750, and 1500 mg/kg soil) in combination with phosphorus (0, 50, 

100, and 150 mg/kg soil) significantly influenced early growth traits in pepper. The treatment 

with 150 mg phosphorus and 1500 mg/kg Humic acid resulted in the highest shoot fresh 

weight (4.82 g), root fresh weight (1.72 g), and improved cotyledon development, with 

maximum cotyledon length (18.73 mm) and width (7.80 mm).   Similarly, Dursun et al. (2002) 

reported that humic acid application enhances growth and nutrient uptake in vegetable 

seedlings under greenhouse conditions.  

Effects of Humic Acid on the Yield of Tomato 

The Application of humic acid increased the early yield of tomato, the highest yield recorded 

in the foliar 20 ml/l HA treatment. Application of humic acid at the rate of 500 ppm caused 

the highest significant fruit weight (137 g) (Suliman et al., 2020). Helaly (2022) also reported 

that the best results for tomato yield were recorded when using magnetic water (MW) 

combined with 3 g/L of humic acid, 1 g/L of humic acid, and 2 g/L of humic acid. Humic acid 

doses showed significant effects on flowering (8 ml/L) and fruit set (4 ml/L) (Yildiz et al., 2023).  

Humic Acid (700 ppm) also increased tomato flower number (48.1), fruit number (35.1), 

and fruit weight (64.0 g). Maximum tomato yield per plant (6 kg) was obtained with the 

application of 20 L/ha humic acid (Asri, 2021). Foliar application of Ca (15 mM) + HA (30 ppm) 

resulted in a high yield of tomato (25.36 t/ha) (Kazemi, 2014). Yildimir (2007) reported that 

foliar application of 20 ml/L of humic acid has better fruit diameter, fruit length, mean fruit 

weight, fruit number per plant, yield, and early yield in tomato. Padem and Ocal (1999) 

determined that humic acid application at different concentrations improved tomato yield. 

The humic acid applications caused a significant increase in yield, fruit weight, and fruit 

diameter of tomato (Asri et al., 2015). Humic acid treatment (50 mg/L HA + 100 mg/L GA) 
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increased Chlorophyll content and improved photosynthesis, thus enhancing the yield 

(Haghighi, 2013).  

The application of Grow Plex (a water-soluble fertilizer containing humic acid) at 90 g/L, 

combined with 75% of the recommended NPK dose, has been shown to maintain tomato 

yield while improving fruit quality, particularly in terms of average fruit weight. This approach 

also allows a 25% reduction in fertilizer use, contributing to reduced environmental pollution 

(Abdel-Mawgoud et al., 2007). Moreover, the application of humic acid at 14.4 kg·ha⁻¹ 

significantly enhanced the reproductive performance and yield of tomato plants. The 

treatment increased the number of flower clusters and flowers per plant, as well as the 

number and weight of fruits, leading to improved early and total yields across both growing 

seasons (Abdellatif et al., 2017). 

Effects of Humic Acid on The Quality of Tomato 

Application of humic acid at the recommended dose significantly increased tomato and 

quality parameters such as skin colour, lycopene content, acidity, and pH of fruit juice, 

ascorbic acid, and total soluble solids (Rajendiran & Purakayastha, 2014). Application of 

humic acid at the rate of 500 ppm also improved tomato fruit quality via enhancing the 

concentrations of ascorbic acid, the level of vitamin C, and carotenoid content (Suliman et 

al., 2020). Demirtas et al. (2014) revealed that humic acid increases N, P, K, Fe, and Cu plant 

nutrients in tomato plants and significantly affects fruit quality. It also improved tomato fruit 

quality by enhancing the level of dry matter (7.6 %), sugar contents (5.8 °Brix), Ascorbic Acid 

(26.9 mg/100g), Maturity Index (12.61), Taste Index (1.09), and level of Nitrate (22.0 mg/kg) 

obtained from Ener-700. In comparison, Humic acid at the rate of 500 ppm gave the 

maximum Titratable Acidity (0.48%) and Carotenoids contents (4.89 mg/100g) (Abdelkader 

et al., 2019). Helaly (2022) found that the best results for tomato yield and quality were 

recorded when using magnetic water (MW) combined with 3 g/L of humic acid and 1 and 2 

g/L of humic acid.  

Humic acid doses showed significant effects on fruit phosphorus content (4 ml/L) and 

fruit potassium content (8 ml/L) (Yildiz et al., 2023). Soil application of HA at a higher dose, 

1.5 g L-1, exhibited better results in all three tested tomato cultivars (Luanova, Savarona, and 

Tessera), significantly improving the physicochemical quality of their fruits under a protected 

environment (Alenazi & Khandaker, 2021).  Humic Acid (20 L-1) also increased TSS (4.62%) 

and Titratable acidity in tomato (0.38%) (Asri, 2021). Foliar application of Ca (15 mM) + HA 

(30 ppm) resulted in the maximum TSS (5.14 °Brix), vitamin C (25.14), nitrate reductase 

activity (6.4), fruit firmness (3.91 kg/cm2), fruit lycopene content (2.14), and the lowest 

blossom end rot incidence (5%) (Kazemi, 2014). The study of Yildirim (2007) showed that 

foliar application of 20 ml/L of humic acid resulted in better TSS and ascorbic acid in tomato.  
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DISCUSSION 

The application of Humic acid significantly increased tomato growth parameters, including 

plant height, number of branches, number of leaves per plant, stem diameter, shoot and root 

weight, fresh weight, and plant dry weight. Thus, it is explored that the growth of tomato was 

significantly and positively affected by Humic acid.  Similar findings were also reported by 

Kazemi et al (2014), Abdelkader et al (2019), and Sulaiman et al (2020), who observed that 

the growth parameters of tomato increased with the application of humic acid. The observed 

increases in tomato growth parameters may be attributed to enhanced nutrient absorption, 

improved uptake of essential elements, and increased permeability of root cell membranes 

facilitated by humic acid. As well as, Humic acid application may also improve cell division, 

cellular nitrate uptake, and cell elongation, which causes fast cell division. Moreover, the 

increase in tomato growth may be attributed to higher chlorophyll content, which enhances 

photosynthesis, producing more carbohydrates that promote faster growth and 

development of the tomato plant. 

Furthermore, tomato yield parameters, for instance, fruit weight, number of flowers, 

number, fruit weight, fruit diameter, fruit length, fruit number per plant, and yield increased 

with Humic acid. Sri (2021), Sulaiman et al (2020), Kazemi (2014), and Padem and Ocal (1999) 

also reported similar findings that the application of humic acid improved tomato yield. 

These increases can be attributed to enhanced photosynthesis activity and better allocation 

of assimilates toward the reproductive organs of the tomato plant. Increases the yield and 

yield attributes of tomato using humic acid, maybe also due to enhancement in physiological 

activities of the tomato plant, such as increment of cell metabolism, and improvement of 

enzyme activity, which are stimulated by the application of Humic acid and resulted in an 

increase in productivity. 

Moreover, application of humic acid treatments also increased tomato quality 

parameters such as skin color, lycopene content, acidity, pH of fruit juice, ascorbic acid, total 

soluble solids, and level of vitamin C. Thus, it is stated that not only did the growth and yield 

of tomato increase by using Humic acid application, but also the quality of tomato. Similar 

findings were also reported by Rajendiran and Purakaystha (2014) and Demiratas et al (2024) 

that the quality of tomato increased by the application of Humic acid. The improvement in 

biochemical composition of fruits may be linked to enhanced nutrient uptake and 

metabolism, particularly of K, Ca, and Mg, which are vital for fruit development and quality. 

As well as the increases in tomato quality parameters, the increases are also attributed to the 

effective uptake of mineral nutrients, the efficiency of nitrogen in the presence of humic acid, 

and the improvements of roots and root hairs by Humic acid, which causes effective 

absorption of nutrients in tomato, improving the growth, yield, and quality. 

While the application of Humic acid is one of the sustainable practices that reduces the 

amount of mineral fertilizer, it also improves farmers' expenses of mineral fertilizer, improves 

soil structure and fertility, which causes an increase in the absorption of available nutrients in 

the soil. This increases the growth, yield, and quality of the tomato. Despite this, it is crucial 
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to consider that the effectiveness of Humic acid depends on soil type, application rate, 

application method, concentration of Humic acid products, source of Humic acid, and 

environmental conditions. 

CONCLUSION 

Humic acids have great potential in terms of tomato production. Various agronomical 

(growth, development, and yield), and quality (protein, ascorbic acid, TSS) properties have 

been improved by the application of humic acid. Humic acids have also been found effective 

in abiotic stress management and the production of secondary metabolites. The application 

of humic acids leads to a reduction in the use of recommended fertilizer doses, which 

eventually reduces the cultivation cost for farmers. Furthermore, various parameters such as 

root growth, shoot growth, and plant height are enhanced with the application of humic acid.  

Moreover, the application of humic acid in tomato production has not only positively affected 

the growth of tomatoes but also increased yield and improved tomato quality. For instance, 

both foliar and soil Humic acid treatments positively affected fruit characteristics, including 

fruit diameter, fruit length, mean fruit weight, and fruit number per plant. In addition, 

application of humic acid significantly increased tomato quality parameters such as skin 

color, lycopene content, acidity, and pH of fruit juice, ascorbic acid, and total soluble solids. 

Application of Humic acid along with the recommended doses of mineral fertilizer in order to 

improve growth, yield, and quality of tomato is recommended. It is also recommended that 

further research should be conducted on the effects of different types and application 

methods of Humic acid on the growth, yield, and quality of tomato in specific areas, as the 

narrative review did not follow the strict protocol of a systematic review. Thus, there were 

limitations in publication bias, language bias, and subjectivity involved in article selection and 

interpretation. 
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