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ABSTRACT

Aims: To evaluate and compare the efficiency of candidate herbicides and increase the latitude of
herbicides for pre-emergence weed control in maize.

Study Design: Randomized Complete Block Design, with three replicates was used in the study.
Place and Duration of the Study: Candidate herbicides were obtained Rainbow Nig. Limited for
evaluation. The study was carried out between June — September, 2014 and 2015 at |Ibadan
(0.7.38N; 003.84E) and llora (07.81N; 003.82E) research stations of the Institute of Agricultural
Research and Training, Obafemi Awolowo University, Ibadan.

Methodology: Weed flora composition was taken with 1sgm quadrat placed randomly before land
preparation. Acetochlor 500 g/L, Acetochlor 900 g/L, Metholachlor 720 g and Ametryn 80 WP were
applied randomly at three rates of active ingredient (a.i) at maize sowing, while Atrazine (reference),
weed-free and weedy check were the control. Agronomic and weed data were taken, analysed and
means separated using Duncans Multiple Range Test (DMRT) at p< 0.05.

Results: Result showed that weed flora composition before land preparation was dominated by
annual weeds {broadleaves (80%) and grass (20%)}. At 6 weeks after sowing (WAS), weed flora
composition comprised of 8% spiderwort, 8% sedge, 25% grass weeds and 59% broadleaf weed
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species. Weed flora dynamics after treatments application might have been influenced by types of
herbicides, herbicidal activities and previous cultural practices. Herbicides application resultantly
increased plant height (50%) and grain yield (46 - 60%) relative to plant height in weedy check at
both locations. These might have accrued from minimal weed interference hence, high weed control
efficiency (WCE) recorded in herbicides applied (WCE =80%) and significant reduction in cumulative

weed dry matter of about 80%.

Conclusion: Herbicides applied significantly reduced weed growth and enhanced maize grain yield.
Notwithstanding, investigation of the benefit cost ratio and the environmental impact assessment of
herbicides applied are imperative for sustainability of maize production and agro-ecology.

Keywords: Pre-emergence; herbicides; weed control efficiency; weed flora composition; maize seed

yield and derived savanna.
1. INTRODUCTION

The infusion of modern technology in chemical
weed management is imperative in combating
weed problems, increasing crop vyield and
enhancing food security. Maize (Zea mays) is a
major food crop in Nigeria and the world at large.
It is widely cultivated in almost all the ecological
zone. According to estimation, 75% of the total
production of maize is used as food by the
farming community and the remaining finds its
way in starch manufacturing industry, poultry
feed and grain sales. As one of the stable food
crops, the yield of maize is very crucial for the
survival of teeming population of Nigeria citizens.

However, maize yield is widely affected by weed
competition. The reduction in yield due to weed
resulted from competition for light, water,
nutrition and other potential yield limiting factors
[1]. Early weed infestation reduced maize leave
area [2], reduce photosynthesis [3] and impact
negatively on green ear yield and grain yield by
60% and 80 - 90% respectively [4].

Manual weed control is a problem particularly
large farm holdings because of acute shortage of
labour, Hence, hand weeding or mechanical
weeding operation are usually left all together.
The efficacy of herbicides for weed control was
reported by [5]. Herbicides are effective and
cheaper in locations with scarce labour for farm
operations [6]. Corn yield respond positively
when weeds were controlled by herbicides [7].
Maximum weed competition in maize occurs
within the period of 2 — 6 WAS. Hence, early
weed control was suggested in field crops. The
study was conducted to generate data and
determine the efficacies of some formulations in
order to increase the frontier of herbicides
available for pre-emergence weed control in
maize, to reduce the cost of weed control,

enhance profitability in maize production among
farmers and agro-chemical companies.

2. MATERIALS AND METHODS

The weed flora compositions at the experimental
site were identified using the Handbook of West
African weeds [8] before conventional tillage was
done in both locations of the study and during
data collection after herbicide application. The
site was ploughed and harrowed before planting
in June in llora (07.81N; 003.82E) and Ibadan
(0.7.38N; 003.84E). The plots were marked out
into 3 x 3 m and maize planting was done with
the spacing of 75 x 25 cm (1plant/stand). Maize
variety SUWAM | obtained from the Institute of
Agricultural Research and Training (IAR&T)
Ibadan was planted. NPK (20:10:10) fertilizer
was applied at the rate of 200 kg/ha at 5 WAS.
Four herbicides were evaluated at three rates of
active ingredient (a.i) each, along with weedy
check, weed-free control and Atrazine
(Reference). Herbicide rates were randomly
assigned to different plots immediately after
planting maize. These were replicated three
times and arranged in Randomized Complete
Block Design (RCBD). Maize agronomic traits
and weed growth data were measured at
specified times. Data were analyzed with
statistical analysis System [9] at 5% level of
probability (P< 0.05) and means were separated
with Duncans Multiple Range Test (DMRT). The
list of the herbicides and rates were given below.

List of Herbicides and Rates Applied:

Acetochlor-900 g at 1.80 kg a.i’lha
Acetochlor-900 at 2.25 kg a.i’ha
Acetochlor-900 g at 2.70 kg a.i’/ha
Metholachlor-720 g at 2.88 kg a.i/ha
Metholachlor-720 g at 3.60 kg a.i’ha
Metholachlor-720 g at 4.32 kg a.i’ha




Ametryn-80 WP at 3 kg/ha
Ametryn -80 WP at 4 kg/ha
Ametryn-80 WP at 5 kg/ha
Acetochlor-500 g at 1.50 kg a.i’/ha
Acetochlor-500 g at 1.75 kg a.i’lha
Acetochlor-500 g at 2.0 kg a.i’/ha
Atrazine (Reference)

Weed-free control

Weedy check/control

3. RESULTS AND DISCUSSION

Table 1 shows the pool of weed flora
composition of the experimental site before land
preparation. This was composed of about 39%
grass and 61% broadleaves. The weed species
were annuals, from different plant families.
Previous cropping activities and fallow period of
three years might have influenced the weed
richness in the sites. Fallow lands are occupied
by few dominant weed species. Prolonged fallow
period may influence weed flora dynamics and a
shift occur from annual to a few perennials weed
species. In Table 2, weed flora composition
contained 8% spiderwort, 8% sedge, 25% grass
weeds and 59% broadleaf weed species. Table 3
showed the weed richness at 6 WAS in Ibadan.
Broadleaf weeds were 66.7%, grass weed was
16.7%, sedge was 16.7% and spiderwort was
8.3%.

The weed flora composition 6 WAS at both
locations evidently showed the dynamism of
weed composition. Hackelochloa granularis and
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cyperus rotundus were recorded in all the treated
plots in llora. The dominance of Hachelochloa
granuluris and Cyperus rotundus in llora; and
Panicum maximum in Ibadan (Table 3) mirrored
ineffectiveness of herbicides on their propagules,
consequently their ascendency was exhibited
through substitution of annual weed species that
succumbed to herbicide treatments. High
occurrence of Mitracarpus villosus (10/15 llora;
11/15 Ibadan - out of 15 treated plots) and
Desmodium scorpurus (”/15 llora; 9/15 Ibadan) in
both locations; Tithonia diversifolia (11/15) and
Cynodon dactylon (°/;s) might also show the
limitations of spectrum of activities of herbicides
and the numerical impact of the aforementioned
weeds in the study area. In Ibadan, Panicum
maximum was found in all the treated plots at 6
WAT, though in scattered faction, and the overall
weed richness in |badan might reflect the
limitation of herbicides to corm grass control and
negative impact on weed control efficiency.
Sparsely disperse weed flora composition in llora
(Table 2) might have been influenced by
previous agronomic practices [10] weed species
dominance during the fallow period, efficacy of
herbicides and geographical effect [11]. Weed
flora dynamics after treatments application might
have been influenced by the difference in
herbicidal activities and previous cultural
practices. According to, factors such as the type
of herbicide, application rate, climatic conditions
following application, as well as a number of soil
factors can affect the activity of soil-applied
herbicides evaluated in the study [12].

Table 1. Weed flora composition of experimental sites before land preparation at Ibadan and

llora
Family Weed species Morphology Life Ibadan llora
cycle
Poaceae Panicum maximum G P * *
“ Hackelochloa granularis “ “ - *
Asteraceae Tithonia diversifolia B A * *
“ Tridax procumbens B A * *
“ Aspillia africana B A * *
“ Agerantum conyzoides B A * *
Leguminosae-Mimosoideae = Mimosa invisa B A * *
Leguminosae-Papilinoideae  Crotalaria retusa B A * *
“ Desmodium scorpiurus B A - *
Lamiaceae Hyptis suaveolens B A - *
Rubiaceae Mitracarpus villosus B A * *
Verbenaceae Stachytarpheta B A * -
cayennesis
“ Stachytarpheta B A * -

Jjamaicensis

P — Perennial, A- annual, G- grass, B- broadleaf, * - presence of weed species



Table 2. Weed spectrum and prevalence after pre-emergence herbicide application in Maize at 6WAS at llora
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Family Weed Spp Morph. Life T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15
cycle

Poaceae Hackelochloa granularis G AP a b b b a b a b b b b a b b a
Cyperaceae Cyperus rotundus S AP a a a a a a a a a a a a a a b
Rubiaceae Mitracarpus villosus B AP b b b - b b b b b b - - b - -
Leguminosae- Desmodium scorpiurus B b b b - b b - - b b - b b b b
Papilinoideae

Poaceae Panicum maximum G A - b - - - - - - - b b - - - -
“ Cynodon dactylon G A b b - - b b b - b - b b - - b
Asteraceae Tridax procumbens B A - - - - b - b - - - - - - - -
) Tithonia diversifolia B A - b b b b - b b b b b - b - b
“ Acanthospermum - - - - - - - - b - - - - - b

hispidium

Malvaceae Sida acuta B AP - b b b - - - - - - - - - - -
Commelinaceae Commelina bengalensis  Sp P - - - - - b - b - - - - - - -
Lamiaceae Hyptis suaveolens B A - - - - - - a - - - - - - - -

Legend: a — Major weed , b — Minor weed, B- broadleaf, G- grass, Sp- Spiderwort, S — Sedge, P- Perennial, A — Annual, A/P — annual/perennial, T — Acetochlor 900 g — 1.80
kg a.i/ha, T> — Metholachlor 720 g - 3.60 kg a.i/ha, T3 — Ametryn — 80 WP 4 kg/ha, T4 — Acetochlor 900 — 2.25 kg ai/ha, Ts — Weedy check, Te¢ — Acetochlor 500 g — 1.75 kg
ai/ha, Tr — Weedfree, Ts - Acetochlor 500 g — 1.50 kg ai/ha, Te — Metholachlor 720 g — 2.88 kg ai/ha, T1o — Atrazine — (Reference), T11 — Acetochlor 500 g — 2.0 kg ai/ha,

T12— Ametryn — 80 WP 3 kg/ha, T13 — Acetochlor 900 g — 2.70 kg ai’ha T14— Ametryn — 80 WP 5 kg/ha and T15 — Metholachlor 720 g — 4.32 kg ai/ha
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Table 3. Weed spectrum after pre-emergence herbicide application in maize at 6WAS in Ibadan

Family Weed Spp. Morpholorgy Life T1 Tz T3 T4 T5 Te T7 Tg Tg T1o T11 T12 T13 T14 T15
cycle

Asteraceae Tithonia B A a - - a - b - b - - b b b - b
diversifolia

Leguminosae- Mimosa invisa B P a - - - - b - b - - - - b - -

Mimosoideae

Rubiaceae Mitracarpus B A b a - b b b - - a - b b b b b
villosus

Poaceae Panicum G A a b a a a a b a b a b a b b b
maximum

Leguminosae- Crotateria retusa B A - b - - - - - - b - b - b - b

Papilinoideae

“ Desmodium B P - b b b b - - b b - b - b b -
scorpiurus

Cyperaceae Cyperus rotundus S AP b b - - - - - - - b - - - - -

Commelinaceae Commelina SP P - - a b - b - - - b b - - b
bengalensia

Poaceae Elusine indica G A - - - - - = b - - b - b - - -

Convolvulaceae Ipomea triloba B A - b - - - - - b - - - - - - -
Acanthespernum B - - - - b b - - - - - - - - -
hispiudum

Rubiaceae Oldenlandia B - - - - b - - - - - - - - - -
corymbosa

Cyperaceae Cyperus S A - - b - - - - - b - - - - b -
esculenta

Legend: a — Major weed , b — Minor weed, B- broadleaf, G- grass, Sp- Spiderwort, S — Sedge, P- Perennial, A — Annual, A/P — annual/perennial, T1 — Acetochlor 900 g — 1.80
kg a.i/ha, T»— Metholachlor 720 g - 3.60 kg a.i’ha, T3 — Ametryn — 80 WP 4kg/ha, T4— Acetochlor 900 — 2.25 kg ai’ha, Ts — Weedy check, Te — Acetochlor 500 g — 1.75 kg
ai/ha, T; — Weedfree, Tg - Acetochlor 500 g — 1.50 kg ai/ha, To — Metholachlor 720 g — 2.88 kg ai/ha, T1o — Atrazine — (Reference), T11 — Acetochlor 500 g — 2.0 kg ai/ha,
T12 — Ametryn — 80 WP 3 kg/ha, T13 — Acetochlor 900 g — 2.70 kg ai’ha T14 — Ametryn — 80 WP 5kg/ha and T15 — Metholachlor 720 g — 4.32 kg ai/ha



The effects of weed interference and herbicides
efficacy was evident in disparities in plant height
at 10 WAP in both locations (Figs. 1 and 2). At
llora, the tallest plant was recorded in plots
treated with Acetochlor-500 g (1.75 kg ai/ha), this
was comparable with plant heights in other plots
except weedy check that had the shortest plants.
This was due to the critical weed competition
with maize plants in the weedy check plots.
Similar trend was recorded in Ibadan in weedy
check plots that had about 50% reduction in plant
height compared with the tallest plant in weed-
free plots. Crop-weed interaction becomes
critical in crop plant at early stage of weed
competition [1]. Evidently, herbicides treated
plots had taller maize plants relative to untreated
weedy plots. Maize plant height increased by
about 60% at both locations compared with the
average height from weedy check and other plots
(Figs. 1 and 2). Consequently, weed control
efficiencies were higher in weed-free plots and
herbicides treated plots than in weed check plots
(Figs. 3 and 4). This may be traced to the
cumulative effects of weed growth and dry matter
accumulation in each plot as expressed in Fig. 5.
Weed dry weight was about six times in weedy
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check compared to the average from other
treated plots. Thus, herbicides evaluated in the
study significantly reduced weed dry matter by
about 80% in llora and slightly lower in Ibadan.
This might be due to the richer weed flora
composition in  Ibadan.  Notwithstanding,
herbicide treated plots had taller plants, better
weed control efficiency and more grain yield
(Figs. 6 and 7).

Chemical weed control is better alternative
because it is cheaper, faster and gives better
weed control [5]. Chemical weed control gave
better results and attractive return than hoe
weeding in wheat and sweet potatoes fields
infested with weeds [13,14]. In places with
scarce and high cost of labour for farm
operations, chemical weed control will remain
appropriate for timely weed management [15].
The efficiency and profitability of herbicides over
hoe-weeding was also reported to be higher [6].
Similarity in weed control efficiency of the
herbicides evaluated may call for benefit cost
ratio analysis of the study. This is appropriate for
selection and recommendation of herbicides for
maximum profitability in maize production.

Maize Plant height (cm) 10 WAS in llora

AMETRYN (80WP) 5KG

AMETRYN (80WP) 3KG

WEED-FREE CONTROL

ACETOCHLOR (900G) 2.25KG Al/HA

WEEDY CHECK

AMETRYN (80WP) 4KG

METHOLACHLOR (720G) 2.88KG Al/HA

ATRAZINE (REF)

ACETOCHLOR (500G) 2.0KG Al/HA

ACETOCHLOR (500G) 1.50KG Al/HA

ACETOLACHLOR (500G) 1.75KG Al/HA
METHOLACHLOR (720G) 4.32KG Al/HA

ACETOCHLOR (900G) 2.70KG Al/HA

ACETOCHLOR (900G) 1.80KG Al/HA

METHOLACHLOR (720G) 3.60KG Al/HA

159.33
160
199.67
177
122.67
173.33
169
170.67
181.67
178
203
15.33
196.67

|
175.67
|

191.33
1

50 100 150 200 250

Fig. 1. Effects of herbicides on plant height (cm) at 10 WAS in llora



120
100
80
60
40
20

METHOLACHLOR (720G) 4.32KG Al/HA 191.93

Metholachlor
(720g)3.6kg a.i/ha

Acetochlor (900g) 1.8kg

METHOLACHLOR (720G) 2.88KG Al/HA

ACETOLACHLOR (500G) 1.75KG Al/HA 190.83

METHOLACHLOR (720G) 3.60KG Al/HA 198.39 |
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Maize Plant height (cm) at 10 WAS in 2015

AMETRYN (80WP) 5KG 169.93
AMETRYN (80WP) 3KG 175
WEED-FREE CONTROL 219.94
ACETOCHLOR (900G) 2.25KG Al/HA 185.87
WEEDY CHECK 109.79
AMETRYN (80WP) 4KG 173.33

YENE]

ATRAZINE (REF) 178.67
ACETOCHLOR (500G) 2.0KG Al/HA i i 179.67

|
ACETOCHLOR (500G) 1.50KG Al/HA i i 188.59

ACETOCHLOR (900G) 2.70KG Al/HA 189.72
|

ACETOCHLOR (900G) 1.80KG Al/HA 185.68
|

0 50 100 150 200 250

Fig. 2. Effects of herbicides on plant height (cm) at 10 WAS in Ibadan

Weed control efficiency (WCE) at llora

Atrazine (ref)
Weedy check
Weedfree

a.i/ha
Acetochlor (900g) 2.7kg
a.i/ha
Metholachlor 4.32kg
a.i/ha
Acet. (500g) 1.75kg
a.i/ha
Metholachor
(720g)2.88kg a.i/ha
Ametryn-80WP 4kg/ha
Aceto (900g)2.25kg
a.i/ha

Acet. (500g) 2kg a.i/ha
Ametryn-80WP 3kg/ha
Ametryn-80WP 5kg/ha

Acet. (500g) 1.5kg a.i/ha

s \N CE (%)

Fig. 3. Weed control efficiencies of the herbicides applied at llora
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Weed control efficiency (WCE) at Ibadan
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Fig. 4. Weed control efficiencies of herbicides applied at Ibadan
cumulative weed dry weight (g/0.25sqm)
Metholachlor (720g) 3.60
kg ai/ha
50 Acetochlor (900g) 1.80 kg
Ametryn (80WP) 5kg/ha 5 ai/ha
40
Acetolachlor (900g) 2.25
Ametryn (80WP) 3kg/ha 35 cetolachlor (300g)

kg ai/ha

Metholachlor (720g) 4.32

Weed free kg ai/ha

Acetochlor (900g) 2.7 kg
ai/ha

Acetochlor (500g) 1.75 kg
ai/ha

Acetochlor (500g) 1.50 kg

Weedy check ai/ha

Acetochlor (500g) 2.0 kg
ai/ha
Atrazine (Reference)

Ametryn (80WP) 4kg/ha
Metholachlor (720g) 2.88
kg ai/ha

Fig. 5. Cumulative weed dry weight at 6 WAS at both locations



Aluko; JEAI, 37(1): 1-11, 2019; Article no.JEAI.48428

Maize grain yield (t/ha) at llora
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Fig. 6. Effects of pre-emergence weed control on grain yield at llora
Maize grain yield at Ibadan
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Fig. 7. Effects of pre-emergence weed control on grain yield in Ibadan
The use of  Acetochlor, (2-chloro-N-  and evidently suppressed weeds in this study.
(ethoxymethyl)-N-(2-ethyl-6- methylphenyl)-  This is similar in effect with other herbicides

acetamide) as a pre-emergence herbicide to
control annual grass weeds such as
barnyardgrass, crabgrass and fall panicum, and
certain broadleaf weeds, as well as yellow
nutsedge in maize is well documented [16,17]

evaluated in the study. Notwithstanding, it
comparative advantage of this herbicide as one
of the most widely used herbicides in maize in
the USA due to its better biodegradability and
relatively small cancer-causing effect [18,19],



need to be ascertained in other herbicides aside
the economic return in maize production when
applied.

4. CONCLUSION

Chemical weed control remains a timely and
suitable intervention option for weed suppression
especially where labour is of limited supply for
manual weeding. Herbicides investigated
reduced weed growth by 80% and increased
grain yield by about 50% on the average at both
locations. Investigation of the economic and
environmental impacts of these herbicides is
imperative  for optimum  profitability and
environmental safety.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Das TK, (Eds). Weed science: Basic and
applications. Jain Brothers, New Delhi.
2011;910.

2. Lum AF, Chikoye D, Adesanya SO.
Control of Imperasta cylindrica (L.) with
nicosulfuron and its effects on the growth,
grain yield and the food components of
maize. Crop Protection. 2005;11(6):1586—
1591.

3. Aflakpui GKS, Gregory PJ, Froud-Williams
RJ. Growth and biomass partitioning of

maize during vegetative growth in
response to Striga hermonthica infection
and nitrogen supply. Exper. Agric.

2002;38(1):265-276.

4. Silva PSL, Smith NO, Stephen BO. Growth
and yield of corn grain and green ear in
competition with weeds. Planta Daninha.
2009;27:947-955.

5. Chikoye D, Schulz S, Ekeleme F.
Evaluation of integrated weed
management practices for maize in the
northern guinea savanna of Nigeria. Crop
Protection. 2004;23:895-900.

6. Bhat DJ, Pandey RK, Chopra S, Gupta
RK, Dogra S. Influence of herbicides on
weed population and morpho-metrical
attributes under different season in African
marigold (Tagetes erecta L.). Progress.
Hortic. 2012;44:89-95.

7. Miller TW, Libby CR. Response of three
sweet corn cultivars to several herbicides.

10

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Aluko; JEAI, 37(1): 1-11, 2019; Article no.JEAI.48428

Res. Prog. Report. Western Soc. Weed
Sci. Colorado Springs, USA. 1999;57-58.
Akobundu 10, Agyakwa CW. A handbook
of West African weeds. 1998;581.

SAS Institute. The SAS system for
windows. Version 9.4. SAS Institute, Cary,
NC; 2014.

Aluko OA, Oyebola TO, Taiwo ST. Effects

of cultural practices on weed flora
composition of selected field crops.
European Journal of Agriculture and

Forestry Research. 2015;3(4):29-37.
Aluko OA, Smith MAK, Omodele T. Survey

and mapping of speargrass (Imperata
cylindrica (L.) Reauschel) invasiveness
using GIS techniques in two agro-

ecologies of Nigeria. European Journal of
Agriculture and Forestry Research; 2018.
Rao VS. Principles of weed science. 2
Edn. Science Publishers Inc., Enfield;
2000.

Nezeer HS, Gul H, Sad UR, Nazir A, Fazle
S. Weed management in wheat on
farmers’ field of DASP command area.
Weed Sc. Soc. of Pakistan. 2004;10(1-
2):25-32.

Korieocha DS, Ogbonna MC, Korieocha
JN, Nwokocha CC. Effect of fluazifop-butyl
and atrazine + metolachlor (Tank mixed)
for weed control in sweet potato (/jpomea
batatas) in South Eastern Nigeria. Journal
of Agric. and Social Res. 2011;11(1):72—
76.

Fischer AJ, Hil JE. Weed control
programs. Rice Production Workshop.
Oakland, CA. University of California,

Division of Agriculture and Natural
Resources. 2004;1-9.
Landi P, Frascaroli E, Catizone P.

Variation and heritances of response to
acetochlor among maize inbred lines and
hydrids. Euphytica. 1990;45:131-137.
WSSA. Herbicide Handbook of the Weed
Science Society of America. 8" Edn.
Edited by W.K. Vencil. WSSA, Champaign;
2002.

Deryabina MA, Yakovleva YN, Popova VA,
Eremin SA. Determination of herbicide
acetochlor by fluorescence polarization
immune-assay. J. Analyt. Chem.
2005;60:80-85.

Gilliom RJ, Barbash JE, Crawford CG,
Hamilton PA, Martin JD, Nakgaki N, Nowell
LH, Scott JC, Stackelberg PE, Thelin GP,
Wolock DM. The quality of our nation’s
waters: Pesticides in the nation’s streams
and ground water, 1992-2001; 2007.



Aluko; JEAI, 37(1): 1-11, 2019; Article no.JEAI.48428

In: Screening of some South African maize
(Zea mays L.) cultivars for acetochlor
tolerance. J. Allemann & P.M. Mphundi
South African Journal of Plant and Soil.
2013;27(3):235-241.

Circular 1291. U.S. Department of the
Interior and U.S. Geological Survey.
Available:http://pubs.usgs.gov/circ/2005/12
91/pdf/circ1291_chapter8.pdf

(Accessed 16/08/2008)

© 2019 Aluko; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle 3.com/review-history/48428

1"



