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Abstract

This gudy aimed at evaluating the potentials of Siamand Mimosa weeds as bioherbicides
along with a chemical herbicide, Force-Uron and their combinations for weed control
efficacy, growth and nodulation of cowpea (Vigna unguiculata). It wasa pot experiment
carried out at the FarmHouse of the School of Agricultureand Industrial Technology,
Babcock Univergty, llishan-Remo, Ogun State, Nigeria with six treatments namdy:
Control (no herbicides), chemical herbicide (Force-Uron) applied soleat4 litergha, Siam
weed (bioherbicide) applied soleat 30 kg/ha, Mimosa weed (bioherbicide) applied sole at
30 kg/ha, 50:50 chemical herbicide/ bioherbicide (Siam weed) and 50:50 chemical
herbicide/ bioherbicide (Mimosa weed); with four replications in a Conpletdy
Randomized Design (CRD). Resultsshowed that Sambioherbicide was superior in terms
of weed control, stimulation of higher noduleweight and higher cowpea shoot, tissueN
concentrationthantheMimosa bioherbicide. The applications of the two 50:50 chemical
herbicide/bioherbicide combinations showed higher efficacy in weed control in terms of
low weed countand dry matter weight, aswell as nodulation especially noduledryweight,
than the application of the sole herbicide types- an expression of synergy in regect of
conmbined use of chemical herbicide and bioherbicides

K ey words: Alelopathy, weed management, nodule, shoot weigh

Introduction

Cowpea orignated in Africa, Latin America, and ®east Asia and in the Southern
Unied States (Davis, 1991). It s an importantdfa@ West Africa, especialy in Nigeria
where it forms an important dietary tem which mes protein supplement for the high
caloric food of Nigerians (Raheja, 1986). The grabntains 24.8% proten, 1.9% fat,
6.3% fibre, 63.6% carbohydrate, 0.00074% ThiamiB€0042% Riboflavin, 0.00281%
niacin (Dawvis, 1991). Cowpea is one of the gragurees capable of fixng atmospheric
N2 in symbiosis with sol bacteria of the genBsadyrhizobium. Through this type of
nitrogen biotransformation, legumes derive some thefir nitrogen requirement and also
benefit the companion or subsequent crops. Theobsixed nirogen for improving crop
yield and soil fertiity is a cheaper substitute tiee use of the expensive inorganic nitrogen
fertizer. However, many environmental condtiorfgerial and soi) and bictic factor
influence the ability ofV. unguiculata and other legumes to fix ntrogen optimally (Singh
e al., 1983). The plant tokrates drought, performs wela wide variety of soils and,
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being a nitrogen-fixing legume, and replenishes fentiity soils when the roots are left to

decay. Cowpea is grown mainly by small-scale fasmardeveloping regions where it is

often cukivated with other crops as it tokeratémde. It also grows and covers the ground
quickly, thus controling erosion. In Nigeria, therop is grown throughout the country

with the highest cultivation recorded in northettates. Arising from its wide acceptance
for cultivation in Nigeria, the country was ratdue tworld's largest producer (FAO, 1986).

According to Akobundu (1978), cowpea is rarely gnovin pure stands (sole) but

oftentimes, it is intercropped with cassava, sorghmilet and maize.

Apart from applyng starter N and phosphorus toinglegumes like cowpea, to boost
symbiotic N2 — fixaton (Kang and Nangu, 1983), adecontrol is crucial. Weeds can be
puled by hand and/or removed by hoeing (physicahtro method) and through
appication of herbicides (chemical control methoderbicides are very costly and out of
the reach of Nigerian low-resource farmers. In tiaddiherbicide residues can pollute a
soil system and some can be passed into the foodame eventualy eaten by humans,
causing health problems. It is most probable tlwmes weeds growing around us could
exhbit herbicidal properties if expbited througksearch. In this connection, there are
few common weeds growing around the Teaching anse&eh Farm of the School of
Agricutture  and Industrial Technolbbgy Babcock Ursly, lishan-Remo namely:
Mimosa Mimosa pudica, L.) and Siam Chromolaena odorata, L.) weeds which grow
aggressively to suppress the growth of other wedlss, suggesting that they exhibit
suppressive allebpahatic or herbicidal propertyimdda is a leguminous, thorny semi-
erect weed found growing in many parts of the stawf Nigeria. Sam weed
(Chromolaena odorata) is considered one of the world’'s most invasiveedg In its
habtat, Siam weeds are known to exhibit residwtlities because other weeds are
permanently suppressed as long as Siam continugeowa It is yet to be investigated if
the residual attribute would be experienced wheneused as organc herbicides
(bioherbicides) because of its apparent rapid dposition; being a broad leaved weed.

There is always an erratc supply of synthetic @wrmicals including herbicides to
Nigerian farmers as a result of poor distributioetwork. On application, herbicdes are
known to exert deleterious effect on nontargetpcpiants abng wih weed-kill. For
instance in a study, Daramola (1980) found that hemical herbicide hindered the
efficency of legume- Rbizobium partnership in a bblogical nitrogen fixing system.
Consequently, it is pertnent to investigate thesjmity of adopting weeds lke sam and
mimosa which have the capacity to exhibit perdistdilopathic attribute on ther weed
companion. Silver (2010) stressed the efficacy airiMda leaves ncorporated into a soil
for the control of damping-off disease. It 5 #fere expedent for agronomists too to
investigate the possibiity of adopting the abovexned weeds (Siam and Mimosa) as
bioherbicdes in crop production systems. In thens wayCarica papaya (L.) (pawpaw)
has been adopted for its insecticidal propertyCahlosobruchus maculatus - an insect of
stored cowpea (Adenekaat al., 2007). The potential of leguminous leaf mealiastock
production has been found (D’'Melo, 1992). Also,e thadoption of localy sourced
botanicals in crop production either as organictiders or pesticdes or in Ivestock
nutrition in accordance with the principles of anigafarming which emphasizes relance
on natural pest and disease control without ussyofhetic input (Ziesemer, 2007). Apart
from possibity of reducing cost of production, ethuse of localy available
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botanicals s a more environment-friendly optiomnthapplication of agro-chemicals which
may generate residue problems h a sol or/fand husyatems. Therefore, this research
was designed to evaluate Sam and Mimosa weedshdéor probable herbicidal properties
along with a chemical herbicide (Force-Uron) anel tombinations of the two options on
weed control efficacy, growth and nodulation of @ea Ife brown variety.

M aterids and M ethod

Location of the Experiment and Soil Used

The pot experiment was carried out at the premslkeshe Farm House, School of
Agricutture and Industrial Technology, Babcock @msity, lishan-Remo, Ogun-State
between December 2012 and February 2013. Thisioleciatin the South Western part of
Nigeria with an annual rainfall of 1,500 mm, a meamual sunshine of about 2,100-2,300
hours and a mean annual temperature of about ZZ&@eral core sol samples (0-15cm)
were colected randomly from a fallow overgrovnhwié mixture of grasses, sedges and
broad-leaved weeds. The core sampks were bulkedyughly mixed, shade-dried and
sieved through a 2-mm screen after which a congpasimple was taken for analysis at
the Institute of Agricukural Research and Trainflpadan), Soi Science Laboratory for
some physico-chemical characteristcs (Table 1).ail@de phosphorus was determined
according to the method of Bray and Kurtz (1948)altN was determined by the macro
Kjeldahl method described by Bremmer and Malart98%); sol pH (1:1 soil: water)
was determined by the pH meter, the organic caWas determned by the method
described by Walkely and Black (1934) and the mechh analysis was done by the
hydrometer method described by Bouyocous (1962)saBéertiization of 40 kgP/ha as
Single super phosphate (8.8% P), 30 kgK/ha as MuwhtP otash (60% K) and 20 kgN/ha
starter dose of Urea (45% N) were done by miximg fédrtilizers into the buk sieved soil.
Thereafter, fve (5) kiograms of sieved sol wefiled into basaly perforated plastic
buckets, surface area of 3.0 cm? and moistened tathvater.

The treaments

There were six (6) treatments namely:

A — Contra (No herbicide)

B- Chemical Herbicide CH, 4 Vha sole
(Force-Uron)

C- Marshed Siam weed (SW) — 30 kgSiam/ha sole
(Bioherbicide)

D- Marshed Mimosa weed (MW) — 30 kgSiam/ha sole
(Bioherbicide)

E- 50:50 Chemical Herbicide (CH) /Bioherbicide (PW

F- 50:50 Chemical Herbicide (CH) / Bioherbicide (MW

The above — named treatments were replcated io@s tusng a completely randomized

desgn (CRD).

Cowpea Seeds, Sowing and Herbicide Application

Cowpea seeds (Ife Brown variety) were obtained fibe seed store of the Institute of

Agricuttural Research and Traning, Moor Plantatidmdan. A week before seed sowing
(5 seeds per pot) into a pre-mostened sol, aplpréing application of a solution of the

chemical herbicide and slurries of 30 kg/ha eacimafshed siam and mimosa respectively
were applied to the surface of the sol n thekoelled pots.
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Data Collection
Data were colected on the following charactesstic

= Plant growth in terms of height at4 and 6 weelargianting (WAP).

= Nodule parameters; number and dry weight at 4,d63aWAP .

= Weed pressure variables; weed count and dry weifgiwteeds at 4 and 6 WAP.
= Dry matter weight of roots and shoots (separatatyp and 8 (WAP).

= Tissue %N (in cowpea shoot) at 6WAP.

The nodules, roots and shoots were put in separatebpes and oven-dried at 80°C for
48 hours or to constant dry matter weights.

Data Analysis

Analysis of variance (ANOVA) was carried out on tbata colected, in order to test for
significance of treatments using Statistcal AnalySystem (SAS Institute, 1999) and
employing the method outined by Steel and Torrk98Q). Means from significant
treatments were then separated by Duncan Mulijglag® Test (DMRT) at 5% level of
significance.

Results and Discussion

The pre-crop soil physico-chemical properties.

Based on the partcle size analyss vales, tHeusad for the trial is Sandy loam (Table
1.

Table 1: Pre-crop soil physico-chemical properties.

Soil properties Amount
pH (1:1 SoilMWater ratio) 6.78
Available P (ppm) 13.6
Nitrogen (%) 0.20
Carbon (%) 0.71
Calcium (Cmol/kg) 3.30

M agnessium (Cmol/kq) 0.6¢
Potassium (Cmol/k g) 0.18
Sodium (Cmol/kg) 0.52
Sand (%) 79.2

Silt (%) 114
Clay (%) 9.4
Texturd Class Sandy loam

The Sandy loam nature of the soi could be redpensir its low % C of 0.71 (Table 1),
an equialent of 1.22% organic matter (bw) andr@bable corresponding by low organic
colod which may exphkin the generaly low basesmal: (Ca2+, K+, Mg>+ and Nat)
due to leaching. Sol organic matter and microi@mass are important soil quality
indicators (Oluwatosingt al., 2008). The soil used was sightly acid and thiay account
for the medium total sol N and available P (Singb02). The soi used for the study can
thus be classed as bw n nutrients; belonging teck Order Ultsoks (Brady and Well,
1999).
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Plant H eight
Resulls on plant heght as infuenced by the ajgdic of chemical herbicdes and the
botanicals as bioherbicides are presented in TAble

Table 2: M ean performance of chemical herbicides and bioherbicideson cowpea
plant height at two sampling periods

4WAP 6WAP
Treaments Plant height (cm) Plant height (cm)
Control 33.B80a 43.00ab
CH (sole) 5 3®00
SW Bioherb (sole) 34.25a 35.50b
MW Biocherb (sole) 34.00ab 45.00ab
50:50 CH /SW Bioherb 29.50ab 47.25a
50:50 CH/MW Bioherb 30.00ab 40.00ab

Means followed by same ktters within a column raesignficant (DMRT 5%)

For al treatments, plant height increased with. a0Be increase in plant height within a
fortnight being most spectacular (60%) wih 50:&Sfimbination of the chemical herbicide
and the Siam bioherbicdes suggesting a synergyvebet the two herbicide types
(chemical and organic) in enhancing plant growth terms of height. At 4WAP,

appication of the chemical herbicide (Force-Ura®pressed cowpea (Ife Brown variety)
seeding height relatve to the other treatment® tepression being significant (5%)
when compared to sole applicaton of Siam biohebic(Table 2). However, the

subsequent 31% increase in plant height (6WAP) whigh chemical herbicide application
suggested that the depression in the cowpea heig@t WAP was merely transitory.
Though on cowpea root growth, Daramola (1980) ebsem simiar transitory depression
with appication of Dual (a chemical herbicide).

Weed parameter (count and weight (g))
The effects of appication of a chemical herbca@ed the two bioherbicdes (Sam and

Mimosa) on weed count and weight (4 and 6 WAP peesented in Table 3.

Table 3: M ean performance of chemical herbicides and bioherbicideson weed count
and weight at two sampling periods

4WAP 6WAP
Treatments Weed count Weed count Weed weight (g)
(per pot) (per pot) (per pot)

Contral 22.50a 21.00a 97.3%a
CH (sole) 1.00b 3.50b 41.83bcd
SW Bioherb (sole) 22.50a 18.50a 83.86ab
MW Biocherb (sole) 22.00a 20.50a 70.18abc
50:50 CH /SW, Bioherb. 0.50b 0.50b 3.72d
50:50 CH/MW, Bioherb 2.00b 2.25b 22.46¢cd

Means folowed by same letters within a coumn @@ significant at 5% lkewvel of
probability.
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The application of the chemical herbicide (Forceryrand the two 5050 combination of
the chemical herbicide and each of the bioherlscidgnificantly (5% level) depressed
weed count compared separately to the controlnbeait Notably, the applcation of the
50:50 combinaton of chemical herbicide/Siam biblogle almost resulted n a total
weed kil relative to either the sole herbicide tbe sole bioherbicide application and to the
second 5050 chemical herbicde/Mimosa bicherbiomion at both 4 and 6 WAP-a
manifestation of synergy. There was a generalctieduin weed count between 4 and 6
WAP with the appication of sole bioherbicdes awthen combined with the chemical
herbicde (Table 3). A similar weed count reduct@as not evident with application of
the chemical herbicde depicting that the biohelesc had residual effects on weed
control It is apparent that the bioherbicdesedilsome weed seedings between the two
sampling periods and disallowed further weed flusiike the stuation under chemical
herbicide appication.

At 6 WAP, weed count under Siam bioherbicdes waset though non-significant than

with  Mimosa bioherbicide application; ndicating probable superior effcacy in weed
control by Siam over the Mimosa. Based on weed tcahe soke applicaton of the

chemical herbicde was more efficient in weed @bnthan the sole bioherbicides. As
regards weed weight, sole applcations of chemiegbicde and its combinations with

each of the bioherbicides resuted in significaftiwer weed weight compared separately
with the control treatment (Table 3).

Application of each of the combinations resutedmarked lower weed weight compared
to any of the herbicde types n the combinatidbsappears that the combined application
disrupted certan weed physiological functions Whiprobably accounted for the

depressed dry matter accumulation expressed asrebweveed weghts with the

appications of the combined option (a synergypough on human health sector, a simiar
synergy was obtained in Benin, West Africa and Wagan in Netherlands (African

Review, 2011), where a chemical nsecticide wagl uisecombination with fungal spores

to effectively control resistant malaria maosaquito.

Nodule Count and Dry M ater Weight (g)
The results of nodule parameters namely: countwaright are recorded n Table 4.

Table 4: Nodule Count and Dry M atter Weight responsesto gpplication of chemicd
herbicidesand bioherbicides at two sampling periods
PLANT NODULATION

AWAP 6WAP 8WAP
Treatment Nod. No Nod. No Nod. Wt Nod. No Nod. Wt
Control 12.50a 15.25ab 0.08ab .283@b 0.4%
CH (sole) 2.75a 075 0.06b 14.75b 0.41a
SW Bioherb (sole) 13.00a 18.25a 0.10ab 24.25a 0.66a
MW Bioherb (sok) 13.75a 14.00ab 0.11ab 17.50ab 0.56a
50:50 CH/ SW Bioherb 10. 25a 11.50b 0.10ab 13.00b 0.54a
50:50 CH/MW Bioherb 4.00a 13.75ab 0.23a 20.50ab 0.68a

Means folowed by same letters wihin a column aret significant at 5% level of
probability.
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At AWAP, there was no signfficant reduction in redaumber with application of any of

the herbicides (chemical or organic) relative tontaml treatment. However, separate
appications of chemical herbicide sole and its bioation with Mimosa bioherbicide

resuited in markedly lower nodule counts comparedaty of the other treatments. But,
plant nodule count was highest with soke applicatis Mimosa bioherbicide followed by

nodule count wih sole applcation of Siam bioheids showing stimulatory effects of the
two bioherbicides (sole) on the variable (AWAP).miirly at both 6 and 8 WAP,

appication of Siam bioherbicide resutted in highe®dule count relatve to any other
treatment, with the count being significantly a4 higher compared to the counts under
sole chemical herbicide and its combination wittansi bioherbicde. At 8 WAP, the

combined application of chemical herbicide and Ms@obioherbicide resulted in higher
nodule count than the separate appication of ritfethe types of herbicide. This result
indicated a synergistic effect of combihned apptcatof a chemical and a botanical
herbicde. Applcaton of all the bioherbicides, lesoor in combination with chemical

herbicide resulted in higher nodule weight at 6 @hdWAP compare to sole chemical
herbicide and control treatment respectively; mtiig the potentials of Siam and Mimosa
as bioherbicide. Even applicaton of 50:50 chemibarbicide/mimosa bioherbicde 6
WAP resulted in 65% higher nodule weight than ttentol In contrast, application of

chemical resulted in lower noduke weight than thentol treatment. Applicaton of the

sole chemical herbicide resulted in a significaryer nodule weight compared to the
combinaton. Nodule weight rather than number i nere reiable index of nodule

effectveness in a bw N sol. The implication ohet results in respect of cowpea
nodulation was that generaly, each of the biolberds and their combhations with
chemical herbicde (Force-Uron) entered for thisdgt showed better promises than sole
chemical herbicde and the same apples to weedratoand plant growth in height

(Tables 2 and 3).

Root and Shoot Dry M atter Weight (g)
The data in respect of root and shoot dry matteighte are presented in Tables 5 for 6
and 8 WAP.

Table 5: Root and ShootDry M atter Weight responsesto application of chemical
herbicides and bioherbicides at two sampling periods

6WAP 8WAP
Dry M atter Weight(g) Dry M atter Weight(g)

Treatments Root Shoot Root Shoot
Contral 0.31b .4@bc 0.45b 4.45bc
CH (sole) 0.41ab 1.59c 0.87ab 8.10
SW Bioherb (sole) 0.74ab 5413 1.24a 5.87ab
MW Bioherb (sole) 0.63ab 4B3a 0.92ab 6.13ab
50:50 CH /SW, Bioherb 0.62ab 5.32a 1.04a 6.85a
50:50 CH/MW, Bioherb 0.80a 4.57ab 1.36a 6.6%

Means followed by same letters within a column aeo¢ significant (DMRT at 5% level of
probability)
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At 6 WAP, none of the herbicide types of applicaticaused depressed root growth.
Applications of the bioherbicides sole and in camtions with the chemical herbicide
(Force-Uron) entry yielded higher root mass thame tbontrol and the sole chemial
herbicide appication A similar trend presentecelitsat 8WAP during which applications

of all the herbicides types yielded higher root sn@@mpared to the control. The root mass
(BWAP) doubled with application of chemical hertiei indicating that the herbicide

might have released some growth stmulatory fasjoiito the rhizoshpere. Significantly
more massive rooting (5% level) was obtained withle sSiam bioherbicide and the

combinatons of each of the two bioherbicdes anbengical herbicide respectively

compared to the control The two combhnations @& themical herbicdes and each of the
bioherbicdes significantly depressed weed coumthtive to the control treatment (Table
3). Massive rooting is very crucial to kegume natioh because the infectible sites for
nodulation are Ilocated on the roots. The root masess obtained through siam
bioherbicde application Table 5 translated to tgeanodule number 8WAP (Tablke 4).

Similarly, the root growth massiveness wih 5050hemical herbicide/mimosa

bioherbicde in Table 5 (BWAP) apparenty expresssd a higher degree of nodulation:
nodule weight and number (though non-signficants) 6 and 8 WAP (Tablke 4) than

either with separate applications of sole chemiwardbicide and sole mimosa bioherbicide
appication, indicating a synergy wih combined lapgion of chemical herbicide (Force-

Uron) and an organic herbicide, Mimosa. The synewgyld probably resut in reduced

expenses on purchase of chemical herbicide by resq@oor farmers in Nigeria and

hence reduce the extent of sail polution throudfemical herbicide residue.

Significant reductions ( at 5% level of probabilityy shoot dry matter accumulations were
obtained with the applcaton of chemical herbici@orce-Uron) used at both 6 and 8
WAP (Table 5) compared to applicaton of any of tkele bioherbicides (Siam and
Mimosa) and their combinations with the chemicalrbloide. The resuks further
demonstrated the potentiak of sole appicationsthaf bioherbicides (Siam and Mimosa)
studied to promote the vegetatve growth and ntidolaof the cowpea test crop.
Combined applicaton of chemical herbicide with nSiabioherbicide resulted in greater
shoot dry matter accumultion relative to separgpications of Siam and the chemical
herbicide (Table 5) at 6 and 8 WAP.

Shoot Tissue N Concentration

The shoot tissue N concentration of cowpea is mptese n Fig 1. Except with the
appication of mimosa bioherbicide, tissue N congions with the application of either
types of herbicides or their combinations resultied virtualy same N concentrations
compared to the control - indicating no inhibitoyfluence of applcaton of either the
chemical or the organic herbicides on the varialke.a low nutrient soil (order Utisols
used for the trial), kegume tissue N can be atebbuto N2 fixation (Brady and Well,
1999).
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crontrol CH solel  SWRBIoAerh MW Bioherh 3050 CH/SW S0R0
tapileh [soli) Biaherl CH M
Zioher

Fig 1: Percentage tissue N response to application of Chemica herbicide, Siam and
M imosabioherbicides.

4.0 Conclusion

Generally, applcation of the two 50:50 -chemicallerbde combiations was as
markedly effectve as chemical herbicde. For examphe combined application showed
superior efficacy on weed control in terms of lomgeed count and weight compared to
sole application of either of the two bioherbicidemmely :Siam and Mimosa - an
expression of synergy of combined application & tthemical herbicide (Force-Uron) and
either of the two bioherbicides (Siam and Mimosa)the cowpea; Ife Brown. Specfifically,
the consistently higher dry nodule weight obtanad both the late vegetatve and
reproductive growth stages with applicaton of t&®:50 chemical herbicide/Mimosa
bioherbicide compared to the sok applicaton of thioherbicide (Mimosa), the chemical
herbicde and the control treatment (no herbicidpplieation) stressed the synergy.
However as regards application of bioherbicidede s®iam bioherbicide applicaton was
found to be superior to sole Mimosa in terms ofgkition of higher nodule weight and
shoot tissue N concentraton of the cowpea; the twedable indices of nodule

effectiveness(Nitrogen fixation) of lkegumes in awvloto medium soi N status. Further
studies may concentrate on the effect of the alieatments on the yield of other grain
legumes.
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