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Abstract

The use of herbicide in weed control has grown significantly in Nigeria in recent years. Most of the applications are indiscriminately carried out by illiterate farmers, and therefore pose a significant threat to the environment, crop yield and human health. This study assessed the effects of different application rates of the herbicides on the residual levels of the herbicides and their metabolites in harvested maize cobs.

The study was carried out in a plot of land at the University of Port Harcourt in 2013 and 2014, using a randomised complete block design with three replicates, and plot size of 2 m × 2 m. N-(phosphonomethyl) glycine was used to prepare the experimental plots, while different application doses of Primextra dual gold (2-chloro-4-(ethylamino)-6-isopropylamino-1,3-5-triazine and 2-chloro-N-(ethy-6-methy(phenyl)-N-(2-methoxyl-1-methylethyl acetamide) were applied to the plots, after planting the maize. The control plot was not treated with the herbicides. The residual levels of the herbicides and their metabolites in the cobs harvested from the plots were tested using gas chromatography, with Pulsed Flame Photometric Detector.

The residue of the herbicides and their metabolites were barely detectable in the harvested maize cobs when the herbicides were applied at or below their recommended dose, but noted at up to 0.09 ppm, when applied at twice the recommended dose. The residues were also noted in some of the cobs harvested from the control plot, at a mean concentration of 0.0033 ppm, which is significantly <0.012 ppm recorded in the treated plot.

The residual concentrations of herbicides and their metabolites in harvested crops increased with increasing application dose of the herbicides. Proper education of farmers is, therefore, needed to safeguard the environment and public health.
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Introduction

The use of herbicides in weed control has grown significantly in Nigeria in recent years.[1,2,3] This increase has been linked to the ease of application, and the effectiveness of the herbicides in controlling the common weeds in Nigerian farms.[2,3] These are in addition to the growing difficulty in hiring labour to carry out the traditional method of manually cutting off the weeds.[4]

Most of the applications of the herbicides are, however, carried out by illiterate farmers who apply the herbicides indiscriminately, mostly because they had not received any training on the judicious application of the herbicides.[2,3,4] This poses a significant threat to the environment, crop yield and on human health, as studies have indicated that such indiscriminate use of herbicides can leach into the environment, threatening non-target organisms,[5] harm soil microorganisms, thus affecting soil fertility[6] and can accumulate in harvested crops, possibly causing direct harm to humans, upon the consumption of the harvested crops.[7,8] There is, therefore, a need to carry out an elaborate study on the use of the herbicides in Nigeria, especially as the quoted studies and many other previous studies did not fully replicate the current field situation in Nigeria.

Several studies carried out in Nigeria, such as the one by Gushit et al.[7] had indicated that the use of the herbicides resulted in very small residual level of the herbicides and their metabolites in the harvested crops, but we want to postulate that this finding is most likely due to the use of small doses of the herbicides by the farmers, possibly due to financial constraints. We also want to postulate that the use of doses higher than the recommended dose of the herbicides would result in significant levels of the herbicides and their metabolites in the harvested crops. This study, therefore, assessed the effects of different application rates of the herbicides on the residual levels of the herbicides and their metabolites in harvested maize cobs. It is hoped that the study would not only answer the study hypotheses but also provide a useful insight into the public health implications of the use of the herbicides. The study was carried out in maize (Zea mays L) because it is a short duration crop, and one of the crops the herbicides are commonly used to cultivate in Nigeria.
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Methods
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Experimental site and location

The field studies were carried out in a plot of land at the University of Port Harcourt during 2013 and 2014 farming seasons, with the experiment laid out in a randomised complete block design with three replicates, and plot size of 2 m × 2 m. The experimental farm is a well-drained plot of land, with sandy loam soil, located at a latitude of 4.9027°N and a longitude of 6.9205°E. It is in the rainforest ecological zone of the Niger Delta region and like most other communities in southern Nigeria has two seasons, the rainy season and the dry season, with an average annual rainfall of about 3000 mm (118.1 in).
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Land preparation and application of herbicides

The experimental site was fallowed for 2 years and was prepared for the experiment by the application of 'Round-Up', a proprietary N-(phosphonomethyl) glycine (glyphosate) herbicide, bought from the Port Harcourt office of the Rivers State Agricultural Development Programme. These non-till methods were adopted for the study because it has been shown to reduce leaching and erosion,[9] which is vital in containing the experimental herbicides within the experimental plots.

Glyphosate is the most widely used herbicide in the world, preferred for its low toxicity to mammals and its low environmental impact.[10] It was used in preparing the experimental plot for the study, not only for its low toxicity to mammals and the environment but also because of its broad spectrum, non-selective weed killing capacity and its proven effectiveness in non-till agriculture.[10] The glyphosate was applied to the experimental plot at the manufacturer's recommended rate and resulted in the complete burning off of the weeds. The experimental site was then left for 2 weeks, to allow the burnt grasses to completely dry before the maize seeds are planted in rows.

The maize variety used for the study, the swan-1-yellow was obtained from the Green River Project of the Nigerian Agip Oil Company and is widely cultivated in the farming communities of the Niger Delta region. The seeds were sown using the recommended seed rate of 25 kg/ha, at a planting distance of 75 cm between the rows, while an intra-row spacing distance of 25 cm was maintained on flat. Extra plants were thinned out at the early growth stage, to maintain one plant per hole after 2 weeks of planting.

Primextra dual gold, a proprietary herbicide containing 290 g/l of 2-chloro-N-(ethy-6-methy (phenyl)-N-(2-methoxyl-1-methylethyl acetamide (metolachlor) and 370 g/l of 2-chloro-4-(ethylamino)-6-isopropylamino-1,3-5-triazine (atrazine), manufactured by Syngenta Nigeria Limited, Lagos and purchased from a local dealer in Port Harcourt was then applied to the experimental plot, immediately after planting the maize. Atrazine is one of the most widely used 5-triazine herbicides, used either singly or in combination with other herbicides, as a pre-emergence herbicide in the control of broadleaf and grassy weeds;[11,12] while metolachlor, on the other hand, is commonly used in combination with other herbicides because it is a very selective herbicide, renowned for its activity against grassy weeds.[13]

The Primextra dual gold was applied to the experimental plots at five different rates corresponding to a quarter of the recommended dose, half of the recommended dose, the recommended dose, 1.5 times the recommended dose and twice the recommended dose. The information label of the Primextra dual gold used for the study showed that the product contains 290 g/l of metolachlor and 370 g/l of atrazine, with a recommended dose for maize farm of 3.2 l/ha, which is equivalent to 2.11 kg a.i./ha. Therefore, the herbicide was applied at 0.59 kg a.i./ha, 1.06 kg a.i./ha, 2.11 kg a.i./ha, 3.17 kg a.i./ha and 4.22 kg a.i./ha to correspond to a quarter of the recommended dose, half of the recommended dose, the recommended dose, 1.5 times the recommended dose and two times the recommended dose.

The control plot did not receive any herbicide application, before and after the maize seeds were planted. The plot was manually cleared with using the weeding hand hoe.
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The evaluation of the herbicides and their metabolites in the harvested crop

The maize cobs from each of the experimental plots were harvested when they were deemed ripe enough and prepared for analysis. A cob harvested from 12 randomly selected maize plants from each of the experimental plots was used for the analysis, as specified by the Food and Agriculture manual for the evaluation of pesticide residues in food and feed.[14] The ears from the cobs harvested from each of the experimental plots were labelled and packaged in an iced cooler, to limit the enzymatic degradation of the herbicides and the metabolites[15] and then transported to the central laboratory of the University of Ibadan, where the maize ears were crushed and processed for the presence of the herbicides (glyphosate, atrazine and metolachlor) and their metabolites in the cobs, using gas chromatography, with Pulsed Flame Photometric Detector. This is consistent with the method employed by a similar Nigerian study.[16]
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Data analysis

The data collected during the study were put in a database and then analysed using IBM's SPSS statistical package, Version 20 and Microsoft Excel, after checking for consistency and completeness. Summary measures were calculated for each outcome of interest, while the test of significance was conducted using the relevant statistical test, at 95% confidence interval, with P ≤ 0.05 considered statistically significant.
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Results

The mean concentrations of the herbicides and their metabolites in the harvested maize cobs in the first phase of the study are presented in [Table 1], whereas the mean concentrations in the second phase of the study are presented in [Table 2]. The concentrations of the herbicides and their metabolites were barely detectable in the harvested maize cobs when the herbicides were applied at or below their recommended dose but were noted in increased concentration in the cobs harvested from the plots, in which the herbicides were applied at doses higher than the recommended.
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The herbicides and their metabolites were also detected in some of the cobs harvested from the control plot that did not receive any herbicide application. The mean concentration of the herbicides and their metabolites was 0.0033 ppm in the control plot in both phases of the study compared to 0.012 ppm in both phases of the study in the treated plots.

The mean concentration of glyphosate and its metabolites is lower than those of the other herbicides and their metabolites. Glyphosate was not detected in any of the tasted maize cobs, while its metabolites were found in lower concentration compared to the metabolites of the other herbicides.
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Discussion

The study showed that the concentrations of the herbicides and their metabolites were barely detectable in the harvested maize cobs when the herbicides were applied at or below their recommended dose. The levels detected in this study are consistent with the levels recorded in a similar study conducted in maize[13,16] and leafy vegetables,[7] but lower than the levels recorded in root crops such as yam and cassava.[7] These differences could be attributed to many factors, especially those related to the persistence of the herbicides in the soil,[8,9] but the most probable reasons for the differences noted in this study relate to the timing of the application of the herbicides,[17] and the fact that root crops tend to bioaccumulate the herbicides and their metabolites.[7]

The study conducted by Cao et al.,[13] in which no herbicides and their metabolites were detected used a single herbicide that was applied once, whereas a total of three herbicides were used in this study for land preparation and for weed control. Araújo et al.[17] in a study conducted with glyphosate-resistant soybean showed that higher concentrations of glyphosate and its metabolites were detected in the harvested crop when the glyphosate was sprayed several times during the crop cycle, especially when the herbicide was sprayed during the flowering stage of the crop. This was not the situation in this study, as the herbicides were applied once and were not repeated irrespective of the presence of weeds in the plots.

Studies have shown the greater tendency of root crops to bioaccumulate the herbicides and their metabolites in their roots,[7] and for the other crops to accumulate them more in their stems and leaves and less in their grains.[17,18] A study carried out with glyphosate-resisted soybeans found that the concentration of glyphosate and its metabolites in the leaves and stems of the soybean ranged from 1.9 to 4.4 mg/kg, which is significantly higher than the concentration in the grains that ranged from 0.1 to 1.8 mg/kg.[19] The tendency of crops to accumulate the herbicides and their metabolites more in their roots, leaves and stem and less in their grains has been linked to the routes of absorption of the herbicides and the differences in the metabolic activities of the different parts of the plant.[18] After application, glyphosate and the other herbicides are absorbed by the foliage of the crop and translocated to the stems, leaves and roots of the entire plant, but further concentration of the herbicides in other parts of the plants is, however, dependent on the level of meristematic and metabolic activity of that part of the plant. The activity level in grains tend to be lower than those of the stem and leaves.[18]

The residual concentrations of the herbicides and their metabolites recorded in this study are significantly lower than the concentration found to have adverse effects on human beings following oral ingestion.[8] Different countries have established a range of 'acceptable' daily intake levels for human exposures to different herbicides, generally referred to in the US as the chronic Reference Dose (cRfD) or in the European Union as the acceptable daily intake (ADI). Levels of the herbicides in food products that are above these levels are considered dangerous to health, as they are able to cause several health effects in humans including cancer and renal and liver damages.[19,20] The current U.S. Environmental Protection Agency cRfD for glyphosate is 1.75 mg of glyphosate per kilogram body weight per day (mg/kg/day), which is five times lower than the current European Union. ADI of 0.3 mg/kg/day,[8] while the ADI for metolachlor is 0.092 mg/kg/day. The fact that the residue concentration recorded in this study is significantly lower than these ADI levels means that the use of the herbicides, in the way they have been used in the study, does not constitute a significant threat to public health.

This study, however, found that the residue concentration in the harvested cobs increased with increasing dose of the herbicides above the recommended dose. The mean residual concentration in the first phase of the study increased ten-fold from 0.003 ppm in the experimental plot, in which a quarter of the recommended dose was applied, to 0.03 ppm in the plot in which twice the recommended dose was applied. This indicates a potential public health threat, if the herbicides are used above the recommended dose, especially in Nigeria where the herbicides are used by increasing number of largely untrained subsistent farmers.[1,21] Both authors found that increasing number of farmers use the herbicides with little knowledge of the risk involved and are exposed to the chemicals, either when spraying or packaging the products. There is, therefore, an urgent need to carry out the necessary training on the safe use of the herbicides.

The mean concentration of glyphosate and its metabolites in the harvested maize cobs was less than the residual concentration of the other herbicides. Glyphosate was not detected in the harvested cobs in the first phase of the study, whereas atrazine was detected at a concentration of 0.004 ppm and metolachlor at a concentration of 0.006 ppm in the cobs. These differences can be attributed to the fact that glyphosate was used earlier than the other herbicides and therefore had more time to be degraded.[17,22,23] This is buttressed by the fact that whereas no glyphosate was detected in the harvested cobs, the concentration of the metabolites of glyphosate averaged 0.01 ppm in some of the treated experimental plots.

The study also found some of the metabolites of the herbicides in the cobs harvested in the control plot that did not receive any herbicide application albeit at levels that are significantly lower than the levels found in the treated plots. The mean residue concentration in the cobs harvested from the control plot in the first phase of the study was 0.0033 ppm compared to 0.012 ppm in the treated plots. This is consistent with the findings of other studies that also found the herbicides and their metabolites in other non-intended targets of the herbicides such as fishes and rivers.[5] Although the mean residue concentration in the cobs harvested from the control plot of this study was significantly lower than that of the treated plots and much lower than the level found to cause adverse health effects,[8] it, however, reveals the potential threat of the use of the herbicides to the environment. The contamination of the control plot of this study with the herbicides that were applied to the treated plots is likely to be through the leaching of the herbicides from the treated plot to the control plot. This is even as the experimental plots were deliberately not tilled, to reduce the leaching.[9] This further buttresses the potential threat of the use of the herbicides on the environment and public health, especially as important root crops such as cassava and yam have a greater tendency to bioaccumulate the herbicides.[7]
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Conclusion

The residual concentrations of herbicides and their metabolites in harvested crops are low at the recommended doses of the herbicides but tend to increase with increasing application dose of the herbicides. Farmers therefore need to be trained on the proper dosing of the herbicides, to for stale the possible threat to the environment and public health.
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Treatment A (ppm) B (ppm) C (ppm) D (ppm) E (ppm) F (ppm)
(kg a.i./ha)

0.53 ND ND ND 0.01 ND 0.01
1.06 ND ND ND 0.01 ND ND
2.11 ND ND ND 0.03 ND 0.01
3.7 ND 0.01 0.01 0.06 0.01 0.02
4.22 ND 0.01 0.01 0.08 0.02 0.05
Mean of T 0.00 0.0033 0.004 0.038 0.006 0.018
Control ND ND ND 01 ND 0.01

: Glyphosate, B: Glyphosate metabolites, C: Atrazine,

D: Atrazine metabolites, E: Metolachlor, F: Metolachlor metabolites,
Mean of T: Mean concentration of the herbicide in the treated plots,
ND: Not detected
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0.53 ND ND ND 0.01 ND ND
1.06 ND ND ND ND ND 0.01
2.11 ND ND 0.01 0.01 ND 0.01
3.17 ND ND 0.01 0.05 0.02 0.03
4.22 ND ND 0.01 0.09 0.03 0.06
Mean of T 0.00 0.00 0.006  0.032 0.01 0.022
Control ND ND ND 0.01 ND 0.01

: Glyphosate, B: Glyphosate metabolites, C: Atrazine,

D: Atrazine metabolites, E: Metolachlor, F: Metolachlor metabolites,
Mean of T: Mean concentration of the herbicide in the treated plots,
ND: Not detected






