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Abstract

The ever escalating prices of chemical fertiliersthe poor farming communities forced the reskardo find
an alternative means to provide sufficient foodtfar ever increasing human populationin Ethioptaough the
use of organic wastes as a soil amendment and waprent on soil quality has been a well establighetlittle
has been done in Ethiopia especially in conneatiith wastes generated from sugar estates. Accdyditigs
experiment was conducted on wastes collected fr@mldng serving sugar estates in Ethiopiaso as$ess
their effects on durum wheat performance and sgility on Vertisols. The ashes and filter cakesglwith the
recommended NP rates and compost prepared frorothé materials were evaluated against the coritnol
their influence on the production of durum wheatit{@um durum L. assassa) and on selected soil ipbys
chemical properties using RCBD experimental desigh three replications.The analytical results aaded that
these wastes do have a potential that can be seweal soil amendment as they provide organic matter
exchangeable bases and micronutrients which haMeesm considered in Ethiopian Agriculture previgus
Keywords. Ash, compost, filter cake, soil amendmestsl quality

Introduction

The ever escalating prices of chemical fertilizealowing the skyrocketing and un-stabilized cosfsfuel
strained most farmers to opt for reducing its aggtion and hence forced the yield to decline agdhes ever
increasing human populations. On the contrary, ghetracted use of the existing chemical fertilizérss
witnessed altering the soil environment throughtiocmous application. Urea, for example, is blameddc¢idify
the soils across its course of application overogerof time through nitrification process whilesthesidual
effect of the applied Dia-Ammonium Phosphate (DAB)a source of nitrogen and phosphorous leadssgksti
not to respond to the external phosphorous apjaitaind changed its chemistry (DZARC, 2011; Mestidl 2).
Therefore, exploiting the availability of differesburces of organic wastes becomes vital in ststaisoil
quality and optimum crop production.

Sugar production in Ethiopia was started in 195446&n the Wenji Sugar Factory produced 15,843 tifns
white sugar in the first campaign. The developnodrthe sugarcane plantation was started on 500&tgecin
the upper reaches of the Awash basin, 100km of Heast of Addis Ababa. Then, it was followed by
Metehara(1969) and Finchaa(1974) sugar estatdwi\tvash and Blue Nile Basins, respectively. Thesent
level of national production from the three-sugatates is estimated about 261,041 tons of sugaB@rtb7
tons of molasses per annum respectively. These stugar factories have a production capacity of @BD tons
of sugar annually from 23,769 hectares of land (E2808). In 2006,Tendaho Sugar Development Progect
established as a fourth sugar development prajetite country and continue with developing sugaates in
TanaBeles, OmoKuraz and Welkait on different rivasins [ittp://www.etsugar.gov.et/@¢n

Therefore, the expanding sugar estates in Ethjpmieide an ideal opportunity in using these waaktesa source
of soil amendments and enhance crop performancesegoently, evaluating the possible sources ofnicga
wastes from this estate as alternative optionofsimum crop productions and sounding the soil mmment
has becoming vital for sustainable agriculturalduetivity and growth on Vertisols.

The objectives of this experiment were, thereftwegvaluate the influence of these wastes on thi®neance
of durum wheat (Triticum durum L. assassa) andiotkeir effect on selected soil chemical propeitjes, EC,
OM, Total Nitrogen and Available P, N&K*, C&* and Md*, F&*, Cu*, Zr#* and Mt

Materialsand Methods

The experiment was conducted at Akaki and Debref@etwo (2011-2012) cropping seasons.

Site description:

Akaki is geographically located betweef38-857' N latitude and 383'-3850' E longitude. The average
annual range of maximum temperature lies betweelCidnd 20°C, whereas, low temperature lies between 10
°%C and 15°C. The average annual range of rainfall is from-8200 mm. The District lies between the
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altitudinal ranges of 1500 and 2300 m a.s.l. wHalhin the two agro-ecological zones of Weyna-déed-
highlands) 98% and Dega (highlands) 2 % (Damitealiet2012). According to WRB (2006) and FAO (2006),
Vertisols is the most dominant soil types.

Debre Zeit is located at 45 km south east of Addis Ababa,@mutdinates of &5'52”N to 8°48'45"N latitude
and 3858'53"E to 3901'00”E longitude with altitude of 1950 masl. I$ icharacterized by a humid tropical
climate and heavy precipitations from June to Atidgiaing annual mean rainfall of 801.3 mm (NMA, ZDO
The mean annual maximum temperature is at’@5d&nd monthly values range between 23.ih July and
27.7C in May. The mean annual minimum temperature0i§’C and monthly values range between’@.#
December and 12°C in July and August. According to FAO soil clagsifion (WRB, 2006) Vertisols are the
dominant soil types of the area. Geologically, ¢hegils consist of alkaline basalt and trachytemghg to the
Bishoftu Formation of the Cenozoic volcanic eruptiqTeferaet al., 1996). The soil is characterizgdheutral
pH ranging from 6.9-7.3 and experience water loggibayneh and Demeke, 2003).

Treatments set-up and experimental details

The plot sizes were 5m by 5m and durum wheat €Initi durum L. assassa) is used as a test crop. $aten
of treatments were used in this experiment andaaeld three times in a Randomized Complete Bloekigh
(RCBD). They were control, recommended NP, compbiter Cake (FC), Ash (A) from Weniji plus half
recommended NP, Filter Cake (FC) and Ash (A) froratéhara plus half recommended NP. Except for the
control and recommended NP,the equivalent rate @il P, and coefficient of availability through &nfor
cropping season were calculated before settingeasntent and the equivalent values were appliddrins of
weight of the respective treatments.All the recomdesl cultural practices were adopted to manage the
experiment and the data were subjected to analysiariance (ANNOVA) using the GLM procedure of SAS
Results and Discussion

The chemical compositions of these materials weredoto be promising to apply as a soil amendment fo
agricultural purposes (Patterson, 1999). Exceptafidr from Weniji, the rest materials possess OM faibt in
high category and were found to be higher than,2302.2, 43.6, 209.2 and 197.20% as compared tsdite
OM for ash and filer cake from Wenji and Metehaspectively and compost (Table 1). This will have a
potential in alleviating the problems associatethwihysico-chemical properties of the soil like noying
infiltration.

ThepH and EC

The analytical results showed that these organgtegado have a reaction a bit higher than the alepitt having
the ashes possess a relatively higher reactionttiefilter cakes in both samples (Table 1). Theuystits are
increased by 11 (W) and 16 % (M) for ashes andedesed by 2 and 5 % for filter cakes for the sanh@oat no
difference was observed between the soil and cotmpastion. Similarly, the EC were also increasgd.b.54
and 19.23 % and decreased by 76.93 and 80.77 %hdosame material and location respectively. 80477
decrease for compost was recorded. Ashes relato@iyain higher amount of exchangeable bases thdd c
contribute for higher soil reaction and electricahductivity as compared to the filter cake wheyélving low

in them but containing higher amount of micronuttse

The OM, Total Nitrogen and Available P

The organic matter (OM) was considerably variedveen 23.2 (W) and 211.2 % (W) as compared to tie so
OM where highest value is for filter cakes and costpvhiles the lowest for ashes. Accordingly, 23\ and
43.6 % (M) for ashes and 197.2 (C), 209.2 (W) ahtl2 % (M) were recorded.
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Table 1 Characteristics of the organic wastes geeeéifrom Wenji and Metehara sugar estate farms

Organic pH EC oM TN Av. P Exchangeable Cations Micronutrients
waste (dS (%) (%) (ppm) (c mole i kg'l) (ppm)

m™) Na K Ca Mg Fe Cu  Zn  Mn
Ash(w) 844 0.29 3.08 0.23 80 1.76 0.24 1292 1.13 3.98 0.58 1.08 1.49

FC (W) 739 0.06 7.73 232 142 0.60 0.72 4869 3.58 28,50 11.01 13.1 63.70
Ash (M) 882 031 359 032 90 1.82 1.41 13.81 5.82 2.81 2.29 146 2.56

FC (M) 7.15 005 7.78 213 114 0.72 225 9884 1598 57.36 3.49 8.40 48.13
Compost 7.65 0.05 743 219 174 496 254 4199 1592 17.17 138 589 5551

Soil 7.60 0.26 2,50 0.15 22 0.18 0.37 40.12 8.28 10.62 093 035 15.04

* W and M refers to materials collected from Weanjid Metehara sugar estates respectively

Similar to the OM, the total nitrogen content imsilerably vary between 53.33(W) and 1446.67 % &4/)
compared to the soil TN where highest value idifear cakes and compost while the lowest for asb8s33(W)
and 113.33 % (W) for ashes and 1360 (M), 1446.67&) 1320 % (C) were found.As available P is a
constituent of OM, its values follow similar trentilse total nitrogen. Accordingly, the its valuermiderably
increased in a range from 263.63 (W) to 690.91 %a€compared to the soil TN where highest valueris
filter cakes and compost while the lowest for asi2€8.63 (W) and 309.09 % (M) for ashes and 69QW},
545.46 (M) and 418.18 % (C) for compost and fittekes from Wenji and Metehara, respectively

The exchangeable cations(Na', K*, C&" and Md*, F&*, C/#*, Zr** and Mrf"))

Except in Mg for filter cakes from Metehara, aletbrganic materials possess higher values of exgeladue
cations that could range from 0.35 to 58.72 % iaseeadvantage of using them as a source of nuinpats
(Table 2) which contribute to higher pH and EC ([€ab)

Table 2 Gain or loss of comparative advantage oli@xgeable cations using these wastes

Materials Gain or loss

Na K Ca Mg
Ash(W) 1.58 0.87 12.80 7.15
FC (W) 0.42 0.35 8.57 4.70
Ash (M) 1.64 1.04 13.69 2.46
FC (M) 0.54 1.88 58.72 7.70
Compost 4.78 2.17 1.87 7.64

The micronutrients(F€*, Ci#*, Zr** and Mif")

On the contrary, the concentrations of micronutrigare found to be very low and even below the filthe
ashes while filter cake possess better (Table 3ichwitontribute to lower pH and EC (Table 1). The
concentration of micronutrient was found to vanablffer unlike exchangeable bases where Ashesfitted
cakes were believed to contain.

58



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol. 4, No.3, 2014 IISTE

Table 3 Gain or loss of comparative advantage ofonutrients using these wastes

Materials Gain or loss

Fe Cu Zn Mn
Ash(W) -6.64 -0.35 0.73 -13.55
FC (W) 17.88 10.08 12.75 48.66
Ash (M) -7.81 1.36 1.11 -12.48
FC (M) 46.74 2.56 8.05 33.09
Compost 6.55 0.45 5.54 40.47

It is not surprising that the recommended chenfexdilizer beat all the organic sources of fergliowing to the
fact that it is highly soluble in water and ead#d{en up by the plant. Filter cake or mud in Akakd Ash from
Wonji and half of the recommended rates of chenfiedilizers follow with a magnitude of less thara@d 4
qunitals (Table 4).

Table 4 Mean grain and straw yields at Akaki an@hfieeZeit.

Treatments Akaki Debre Zeit

GrainYield (kgha  StrawYield (kgha  GrainYield (kgha  Straw Yield (kg

) ) ) ha™)
Control 2002.5 990.0 1066.7 315.00
Rec. NP 2620.0 1418.3 1193.3 810.00
Compost 1830.0 836.7 1383.3 1475.00
Filter Mud W 2355.0 1645.0 1283.3 455.00
Ash (W)+1/2 NP 1706.7 960.0 1228.3 938.33
Filter Mud M 2120.0 1380.0 1523.3 505.00
Ash (M)+1/2 NP 1612.5 823.3 1441.7 562.50
CV (%) 9.05 15.5 12.18 15.82
LSD (5%) 325.08 518.2 199.0 96.51
R’ 0.84 0.65 0.93 0.98

Summary and conclusion

The potential of these organic sources of wastesrgéed these two long serving sugar estates wgleited

and this study confirmed that they have a posiihfeience of selected soil physico-chemical properof

Vertisols. Therefore, long term research experisestiould be carried out on these wastes and fram th

upcoming sugar estates to reach on a sound cooielosia specific soil quality attributes.
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