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Abstract. The effects of four organophosphate insecticides (OPI) on the physi- 
ology of hot pepper were evaluated. Three commercial products (Gusation 35PH@, 
Parat ion CE720@, and  Tamaron 600 LMO), and a single active ingredient 
(Methamidophos) were assessed. Four doses were used; the average recommended 
dose (R), 0.5 R, 1.5 R and 2 times R. The effects were evaluated by measuring the 
activity of a commonly used stress indicator enzyme from leaf samples. Results 
showed that  insecticides caused alterations on the enzyme system of plants treated 
with high doses. We found some differences among the insecticide effects, but al1 
of them increased the superoxide dismutase (SOD) activity of hot pepper plants 
when applied in  excess. The specific SOD activity was significantly increased by 
insecticide applications above the recommended doses. 

Key words: chili, hot pepper, Capsicunz annuum, toxicity, superoxide 
dismutase, insecticides. 

Abbreviation: OPI = organophosphate insecticides 

Resumen. Los efectos de cuatro insecticidas organofosforados (OPI) sobre la 
fisiología de ají fueron evaluados. Se utilizaron t res  productos comerciales 
(Gusation 35PH@, Paration CE720@, y Tamaron 600 LMO) y un  ingrediente activo 
sin mezclas (metamidofos). Se utilizaron cuatro dosis de cada producto: la dosis 
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media recomendada en la etiqueta del producto (R) y 0.5 (0.5R), 1.5 (1.5R) y 2 veces 
dicha dosis (2R). Los efectos fueron evaluados mediante la actividad de una enzima 
comúnmente utilizada como marcador de estrés. Las muestras analizadas fueron 
tomadas de hojas fotosintéticamente activas. Los resultados mostraron que las 
dosis más altas de OPI causaron alteraciones en el sistema enzimático y en el 
contenido de proteína. Fueron observadas diferencias entre 10s insecticidas, pero 
todos incrementaron la actividad de superoxido dismutasa (SOD) y disminuyeron 
el contenido de proteína cuando se aplicaron en dosis altas. La actividad específica 
de SOD fue significativamente incrementada por los insecticidas aplicados en dosis 
mayores de las recomendadas 

Palabras clave: ají, chile, Capsicum annuum,  toxicity, superóxido dismutasa, 
insecticidas. 

Hot pepper (ají) (Capsicum annuum L.) is  one of the  most 
important commercial crops, a practically indispensable condiment 
and a common vegetable in Mexico. Al1 over the world, the  use of 
chemicals for plant protection has greatly increased (12). In this crop, 
the pepper weevil Anthonomus eugenii Cano has contributed to an  
excessive use of insecticides due to difficulties in timely control of 
adults (21). The apparent lack of non chemical control tactics and low 
mortality due to natural enemies exacerbate the problem. Pest control 
is supposed to be an  expert combination of severa1 methods including 
cultural practices, biological control, development of resistant 
varieties, and use of chemicals in an  integrated pest management. I t  
is clear that  chemicals control pests but the frequently indiscriminate 
use of chemicals may have undesirable consequences (20, 22). 

In Baja California Sur and other states of Mexico some farmers 
apply higher than recommended doses of insecticides to control the 
resistant pest, and they occasionally report better control. But yields 
do not improve and even are reduced. This occurs principally in fields 
with problems related to pepper weevil and where hot pepper is grown 
as a large scale commercial crop (19). Considering the magnitude of 
this problem in northwest Mexico, we studied the effects of widely 
used OPI [Gusation 35 PHO, Paratión CE 7208,Tamaron 6008, and 
the active ingredient of the latter (metamidophos)], on the activity of 
the superoxide dismutase (SOD, EC 1.15.1.1), a commonly used plant 
stress marker enzyme, and the related protein as physiological status 
indicator. Some other results of our research have been reported (10, 
11) indicating that  high doses of OPI affect plant growth and yield. 

SOD is a n  oxidoreductase unusual for a substrate where there 
is a n  unstable free radical (O;). The reaction catalyzed is: 20; + 
2H+ 4 0, + H20 (23). This enzyme is used as biochemical indicator 
because i ts  activity changes with the  physiological s ta tus  of the  
organism (4). SOD represents a unique family of enzymes; their sole 
purpose appears to be the rapid elimination of already evanescent, 



Insecticides and superoxide dismutase activity in Capsicum annuum 6 9 

biologically generated free radicals. According t o  the literature, plant 
responses to toxicity by agrochemicals tend to increase SOD activity 
(17). Some studies indicate increases in levels of SOD activity in plants 
resistant to photooxidative herbicides and to drought (6, 15). 

Phytotoxicity caused by insecticides has been evaluated in some 
physiological traits of other cultivars. For example, Capsicum annuum 
has been used in assessing the effects on meiotic system of four OPI 
(3). The effects on yield and growth were studied using BHC, 
Nuvacron (20) and organocarbamates (14). Other crops have been 
studied, i.e: Picea sitchensis treated with dimethoate, malathion, 
primicarb and other combinations (22); tomato treated with Abamectin 
and Cartap (18). Al1 these studies show that insecticides, applied in 
higher than recommended doses cause negative effects on the 
physiology and yield of plants. Besides, the excessive use of 
insecticides can produce human health problems, from minor ones to 
neurotoxicity or cancer (1, 8). The goal of this work was to study the 
effect of commonly used OPI on protein content and SOD (and related 
protein), activity as stress marker in hot pepper leaves. 

MATERIALS & METHODS 

Greenhouse experiments were carried out at  the Northwest 
Biological Research Center, S.C. (CIBNOR) in La Paz, Baja California 
Sur, México. This facility is located in the most southern portion of 
Baja California Sur, latitude 26 "North, a t  sea level. Climate is dry 
most of the year (average of 120 mm annual rainfall). The annual 
mean temperature oscillates around 18 "C (maximum 26 "C and 
minimum 12 "C). 

Seeds were germinated in plates; from these, they were later 
transplanted to pots in the greenhouse. A completely randomized 
factorial experimental design was arranged with three replicates. For 
the experimental design we assigncd the insecticides as the Factor A 
(al:  Gusation 35 PHO, a2: Paration CE 72009, a3: Tamaron 600 CE8 
and a4: Methamidophos). Doses, similarly, were assigned as Factor 
B (bl :  application with recommended dose by insecticides 
manufacturers [Rl, b2: application with half the recommended doce 
[0.5Rl, b3: application with 1.5 times the recommended dose 11.5R1, 
and b4: application with twice the recommended dose 12R1). Plants 
were sprayed weekly with insecticides for a total of 5 applications 
during the flowering stage. Treatments were started when 100 % of 
the plants had developed their first flower. 

Al1 plants received the same fertilization management; they were 
grown in liquid culture with added essential minerals. 
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A day after the last spraying, we took two 5 to 6 cm long leaves 
from the upper third of the plant. These samples were washed with 
plenty distilled water and then homogenized in a mortar (in ice water 
bath) with buffer acetate 50 mM (pH 5.1). The homogenate was 
centrifuged a t  30,000 x g for 15 min and the supernatant was used 
for SOD assay activity by measuring the inhibition of the ra te  of 
reduction of ferricytochrome C by SOD a t  550 nm (16). Protein 
concentration in the leaf extracts was estimated by the method of 
Bradford (5). Both SOD and protein assays were carried out with a 
DU 640 spectrophotometer (Beckman USA). 

RESULTS & DISCUSSION 

Table 1, 2, 3, and 4 show the ANOVA and comparisons for the 
SOD activity and protein content. These tables show the results of 
treatments. We found statistical differences with the control, and 
among doses. We also found effects due to the interaction among two 
factors in the SOD activity response. SOD was significantly affected 
more by Tamaron than the  control, but dose effects were more 
significant among treatments (Table 2). Differences in SOD activity 
of insecticide treated plants. 

Fig 1 shows that  the insecticide's a t  lower doses did not cause 
significant differences as  compared to control, but a t  higher than 
recommended doses produced significant effects; agreeing with most 
of the  studies on insecticide phytotoxicity (2, 3, 13). Generally, a 
manufacturer recommended dose does not originate negative effects, 
but can even stimulate growth, as found in watermelon treated with 
carbofuran (9): these authors experimented with severa1 foliar and soil 
insecticides and did not find significant effects a t  recommended doses. 

Table 1. Analysis of variance (ANOVA) of specific SOD activity [units / mg protl 

Source of Degrees of Sum of Mean Calculated F Significance 
Variation Freedom Squares Squares 

Insecticides 4 268.8895 67.2223 15.66 e * 
Doses 3 570.6588 190.2196 44.219 **  
Interaction 
Insec X Dose 12 175.1824 14.5985 3.4 * 
Error 40 185.6315 4.6407 
Total 59 1298.193 

C.V.= 26.28% 
* Significant statistical difference (pc0.05) 
** Highly significant statistical difference (p<0.01) 
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Table 2. Comparison of the specific SOD activity in extracts 
of hot pepper leaf treated during 5 weeks with different of 

insecticides. 

Dose Mean Insecticide Mean 

112R 1.111 b* Control 0.4696 a 
1R 1.927 b Gusation 5.2085 b 
1.5R 6.263 a Tamaron 6.7430 b 
2R 8.603 a Parathion 5.2736 b 

Metamidophos 4.6862 b 

*Values in the same column followed by the same letter are 
statistically equal (Pc0.05) by Duncan test 

Table 3. Analysis of variance (ANOVA) of the protein content 
- 

Source of Degrees of Sum of Mean Calculated F Signiiicance 
variation freedom Squares Squares value 

Insecticides 4 15835232 3958808 13.13 C *  

Doses 3 34275232 11425077 37.92 * * 
Interaction 
Insect X dose 12 11648000 970666.6 3.22 * * 
Error 40 12051552 301288.8 
Total 59 73810016 

C.V. = 22.97% 
** Highly significant statistical difference (pc0.01) 

Table 4. Protein contents (mg . ml-') in hot pepper leaf 
extracts from plants sprayed during 5 weeks as described in 

text 

Dose Mean Insecticide Mean 

112R 3517.6 a* Control 3357.8 a 
1R 2570.6 b Gusation 2291.1 b 
1.5R 1977.8 bc Tamaron 1838.4 b 
2R 1489.5 c Parathion 2321.7 b 

Metamidophos 2134.5 b 

*Values in the same column with the same letter are 
statistically equal (P<0.05) by Duncan test 

Nevertheless, i t  could be argued tha t  their results were due to 
insecticides phytotoxicity rather than to carbofuran benefites. 

The figures show the tendency of SOD activity. Tendencies of 
peroxidase activity have not been published anywhere. Fig 2 shows 
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Superoxide dlsmutase activity 
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Fig 1.- Specific SOD activity hot pepper leaf extracts from plants sprayed during 5 
weeks as described in text. 
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Fig 2.- Amounts of protein in hot pepper leaf extracts from plants sprayed during 5 
weeks as described in text. 
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protein contents, which illustrate the inverse correlation between SOD 
activity and protein content. Table 4 indicates that each insecticide 
caused different responses vis a vis the control, but that no differences 
were found on comparing the effects of insecticides. An inverse 
correlation between higher doses and protein content indicated that 
an excess of insecticide caused physiological disorders in the pepper 
plants. These differences in  SOD activity, protein content, and 
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activities and contents of other enzymes and metabolites reflect on 
growth and yield as claimed by some authors. Enzymes are directly 
or indirectly associated whit most physiological traits like abscission, 
dormancy, apical dominance, resistance to parasites, etc. We have 
observed the correlation existing between the increase of SOD activity 
by excess insecticide and the decrease in growth and yield in hot 
pepper, as we found in this work and in already published results (10, 
i i \ 
111. 

In a study (20) with hexachlorobenzene and monochrotophos, 
both gennination and survival were affected in al1 the treatments with 
BHC, and the injurious effect of Nuvacron on germination and 
survival was greater than that of BHC. Both produced abnormalities 
in the division of meristematic root cells. The frequency of these 
abnormalities was higher in Nuvacron than in BHC. In a study (7) 
on the effects of four OPI (protiophos, diclorvos, phosphamidon, and 
monochrotophos) on germination, survival, and meiotic behaviour in 
Capsicum annuum, alterations were found at different levels in al1 
the characteristics studied. Lakshmi et a1 (13) evaluated the effects 
of two OPI (Ekalux EC 25 and Metasixtos), on an Indian chili cultivar. 
Seed germination and survival rate steadily decreased with increasing 
doses. The authors concluded that an indiscriminate use of chemicals 
affects normal plant growth and results in yield reduction. Our 
results, confirm that higher doses of OPI affect hot pepper physiology, 
as indicated by SOD activity in leaves. According to the literature and 
the results reported here, we suggest an integrated management 
approach to pest control in hot pepper, in order to reduce the doses 
and frequency of OPI applications. The decision to apply insecticides 
should be based on careful monitoring al1 pests, especially pepper 
weevil. 
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