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Abstract

The phyto-toxicological effects of a selective herbicide Atraforce® on onions (Allium cepa L) was
assessed using the standard protocol of the Organization for Economic Co-operation and Development
(OECD) # 208. The mean specific % growth rate relative to the control recorded was 77 £ 1.0, 70 £ 0.0,
60 £+ 0.5, 47 £ 0.5 and 21 + 0.44% with respect to the exposed concentrations (0.0625, 0.125, 0.25, 0.5
and 1.0 mg/L). The mean effective concentration (ECso) for Atraforce® using root growth was 0.323 +
0.02 mg/L, with a safe limit estimated at 0.0323 + 0.04 mg/L. The Ecotoxicological Risk Assessment
Matrix (ERAM) was used to classify Atraforce® as D 4 (P; E; C), that is 16 (P; E; C), which was
considered high risk to plants, the environment and community based on the frequency of
application/exposure. The results from this appraisal suggested that the use of the herbicide Atraforce®
could cause deleterious effects on these viable plant and vegetable species.
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1. Introduction

There is an escalating environmental contamination of the Niger Delta with chemicals that
have not been ecologically tested for their safe use. These chemicals include pesticides and
industrial chemicals. The ecological effects of pesticides and industrial chemicals to the
ecosystem cannot be underestimated and evaluations need to be done to safe guide the
organisms in the environment (water, soil, sediment). With little or no regular monitoring from
regulators in Nigeria [Department of Petroleum Resources (DPR) and Federal Ministry of
Environment (FME)], most end users dispose or use these chemicals indiscriminately [,
Pesticides present the only group of chemicals that are purposely applied to the environment
with the aim to suppress plant and animal pests and to protect agricultural and industrial
products. Herbicides are a subclass of pesticides, however, majority of herbicides (weed
killers) are not specifically targeting the pest only during their application, they also affect
non-target plants and animals. Repeated application could lead to loss of biodiversity. The
overall intensive herbicide application results in several negative effects in the environment
that cannot be ignored %1, Weeds are the most harmful pest that agriculture faces in terms of
production. The need for tillage is reduced via chemical solutions to weed problems. Hence, it
is argued that in addition to agricultural production, soil conservation is enhanced by herbicide
use (1,

Herbicides may be selective and non-selective. Selective herbicides affect only certain types of
plants (i.e. they Kill specific targets while leaving the desired crop relatively unharmed). Non-
selective herbicides kill all plants with which they come into contact (i.e. inhibits a very broad
range of plant types) [,

Atrazine is a member of the chlorophenoxy triazine family belonging to the subclass of
carbamates. It is a systematic, selective, pre and post emergence broadleaf herbicide used for
the control of weeds in crops like asparagus, corn, sorghum, sugarcane and pineapple . It is
used extensively in most parts of the world to control grass, sedge and broadleaf weeds during
the cultivation of maize, wheat, sorghum, sugarcane and conifers [° 101,

Triazine based herbicides (e.g. atrazine), functions are similar to plant growth hormones and
grow cells without normal cell division, crushing the nutrient transport system of the plant, and
in particular, triazines interfere with photosynthesis 1. In addition to its intended effects on
photosynthesis, atrazine has been shown in some scientific studies to negatively impact non-
target organisms in the environment; including non-target plants, phytoplankton, and
invertebrate.
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Due to the widespread use of triazine herbicides in agriculture
and its high exposure potentials for humans, the United States
Environmental Protection Agency (USEPA) had conducted a
special review on published and non-published data of several
triazine herbicides ['? 31, Atrazine is the second most widely
used herbicide in the United State and most parts of the world.
According to Nwani et al., I, the herbicide atrazine is widely
used in crops—weed control worldwide. In 2006, the United
States Environmental protection agency (USEPA) stated that
“the risks associated with pesticide residues pose a reasonable
certainty of no harm”’. The agency noted that atrazine does
not adversely affect amphibian sexual development and that
no additional testing was warranted 131,

The United States Environmental Protection Agency,
however, opened a new review in 2009, which concluded that
the agency’s scientific bases for its regulation of atrazine are
robust and ensure prevention of exposure levels that could
lead to reproductive effects in humans. The study by the
USEPA found that without atrazine the national corn yield
would drop by six per cent, creating an annual loss of nearly
two billion dollars. However, the herbicide degrades slowly in
soil and often leaches into streams and rivers, where it does
not readily dissolve. Atrazine is one of the most common
contaminants in drinking water and an estimated thirty million
people are exposed to trace amounts of the herbicide.

In 1962, Rachel Carson, a courageous American woman and
scientist, wrote down her nature observation and pointed out
sudden dying of birds caused by indiscriminate spraying of an
organochlorine insecticide, dichlorodiphenyltrichloroethane
(DDT). Her book, Silent Spring, became a landmark. It
changed the existing view on pesticides and has stimulated
public concern on pesticides and their impact on health and
the environment. Silent Spring facilitated the ban of the DDT
in 1972 in the United States (51,

Herbicides enter the soil via spray drift during foliage
treatment, wash-off from treated foliage, release from
granulates or from treated seeds in soil. Herbicides have
brought tremendous benefits to mankind by increasing food
production and controlling the vectors of man, plants and
animal diseases. At the same time, the use of these chemicals
have posed potential health hazard to aquatic and terrestrial
lives. Herbicides are the major cause of concern for these
environments because of their toxicity, persistency and
tendency to bioaccumulate in organisms. They could leach
into groundwater, surface water and contaminate soils and
sediments. Due to their chemical properties and relatively low
water solubility, they have high persistence in the
environment that is they are not easily degradable (half-life of
about 12 to 30 years for some formulations). They also have
the potential to enter organisms and bioaccumulate in fatty
tissues of living organisms in food chains and consequently
influence human health 1],

Several researches have been done on various dangerous
organic pesticides like Dieldrin, Endosulfan and Lindane,
which are wused in different domain (industrial and
agricultural) to the detriment of the species in the
environment and man. The problem of pesticide usage is not
over in many countries even the old highly persistent,
bioaccumulative pesticides that have been banned or
restricted are still in use. Similarly, a lot of new products /
formulations have been developed and used in large
quantities. For many of these substances today we still do not
have sufficient knowledge about their possible risks and
adverse effects on the environment and human. Several of
them appear to have a harmful environmental profile and

significant levels have been detected in tissues of fish,
periwinkles, snails and shrimp in areas where these persistent
pesticides have been used 17201,

Onion (Allium cepa L) belongs to the bulb crops, a group
belonging to the family of Alliaceae. It is one of the most
important edible vegetable crops not only in Nigeria but all
over the world. Weeds are one of the main plant protection
problems in onion fields. They compete with onions for light,
nutrients, water and space. Many researchers have reported
that onion plants are poor competitors 24, This poor
competitive ability with its initial slow growth and lack of
adequate foliage (shallow roots and thin canopy) makes
onions weak against weeds. In addition, their cylindrical
upright leaves do not shade the soil to block weed growth 2],
Mainly, chemical control is applied against weeds in onion
producing areas, but possible phytotoxicity on onion is also a
main problem. Root growth inhibition provide indications of
toxicity to onions 2% 271, This study assessed the phytotoxic
effect of a selective herbicide Atraforce® on the growth of
onion (Allium cepa L). This is with a view to ensuring that
further damage is not done to these threaten viable and widely
consumed vegetable species.

2. Materials and Methods

2.1 Test Chemical

Atraforce®, a selective herbicide was obtained locally from
the vendors in Benin City, Edo State. The test chemical is
liquid, soluble in water and contained atrazine (2-chloro-4-
ethylamine-6-isopropylamino-S-triazine, empirical formula -
CsH14CINs) as the major active ingredient (50% SC). As weed
killer, the chemical is currently used by farmers and non-
farmers alike in the Niger Delta area of Nigeria.

2.2 Test Specie
The test specie is the common onion (Allium cepa L) of the
purple (Stuttgarter) variety. The onions used in this study
were 6.25 £ 0.06 cm in diameters with a mean weight of
77.50 £ 0.47 g.

2.3 Allium cepa Assay

The Allium cepa assay was assessed using the Organisation
for Economic Co-operation and Development, (OECD)
protocol #208 1284,

2.4 Preparation of Onions

The onions were air-dried for 2 weeks and the dried roots
present at base of the onion bulbs were carefully shaved off
with a sharp razor blade to expose the fresh meristematic
tissues. Any bulb attacked by fungi was not used for the
experiment. The bulbs were then placed in distilled water to
protect the primordial cells from drying up. The bulbs were
removed from the distilled water and placed on a blotting
paper to remove excess water [2°1,

2.5 Root Growth Inhibition Evaluation

For the root growth inhibition evaluation, the 4 day semi-
static renewal assay started with a range finding test to
determine the range of concentrations to be used for the
definitive test. Stock solutions of the test chemical were
freshly prepared and serially diluted into five concentrations
of 1.0, 0.5, 0.25, 0.125 and 0.0625 mg/L. Each concentration
and the control in triplicate were used for the 96 h bioassay.
The control was set up with tap water and was ascertained to
be of good quality with a pH value of 6.78 + 0.3 and hardness
concentration of 14 + 0.01 mg CaCOs/L. It was free from any
chlorine compounds or toxic ions [,
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The base of each of the bulbs was suspended on the test
solution in a 250 mL test tank in the dark for 96 h duration. At
the end of the exposure period, the roots of onion bulbs in
each concentration were removed with a forceps and their
lengths measured (in cm) with a metre rule. From the means
for each test concentration and the control, the percentage root
growth inhibition in relation to the control and the ECso (the
effective concentration where root growth amounts to 50% of
the controls) for each extract was determined %, The effect
of each sample on the morphology of growing roots was also
examined.

2.6 Ecotoxicological Risk Assessment (ERA)

To predict the effects of chemicals (herbicides) exposed
organisms, the United State Environmental Protection Agency
(USEPA) and Society of Environmental Toxicology and
Chemistry  (SETAC) standard  guide/protocols  for
Ecotoxicological risk assessment matrix (ERAM) was used
[31. 32 33 On the matrix, risk levels are classified as low,
medium, or high categorized in a numbered format. Animals
(A), plants (P), environment (E) and community (C) may be
affected and using exposure concentration assessment,
exposure duration assessment and the potency of the chemical
assessment (toxicity effect assessment) classification could be
done.

Each hazard is given a rating and this could be multiplied by
the probability that these hazards would occur using the
relationship:

Risk level = Hazard severity x likelihood of exposure

Hazard severity that is the consequence of the toxicological
effects are indicated in Table 1.

For instance, if the release of the herbicide (hazard) could
result in major damage or death, then it would be given a
rating of 4. The next step is to consider how often each hazard
is likely to occur due to exposure of the herbicide as indicated
in Table 2.

Table 1: Hazard severity

Effect of hazard Toxic consequence
1 Slight effect on organisms Practically non-toxic
2|  Minor effect or damage to organisms Slightly toxic
3| Localized effect or damage to organisms Very toxic
4 Major effect (deaths) Extremely toxic
5| Extensive effect (death of population) Super toxic
Table 2: Likelihood of occurrence (exposure)
Likelihood of exposure Frequency of exposure
1 Seldom A Yearly
2 Frequent B Quarterly
3 Very likely C Monthly
4 Near certain D Weekly
5 Certain E Daily

For instance, if the release of the herbicide caused a major
effect (deaths) (hazard) (4), was near certain to happen and
since it had been used severally in the area and other locations
on a weekly basis, then it must be given a rating of 4 or D.
These two values (hazard severity and likelihood of exposure)
are then multiplied together to get the risk level. The value
should be entered into the risk assessment form (Table 3).
That is:

4 (hazard) multiplied by 4 or D (occurrence - exposure) = 16
or D 4.

Since it is likely to affect plant (P), the environment (E), and
community (C), it would be represented as D 4 (P; E; C) or 16
(P; E; C). Similarly, since risk levels can be classified as low,
medium and high, it then means that any value within the
green area 1 is considered low risk; the yellow area 2 is
regarded as medium risk while the red area 3 is classified high
risk. Since D 4 (P; E; C) or 16 (P; E; C) is under the red
region, it can be regarded as high risk.

Table 3: Ecotoxicological Risk Assessment Matrix (ERAM)

Consequence Increasing Probability
Severity| P A E C A B C D E
Never Had been Had been Had been Had been
experience thel exposed / exposed/ used| exposed/ |exposed / used
c‘;emical in usch)i in the in the area |used several [several times in
the area area and other |timesinthe | the area and
locations area other locations
0 Practlcal_ly >1000| . NO No effect | No effect| No impact
non-toxic injury
1 Practlcal_ly >1000 _Sl_lght Slight Slight Slight impact
non-toxic injury effect effect Area 1
2 Slightly | 100- | Minor | Minor Minor Limited
toxic 1000 | injury effect effect impact
.| 10- | Major | Localized |Localized|Considerable
3 |Verytoxic 100 | injury effect effect impact (SIET
- Major . .
Extremely Single Major National
4 toxic  [“01 fatatity | ST | effect impact Area 2
Y| (deaths) P
. Extensive . .
5 |Super toxic| <1.0 Multl_ple effect Massive Intc_ernatlonal Yellow
fatality (kills) effect impact

Abbreviations: LC50 median lethal concentration in mg/L. Data from OECD, [280]

2.7 Statistical Analysis

The effective concentration ECso for root inhibition was used
to determine the susceptibility of onions to the test herbicide
at 4-d %1, |n addition, the analysis of variance (ANOVA) in

Statistical Package for Social Science (SPSS) statistical
software in Version 22.0 was also used to test the mean
statistical difference between the controls and treated groups
at significance level of P = .05.
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3. Results

The results of the adverse effect of exposure of onion (Allium
cepa L) to different concentrations of Atraforce® using root
growth inhibition evaluation for the 4-day phytotoxic assay
are presented in Table 4 and Figures 1-3. Throughout the
duration of the experiment, the control onions were healthy
with observable growth as the test assay progressed. An
indication that the test conditions were appropriate; also
implying that growth inhibition reported in the test solutions
could be attributed to the effect of the test herbicide.

On the first day of exposure, decolouration of the onions was
observed at the highest concentrations and with no observable
growth as the days progressed. Slight growth was noted in the
three lowest concentrations. Table 4 below showed the mean
root lengths of Allium cepa cultivated in different
concentrations of the test herbicide and control. The mean
root lengths of Allium cepa obtained from test herbicide
ranged from 0.98 + 0.05 to 3.44 + 0.04 cm while the control
recorded 4.55 + 0.03 cm at the end of the experimental period.

Table 4: Mean root length (RL) and mean root growth (%) of Allium
cepa exposure to Atraforce®

Concentration (mg/L) |mean RL + SD (cm)| Root growth (%)
Control 4.55+0.03 100+ 0.0
0.0625 3.44 £ 0.04 77+£1.0
0.125 3.13+£0.02 70+0.0
0.25 2.71+£0.01 60+05
0.5 2.14 £0.03 47+£05
1.0 0.98 £ 0.05 21 +0.44

RL= mean % growth rate relative to the control

0.5

0.25

0.125 |

0.0625 |

Concentration, mg/L

# Root growth

0 20 40 60 80 100 120

Percentage root growth

Fig 1: Mean (%) Root growth of Atraforce®

The mean % growth rate relative to the control recorded for
the five concentrations 0.0625, 0.125, 0.25, 0.5 and 1.0 mg/L
were 77 = 1.0, 70 £ 0.0, 60 + 0.5, 47 £ 0.5 and 21 + 0.44%
respectively (Figure 1 and 2). The percentage growth rate
between the control experiment and the test chemical was
significantly different at levels of P <0.05. Phytotoxic effect
of the herbicide on onions include: decolouration of the test
solutions and stunted growth in a number of the higher
concentrations, twisting of roots, bulb deformation and root
damage amongst others. The effective concentration (ECsp) of
the chemical was evaluated using estimated 96 h ECsq values
of growth length in varying concentrations. The effective
concentration (ECso) for Atraforce® was determined at 0.323
+ 0.02 mg/L.

Safety factors are arbitrarily built in around the ECs values in
order to arrive at environmentally tolerable concentrations.
The concentration of a chemical in the receiving environment
should not exceed 10% of the ECso. Thus, the estimated safe
concentration for Atraforce® was 0.0323 + 0.04 mg/L In this

study, there was decrease in root growth as the concentration
of the test solutions increased (Figure 3). This was indicative
of the dependence of root growth on concentration. Thus, the
higher the concentration of the test herbicide in the
environment, the more the likely adverse effect and effect
could be magnified either in acute or chronic exposures 4 351,

® RGIE (%)
B RG (%)

Percentage (%)
© O
- 8 &8 8 3 ¢S
#r14444~44’4'F"’_‘

00625 rrame
0125 s

Concentration, mg/L

Fig 2: Mean (%) Root growth relative of control (RG) in comparison
with mean root growth inhibition efficiency (RGIE)
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&
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Fig 3: Mean (%) root growth (RG) of onions (Allium cepa L) against
log concentration of Atraforce®

Ecotoxicological Risk Assessment (ERA) of the herbicide
The release of the herbicide (hazard) into the environment
could result in major damage or death, which could be given a
rating of 4 (Table 1). Considering the hazard a weekly
exposure of the chemical could cause as indicated in Table 2.
This exposure could result in likely to effects to animals (A),
plant (P) and the environment (E), it would be represented as
D 4 (A; P; E) or 16 (A, P; E) for Atraforce® using Table 3.

4. Discussion

Herbicides show adverse effects in all standard categories of
toxicological testing, including short-term toxicity, long-term
toxicity, genetic damage, effects on reproduction and
carcinogenicity. Scientific studies have shown that herbicide
formulations and metabolic products could cause the death of
aquatic, terrestrial and plant species even at low
concentrations [18 19381 Selective control means that the target
weeds are controlled, with little or no injury to the crop.
Atraforce® containing atrazine is well tolerated by actively
growing corn and sorghum, which absorb and metabolize the
herbicide and thereby detoxify it.

Despite the tremendous advantages of herbicide use, the
disadvantages should not be ignored since the environment is
at great risk due to daily unregulated application. It therefore
calls for constant scientific evaluation and control of the use
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of these products. Because once applied after solving the
problem at hand it generates a myriad of other problems. In
this vein, it could contaminate air, water, soil, sediment and
non-target vegetation in regions applied. The resultant effect
could be harmful to plants and animals including beneficial
soil microorganisms, insects and non-target species despite
been selective 71, Similarly, human beings are particularly
sensitive targets for herbicides through crops from farms the
herbicides have been applied. Chronic poisoning in human
beings and mammals due to herbicides results from herbicide
decay derivatives that are taken with the food chain [,
Onions growth inhibition reported for this study was caused
by the test herbicide since the control species recorded
significant growth. Atraforce® is used for the post-emergence
control of selected weeds in established lucerne, maize,
sweetcorn and non-cropland situations and as such it is not
expected to attack any plant but the specific weed of interest.
However, studies have reported that atrazine is an endocrine
disruptor, an agent that may alter the natural hormonal system
in animals % 40 41 Despite the effects (hermaphroditism)
noted in frog by Hayes et al., 1, which were exposed to
thirty times below the levels recommended by the United
State (0.1 pg/L to 30 pg/L), the United State still approved the
continued use of atrazine, the same period that the European
Commission chose to remove it from circulation. He
concluded that atrazine could be a major factor in the decline
in amphibian populations, a phenomenon observed all over
the world. However, the herbicide is still in use in most parts
of the world especially Nigeria. The USEPA review has been
criticized by Hayes et al., ¥4 and this remains controversial
[42.43, 441 However, more evaluations on the test herbicide still
need to be understudied to counter this controversy.

5. Conclusion

This study provided data and information on the short-term
toxicity of Atraforce® that may be a helpful user-guide on
safe application levels for the herbicide. This report provide
the impetus for further studies to evaluate any damage caused
at environmentally relevant concentrations to non-target
organisms that are integral parts of ecosystems since the
safety of atrazine is still in question.
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