Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) l'—,i,!
Vol.4, No.23, 2014 IIS E

Soil Propertiesand Grain Yield of Maize as I nfluenced by
Organic Wastes Amendment in Abakaliki, South East Nigeria

James Nte Nwite , Paul Ola igboji, Ajana Anaymdiee,
Pricilia Ngene, Gift Okolo
Department of Soil Science and Environmental Manseyg, Faculty of Agriculture and Natural Resources
Management, Ebonyi State University, P.M.B. 053 kebhii.
* Nwitejamesn@yahoo.com

Abstract

Soil properties and grain yield of maize as inflicesth by amendment of rice mill wastes and saw desew
studied at the Teaching and Research Farm of KaofiliAgriculture and Natural Resources Management,
Ebonyi State University, Abakaliki. The field waasd out in randomized complete block design (RCBD)e
treatments were burnt rice mill waste (BRMW), untiuice waste (URMW), sawdust (SD) and control (C)
which were applied at 20 t Haquivalent to 8 kg/plot. The treatments were repéid five times. Maize (Oba
super |l hybrid variety) was used as a test crogreGnd auger were used to collect soil sampl&s28t cm
depth before and after planting for soil propertiegermination. Data were subjected to analysisaniance
(ANOVA) and means were separated with Fisher’stls@gificant difference. Result showed that budnsity
was significantly (P<0.05) lower in wastes ameng®dts relative to control. Total porosity, hydrauli
conductivity and gravimetric moisture content (GM&@)wastes amended plots were significantly (P G5D.
higher than the control. The total porosity, hydi@aonductivity and gravimetric moisture contergre 26, 39
and 38 % higher in sawdust amended plots relatveontrol, respectively. Hydraulic conductivity wrdsaw
dust treatment was 14 and 23% higher relative tothice mill waste (BRMW) and unburnt rice mill ste
(URMW) amendments. Similarly, percent organic mataailable P, CEC and % BS of wastes amended soil
were significantly (P < 0.05) higher when compat@dontrol. Available P and total N were 64 and®s®igher

for URMW amended plots when compared to BRMW and t&&atments, respectively. Organic wastes
amendment produced taller maize plants at 14,288 and 70 days after planting. Unburnt rice mikte and
burnt rice mill waste significantly (P<0.05) inceeal grained yield of maize compared to control senddust
treatment. Organic wastes positively influencegsdochemical properties of soil and increaseddyiglmaize.
Rice mill wastes and sawdust could be recommendeérfhancement of soil physicochemical propertieb a
grain yield of maize in Abakalik agroecology.
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Introduction

Organic wastes are those materials such as agriaulvastes, plant debris, animal dungs or their b
products used as soil amendments. These kindssiésvare becoming increasingly important in adéngssoil
low fertility problem due to scarcity and high cadtinorganic fertilizers. The local poor resoufeemers had
long resorted to use of these materials since @heyxheap, easily available and environmentaldiierBesides,
organic wastes have physical and chemical propevilech facilitate aggregation of mineral particksh as
clays which in turn influence soil water regime @govu, 1990). They are also fundamental source efggrfor
the soil biota and in that way influence many bgitally mediated processes in the soil (Stephenka®y).

Furthermore, several studies have been carriedralithey indicate positive effect of organic wasia
soil. They contain nutrients needed for crop groartd development. Organic matter from such wastesaves
soil tilth, increase water holding capacity; redudgaed and water erosion, and increase aerationssi@isdall,
1996). Organic wastes from sawdust improve catikeha&nge capacity (CEC), available P, total nitroged
buffering capacity which are important in soil pouotivity restoration (Olayinka and Adebayo, 1983).

Abakaliki agro ecological area is inundated witterhusk dust and sawdust. This is because of the
numerous rice mill industries and saw mills in n@aknd crannies of the state. The state capital hvisc
Abakaliki is housing the biggest rice mill indusirysoutheast of Nigeria. The rice mills are feanfrabundant
rice farms from the rural areas throughout the y&ae sawdust is generated from the timber shaaldenh
situated in the Abakaliki urban. Lack of suitableaviable disposal alternative (Nnabade and Mbadh999)
cause abandonment of these wastes to fire hazadl€@sequently giving rise to environmental pdadiot
(Omaliko and Agbim, 1983). It is on that basisttthés work was conceived. Organic wastes, thobgh, been
studied in the area especially rice mill wastes,ngt exhaustive as it is believed that findingsnirthe study
would add to existing knowledge. Furthermore, itildoidentify other areas of interest in organic teas
amendment of soil. The objective was to find ot itifluence of burnt rice mill waste, unburnt rivél waste
and sawdust on soil properties and yield of maiz&hakaliki agro ecological zone.
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Materials and M ethods
Experimental Site

The experiment was conducted at the Teaching as®dkch Farm of the Faculty of Agriculture and
Natural Resources Management, Ebonyi State Untyessbakaliki. The area is located (@&\ and 0865’E) in
the derived savannah of the southeast agro- ecalogone. Bimodal pattern of rainfall is experieshde the
area which starts from April — July and Septembétovember. There is short spell in August calledigist
break”. The total mean annual rainfall ranges frbrf®0 mm for minimum to 2000 mdor the maximum
respectively. The minimum and maximum temperatunes 27C and 3%C. The relative humidity is 80%
during rainy season but declines to 60% under drgther condition (Ofomata, 1975). The soil is deifrom
successive marine deposit from cretaceous andriegeriod. Abakaliki agro zone lies within ‘Aswer’ and is
associated with sedimentary rocks, fine grained sard mudstone. The soil is unconsolidated to Jepildand
belongs to the order ultisol classified as TypipHatult (FDALR, 1985).

Field design/layout/treatment application

A total land area that measured 15 m x 10.5 mamately 0.016 ha was used for the experiment.
The field was cleared of existing vegetation witll&Zss and debris removed. The area was demaricabeplots
that measured 2 m x 2 m with 0.5 m space and wjplications of 10 m x 2 m which had 1m alley. Tlesidn
used was a randomized complete block design (RCBB®. treatments were control and 20 T & kg ha')
each of burnt rice mill waste, unburnt rice mill st& and sawdust. The burnt rice mill waste and umilnice
mill waste were collected from agro rice mill inthysand sawdust from timber shade market, Abakalikiese
organic wastes were spread on each plot and tatergorated into the soil with hoe during seedbregbaration.
They were replicated five times to give a totatwénty experimental plots in the experiment.

Oba super Il hybrid variety of maize sourced frBbonyi State Agricultural development programme
(EBADEP), Onuebonyi Izzi, Abakaliki was used asest crop. The maize seed was planted two per diote
cm depth and 25 cm x 75 cm spacing two weeks atatment application. Two weeks after germinatibe,
seedlings were thinned down to one per hole. Missiands were replaced giving approximated 53,080tp
per hectare. Weeds were removed at three-weeldyvaittill harvest.

Soil Sampling

Initial soil sample was collected with soil auggrO — 20 cm depth from different points of thddie
before cultivation and treatment application. Theples were composited for pre-planting soil analysuger
and core soil samples were further collected fracheplot at 0 — 20 cm after planting for post hatwanalysis.

Agronomic Data

Twelve plants constituting 25% of plant populatipar plot were tagged and used for agronomic
measurements. Plant height was measured with mreteic from tallest leaf of a plant to base evewyp tveeks
till tasseling. The grain yield was determined tarvesting the cobs after drying of husks. The hus&se
removed, cobs shelled and maize grain were fudhied and grain yield adjusted to 14% moisture eptt

L aboratory Deter minations

Core samples were used for determination of dujsigal properties. The auger samples were dried,
grinded and passed through 2 mm sieve and usegtéontine chemical properties. Bulk density was rieiteed
using the method described by Gee and Or (2002al Porosity determination was done as describe®by
(2000). The method of Klute (1986) was used to rddtee saturated hydraulic conductivity (Ks). Graetnic
moisture content determination was carried outesribed by Obi (2000). The soil pH was carried wsihg
1:2.5 soil/water ratio. The values were read offhgsBeckman zeromatric pH meter (Peech, 1965). ITota
nitrogen was determined by the procedure descripedBremner and Mulllvancy (1982). Organic matter
determination was by Walkley and Black (1992) mdtHexchangeable Ca, Mg, K and Na were extractatusi
1 N NHOAC. Their amounts in filtrate were determined byrkh Elmer Atomic Absorption
Spectrophotometer (Tel and Rao, 1982). Availablesphorus was determined by Bray 2 (Bray and Kurtz,
1945).

Data Analysis

Data collected from the study were analyzed usinglysis of variance (ANOVA) for Randomized
Complete Block Design. Fishers least significaffedénce (Steel and Torrie, 1980) were used torsépaneans
and significance was accepted at 5%.
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Results and Discussion
Nutrient composition of organic wastes used for soil amendment

Table 1 shows nutrient composition of organic wasised for soil amendment. The exchangeable Ca
values were 1.17, 0.50 and 0.30 cmdikigr burnt rice mill waste, unburnt rice mill wasséad sawdust,
respectively and higher than Mg, K and Na valuethenwastes. Exchangeable Mg was dominant in bicat
mill waste (0.27 cmolkd) compared to other wastes. Total N value wasdrigh.48%) in unburnt rice mill
waste and sawdust. The values of total N were Bmwezoret al., 1981). Even though, the value for available P
was highest (14.0 MgKy for burnt rice mill waste relative to unburnteienill waste and sawdust, it was low
(Landon, 1991).

Table 1. Nutrient composition of wastes

Wastes Element Unit Value
BRMW
Na cmolkg 0.04
K cmolkg® 0.6
Ca cmolkg! 1.17
Mg cmolkg* 0.27
N % 0.30
P mgkg" 14.0
URMW Na cmolkg* 0.07
K cmolkg* 0.24
Ca cmolkg! 0.50
Mg cmolkg! 0.12
N % 0.48
P mgkg 7.00
SD Na cmolkd 0.07
K cmolkg® 0.13
Ca cmolkg 0.30
Mg cmolkg* 0.10
N % 0.28
P mgkg' 3.00

BRMW — burnt rice mill waste, URMW — unburnt ricelimvaste, SD — sawdust

Properties of soil at initiation of study

Sand fraction (Table 2) was dominant comparedltarsd clay fractions yielding a sandy loam textur
The pH (5.3) was slightly acidic (USDA SCS, 197@yganic matter (3.35%) was moderate (Enwestcal.,
1982). Total N (0.16%) was very low (Landon, 199FXchangeable Ca and Mg dominated the exchange
complex. Cation exchange capacity (10.88 cmdjkgas low (Asadu and Nweke, 1999). Available P @81.
mgkg*) was rated high (Landon, 1996). Exchangeable tyoidis 0.68 cmolkd,

Table 2. Properties of soil at initiation of study

Soil properties Values
Sand % 60

Silt % 27
Clay % 13
Textural class Sandy loam
pH in Kcl 5.3
OC % 1.93
OM % 3.35

N % 0.16

P mgkg" 41.00
Na cmolkg" 0.91

K cmolkg* 0.21
Mg cmolkg-1 2.80
Ca cmolkg-1 7.00
CEC cmolkg-1 10.88
EA cmolkg-1 0.68
%BS 94.00
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Physical properties asinfluenced by organic wastes amendment

The particle size distribution (Table 3) did nairy appreciably among the treatments. However, the
texture remained sandy loam in all the treatmedks.(2000) pointed out that texture was a permapesperty
of soil and did not change after cultivation. Thgttire of soil influences its nutrient storage, evattention and
aeration status.

The application of organic wastes significantly<QFR05) decreased bulk density and increased total
porosity, hydraulic conductivity and gravimetric istore content of soil relative to control, respesly. Bulk
density had inverse relationship with total ponpsiEurthermore, bulk density was lower under sawtd
amendment relative to burnt rice mill waste andwnbrice mill waste treatments. This translated16%6
decrease in bulk density for SD amended plots coetb#o control. The findings are in agreement with
report of Mbagwu and Piccolo (1990) that organistea incorporation reduced bulk density and ineeastal
porosity (Gou, 1987). This could be attributed dodening effect on soil by decomposing materialdieg to
the soil. Furthermore, it could partly be a refiectof organic matter content of the soil (Table Smilarly,
saturated hydraulic conductivity and gravimetricishare content obtained in saw dust treated plaseviigher
relative to the application of burnt rice mill wasand unburnt rice mill waste amendments. Hydraulic
conductivity value under saw dust amended plots igiser by 14 and 23% when compared to burnt ride m
waste dust and unburnt rice mill waste amendmadtitis. suggests that saw dust application in soildtoteate
channel of water flow and capable of influencingsipeely soil conditions to absorb and retain maist for
production of maize.

Table 3. Physical properties of soil following anic wastes amendment

Treatment < Soil physical properties >
%sand % silt % clay Texture  BDgém TP% HCcmh' GMC%
Control 60 27 14 SL 1.81 32 51 20
BRMW 59 28 13 SL 1.57 41 72 30
URMW 60 27 14 SL 1.66 38 65 32
SD 58 29 15 SL 1.54 43 84 32
FLSD (0.05) 0.08 6.7 3.6 14

BRMW-burnt rice mill waste, URMW- unburnt rice milaste, SD — saw dust, BD — bulk density, TP — [Tota
porosity HC — hydraulic conductivity, GMC — gravitrie moisture content, SL — Sandy loams

Chemical properties of soil asinfluenced by organic wastes application

Table 4 shows chemical properties as influencedrggnic wastes application. The result indicatas t
organic matter, available P, total N, exchangedde cation exchange capacity and base saturatiarganic
wastes amended plots were significantly (P<0.0§hdt than those of control ones. Percent organitemaf
unburnt rice mill waste was significantly (P<0.0B8yher than that of saw dust amended plot. Avadldblvalue
of mgkg" was obtained in unburnt rice mill waste and sawtdreated plots and this significantly (P<0.05)
increased over burnt rice mill waste amended ortke camtrol, respectively. Similarly, significantly?€0.05)
higher total N was obtained under unburnt rice mdlste amendment relative to those amended witht bice
mill waste and saw dust. Exchangeable Mg and CE@ W& , 78% and 4, 11% higher for burnt rice mitiste
when compared to saw dust waste amendment, resggcfihough, soil pH and exchangeable Ca, Na and K
were statistically not different among the treattegtheir values were higher under organic waststments
compared to control. Soil pH exchangeable Na,KCand EA varied among the organic wastes amendments
Exchangeable Ca and K were 14 and 67% higher salerdust waste amendment relative to unburnt rile m
waste treatment. Significant increase in perceghmic matter of soil amended with agro waste hagnbe
reported by Andrewst al. (1999) and Clarlet al. (1998). Similarly, sharplet al. (1994) earlier noted that soil
amended with organic wastes increased availablh® findings of significant increase of percentaltat is in
conformity with the work of Sharplest al. (1993) of agro waste amended soil relative to rabnThe positive
influence of applied wastes on these soil propec@uld be attributed to their release of theseanttelements
into the soil upon their decomposition. The impmbveoil pH of wastes amended soil could be due to
improvement of organic matter content and exchaslgegations especially Mg content of the soils (€ab).
Perucci (1992) observed that exchangeable Mg signifly increased in organic wastes treated sditive to
control. Furthermore, Andrewat al. (2002) and Agboola and Fagbenro (1985) in theidiss observed that
organic wastes amendment increased cation excltapgeity (CEC) and %BS when compared to contrak,Th
they attributed to releases into soil of exchanfgeasitions during decomposition of organic wastes.
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Table 4. Chemical properties of soil following anmic wastes amendment

Treatment P Soil chemical properties >

b « Cmolky ——»

pH(Kcl) OM% Pmgkd N% Ca Mg K Na CEC EA %BS
Control 5.1 3.1 28.0 0.2 6.4 3.3 02 0.2 7.9 080 9
BRMW 5.4 35 39.0 0.3 7.2 3.6 05 03 120 0.6 95
URMW 5.4 3.7 64.0 2.2 7.2 3.2 02 0.2 11.5 0.6 96
SD 5.3 3.3 64.0 0.2 8.4 0.8 06 0.2 10.7 0.7 93
FLSD (0.05) NS 0.3 7.0 1.0 NS 14 NS NS 1.0 0.2 0.1

BRMW — burnt rice mill waste, URMW — unburnt ricelihwaste, SD — saw dust, OM — organic matter, P —
Phosphorus, N — Nitrogen, CEC — cation exchangadagp EA — exchangeable acidity, %BS — percentbas
saturation.

Agronomic parameters

Plant height at different sampling periods andrgséeld of maize are shown in Table 5. The results
indicate that plant height under unburnt rice millste amendment significantly (P<0.05) increaséative to
control except at 56 days after planting (DAP). tRermore, plant higher of BRMW amended plots was
significantly (P<0.05) higher than control at 2&at2 DAP compared to contrdenerally, unburnt rice mill
waste treatment at different sampling periods (1866 cm, 28 = 53.23 cm, 42 = 102.05 cm, 56 =24@m
and 70 = 176.52 cm) produced taller maize plantsnndompared to plots where burnt rice mill wasté saw
dust were applied. This observation is in consoeanith the findings of Agbim (1981) that organic stes
incorporation into soil increased growth of mainenpared to control.

The grain yield of maize in organic wastes tregtkds except for SD was significantly (P<0.5) hégh
than control. Significantly (P<0.05) higher graireld of maize was obtained under unburnt rice mifiste
amendment relative to burnt rice mill waste and sast treatments. The grain yield of maize for unbuice
mill waste and burnt rice mill waste amended soihiedium and saw dust treatment rated as low (NPFE).
Agbim (1985) reported that higher grain yield ofingawas obtained where organic wastes were appiative
to control.

Table 5. Effect of organic wastes amendment onragnic yield of maize

Treatments
— Plant height (DAP) c———»
14 28 42 56 70 Grain yield (tha

Control 11 30 53 97 99 1.8

BRMW 15 43 82 128 136 2.3

URMW 19 53 102 170 177 2.6

SD 11 37 61 102 110 1.9

FLSD (0.05) 5.0 15.6 34.5 NS 37.6 0.3

DAP — days after planting, BRMW — burnt rice milagte, URMW — unburnt rice mill waste, SD- sawdust

Conclusion

This study was carried out to find out influendeooganic wastes amendment on soil properties and
maize yield. The results indicate that organic essipplication influenced soil properties and majiedd
positively. The applied organic wastes reduced ldhksity and increased total porosity, aggregabilgy,
mean weight diameter and enhanced water retentidrtransmission. Similarly, amendment of organictes
significantly increased percent organic matter,jlails®e P, total N, exchangeable Mg, cation exchareygacity
and base saturation, respectively. The applicatiobarganic wastes increased plant height and gyl of
maize. The over all performance of the organic &gt influencing soil properties and maize yiatidws the
trend: URMW >BRMW >SD>C. However, saw dust treatin@moved more superior in improving soil physical
properties than other wastes.
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