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ABSTRACT

Pendimethalin is experimented for persistence using Spectronic 21D for residue
analysis in Ogbomoso, Southern Guinea Savanna soil. Pendimethalin (1.0, 1.5,
2.0 I/ha), hoe weeded and Weedy Check (WC) were the applied treatments.Soil
samples were taken for herbicide residue analysis to determine Disappearance
Time for 50% (DT50) of the herbicide. The lowest rate, 1.0 I/ha disappeared
faster than 1.51/ha. Up to 75.2 days after application, 75% of the herbicide at the
recommended rate of 2.0l/ha had disappeared. The DT, were 48.3, 57.3 and
37.9 days for 1.0, 1.5 and 2.0 I/ha respectively. There was inadequacy in weed
control ability of Pendimethalin due to the loss in quantity of the herbicide from
the soil in this zone. Thus, before eight weeks of application more than half of the
applied herbicide had disappeared leading to reduced weed control. However,
Pendimethalin was found to be moderately persistent in the zone. This implied
that the problem of choice of follow-crop does not arise and the compartments of
the environment would be free from pendimethalin residues.

Keywords: Disappearance time, Pendimethalin, Herbicide Persistence,
Spectronic 2ID.

INTRODUCTION

Experience has shown that the growing concern about agrochemical toxicity and residues
inthe environment appeared to bediverting attention from achemical barrier neededinthe
s0il to givesufficient herbicide concentration that caninhibit weed growth for roughly three
months. A lot of factorsdeterminethefate of any pesticideintheenvironment including soil
physicochemicd properties, rainfal, temperature, soil microbes, pesticide physicochemica
propertiesetc. Thebioavailability of most herbicidesfor microbia biodegradationislimited
by the sorption to organic matter or clay minerals (Alexander 1994; Skow and Johnson
1997).
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Adsorption of pesticidesto soil particlesisbeneficia asit reducestheir leaching potentia
to groundwater, however, it might limit microbia degradation by limitingitsbioavailability.
Whilethe adsorption of pesticideson to soil particlesreducetheir leaching potentia to
ground weter and s multaneoudy limitstheir bioavailability to microorganism, degradation
effectsthe concentration of pesticidesresiduesin soils, thereby controlling their persistence
insoil (Vischetti et al., 2010). All these parameterswere useful to evaluate pesticide
pers stence and mobility through the soil profileand toimprove pesticide fate model sthat
elther provide predicted environmental concentrationsor smulate environmental fate of
pesticides (Vischetti et al., 2010).

According to the European Commission (2003), the DT50for Pendimethalin ((N-
(1-ethylpropyl)-2, 6-dinitro-3, 4-xylidene) ranged asfollows: Germany 27-102, France
82-141, andin South Africa57-102 days. Thereisno universally accepted classification
of pesticide environmental persistence. However, Roberts (1996) used aclassification
based onthe mean half-life of the pesticideinthe soil: 1) Impersistent [or "non-persistent”],
DT, <5days, 2) dightly persistent, DTS0 = 5-21 days; 3) moderately persistent, DT )
=22-60days; and 4) Very persistent, DT, > 60 days. Any estimate of field dissipation
half-life or comparable index of persistence is dependent on a variety of factors
(Roberts,1996). For example, DT valuestend to be shorter in warm, moist climates
compared to cooler, drier soils.

Alkaline soilstend to prolong persistencefor certain herbicide classes, notably
sulfonylureasandtriazines. Thus, dthough asinglevauemay bereportedfor DT, for an
herbicide, it usually representsarange, often very wide. Effortsto reducetherates of
herbicide application are often associated with reduced efficacy (Ayeni and Zanin, 1979;
Muyonga, Defelice and Sims, 1996) and therefore, added economic risk, in terms of
repeated applications, to the farmer. Soil type effects on persistence per se have been
shown to better be compared infield experiments dueto the complicating influences of
climate, especialy rainfall and temperature (Sheets, 1970). Itistherefore desirableto
establish the persistence of agiven herbicidewithin smilar edaphic and climatic regions
wheretheinformationisintended to be used.

InNigeria, Ayeni (1991) observesthat many atime, the herbicidesarenot within
thereach of thefarmerswho area so both technically deficient to apply them correctly and
economically poor to afford the high pricesthat the herbicides command. In addition,
thereislimited information on the safety of the chemicalsinthe Nigerian environment, as
theonly information available asregards these chemicalsare reportsfrom other parts of
theworld. M ost degradation studieswere conducted in thelaboratoriesand resultswere
difficult for field interpretation. Thus, thereisthe need for datawhich can berelated to
agro-ecosystemsto which pesticidesare applied (Greenhalg and Dreschler, 1982).

Theobjectiveof thisstudy, therefore, isto trace the disappearance of Pendimethalin
in Ogbomoso, Southern Guinea Savannazone of Nigeriaand to relate the persistence to
the effectivenessof weed control intrested fields.
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MATERIALSAND METHOD

The experiment was conducted a L adokeAkintolaUniversity of Technology, Ogbomoso,
Teaching and Research Farm and the Ogbomoso farm settlement for two seasons. Both
sitesarelocated at Ogbomoso in Oyo State, Nigeria.

Land preparation, experimental design and treatmentsapplication
Thesiteineach of thetwo locationswas disc ploughed twiceand manually leveled after
pegging into plotswith measuring tape. The experiment waslaid out in acompl etely
randomized block design (CRBD) with fivetreatmentsin ablock and replicated thrice.
Each block contained 5 beds of 5m by 5m, and the block and bed were 2m apart. There
werethreelevelsof Pendimethalin 2.0l/ha, 1.5l/ha, and 1.0I/ha. Two controls of hand
weeding alone and zero weed control (weedy check) wereincluded.

Weed assessment

Weeds on the plotswere assessed using 0.25m by 0.25m quadrats|ocated at two spots
per plot to take weed density three weeks after spraying and weed biomass, fresh weight
of harvestableweeds eight weeks after spraying. Theweedswereoven-dried at 80°Cin
JPSELECTA, S.a. CEV230 Cod: 2000209 Seria number 0446955 at 80°C to constant
weight and weighed for dry matter evaluation using Gibertini TM 1600 Max.1600, d =
0.01 Top L oading balance.

Assessment of herbicide persistencein treated field plots

The herbicidesresidueswere estimated by extraction from the soil. Soil sampleswere
taken into polyethylene bags eight times, with thefirst within 24 hours of herbicides
application. Two other samplesweretaken at weekly intervalswhiletheremaining five
weretaken a twoweekly interva s (Akinyemiju, Ogunyemi and Ojo, 1986). Threesamples
per plot, mixed together to form acomposite sampleweretaken to adepth of 15cmusing
soil auger. The sampleswere taken to the laboratory within 48hours of sampling, for
Spectronic 21D analysisof theresidue.

Extraction of Herbicide Residues

Soil sample (5g) wasweighed using aMetler top |oading balanceand 25ml of ethyl acetate
was added in the presence of anhydrous sodium sulphate (10g) and sodium chloride
(10g). They werehomogenized on shaker at ahigh speed for 3 minutes. The homogenate
wasfiltered through aWhatman No. 1 filter paper. Thefiltrate was|eft to passthrough
activated charcodl, (i.e. the activated charcoa was put onfilter paper when the solution
was then poured). The clear filtrate was then read on the Spectronic 21D at 420nm
wave ength. The standardswere prepared using Pendimethalin 500EC at 0.5ppm, 1.0ppm,
1.5ppm, 2.0ppm. The standard curveisplotted to obtain the slope.
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Calculation
Absorbancex Slopex Dilution Factor
Slopefor Pendimethalin=0.120
(AOCAC 2005; Miller, Rosenberg, Siltamen and Wartiovarra, 1981)

Satistical Analysis
Datafrom persistence soil analysiswere subjected to regression analysisand regression
plotsobtained.

RESULTSAND DISCUSSION

Themeteorologica dataduring thetwo growing seasonswere presentedin Table 1. Figures
laf and 2a-f showed the disgppearance of Pendimethainwithtime. Therewasno apparent
initial lag phase during which no appreciablelosses of the herbicidesoccur. Ingeneral,
therewasadecreaseinthe concentrationsof the herbicideres duesinthesoil fromtheday
of application irrespective of therate. There was non-linear initial disappearance of
Pendimethalin except at LAUTECH FarminYear A and Year B (Table 3) where DT of
Pendimethalin ranged from 3.5 to 12 days (lessthan 2 weeks) after application. Between
35.3 to 61.2 days (about 5-9weeks) after application, 50% of Pendimethalin had
disappeared. On theaverage, 90% of Pendimethalin had disappeared by about 94 days
after application (Table 3). Therate of disappearance of Pendimethalin was observed to
be decreasing with decreased concentration of residuein the soil. Thus, between 3.58 -
6.2 mg/kg Pendimethalin disappeared within O - 28 days. Between 85 - 98 days after
application, less than 1.6mg/kg of pendimethalin disappeared. The lowest rate of
Pendimethain applied, 1.01/ha, had dmost disappeared completely by thethirteenth week
of theexperiment (Table4).

Averagely, about 50% of Pendimethalin had disappeared at about eight weeks
after application. The DT, (disappearancetimefor 90% of theinitial residue) for the
herbiciderateswere shownin Table 3. By the 8th week of herbicide application, 2.0l/ha
Pendimethain gave 31.45% weed control at LAUTECH farminYear A. The percentage
weed control of lessthan 45% wasrecorded for the herbicidein Year B at Ogbomoso
Farm settlement. The weed control was better in Year B and during thistime 56-70%
weed control was achievedin both locations.

Theinitial weed control was high at 3 weeksafter spraying (WAS) asshownin
Table5inwhichthe percentage weed control were cal cul ated based on weed popul ation,
3weeksafter planting. Theresultson thetable 2 indicategreat differenceinweed control
ability of the herbicide between 3 and 8 WAS. At the 3WA Swhen weed density was
estimated, morethan 75% of the Pendimethalin remained in the soil whilemorethan 50%
of the herbicide has disappeared before the el ghth week of the experiment during which
theweed biomasswastaken. The percentage weed control (69%) at LAUTECH Farm
wasbestinYear B for theherbicide by week eight. Therewasno apparent initial 1ag phase
during which no appreciablelosses of the herbicides occur (Akinyemiju, Ogunyemi and
0jo, 1986). Thedisappearance of pendimethain commenced immediately after spraying.
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Thelossin phytotoxicity and inability of Pendimethalin at therecommended rate of 2.0l/ha
to control weeds adequately beyond eight weeks after application was dueto thelow
level of theherbicideresidueinthesoil at thisperiod. Theremaining concentrationinthe
soil fromthis period was not enough to appreciably control theweedshencethe degree of
weediness observed after eighth week of spraying. Thissuggested that the herbicide might
havelost someof itsefficacy before 56 DaysAfter Application (DAP) dueto factorssuch
asdegradation, leaching, runoff, volatilization and soil (and related meteorological)
characterigtics.

Dissipation of pendimethalin proceeds morerapidly under flooded, anaerobic
conditionsthan cold or dry conditions (Stranberg and Scott-Fordsmand, 2004; Kulshrestha
and Singh, 1992). Zimdahl, Catizone and Butcher (1984); Zimdahl, Cranmer and Stroup
(1994) suggest that soil type may havelessinfluencethan temperatureand soil moisture.
Thiswaswhy inthesecond part of thisstudy, pendimethalin dissipation intwo soilsunder
threemoisturelevelsand three mixtures of pesticideswas performed. Results show that
increasing themoisturelevel insoil from 30% to 90% of field capacity could resultinan
amogt fourfoldincrease of degradationrate of pendimethdin aoneinsandy loamand clay
loam (Mariaand Andrze, 2012).

Themeteorol ogical dataduringtheYear A and Year B cropping seasonsrevealed
higher temperature, evapo-transpiration, sunshineand rainfal in Year A thanYear B. There
aremany reportsof herbicidesand other pesticidesdissipating morerapidly intropical
thanintemperateclimates (Helling, 1997; Rackeet al., 1997; Laabs, Amelung, Pinto and
Zech 2002). Thisismorelikely to berelated to higher mean soil temperaturein tropical
and subtropical areas. Pendimethalin with vapour pressure of 1.94x102 Paat 25°C are
likely to havevaporized moreduring Year A than Year B.

Thereare somereports on the degradation of pendimethalin by microorganisms
comprising Azotobacter chroococcum, A. vinelandii and Bacillus circulans (Saha,
Chowdhury and Chaudhuri, 1991; Singh and Kulashrestha, 1991; Kole et al., 1994;
Megadi, Hoskeri, Mullaand Ninnekar, 2010). With low water solubility, moderateto high
vapour pressure, strong adsorption to soil, and high octanol—water partition coefficients of
pendimethalin, it would be expected that the movement of thisherbicidein surface runoff
andleaching below except where soil erosion resultsin sediment trangport of the adsorbed
herbicide (Stranberg and Scott-Fordsmand, 2004; Chopra, Kumari and Sharma, 2010).

Health Canada (2004) reported that |eaching may occur under conditions of
excessiverainfal or irrigation, Pendimethalin could have been leached seriously during
Year A heavy rain. Such leached chemical no longer contributeto weed control and has
lessen persstenceinthe zonereevant to crop production. Inthe Southern GuineaSavanna
zone, therecommended rate of 2.0l/hadisappeared faster than the other two ratesbut till
gavethe best weed control. The 1.0 |/hatreatment disappeared faster than 1.51/haand
gavetheleast percentageweed control of 37.6%. The DT for Pendimethaininthiszone,
irrespective of the rate of application ranged between 37.9 and 57.3 days. By the
classfication of DT_, put forward by Roberts (1996), Pendimethalin was moderately
persistent (22-60days) inthiszone. However, US Environmental Protection Agency has
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classified thisherbicide as pers stent-bio-accumul ative toxics (Rocaet al ., 2009).

Table 1: Monthly weather data of Nigerian Meteorological Agency, llorin Airport Meteorological
dataduring the experiment (Year A and Year B)

Date Temp(°C) Mean Relative Sunshine Rainfall No of Pitch
(months) Max Min T(°C) Humidity (Hrs) (mm) Rainy Evaporimater
(%) days
Year A
July 2908 21.8 258 87 54 3186 18 26
August 289217 253 & 48 263 19 28
September 30.1 21.7 259 8 45 203 2 23
October 323218 271 8 75 245 11 34
November 349213 281 Is) 81 48 1 72
Year B
July 30.0 21.8 259 D 47 3134 16 27
August 273220 247 D 38 201 13 24
September 305219 262 & 23 187 19 23
October 314 220 26.7 & 53 2?8 13 27
November 334 20.2 268 67 75 44 2 37
December 332192 262 - - 0 nil -

Source: Experimentation, 2015 - 2016

Table2: Effect of Pendimethalin on weed density 21 days after spraying, and weed biomass 56 days
after spraying.

Applicationrate(l/ha) Weed density Weed biomass
(% of control) (% of control)
LTRFYear A
20 613 315
15 59.3 289
10 486 151
HW 24 375
OFSYear A
20 74.3 426
15 820 408
10 634 57
HW 88 414
LTRFYear B
20 772 696
15 593 676
10 505 621
HW - 587
OFSYear B
20 782 618
15 64.3 404
10 56.6 476
HW 60 524

LTRF=LAUTECH Farm; OFS = Ogbomoso Farm Settlement
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Table 3: Characteristics of Pendimethalin in Southern Guinea Savanna zone of Nigeria as derived
from thework.

Ratemg/kg 2.0 15 1.0
Mean DT, (days) 37.9 57.3 48.3
Mean % Wd control 56 DAS  51.4 444 37.6
Mean % Res. 89 DAS 8.3 194 134
Disappearancerate mg/kg:

DAS

0-28 5.6 4.8 4.2
29-56 3.4 4.0 25
57-84 13 16 09
85-98 04 0.9 0.2

Key: Wd =Weed, DAS=Day after spraying, Res. —Residue.
Source: Experimentation (2015 - 2016).

CONCLUSION

Thisexperiment wascarried out to ascertain the Persistence of Pendimethalinin Southern
GuineaSavanna, Ogbomaoso, Nigeria. Findingsshow thatbefore eight weeksof gpplication
morethan half of the applied herbicide had di sappeared | eading to reduced weed control.
However, Pendimethalin wasfound to be moderately persistent inthezone. Thisimplied
that the problem of choice of follow-crop does not arise and the compartments of the
environment would befreefrom pendimethalin residues. Findingsfurther show that the
ratesof pendimethalin applied were moderatdly pers stent in the southern guineasavannah
of Nigeriathusputting to rest thefear of environmental pollution. However, therateswere
not very effectiveinweed control. Therefore, the rate of disappearance decreased with
decreasing residue concentration inthe soil. Toxicity of pendimethaintofollow-crop and
theenvironment would have been drastically reduced prior to threemonthsafter application.
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