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Abstract 

One of the most common fungicides, Thiophanate-methyl (TM), has been extensively used to 

prevent fusarium wilt disease. Understanding the kinetic behavior of the TM-fungicide in the 

greenhouse soil was aimed at the current research. The findings demonstrated that TM-

fungicide goes through the pseudo-first-order model (PFO), which results in a rate constant 

K= 0.421 minutes-1. As a result, TM-fungicide needs 16.46 minutes-1 to degrade 50% of the 

initial concentration. The power function for TM-fungicide ranged from -1.826 to 0.0360 

minutes-1, and the distribution coefficient was 6.5 mL g-1. Regarding the adsorption of 

Langmuir and Freundlich, TM-fungicide is more fitting to the Freundlich with the aF = 25.73 

and the bF = 0.078 compared to the Langmuir model. The TM-fungicide starts to release to 

the soil after 4-5 hours, achieving extensive, effective control of the soil pests, Moreover, 

TM-fungicide is highly mobile in the soil based on the current conditions. 

 

Keywords: Adsorption, kinetic, Fate study, Greenhouse soil, Mathematics models, 

Thiophanate-methyl. 
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Introduction  

Pesticides have become more significant 

tools in the agricultural production. 

Although they have negative effects on 

the soil, air, and water, but Fruit 

production would decrease by 78%, 

vegetable production by 54%, and cereal 

production by 32% without the usage of 

pesticides. Hence, pesticides are 

essential for decreasing illnesses and 

raising crop yields all around the world 

(42 .)  

The increasing use of these 

agrochemicals in crop farms, orchards, 

fields, and forests has resulted in the 

poisoning of surface and groundwater, 

which has become a severe 

environmental issue in recent years. 

Surface runoff, leaching, wind erosion, 

deposition aerial applications, industrial 

discharges, and several other sources all 

contribute to this contamination. Hence, 

a solid sorption understanding is 

essential for predicting the mobility of 

pesticides in soils and aquifers. For 

example, 50% of pesticide leachate is 

found in England and Wales due to its 

polarity and mobility  (11)  

Yousef et al., (25) reported that the 

process of adsorption involves the 

attraction of a solute (adsorbate) to a 

solid surface (adsorbent), and must take 

into account the rate of adsorption, 

which varies depending on the 

adsorbents chemical and physical. 

Thiophanate-methyl, which belongs to 

the benzimidazole group and is one of 

the most commonly used fungicides, is 

dimethyl 4,4,0-(o-phenylene) bis (3-

thioallophanate) (Fig. 1). TM is a 

systemic fungicide used to manage a 

wide range of fungal diseases in a 

variety of crops, including cereals, fruits, 

and vegetables, including mould, spot, 

mildew, scorch, rot, and blight. 

Additionally, it is used as a seed pre-

planting treatment, a fungicide for 

treating timber, and post-harvest food 

storage (20 and 23). As the amount of 

TM utilized increased, its genotoxic 

impact on lizards was evaluated using 

the micronucleus test, chromosome 

aberration analysis, and single-cell gel 

electrophoresis assay. 

In addition, the study of Briggs et al (7) 

revealed that the residues of TM were 

over 7% in the runoff water after one 

day of application in July, and were 

found from the preventative treatment to 

be 2% in August . 

Another evaluation study by Da Silva et 

al.(12) showed that pregnant rats 

exposed to the TM during the 

organogenesis period in rats decreased 

maternal liver weight, focal necrosis and 

micro vesicular steatosis, inflammatory 

infiltrate, and hepatocytes with a 

psychotic nucleus, in addition to 

increasing the incidence of skeletal 

anomalies . 

Consequently, this implies the behavior, 

kinetic, and fate study is not only a 

crucial process but also a necessary 

operation to understand the TM fate 

under the Basra soil. Therefore, in this 

study, we seek to conduct a broad and 

comprehensive evaluation using 

environmental, mathematical modeling 

of the TM in order to understand its 

environmental behavior to reduce its 

toxic effect that resulted from water and 

soil contamination or translocate to the 
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tomato fruits during the Fusarium wilt 

control. 

 

Figure 1: Chemical structure of 

Thiophanate-methyl (TM). 

Materials and Methods  

Thiophanate-methyl fungicide's effects 

on the environment have been 

researched. The established study 

protocol has been followed by Al-

Farttoosy(3) and Hameed and Al-

Farttoosy(14). Three 250 mL flasks 

containing 100 g each of soil were each 

filled with 50 mL of TM to measure the 

adsorption kinetics reaction. As a 

control, distilled water was applied to 

three more flasks. To balance the flasks, 

they were all shaken at 150 rpm for 24 

hours in an incubator. One mL of 

supernatant was added to one mL of 

Eppendorf one day after the equilibrium 

was attained. Running the centrifuges for 

30 minutes at 3500 rpm. The aliquot was 

then subjected to the 022 filters. 

Spectrophotometry was then used to 

determine the amounts of TM from the 

filtered aliquot at 269 nm. 

Calculations and Statistical Analysis 

The linear model and kinetics models 

were applied to analyze the data using 

various models. The mean, standard 

deviation (SD) of all the data was 

determined (the pseudo-first, the pseudo-

second-order kinetic models, Langmuir, 

Freundlich models, and Thomas model) 

and calculated as mentioned in Al-

Farttoosy (3). The sorption of TM from 

the soil is described using the power 

function equation. It can be calculated 

using the Equation  Ln(C_t )=lnC_(0 )-

klnt (22).Where Ct= TM amount that 

was released at time t. by plotting Ln, Ct 

against Ln t, a straight line was 

generated with a slope K and intercept is 

Ln C0. GraphPad Prism 8.0.1 (244), a 

2D graphing and statistics program 

NHCSNHCO
2
CH

3

NHCSNHCO
2
CH

3
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created by Inc. in San Diego, California 

92108, was used to conduct the study.

   

Results and Discussion 

Equilibrium isotherm of thiophanate-

methyl 

During the 300 minutes of the 

experiment, the quantities of TM 

decreased, as seen in (Fig. 1). 

Additionally, it is shown that within the 

first three hours of treatment, the 

concentrations of TM were in an 

equilibrium state. The quantities of TM 

were at their lowest and were also stable 

after the two-hour experiment. In 

agreement with this finding, Hameed 

and Al-Farttoosy (14) observed that 

carbendazim concentrations were in an 

equilibrium state for the first two hours 

of treatment before gradually starting to 

decline. On the other hand, another study 

has found that the diazinon pesticide 

reached an equilibrium between (2-6) 

hours after application  (3.)  

 

Figure (1): concentrations of Thiophanate-methyl at equilibrium time. 

Evaluation of adsorption pseudo-

first/second order kinetic 

The importance of the model is to 

analyze the potential for TM-fungicide 

kinetic in the soil. Fig (2) shows the 

adsorption kinetic of TM fungicide in 

the soil. According to the correlation 

coefficient R2, the results indicate that 

TM fungicide undergoes the pseudo-

first-order rather than the pseudo-

second-order. This confirmed that the 

TM fungicide concentrations decreased 

gradually over time. The course of this 

experiment was performed for 300 

minutes. In previous studies, it was 

detected that most pesticides are 

subjected to the PFO. For example, 

Hameed and Al-Farttoosy (14) 

mentioned that the pseudo-first order 

reaction is considered the common 

kinetic behavior in the Carbendazim. On 

the contrary glyphosate followed 

pseudo-first-ordered the pseudo-second 

order model as shown by the studying of 

Chen et al, (9). 
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Figure (2): kinetic reaction order of Thiophanate-methyl at A) Pseudo-First 

order and B) Pseudo-Second Order. 

Furthermore, Al-Farttoosy and 

AlSadoon (4) reported that glyphosate 

undergoes the PFO. While other 

investigations which were carried out by 

Al-Farttoosy (20) found that diethyl 

methyl phosphonate (DEMP) behaves 

according to kinetic reaction study to the 

PFO. Another study performed by Al-

Farttoosy (3) revealed that diazinon 

insecticide was subjected to the PSO 

reaction compared to the PFO. Similarly 

to this work, Charious et al (8) clarified 

that the rate constant of first–order 

irreversible reaction resulted from the 

adsorbed pesticide to the soil. Moreover, 

to attain effective concentrations in the 

rhizosphere, chemical pesticides must be 

used in large doses, but this leads to the 

build-up of dangerous residues. In 

addition, enhancing pesticide 

effectiveness is necessary to prevent 

environmental damage. In this field, the 

rate constant reaction of TM fungicide 

was 0.042 min-1. This outcome means 

that the TM is hard to dissipate. In a 

sense, it needs time to dissipate and 

disappear from the Soil. In contrast, 

biologically this fungicide has long been 

effective against the soil fungi. The 

importance of this study of behavior 

kineticcity is to understand the fate of 

chemical compounds in the soil, 

including the leachate, groundwater, and 

contaminants, and forecasting. 

http://creativecommons.org/licenses/by/4.0/


Kufa Journal For Agricultural Sciences – 2024: 16(2): 78-88                         Saleh and Al-Farttoosy    

             

 

KJAS  is licensed under a Creative Commons Attribution 4.0 International License.  
 

Table 1: The rate of TM-fungicide degradation and half-lives. 

Fungicide name 
Degradation rate K min-1 Half-lives DT50 min-1 

PFO PSO PFO PSO 

Thiophanate-methyl 0.0421 0.000006 16.46 115500 

 

Distribution coefficient Kd and Power 

Function Understanding the mobility of 

chemicals in the ecosystem and how 

they are distributed among soil, 

sediment, and water compartments 

require knowledge of the Kd coefficient, 

which is a key parameter (19). 

Thiophanate-methyl sorption was stated 

by a linear connection of the distribution 

coefficient because of how frequently 

used and straightforward this is. It is 

assumed that the soil matrix holds 

quantities of thiophanate-methyl. 

Thiophanate-kd methyl's value was 6.5 

mL g-1, indicating that it is well 

distributed throughout the soil and that it 

is adsorbed there. It also indicated that it 

can migrate to reach the water. 

Sulfamethoxazole (SMX), which varied 

between (1.13-2.41) L Kg-1 in the soil, 

as compared to the high values of Kd in 

sulfadiazine (SDZ), which ranged from 

1.54 to 3.41 L Kg-1. This is showing that 

compared to SMX, SDZ had a greater 

affinity for soil adsorption  (11.)  

Fig (3) revealed the power function of 

the TM residue concentration during the 

time. The sorption of thiophanate-methyl 

from the soil is described by the power 

function equation mentioned in 

(Calculations and Statistical Analysis). 

The value of the TM-sorption power 

function ranged from (- 1.826- 0.03607) 

min-1 (SE=0.60). 

 

Figure (3): Power function of TM fungicide behavior in the soil. 

Langmuir and Freundlich Model 

The results of Fig (4) show the two 

different line models, Langmuir and 

Freundlich. Based on Table (2) and 

Table (3), TM-fungicide is subjected to 

the Freundlich kinetic. In the Freundlich 

adsorption model, the adsorbate (Singh, 

2016) forms a monomolecular layer on 

the surface of the adsorbent. Therefore, 

in our study TM-fungicide represents the 

adsorbate material (Fig 4-B). 
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Pyraoxystrobin fungicide is 

demonstrated in this field by Liu et al 

(17). They discovered that the 

Freundlich model is followed by this 

fungicide. This is true because the 

amount of organic matter is the only 

variable that affects the adsorption. This 

result indicates that TM-fungicide was 

highly adsorbed on the soil, perhaps as a 

result of the large number of vacant sites 

in the territories. The study of Boyed et 

al (6) reported that the findings show 

that soils with high clay and organic 

matter contents generally have the 

highest Freundlich model values. This is 

because soil's ability to absorb organic 

contaminants is a function of the amount 

of organic carbon in the soil. 

 

Figure 4: The adsorption kinetic: A: Langmuir model, B: Freundlich 

model. 

Whereas the Langmuir model means the 

equilibrium between an adsorbate and an 

adsorbent system, is restricted to one 

molecular layer at or before a relative 

pressure of unity is reached, is described 

by the Langmuir adsorption isotherm. It 

is normally useful for characterizing the 

chemisorption process when ionic or 

covalent chemical interactions are 

established between the adsorbent and 

the adsorbate. Langmuir makes the 

assumption that the adsorption and 

desorption rates are equal at equilibrium 

and that the fractional surface coverage 

is directly proportional to the rate of 

desorption from the surface (18). In 16 

vineyard soils, Andrades et al (5) studied 

the fungicide metalaxyl's adsorption and 

mobility. This study supported the 

metalaxyl’s Freundlich model's 

adsorption in the presence of the organic 

soil materials. 

Table 2: Data of TM-fungicide isotherm constant of Freundlich model for 

the adsorption by linear regression. 

Freundlich model 

Fungicide 

Freundlich aF 

(Freundlich 

isotherm) 

Freundlich bF 

(Freundlich 

constant) 

R2 

Thiophanate-methyl 25.73 0.07877 1 
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Table 3: Data of TM-fungicide isotherm constant of Langmuir model for 

the adsorption by linear regression. 

Langmuir model 

Fungicide Langmuir KL L g-1 
Langmuir aL L 

mmol-1 
R2 

Thiophanate-methyl 0.01194 83.78 0.9997 

Desorption of Thiophanate-Methyl 

Pesticide mobility in the soil and access to 

groundwater, as well as their impact on 

plants and various soil microbes, are all 

crucial factors for the sorption-desorption 

process (16). For this reason, the 

desorption process was investigated of 

TM-fungicide due to its application to the 

soil against various pests. According to the 

current result. The previous study data of 

Ahmed et al (1) revealed that TM-

fungicide is strongly adsorbed in the soil 

and cannot be desorbed irreversibly. 

But the current study illustrates that the 

TM-fungicide starts to release constantly 

to the soil after 4 and 5 hours by 11.53% 

respectively as shown in (Fig 5). This 

implies the effectiveness of the fungicide 

against the Fusarium fungus after 5 hours 

of application. Before this time, a TM-

fungicide was adsorbed by different soil 

forces or might be vacancy the soil sites . 

Since TM-fungicide has a cationic nature 

due to its belonging to the benzimidazole 

group, it tends to be highly adsorption in 

the soil compared to its desorption (13). 

 

Figure 5: Desorption of Thiophanate-methyl fungicide in the studied Soil. 

Conclusion 

During this investigation, the aim was to 

assess Thiophanate-methyl behavior in the 

soil. This study has identified TM-

fungicide equilibrium in the soil after the 

application. This equilibrium was started 

and was adsorbed to the soil after 1-3 

hours. In addition, the TM is subjected to 

the pseudo-first-order (PFO) rather than 

the pseudo-second-order (PSO). In terms 

of the TM-fungicide distribution 

coefficient, it was more mobile. The 

outcomes also confirmed that the TM-

fungicide undergoes the Freundlich model 

compared to the Langmuir model. 

Regarding the TM-fungicide desorption, it 

is released to the soil after 4-5 hours. 

Eventually, the TM fungicide was 

implicated to cause soil contamination. 
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