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ABSTR ACT

Fallowing is considered an important managementcpica in maintaining soil productivity. In this sty soils
fallowed to mexican sunflower (Tithonia diversi#]isiam weed (Chromolaena odorata), spear grasgpérata
cylindrica) and soil cropped to cassava for 3 yearese chemically analyzed. Soil physical propertiesh as bulk
density, total porosity, moisture content and terapge were also determined. The soils collecteanfthe fallows
were used to grow okra (Abelmoschus esculentugdirexperiment using randomized complete blockgdesith

three replications. The results showed that sd@lifved to Tithonia and Chromolaena had signifidartigher

organic matter, N, P, K, Ca and Mg at 0-15 cm degmtld higher organic matter, N, P and Ca at 15-30depth

compared with soils fallowed to spear grass andopexl to cassava. Soil fallowed to Tithonia had ificemtly

higher organic matter, N and K than Chromolaenddfal The growth and yield parameters like okra heideaf

area, stem circumference and fruit weight of okexewsignificantly higher in soil under Tithonia falv than soils
under Chromolaena, spear grass and cassava falRelative to soil cropped to cassava, soils fallowedithonia,

Chromolaena and spear grass increased fruit weighbkra by 161, 122 and 22%, respectively. Soildeun
Tithonia and Chromolaena showed significant improgat in soil physical properties compared with saihder
cassava and spear grass as indicated by lower detisity and higher porosity. This can be attributedhe high
fertility potentials of the Tithonia and Chromolaemveeds with sound potential for protecting the sgiainst

erosion and leaching, proliferating surface soitlwtheir roots, and attracting fungi, producing higpiomass and
building soil organic matter to adequate level thaitl meet nutritional needs of crops as well apiove the
nutrient element status of nutrient depleted sails which organic sources are used as fallow weeds

Key words: Chromolaenafallows, okra,soil cropped to cassava, soil properties, speasgrahonia

INTRODUCTION

High procurement cost of chemical fertilizers iopical agriculture necessitated dependence ondig@bmeans of
maintaining soil fertility and productivity. Fallang is considered an important management prattiogintaining

soil productivity. “Fallow”, the resting state ohagricultural field, is a soil conservation andl $mprovement

technique, which is important for maintaining amdtoring soil fertility over wide areas of the wbil]. Many

farmers in the tropics still use fallows as parthddir farming system. Fallowing replenishes nutiseremoved by
crops, reduces erosion and leaching, and maintstier soil physical and biological conditions [2,Bowever,

fallow periods throughout the tropics have becomugressively shorter, as a result of pressure i, larising from

human population growth. The fallow system is naenefficient to maintain soil productivity due toot short or

non-existent fallow period. Therefore, there isedireed to research on fast growing weed specieshvwhibduce
large amount of high quality biomass during a groperiod of one to three years. Unused, nontratitiorganic

resources grow on or near small holder farms. Shawe relatively high nutrient concentrations, hitlel is known

about their potential as a nutrient source to imersoil fertility and crop yields. One of such angaresource is the
green biomass dfithonia (Tithonia diversifolia(Hemsley) A. Gray).

42
Scholars Research Library



Taiwo M. Agbede and Lawrence A. Afolabi Arch. Appl. Sci. Res., 2014, 6 (2):42-47

Tithonia, commonly known as Mexican sunflower, is a shriddobging to the family Asteracead@ithonia
originated from Mexico, and it is now widely digtated throughout the humid and sub-humid tropidSentral and
South America, Asia and Africa, and it is a comnmimdigenous fallow systems in Southeast ASithoniais an
aggressive weed growing to a height of about 2.%nd adaptable to most soils [4ithonia was probably
introduced into Africa as an ornamental plant.dteen observed to be widely spread in Nigeriaravités found
growing on abandoned/waste lands, along major readswaterways and on cultivated farmlands. Thented
uses ofTithonia include; fodder, poultry feed, fuel wood, compdand demarcation, erosion control, building
materials and shelter for poultry [4,5]. The steand leaves ofithoniahad been reported to contain sesquiterpene
lactones e.g. tagitinins (terpene) that prevertschktby termites [6] and possess antimicrobial progs. Hence,
Tithoniawith low lignin (6.5%), polyphenol (1.6%) and caderably high nitrogen (3.5%), phosphorus (0.37%g a
potassium (4.10%) contents [7] has great potefatraise as soil amendment.

Chromolaena odoratgSiam weed) belongs to the famil\steraceaelt originated from North America and had
since been widespread throughout the humid forese of West Africa.Chromolaenais the dominant fallow
vegetation in southwest Nigeria where it grows hieotly and rejuvenates the soils. It has the pakof being
used as nutrient source [8,9].

According to [7],Tithonia has aroused research interest because of thivebjlatigh nutrient concentrations (N, P
and K) that are found in its biomass and becausts ability to extract relatively high amount afitnients from the
soil. The abundance and adaptation of this weediepéo various environment couples with its ragidwth rate
and very high vegetative matter turn over makesci&ndidate species for soil rejuvenation [4].

Tithoniahas received less research attention in Nigemapeoed with Siam weed as to their effect on sapprties

and productivity. Despite the potentialTathoniaand Giromolaenain restoring soil fertility, comparative studies t
assess their effects on soil properties and olalal yn the forest-savanna transition zone of soastvigeria are
limited. In the guinea savanna zone of Nigeria,] [folind that soil undefithonia and Chromolaenaweed had

higher pH, porosity, moisture content, nitrogenpgthorus, potassium, sodium, calcium, mycorrhiaaf spores
and earthworm cast density and lower bulk densitpgared with bare soil. Hence the objectives of thork are

to:

(a)assess the potential dfithonia and Chromolaenaweed in the forest-savanna transition zone of rsgest
Nigeria.

(b) investigate soil depth to whichthoniaandChromolaenaveed influence soil chemical properties in theesbr
savanna transition zone of southwest Nigeria aladive effect of their natural fallows on soil pemies and growth
of okra.

(c) evaluate the effect dfithonia, Chromolaenaspear grass and cassava fallows on soil propextid performance
of okra.

MATERIALSAND METHODS

Two studies were carried out in separate phasesfiigt study investigated effect ®fthonia, Chromolaenaveed,
spear grass and cassava fallows on soil propeaigs okra Abelmoschusesculentuin The second study
investigated effect ofithoinia, Chromolaenaveed and cassava at different soil depths orcheinical properties.

Pot experiment

In the first study, soil samples were collectednfrplots that were under three years fallow Tothonig
Chromolaenawveed and spear grass (i.e. a relatively unifotswas seeded/planted Tdhonia, Chromolaenaand
spear grass) and plots cropped to cassava for yieds in the same locality and that the soil ciimal at the start
of the fallow phase were determined and compar@lelefrom the Teaching and Commercial Farm of BuBiwa
Polytechnic, Owo, Nigeria). Soil samples were ranijocollected from different points with soil augeom fallow
and cassava plots and later bulked into three joér Portions of the soil samples were kept formiwal analysis
before they were weighed into pots (20 cm in di@mahd 22 cm deep). Each of the pot which had pediorated
at its base was filled with 10 kg soil taken froatidw and cassava plots. Sub-samples taken for ichéanalysis
were air-dried and sieved using 2 mm sieved. Thene three pots per treatment given 36 pots omtiie. Pots
were laid out in a randomized complete block desidre pots were thoroughly irrigated or wetted befolanting.
Three okra seeds, variety hrbbtained from the National Institute for Hortiauthl Research and Training Ibadan,
Nigeria were sown in each pot on 10 May, 2013 aBdARgust, 2013 for the early season and late season
respectively. Seedlings were thinned to 1 plantgeerat 10 days after sowing (DAP). Light mulchings done and
each pot was watered as needed. Cypetex, an iidectiontaining 100 mg mlof cypermethrin as active
ingredient was used against leaf eating beeleddgrica spp
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Deter mination of growth and yield parameters

The growth parameter determined at the early bobiitowering were; plant height (by using measuriage),
number of leaves per plant (determined by direcintiag of well - developed leaves per plants), lasfa was
measured by graphical method (i.e. placing the d@airaph sheet for area determination), stem wifetence (by
using vernier caliper, which first gave the valde¢h® diameter, which was later converted to cirfaremce using a
formula of zD (i.e. 3.142 multiplied by the obtained diamet@j yalue). At harvest number of fresh fruit perrgla
was determined (by direct counting) and weighede Thmulative fruit weight values per plant, obtairfeom
multiple harvestings spanning 5 weeks, were lateverted to fruit yield (Mg ha).

Deter mination of soil physical properties

Five undisturbed steel core samples (4 cm diam&fecm high) were collected at 0-10 cm depth frawheplot and
were used for the determination of bulk densitgvgnetric moisture content and total porosity afteen drying of
samples at 10C for 24 h. Total porosity was calculated from bd#nsity and particle density of 2.65 Mg nSoil
temperature was determined at 15.00 h with a keilnhometer inserted to 10 cm depth. Five reading® wnade
per plot and mean computed.

Deter mination of soil chemical properties

In the second study, soil samples were collectatuplicate from 0-15 and 15-30 cm depths in a pg dt each plot
dominated byTithonia, Chromolaenaweed and cropped to cassava to determine theimichE properties at
different depths. Air-dried 2 mm sieve soil samptedlected from the two studies were subjected datine
chemical analysis as described by [11]. Soil orgaarbon was determined by the procedure of Waltey Black
using the dichromate wet oxidation method. Organatter was deduced by multiplying C by 1.724. TotltN
was determined by micro-Kjeldahl digestion and iléston techniques, available P was extracted gidgnay-1
solution and determined by molybdenum blue colotineExchangeable K, Ca and Mg were extracted usidg
ammonium acetate. Thereafter, K was determinedyusifiame photometer and Ca and Mg by atomic alisorp
spectrophotometer.

Statistical analysis

Data collected were analyzed statistically using dhalysis of variance (ANOVA) and the treatmentansewere
separated using the Duncan’s multiple range tedt the least significant difference test (LSD) at=p0.05
probability level [12].

RESULTS

Effect of weed fallow on soil chemical properties (0-15 cm depth)

Effect of three year fallow ofithonia, Chromolaenaweed, spear grass and plots cropped to cassawibn
chemical properties (0-15 cm depth) are shown iplera. Tithonia andChromolaenahad significantly higher (p =
0.05)) values of soil organic matter, N, P, K, @al Mg compared with soil cropped to cassava arldwald to
spear grass. Cropped soil had the least valugseothiemical properties. Compared with soil cropfmedassava,
Tithonia and Chromolaenaincreased soil organic matter by 144 and 103%ews/ely. The percentage increases
for total N were 155 and 100%, respectively whie percentage increases for available P were 514@#@
respectively. The percentage increases for excladtgd& were 80 and 40%, respectively; for exchablge@a, the
percentage increases were 100 and 91%, respectitdlly the percentage increases for exchangeableviéstg 96
and 100%, respectively. Soil Ca and Mg betweers gallowed toTithonia andChromolaenawere not statistically
different from each other, but soil fallowed Tithonia was significantly higher (p = 0.05) tharh©molaenain
organic matter, N and K by 20, 27 and 29%, respelsti

Table 1. Effect of weed fallow on soil chemical properties (0-15 cm depth)

Fallow oM N P K Ca Mg
(%) (%) (%) (cmolkg') (cmolkgy) (cmol kg
Chromolaena 1.91b 0.22b 8.4a 0.14b 2.1a 0.90a
Tithonia 2.29a 0.28a 8.6a 0.18a 2.2a 0.88a
Spear grass 1.54c 0.17c 7.0b 0.12c 1.6b 0.66b
Cassava 0.94d 0.11d 5.7c 0.10d 1.1c 0.45¢

Means followed by the same letters in the samexaolare not significantly different at p = 0.05 aodimg to Duncan’s multiple range test

Effect of weed fallow on soil chemical propertiesat different depths

Table 2 shows data on values of soil chemical pta@seat 0-15 and 15-30 cm depths. At 0-15 cm déptihface
layer), soils fallowed t@ithoniaand Giromolaenahad higher values of OM, N, P, K, Ca and Mg thaihopped
to cassava. At 15-30 cm depth (subsoil layer)ssoiider weed fallows also had higher OM, N, P aad The
organic matter and other nutrients were higherhat durface layer than at the subsoil layer and rgénesoil
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nutrients reduced with depth from 0-30 cm depthe Thlues of soil chemical properties reduced in diaer
Tithonia, Chromolaenaand cassava soils. When K and Mg were considerd®-80 cm depth, cassava soil had
highest K concentration and relatively high Mg cemication.

Table 2. Effect of weed fallow on soil chemical properties different depth

oM N P K Ca Mg
Fallow /depth (€M) oy (05)  (96) (cmolkg®) (cmol kg®)  (cmol kg?)
Chromolaen®-15 191 022 84 014 21 0.90
Tithonial0-15 229 028 86 018 22 0.88
Cassava/0-15 094 011 57 010 11 0.45
LSD (0.05) 032 003 21 002 0.6 0.19
Chromolaen@5-30 157 016 61 011 13 0.76
Tithonial15-30 195 018 65 015 14 0.79
Cassava/15-30 068 009 43 023 0.7 0.83
LSD (0.05) 028 011 08 003 0.2 NS

Effect of weed fallow on soil physical properties (0-10 cm depth)

Effect of weed fallow on soil physical propertiggtee end of 3 years are shown in Table 3. Soitletifithoniaand
Chrommolaenarespectively had better physical conditions ofssthian that of soils under cassava and spear.grass
Soils undeiTithoniaandChromolaenahad relatively lower soil bulk density, higherabporosity compared to soils
fallowed to spear grass and cropped to cassavangrtie fallow systems, bulk density of soil undassava and
spear grass exceeded that of soils falloweditioonia and Chromolaenaby an average of 23%. Soil under spear
grass had the highest moisture content which wgsifiantly higher (p = 0.05) compared to soils end
Chromolaenaand Cassava, but not statistically different freail underTithonia fallow. Soil cropped to cassava
had the least total porosity and highest bulk dgnsind it also had least moisture content. Falhgwhad no
significant (p = 0.05) effect on soil temperature.

Table 3. Effect of weed fallow on soil physical properties (0-10 cm depth)

Fallow Bulk density Total porosity Moisture content Temperature

(Mg m®) (%, viv) (%) ()
Chromolaena 1.20ab 54.7ab 33.4b 28.7a
Tithonia 1.13a 57.4a 40.9a 28.5a
Spear grass 1.44c 45.7c 42.7a 31.0a
Cassava 1.58d 40.4d 25.3d 29.3a

Means followed by the same letters in the samexaolare not significantly different at p = 0.05 aodimg to Duncan’s multiple range test

Effect of weed fallow on growth parametersand fruit yield of okra

The effect of weed fallow on growth parameters find yield of okra are shown in Table 4. Plantdidi leaf area,
stem circumference and fruit yield were signifidgmtffected by weed fallow. Soil und&ithonia gave the highest
values of plant height, leaf area, stem circumfeeesnd okra fruit yield which were significantlyghier (p = 0.05)
compared to soils fallowed Ghromolaena spear grass and cropped to cassava. Soil Wid@molaenafallow
produced okra plant height, leaf area, stem cirewemice and fruit weight which were significanthgér (p =
0.05) than soils fallowed to spear grass and crdgpecassava. Soil cropped to cassava had the d&estplant
height, leaf area, stem circumference and fruigiweivhich were significantly lower (p = 0.05) wheoampared to
soils dominated by ithonia, Chromolaenaand spear grass. In the overall performance, b&ight, leaf area, stem
circumference and fruit weight increased in ordassava < spear grasShtomolaena< Tithonia soil. Relative to
soil cropped to cassava, soils fallowedTithonia, Chromolaenaand spear grass increased fruit weight of okra by
161, 122 and 22% respectively.

Table4. Effect of weed fallow on plant height, leaf area, stem circumference and fruit weight of okra

Plant height Leaf area Stem circumference Fruit weight
Fallow (cm) (cm?) (cm) (Mg ha)
E L Mean E L Mean E L Mean E L  Mean
Chromolaena 47.3b 42.9b 45.1b 4460b 3455b 3958b 3.5b 3.1b 3.3®b 3.7b 4.0b
Tithonia 57.9a 53.5a 55.7a 5632a 4627a 5130a 4.3a 39a 41%9a 4.4b 4.7a
Spear grass 40.2c 35.8c 38.0c 2540c 1535c 2038cc 2A85c 2.7¢c 25c 19c 2.2c
Cassava 32.6d 28.4d 30.5d 1860d 1002d 1431d 1.8d4d 11.6d 2.0d 15d 1.8d

Means followed by the same letters in the samexuolare not significantly different at p = 0.05 aodimg to Duncan’s multiple range test
*E = Early crop; L = Late crop

DISCUSSION
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The increase in soil nutrients due Tahonia and Chromolaenafallow can be adduced to increased soil organic
matter which might be due to enhanced microbialiagt The organic matter is a natural source ofrieats and
cation exchange. Tithonia ai@hromolaenadue to their compositions were able to releaseronaatrient thereby
increasing soil fertility and crop nutrient uptalénalysis ofTithonia andChromolaenaas given by [9] were 31.7;
33.5% OC, 3.30; 2.41% N, 0.53; 0.44% P, 3.89; 1.63%.41; 2.30% Ca, 0.04; 0.04% Mg and 9.6; 13N Gitio,
respectively. Hence because of their nutrient coinagons were able to give higher soil OM, N, R.G& and Mg at
the surface (0-15 cm depth).

The influence offithoniaandChromolaendor improving soil fertility in crop production kabeen widely reported
[8,13,14,15]. This was attributed to the conversibbiomass to organic matter, which increaseddkels of these
nutrient elements, indicating that fallow improveail properties. [16] found that fallows restoreddl $ertility and
organic matter content of nutrient depleted sailtfe long term and also improved subsequent cesfopmance.

The finding that soils under weed fallows had highelues of organic matter, N, P and Ca at theaser{0-15 cm
depth) than at subsoil layer (15-30 cm depth) cddcattributed to higher concentration of organatter in the
upper layer than in the subsoil layer. This was wuthe fact that more organic matter decompositiocurred in
the upper layer of soil profile because more orgamatter was added through litter fall due to @eofving of soils.

The decrease in soil organic matter, N, P and Gheasubsoil (15-30 cm depth) could also be atteidito soil

compaction which hampers circulation of air andewatnd hinders microbial activity down the soil fiieo The

findings that cassava soil had the highest K atatively high Mg concentration at the subsoil (1%3n) than soils
fallowed toTithoniaandChromolaenacould be due to leaching of the cations in theenexposed cassava soil.

The reduction of the soil bulk density and higtatak porosity observed in soils undeithonia andChromolaena,
respectively compared with soils under spear graglscassava could be attributed to increase irosgélnic matter
resulted from the degraded organic residues by@gihnisms. The quick growing weeds should havermetd
biomass and enhanced organic matter which is kniowenhance soil physical and chemical propertiggafic
matter is known to improve soil structure, aeraticeduce bulk density and enhance water infiltrafi®]. The
presence of weed fallow should have increasediaefivof beneficial soil fauna in organic mattercdmposition
which led to enhancement of porosity and reduadiosoil bulk density. Also by protecting the sdiie weed fallow
should have stabilized the soil structure agamistdrop impact and thereby preventing soil erossoil,compaction
and crusting.

Better growth and yield of okra observed undéhonia and Chromolaenafallows over spear grass and cassava
soils could be attributed to their more improved gbysical and chemical properties. Fallowing smoil weeds
improved soil physical and chemical properties akca performance as opposed to cropping. The fiqndimat
Tithonia fallow produced significantly higher growth andlg of okra compared with other organic sourceddcou
be adduced to its higher nutrient status and loW 1@tio which should have increased decompositiwh mutrient
release for okra uptake. This was in agreement thighfindings of [17] and [5] thafithonia is a high - quality
organic source in terms of nutrient release anglyiqm capacity. Lower C/N ratio ofithonia (7.8) compared to
moderate C/N ratio o€Ehromolaena12.1) [4] and relatively high C/N ratio of spegass (20:1) indicates a faster
decomposition. [18] and [7] also listed high N @dontents and high soluble fraction and modergienl content
resulting in high biodegradation as the strong pofiTithoniaas source of organic matter.

Tithonia andChromolaenaserve as protective cover against erosion an@geats of nutrient cycling and supply.
[10] found that soils undé€Fithonia andChromolaenacontained arbuscular mycorrhizal fungi spore whreéohance
absorption of nutrients from soil in N, P and C&,PD]. Because of the ability of the weeds to prbthe soll,
proliferate surface soil with their roots, attréangi, increase biomass and organic matter; tHevialimprove soil
structure and porosity, reduced bulk density anthtrature, and increase soil fertility, okra growatid yield.

CONCLUSION

TithoniaandChromolaenaveed respectively reduced soil bulk and tempeeadnd increased total porosity and soil
moisture content. They also increased soil orgardtier content and soil nutrient levels and subsetiy produced
high growth and yield of okra. This study has shdhat TithoniaandChromolaenahave high fertilizing and sound
potentials for building soil organic matter to adate levels that will meet nutritional needs ofpzas well as
improve the nutrient element status of arable §ielthen bush fallows are dominated by such orgasicurces than
when such fields are taken over by grasses likarsgmssTithoniaandChromolaenaare potential soil improvers
and are therefore recommended for use as fallomtpia the forest-savanna transition zone of soathwigeria
for enhanced productivity.
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