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ABSTRACT 
 

Herbicides and insecticides have been widely and intensively used in agricultural areas to reinforce 
crop yield and pest control. However, many pesticides cause serious environmental problems. Moreover, 
the pesticides may also have some side effects on the treatment of agricultural crops. To study effects of 
pesticides on chlorophyll contents in Maize and tomato leaves, Malathion, Chlorozan, Rezolex T, Actra, 
Actra + KZ oil, Actra +Keme oil, Kz oil and Keme oil were selected at recommended rates. After applying 
the pesticides on Maize and tomato leaves, chlorophyll contents were determined after one and four days 
from spraying. The results indicated that after one and ten days of pesticide treatments; reduction 
percentages in chlorophyll (a) were 28.2, 22.4 and 10.2% in malathion, chlorozan and Rezolex T, 
respectively on treated Maize. The corresponding reduction percentages in chlorophyll (b) were 37.7, 26.9 
and 4.4%. After four and fourteen days from pesticide treatment, reduction percentages were 22.6, 1.88, 
9.4, 24.3, 4.8 and 7.3% chlorophyll (a) and (b) for malathion, chlorzan, Rezolex T. Regarding on tomatoes 
plants data displayed that reduction percentages after one day in chlorophyll (a) were 80.0, 67.1, 60.9, 59.2 
and 10.4% in Actra + kz oil, Actra + keme oil, KZ oil, Actra and Keme oil. The corresponding reduction 
percentages in chlorophyll (b) were 86.3, 70.7, 69.2, 86.3 and 9.62% in Actra + kz oil, kz oil, Actra + 
keme oil, Actra and keme oil after one day. Reduction percentages after four days were 32.8, 20.3, 15.1, 
15.1 and 4.1% in chlorophyll (a) 16.5, 26.6, 12.6, 6.31 and 6.3% in chlorophyll (b). 
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Introduction 

 
For enhancing the agricultural yields, pesticides have been used to control weeds, insects and fungi 

in a wide range of application. Annually, million tons of organic and inorganic chemicals with 
antimicrobial and insecticidal properties are added into soil and environment (Vishnu et al., 2015). Leaf is 
an essential part of plants, since it plays several important roles such as food production (photosynthesis), 
food storage, water transport, gas (respiration), and protection of vegetative and floral buds. In addition to 
the plants themselves, leaves are also necessary to other living organisms, due to oxygen release to the 
environment during the photosynthesis process. It is also a major source of food for human and other 
animals (Titima et al., 2013).  

It is known that higher plants and green algae contain chlorophyll a and chlorophyll b in the 
approximate ratio of 3:1. Chlorophyll c is found together with chlorophyll a in many types of marine algae. 
While, red algae (Radophyta) contain principally chlorophyll a and also chlorophyll d. α - carotene occurs 
always together with chlorophylls (Edarous, 2011). Chlorophyll are structurally originated from methyl 
phytolesters of dicarboxylic acid that consists of prophyrin head with four rings centrally linked to 
magnesium atoms and a phytol tail (C20H39OH) with long aliphatic chain of alcohol. Chlorophyll (a) 
(C55H70O6N4Mg) and chlorophyll (b) (C55H70O6N4Mg) play mater role in the absorption of solar 
energy for the sake of photochemical reactions of photosynthesis (Murray et al., 1986).  

Turkilmaz and Esiz (2015) studied the effects of an insecticide (Akira 20 – SP) Cin misir Adapop 10 
and Sert misir Adapop 2 cultivars of corn plants in different concentrations (0.6g /L, 1.2 g/L). Data showed 
that higher chlorophyll value in Cin misir Adapop 10 and Sert misir Adapop 2. Carotenoids amounts 
increased in Cin misir Adapop 10 and decreased Sert misir Adapop 2 to the control. 

The loss of chlorophyll in response to aging resulting in natural senescence is an inevitable process 
in plant development, although senescence is a genetically controlled program. Either environmental or 
external factors are able to hasten or repress senescence (Holden, 1972; Lichtenthaler, 1987; Giles & 
Obrychi, 1997). In context with  El-Aswed et al. (2008) who studied the side effects of certain pesticides 
on the plant anatomical characteristics and the influence on the plant biochemical systems. The present 
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work focuses on the toxic effects of pesticides on the photosynthetic pigments of Chlorophyll (a and b) and 
carotenoids in leaves of two important crops (Maize and tomatoes). 
 
Materials and Methods 
 
Tested Pesticides 
 
Table 1: Trade name, common name and production company of  tested pesticides and its mixture with oils (KZ 

and Keme oils) were used at recommended rate:  
Trade name Common name Production company 
Malathion (57% EC) Malahtion Syngenta 
Actra (25% WG) Thiamethoxam Syngenta 
Rezolex T (50%WP) Tolclofos methyl Sumitomo 
KZ oil Mineral oil Kafer elzaiaat 
Keme oil Mineral oil Kafer elzaiaat 
Chlorosan (48%EC) chlorpyrifos Kafer el zaiaat 

 

Tested Plants 
 

Maize  (Zea mays L.) and tomato plants (Solanum lycopersicum L.) were used. 
 

Experimental Design 
 

Plants were cultivated in soil. Pesticides used at recommended rates. Three replicates for each 
treatment and untreated control were used (Table 2). 

 
Table 2. Methods and rates of pesticide applications on Maize and tomato plants 

Methods of application Rates of application Plants 
Maize plant 

Foliar 150 cm  /100Lwater Malathion (57% EC ) 
Foliar 200L / fed. Chlorozan ( 48 %EC) 

Seed treatment 3g /Kg seed Rezolex T ( 50% WP) 
Tomato plant 

Foliar 20 g / 100 Lwater Actra ( 25% W.G) 
Foliar ---- Actra + KZ oil 
Foliar ---- Actra + Keme oil 
Foliar 1.5 L / 100Lwater KZ oil (95 % EC ) 
Foliar 1.5 L / 100Lwater Keme oil (95 % EC ) 

 
Samples of leaves were taken before each application as control and after 24 and 96 hours of 

treatment then transferred immediately to the laboratory to determine chlorophyll (a), chlorophyll (b) and 
carotenoids. Leave samples of treated plants with Rezolex T were taken after 10 days from sowing. The 
photosynthetic pigments were extracted from fresh leaves using 85% acetone according to Fideel (1962). 
The optical densities were measured spectrophotometrically using spectronic 20D colorimeter at 662, 644, 
and 440 nm to determine chlorophyll (a), chlorophyll (b) and carotenoids, respectively. The pigment 
concentrations were calculated using Wettstain’s formula (Wettstain, 1957). 
Cholorphyll (a) (mg /L) = ( 9.784  × E662) – (0.99  ×  E644) . 
Cholorphyll (b) (mg /L) = (21.426   ×  E644) – (4.64  ×  E662).   
Carotenoids (mg/L) = (4.695 × E440)–[0.268× (Chlorophyll a + b)]. 
Where E is: reading of colorimeter. 
 
Results 
  

It is important to highlight on the effect of pesticide treatment on the chlorophylls (a and b) and 
carotenoids contents in the leaves of Maize and tomato plants, after different periods from pesticide 
treatment. 
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Effect of pesticides on chlorophyll contents in Maize leaves plants  
 

The results presented in Tables (3, 4) indicated that the side effects of three pesticides (Malathion, 
Chlorozan and Rezolex T) on chlorophyll contents in Maize plants' leaves  one and four days from 
conducting the pesticide treatment and after ten and fourteen days in Rezolex T). Among the chosen 
pesticides, Malathion was the most effective compound followed by Chlorozan while Rezolex T was the 
least effective one. 

 The results illustrated that after one and ten days, the amounts of chlorophyll a were respectively 
3.04, 2.88 and 3.52mg per Kg in Malathion, Chlorozan and Rezolex T, compared with 3.92 in the control 
treatment, reduction percentages were -28.2, 22.4 and -10.2. The corresponding after four and fourteen 
days from pesticide treatment, amounts of chlorophyll a were respectively 5, 21, 4.17 and 4.81mg per Kg 
in Malathion, Chlorozan and Rezolex T, compared with 5.32 in the control treatment. The corresponding 
amounts of chlorophyll b were respectively 3.33, 2.82, 4.36; 3.96, 3.17 and 3.83 mg per Kg in Malathion, 
Chlorozan and Rezolex T, compared with 4.56, 4.18 in the control treatment at one, four and ten days.  

Table 3. Effect of pesticide treatments on the content chlorophyll a, chlorophyll b and carotenoids of Maize 
plants' leaves 

Amounts mg /kg of chlorophyll a, chlorophyll b, and carotenoids at the indicated period from 
pesticide treatment (in days) 

Pesticides Four days One day 

Caroteniods Chlorophyll b Chlorophyll a Caroteniods 
Chlorophyll 

b 
Chlorophyll 

a 
2.42 3.96 5.21 0.94 3.33 3.04 Malathion 
3.59 3.17 4.17 0.84 2.82 2.88 Cholorzan 
3.00 4.18 5.32 1.14 4.56 3.92 Control 

Fourteen days Ten days  
2.97 3.83 4.81 1.24 4.36 3.52 Rezolex T 

L.S.D. 0.05 between treatments (chlorophyll a) = 0.421. 
L.S.D. 0.05 between treatments (chlorophyll b) = 0.043. 
L.S.D. 0.05 between treatments (carotenoids) = 0.121. 

   
These data showed that pesticides behaved as inhibitors as with Malathion and Chlorozan in which 

reduction percentages were respectively 28.2, 22.4; and 37.7, 26.9; in the amount of chlorophyll a and b. 
Malathion which acts as inhibitor (reduction percentages in chlorophyll  a  were respectively 28.2 and 
22.6.  

 
Table 4: Reduction percentages of the content of chlorophyll a, chlorophyll b and carotenoids in Maize plants' 

leaves as influenced by pesticide treatments at the indicated period (in days): 
% Reduction in chlorophyll a, chlorophyll b, and carotenoids after the indicated days from 

pesticide treatment. 
Pesticides 

 
Four days One day 

Caroteniods 
Chlorophyll 

b 
Chlorophyll a Caroteniods 

Chlorophyll 
b 

Chlorophyll a 

-16.6 -24.3 -22.6 -26.6 -37.7 -28.2 Malathion  
19.3 -4.8 -1.88 -26.6 -26.9 22.4 Cholorzan  

Fourteen days Ten days  
-3.3 -7.3 -9.4 9.09 -4.4 -10.2 Rezolex T  

 

Effect of pesticides on chlorophyll contents in tomato leaves plants  
 

The results presented in tables (5, 6) showed that the side effects of  inesticide (Actra) and its binary 
mixtures with  two mineral oil  (KZ oil and Keme oil) and two minerals oil alone on chlorophyll contents 
in tomato leaves plants at the  period from pesticide treatment (one day and four days).  

Data showed that, Actra + KZ oil was the highest pesticides followed by Actra + Keme oil, KZ oil, 
Actra while Keme oil was the lowest one. The results indicated that after one day, the amounts of 
chlorophyll a were respectively 3.46, 3.21, 3.09, 3.06 and 2.12 mg per Kg Actra + KZ oil, Actra + Keme 
oil, KZ oil, Actra and Keme oil, compared with 1.92 in the control treatment. Reduction percentages were 
80.0, 67.1, 60.9, 59.2 and 10.4. The correspondingly, after four days from pesticide treatment, the amounts 
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of chlorophyll a were respectively 2.31, 2.21, 2.01, 2.55 and 2.00 mg per Kg in Actra + KZ oil, Actra + 
Keme oil, KZ oil, Actra and Keme oil Actra + KZ oil, Actra + Keme oil, KZ oil, Actra and Keme oil, 
compared with 1.92  in the control treatment. The corresponding amounts of chlorophyll b were 
respectively 2.61, 2.32, 2.10, 2.40 and 2.10 compared with 2.06 in the control treatment. 
 
Table 5: Effect of pesticide treatments on the content of tomato leaves plants of chlorophyll a, chlorophyll b and 

carotenoids. 
Amounts mg /kg of chlorophyll a, chlorophyll b, and carotenoids at the 

indicated period from pesticide treatment (in days) 
Pesticides 

One day 
Carotinoids Chlorophyll b Chlorophyll a 

0.12 3.50 3.06 Actra 
0.51 3.86 3.46 Actra+Kz oil 
0.51 3.21 3.21 Actra + Keme oil 
0.44 3.53 3.09 Kz oil 
0.40 2.27 2.12 Keme oil 
0.33 2.07 1.92 Control 

Four days 
0.22 2.40 2.55 Actra 
0.24 2.61 2.31 Actra+Kz oil 
0.30 2.32 2.21 Actra + Keme oil 
0.25 2.10 2.01 Kz oil 
0.26 2.10 2.00 Keme oil 
0.34 2.06 1.92 Control 

L.S.D0.05 between treatments (chlorophyll a) = 0.332 
L.S.D0.05 between treatments (chlorophyll b) = 0.454 
L.S.D0.05 between treatments (carotenoids) = 0.344 

   
These data showed that pesticides behaved as inhibitors as with Actra + KZ oil and Actra + Keme 

oil in which reduction percentages were respectively 80.0, 67.1; 86.3, 55.3 and 20.3,15.1; 26.6, 12.6 in 
chlorophyll  a  and  b. 

 
Table 6: Reduction percentages of the content of tomato leaves plants of chlorophyll a, chlorophyll b and 

carotenoids as influenced by pesticide treatments at the indicated period (in days). 
% Reduction in chlorophylls (a and b ) and carotenoids after  the indicated days 

from pesticide treatment 
Pesticides 

One day 
Carotinoids Chlorophyll b Chlorophyll a 

61.4 69.2 59.2 Actra 
65.0 86.3 80.0 Actra+Kz oil 
54.9 55.3 67.1 Actra + Keme oil 
35.1 70.7 60.9 Kz oil 
21.5 9.62 10.4 Keme oil 

                                                  Four days 
-35.2 16.5 32.8 Actra 
-29.4 26.6 20.3 Actra+Kz oil 
-9.9 12.6 15.1 Actra + Keme oil 

-26.4 6.31 15.1 Kz oil 
-23.5 6.3 4.1 Keme oil 

 
In conclusion, the deleterious effect of the used pesticides differed from leave component to 

another. This deleterious effect was affected by the used pesticide, the time lapse between pesticide 
treatment and pigment determination, the type of the target site and the cultivated crop .Such deleterious 
effects of the used pesticides as well as others, used against several crops, were found by several 
investigators.  

As previously mentioned the used pesticides disturbed the contents of Maize and tomatoes plants 
contents of chlorophyll a and chlorophyll b as well as carotenoids. These pesticides acted as inhibitors or 
stimulators.  
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Such disturbance may be due to interference with the following criteria:  
 
A – Formation of plastids; the small dense protoplasmic inclusion in the cell plant, and may act as a special 

centers of chemical activity. These plastids when exposed to light become pigmented and become 
chloroplasts. 

B- Transformation of plastids to chloroplasts (in plastid containing chlorophyll, with or without other 
pigments embedded singly or in consider numbers in the cytoplasm of a plant cell.  With this way 
pesticides may interfere positively or negatively with the formation of plastids or chloroplasts. This 
may elucidate the increase or decrease in the level of chlorophylls in pesticide – treated plants. 

  Several investigators showed that the relative susceptibility of the recipient plant and in turn the 
pigment contents (chlorophyll a and b) and carotenoids in the pesticide – treated plants could be elucidated 
to different modes of action as follows:  

Inhibition of pigments synthesis was due to the accumulation of the carotenoids precursor 
phytofluene and phytoene, and the loss of chlorophyll, carotenoids. Chloroplast ribosomes and grana 
structure such accumulation resulted from the blockage of dehydrogenation reactions in the biosynthesis of 
the carotenoids in herbicide – treated leaves (Edarous, 2011). These data were congruent with Wu et al., 
(2003) in the study of foliar sprays with buprofezin, imidacloprid and jinganmy, the findings shown to 
reduce the chlorophyll content significantly and hence phyto synthetic rate of rice leaves. Mohd-Aamil et 
al., (2004) found that the fungicides carbendazim, captan, thiram, and mancozeb declined chlorophyll 
content consistently with fungicide dose rate and application days.  

As mentioned above, the obtained results demonstrated that the pigment contents of chlorophylls a 
and b and carotenoids of the three cultivated crops behaved differently due to various physiological 
aspects. Luo et al., (2002) showed that the potential impact of pesticides on plant's physiology depends 
also on the crop plants, and the active ingredient, dosage and frequency of pesticide application. Crop 
plants may vary in the level of tolerance to pesticide exposure.  

Also, it was found that the bioactivity of pesticides differed from compound to another. Haile et 
al. (1999) referred to similar finding. They showed that some insecticides within one insecticide class 
(organophosphate, carbamate, and pyrethroid) could reduce photosynthesis while other insecticides in the 
same class do not.  
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