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ABSTRACT

Atrazine is a pre-emergent herbicide used for the control of broad-leaf weeds that has residual activity in the envi-
ronment. Extensive use of atrazine (strength of 800 g/kg Atrazine 50% WP) in Irish potato production in Plateau
State, Nigeria has prompted this study to evaluate the atrazine residue levels in Irish potato varieties in three se-
lected (Mangu, Jos South and Bokkos) areas of Plateau State. A questionnaire-based survey was conducted to
determine the types and extent of herbicides used by farmers cultivating Irish potatoes. Samples of four Irish po-
tato varieties: Diamant, Marabel, Christian Lady and Yellow and soils at 0-15cm depth were collected from each
of the three Local Government Areas (LGAs). All the samples were subjected to chemical extractions using stan-
dard procedures and the extracts were analyzed for atrazine residues using spectrophotometer. Data were ana-
lysed using descriptive statistics and ANOVA at p=0.05. Results showed 63.6% of farmers using synthetic herbi-
cides on their farms, while 76.27% used atrazine as their preferred herbicide over paraquat 23.73%. Soil samples
from Mangu had significantly highest value of 9.98 mg/kg of atrazine residues and from the Diamant variety with
no detection of atrazine in soil samples from other selected LGAs and their respective varieties. The Yellow vari-
ety from both Jos South and Bokkos had the highest values of 3.32 mg/kg and 3.13 mg/kg atrazine herbicide resi-
dues, while the least value of 1.51 mg/kg was from Diamant variety in Bokkos. However, trazine residue was not
detected in Yellow, Marabel and Christian lady varieties from Mangu, Jos South and Bokkos, respectively. This
study showed high atrazine residues with concentrations above 0.05 mg/kg and 0.1 mg/kg (US EPA acceptable
maximum residue level) in the soil and Irish potato samples, respectively. This atrazine pesticide over time could
lead to bioaccumulation in living organisms, food chain and ecosystem.
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INTRODUCTION areas as a food crop as well as vegetable. The
main Irish potatoes growing area in Nigeria is
the Jos Plateau, where it accounts over 90% of

potato annual output (Okwonkwo et al., 1995;
FAOQO, 2012, NRCRI annual Reports, 2010).

Irish potato is a starchy tuber crop from the
perennial Solanum tuberosum of the Solana-
ceae family. Globally, potato is the most
widely grown tuber crop and the fourth largest
crop after cassava, yam and cocoyam ) L .
(Olfonkwo et al., 2009) }:Fhey are with anzual The soil and climatic conditions of the Jos
production approaching 300 mt cultivated on Plateag favour the production of exotic crops
over 18 million ha (Horton and Fano, 1984: like Irish potatoes, apples, grapes, Wheat3 bar-
Dixit, 2003). Africa has average potato yields ley a.n.d vegetables. Due to suitable chmate
of 14-28 t/ha, with Egypt, South Africa and cpndltlonsj, the Federal Govemment of Nige-
Morocco as the larger producers (Dixit, 2003). na e;tabhshed the National Root Crop Re-
Irish Potato production rose from mere 180 t in search Institute (NRCRI) on potato pro-

1940 to 1,732 t in 1944 (Rhoades ef al., 2002). gramme at Kuru, Plateau State. Irish potato
They are mainly grown in the cool highland production in Nigeria 1991 was about 400,000
mt, while the recent annual production from
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the local farmers estimate is about 1,500,000
mt (Okwonkwo et al., 1995; FAO, 2012,
NRCRI annual Reports, 2010).

Okonkwo et al. (1995) showed the response of
farmers to cropping systems adopted in potato
production in four Local Government Areas in
Jos Plateau. This revealed 88.4% farmers
planted potato as mixed crop in the rainy sea-
son and 80% as sole crop during the dry sea-
son. Jos South Local Government Area (LGA)
accounts for 25% of the total Irish potato pro-
duced in Nigeria (Okonkwo et al., 1986;
Wuyep, 2012). Potato crop is produced almost
throughout the year under rain-fed during the
rainy season and irrigated during the dry sea-
son. It is also a short maturity crop, thereby
making it the highest yielding tuber crop in Ni-
geria (Okonkwo et al., 1995). Efforts to con-
trol pests in food crops relied primarily on the
application of wvarious synthetic pesticides,
which often caused toxic effects on the hu-
mans, animals and environment. Their hazard-
ous effects on non-target and other beneficial
organisms and development of resistant strains
of pests, damaging the surrounding ecosystem
and other living for maintaining ecological bal-
ance had been reported (Youdeowei, 1995;
Siriwonget al., 2008). In addition, other prob-
lems include leaving toxic residues on food,
soil and water that may persist many weeks or
months after application (McConnell et al.,
1998; Sparling et al., 2001). Earlier researchers
had reported on continuously accumulated
chronic pesticide exposure and health condition
impairment, which had resulted into carcino-
genesis, neurotoxicity, reproductive and
growth disturbance, and immunological effects
(Hernandez et al., 2006).

Over the past years, the amount and number of
different herbicides have increased signifi-
cantly. Although a good number of farmers are
disposed to the use of herbicides, many are un-
aware of herbicide types, level of poisoning,
safety precautions and potential hazards on
health and environment (Yassin et al., 2002).
Atrazine (2-chloro-4ethylamino-6-isopropy

lamino-s-triazine) is a member of chloro — s -
triazine family herbicide, which also includes
simazine, cyanazine, amatryne, prometryne. It
is still one of the most widely used as an agri-
cultural herbicide by volume globally
(Extoxnet, 1996; Duhigg, 2009).Atrazine is
used to stop pre- and post-emergence broadleaf
and grassy weeds in major crops.

The half-life of atrazine in loamy soils ranges
from 60 to 150 days (USEPA, 2003). However,
when conditions in soils are changed from
aerobic to anaerobic, the rate of degradation
slows considerably (half-life of about 660days
in anaerobically incubated sandy clay sedi-
ments) (Goolsby et al., 1997). In addition,
atrazine degrades very slowly once it enters the
water column. Half-life in reservoirs may be 1
to 2 years (Goolsby et al., 1997). This slows
down in rate of degradation as important con-
sequences. When water containing residues of
atrazine moves down through the soil profile
and away from the root zone to where oxygen
becomes less available, the persistence of
atrazine is expected to increase. Its chemical
properties make it susceptible to leaching and
runoff, especially during heavy rains. The
screening procedure developed by Goss and
Wauchope (1990) gives atrazine a “large” po-
tential to leach or to move in surface solution,
and a medium potential to adsorb to sediment
particles.

Agency for Toxic Substances and Disease Reg-
istry (ATSDR, 2003) had the concerns that
atrazine may cause cancer in humans, while the
herbicide was still under review for re-
registration. Beane Freeman et al. (2011) re-
ported that there was no association between
use of atrazine and cancer nor evidence with
most cancer cells, however, atrazine can affect
human's health by altering the works of the
reproductive systems. Reports from studies
carried out on people living on farms that are
sprayed with atrazine for weed control revealed
risk of preterm delivery which was on high
side. Information on low foetal weight and
heart, urinary and limb defects in humans has
been provided on maternal exposure to atrazine
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in drinking water. Gastroschisis (birth de-
fects) incidence has been reported to occur in
areas where surface water atrazine levels are
elevated and where it is commonly applied as
reported by Waller et al. (2010).

Considering more than 50 years of successful
use of atrazine and the current situation with
increased herbicide resistance in some crops,
there had been reports about continuous use
of atrazine herbicide over a long period of
potato production in Plateau State
(Nwakocha, 1987). Therefore the objectives
of this study were to evaluate the preferred
herbicides for Irish potato production from
farmers through questionnaires in Plateau
State, Nigeria and to determine atrazine resi-
dues in soil and Irish potato varieties col-
lected from Plateau State, Nigeria.

MATERIALS AND METHODS

STUDY AREA

The study was conducted in the central zone
of Plateau State, which covers Bokkos,
Mangu and Jos South Local Government Ar-
eas (longitudes 8°40"' and 9°50" E and lati-
tudes 9°and 10° 45' N and altitude 1,200 to
1,829 m above sea level). The mean annual
temperature in Plateau State ranges between
20°C - 25°Cand summer temperatures rarely
exceeds 35°C, well suited for potato produc-
tion. The mean annual rainfall ranges from
131.75cm and 146 cm in the southern part
and on the Jos Plateau, respectively. These
areas were selected as the prominent potato
producing areas accounting for over 80 -90%
of the total Irish potatoes produced in Nigeria.
(Nigerian Population Commission (NPC),
2006).

The experiment was carried out in the Toxi-
cology Research Laboratory, Department of
Crop Protection and Environmental Biology
(CPEB), Faculty of Agriculture and Forestry,
University of Ibadan, Ibadan, Nigeria.

The experimental design that was used for
this study was completely randomized design.

A survey was conducted at the three Local
Government Areas (Mangu, Jos South and
Bokkos LGAs ) through National Root Crop
Research Institute, Vom. Three villages were
purposively selected randomly from each of
the three LGAs; making nine villages. Finally
a random sampling was conducted to select 10
farmers from each village. Therefore, 90 Irish
potato farmers constituted the sampling size
for this study according to the method of Ojo
(2000). Four varieties of Irish potato: Dia-
mant, Marabel, Christian Lady and Yellow
and soil samples at 0-15cm depth were col-
lected from each of the three Local Govern-
ment Areas at the time of harvest in dry sea-
son.

Atrazine herbicide residue analysis

A 0.125 g of Atrazine herbicide powder was
weighed in 1 mg/ml methanol to make the
stock solution. A working standard of 10 mg/
ml was prepared by appropriate dilution of the
stock solution with water. Three (3) milliliters
of concentrated hydrochloric acid (HCI) was
mixed with 18 ml of freshly distilled pyridine
and 12 ml of deionised water was poured into
it to make the pyridine reagent. A 1% p-
Amino-acetophenone solution was prepared
in 1:4 hydrochloric acid and 2 M sodium hy-
droxide aqueous solution was used (Kesari
and Gupta, 1998).

The standard calibration curve of atrazine her-
bicide residue determination was carried out
using the method of Kesari and Gupta (1998).
A standard solution containing 4 — 40 mg of
Atrazine was poured in a test tube and 0.2 ml
pyridine reagent was added. The solution was
placed in a boiling water bath for 15 minutes
at 27+2 °C temperature and allowed to cool,
afterwards 1 ml of 2 M sodium hydroxide and
2 ml of p-amino-acetophenone solutions were
added. The solution was then kept for 5 min-
utes for a complete colour change and was
made up to the 25 mL with water. The absorb-
ance was measured using spectrophotometer
at 470 nm against deionised water as refer-
ence.
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Determination of Atrazine in Potato Soil
Samples

The soil samples collected from the three se-
lected areas were air- dried in the laboratory
for a period of five days at an average tem-
perature of 26 °C and 84.5 % Relative Humid-
ity. 0.5g of the finely sieved soil samples of
the various varieties was weighed and these
samples were washed with two 10 ml portions
of methanol and filtered. The washing was
collected and made up to 25 ml with metha-
nol. The absorbance was measured using
spectrophotometer at 470 nm against deion-
ized water as reference (Kesari and Gupta,
1998). All samples in triplicates.

Determination of Atrazine herbicide in
Irish potato samples

The Irish potato varieties (Diamant, Marabel,
Christian Lady and Yellow) collected were
sampled by randomly picking three tubers
from each of the four varieties. They were
crushed and the samples were washed with
100 ml of deionized water in a storage bottle
and kept for one day. From this water,
atrazine was extracted with two 10-ml por-
tions of chloroform. The chloroform extract
was evaporated to dryness and the residue dis-
solved in 25 ml of methanol. All samples
were replicated three times. The absorbance
was measured using spectrophotometer at 470
nm against deionized water as reference using
the method described by Kesari and Gupta
(1998).

Data analysis

Data were analysed using descriptive statistics
and analysis of variance (ANOVA). Fischer’s
Least Significant Difference (LSD) compared
means for significance differences at 95%
confidence level (P < 0.05).

RESULTS
Farmers’ choice of herbicides in selected

Local Government Areas in Plateau State

The survey revealed that 80% of Irish potato

farmers in the study area chose Atrazine as
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Figure 1: Farmer’s choice of herbicide in
percentages in three Local Government Ar-
eas in Plateau State, 2016.

preferred herbicide over paraquat (Figure 1).

The Atrazine residue levels in soil samples
(0-15¢cm depth) among the varieties in se-
lected Areas in Plateau State

In Mangu area, the soil sample from the Dia-
mant variety had the highest value of Atrazine
herbicide residue level over other varieties as
well as in all the selected areas (Table 1). It
was followed by the soil samples from Dia-
mant variety in both Jos South and Bokkos
with the same value, respectively. The
Atrazine residue in Diamant soil sample was
significantly higher than Yellow sample in
Bokkos.

Table 1: Atrazine residue levels (mg/kg) in
soil samples (0- 15cm) in three selected Lo-
cal Government Area in Plateau State
(N=88)

Variety Mangu  Jos South Bokkos
Diamant 9.98+0.02  2.06+0.03 2.06+0.03a
Yellow ND ND 1.07+0.04b
Marabel ND ND ND
Christian ND ND ND
Lady

Means + standard error within a column fol-
lowed by the same letter (s) are not signifi-
cantly different at p< 0.05
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However, the value of Atrazine residues in
soil were not detected in Yellow, Marabel and
Christian lady in Mangu and Jos South like-
wise Marabel and Christian lady varieties in
Bokkos selected area.

The Atrazine residue levels in Irish potato
samples in selected Areas in Plateau State

In Mangu Area, the Christian lady variety had
the highest value of atrazine residue, followed
by Diamant variety with higher value, while
Marabel had the least value of atrazine resi-
due (Table 2). In Jos South, Yellow variety
had the highest value of Atrazine residue,
which was significantly different from Dia-
mant. The Yellow variety had the higher
Atrazine residue level in Irish potato in Bok-
kos Area, while the least value was from Dia-
mant variety. However, Atrazine residue in
Irish potato samples was not detected in yel-
low variety in Mangu Area, also Marabel and
Christian lady varieties were not detected in

Table 2: Atrazine residue levels (mg/kg) in
Irish potato samples in three selected Gov-
ernment Areas in Plateau State (N= 88)

Variety Mangu Jos South Bokkos

Diamant 1.76+0.02a  2.72+0.02a  1.51£0.04a
Yellow ND 3.23+0.13b  3.13+0.16b
Marabel 1.424+0.02b ND ND
Christian ~ 2.5240.03c ND ND
Lady

both Jos South and Bokkos Areas.

Means + standard error within a column fol-
lowed by the same letter(s) are not signifi-
cantly different at P < 0.05
US EPA (MRL) = 0.1 mg/kg
detected

ND: Not

Distribution of respondents based on socio-
economic characteristics

Result on Table 3 reveals that the mean age of
respondents was 35 years, with a larger per-

centage (65.9%) been 40 years and below.
Majority (89.8%) were males, 97.7% were
Christians, over half (55.7) were single. Ma-
jority (79.5%) had a formal education, 87.9%
practiced farming as primary occupation. Re-
spondents had mean farming experience of 12
years; over half (52.3% and 56.8%) cultivated
local varieties of Irish potatoes and 1 acres of
land or less.

Result on Table 4 reveals that a larger per-
centage of respondents (63.6%) used chemical
control, for weeds, atrazine was the most used
(86.4%) chemical for weed control. The use of
nose mask (75.0%) was the most used preven-
tive measures. Majority (97.7%) of respon-
dents used irrigation in applying chemicals
and sourced water (96.6%) for chemical appli-
cation from the rivers. Over 90% bought their
chemicals from local markets, while 54.5%
and 37.5% received information on chemical
application from local dealers and agricultural
extension agents respectively.

DISCUSSION

This study revealed that, higher percentage of
Irish potato farmers in all the Local Govern-
ment Areas use atrazine as pre and post emer-
gence herbicide, this may be due to its rela-
tively low cost and ability to increase yield
(Christian, 2011). Atrazine residues were de-
tected in the soil samples at 0-15cm soil depth
in all the Local Government Arecas (LGAs),
this may be due to the persistence nature of
atrazine which conforms with the findings of
Fasola and Oyedunmade (2007). The atrazine
residues level detected in the soil samples
were higher than the USEPA (1997) Maxi-
mum Residue Level of 0.05 mg/kg.

Detection of atrazine residues in most of Irish
potato and soil samples revealed the sensitive
method of Konig’s reaction, which involved a
systematic procedure of yellow- orange col-
oration to confirm the presence of atrazine in
the samples as described by Kesari and Gupta
(1998). The atrazine residue levels detected in
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Table 3: Distribution of respondents based on socio-economic characteristics (n=88)

Variable Frequency  Percentage Mean
Age (years) Less than 21 12 13.6 35 years
21-30 35 39.8
31-40 11 12.5
41-50 15 17.0
51-60 9 10.0
Above 60 6 6.8
Sex Male 79 89.8
Female 9 10.2
Religion Christianity 86 97.7
Islam 2 2.3
Household size Single 49 55.7 2 Persons
2-3 persons 32 36.4
4-5 persons 7 8.0
Educational attainment  No formal education 18 20.5
Primary education 21 23.9
Secondary education 35 39.8
Tertiary education 14 15.9
Primary occupation Farmer 77 87.5
Trader 3 34
Civil servant 8 9.1
Experience in farming 1-5 years 27 30.7 12 years
6-10 26 29.5
11-15 10 11.4
16-20 7 8.0
above 20 18 20.4
Variety Improved 42 47.7
Local 46 52.3
Acres cultivated Less than lacre 12 13.6
1 acre 38 43.2
Above 1-2 acre 19 21.6 1.72 acres
Above 2-acre 19 21.6

Field survey, 2016
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Table 4: Distribution of respondents based on chemical weed control practices (n=88)

Variable Categories Frequency Percentage
Weed control method Cultural 25 28.4
Physical 7 8.0
Chemical 56 63.6
Type of herbicide Atrazine 76 86.4
Paraquat 12 13.6
Protective measures Protective jacket 1 1.1
Safety boots 20 22.7
Nose mask 66 75.0
None 1.1
Do you adopt Irrigation No 2 23
method Yes 86 97.7
Source of water River 85 96.6
Stream 3 3.4
Source of pesticide Farm cooperative 8 9.1
Local market 80 90.9
Source of information on Local dealers 48 54.5
chemical application Agricultural Extension Agent 33 37.5
Farm cooperative 5 5.7
Manufacturer’s instruction 2 2.3

Field survey, 2016

the Irish potato samples in all the LGAs were
also higher than the USEPA (1997) approved
maximum Residue Level of 0.05 mg/kg.

This study shows that, plants can contribute
to the removal of pesticide from the soil
(environment) through uptake into the plant
tissues as reported by Cunningham et al.
(1997). In addition, the reason for the varying
concentrations of atrazine in some Irish po-
tato varieties and non-detection in other soil
samples may be connected with the fact that
atrazine herbicide degradation might have
occurred at different rates in different Irish
potato varieties and varying soil properties.
Also the microbial activities might vary in the
rhizosphere of the plant. More so, the detec-
tion and non-detection of atrazine residue in

some samples may be due to some factors
such as application, application method, spray
volume and formulation characteristics as re-
ported by Bates (1990) and Linder et al.
(2000).

The relatively young age of respondents im-
plies that they have the energy required to
copy will agricultural production. The pre-
dominance of males suggests that Irish potato
is perceived as commercial crop; hence males
are likely to be more involved in production
than females. This is in consonance with find-
ings of Kaaria et al. (2007) and World Bank
(2009) that studies in Africa have shown that
when a crop is perceived as commercial, men
are more likely to take over from women.
Farming is the predominant occupation with a
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relatively high level of farming experience,
which is would translate into enhance the pro-
duction of Irish potato and use of chemical
for weed control production. The relative
small farm area could lead to continuous
cropping on same land, while the high use of
atrazine for weed control is likely to increase
the residual effect of the use of chemical on
the crop.

CONCLUSION

Based on the findings, atrazine residues levels
in Irish potatoes in the selected sites in the
study area were higher than USEPA (1997)
approved maximum Residue Level of
0.05mg/kg. It is suggested that government
and concerned agencies should make periodic
visit to farms most especially the commercial
ones, in order to ensure compliance to proper
use of herbicides.
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