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Abstract 

Soil application of humic acids (HA) and foliar fertilization with bio-stimulants as Zn and amino 

acids, and others can affect plant growth by enhancing resistance to abiotic stress and raising and 

sustainably increasing grain yield. Consequently, this investigation was carried out to test the 

response of Bohoth-210 wheat variety to soil-application of HA and foliar application of Zn and 

amino acids (AA) and their interaction on yield and yield components during the cropping season of 

2023/2024. The factorial experiment was designed according to a complete randomized block design 

(CRBD) in two factors. The first factor was the application of HA as a soil amendment, with variable 

levels of application set at 0, 7, and 14 kg/ha. The second factor was the foliar spraying levels of 

(water as a control, Zn at a rate of 1.5 kg/ha, amino acids at a concentration of 1 cm/liter of water), 

and a combination treatment of Zn and amino acids. These treatments were randomly distributed in 

three replicates. The findings observed that the application of HA, Zn, and amino acids, along with 

their interactions, particularly at higher levels has a significant influence on yield characteristics as 

grain yield, yield components, and the overall protein content of the wheat produced. Such results 

underscore the significance of utilizing these agricultural inputs effectively to enhance wheat 

production in Libya, thereby contributing to food security. 

Keywords: wheat; yield; yield components; zinc; amino acids; humic acid applications. 

 الملخص

( إنٗ انرزتح ٔانرسًيذ انٕرقي تانًحفشاخ انحيٕيح يصم انشَك ٔالأحًاض الأييُيح ٔغيزْا HAانٓيٕييكيح )إٌ إظافح الأحًاض 

ٔرفع ٔسيادج يحصٕل انحثٕب تشكم يسرذاو.  يًكٍ أٌ يؤشز عهٗ ًَٕ انُثاخ يٍ خلال ذحسيٍ يقأيح الاظٓاداخ انلاإحيائيح

نذنك، ذى إظزاء ْذا انثحس نذراسح ذأشيز الإظافح الأرظيح نحًط انٓيٕييك ٔانزش انٕرقي تانشَك ٔالأحًاض الأييُيح 

. ٔصًًد انرعزتح 2023/2024خلال انًٕسى انشراعي  210ٔذفاعهًٓا عهٗ يحصٕل انحثٕب ٔيكَٕاذّ نصُف انقًح تحٕز 

( تعايهيٍ، كاٌ انعايم الأٔل ْٕ إظافح حًط انٓيٕييك كًحسٍ نهرزتح، RCBDى انقطاعاخ انكايهح انعشٕائيح )ٔفقا نرصًي

كعى / ْكرار. سًح ْذا تئظزاء ذحهيم شايم نكيفيح ذأشيز انكًياخ انًخرهفح  14ٔ 7ٔ 0تًعذلاخ إظافح يرفأذح ذى ظثطٓا عُذ 

ٔكاٌ انعايم انصاَي يعذلاخ انزش انٕرقي )انًاء كشاْذ، انشَك تًعذل  يٍ حًط انٓيٕييك عهٗ ًَٕ يحصٕل انقًح ٔاَراظّ. 

سى نكم نرز ياء(، ٔيعايهح يزكثح يٍ انشَك ٔالأحًاض الأييُيح. ٔقذ ذى ذٕسيع  1كعى/ْكرار، ٔالأحًاض الأييُيح ترزكيش  1.5

افح حًط انٓيٕييك ٔانشَك ٔالأحًاض ْذِ انًعايلاخ عشٕائياً في شلاز يكزراخ. ٔأشارخ انُرائط انًرحصم عهيٓا إنٗ أٌ إظ

الأييُيح، إنٗ ظاَة انرفاعلاخ تيٍ ْذِ انعُاصز، ٔخاصح تًعذلاخ إظافح عانيح، نٓا ذأشيز إيعاتي عهٗ يحصٕل انحثٕب 

ل ٔيكَٕاذّ ٔيحرٕٖ انثزٔذيٍ انكهي نهقًح انًُرط. ٔاكذج ْذِ انُرائط عهٗ أًْيح الاسرفادج يٍ ْذِ انًذخلاخ انشراعيح تشكم فعا

 نرعشيش إَراض انقًح في نيثيا، ٔتانراني انًساًْح في ذحقيق الأيٍ انغذائي.

 انقًح، الاَراض، يكَٕاخ الاَراض، انشَك، الأحًاض الأييُيح، إظافح حًط انٓيٕييك. الكلمات الدالة:

mailto:s.ezweek@uot.edu.ly
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INTRODUCTION 

Wheat belongs to the Poaceae family; it is the greatest widely grown and consumed and is 

considered a main food in furthermost country of the world, providing around twenty % of the 

world's dietary calories (Khalid et al., 2023). In Libya, wheat flour is exclusively used in 

manufacture of bread, pasta, biscuits and other related industries, and its secondary production is 

used in animal feed (Faraj et al, 2022). It is one of the utmost chief grain crops widely cultivated 

in Libya, with a total cultivated area amounting to around 168,770 hectares, and the total 

production surpassed 130,000 tons (FAO, 2021). To close the gap between production and 

consumption, efforts should be concentrated toward expanding and enhancing wheat output. 

There are two ways to increase total wheat production: increasing cultivated area and 

productivity per unit area. The first scheme comprises using high-yielding wheat varieties to 

upsurge productivity/unit area, but it needs a long time to breed and evaluate the stability of these 

new wheat variety (Kandil et al., 2016). Recently, biofortification has emerged as an agricultural 

strategy that can be used to overcome the main obstructions to reaching wheat production 

objectives. In addition, biofortified crops can improve food security, yield stability, and climate 

resistance in addition to improving nutrition, particularly for smallholder farmers in developing 

nations (Sandhu et al., 2023). 

Traditional breeding, genetic manipulation of crops, soil fertilization, or foliar fertilization 

are the foundations of improving strategies to rise the nutritional value of agricultural products. 

Biofortification concluded breeding and transgenic tactics be contingent on adequate variation for 

a assumed attribute. Nevertheless, differences in soil categories, the features of a definite 

cropping system, and, progressively, climate alteration can limit the applicability of released 

varieties, particularly for wheat (Sánchez-Palacios et al., 2023). Even though agronomic 

enrichment is the most forthright biofortification technique, its achievement relies on a factor 

number, comprising the type of nutrient to be provided, uptakes variations, mobility, and plant 

tissues accumulation, and the soil quality somewhere crop is produced (Al-Juthery et al., 2022).  

Humic acid (HA) is the primary organic elements of soil (humus). Humic substances (HS) 

have numerous favorable impacts on physical structure and microbial inhabitants of soil, as well 

as boosting modification pathways implicated in growth stimulation, cell permeability, nutrient 

absorption, and yield enrichment (Celik et al. 2010). HS are classified as HA, fulvic acids (FA), 

and humus according to solubility in water, acidic or alkaline solutions (De Melo et al., 2016). 

Utilization of HA significantly improved wheat grain protein percentage/yield, and carbohydrate 

% (Abd El-Aziz et al., 2018). HA is organic molecules that play an vital role in enhancing soil 

properties, growth, agronomic and yield parameters. Soils, lignite, and organic ingredients are the 

furthermost common marketable sources of HS (Gollenbeek and Van Der Weide, 2020; Yang 

et al., 2021). HA produced a significant rise in the growth of plants (root and shoots) in addition 

to moisture and N uptake of the seedlings (Malik and Azam, 1985). Tahir et al. (2011) and 

Nardi et al. (2021) stated that HA spraying raised K levels in soil following crop harvest. The 

HA chemical and molecular structures, and their sources also the levels of HA are crucial in 

determining its influences on plants and soil. Significantly, HA using might result in 

inconsistencies in yield, probably due to the diverse biological sources of HA (Sible et al., 2021). 
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Zn is a mineral that is essential for appropriate growth and development for crops. Also, it 

is vital in activation of many enzymes and in the certain enzymes creation and hormones for 

growth. Although total Zn concentrations are adequate in many agricultural locations, accessible 

Zn concentrations are low due to differences in soil and climatic circumstances. The availability 

of Zn % in soil is influenced by pH, lime, organic matter %, clay type and %, and P level 

fertilizer used (Adiloglu and Adiloglu, 2006). Zn influences various plant life processes, 

containing N consumption and metabolism, photosynthetic synthesis, biotic and abiotic stresses 

tolerance, pollen job, and pollination, on order to Zn act a vital physiological role in their growth 

(Cakmak, 2008, and Pandey et al., 2006) 

Using Zn and Fe fertilizer as foliar application raised production and quality comparing 

with the untreated plants. Among treatments, spraying of (Fe + Zn) resulted in the highest seed 

production and quality (Habib 2009). Zn foliar treatment enhanced the number of viable tillers 

and wheat yield (Zoz et al., 2012). The maximum grain production was noticed with the 

combination of soil and foliar Zn treatment, while the lowest mean values of yield was detected 

with the untreated plants. The greatest reduction in sterility % was gotten in soil with using Zn. In 

the same trend, using Zn as basal and foliar applications boost grain yield of wheat (Firdous et 

al., 2018). Wheat needs Zn for development and grain quality (Arif et al., 2017).A substantial 

improvement in growth and yield characteristics recorded with Zn treatment (Wasaya et al., 

2017). Zn foliar fertilizer significantly improved production and yield components compared to 

the control, with 0.8% Zn being the optimal treatment (Hassanein et al., 2019). 

It is widely known that amino acids are utilized as a bio-stimulant with beneficial role in 

growth and yield, and greatly decrease the impact of biotic stress damage. Foliar spraying with 

amino acids speedily corrects nutritional shortages since it is easily absorbed and directly used in 

synthesis in protein. It aids in increasing chlorophyll concentration, resulting in increased 

photosynthesis and luscious harvests. Amino acids operate as a cytoplasmic osmotic agent in 

stomatal cells, assisting plants in enrichment absorption of macro and micro- nutrients as well as 

gases by encouraging in stomatal opening. It facilitates the micronutrients absorption and 

movement inside the plant. It serves as an equipoise of microbial flora in soil to enhance 

mineralization of organic matter (OM) and the soil fertility nearby the roots (Ashmead, 1986). 

The application of HA and amino acids boosted grain and straw yields of wheat, but the treatment 

combining HA and amino acids recorded the highest yields than using each alone (El-Naggar 

and El-Ghamry, 2007). Spraying plants with a combination of HA and amino acids, together, 

achieved the highest grain production of wheat (Kandil et al., 2016). Zn-comprising amino acid 

treatment enlarged growth and production (Laware and Apparao 2010). Additionally, amino 

acids have an influence on the yield and growth, either directly or indirectly (Abd El-Aal et al., 

2010). The practice of amino acids as foliar application is improving plant function. Amino acid 

has the importance as component elements of plant proteins in biochemical and physiological 

processes of plants, their use is critical (Ebrahimi et al., 2014; Shetta and Zayed 2016). 

The objective of this investigation was to examine the impact of humic acid (HA) and 

foliar spray of Zn and amino acids, as well as their interaction, on grain yield and yield 

components of wheat. 
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MATERIALS AND METHODS 

A field experiment was conducted at the Research and Experiment Station of the Faculty 

of Agriculture, University of Tripoli, Libya, during the 2023/2024 cropping season. The aim of 

this investigation was to evaluate the influences of soil-applied humic acid (HA) and foliar 

applications of zinc (Zn) and amino acids (AA) and their interaction on yield and yield 

components of the wheat variety Bohot-210. A randomized complete blocks design (RCBD) with 

the 3 replications was used. Each experiment plot included five ridges (70 cm width); each row 

was 3 m long and 20 cm apart; plot size was 10.5 m
2
 (3.5 m x 3.0 m). Bohot-210 variety seeds at 

the rate of 150 kg/ha were used. Planting date was 20
th

 and 25
th

 November in the first and the 

second seasons.  

Diammonium phosphate (18/46/0% NPK) at a rate of 150 kg/ha was used as a soil 

application with the soil preparation before sowing. Nitrogen (N) fertilizer at a rate of 200 kg 

N/ha was used as urea (46.5% N) in two equal doses; the 1
st
 dose was applied at the tillering 

stage and the 2
nd

 one at the elongation stage. All other agricultural practices were carried out as 

per recommendations to the trial throughout the growing season.as recommended.  

The soil samples were gathered from different locations at a depth of 0-60 cm before 

sowing, and some physio-chemical attributes were analyzed in the Faculty of Agriculture, Tripoli 

University. The soil texture was analyzed using the hydrometer method (Topp et al., 1993). 

Organic matter was measured using a modified version of the Walkley-Black method (Nelson 

and Sommers, 1996). Phosphorus (P) and potassium (K) was assessed using the method 

described by Olsen (1982). Nitrogen (N) levels were determined following Jackson's method 

(1973). Table 1 displays a few of the experimental site's chemical and physical characteristics. 

Table (1). Physical and chemical properties of the experimental soil. 

Soil characteristics Season 2023/2024 

Particle size distribution  

Soil texture (%) Sandy silt 

pH (1: 2.5 water suspension) 7.80 

EC (dSm
-1

) 3.10 

Soluble Cations (meq/L.)   

Ca
+ + 

7.60 

Mg
+ + 

5.20 

Na
+ 

5.10 

K
+ 

0.50 

Soluble Anions (meq/L.)  

HCO3
- 

3.00 

Cl
- 

4.80 

SO4
- -

 10.30 

O.M. (%) 0.82 

CaCO3 (ppm) 5.75 

Available Mineral  

N (ppm) 

 

9.80 

K (mg/Kg) 150.00 

Available P (ppm) 16.90 
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Annual precipitation rate (mm/year) 300 

Humic acid (HA) labelled as HABICAR HUMICO WSP was applied to the soil at 

quantities of 0, 7, and 14 kg/ha after 21 days from planting. Table 2 shows the chemical and 

physical characteristics of HA compounds (2). 

 

Table (2). Properties of humic acid compound (HABICAR HUMICO WSP). 

Chemical Physicochemical 

P
H
 

Properties 

Potassium 

oxide (K2O 

%) 

Total 

Humic 

extract 

(%) 

Humic 

acid 

(%) 

Fulvic 

acid 

(%) 

Appearance Color Solubility 

Values 12-15 70 60 10 
Soluble 

powder 
Black 

Totally 

water  

soluble 

8-11 

 

 

Zinc (Zn) was obtained from the source zinc sulphate ZnSO₄ 7H₂O, having 24% Zn, and 

applied as a foliar at a rate of 1.5 kg/ha at 25, 45 and 70 days after planting. Amino acids at a rate 

of 1 cm/L (water) were applied as a foliar treatment twice, 50 and 70 days after planting. Table 3 

summarizes the properties of this fertilizer compound's analysis. 

 

Table (3). Structure of Amino acids (AA) compound. 

Properties 
Amino 

acids (%) 

P 

(%) 

Fe 

(%) 

Zn 

(%) 

Mn 

(%) 

Humic 

acid (%) 

Fulvic 

acid (%) 

Inert 

integrant (%) 

Values 10 4 3 2 2 15 10 54 

 

Studied characteristics: 

1. Plant height at harvest (cm) was determined from the soil surface to the top of the plant 

from 20 plants from each plot at harvest time. 

2. Grain yield (t/ha) measured from the harvested area (m2) from each plot in terms of kg 

and converted to t/ha. 

3. Straw yield (t/ha) is measured by separating straw and spikes of biological yield, then 

weighing the yield of the straw in kg/m² and converting it to t/ha. 

4. Biological yield (t/ha) was determined from the harvested area (m2) of each plot in terms 

of kg and converted to t/ha. 

5. 1000-kernel weight (g): was expressed as an average weight of 1000 clean grains in grams 

taken from each plot. 

6. Grains number/spike: was determined as an average grains number of twenty random 

spike samples from each plot. 

7. Spikeletes number/spike was determined as an average spikelets number of twenty 

random spike samples from each plot. 
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8. Spikes number/m2: was determined as a fertile tillers number /m2 from each plot at 

harvest time.  

9. Spike length (cm): twenty spikes were randomly taken from each plot to determine spike 

length (cm). 

10. Tillers number/m2 was estimated as the fertile and sterile tillers number /m2 from each 

plot at harvest time. 

11. The tillering index (%) was calculated according to the following formula: 

Tillering index = 
                   

                    
    ; Where, sm= square meter 

12.  Protein content (%) in grains: total nitrogen was measured in digested plant material 

(wheat grain) calorimetrically by Nessler's method. Reading was achieved using a 

wavelength of 420 nm, and N was calibrated as a percentage as follows: % N = NH4 % x 

0.776485. Protein percentage was determined by estimating the total nitrogen in the 

grains and multiplying it by 5.75 to obtain the percentage according to AOAC (1995). 

Data Analysis 

All the collected data during the growing season were subjected to a statistical software 

package (CoStat 2005). The least significant differences test (L.S.D.) at the 0.05 probability level 

was used to test significances among mean values of each treatment (Gomez and Gomez, 1984). 

 

RESULTS AND DISCUSSION 

Data in Tables 4, 5, and 6 showed that all the yields and yield related components were 

significantly affect by application rates of humic acid, foliar treatments, and their interaction 

during the season 2023/2024. In terms of the influence of HA application on the previous 

characteristics, Table (4, 5, and 6) revealed that increasing the application of HA up to 14 kg/ha 

created a considerable rise in growth and yield characters when compared to the other treatments. 

These results are confirmed by findings reported by Khan et al. (2010) and Bakry et al. (2013), 

who concluded that humic acid increased plant growth, grain output, and wheat quality. In this 

connection (Akinremi et al. 2000; Van Tol de Castro et al., 2022) suggested that the metabolic 

activities of plants, such as photosynthesis and total chlorophyll content, are enhanced by humic 

acid, leading to higher output and quality. 

Likewise, the results shown in Tables 4, 5, and 6 indicated that spraying of Zn and AA 

caused a gradual and significant increase in all characters. The highest values of plant height 

(103.57 cm), grain yield (3.33 t/ha), straw yield (4.01 t/ha), biological yield (7.46 t/ha), 1000-

kernel weight (53.83 and 54.77 g), grains number/spike (54.83 grains), spikeletes number/spike 

(29.89 spikeletes), spikes number/m2 (365.78 and 366.88 spikes), spike length (13.41 cm), tillers 

number/m2 (389.00 and 384.89 tillers), tillering index (93.97 %), and grain protein content 

(10.98%) were recorded under foliar application of Zn and amino acids as compared to the other 

treatments, but the lowest ones were recorded with control conditions (without using HA, Zn, or 

AA). 

The results clearly illustrated the substantial interaction impact of HA x foliar application 

on the tested characteristics, where the maximum level of HA with foliar application of Zn and 

amino acid increased these characters over the control (Tables 4, 5 and 6). 
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The previous results revealed that increasing humic acid rate caused an increase in all the 

studied characters; that increase may be due to the role of HA in plants as follows: It increases 

plant biochemical processes like photosynthesis and chlorophyll content, which results in 

enlarged quality and production (Akinremi et al., 2000). Our findings were corroborated by 

Khan et al. (2010), Tahir et al. (2011), Nardi et al. (2021), and Bakry et al. (2013), who 

concluded that humic acid improved growth and grain production attributes. 

The comparatively substantial increase in grain yield and yield components caused by Zn 

foliar fertilizer demonstrated the importance of Zn and amino acids to plants, both of which play 

critical roles in many processes in plant organs. Many studies have shown that applying Zn is one 

of the most applicable methods to enhance cereal crops (El-Metwally et al., 2012). El-Habbasha 

et al. (2015) and Esfandiari et al. (2016) showed that spraying of Zn had a significant positive 

influence on wheat grain yield and its constituents. These findings are consistent with and 

support the conclusions reached by those other studies such as El-Dahshouri et al. (2017); 

Kandil and Marie (2017). 

Amino acids are effective bio-stimulants that enhance plant growth, yield, and reduce 

biotic stress damage. When applied as foliar sprays, they quickly address nutrient deficiencies, 

boost chlorophyll levels for improved photosynthesis, and lead to better harvests. They act as 

osmotic agents in stomata, facilitating nutrient, and gas absorption. Additionally, amino acids 

increase enzyme activity related to protein and carbohydrate synthesis, impacting biomass and 

yield. In wheat, amino acid application improved grain and straw yields, and combining humic 

substances with amino acids resulted in even higher yields (El-Naggar and El-Ghamry, 2007).  

The observed enhancement in wheat growth and production attributed to the application 

of foliar spraying with Zn and AA can be closely related to their essential functions within 

biological systems. Zn, along with AA, is recognized for its critical role as an integral metal 

component in various enzymes. Furthermore, amino acids serve not only as creating proteins 

meanwhile crucial functional, structural, or regulatory co-factors that contribute to the activity 

and efficiency of a wide array of enzymatic processes. This interconnectedness highlights how 

the presence of Zn and AA in foliar applications may bolster enzymatic functions, ultimately 

leading to improved wheat growth and higher production yields. (Hotz and Braun, 2004). Zn is 

vital in the production of biomass, according to Cakmak (2008); Yavas and Unay (2016) and 

El-Dahshouri et al. (2017). 

 

Table 4. Impact of humic acid, foliar application of Zn and amino acids, and their 

interactions on wheat characteristics in the 2023/2024 season. 

Character 

H
u
m

ic
 a

ci
d
 

(k
g
/h

a)
;A

 

2023/2024 

A
v
er

ag
e 

(A
) 

Foliar Application; B 

Water Zn Amino acid Zn + Amino acids 

Plant height (cm) 

0 77.67 84.41 90.33 95.17 86.90 

7 83.95 87.62 93.64 107.02 93.06 

14 86.24 88.86 98.84 108.53 95.62 
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Average (B) 82.62 86.96 94.27 103.57  

LSD at 0.05      

A   1.87   

B   2.16   

AB   3.73   

Grain yield (t/ha) 

0 2.43 2.66 2.98 3.27 2.84 

7 2.37 2.86 3.08 3.23 2.89 

14 2.47 2.80 3.04 3.50 2.95 

Average (B) 2.42 2.77 3.03 3.33  

LSD at 0.05      

A   0.11   

B   0.13   

AB   0.22   

Straw yield (t/ha). 

0 2.92 3.21 3.58 3.89 3.40 

7 2.81 3.44 3.69 3.93 3.47 

14 3.03 3.36 3.70 4.20 3.57 

Average (B) 2.92 3.34 3.66 4.01  

LSD at 0.05      

A   0.14   

B   0.16   

AB   0.27   

Biological yield 

(t/ha) 

0 5.35 5.87 6.56 7.16 6.24 

7 5.18 6.3 6.77 7.16 6.35 

14 5.50 6.16 6.74 7.7 6.53 

Average (B) 5.34 6.11 6.69 7.34  

LSD at 0.05      

A   0.25   

B   0.29   

AB   0.50   

1000- kernel weight 

(g) 

0 36.17 41.29 45.13 52.65 43.81 

7 35.67 43.67 48.17 54.00 45.38 

14 40.15 47.08 46.50 54.83 47.14 

Average (B) 37.33 44.01 46.60 53.83  

LSD at 0.05      

A   2.30   

B   2.66   

AB   4.60   

 

Table 5. Impact of humic acid and foliar applications of Zn and amino acids on wheat yield 

components in the 2023/2024 season. 

Characters 

Humic 

acid 

(kg/ha);A 

2023/2024 

A
v
er

a

g
e 

(A
) 

Foliar Application; B 

Water Zn Amino acid Zn + Amino acids 

Grains number/spike 

0 39.00 43.29 48.47 55.15 46.48 

7 37.00 45.67 50.67 54.33 46.92 

14 41.65 49.91 49.33 55.00 48.97 
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Average (B) 39.22 46.29 49.49 54.83  

LSD at 0.05       

A  2.70    

B  3.13    

AB  5.42    

Spikelets 

number/spike 

0 19.37 22.17 24.23 27.57 23.34 

7 21.67 25.00 27.92 31.17 26.44 

14 23.15 25.90 28.55 30.93 27.13 

Average (B) 21.40 24.36 26.90 29.89  

LSD at 0.05       

A  0.68    

B  0.78    

AB  1.35    

Spikes number/m
2 

0 249.57 277.45 308.75 336.67 293.11 

7 260.87 295.72 326.01 379.67 315.57 

14 290.95 316.30 348.68 381.00 334.23 

Average (B) 267.13 296.49 327.81 365.78  

LSD at 0.05      

A  6.27    

B  7.24    

AB  12.54    

Spike length (cm) 

0 9.14 10.37 10.87 12.73 10.78 

7 9.87 10.87 11.83 12.97 11.39 

14 10.40 11.80 12.40 14.53 12.28 

Average (B) 9.80 11.01 11.70 13.41  

LSD at 0.05      

A  0.30    

B  0.34    

AB  0.59    

Tillers number/m
2 

0 280.29 312.79 338.88 380.67 328.16 

7 298.00 327.72 354.09 392.33 343.04 

14 323.95 349.27 381.68 394.00 362.23 

Average (B) 300.75 329.93 358.22 389.00  

LSD at 0.05      

A  7.35    

B  8.48    

AB  14.70    

 

Table 6. Impact of humic acid and foliar application of Zn, amino acids and their 

interaction on tillering index and Protein content (%) of wheat in 2023/2024 

season. 

Characters 

H
u
m

ic
 

ac
id

 

(k
g
/h

a)
 2023/2024 

A
v
er

ag
e 

(A
) Foliar Application, B 



298 

 

Water Zn Amino acid Zn + Amino acids 

Tillering index (%) 

0 89.03 88.71 91.13 88.42 89.32 

7 87.76 90.24 92.11 96.77 91.72 

14 89.81 90.56 91.35 96.71 92.11 

Average (B) 88.87 89.84 91.53 93.97  

LSD at 0.05      

A  1.93    

B  2.23    

AB  3.86    

Protein content (%) 

0 8.33 9.90 10.51 10.5 9.81 

7 8.60 9.64 10.21 10.44 9.72 

14 9.36 10.14 10.89 11.99 10.60 

Average (B) 8.76 9.89 10.54 10.98  

LSD at 0.05      

A  0.33    

B  0.38    

AB  0.66    

 

Conclusion 

It has been confirmed through various studies that the application of humic acid (HA) 

leads to significantly greater yields and enhancements in yield components when compared to 

control treatments that did not include HA. The positive effects of foliar treatment were 

particularly noteworthy, as they resulted in substantial improvements in both the growth of wheat 

and its yield characteristics. When considering the synchronized application of humic acid, zinc 

(Zn), and amino acids, it was evident that these factors collectively had a pronounced impact on 

wheat production and the various components that contribute to yield. Based on the observed 

results, it is reasonable to conclude that the combination of HA with Zn and amino acids 

effectively enhanced wheat yield parameters. This combination not only resulted in the highest 

grain yield but also increased the grain protein %. These findings were consistent under the 

specific conditions of the studied region and were also applicable to similar regions, reinforcing 

the beneficial effects of this treatment combination in boosting wheat production and nutritional 

quality. 
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