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AIISTRACT 
SOllie j loriClllfllre illduslries locoled al Ifolela 10WII discllllrge /I/Ilrealed eff'ue/lfs ill/o 

Ihe surrol/lldil1X eJl virol/lllel1l. As a re.wll excessil'C ferlilizer ol/d peslicide residlles 

/rO/ll Ille ftlrm (Ire deleriorating Ille soil. 'I11erefore, Illis s flldy was proposed wilh the 

ohjeclil'e of assessill)! Ille impact of eJjlllellls Fom Poticlllture illdllstries 011 soil 

ql/(llity. We selected {II'O s flldy .\·iles Ileal' Ihe jloriclIllllre induslryal Ilolela roWI/. The 

firsl sile used as a conlrol was selected Fom lite efflllelll Fee area arOlllld Ihe ftlrm 

Il'hcreO'i, Ihe secolld sire sel along lite effluellt j low. II /Owl of 30 samples (/5 Fom 

each) lI'ere lesled fin' Iheir physicochemical clwracleris/ics SIIClt as soil le:(/lIre , 

calioll excJwlIge capacily (CEC), exchallgeable base!)' and microllli/riellf IXW(IIllerers. 

'11/(' dafllwere allaly::ed IIsillg SAS softll'are /0 see iflhere were .,igllijica/l/ differences 

hetween Ihe COlllrol and impaired siles lit 5% level of signijicallce. Soil/ex/ure, pl/, 

CHe. exchangeable bases (K. Ca. Mg) showed sif!, lI ificllfIl differellces (1)<0,05) 

betll'een lite cOHlrol a/ld impaired ,dies. 0 11 Ihe olher IIalld OC. 'IN. Na and 

mic/'(Jllll lrielllS (Cu, ZI1. Fe lind Mn) showed illsignijiconl differellce. There is a 

si?,lIificlflll raise in pI I. K. Ca mul Mg and Sigllijicl fllt decrease ill CF.C ill effluelll 

affected areas wllieh jildiclile lite quali/y of f armlolld soil around Ihe jloriClllwre 

indl/s/ry has beell af/ecled. lIence, OCliOIlS slwllld be w ken before the precious soil 

I/Int 01/ / 10 be seriollsly pol/llfed Ellvirollmellwl oudil (llId ",osle waleI' mOllagemelll 

could be possible solUlions 10 millimi::e Ihe direct discharge offer/ili:er rich e(flIl('111.\ 

inlO lite soil and rhe ril'er. 

Key 1\'ordo5: Ernllcnt. Soil quality. Farmland so il s 
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CIIA I'TER ONE 

I. Inlroduction 

1.1 Ilackg rolllld 

The cxpnl1s ion of nower industri es in Ethiopia has been generating income opportuni ties 

both 10 the country and indiv iduals since the lime of ils introduction. Ilowcvcr, there arc 

visible chall enges regarding with improper hand ling of il s byprod ucis. lIolela is one of 

the mallY towns where Ihe industries arc being expanded. Researchers have beell 

conducted to investi gate Ihe impac t 0 11 envi ronment due to the improper management of 

these particular industries. Misganaw (2007) in hi s thes is in the stud y of " Assessment of 

the Ecologica l Impacts of Floriculture Industri es Using Physico-Chemical Parameters 

,mel Benthic Macro-invertebrates Metric Index along Wcdccha Ri ver, Debreze it. 

Eth iopia" indicated that flo riculture. likc other agricultural industries. exacts an 

envi ronmental toll. though making substanti al contributions in the generation or roreign 

exchange. employment ror workers. increasing revenue, and contribution to rural stabi lity 

through provision or jobs. incomes, public services and amenities to villages surrounding 

flower f~lrll1 s. It has al so contribution to the development or 0 1 her commercial act ivities in 

areas adjaccnl 10 the flo\\ er projects (bui lding blocks. restaurant. rarming. etc.) and 

reduces rural-urban migration. Ilowcver, the externality or fl oriculture induslries is huge; 

I>csticides lravel an average di stance or 1,500 miles. adding significantl y 10 global 

warming and pollution. 
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Although industrial processes arc desirable. at the s.1.llle time. the serious and irre\ersible 

damage done to the environment through thei r apparen tl y innocuous di scharges of 

efll uents arc unquanti fi able. Despi te the treatment being employcd by SO nlC indust ries. it 

is still impossiblc to rcmove all undesirable propert ies from c fllucms. The di schargc of 

poorty trcated c flluen ts can cause seve re and even irreparab le damage to receiving \\ ,llerS 

and land environments. Ir not properl y managed. con taminan ts such <l:<> phosphorus, 

nitrogen, heavy metals, suspended so li ds. and those with hi gh oxygcn demand can cause 

undesi rablc changes in both aquati c ecosystcms and land vegetation (Department of 

En vironment and Conservation/DEC, 2004). Emucnts arc wastes produccd from 

industrics <Inc! they vary de pend ing on human acti viti es that produce them. Production of 

these wastes is an integral part of industrial activit ies but unfortunately our inabil ity to 

anticipate or predi ct the typcs and magnitude of undesired consequcnces of the unbrid lcd 

e fllucnts in Ollr cnvironment. coupled with the growth o f industriali zation have resu lted 

in massivc and dcstructi ve ope rat ions in Ollr ecosystems. 

Mincral forms of nitrogcn arc readi ly transformed into other minera l forms. Some 

mi ncra l forms such as nit rate. nitrite and ammonia can bc taken up by plants. Nitrate is 

also rcadi ly leached to groundwater. I li gh concentra tions of nitrate make watcrs 

unsuitable ror stock and domcsti c watcr suppli es, or can nourish unwanted plants and 

algae. N2 and NI b can be lost to the at mosphere in gaseous form . It is cstimatcd that 

bctwccn 15% (coo l climates) and 25% (warm climates) of applicd nitrogen in the form of 

ammonia (DEC. 200~) can be lost to the atmosphere, \\~th up to 50% vo latil ised under 

optimal conditions (c.g. fine spray irrigation in hot and low humidity climatcs). 
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Flori cul ture industries lise hi gh and large quantities of ferti lizers and pesticides. I hese 

fertili ser and pesticide applicat ion may lead to soi l acid ification. eutrophication and the 

bui ldup of pesticide resid ues. thereby impacti ng soil quality. These pressures can also 

resul t in wa ter pollution through. for example, the nm·off of nitrate and phosphorus to 

sllrface waters and the poten tial contamination of private drinking water supplies with 

pesticides (S EP 1\, 200 I). 

Soil can immobilize mallY pollu tants, effecti vely acting as a buffer aga inst pol lU1 ion of 

water and air. Ilowever, thi s ability is finite. depending on so il properties and processes 

and mllst be carefu ll y managed to protect the ell vironment. When conditi ons \\ hi ch affect 

thi s immobil ising abilit y change, for example increasing acidificat ion or changes in land 

usc. the so il can turn into ,I pollutant source ilse lf. an eITeet sometimes described as a 

chcmica l ti mc bomb (S EPA, 200 1). The evidence could indi cC:lte the necessity o r pre· 

treatmemcnt when onc considers the case of I loleta for the di scharge of emuen ts may 

affect the surroundi ng so il qual ity. 

1.2 Statement of th e Problem 

In Eth iopia. thc economic advantage of the floriculture industry has ovcrshado\\ed social 

and environmental sacrifices of the sector. There arc di lTeren t perceptions with regard to 

the soc io·economic and environmental impacts o f the sector in the country. Some 

government offi cial s beli eved that the environmental and the socia l clreel of the sector 
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are ver) insignificant and should not be considered . Other environmental and soc ial 

concerned bodics beli cved that the country is losing much more than the governmc nt 

expected. 

Despite the fac t that huge socio-economic advantages and considerable inccnt ives arc 

give n. in Ethiopia the intc rnationall y known socia l and environmental disadvantages of 

the sector arc vague. According to Frank and Cruz (2001 ) cvcn if the fl ori culture industry 

\\'i,,! re taken as a soluti on for economic dcvelopment and gained in the generation o f 

employment during the last 30 years in developing countries. Ihese advantages of the 

industry arc at the ex pcnse o f socia l and environment al di sadvantage. 

Inappropriate cho ice o f culti vation mcthods and a wide ra nge usc of chemical s and 

fcrtilizers have neg<lt ivc impacts on soil and wate r condit ion. Too mllch usc. or misllse. o f 

herbicides and pesti cides can thri,,!aten huma n. animal and plant life . Moreover. the 

ind llstry has also crea ted land hold ing prob lems. 

There is litt le resea rch wo rk done about the environmental and social im pacts of the 

scctor while thc fl ori cult urc industry is blooming in the country. Thus. this stud y ai ms to 

address the problem by cmphasizing on the im pact of the efnllents 0111he qualit y of farm 

soils in Iioleta. 
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1.3 Significa nce of Ih e Siudy 

I his research is expected to contributc to the ex isting understanding of the industry in 

Ethiopia floriculturc industry on the envi ronment aspect at lIoleta. Especially. the study 

tries to ex plore the situation o f famlland so ils surroundi ng the industry. 

This study can increase the awan;ncss about problems that florieulturc 1~1 rnl cffluents 

pose on so il. I low the industry affcets the envi ronment wi ll give an insight into whether 

the flori culture industry in Iioleta is opera ting in a sustainable manner or not. The 

rindings of the study may encourage concerned bodies and farm owners to be more 

consciolls o f the isslle and it can initiate the formation of a National Code of Conduct that 

gO\erns \\aSle di sposal condi tions at flori culture fa rms and the environment. 

1.4 Objecti ves 

GcncralObjective 

The major objecti ve is to study the impact of effluents released from flori culture 

industries on the phys ical and chelllica l characteri stics of so il. 

Specific Objccti vc(s) 

• To characterize the effluent free and effluent affected soils around fl ower 

industries in Iioleta in terms of physico-chemical properties and heavy mela l 

clement contents. 
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G IAI' T ER TWO 

2. Literature nc" icw 

2.1 Evo lutio n o f the Ethiopian Flower Indus try 

In rcccn! decades, the global demand for cuI flowers has grown considerabl y. Th is 

growth in market demands and its diversification va lue has a11ractcd increasing numbers 

of developing countri es to Ihe global fresh fl ower trade. These reasons seem to make 

Eth io pia come in 10 the picture of th is business. But some l)Cople say that Ethiopia gives 

alieni ion for thi s sector because Ihe European production cost skyrocketed . European cut 

fl ower growers (especia ll y Netherlands) have been looking to other con tinuities for morc 

affordable condit ions as experienced by other East Africun coulltries like Kenya. 

['annUl ia and Uganda (Tadele. 2009). 

Floricu lture development in Ethi op ia started thirty two years ago for commercial 

purposes in the Derge regime. The first frcsh cut fl owers production was commenccd in 

198 1 182 crop season. The I lorticuh ure developmcnt corporations were established where 

the governmcllt was responsible both for regulation and production even for marketing of 

horticultural products including flowers. During that time the product ion and export of 

cut flowers were onl y aimcd at fore ign exchange earnings in Eth iopia and was not wcll 

planned (Ethi opian Horticultural Strategy. 2007). 
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I 
1\5 a resuli or th is. the industry was one o f the highly subsid i/.cd sub-sectors duri ng the 

Dcrg regime ( li able. 200 I). Flori culture was started to show modest increase in 19905 by 

2-3 % fromlhc agricultural output orlhc country. [n 200 1 it contributed S 4.7 mi ll ion \0 

the country's fo reign currency earnings. But it was not as such signili cant enough \0 suy 

it \ \<1S important sector to develop the country's economy. In fi ve years the total export 

cnrni ngs incn;ascd ill kast fi ve lilll i;S Ihal fi gure. 

Realiz ing Ihe governm ent 's aHcnlioll and friend ly c limatic condition. in vestors \\c re 

all rac\cd. By February 2006. of the 70 operational nower farm (50 % of the investors 

\\ cre known \0 be national s. 37 % arc fore ign and the balance 13 % is joint venture) 

enterpri scs alrcady cx isted in Ethiopia, qui ckl y foll owed by ncw clltcrpri ses (Tc\\odros, 

2010). The industry covcred 2.03 1 hcctares of land up to larch 2007. or thi s land, 

840.58 hectm'cs was covcrcd "jlh greenhouse and the rest \\ cre co vcrcd by land nowers 

up 10 J UIl -': 2007 (ENA. 2007: I loriiOora magazine, 2007: Twde and Industry Ministry, 

2006). 

Among the resourccs which make Ethiopia favorable fo r tl oriculturc development is 

wa ter and irrigab le land resources which the country has and the abundan t fl ower necds 

in the country. Ethi opia has 122 billion cubic meter surface walCr, 2.6 billion cubi c meter 

ground water. 12 ri vcr basins. 18 natural lakes including the ri n vall ey lakes and a 

potcntial o f 3.7 million hectares irrigable land. About 80 - 90 pcrcent of these resources 

arc locatcd in the west and south \\ est o f the country where close to 40 percent o f the 

Ethiopian popul ation li ves and 10 - 20 percent of these resources are located in thc cast 
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and central pari \\ here 1110St of the po pulation has sClll ed. nut the abO\ e principal 

production sites arc located within the low resource ;wailable and high] ) populatcd areas 

(Ethiopian Ilorti cultural Strategy. 2007). 

Most of the Floriculture farms arc largely confined mound the vi cinity of Addi s Ababa. 

Most farms arc located in West of Addis Ababa particularl y loca ted in Menagesha, 

I loleta, Sebeta and Addis Alelll while the rest are more or less evenl y di stributed in the 

RiO Va lley and the Awash River Basin systems (Nancy, 2006). The fact of the mailer is 

that Ethiopia is still in the beginning stages of fl oriculture industry and ther!.! ar!.! a 

number of challenges that must be resolved to continue the developmcnt of the seelor 

\\ ith the present rapid speed. Among the challenges include socia l and ellvironmerllal 

impacts of the sector whi ch can create pressure on thc sustainability and markct 

acceptability o f flower industri es. 

Accordi ng to recommendation gIve n on the " Development strategy lor Ihe export 

oriented hort iculture in Ethiopia" based on the stake holders discllssions at the workshop 

on February 91h. 2007. Ethi opia needs development ora conducive legislati ve framework 

~llld pesticide registration system whi ch is felt under responsibil it y of GO\ernrnen t 

especiall y Ministry o f Trade and Industry and Ministry of Agriculture and Rural 

Development as well as development of a Code of Conduct at sectoral le"el to 

demonstrate compliancc wilh gencral standards (environment. workcrs' welfarc. cle) with 

responsibilities of Ethiopian lIortieultural Producers and Exporters Association (Tadclc. 

2009). 
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I 
Thereafter. Ihe Ethiopian Ilorticultura l Producers and Exporters Associalion (I :IIPEA) 

ini ti ated Ihe development of an Ethiopian Code of Practice on sustainable Oo\\cr 

cu lt i\ at ion. This initiative responds to a request of the EI WEA members to dc\clop a 

sector broad \001 to respond in an effecti ve way to Ihe gro\\ ing demand by various 

swkcholdcrs for corporate soc ial responsible farm management. Th is initiati ve has been 

one of the strategic actions of EI [P EA for 2006 and 2007. and is supported by the 

Netherlands Ihroughollllhc Dutch Ethiopin ll horti culture part nership (Misganaw. 2007). 

Due \0 suitable wea ther conditions, a ll illldc, favo rable market in the rest of the world and 

domestic enab ling environment for investors. the number of new farms is increasing and 

the existi ng fa rms arc expand ing and consequently the vol umc of cut nowcr production is 

increasing. The production of cut nO\\Cr is desti ned entirel y for export. The producti on 

SYSICIll is capital and techno logy intensive. and producti on mainly takes place under 

green hOllses (Worku, 2010). The number 01" firm s increased sharply. rising from 10 

fi rms in 2004 to 81 fi nns by the end of 2008 (Table I). Prior to 2004. the sec tor only 

generated US]) 3.7 million. By 2008, th is incrcased to nearly US]) 100 million. and the 

scctor became among the four top fo reign exchange earning commodi ties for the cOllinry 

(Gebrc)'esus and li zuka. 2010; Table 2). 
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I able 1 Major stati stics of noriculturc development in Ethiopia 

Ycar Number or Cultivated Area Number or Expon Value 

Farms (hck lar) Export SIems (LI I) 

2 00 1/02 -- - - 30500 o 
-

2002/03 - - 16000000 29000 00 
- - ---

2003/04 - - 32000000 55000 00 

2004/05 30 150 83000000 
-

12700 000 
.-

2005/06 69 345 186.000,000 26900 000 

--
2006/07 SO 645 1,11 4.000.000 11 3.00 0,000 

.. -!-.. . -Soun;c. Mlll lslry of I rude & Industry (Oct 2006) 

Dashes (-) indicate there was no recorded daw. 

Table 2 Export performance 200"·01~ 

Year Weight Value Ethiopia Ave. Value (LlSD) % % 

DirT $ 10 Change Change 

Birr Vallie in Vol. 

~OO4 . 
'921. 19805 -202.877.00 7.088.619.03 7.70 0 0 

- - - -
2005 3.527.667.55 101.476.738.84 8.10 12.527.992.45 1260% 1639% 

2006 9. 137.082.87 321.547,395. 14 8.50 37.829. 105.3 1 202% 159% 

--2007 18.235.012.20 787,440.383.79 9.03 87.202.700.31 131% 100% 

2008 25.470.434.33 1.197.976.217.48 9.57 125. 156.837.53 44% 40% 

':c, .-
Source: - (Worku. 20 10) 
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The seclOr' s contribution 10 export revenue and cmplo)lllcl1t generation has been 

progrcssi\ cl) inerc'lsing o \er the last fc\\ years. So far. 27·30.000 workers arc cmplo)cd 

by the sector o f wh ich 60 per celli arc womell . As far as export revenue is concerned. in 

the first half of 2007. about 50 mi ll ion U dollars was generated . Eth iopia exports up 10 

700-800 Ions o f flowers and fruits and vegetables in one week of which nO\\ Cr constitutes 

the mosl pari (ENA. 2007; Trade and Industry Ministry, 2006). 

Despi te the ind ustry's signi fi cant contribution to the national economy. social and 

ell vironmenta l problems may ex isl, a lmost in the same way as occurred in Colombia and 

Ecuador. Usc of vario lls chem icals by the industries may cause damage to the 

environment ~ nd nO\\Cr growcrs usc a large amount o r wn ter, \\ hieh is resul ting in the 

shri nking o r surrace and underground water. Companies such as Rose Et hiopia and Gar~ld 

Flowers arc some examples causing shrinkage or water (Ak lil u. 2006: Trade and induslfY 

Minster. 2006). 

Absence or sa re ty measures at places o r work may eause healt h problems to the 

employees. In th is respect. there arc concern s that hazardous and toxic chem icals co uld bc 

used in thc fl owcr rarm s. Floriculture fa rms lise a lot o r re rti lizers and pesticides. In 

relntiol1 to this. the use b) employees or protective apparel sho uld be compulsory, and 

di sposal of' chemica ls has to be seen widely (Ak li lu. 2006). 
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2.2. Environrn cnt a llrnp'lct of th e Floriculture Ac ti vities 

With the expansion of any new industry in general and Ooriculturc in particular. there is a 

gro\\ing concern as to its adverse c fTcet on the nmional env ironment. With the same 

concept the silUalion of 1 loleta und er study is considered \0 irl\CSligalc the impact of 

cffiucnts on the nearby so il quali ty. Under thi s section informati on from the previollsly 

conducted researches will be disc lissed focusing on fe rtil izers and pesti c ides impacts. 

2.2.1 Fert ilizers 

Fertil izers arc signifi c:UlI pollution threat s because o f their hi gh so lu bil ity and the frequen t 

appl ication of large volutll es of irrigati on wate r (Thrupp and Lo ri Ann. 1998). Some 

environmenta lists an,: of the opinion that the environment is unique and irreplaceable and 

therefore no "price" can or should be ass igned to it. This argument is typical!) used 

agai nst polic ics Ihat trade off environmental objectivcs against economic interests. rhe 

via blc course of acti on thus seems to be mini mi7.ing the ad vcrse impact of fl oriculture on 

the environment. 

Although much critic ism has been forwarded against chemical fertili 7crs b) dirferent 

ind iv idua ls. the ins istcncc to the ir usc cont inues. This is fo r the hi gh producti\ ity in their 

uses. But. the usc of these chemi ca ls can impact on soi l quality through changes in 

nutricnt turnover rates. orgnni c matter decomposition rates and the buildup of pesticide 

residues in soil. which may in tum be transferred to the human food cha in as indicated by 

(SE llA. 200 1). Nitrogen in ferti lizer for instance can produce nitrates. \\hich can be 

12 



washed away from fi elds by rain or irrigation . eventually finding thei r way to \\ater bodies 

and soil. Ensuing impacts on the \\(lter environment include the leaching of nutrients ;lnd 

I>cstie ides to Sllrl ilCC and gro und wate rs. [n addition, the use of nitrogen ferti li/ers can 

result in elevated cmiss ion of the grecnhousc gas nitrolls ox ide fro l11 so il (S I:PA. 200 I). 

a ) Impa cts 0 11 IllIm :H' lI ealth 

Chemica l fcrtili 7crs cause diseases slleh as skin rush respiratory problems and may lead to 

death \\ hen there is a di rect con tact \\i th food based on its concentration. Diseases sueh as 

Methemoglobinemia. Japa nese encephal iti s (JE), cancer etc. HS repo rted by Getu (2009) 

hm e been noted due to usc o f chemical ferti li zers. With the same token he ci ted as 

resea rch demonstra tes that "on rarc occasions. nitrates have ellused infants to become ill or 

di e of Methemoglobincmia (mon: co rnmon[y known as blue- baby syndrome}." It QCI.:UfS 

\\!lelltlle c,'{cess nitrates that remain in the soil move into the ground water mul \\hen thi s 

\\ater is used for drinking by human be ings as a result o f \\ hi eh the nitril e interferes with 

the oxygen carrying capacity of the blood. Call lc arc al so exposed 10 many di seases \ ... hen 

they gra/e 011 fields wit h hi gh content of chemica l fe rtili zers. 

b) Effec ts n il Soil 

The intensive usage of fertili zers and chemica l as well as the wasle di sposa l o f cui no\\crs 

can rcsul t in the depl etion o f the soil. This is because they have different character and 

rcact differently. The different types and amount of chemica ls ex poses the so il to loss its 

naturol fertility by changing its tex ture. acidic value and ferti lity as po inted out by I adele 

(2009). With similar evidence. SEllA (200 I) indicated that the use o f these chemicals ean 

impact so il quality through changes in nutrient turnO\-er rates. organic matter 
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decomposition niles and the buildup of pestic ide residues in soi l. \\hich ma) in turn be 

trans ferred to the human food chain aOcr c iti ng its importance in agriculture that its 

in tensi fi cation s ince the Second World War has resulted in large increases in crop )iclds 

rnuinly due to increased rcJiance on inorganic ferlili/.ers and pestic ides. 

Researches ha ve been cond ucted to reduce the environmental impact of inorga nic 

fcrtili7ers. (Ma recos do MOllie el aI. , 1989) poi ntcd out that cOllllllercial fc rtili/crs cou ld 

be replaced by industria l wastewater. Nonetheless. continued wastewater irrigation can 

ch:lI1 ge so il properties. e.g. pl l. nutrient conccntration (Russell el al.. 1988). ' I hese 

clmngcs might be a threat to sustainabili ty of long term land lise. On the other hand , 

applie;:Hion of wastewate r has been reported to significan tl y increase crop yields, (Russe ll 

et al .. 1988). Usc of W<lSlcwater a lso brings abou t cbanges in the so il moi sture cont ents. 

adding nutri en ts and organic mailer. which may further induce fa vo mble changes in soil 

propert ies, tree gro\\1h and tree nutrient upt.ake . Schipper el al. (1996) revea led that 

wustewater application was att ributed with the addition of nutri cnts into the soil mther 

than ndditional water loadin g. Sign ifi cant efTects of so il properti es. tree biomass 

produc tion and Ilul rient uptake has been reported when Eucalyptus short-rotmi on forests 

\\CI\: applied with slaughter house wastewater irrig;:ltion (Guo. 1998). Con trary to thaI. 

increased concentrations of heavy mctals through waste\\ater irrigation may also 

nega ti vely innuencc crop gro\\l h by intcrfering with metabolic processes thereby 

inhibiting gro \\1h that may sometimcs leading to mortalit y in plants (Syed Falal ur 

Rehman Shah . 2009). 
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Generally. a gro\\ ing crop docs not tnkc lip all the Ilutrient ions in the fcrtilil.cr applied to 

the so il. " hi s is because so il contnins enough nitrogen fixing b~lclcria, \\hieh fix suni cicnt 

atmospheri c ni trogen to suppl y the needs of the gro\\ ing plnn ts. BUI continued usc o f 

chem ic .. ' fcrtiliLcrs may destroy these nitrogen-fixing bacteria and man) OIher micro- nnd 

macro- organisms in Ihe soil. In addition, acids in chemical (cftili/ers. such as su lfuric 

acid and h) droch loric acid. \\h ieh tend to increase the acidity orlhe soil , reduce the soWs 

beneficial organism populat ion and interfere with pJant gl'o\\lh. 

c) Effects Oil Aqllatic Life 

J here arc man y fc rtili /crs. \\hieh leak through the soil 10 the ground \\ater or ditches and 

sircams, thus caus ing watcr pollu tion. In a process known as ell trophicmion. fertili/er 

washed frolll lie lds into Sllrl~ICC waters stimulates al gae growt h. which blocks MlIlli ght 

needed by aquatic vege tation pUlling their survival at stake . J his loss in \ egetati ol1 

di :.. ru]lt s the food chain. leading to the death of cconomieall) impol1mll ;Iquatic life. 

Moreover. thi s causes depletion of oxygen found in Ihe water thus degrading the qua lity 

and usabil ity of the wa ter (Fe lTey, 2004) . 

d) \ Va le r Loggin g mltl alin iz;lli o n 

atllrall y, some water seeps into the ground from irrigation di tches and canals. In thi s 

water logging. the seelxlge can cause the subsoil water table 10 ri se to Ihe root /OIlC of 

crops. ki lling them . The problem can be compounded by salinizati on, \\hich occu rs "hen 

water logging brings harmful salts to the surface. Some plants. c.g. tomatoes. hu\e \er) 

Im\ tolerance for sa lt making gro\\ th nearly impossible in sa line soil. Salini/.3tiol1 occurs 
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I 
because S<11t is left behind as irrigation \\alcr evaporates (Gctu . 2009). or from Ic;:tking of 

sal t and minerals fro m the so il due to water usc for agricul ture (Ferre)" 2004). 

Salts arc usually most damaging 10 young plallls but not necessarily at the lime of 

ge rmination. although high SH.1t conccillralion can slo\\ seed germination by SC\ eml days 

or completel) inh ibit it. Because soluble salts move readil y \\jl b water. c\'aporation 1ll0\CS 

salt s 10 the soi l surface where they accumulate and make the soi l surface harden as a resul t 

delaying germinat ion. Kumar el al. (20 10) reported Ihal germination percentage of wheal 

became lower than that orthe control in emucnl irrigated so it. 

2.2.2 Pestic id es 

')csticidcs (which include herbicides. insecticides. fungicides and more) can contaminate 

organi sms, soi l, water. turf. and other vegetation. It is estimated that less than 0.1 pcrccil t 

of the applied I>csti cide reaches the target pest. leaving 99.9 percent as a pollutam in the 

cmirollmel1t. incl udi ng the so il. air, and waler. or on nearby vegetation ])imcntcl (1995). 

The adverse effec t o f" pcstie ide usc includes degrad ing water and soil qua lity. crrect on 

non-targeted livcs like soi l organisms, aquatic life, human beings. insects. callie etc. air 

1>o llulion. and increase of pesti cide resistance by targeted pests. [his fi nding indicates the 

same result \\ ith the result obta ined by SEPA (200 I). 

In coulltries like United States. nower imports arc not inspected for pesticide residues 

because they are not edible: however. since flowers arc considered as an agricultural 

product. they mllst be pest- free \\ hen imported. As a result . tmde regulat ions in cOlllllfies 
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likc the U.S. and Japan aetunlly promotc usc of hi ghly toxic fumi ganl melhyl bromide. 

also. n potent ozone dcpleter. fo r Some nowcr expons (Restrepo. 2002). According to 

Mahnraj 1:1 a/. (1995) rose producers in Ecundor use an average o f six fungicides. lemr 

insecticides. and three nemati cides (nematode poisons). atong \\it h severnl herbi cides. 

Some o f the tox ic insectic ides and ncmatic ides, incl udi ng methyl pa rmhion. tcrbufose. and 

aldicarb are restric ted heavit ) in the united states because of the health h:l/l tn.l thc) po\e . 

According to Meer and Vander ( 1997) methyl bromide, an O/Olle dcpkler and a category l 

acu te to:.: in , is heavi ly lIsed and is among the 1I10st dangerous toxic substances kno\\n . 

There ex ists a wide array of other pesticides with known hea lth ri sks. 

Several classes o f organic compounds can be found in em uen ts. includi ng insl.:cl ic ides. 

Organochlorino..: (OC) pl.:s ti cidcs (such as dicldrin , heptac hl or and chlordanc) and 

polychlorinated biphenyls (PCBs) arc known to pcrsist in Ihe environment. The rale of 

dec:!y of the orgmlOc hl orines can "<lry from place to place. because org:! nie compounds 

nrc a rTccted by cli ma te and soi l characteristics. Organophosphorus and earhammc 

insecticides tcnd to be 1110re readily broken down (hydro lysed) and arc less pcr~ is tc nt than 

OC pesticides. Trace concentrat ions of these chemical s may be found in effl ucnt from 

municipal sewage treatment plants and Ihey can be present in effi llent from other 

industries. Many species of \\i ldlife arc sensiti ve to insecticide concentra ti ons that haw 

lillIe or no COCCI on crops or olher plants. One o f thc major concerns about illscctieide~ in 

cf1lU CJlt irrigation, there /o re, is the co ntami nation of sur face and groundwa ter, and the 

possib le adverse effect on wild life or soil biosystems \hal use thi s water (Dcpartlllent of 

Environment and COllsen alion/D EC. 2004). 
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a) W;lIcr 

Pesti cides can move from the si le of appl ication via drift. \oI3Iili/~lion. leaking. and 

rUllo fI Pesticides, including herbicides. can and do leak 10 contaminate ground \\ater. 

Once ground water is polluted with tox ic chemicals, it may take many years, a huge 

expense and a complex process for the contamination to be cleaned up. I\ s a result. the 

contamination (by pesticides) of ground and surface waler. which supplies Ihe greatest 

pari of drinking waler, is a serious problem worldwide (Pimentel ,200t). When pesticides 

contaminate water, they can be harmful to the II sh and other marine or frcs!l\\a\cr nnimals 

lhat live there (Gctu. 20 10). In COSH! Rica, as sWlcd by Misganc\\' (2007) pestiCide 

residues arc directly di scharged into watcrways. pcsticidc equipmcnt is \\ashcd into 

strcams and rive rs. and rllnotT is al lowcd to cntcr, aquifer rechargc arcas. 

b) So il Organisms 

Soil is a dynamic liv ing systcm with a variety of micro- and mac ro- noral ::lIld faunal 

spec ies including bacteria. actillolllycetes, fllllgi. lIemalOdes, arthropod!)', crllslaceallS and 

eal"lhll'ol"l//S (A nonymous, 1999). Thcsc flora and fau na playa primary ro le in the 

degradation of plant and animal residues and othcr organi c matter in the environmcnt as 

\Ve il as in nitrogen fixation, nitrification and thc release of nutri ents rrom soil mincral s 

(Doetsch and Cook. 1974: Frankenberger el aI, 1991). Anylhillg that afTects their 

act ivities in turn alTccts the rU llction or soi ls in crop production. and in the global carbon 

and nitrogen cyc les (Silvcr and Riley. 200 I). 
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Soil is a heterogeneous env ironment. in both time and space, and microbial actl\ It) IS 

concentrated at loca li zed sites on and around organic residues. nlc decomposer 

communi ties undergo succession as organic and inorganic residues arc changed. 

Agricu ltural irrigation wi th industrial wastewa ter is a common practice in arid and 

semia ri d regions and it is llsed as a readi ly avai lable and inex pensive oplioll to fresh \\a ler. 

Addi tion o r such a mixed bag o f compounds causes signilicant shill in the structure and 

function of a microbi al cOlllmunity, whi ch in turn Illay influence viabili ty of soil for 

agricult ure. The structural organizati on of soi l part icles provides a spatiall y heterogeneous 

hab itat ror microorgani sms characteri zed by diITcrent substrates, nutrients. ox)!:;cn 

concentrations and water contents as we ll as variable pi I va lues (Sessitsch el 01 .. 200 I). 

Soil bacteria degrade organic matter and promote soi l moisture retention and fertility. 

"hieh arc important for arid ecosystem productiv ity and stabi lity (Kuske ela/.. 2002). A 

change in soil microbial diversity or a shill from bacterial to fungal population h~ls also 

been reported in metal contaminated soils. Oved el lIl . (2001) reported that irrigation \\j th 

wastcwater a ltcred ammonia oxidizing bacterial (AOIl ) population in soi l and 

Nilmsmpira and NilrllSOIllOIlOS spec ies became domimHll. Sarnaik & Kanekar (1995) 

reported a lteration and reducti on in number o f P~ielldoI/lOlUl.\' specics from soil samples 

coll ected from the prcmises of a dye fac tory in India . Excess or soluble salts in \\:lter 

resul t in low crop yields. and if sodium is in excess. soil detcrioration occurs as \\cll . 

Baath (1989) reported that so ils wi lh hi gh cation exchange capacity and more organic 

mailer arc known to bi nd meta ls and make them less available to microorgani sms. 
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c) Pesticid e Resistance 

111e ex tensive Lise of pest ic idcs has resulted in the developlllent of pesticide resistancc in 

Illany insect pests. plant pathogens. weeds. and rllts (Pimentel & Le hman. 1993; Kaushik. 

2004). Worldwide, more than 500 insect and Ill ite species, more than 150 plant pathogen 

spcc ies, and more than 275 species of weeds have become resistant to herbicides. I he 

est imated cost of pesticide resistance in pests in the United Slates. for example. is 

estimaled 10 reach $ 1.4 bil lion annuall y as indicated by Get u (20 10). 

d) Non-Target Organisms 

The e ffec t o f pesticide on non-target organisms is also immense. It has been reported that 

about ten million non-target organisms including thousands of domestic animals are 

poisoned e,Ich year Ihroughout the world. Moreover, it destroys the population of natural 

enemies. whose dest ruct ion and lack o f biological control in agriculture. result in food loss 

duc to pests which can increase by as much as ti ny-cight percent. Pesticide usc also has 

an ad verse effect on thc pollimllion process as honey and wild bees arc vital fo r pollination 

of abo ut one-Ihird of fruits. vegetables. and other crops worldwide (Pimentel. ef al .. 1997). 

Wild birds and mammals arc also hurt by the application of pestic ides (Pimentcl. ef lIf .. 

199!). The ethical issue that arises at thi s juncture is the extent to \\ hich it is justifiabl e 10 

destroy thousands of species fo r the purpose of kill ing the "harmful" fcw. 

c) Air Pollution 

Many pesticides can vo la til ize (that is, they can evaporatc from the soil and foliage. mo\e 

away from the area of app lication, and contaminatc the cnvi ronment (Glotf"clt) and 
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Schomburg, 1989). As much as 80·90 percent of app lied pesti cides can he \'olauil/ed 

withi n a few days of appli cati on (Majewsk i. and Capel, 1995). Research eOlll.luctcd in the 

US shows the availability of pesti cide residues in air. Accounting for all of these effects. a 

conservative estimate of the total damage to the environment and public health causcd by 

pesticides is about $9 bi ll ion each year (Pimentel , 1995). Research is nOI avai lable to sho\\ 

how much of Ihi s impact is contri buted by the floriculture sector. bu t it is ob\ iOlls Ihatt he 

sector usuall y uses more fertilizer than conven tional fanning. 

Air pollution caused by nower industry has given ri sc to variolls con flicts \\i th the 

neighboring commun it ies. The pestic ides applied in the greenhollses tr;I\c!S an :\\crage 

di stance of 1.500 miles. adding significantl y to global warming (Illd air po llution 

(Ano nymous, 2003). Fert il izers do pose the sallle resu lt . For instance, some fe rt ilizers, li ke 

urea. spread in the fields with the he lp of sprayers and the ammonia therein react \\ ith the 

water present in the ai r causing the formation of Hmmonia ox ide. and hence air po llut ion. 

2.3. Pesticides and Occupational Hazards 

In an y institutions training is recommended when workers fi rst st,lrt their jobs for the \\cll· 

being of their instit uti on <IS well as for themselvcs. The workers. lor instance. rarel y kno\\ 

the hea!th hazards of the chemica ls they arc handling in the case of noriculture industri es. 

(Megara and John , 1999) in their study entitled " the rose industry exception for ear!y entry 

into pestic ide treated greenhouses'· indicated that showers arc rarel y provided for workers. 

who end up washi ng their work elothes. On the other hand . the US EPA recommends that 
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workers remain outside the greenhollses for between 24 and 48 hours after fumigation. 

Ne"ertheless. workers in Madrid s.lid orlell they would return after 20 nunutcs. and 

resume their jobs with the pesticide-drenched nowcrs. while the acrid smell of chenuenls 

hung in the air. Sometimes other workers WQuld not leave the greenhollse at all "hen 

fumigators were spraying wh ich is the risk 10 the workers. 

Some fungicides used, such as Mancozcb and Caplan arc suspected carcinogens. and such 

herbicides as paraquat. arc ex tremely lox ic through <lny route of exposure. whether 

abso rbed through the skin, inhaled, or somehow ingested. 'nlcse chemica ls arc dangerous. 

leI alone when they arc coupled with the method of lIsage and the condit ions in \\-hich Ihey 

are utilized. Ma ny of these substances arc applied daily in warm. poorl) ,cntilatcd 

greenhouses. where hi gh levels of tox ic vapours can accumulatc and \\here conwct to 

these pesticide residues is close to imposs ible to avo id by workcrs. According 10 Sandra 

(2000), flowcr greenhollses in Morels stale Mexico. applied 36 different chemica ls, 

includ ing the pe rsisten t organochlorines, DDt , aldrin, and die ldrin ('I able 3). 

Misganew (2007) stated Ihal workers exposure in greenhouses where up to 127 dinerent 

chemicals arc lIsed in enclosed spaces increasing risk of exposure through the skin and by 

inhalat ion. It can calise cancer. birlh defects and other reproducti ve illnesses. and 

neuro logical di sease in humans. A study of fern and flo\\er \\orkers in COSia Rica found 

that over 50% of workers had at least one symptom of pesticide poisoning. such as 

headache, dizziness. nausea, diarrhea. skin eruptions (skin lesion) and blurred \i slol1 . Wilh 

similar results, Restrepo (1990) and David (2002) arrived at a conclusion tlmt ncar!) 60% 
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o f the workers in Ecuador man ifested the above symptoms including ncnous system 

problems because many insctticidcs that kill insects by interfering \\ ilh nen c funclion 

could have similar ne rvous efTects on man. Indi cations of genetic damage (gcnolCl:\ic 

e ITects on markers of DNA) were al so found in studi es of workers exposed to 

o rganochl orines in greenhollses in Mexico (David . 2002; SJWEI L 2000). 

2.4 . Intensive W~' tcr Usc 

Flori culture industri es usc large amount of waler for their production is throughout the 

year. This cou ld be re vea led by the work of David (2002) who reported that allcr in tensive 

\\ute r usc by tloricult ufC. the waler tabl e has dropped under the savanna surrou ndi ng 

Bogola. The re are water shortages in the towns and vi llages in most no ricultUfe areas 

beca use flower production requires its use in large quantities (USE PA, 1990). "I-!o\\e r 

fa rme rs in Co lombia don't real ize that the intensivc lise of thc so il. the water and the 

intens ive and cxcessive usc of chemi cals is goi ng to convert the S .. vnnnah of Bogota into a 

sterile land" (US EPA. 1997). 

Tade le (2009) indicated that fi shermen and 10c,,1 resident s living on the shores of Lake 

Naivasha in Kenya made alarming announcements to show the \\ater Ic\eI oi" thc lake has 

becn dropp ing for the past several years, fi sh stocks decl ining and chemicals polluting the 

lake. The blame for this situation has been put on the flower industry around the lake. This 

conclusion was arrived from the number o rJarge fl ower f"rlll s (approximatcl) 30). mainly 

produc ing c ut fl owers for the European markets. situated around the lake and had a hea\ y 

effect on the lake's biodi versity. 

23 



2.5. C rop J>rotection Agents 

With thc same objective fo r fert ilizers and pesticides thc usc of crop proteCllon agents In 

flori culture generall y is high. espec ially in roses. For instance. in the Netherlands 

producers of roses usc on average 68 kg active ingredients per ha (Il engsdijk and Jansen. 

200Gb). The Netherl ands has a very st rict admission pol icy for crop protec tion agcn ts and 

most tox ic agent s arc nOI any longer perm illed. 

Table 3 I"csticides lIsed in Colombian flowers. indi cating Wl lO classification . 

I)cs lic idcs Lc\'c1 s flf tllxici tv 

Insecticides 

A ldicarb la 

f-, I . Cypermet1fln II 

- -
Dcllarnelhri n II 

I) ichlorvos Ib 

Endosul fan II 

fcnva le ralc II 

La mbada cyhalothri n II 

-
Malath ion III 

mcthamidophos Ib 

mcvinphos 1:1 

-
Fungicides 

Ace phatc 
II 
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rucnomyl 
--

1 
III 

Caplan III 

chiorOlhalonil III 

Copper hyd roxide III 

Copper oxychloride ill 

Maneozeb II I 

Methyl bromide fumigant la 

In ex tremely haz:ardous Ib highl y hazardous 11 moderately II rl/. .. 1rdolis III sIigl111y 

hazardous (Meer and Vander, 1997) 
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CHAI'TF. R THR EE 

3. 1a tcrials and Methods 

3.1 S tudy Area 

I [oleta is one of the lowns in the Oromia Special Zone Surrounding Finfinnc located in 

cenlra! part of the country 29 km away from Add is Ababa lowards West din.:ction. It has a 

lati tude and longiWdc of 9°3'N 38°30'[ and 9.05°N 38.SoE coordinates rcspccli\ cly. and 

an alt itude o f 239 1mc\crs above sea level (http://www.2fl o\\.crs.comlEthiopia). 

3.1.1 Cl imate 

Iiolela is characterized by humid tropical climate and heavy prec ipitation from Jul) 10 

September having an annual mean rain fall of 85 .95 mm. '\ he Slllali rain)' season occurs 

from Novembe r to January, whil e the maio rai ny seasoll occurs rrom July to Scph.:mbcr 

with a dry season from October to February. The average annual IClllpcnllurc of the 

surro unding area is 13.i
'
c with a Jllcan maxim ulll of 20.230C and mcan minimum 01' 6. 17 

'c (Figure 2). 

3. 1.2 Soils of the study area 

Soil under the study arca is chamcterized by: deep. well ·dmincd. rcd so ils this I) pc of soi l 

is eallcd Humic Nit isols and shallow Chromatic Luvisols. cia) loam in texture, oceup) 

man) of the steeper slopes. Lowcr. gcntler slopes arc oncn characleri/.ed b) deeper cia) 

Vcrt ic Cambisols which are well drained and casy to work. but pOOr;n organic matter and 
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niuogen. Deep, clay Eutri c Vertisols OCCur in the lowlands. These are subject to water 

logging and are generally difficult to work (Figure I). 
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38 38 

Figure I : Map of soil types at Holeta 

Source: Borgal et al., 1980 
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Figure 2: Annual temperature and rain fa ll at Holcta 

Data Source: Ethiopian Nati onal Meteorological Station Agency (1995-2005). 
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Figure 3 Map of Holeta Town Administration 

Source: Holeta town administration Asset M'lOa,gc,,,,cnjtl'lan. 2009. 
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3.2 Ma terials 

3.2. t Asscss mcnt of Polluta nt Sourccs :1 1 Il olcl:t 

A reconnai ssance survey has been conducted around the Oo\\cr industrics to idcntlf} the 

management of emuent disposal. There arc 18 functional nO\\cr industries 111 lIolclIl 

(A nnex 1). The majori ty of thc limns alread y put waste water m3nageilleni IcdllllqUC!. In 

\0 practice. I lowcver, some farms like Oromia Wondcr di scharge their COlllCl1 lS into 

tem porary storage area aliel" which the wilsie water is released into the nearb) Iiolew 

River. The Rivcr is used fo r irrigation after a certain di stance. Based on the site sliney. 

five poin ts were chosen along the teml>orary storuge site and a ile as a conlrolto asses!. the 

status of physicochemical parameters such as soil texture. pl io I . O{. {"I r. 

concentration o f exchangeable bases and mi cronutriellt s. 

3.2.2. Sa mpling 

Soil samples at a depth of 1Scm of the top soi l werc collected cross sectionnll y using an 

auge r fro m five major locations and th rec at each site as well as fifh.:en samples from the 

control area (Figure 2). Sampling was done from the first site (SSo) chosen at a location of 

free area ncar the farm which is used as a cont rol. The emuent afTected si tes such liS SSt 

and SS2 were located at the I>oi nt of release above the tcrnpomr) stomgc si lc. SSJ \\as 

chosen at the sitc of accumulation \\h il e 55, and 5Ss were chosen bela" thc Icmpomr) 

storage site and relatively far from the grecnhouse and after this the released eflluenljollls 

I loleta river. Each sampling sites arc 10m from each other. 
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One composite soil sample was then prepared from the fiH cl.! 1l samples for I.!Jch SltC . I he 

soil samples collcc ted from representative fields were then air-dried, mi .... ed \\ell and 

sieved using 2 mm sieve for the analysis of selected soi l physic'll and chcmical propcr1lc'o, 

3,4 Methods 

So il samples were analysed for physical and chcmical charactcristi cs m Iloleta 

Agricultu ral Research Ccnter Soil and Plan t Research 1.aboratory. The physical 

parameters determined were soi l te .'< ture and pl l. Chemical paramcters delCflmm:d \\cre 

rotal Ni trogen. Cati on Exchange Capacity. and Organic Carbon. Metals such as Na. K. Cn 

and i\ lg as we ll as heavy metals stich as Cu, Zn, Fe and Mn were also determined. 

Standard laboratory procedures were fo ll owed in the ana lysis of the selected 

physicochemical properties considered in thi s study. 

3.4, 1 Ana lysis of Soi l Ph ysical Properties 

Soil part iclc size di stribution was dctcrmined by thc 13ouycollos hydromctric mcthod 

(BollYoucoS. 1962; Van Recuwijk, 1992) aflcr removing OM using hydrogen peroxide 

(I h02) and di spersing the soils with sodi um heXlIllleta phosphate (Na PO]). 

3.4 .2 Analysis of Soil Chcmical Propcrties 

The soil pl l was potentio-met rieally measured in the supernatant suspension of a I: 2 soil 

to water ratio lIsing the glass e\cc trode in VWR Scientific i\ lodcl 2000 pll meier 

(Rayment and Iligginson, 1992) while the Organic carbon \\as detcnnined using WalkJc)-

131 k 
'd' I d (AII'sol' 196,-) TOlal nitrogen \\ as detennined b) the micro-ae ' OX I allon l11et10 I. • 
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Kjcldah l di gestion, distill ation and titration method b) ox idi / ing the O~l In cnnccnlr.ltcd 

slliruric acid so lution (0. 1 N 11250 4). 

Cat ion exchange capacity (CEC) and exchangeable bases (Cn, Ig. K and 'a) \\cre 

determined ancr extracting the soil samples by ammonium aeelatc ( I NII ,OAc):11 pll 

7.010 avoi d C EC variabili ty that may happen due to dirrercnces in soil pi !. J':xchangellble 

Ca and Mg in the ex tracts were analysed using atomic absorption spectrophotometer 

(A AS ). while Na and K were analysed by name photometer ( hapman. 1(65). ration 

exchange capac ity was thereafier estimated titrimetricall y by distill ation of ammonium 

that was displaced by sodium from NaCI solution (Chapman, 1965) , I'crcentuge base 

saturat ion (PI3S) was calcu lated by di viding the sum of the chargc equiva lents of the ba<.;c-

formi ng cations (Ca, Mg. Na and K) by the CEC of the soil and multipl ) ing b) 100. 

Ava ilable m icronutrients (Fe, Cu, Zn and Mn) were extracted by Dicthylcnctriaminc 

pentancc tic acid (DTPA) and all these micronutrients were measured by atomic absorption 

spect rophotometer. 

3.4 .3 Data Anlllys is IStatistica l Analysis 

The data co ll ected for thi s study were analyzed using SAS (S tati stical Analysis System. 

vcrsion 15,0) fo r variation in soil tex ture. total nitrogen. organic carbon . calion (,:changc 

. b I · I .• I cD"ce"" 'lti ons bcl\\cen the control and 
capacity. exc hangeable ases am \llicronu ncn ' 

impaired s ites. Thc Anal ysis of Variance procedure was applied 10 test the mean 

diffe rences at 5% level of significance, 
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CHAPTER FOUR 

~ . Results 

The resu lt of the curren t so il analysis Crable 4) ind icated increment in clu) and ~and 

content and a decrease in content of silt in crnucllt affected sites (mcasun:d in %). 

Similarly. the results of pi L K, Ca, Mg and hell vy metals (Cu. Zn. Fe and [\ In) imliclIIC ;ttl 

increase in c muent afrected areas while ~C, CEe and TN showed a decrease ( C. CI£ . 

TN and exchangeable bases were measured illlllCqlJOOg soil while hea"y mewls in ppm), 

The Tukcy's II SD Mul tiple Comparisons result also confirms there is Illlle il signdicullt 

difTerence between each parameter under st udy and others in emucnl affected arc"'; than 

the fn.::c siles. 
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Table 4 A ve rage va lues and Standard Error or emuelll frce and emllcnl afT("'Clcd sites 

Emuent Free Sitc Emucnt AfTected Site 

Paramcter 

Mcan Std. Error Mean Std. Frror 

pl l 614
1 

.13 7.05 .11 

clay 54.75 .68 57.03 I 35 

sand 7.1 3 1.88 10.20 47 

silt 39.32 1.57 27.62 .98 

TN .34 .02 .33 .0·1 

CEC 5.67 .15 4.90 I() 

OC 4.3 1 .29 3.03 .37 

Na 2.55 .09 2.49 .20 

K 1.89 .17 2.09 .08 

Ca 1.66 .16 2.34 .0(, 

Mg 4.84 .08 5.01 .0·1 

ClI .52 .01 .53 .003 

Zn 2.3 1 .17 2.69 .13 

Fe 16.54 .13 16.73 .06 

Mn 2.39 .16 2.74 14 

Total 10.02 1.03 9.65 .97 
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CHAPTER FI VE 

5. Discllss ion , Conclusion and I~ ccommendation 

5.1 lliscussion 

rile change in the soil texture is an indication that 1l1lll'CaICd crnucllIs released from 

nori cultu fC industries affcc! the soil quality by changing soils particle sile distribution. 

So il tex ture (or particle size distribution) is a stable so il characteristic Ihm inOucncc'); the 

physica l and chemical properties of the soil . 

The increase in the results of crnuent arrected sile confirms the dis lurb~1I1CC of soi l I'l l An 

increase in so il pl-l may be due to the presence of salt s applied in the cfll ucnl. r he change 

in soil s pH affects the avai lability of minerals. macro and microorgnnismo; thaI (Ire 

importan t fo r the normal functioning of soil for most plant nu trient!,; an.' ,I\ailahlc 11\ 

mode ratel y acidic mcdia (5.6 - 6.5). Taclcle (2009) and Misganuw (2007) independent I) 

reported similar changes in the chemical properties of the water aner being supplied \\ it h 

cnluent s. Untreated efi1uents released into the surrounding cnvironmcnt affec t soil and 

watcr by alte rin g pi!. 

The red uction in OC of the data is an ind icative for the dcterioration of soil quality . b en 

if there in a sli ght decrease in the percentage of Iota I nitrogen. it didn' t signi ficant!) afTect 

thc so il. This insignifi can t dilTcrcllce mi ght be from the lISC of nitrogen fCrlili/crs h) thc 

. . . I I did case in Cation Fxchanoc CapaclI) flOriculture IIldustnes. On the otlCr tall . tIC ecr , , to 

(C EC) ill e tnllcilt affcc ted site shows thc soil surrounding the flori culturc IIU.lustl") IS li!...cl) 
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10 be leached away because cat ions retained clcctrostalicall y arc easily exchangeable \\lIh 

cations in the so il sol ut ion so a soi l with a higher CEC has a greater capacil) \0 mmmaln 

.. rc 2+ ~ • adequate q uantI tIes 0 a , Mg- and K than a soil with a 10\\ CI ~C. 

It is widely known that so il phys ico-chemical properties for instance pi L contents of clu) 

minera ls and organic matter clc determine tim! bioavailabili l), and mobi lity of mewl ,; in 

soi ls. Thus. the higher the calion exchange capacity (CEC) of the soil , the grcfLlcr the 

sorption and im mobil ization of Ihe metals. In acid ic soi ls. due \0 competition of II for 

binding sites on the colloida l com ponents of Ihe soi l, metal desorpt ion and rc lca~ 1010 

solution is stimulated. Therefore. soi l pI! not only arrects mew I bioaHlilabilil) bUI also 

metal uptake into roots. Soi l pI! is an important faclor controlling the hioa\ailabilit) of 

nUlri en ls and metal clements to plants (Bose <lnd Bhuttachar»;!, 2008). 

The resu lts of K, ea and Mg in the data indicate their usage by the noricu lt ure indu !ilry 

because calcium and potassium are essential ferti lizer clements. Ilo\\cver. the v<llue for 

soil Na did not show any signi ficant change among treatment means. Rani ct al. 2007) 

indicated that alka line so ils tend to have Ca, Mg and K in high concentrations. With the 

same resuit so il samples from effl uent released area showed a similar patlem with regard 

to Ca. Mg and K. Efnuent irrigation generall y adds signirieant quantities of SJ lts \0 the 

. . I I t bicarbonates ch lorides of the calions soli environment. such as sulphates. p 10 SP 13 es. . 

sodium. calc ium, potassium and magnesium. 

I 
. I' t · changeable bases increased in emuenl applied n genera l, the concentratIon 0 mos ex , 

.. d proport ion except for Na. The incre;lsc m theIr 
areas wllh varymg ex tent an 
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concentrations is due to high conccmr<ll ions of II I' . h 
< l C ea Ions III I C cffiucllt. Inc) slIlllulatc 

the growth at lower concentration but inhibit al 111'gher e . anccnlral lon. 

The result of micronutricnts in the study clearly demonstrates that soi l adjacent \0 the 

fl o\\ ing flor iculture clnucn! experiences cJ1'lngc I'n III y ' I . I . , I SlOe lcmlca parameter... . I hcsc 

deVilled concentrations can be attributed to high eOlllell1 of I el I . d' I d . I n a Ions ISC large 11110 I Ie 

wastewate r and thus accumulated in the so il. 

S.2Conci usion and RccoIHmcmhltion 

5.2.1 Conclusion 

Floricultu re activ ities produce dilTcrcnl types of waste ranging from liquid to <;olid. 

har.ardo Lis \0 non-hazardous. and in effect require safe waste di sposal and differentiated 

treatment. Empty chemical containers (fe rtili ze rs, pesti cides) and thei r washing waters and 

obsolete chemicals are the major sphercs of concern in addition to which other agricu lwral 

wastes sllch as cut off crop parts. unused soi l. and waste water arc generated in the seelOr. 

Il uzurdolis wastes are Ihose wh ich contain hazardous substance(s) in a quantll) Ii .. blc to 

calise death. injury or impairment to living beings. poll ution of waters. or an unaccepl3ble 

impact on the environment if not properly treated, handled or di sposed of. It is bche\ed 

that tox ic/hazardous wastes have an adverse effect on Ihe en\ ironJ1lent and human health 

These include increased exposure to cancer, and children born ncar IOxic \\35tc sites call 

be phys ically deformed or have developmental disabilil ies. There arc different t)pcs of 
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waste di sposal mechanisms including landfill incineration b" d" . . '. anncro Ie Igestlon .md 

recycl ing. Unfo rt unately. they afC unevenly implemented partia ll y bccau<;c of the co~t 

in vo lved. Recycling of waste is also a means whereby organic \\3Sle break do\\" O\cr 3 

[0.:\\ \\ccks into mulch which can be used as soil fertili ser. 

Floricult ure industries located al lIoleta have been creat ing much needed cmplO)I1lCIll 

opportuni ties to the local people which mainly depend on sma llho lder agriculture: II h.ts 

been also helping the country to generale forei gn exchange. lIo\\c\cr, lhc~!'! lIldUSlnC!I 

located in the area arc using a broad range of fertili zers and pesticides; the fann cffiucnl 

discharged by some farms in to the nearby soil led 10 deterioration of the soil qua lit) nnd 

sur face water. 

In thi s study, the results of Physicochemical , soil texture, exchangeable ba.'tCs und 

micronutrient parameters analYI'.ed at the impllired siles were compared "i th emuenl free 

sam ples which showed significan t diOcrcllce in the majority of phYli icochcmica l. 0.;011 

tex tu re, exchangeable bases but insiginificnntly dirferent for rni crolllliriclil s. Although the 

so il and water qualilY of Ilo\cta is still acceptable for different purposes under Ihe current 

condition. the high levels of fertil izer residues in the farm cffiuellt is promoting s ro\ ... th of 

algae in water and affecting Ihe soil qunlity . 

In general because oflhe activities of tile flower fnrm on the soil. the fannland sOI l quailt) 

Illay be seriously deteriorated and agricultural products wi ll decl ine ncar the Oo\\cr 
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industries . Unl ess immediate measures are taken. the rarmland soil will be heJ'II) 

polluted and become unfit for the variety o f purposes being used before. 

5.2.2 Recom menda tions 

Based on results of this study and experience of other countries producing floriculture 

products, the following recommendations were drawn to sustain the floriculture industries 

with its m inim um environmental impacts: 

Fert ilize r m a n ageme nt: provid ing nutrients in the right quantities at the ri ght time helps 

to r~d uce excessive amollnts o f nutrients entering in to the soil. 

Was te watcl' t rea tment : Effi uents loaded with fe rtilizer and pesticide residues should be 

treated before d ischarging to the surrounding soil. 

Was le W~\t er r ecycling : This method also helps to reducc excessive lIbSlr:lction of soil in 

addi tion to protecting the soil frolll bcing polluted. 

Many pest ic ides are harm fu l to so il organi sms and some afe (!<mgerous to humans liS \\ell. 

Integrated Pest Managemcnt should be used to minimizc intensive pesticide application b) 

floricu ltu re industries. It is an clTcclive and economi cal management mateg) for 

controlling crop pests, helps to protect the environment and human health . The finn 

should undertake environmental aud il aboul lhe inpulS and dischnrgcs in to nlld out of the 

farm . 
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Ann exes 

Annex 1. List of Flower Fanns at Holeta 

-
S.N. Company Name Product Type Arca Coverage in 

m2 

I Top flower Roses 243.000 

2 " A" Flower Roses 18S.0OO 

3 Rose Ethiopia Pic. Roses 220.400 

4 Ethio Agri-CEFT Roses 28S.00ii 

T Mctrolux Pic. Roses, Summer 211.600 

plants and Lilies 

~ Dire Highland Flower Plc.1 Roses 280.000 

7 Garad Pic. Rose 280.000 

8 Arsi Flower Pic. Roses 268.500 
-

9 Iioleta Rose Pic. Rose 224.500 

'1 0 Joe Flowers Pic. Rose 103.000 

-
II 1'1 VORl Eth iopia Ro:sc 279.400 

PVL Ltd.Co 

12 Agre Flora Flower Roses 222.000 

13 Ethio Dream Pic. Roses 211.700 

14 Ethiopian Medous Pic. Roses 1.070.000 
-

- ISO.ooo 
IS Oromia Wonder Pic. Roses 

16 Euro Flora Pic. Roses 
211.758 

165.600 
17 Aklom Fcr.KAF Rose Pic. Roses - 182.700 
18 Dandi Bom Pic. Apple 

19 Star Flora Pic. Strawberry 
176.000 

-
L--
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Annex 2. Fertil izers in usc in Ethiopian Fl oriculture industries 

Item no. Ferti lizer 

I Calcium Nitrate 

2 Potassium Sulphate 
, l30rax J 

4 MagnesiuTll sulphate 

5 MAP 

6 Phosphoric acid 

7 Potassium Nitrate 

8 Zinc sulphate 

9 Magnesium Ni trate 

10 Nitric Acid 
-

I I Sulpharic Acid 
-

12 Manganese sulphate 

13 Copper sulphate 

14 Ammonium sulphate 

15 Sulphric Dust 

16 MKP 

17 Sodium Molybcdalc 

18 Calcium l lypochloritc 

19 Fe EDDI IA6% 

20 DAP 

21 Aluminum Sulphate 

22 UREA 
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Annex 3. Some of the Chcmicals Used in Ethiopian Floriculture Industries 

-
r;~o I'rnduct name Ac ti,'c Ingrediellt 

-- Apollo Keofentazin 1 

2 Dynamic /\bcmcctin 

Zoro 

-
3 Knocoul clofortal.ine 

- -f- Akramactin 

- -
4 Aviramic 

5 floramitc Binfcnal.ation 

Pcgasells Difcnthinron 

Abalon 

6 Tosha 

7 Polythrin 

8 oxymitrin 
oXYlllcthrin 

- Difcnthinron 
9 mercurc 

- Hcxythiaon 
10 Nissron 

-
II mitac -
12 Tcdion -

fJ3 striker 

I- miteclean 

Cascade 

14 Dynamitc 

15 Aligator 1 
L 
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16 Impulse 

'17 
--

Slroby 

18 collis 

-
19 Rubigan 

20 Belli ec Iloscalid -I I») racolslrobin 

-
Soncozcb 21 25%Azox), strobin 

22 Switch Cyprodiml , Fludiox 

23 Nustcr Imidllcloprlll 

-
24 Folicurc Icbuconazolc 

25 mallie Mancozcb 

26 mavnc 
Tunu valinat 

27 prova 

- Dofcmoraph AcelalC 
28 Melctatox 

L 
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Annex 4. Images showing the study s ites and po llution of the surrounding soi l 

Plate I . Callies grazing near the effluent affected area 

Plate 2. Eutrophi cation of water near the greenhouse atl'loleta 
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Plate 3. Open temporary storage of effluent near the floriculture industry 

Plate 4. Effluent affected waste flowing to Holeta River 
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,\nncx 5 (a) Tukcy II SI) rvlultiplc Compari sons 

Effiucnt rree site Emucnt affected site 

Mean Difference Mean Dinc rcncc Std. Error S,g. 

(I) (J) (1-J) Sid . Error Sig. (I-J) 

I'll clay -48.60667( ') .95013 .000 -49.97933(') .65816 .000 

sand -.98467 .950 13 .999 -3. 14533(') .65836 .000 

sill -33.18067( ' ) .95013 .000 -20.56867(') .65836 .000 

TN 5.80133(') .9501 3 .000 6.72 133(') .65836 .000 

CEC .47533 I .9501 3 1.000 2. 15133(') .65836 .001 

OC 1.82733 .95013 .839 4.01867(') .65836 .000 

Na 3.59000(') .950 13 .016 4.55800( ' ) .65836 .000 

K 4.24400(') .95013 .001 4.95667(') .65816 .000 

Ca 4.48000( ' ) .950 13 .000 4.7 1733(') .65816 .000 

Mg 1.29733 .950 13 .989 2.0-1933(') .65836 .002 

ClI 5.62400(') .95013 .000 6.52533(') .65836 .000 

Zn 3.83600(') .950 13 .006 4.35733(') .65836 .000 

Fe -10.39400(') .95013 .000 -9.67667(') .65836 .000 

Mn 3.75000(') .950 13 .009 4.3 1800(' ) .65836 000 
, 

clay sand 47.62200( ' ) .9501 3 .000 46.83400(') .65836 (XX) 

sill 15.42600(' ) .95013 .000 29.41067(') .65836 .000 

TN 54 .40800(') .95013 .000 56.70067(') .65836 .000 

CEC 49.08200(' ) .9501 3 .000 52. 13067(') .65836 .000 

OC 50.43400(') .95013 .000 53.99800(') .65836 .000 

Na 52. 19667(') .95013 .000 54.53733(') .65836 .000 

K 52.85067(') .950 13 .000 54.93600(') .65836 .000 

Ca 53.08667(') .950 13 .000 54.69667(' ) .65816 .000 

Mg 49.90400(') .9501 3 .000 52.02867(') .65836 .000 

Cu 54.23067(') .95013 .000 56.50467(') .65836 .000 

Zn 52.44267(') .95013 .000 54.33667(') .65836 .000 

Fe 38.21267(') .950 13 .000 40.30267( ') .65836 .000 

Mn 52.35667( ' ) .9501 3 .000 54.29733(') .65836 .000 . , 
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Anncx 5 (b) TlIkc), IISO Multiple Comparisons 

Efflucnt frcc sitc EfIlucll t affected site 

Mean Diffcrence rvle:m Difference Sld . l·n or Sig. 

(I) (J) (I-J ) Std. Error Sig. (I -J) 
, 

S<1.nd si lt -32. 19600(') .95013 .000 -17.42333(') .65836 .000 
TN 6.78600(' ) .950 13 .000 9.86667(') .65836 .000 

CEC 1.46000 .95013 .969 5.29667(') .65836 .000 

OC 2.8 1200 .95013 .179 7. 16400(') .65836 .000 

No 4. 57467(' ) .95 01 3 .000 7.70333( ' ) .65836 .000 

K 5.22867(') .95013 .000 8.10200(') .65816 .000 

Cn 5.46467( ') .950 13 .000 7.86267( ' ) .65836 .000 

Mg 2.28200 .950 13 .5 16 5. 19467(') .65836 .000 

ClI 6.60867( ') .9501 3 .000 9.67067( ') .65836 .000 

Zn 4.82067(') .95013 .000 7.50267( ') .65836 .000 

Fe -9.40933(') .95013 .000 -6.53 133(') .65836 .000 

Mn 4.73467(' ) .9501 3 .000 7.46333( ' ) .65816 .000 

silt TN 38.98200(' ) t .95013 1 .000 I 27.29000(') .65836 .000 

CEC 33.65600(') .9501 3 .000 22.72000(') .65836 .000 

OC 35.00800(') .9501 3 .000 24.58733(') .65836 .000 

Na 36.77067(') .95013 .000 25. 12667(') .65836 .000 

K 37.42467( ' ) .95013 .000 25.52533(') .65836 .000 

Cn 37.66067( ' ) .950 13 .000 25.28600(') .65836 .000 

Mg 34.47800(') .950 13 .000 22.61800(') .65836 .000 

Cll 38.80467( ' ) .950 13 .000 27.09400( ') .6SM16 .000 

Zn 37.0 1667(') .9501 3 .000 24.92600( ') .65836 .000 

Fe 22.78667(') .950 13 .000 10.89200(') .65836 .000 

tvln 36.93067(' ) .95013 .000 24.88667(') .65836 .000 
, , 

- - -
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Anncx 5 (c) Tukey IIS D Multiple Comparisons 

Effluent fj·cc sitc 
ErflllCllt affcctcd site 

Mean Differcncc Mean Differcnce Std . Error Sig. 

(I) (J) (I-J) Std . Error Sig. (I-J) 

TN CEC -5.32600(*) .95013 .000 
--4 .57000(') .65836 .000 

OC -3.97400(*) .95013 .004 -2.70267(*) .65836 .000 

Na -2.21133 .95013 .57 1 -2.16333(*) .65836 .001 

K -1.55733 .95013 .948 -1.76467(' ) .65836 .008 

Ca -1.32133 .950 13 .987 -2.00400(*) .65836 .003 

Mg -4.50400(*) .950 13 .000 -4.67200(' ) .65836 .000 

Cu -.17733 .95013 1.000 -.19600 .65836 .766 

Zn -1.96533 .95013 .754 -2.36400(*) .65836 .000 

Fe -16.19533(') .95013 .000 -16.39800(*) .65836 .000 

Mn -2.05133 .950 13 .693 -2.40333(') .65836 .000 

CEC OC 1.35200 .95013 .984 1.86733(*) .65836 .005 

Na 3. 11467 .950 13 .078 2.40667(' ) .65836 .000 

K 3.76867(*) .950 13 .008 2.80533(*) .65836 .000 

Ca 4.00467(') .95013 .003 2.56600(' ) .65836 .000 

Mg .82200 .95013 1.000 -.10200 .65836 .877 

Cu 5. 14867(*) .95013 .000 4.37400(' ) .65836 .000 

Zn 3.36067(' ) .95013 .036 2.20600(*) .65836 .00 1 

Fe -10.86933(*) .950 13 .000 -11.82800(*) .65836 .000 

Mn 3.27467(' ) .95013 .048 2. 16667(' ) .65836 .001 

OC Na 1.76267 .950 13 .872 .53933 .65836 .4 14 

K 2.4 1667 .950 13 .415 .93800 .65836 .156 

Ca 2.65267 .95013 .260 .69867 .65836 .290 

Mg -.53000 .950 13 1.000 -1.96933(') .65836 .003 

Cu 3.79667(' ) .95013 .008 2.50667( ' ) .65836 .000 

Zn 2.00867 .9501 3 .724 .33867 .65836 .608 

Fe -12.22133(' ) .9501 3 .000 -1 3.69533(*) .65836 .000 

Mn 1.92267 .9501 3 .782 I .29933 .65836 .650 . 
-
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Annex 5 (d) Tukey II SD Multiple Comparisons 

Efflucnt frce sile 
Efflu ent affec led si le 

Mean Sid . MeOlIl Sill . S i ~. 

(I ) (. /) Difference (1 -.1 ) Error Sig . Uiffcrcl1 cc (1-.1) Error 

Na K . 65400 . 95013 1.000 . .39867 .65836 .545 

Ca .89000 .950 13 1.000 .15933 .65836 .809 

Mg -2.29267 .95013 .508 -2.50867( ' ) .65836 .000 

ClI 2.03400 .95013 .706 1.96733( ' ) .65836 .003 

Zn .24600 .95013 1.000 -.20067 .65836 .761 

Fe - 13.98400(' ) .950 13 .000 - 14.23467(' ) .65836 .000 

MOl .16000 .950 13 1.000 I -.24000 .65836 .7 16 , -K Ca .23600 .95013 1.000 -.23933 .65836 .717 

Mg -2.94667 .95013 .126 -2.90733(') .65836 .000 

ell 1.38000 .9501 3 .981 1.56867(') .65836 .018 

Zn -.40800 .95013 1.000 -.59933 .65836 .364 

Fe -14.63800(') .950 13 .000 -14.63333(') .65836 .000 

MOl -.49400 .950 13 1 1.000 I -.63867 .65836 .333 , 
Ca Mg -3.18267 .950 13 .064 -2.66800(') .65836 .000 

ClI 1.14400 .950 13 .997 1.80800(') .65836 .007 

Zn -.64400 .95013 1.000 -.36000 .65836 .585 

Fe -14.87400(') .95013 .000 -14.39400(') .65836 000 

Mn -.73000 .95013 1.000 -.39933 .65836 .545 
- - ! -

Mg ClI 4.32667(' ) .950 13 .001 4.47600( ' ) .65836 .000 

Zn 2.53867 .950 13 .330 2.30800( ') .65836 .001 

Fe -11.69133(') .950 13 .000 - II. 72600(') .65836 .000 

Mn 2.45267 .95013 .389 2.26867( ') .65836 .00 1 
, 

ell Zn -1.78800 .95013 .860 -2. 16800(') .65836 .00 1 

Fe - 16.01800(') .950 13 .000 -16.20200(') .65836 .000 

Mn -1.87400 .9501 3 .8 12 -2.20733(') .65836 .00 1 

- .950 13 .000 -14.03400(') .65836 .000 Zn Fe -14.23000(') 

MOl -.08600 .95013 1.000 -.03933 .65836 .952 

Fe MOl 14.14400(') .95013 .000 13.99467(') .65836 .000 

• The mean dIfference I S slgmficanl allhe .05 level. 
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