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Abstract 

The adsorption and desorption processes play a crucial role in the solubility of boron (B) in soil solutions.  To investigate the effect 

of leonardite on the adsorption and desorption processes of B, an experiment was conducted on four calcareous soil samples at 

three weight levels of 0%, 2%, and 4%, along with nine B concentration series (0-120 mg/L) using a 0.03 M sodium chloride 

background solution. A 0.03 M sodium chloride solution was utilized for the desorption of boron. The B adsorption data were fitted 

to Langmuir (R² = 0.85-0.96), Freundlich (R² = 0.62-0.88), Temkin (R² = 0.77-0.98), and Dubinin-Radushkevich (R² = 0.94-0.99) 

models. The results indicated that the addition of leonardite reduced the adsorption parameters of B, including the maximum single-

layer adsorption of Langmuir (qmax) and the Langmuir adsorption energy (KL), as well as the maximum adsorption capacity of 

Dubinin-Radushkevich (qs). Applying 4% of leonardite resulted in a 32% reduction in qmax in soil 1. The average adsorption energy 

(E) calculated using the Dubinin-Radushkevich equation indicates a physical adsorption of B in soils, as E is less than 8 kJ/mol. 

Furthermore, application of leonardite inceased desorption of B in soils, leonardite's effect was 4% more than 2%. Therefore, the 

application of leonardite can increase the boron toxicity levels in soils, especially in calcareous soils. 
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 یآهک یهاخاک درو واجذب بور  جذبهای ویژگیبر  تیلئونارد تأثیر

 چکیده

جذب و واجذب  يهاندیفرا يبر رو تیلئونارد ریتأث یمنظور بررسبه. دندار خاك محلول در بور تیاي بر حلالکنندهنییتع نقش واجذب و یسطح جذب ندهايیفرا

 دیکلر میسد نهی( با محلول زمتریبر ل گرمیلیم 120-0بور ) یغلظت يسر 9 و یدرصد وزن 4و  2 ،در سه سطح صفر ینمونه خاك آهک 4 يبر رو یشیبور، آزما

 چیفروندل ،(2R=85/0-96/0) ریلانگمو يهامدل باجذب بور  يهادادهشد.  استفادهمولار  03/0 دیکلر میسدواجذب بور از  نییتع يمولار انجام شد. برا 03/0

(88/62-0/0=2R)، نیتمک (2=77/0-98/0R )چیرادوشکوو-نییدوب و (2=94/0-99/0R )جذب  يپارامترها تیلئوناردنتایج نشان داد با افزودن  .شد داده برازش

 کهيطوربه .یافت کاهش )sq (رادشکویچ -نینیدوب جذب تی( و حداکثر ظرفLKجذب لانگمویر ) يانرژ ،(maxq)لانگمویر ياشامل حداکثر جذب تک لایه

شده از طریق معادله  محاسبه (E) جذب يمتوسط انرژ( شد. آهک زانیم حداکثر با) 1در خاك  maxqدرصد  32موجب کاهش  تیدرصد لئونارد 4 کاربرد

. ستا مول بر لوژولیک 8 کمتر از Eمقدار  نکهیا لیبه دل باشد یممورد مطالعه  يخاك ها لهیبور بوس یزیکیرادشکویچ نشان دهنده سازوکار جذب ف -نینیدوب

 تیلئونارد کاربرد نیبنابرا. بود شتریب درصد 2 به نسبت درصد 4 تیلئونارد ریتأث و شد هاخاك در بور واجذب تیظرف شیافزا باعث تیلئونارداز  استفاده بعلاوه

 .دهد شیافزا را یآهک يهادر خاك ژهیوبه هاخاك در بور تیسم زانیم تواندیم
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 روش شناسی پژوهش

 ،يلومتریک 50/2و به فاصله  يمتریسانت 20تا  صفرنمونه خاك از عمق  20بور، واجذب و جذب يرو بر تیلئونارد اثرات یبررس منظوربه

 و شد داده عبور يمتریلیم 2 الک از يسازآماده جهت کردنخشک هوا از بعد( و 1 شکلبرداشت ) هیاروم اچهیدر هیحاش يهااز خاك

 ییایمیکوشیزیف يهایژگیاز وی استفاده قرار گرفت. برخ جذب و واجذب بور مورد زانیم یبررس يبرا یآهک خاك نمونه 4 هاآن انیم از

ی کیالکتر تیمتر و هدا pHدستگاه  لهیوس( بهpHخاك ) تهیدیاس ،(Gee and Bauder, 1979)ي درومتریه خاك به روش بافت رینظ

(EC)  خاك به آب 1:5در عصاره (Thomas, 1996)، و بلک یتر والک ونیداسیبه روش اکس یمقدار کربن آل (Walkley and Black, 

 Rayment and) دیبا اس ونیتراسیت معادل خاك به روش میدرصد کربنات کلسو  (Bower et al., 1952) یونیتبادل کات تیظرف ،(1934

Higginson, 1992) شد يریگاندازه. 
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The effect of leonardite on the adsorption and desorption characteristics of 

boron in calcareous soils 

EXTENDED ABSTRACT 

Introduction 

The adsorption and desorption processes play a crucial role in the solubility of boron (B) in soil solutions. Boron toxicity is more 

pronounced in dry, semi-dry, and heavy soils. The surface adsorption process is one of the most significant chemical reactions of 

elements in the soil environment, so much so that the interaction of elements and various components of soils has attracted the 

attention of many researchers today. Water-soluble boron is easily absorbable by plants, while surface-adsorbed boron is considered 

a relatively long-term source of boron in the soil. Surface-adsorbed boron in the soil can be regarded as a factor that controls the 

toxicity and deficiency threshold of boron in the soil. The processes of adsorption and desorption of elements depend on a series 

of physical and chemical factors of the soil, including pH, concentration of soluble boron, soil texture, type of clay minerals, amount 

and type of organic matter, type of exchangeable ions, and also the amount of lime in the soil. A type of weathered lignite known 

as leonardite, which is a type of coal formed from the oxidation of lignin, contains large amounts of humic substances, carbon, and 

functional groups (carboxyl, hydroxyl, phenolic, and carbonyl) and is very effective in increasing the availability of nutrients for 

plants and the absorption of heavy metals. Leonardite is also an adsorbent for metals due to its high porosity and nanoscale particle 

size. Regarding the role of organic matter in the soil on the surface adsorption and desorption of boron, some researchers have 

reported that increasing organic matter in the soil leads to an increase in the surface adsorption of boron. 

Methods 

In this study, the effect of leonardite at levels of 0, 2, and 4 percent on the adsorption and desorption isotherms of boron in soils 

was investigated. 2.5 grams of sieved soil were mixed with different amounts of leonardite and 25 milliliters of boron solution at 

specified concentrations (0, 5, 10, 15, 20, 40, 60, 90, and 120 milligrams per liter) and shaken for 24 hours to reach equilibrium. 

The samples were then centrifuged, and the boron concentration in the supernatant was measured using the azomethine-H 

colorimetric method. The data were fitted using the Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich models with Sigma 

Plot 14.1 software. 

Results and Discussion 

The results showed that the application of 4 percent leonardite in soil 1, the qmax value decreased from 1268 to 867 milligrams per 

kilogram, representing the highest reduction, while in soil 4, the qmax decreased from 1275 to 983 milligrams per kilogram, 

indicating the lowest reduction. These differences may be attributed to the distinct physicochemical properties of the soils, including 

the amount of equivalent calcium carbonate, initial boron concentration, and cation exchange capacity. The amount of free energy 

of adsorption (E) in the presence of leonardite decreased in all four studied soils, indicating that boron adsorption follows a physical 

process. This is because if the value of E is between 8 to 16 kJ/mol, it can be inferred that the adsorption follows a chemical process. 



 

 

If the value of E is less than 8 kJ/mol, physical adsorption is considered the dominant process. Overall, increasing the amount of 
leonardite leads to an increase in qmax desorption, with the highest sorption observed in soil 2 and the lowest in soil 1. 

Conclusions 

Different leonardite treatments decreased boron adsorption and increased desorption compared to the control treatment. The effect 
of 4% leonardite on reducing the amount of adsorption was greater than that of 2%.  

Keywords: Adsorption isotherm, Boron, Calcareous soil, Desorption, Leonardite 
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