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CHAPTER ONE 

1. Introduction 

- Iem nt u d plant in tr m I larg t am unt arb n, h dr g n and 

They ar upplied b atm I her i air ( 2 and ater hen n t c n id I' d a 

mineral ment (FJ\ , 200 ). he ther I min ral el m nt ar a ilabl G I' plant 

a miner I fr m il I' I11U t b add d a 

th ~ II w ing r I in plan : Plan ann t c mplet their li G 

their fun ti n are n t repla d by th I' 111 nl and they are dire I I inv d in 

Ilant l11etab Ii m (Mar hn 1', 198 ). ential elem nl la i fj dint 

macr nulrient · and mi r nutrient ba ed n th al11 unt I' luir d y plant . 

M acr i1Ll tri cnt ' ar r luired in larger am unt r lali ve t ml r nutrient . itr gen, 

p ta siul11, ca l iUI11 , l11agne ium and ulfur ar ma r nutrient. 

Mi r nutrient in Iud b r n, C pper, ir n, mangan e, 111 Iybdenum ni k I chi rine 

and zin (Whit and Br wn, 20 10; M ar chner, I 86). 

Iron and zin defi ciency 111 0 t widely c 111111 n i 111 0 t w idel c mm n In 

deve loping nati n . T hi j particularl y due to the con umption of taple crop ith 

inherentl 10 t i ue mineral concentrati n . Inadditi n to thi , I w fertili ty of oil 

where cr p are grown, the poor uptake and tran locati n of uch mineral elements to 

edib le porti n c ntribute t I \ mineral leve l III everal taple food crop 

( and tead, 1985, and l-Iercberg et ai. , 1987 . M icr nutrient ar a ai labl for plant 

either f r 111 fertili zer r naturall fr 111 the il. But th eir c n entrati n in oil ari e 

'v ith di ffe rent chemica l and ph i al pI' perti e f oil , plant pe j , plant g n pe 

age and I' t di tributi n f the plant I-Iou e I 



hit , l ai, 2 

I rn ent in plant an al 

- li nn and 

agr n rn I tr atrn nL 

and Lill i ar Randha a 

l aI. , I 84 . rga ni rlili r I r id rn l r nLilri nt and rna nutri nt t b th 

ar uli liz d b 

rgani G rtili z r ar ) nerall 

n enti na I G rti I iz r , and I w d c 

rnbining v ith in rgani rt iii z r . h ii , 

ur e nutri nt than ar 

[ nutri nt than In rgani 

[ertili z r . A re ult [ thi they d n t al n ati [ th cr p \' ith G r th ir gr th 

and lev I prn ent p ciall y at th yea r appli ati n (I\beb Vade a 200 1; t an et 

aI. , 20 II ; ri I-Padre et aI. , 2007; la a and -rie en, 200 I). The u and [[arrn -

ya rd manure and ther G rrn C I11p t an al impr ve b th th e phy i al 

an I bi gi al chara [ th e i1. In many circum tan c th e hange 

il phy ica l lruclure and wa ter hiding capacily ( teven n I 9 1, 19 4 

ited in Welch , 2002) . 

P tat i a lead ing vcgetali n r p gr wn In m t part [ - th i pia and it erve a 

ne [dai ly [00 I diet . [n add iti nl being a ur e f highly dige tib le arb hydrate 

and nutritionally c mplete pr tein, p tat al an exce llent urc f e ential 

nutri ent and vitamin . P tat kin contain 17% of t tal tuber zinc, 34% of ca lcium 

and % f ir n. On a fre h we ight ba i , m t mineral are higher in tuber Oe h at 

the tern end than th bud end of tuber ithy et a1. 20 11 ) . Potato tuber have high 

concentrati n f PI' m ter ub tance u h a a erbate, b-carotene and protein 

yt ine, variou organic and amin ac id th at en hance th e ab orpti on of e ential 

nutrient . 

In additi nlo lhi , itha 10 on entrati on fant inutrient uch a ph tate 0.1 1-0. 

27%) and xa lat (0. 0 %) a t ta l dr malter, th e fa t r Impr e the bi -

a ai labilit [minera l nutri nt in p ta t Brian t al. , 2004). 

2 



1.1 tatement of the PI' blem 

' I h ' kn I dg' 1111 r nUlri nl nlr li n In r p parti ular im 'r l 

d u t th i r n gati nd pili nd human. In rm ali n n laLU 

ml r nutri nl in b lh i I < nd r p ar ar In th lit ralur . -arm r LI 

rman ntl ma r nutri nl ertili zer gr \ r p. In nl mi I' nUlri nl 

ft rtili zer 

avail a 

ith L1l gi In J allenti n l 1111 r nulri nt rtili z r 111 a rfil 

nd ntrati n rmi r nutri III in b th il and r p. 

I tal PI' du ed larg Iy at II I l area du av rable lil11at and a ce 

im l r ved var i li rr m II I la Re ear h enter. tud In Ir n and zin JJ1 P tal b 

and mbinati n and In rgani rti I i r gr w ing wi th in 

imp rta nt t m I' cd Ira Ie mineral thr ugh a 

'Ind t mana > lh ' m. uch lu Iy n ear a e the r I r p lal a 

. urcc r s ential mi I' nutrient . hlrth I'm 1" , th findin g r thi \' ill pr id 

r 

adequate in~ nnati n n ir n and zin tatu f tw p tat ari ti gr wn n Ilumic 

I at H 1 ta w ith c mbinati n f rgani and JJ1 rgani ~ rtili zer , JJ1 rgani 

ferti 1 izer al ne. 



1.2. Objective f the tudy 

1.2.1. General Objecti e 

In e ti ga t ir n and zin tatu 111 Lw p LaL an Li b gr \ in g th m v ith 

d i[~ rent [ertili z r aL H leta 

1.2.2. pecific Objective 

Th pec ific objecti ve [thi tudy were: 

T hara teri z ii , manure and c mp t by th eir chemica l and phy i al pr perti 

c mpare tatu f "c nd Zn between p tat va rietie. 

T det rmin rrelati n [ " and n w ith ther I m nt [the i I. 

1.2.3. Re earch Que tion 

m f the re earch que ti n the paper attempt t addre 111 lude: 

Which [erti I izer are be t ~ r ir n and zinc Latu f potato? 

What are the range f iron and zinc in two potato vari eti e ? 

What are the range [ ir n and zinc in soil, manure and CO I11P t? 

4 



CHAPTER TWO 

2. Literature Review 

2. 1. A bout Potato 

• h name " p tat " 

" batata ." The I 

fami ly in lude 

th ught t b ri ginat d I' m the Tai n Indian name, 

fa ut 2, 00 P cie in the fami l ae. hi ' 

o genera, the larg fwhi hi th genu lanum in luding 

ab ut I , 00 P ie. Ab ut 100 P ci f lanul11 ar tub I' ba ring, and thu 

c ml11 nl I' fen'ed t a " p tat '. Being a di plant, th P tat ha th 

fa ll di ty led n inc luding tem with va ular bundle d in a 

ir ulal' arrangement an I nlaining d finite lay r f y lcl11 ( ilarri , I 2' h mp n 

nd ke lly, I 72). It i nati ve l uth America ' kin and Mich el, I 89 . 

'h > I tat i an e trem Iy il11p rtant G d cr I . It i gr wn in 111 re c unlrie than 

any ther cr I ex el t 1l1ai e. It i the world G urth large t ~ drop and i a tapl 

in many di t ar und the w rid. It v lume r producti n rani ~ urth in the w rid 

after ri ce, v heat and maize (M unro and L i tel' 2000) . It i regard ed as high-p tential 

G eI ecurity cr I b cau e of it ability to provide a high yield of high-quality 

pr duct per unit area w ith a h rter period (mo tl y < 120 day) than maj or cereal crop 

li ke maize ( JP, 1972 .• r many year in - thi pia, potato pr ducti 11 wa limited to 

h me tead , a garden cr p. rid annual produ ti n of potat i ab ut 30 million 

metri tn . In A frica the total pI' ducti n r p tato i about I 62 - , 680 ton ith tota I 

area co erage f 1 7 ) 617 ha. 

[n thi pia t tal pI' el u ti n i around 72, t J1 n area 0 erage f 784 ha 

I rael e\ id et aI. , 2 12 . It i gr \. J1 b appr imat I mil l i n farm er JP, 



I 72 . R ' ' ntl , th h d \V rld -\ id \\ h rc ; th 

prt 

lhal th 

and p la 

n um 'd b 

al ,2 10). 

ea n t 

entirely 

\ durin J th ' I1ti r 

111 r add d lu in lh hain tu 

i UI11 , high In pI' l In nd n aI'l al 

the w rid ' p eg La Ie 

P tat tuber i a u l n an an 

a d rm anl t rage rga n. T he ~ 1'111 

a tap le ~ d and a a 

d n . ·1 hi 

high in ilal11in 

re . r p tat e ar 

Orad ha\ 

ur 

n d t b ked 

be au e r th indigc tibility f their tar h. uch c king i frequentl by bakin ' , 

i li ng, teaming, r a tin , deep- il ring 81' d hav and B nierbal ,20 1 

T h ' al id ' i >nifi ant al11 unt r itamin , 0 and 81 , ~ lale th min ' ral ' 

p ta iUI11 , ph I'll ', cal ' iul11 , ma >n iUl11 , and 1111 r nutrient . T he c ncentrati n 

r iron and zin In p tat I w c mparc I w ith the c n entrati n f th' e 

1111 r nutri nt in erea l and legul11e . 1 J we er, the i ava ila ilit fi r n In plat 

reater than in cerea l and legume due t the I re ence high Ie el fa c rbi 

a id (I l' m tel' f ir n ab rpti n) and I el f pha ti a id inhibit r fir n 

ab rp li n (Brad ha , and B nierbale, 20 J 0 . 

l otat preG r c It v arm weather but v i ll gr v thr ughoLit the ear prided the 

ar n t ubje ted t fr t r dr ught. H veer, in uml11er. p tat 

and ha e p or hap due t inten e di ea eat thi ea n. 

II drain d and I am il i uitab l fi r p tat pI' du ti n. 

B la k il that ha und irab le ph and hem i al qual it h uld be a id d 

undah t al. , 2 07 . n uming p ta l ha e lh ~ II \' ing b n fal. 

all ar h drat In p tal i in lh ~ rrn f h drat d tar h, ontain lilll lubl 



'u 'a r, hi h nl III 

um nd i ler, 

al raul 7 % dr \ i 'hl 

. In ad lili n 1 lhi. 

imp 1 n 

iwmin ' and 'a ' il G nn 'n l in' a 

'h r'l- hain fall 

mClh i 11 i n lhe 

id . Ilh ugh, p 

nlai n high qualil 

2.1.1. Potato Growth Stages 

fi r an nlri 

in urn i nl 

pr In unr and i 1 r, 2 

d du 

P lal ha di('G renl gr wth lage. The are: PI' ul cI I pm nl lag, geLa li 

gr wlh tage, and u cr iniliali n lage, Tu r ulking la 1 and ' u J' maLUrali n 

ta' . Th lim cle l 'nd n d i (,fcr ' Ill fa 1 ha lemperalur " 

a ai labi lil fm i tur ancl 'ulli ar 'I anl 

'pro ui deve lopm ent 'Ia ge: n ' r lub ' r rea l rm an lh 

'arl tag ~ begin with 'cv' ral e e PI' ul ing v h n the lub ~ r i 111 

c ntinu u lhr u h planti ng ancl unli l h merge l1 '('r m th > ur('ace (' the i I. 

Du ri ng thi lag plant u nutri nl re rye t red in the tu er unr and ter, 

200 . 

e Jetati ve growth "ta ge: Thi tage i a rap icl tage f gr lh (' leave, tern , ne 

ho l and r t . The plant till re lie n D d re !'v t red in the eed tuber, bUl 

ha alread b gun t tak mall quantitie fr m the oil (Tantowij and Flierl, 2006) . 

Tub rin itiati n lag : nd r uitab l gr \ th onclit i n, the tip ill ho k 

and begin t ell re ulling in initiati n r n tuber . Pl ant require nutri nt in 

large quanlilie during lhi tage (Brad ha\, ancl B ni rbale 20 I 

T uber bulkin tage: Thi i the riti al gr \ lh P ri d G r b lh Luber ield and 

quali l . nder ptimal gr " th ndili n , lu r gr v th ral remain r lati 

7 



n tantdurin1thi p'ri I.\\fhi hi t 'nr rredt a th line rtu \ th pha . 

l thi lag th plant it ' I ha air ad t pp'd gr \) ing nd nl th m 

larg r and 1·li rl,2 

2.1.2. factor Affecting Tuber Bulking 

Tcmpera turc: I tat in an I p lot tuber are fl n ' mp ' lin ) I,; ith ea h lh r 

li mited nutri nt r gr \i til an r ' u It in r d u cd tu r 

gr wth . lligh il t ml -ralurc d h tu ": k in and 

~ e rtilization : piG Ill ' ne ar ~ r ma imum tub ' r r th 

r'quir thaL all "enti 'li nutricnt pt imal ratc , 8th d ' fi it and 

an r ' duce lu ' f' ulkin ral . utri ' nL d ' li ien limit 'an p 

r wth and h rt ~ n an p dUl'ati 11 I'> ullin in redu ' -d ar h dl'ale pr lu ti nand 

tub -r gr wth rate. 

cell ph 'iological age: g deed t nd t I r du ~ p tat plant ith numer u 

tem that pI' ut and d p rapidl and die earl. Iligh tem num er u uall re ult 

in a high number r tuber I I' plant that I' du e av rag tuber ize b redu ing lhe 

am unt f carboh drate a ailab le l I' a h tuber during bu lking. In additi n l thi , 

ea rl d ath and limit erall pr du ti it . Ph i I gica ll 

ung pLat eed b gin t bulk lat r than th eed . thi ma h lien 

lhe linear Luber gr th pha in area v ith a h rt gr ing ea n Brad hal,; and 

B ni rbal ,20 10. 



Planl 'pacin ': ing plant pa ing in tu 'r d i/C , 

th ph t nthcti apa it , t ulk a h tu r.· en th ugh, th ' 

t tal i Id rna n t r du c ulking rate indi idual tu r d In 

mall r tu and I cr mark tab l Id . 1 h \ id r than ptirnal pa an 

t im itlakc t r a h hi h rcdu c arb h drat uppl t th 

tub r Brian el aI. , 2 4) . 

d pi cl11crg n Plantin' date: ' ar! planting can I ad t 

and de rea cd plant ig r, whi h ma tu r gr wth ratc . But planting t 

dcla ca n p d ve l pm nt and reel u e th e timc ava il ab le G r tu cr bu lkin J 

w 

I rriga I.ion: il 111 i tur ' b I w rit i al Ie c l I' clucc 

gr th lu rin th tr' p'ri 

an ai ' au e a va ri cty r intcrna l and e ternal tu 

an p and tuber 

ulking p ri d and 

e irri ga ti n an 

al reduce tuber gr wth by r tri ting plant ph gica l acti vity and nutrient ul take 

and increa ing di ea u cpti bi lit Mar chner 

Tuber maturation ' ta ge: s p tal vine di bacl e eral chang ccur 1 the tuber 

uch a ell v ing lea e and dr pi ng tem. t th i tage tub r k in harden and d 

n t pee l r[ ea i I . hi 

2 10 . 

du t increa ed tarch c ntent (B rad ha and B nierbale, 



2.1.3. Water Managem ent Practice for Potato 

ater requir m nt " i ll < I' v ith i l t p , lim ate, th 

gr ing app li d in th ri ,hl m unt atth ri ght tim in rd r 

a hi d ired r p re ult. t the am tim e th app li at i n f at r h uld 

a id wa ' t fa aluab l re ur and b in harm n wi th th en ir nment a a 

hie. Wal river imp rtant ~ r p tat pr du ti n du it e enlialit ~ r 

ma imul11 y i Id and quality f I tat . Irri ati n ad in th gr ing a n 

minimize c 111m n . ab, maxil11ize lu b r num ber and en urage r p ca n p 

gr wlh . I l al l at an pt imLim rale, and allhe nd f lh ea n il an 

all w har "ling \ ith l11inimal r p dal11ag ' . Th ILime req uired al ea h app l i ali n 

del 'nd largel 11 the i l 111 i lure dc li ' it at th ' limc f api Ii ati 11 , th wa ler-

h I l ing capa ' ity f lh' i i, and the evap - tran pirati n rat f th ' cr p Iia crk rl , 

9 2) . 

il can erve a l rag f wa ter ~ r plant . T he am unt r water being held in the 

il c1ep ' ncl on i l lextLi r uch a and, i l t c lay and tru ture e, c 111 pa ted). 

Drainag du t gra it P I' gre ivel rel11 e wa ter from th e p re f the oil. But 

hen 111 re 'Vater i t, lh fI rce hidi ng" ater al ng th il particle 

until eq uilibriul11 rea hed . Thi kn n a field capaci t 

gr w , ater i lra l d fr 111 the ii , and I tran pirati n fr 

the r p 

and 

e ap rati n [rol11 th i l and leaf urfa e. h c I11bin d ef~ t i kn "n a e ap -

tran pirati n. h a ul11u lated al11 unt f" at I' 10 t r 111 th 

i I m i adia ad t al. , 2 12. 111 unt 

apa it an c innu n db ilt xtur and tru lUr . 

il i re~ IT d t a the 

" at r t I' d at field 



and liltl ' \- OI L r lu urr. \Val r r ' I 

drain il I r fil n lh ugh. th uant it 

IlC c ' aril th ' am' a th am unt a r plant t il 111 

dri I" it i ' l r r m th il adia ad 1 aI. , 2 12 . 

2 .2. Iron in Soils and Plants 

hc abun Ian r I· in ' il a cragc . % and i lik I in rca d in hca 

I am ia t d ith 

am unt and I"m mpund . 'lh irn and h dr ' id in ' il ar 

rc I n ibl' n r i t ' r ddi h and rc, a c nWnt and pI' fil' 

Ii tributi n rio, 1111 und ha b"n Li n d r r th ' d ripti n 

fI r th ' ' il la" ifi ati n t 'an 'l aI., 2 II . 'Ih ' r I, In PI' r 

w<.:a th 'rin I aI" ' del ' nd ' nt lar 'e i n th ' pi I ' t 'm r the idali n ' ta g 

r I' e c mp und in I cd 

in the alkal in pi I range. 

hu ltc,20 4) . TIl' ' lubl<.: Fe Ie el rca he a minimul11 

pi I increa e b r Fe + de rea e b 

100 - ~ Id due t the fI rm at ion r in lu bl ide ( ind a 197 ' cit d in 

bdll l Ra hid et a i. , 20 1 . cid il are higher in luble in rganic ' than are 

neutra l and ca lcare U il . T hu , F 21 cati n , v hen in a id anaer bi 

b m t , i , but in alkali ne ve il -aerated il th 

pe ma n lmeet plant r quirel11 nt for thi m tal ( hmidt, 

are \' at rl gged, the I' dll ti n r F 3-+ t F 2+ tak pl ace and 

Illbl e Fe 

il 

refl t d in an 

In rea In e 1 ubi lit . hi 

n enlrali n In me ubl11 rg d 

r F r dll ti n an re 1I1l In a high 

Brad . 2 02 . 

2 

II 



II' n I u 'd 

luti 

I lant a 1- ' , I' 2 and I· rn ir n F ' ha I \\ lu il it in th il 

nd Pint ti t t ir n m r r< pidi I 

than 11 i 111 a I ata- I end ia , 2 II II' n indir 

(' r 111 L1 h (' gr n I I' (' l r \. In , plant au , it 

hi II. I I' n tain ur ' In hi rpa I a t, nu Ii ' an I In I p 

t p i a 111 i ll r, 2 . I and tran p 

rgem ' a r hi )h I afTe a and P. 

d )r e (' x idati n F c mp und , pr ' ipi tati n II' n 

ph 'phat and, ml liti n f th ' I' min r mcnt ' 11 'am ' 

tl 

rt 

In gr wth 

aller'd 

" n plant 

, high 

n 

r 

chclatin ' mp LI n I ' ar main fa' t r I LI ptak and di lu I' an ' 

111 Ir n tran p rt n I I, plant 

t pia ma' r r I ' tetra t ir II fr 111 min 'rOI l and ('r m ' h latin ' a' nt hulte, 

ai la i l it ir n ~ r plant cI'p ' nd ' n diffl r ' nt ('a t I' U h a 

rcac ti n w ith rgani maller, and plant adaptati n . erati n: I 

redu ed xyg n Ie el i cau ed b n ding r c mpa ti n. It can in rea 

ir n a ailabilit d 'I ending n ther il nditi n . Ir n deli ien i 

i I a >rati n, 

i I aerati n 

r de rea 

ut' 111 

('req u ' 11 tI n t and in the gr ing ea n, hen mi bial acti it 

and r t gr v n ar limited. r bial a ti it and r 

in r ae all \ ing plant t a I'b m r ir n. 1(' mi r bial a ti it 

l in rati n 

um ient t 

de rea th n uppl In a id 

b tran rm ed luble ferr u 

alka lin il rapid ml r bial re pi rati n 111a 

rat \) i th v at I' t I'm i arb nat in . Plant a 

hul te, 

id and h dr id v ill 

n th I' hand In 

arb n di id 

nate i n imm bi l iz 

II' n \) i thin plant , r Ka ata-P ndia 2 I I . 

12 



r 'ani' rna lt r:- r 'ani rnalt'r i 111 PI' , 1r n a aila i I it rn inin ) \ ilh 1r n, 

1, ati n r pr' ipitati n 1 r n rn id ,'I hi 

r du ti n in Ii at i n nd prc ip ital i n r ult in high r ti n ir n 

l' rn 1n1n J in il n and rnak it a ai la r, r t a rpti n hult , 

2 4) . r ni rnalt r an OI l a ~ t ir n a ail L1r c 

rn that u 'e 

rgani rn d rgani maller, ir n pr ti d Lip in r 'ani 111 U nd 

r I a 'cd in th ' r, rrn a ai la I r I' plant uptak . 'I h am unt (' I· ' in th ; lea e ' fa 

n 1'111 <11 plant ill , 'n ' ra il a cra JC a (' hundr d part I rmilli n. 11' 

the n ' t a L111d 'lnt f th ' mi r nutri nt ' ilh 11' mat T nl ' nt (' I Plm 

ata-Pcndia , 2 II , ir n tran p rt 11 I lan t rga ll and 

La en p lant a th ; in 1l1 clh d: 

• Vari I eci ' ma be ab rb ' d mainl a I, , 2+ but al 
) , and - helat . 

· I lant r 111ay l' du e F ~ t Fc2
, hi h i fundamental in th Fe ab rpti n b 

m ' t I lant . 

• In , le111 e udate c ur mainl y in un helated fi rill . 

• Th tran p rt i mediated larg I b itrat chelate and b luble ferriti n 

tran fer nce . 

n il ri h in rn bi l F fra ti n , an e, ce i e F uptake ca n PI' duce t xi effect 

in plant . Plant injur du i rn t li ke l to ccur n trongl a id il 

I ti n acid L1lfate ii , and n n ded high f 

In lated t -e t . Thi al 

(len a iat d .. ith ali nit and a I \ ph ph ru 



Ir n d i I ut n it i und n id il 

f I· fir t app ' 31" in th pi nt 

thu redu ing n v ' I p an int r-

a an turn mplct I whit ' 

planl nd I11pt m app ar n lh n 

n lea c indi at an a umulati n f ,. ab 

th r ntcnt fh alth Ie c . 

fir l. Injur d I 

mgk -I 

. II' n i n t m il In 

I' n 

time high < 

f llth 'mi r nUlri nt Ir n i r quir d y plant in th larg t al11 unt ar hn r, 

; , a ala- I endia , 2 I I ) . Ir 

r II the mi r nutri ' nl u d 

lh ' m -t imp rtanl and m l pr lemaLi 

Ii ing r lani m nt and alk r, 2 he 

I r bl mati n tur ' f ir n i du' t eli tin t h mica l pr p rtie Ir n. It i 

hi Ihl r '3 tiv ' anel if v r a 'cumu l ated an au ' c lI ular damag' Winl r urn, 

a cit' I in nlcanIWalkcr,2011 . F'i luble in aque u luti n I c iall 

in veil acrated nvir ment wher pr elucli n [ferri h dr ' ide and ther ca ll 

limit Fe lubilit ( ar hncr, 19 ). he e enlialil [ir n G r plant ha been 

e tabli hed b 6) . It ha a r I a an e ential c fa t r G r 

man rca lion In cd in ph nthe i , re I irati n, and man th r 

nte and arah 20 I I ). Ir n al nl paringl lub le in aq u u 

luti n, particularl In v ell -a rated en Ir nmenl \' her I r du ti n [ferri 

h dr xi de and ther ir n all limit th [i r n ( ar hner, I 9 . 

Il i ntial G r th un li n 

ilh Ul lim nl ir n Ie I. plant al 

I af hi r i and I \, err 19r \ lh . 



, pit th u uall hi h abundan I r n 111 i i , t h I \\ lui lit ir n crin · 

min ra I limitth ir n a ai la Ith ugh 

bund ant in ii , ir n i 

r id aihmatu lah 

ith ell nearl hit ut n 

nge t gr en eining ur in Ie 

2.3 . Iron Reductase 

Ir n I pr valent in many typ i l in the ~ rm F ill whi h i un aila I t 

plant ( hmidt, I 9) . T apture ir n r m th i i, plant u an enz 111 

r du ta , whi h c F ill ) t I· (11 ). 13 tani all higher plant arc di id dint 

gram inace trateg II ) and n n gramina e trateg 

nvert unavai lable ir n, Fe III , int a aila Ie ir 11 , I; 

Mar chner, 1986). trategy I plant (n n-gramina e u 

n the \- a th ' 

i -Jea n, 2 0 ; 

n ert Fe III int F' 

( II ) by pr t n tru i n thr ugh A P and ir n redu ti n b I· e III ) redu La e l ated 

in the pia l11 a m I11brane f r t ce ll . The rcducti 11 f Fe II I) t I·e II b Ferri 

chelate reducta e ( ir 11 reducta e) i th ught t be an bli gat I' tep in i r n uptake 

II r trateg 1 plant ( aihl11alu lah et ai., 2002) . 

trateg I plant al u e ac idili ca ti on/redu ti 11 l11 eth d that enhanc Fe lubilit 

pri r t UI take. Plant ecret pr t n i nt the rh iz phere t lower the I H f the i I 

and thu 1I1crea e th lubilit f F il l) b I' t II rri c helate redu ta e u ing 

further enhance • lub i lit , ince F I I i m I' ulubl e th an F III . R du ti on 

al prepar th Fe II r uptak b Ir n r gu I ated tran p J1 r I R I -t pe 

hm th r t epid rmal pia ma 111 I11bran 

nd alk r. 2 I 1; ihua t al. 2 



trat 'g II plant gram ina u plant uplak I: ' " r lea in I hi gh a Inil h'lat 

id I' ph r , thal rm I· III r' a 

Iker, and II r t, I main ir n r ' dll l 

In th c the r ell , Lil in lrat g I pi nt , ir n r'dll la 

a ti it i r ulat d b th a aila ilil 'du li n n r m rri t 

n the r t urfa n Lip tak in lralcg I planl 

( ihlla t al., 2004 . P tat a lrat g I plant and lik r gLil al ir n Liptak Ir n 

redu ta . Plant , in luding I erin ' th pi I 

t mal e ir n m ava il bl and in rca ing the r t ar a l min I' i I' n and th r 

mi r nlltri r Z -M queda, 2 12). 

2.4. Irons in Human Physiology 

II' n 'Irri e , ygCI1 t the cell and i ne e ary ~ r th I r du ti n f encr , the 

f c lIagen and th fllneti nIn ' r thc immune y tem. II' n deli 'i ' 11 

C mm n nlyam ng hildren and pre-men pau al w m n. reat ca r mu l b taken 

n t t take t 111U h II' n, a e ce am unt are t red in the b d li ue and 

ad er el affe l the b d ' immune funct i n, ell gr wth and heart hea lth Tz n u, 

19 8; I iall iday, I 9 ). 

lr n defi ien y ma affect thre bi lli 11 pe pi v rid ide (L ng el al. , 2004 . In 

de 1 ping llntri like fri ca, ir n defi ienc i v ide l b er ed I r bJ em pread 

becau e r nutriti l1al alu feeding hab it I ler berg et al.. 19 7 . II' 11 i an 

imp rtant c mp n nt in human diet b au it regulate enz me a ti it and pia a 

r I l m (L 11 h 20 . It i al an imp nant nt human 

bl d be au Ir n I th ntra I at m f hem glob i n ng et aI. , 2 04 , 



Iluman r quir I -I milliJram ' Ir n rd : I r n l r I u I a t 'd. th 

an I ad m l1lal t r il11 airm nt In hildr n nd n 

In th m r idit and m rlalit 111 th ' r nd hild .t hild 

I I' n d fi ien an al au nutriti nal anem ia PI' I m durin ) pr , tul1l d 

gr wth, I er re i Lan c t 

d pI' du ti it and ~ I-cncrg 

ng-t rm iml ai rl11 I1l in m ntal un ti 11 

n cr i n and impair d n ural 111 t r 

devcl pmcnt (Wc lch, 20 2 ; 

Id rcquirc 14 ~l' ir nl I J f 

male II rb rt, I 87 . An mia 

t adu lt " 

ighl ~ I' mal ' and 22 ~l' k) 

n cary am unt fir n fr m th c bl d trC·)J11 . hcn th h 

lh 

ran 

in l ividual fa ll bel w a ut- fr I int d fined a c rdin' a' and th'r 

phy i I gi al c n id rati ns, thc au e i u ua ilyan ' l11i a( ll cr b'rgeLal. , 1 

nemia affect vel' 0 mi ll i n African hildren and cr mi ll i n fri an men and 

w m n (H rcberg el at. , 1987). I I' n I e fr In th e ur fr In th h dding 

ell internall y and xternall y; m t [v hich ccur In th ga tr inte Lin al lra L 

J lercberg ef al. , 1987 . Men ha e a mean ir n I f 14 ~gI kglda (Fi n h, 19 . Th 

av rag L ta l ir n 1 e in men truating v m n ar appr x il11atel 1.4 mglda 

(Her berg l al ., I 87 . he am unt fir n ab rb d i impa L d b thre ariab le: 

th am unt fir n ing ted, it bi a ailabi lit , and th ir n talu f th indi idual 

(Hercberg eL ai., 19 7) . II' n in [0 d i pr nt in Lv fi rm : heme ir nand n n-hem 

II' 11 ; [the Lv , hem II' 11 I J ler b rg el al. , I 7. 
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2.5. Zin c in Soil 

h ' alu In In il d I nd ' n lh h 'mi al mp il i n ra\\ ma l rial in 

il. Th am unt zin n anh ' ru l i appr 

il i ' in the range b l m 1 k , w i lh an a 

2 II . in c i l in dif r nt ~ I'm in the earth " ru l , 

ca rb nat min ral . But al - in 

rgani matt I' and tabili zed ndar la m i nera I 

2008). zin i I' latcd l il pI I and it alu 

i l w ith high pi I (A ll , 2008). Zin d fi cicn ic al ar 

irri ga ti n wh I' th ub il i e, p d n i l 'v ith er 

il · alu ' in 

a and 

nn l d l 

il 

lim , 

and 

facl 

he mbi lity f zin anclit upwk ' frmth ' i l cl ' p'nd n l irr ' renl 

LI h a ' il ac idit , zinc l tal alu ii , I' 'ani mall ' I' and ' ill 

Th ~ 111 Imp rtant fa t r affecting zinc a ',ila ilit an ' n t d a G II win ' 

( han t al., 2007; i llanpaa, 199 a cited in M u a i, 20 I I 

• Z in t tal value may b v I' I w in high a idic i l due t the inl n e il 

leaching. 

ailabilit f zinc decrea e by increa ing il pI!. Thi i du 

lubil it reduce an I zinc uptake increa e b i l II idal parti 

111 i nera I 

uch a 

la mineral , ir 11 and aluminum xi de , rgani maner and alcium 

carb nate. 

Z in a ailabilit b de rea ing tempcratur and light int n du 

t lil11it d r t d el pm nl. 

Hi gh Ie el f il ph ph ru d rea a ai lab ilit z in 

111 uptak b plant inhibit db 111 111 la I u +2 and 2 

du t th am am I' nh nt in th plan t I' 



2.6. Role of Zinc in Plant 

ntialit f In I' pl ant 111 111 r. ipl11an in I 

( " , 2 . Z in I n d d in 111 a I I ut riti al 111 U I1l 

a ailabl n t adequ te, pl ant ill u f~ I' I' 111 ph ut 

the dy fun ti n f e eral nz m tem and th r m ta \. hi h 

zin play a part. Z in i in d in m m ran int grit ati n, and 1 n 

id thi , zin ha e ' Ire i n (0 b ra and ath 

m tab Ii m thr ugh it effect ' i and uga r tran ~ rm <J ti n . in ' 

playa I' Ie in th I11ctab Ii m f tar h, a nth ta n um f 

tarch grain ar all d pre ed in zin dcfi cient plant . A d fi ien f zin an au 

a redu ti n in net ph t ynthe ' i b 50 % -7 % depending n plant i ' and th 

everity f d n f ph t ynlhe i b erved in zin d ' lint 

plant can al be due t , a maj I' decrea e in chi r ph II ntent and tiP a n rmal 

tructure r hi r pia t (A ll way, 2008). 

Z in i taken up fr m oil o lLlti n in divalent cali n ~ I'm (Zn2+) ( II 

M ar hner, 198 ; F , 2006. In the y lem r LIte z in i tran mitled l di alent 

~ I'm r w ith rganl ac id b nd . In the phi em ap zinc make LIp c mple, \! ith 

rgani a id ith I w m lecular weight, and in rea e it concentrati on Tama and 

Mar , I 98). Zin i n l highly 111 bil e in plant . Vi ual Yl11pt 111 fzin defi cienc 

in plant are leaf m Ilting, inter enal chi ro i , and reduced plant gr wth . 

111 lime Z n deri ienc w ill lead t plant \' ith hortened intern de, ell \' i h 

lea , and bl ea h d pt . Z in den ienc in y unger I a tat " ith 

and up" ard- upped and de tip burn . lher leaf I11 pl m ar 

gr n eining, n l hing and er t app aran term ann , I 



n L x i iL an r UIL in r du Li 11 in r L 'r \\th and I a cxpan i n II \'cd ) 

. I L i g ncra II a 

n main a UL 2 L ppm Ln . I I i )h I 

Lh i r du 'd and I a . ar mall and 

Il g/g 

' / n 

Z in defi ienc l11 a Id , \' et high pll \ h r' I..n 

i r nd r d una ail a Ie t the plant. It i r 'nized th L Lin d Ii iCIl 

f! und n man Lype 

Pendia ,2 II ). 

il in the differ nL - limaLi th r id ata-

here are r latively ' l11 all nUl11ber f w idel i I hi h ar 111 r ' 

frequently a cialed with zin defi c ien than an th r. The ' arc: 

l. 

2. rgani 

andy i l 

4. aline and dic ( alt- aff! cted) i l 

. Verti I , 

ley I (p ri y drained/waLeri gged il ). 

2.7. Zinc in Human Physiology 

Z in e enlial tra e l11in ral , i required fi r the 111 tab lie aeti il 

b d enz l11 e , and i 

and PI' tein. 

arb h drate, fat. I t al 

e ential f! r ell di i i n and the nthe i f 

are In I ed v iLh the 111 Lab Ii 111 r pr Lei n, 

riti al L Li ue gr v th ; " und h aling, la t a uil , 

e nne Li e ti ue gr v th and l11 ainL nan , il11l11un l 111 fun li n, and b J1 

J11inerali zali n ( bjit L aI. , 20 I 0 . 
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alnu triti n i th T11 t 111T11 n au 

er thrc i ll i n p pi 

2 alth pr I m au cd 

Immun k in I gi n , h 

play an im p rtant I' Ie in th 

elev I pment Debj i ct a I. , 2 I 

1111 d nd l d and II rid , 

r r m malnu triti n \ 'I h ct aI., 

in Iud n I' , ia. d\\ arfi 111 , \\ cak 

t al. , 2 I . I.i n 

i t n 

d h ell' g ' na c, an nL. me that reak 

d wn t x in in th human eI , al d p nd ' n an aelequat I. in uppl 

PI' P rI . In fr i a, it i 111 i ll i n pc pi ar ' at rio k f r I \' " in 

intak (I larv t 20 7). M ale , a e' I -74 , n d et c n 12-1 mi ll i ' ram " in ' 

dai ly, whi le female , age 12- 74, need t wee n - rn i II i ' ra rn ' lo in ai l 

( and tead and liar Id 19 . Z in an au e gr 'i th I' tard ati n, d I, d 

'keletal and ex ual l11 aturit , I rm ati t i , diarrh ea al i rn l11un ' 

functi n w ith rc ulti ng in r a 'e in u ' cptibi l it t in~ ti n elch, 2 2). 

2.8. Interaction of Zinc wi th Other Eleme nts 

Zin defi ien y leael l ir n deft i nc , T hi i be au c f pre enti n f tran er f 

Fe fr 111 r t to h t in zin elefi cien y c neli ti n Rengel et aI. , 199 . Renge l and 

R I11held, 2000 . he tran fer f iron fr 111 I' t t ho t depend t zin act i it In 

th nutri ent oluti n. L wer I el f here tran forl11 eel frol11 the r t t t in 

plant that 'i ere gr n in nutrient n v ith z in I \ a ti it . The zin de fi ient 

plant had igni fi ant i higher ir n n In t th an th zi n urn ient 

plant (ll11liaz et aI. , 200 ) , Ph ph ru fth 1111 p rWnt I l11ent th at interfi r 

v ith inc uptake. 



II i ' h I ru d ilit lin In il and r'du c Upl' k 

r i t plant . T hi du t n: 

In tran mi i n plant t I ' r du 'd hi ' h n~ 

Ih ph ru , a a umulat u tak d rca 

c n ntrati n 111 r I lanl d indu cd gr \Vth r n')' 

that lh am unt rzin uptak in plant in rca in rca in , 

plant gr \i th but it 11 d 

Icment will b dilutcd in plantti ue. 

in plant li uc In th ' r \ rd lhat 

Ii m d f' t in plan t II that i r lat d 

t z in and ph ph ru s il11balanc , b ph ph ru n ntrali n " in 

ta I impaired at pe ifi p iti n in th II akmak l ai. , 

20 ). 

2.9. Major Nutrients Affecting Plant Growth 

2.9.1 Nitrogen 

T he requirement r nitr g n ~ r plant i mpr hen i el r' ie d 

aI., 199 . itrogen imp rtant nutrient, and it uppl e nlr lied b man 

(Adediran, 1995). In p tat pr duetion it i a maj r y ield determining a t r and it 

ava i labi li ty in uffieient quantit thr ugh ut the gr ing ea n i ential ~ r 

optimum growth o f plant (Adediran, 1995). 

In the i i, fi und in dec Il1p ing rgani matter ma all1 m nium 

41-n b oilll1iero rgani m (ba ler ia and rungi th r ugh mineralizati n Pid" in , 

2002 . itr gen in th fi 1'111 r ( 411+ in th 

lhe ur face r ela parti el in th il. 

I'm f 114 an lh n 

H4 + i n lhal ha a p 

be h Id b il e II id b au e the ha a n gali harg 

ma b relea ed fr 111 th 

2 
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II 
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m b hemica ll all red thr ugh a t ria a ti n 

PI' ta in th il - i n t tak' l1 up 

can tran p rt bel w the I' t z n and I a hed r d nitrifi d. 

luble in wa ter, it i ea il lea m th IV 

rainfa ll of irrigali n ( im nn and II hmuth, 2 0 . In planl nlltriti n, 

iny lyed in the compo ili n f all amin a id PI' t in and man 

i al part of puri c and pyrimidic ba ,and th rc I' n titu nt 

(Mill and Jone , 19 6) . Typ ica ll y, ntenl in plant I < nd r-th ' 

dry weight in lea fti lie. It i ab rbed b Ilant in the I'm f nitrat ' and Hmm niull1 

ion 

The upplyo f i relat d t arb hydrat utiliza li n. h ' l1 lIPI I i in ' lI fi i 'nt, 

carb hydrate w ill be dep ited in veg tali e 

(M arli and Mill 1979).When uppli are ad qua t >, and n lit i n - ar' fa ra I 

Ii I' growth, PI' tei n are Ii rm d fr m the manu fa lur -d , I ' ' 

carbohydrate i thu dep sited in the vegelat i e ell and m re I I' tein rll1 ed , and 

becau e pr topl asm highly hyd rat d, a m re u ulent plant re ult. 

ucculence in me crop ma have a harmful effect. ith grain r p dging ma 

occur. When plant are defi cient in , they bec me lUnt d and ell In appcaran e. 

Th is yellowing, or chlorosi , u uall appear fir t n the I v er lea e ; th upp r 

leay remain ing green a the lov er lea e ello\· r die i an indi ati n th 

mobility of in the plant. When the r ot are unable t ab or r 

thi element to meet the growing requirement, mp und in th rd r pl ant \ ill 

undergo Iy i . Thi iny Ive the c n er i n fpr In t a III 

tran I cated t th e acti e l11eri temati r gl nand r u d in th 

pI' top la III (M arti and M ill , I 79) . 
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2.9.2. Phosphorus (P) 

Ph ph ru -defi c ient plant th ere~ re ar tunted \ ith a limit d r t t m and th in 

tems. In many plant eedling I k tunt d and rd r lea e ' ma turn purpl 

becau e of the accum ulati n f purp le pi ment . ra in i Id i 

(Jone et al. 2003). Plant 

harve ted. T he tem, leave and r t 

ph ph ru 111 th 

a matur r p t nd t 

n v re i r'du 'd 

u uall 

w r in ph ph ru 

and contribute only a mall part r the next r p' ph ph ru requir ' m nt . 

Internally, mo t cr p need 0.2 t 0.5% P in th dr mall r ~ r n rmal gr wth . Plant 

extra t P exclu ive ly fr m the il luti n in either 112P 4' r li P 4.2 nn II I I'd , 

1997) . 

2.9.3. Potassium (K) 

Pota sium i needed in large quantiti by man r p . It i req uired ~ r l11ain tai nin 

th e 0 motic potential of ce ll and turgidity f p I ant . K regulate 111 ti p t 'nt ial r 

ce ll (the cl sing or opening c nditi n f t mata) h nce it pia an Il11p rta nt I' I ' in 

water relations in the plant. Potass ium i involved in \' ater ul take fr In the i i, \i at r 

retention in the plant ti sue, and I ng di tance tran p rt of ater in th f 

photosynthesis in the pho I em (M arschner, 199 ). P ta ium affe t n. 

With adequate K , Ce ll wa ll are thicker th erefi re imp!' ing plant re i tan 

lodging, pe ts and di sease (Bergmann, 1992). T h 111 den ien mpt m 

i firing along leaf tip and margin (Bergmann, 1992 . 
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In ii , p ta I um quit m i l a mpar d t \ i In i l 

luti n andi ab rb db I' I'm. 

Ith ugh K+ can b retain d t 111 e t nt har ) n la urfa c. 

a+2 r M g2-t an di pia e it int th il 

T hu i f K i n t taken b plant , it m 

way f reduce K leaching i add rgani 

matter u ually ha large ca ti n e, han 

(Bergmann, 1992). 

b I 

matt I' u h a 

apa it , \. hi h an r ' t' in 

2.9.4. Use of Organic Fertil izers 

Organic fertili zer are valuable urc f nutri nt and th ' i ' Id in 

rgani fertili zer are we ll e tabli h d. Apart fr m th ' nutri 'nt ' in 

their effect n impr vemenl f il r ani matt r, il tru 

li fe of the oil are well rec gnized. There i al 

ad d 

ntain 

ther growth-promoting ub tance like natural h rill ne an I B ital11in nard, 

1986). Many studies have demon trated that app li ati n f r 'a ni ~ ' rtili le r u h a 

an imal manure and comp t produce cr p ield equi alent t r lip n r t th e 

obtained with chemica l fertili zer (Motava lli et aI. , 1989 . I' P qual it ha al b en 

improved by manure and compo t app l ica tion Pimpini et aI. , I 2. 

When crop improvement with organic ferti li zer ~ r grea ter than th attain d ,,\li th 

commercial fertilizers, re pon e" a u uall attri buted t manur uppli d nutr ient 

to improved so il conditions not pro ided b mmer ial rt i l iz r. rgani ~ rtili zer 

improve the physica l condition of the il and in rea e P and i I gi al a ti it 

( T, 1996). 
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he rgan ic matter, l tal nitr g nand mi r nUlri nt nl ' nt lh urfa il <I 

increa d a a re u It f rgan i mp nd alll m nur ppll di n 

Organi fertilizer applica ti n fi r m t r 111 

ton per hectare (M rgani rtiliz r \ h 11 appli d, \ ill 

mi nera lized graduall and nUlr icnt me a aila . II r nUlri nl nt 'n l 

manure and comp t vari e be au nu tr ien t aluc ar 'I' all ac t 'd 

animal, amount f bedd ing, l rag r ' nt mal rial I11p 'It 

(Han·i et aL, 200 1). Bation and M kwun c, 92 n l d lhalth additi 

ferti li zer either manure or comp t ha b n fi ia l 11 th ' il h 'l11i 01 'lnd 

phy ical propertie . It i al kn wn thal th u c f r ani fi rti liL. r 

nutrient defic iency in il . K ppen and • ich, n l d lhal and P 

were reduced when organi c fertilizer were app li d. mpar ·d 

conta ins more tablef, I'm of nitr gen and n t u cepti ble t I " a ' II 

986). In the preparation f comp tit i de irab le l mi mal ria l 

the proportion that give rapid, effc ti ve and iti n l a tabl > 

prod uct (Harri et aI. , 200 I). omp t that ha been made fr 111 a ari el f malerial 

i like ly to prov ide the best pectrum of nu tri ent . Thu th e ran and uppl r 

different material may need to be c nsidered in a v a te managel11 ent 

amelioration (Leonard, 986). 
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abl I : rit ri a .~ r inl rpr lin ) I m nl 111 . ill ' I d' l<l . 

ienl 

N (%) < 0.075 

P (ppm) < 18 

(%) 0.50 - I. 0 

1-

4-

0.07 

I -27 

1'1 XI 

> 

> 

> 7 

> 

urce ( hapman and Prall, I I . 

Tabl e 2: Range in nutrient 11 cntrali n ~ r fI urth p ' li I' durin > tu 'r ulkin > 

tag r potat . 

utrient Deficien y urfi ien T ' i 

Fe (ppm) < 20 20-50 > 50 

Zn (ppm) < 10 10-20 >20 

N (%) < I 1- 1.5 2 

P (ppm) < 0.17 0.17- 0.22 > 0.22 

OC (%) < 7.0 7.0-8.0 > 8 

ource (Bryan et aI. , 2004). 
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CHAPTER TREE 

3. Materials and Methods 

3.1. Location of the Study Site 

The tudy wa conducted at Holeta Agricu ltura I Re ar h nter. II I ta i I at d 

approximate ly 29 km West of Addi Ababa n the entral Plateau. Th al' a ran I in 

elevation f rom 1,600 to 2, 800 m.a. I. 

3.2. Soils of the Study Area 

oi I under the study area i characteri zed by: deep, we ll -d rain 'd, I' >d 

oi l i ca lled Humic N itisol and hall w hI' mati Lu i I ', clay I am in t· tllr >, 

occupy many of the steeper slope. Lower gentler 

deeper c lay Vert ic Cambiso l which are well drained and a rk, ut I r In 

organic matter and nitrogen. Deep, clay Elitri c Verti I oc ur in the I land . Tip ' 

are subject to water loggi ng and are generally difficult to work (Fig I) . 
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Figure 1: Map of soil types at Holeta 

Source Borgal et al. 1980 

3.3 Climate of the Study Area 

Mean monthly temperatures range from 1. 7 0 C in December to 24.2° in Mar h. 

Frost at night in the winter is common. Average annual rainfaJI wa 1 0 mm. M t 

of this falls from June to September, with moderate rainfall rnmlm nth 

from February to April, and little precipitation from October to December ig 2 . 
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Holeta (2000 m) 
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Figure 2: Annual temperature and rain fa ll at Holeta 

Data Source: Ethiopian National Meteorological tati n Agenc -2 

3.4. Some Equipments and Materia~ Used 

Materials that were used during this work were auger, clean pIa ti c c ntainer ith 1 g 

capacity spring balance, cutter meter and so on. 

3.5. Varieties and Fertilizer Treatments 

Two potato varieties CJalane and Belte' ) were taken fro m H leta . ultural 

Research Center. They were used as test crop to inve tigate th tatu f F and Zn in 

response to different ferti lizers applications. 

o 



The cultivar were elected b ca u e f their hi 'h i Id l Illi I, di en 

and early maturity (90- 120 day of planting. Th tr atm n pp lie \ er : I 

of Urea a N source and 195 kg/ha DAP a P 

+ half of the recommendation f /P and Ii e t n nim I manur ' 'r he tar ' half 

of the recommendation rate offertilizer (Wak n et aI. , 2 

Cattle manure wa taken from Holeta Agricultural R ea r h nt r. 

manure was considered to be ready ~ r utilizati n a 

Manure and compost at thi tage w re en u h l I11 Cl lur nli I 

nutrients. Compo t was taken frol11 fanner. It nlain lh ~ II \ in ' l11 'll ' ria l: rural 

house waste and poultry manure but it had n paper and pitt ti 111m 'ri I. ., hi 

compost was prepared by farmer a garbage ~ r th purp 

ix month duration as garbage. The e dec mp cd ~ 1'111 r C I11P t alld ma nur ' 

were completely different from their ri ginal ~ 1'111 . 

The treatments were arranged in R BD, with three r pli ati n5. 'a h n fin 

treatment was applied on plot ize of3 m x m. The di tance et. " n I k and pi 

was 1.5 m and I m, respectively. FOllr rows, each hav ing 10 plant • er 1I d n 

3 m x 3 m plot. Animal manure and compost were \0 eighed n dr eight ba i and 

applied to respective plot three weeks before planting date. t th I lanting dale each 

plot of land was furrowed and mall size of potat tu er " re pl anted at a pa in g f 

75 cm between rows and 30 cm bet. een plant . II ultural Ira ti , 1I h 

weeding, earthing LIp, etc were carried ut equall ~ r ail lr atment . F rtiliz r \ r 

applied by banding during planting the tuber ab ut 2 inch t th id and in h 

below the seed piece to provide benefit of ea rl gr" h. 



Figure 3 Belte variety grown with manure and fertili zer 

Figure 4 Jalane variety grown with manure and fertili zer 

32 



BIO K 1 13 1 K 2 01 

r 1m I. 2 m I. m 

1 
V1T2 

1"1 
V2T2 I' 'I VITI 1 1 2'11 EJ 

1 VITI I'I~I V2T31 0 0 EJ D 
1 V2T41 0 1 V2T41 Ivml 0 0 

31;] 0 EJ 0 0 0 
m 

Where Vl =Belte variety and V2=Ja lane va riet Tt = nlr IIJd " 2 8nu r ' 

ferti lizer T3 = compost + fe rtili zer T4= fert ilizer al n . 

Figu re 5: Layout of the field experiment 



3.6. Manure, Compost Preparation and ampIin 1 

ampl ing of manure wa d ne b digging r m m< nur 

taken by imple random meth d at a d pth 

mixed together and representati ve ub- ampl 

and tored in a plastic bag, Manur and 

forced air dryer fo r 12-1 8 hI' , A fter dryi ng th ample" a 

mm sieve, Total nitrogen of manure wa d term i ned 

pho phoru and potas ium weI' determined b Brad 

determi ned by Walkley-Black meth d. II' n and zin 

extract (Lindsay and Nerve, 1978) . 

3.7. Soil Sampling and Preparation 

h p ,. ur . mplc " 'r 

m. ' h ur am I , "ere 

a Incl-! p' 

gr li nd l p thr lI ·h a I 

t rmin d '" 

Ten oil ub-sample were collected fr m d pth 0- In a ' rdin . t R 'n,2 

by simple random method from the pi t be ~ re , lilt III ' I' wt:r ' hnt'd , 1I -

amples were then co llected eparate ly and pI' p rI il ample \ 'I" air 

dried at room temperature and cru hed by u ing a w den 111 rtar and p> ti t: pa a 

2 mm mesh sieve, 
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3.8. Soil Chemical and Physical Analysis 

3.8.1. Active Acidity (pH) 

oi l pH wa mea ured in a I: I oil - ater rati L! in 

Microprocessor) pH meter. Appr ximat I 2 . \ 

polythene beaker and 25 ml of di tilled wat r a add d I th 

olution was tirred thoroughly and all "ed t 

the pH meter with buffer of pH 4.0 I and 7.00 the pi I v a read 

17 

inl a ml 

il. I h '> il-\\a\cr 

il11 m r in I th' 

electrode into the upper part of the oil luti n and th pi I aiL! r rd . 

3.8.2. Phosphors Available 

Five gram of so il wa weighed int 100 ml xtracti n ttl alld m I r· tra 'ti n I 

ol ution of Bray's no. I (0.03 M 14 in 0.02 M II I 

placed in reciprocal shaker and haken r, r I minute af!. r " hich th' 

about 5 ml of the clear so lu tion wa kept int 

reagent that is ammon ium molybdate wa added . The mi xtur ' \ a J>ft. r fi "11 min 

ute to develop a blue colour. Avai lable pho ph I'll va read r JJ1 I > tr ph t i11 't'l 

3.8.3. Nitrogen Available 

Total nitrogen was determined by the Kj eldahl Dige ti n l11 , th d. ppr , il11atel fi c 

gram of soi l was weighed into a Kjeldahl Dige ti n fl a k and ml di till 'd \ a 'r 

added . After 30 minutes 5 1111 of concentrated H2 04 \. a add d t th il and heated 

for 3 hours. The flask was removed and it v a all " ed t I. 



h dige t d material a di till d 

containing 2 ml f 4 % b ri c a id. 

ur m inut di tilled I en int n 

\\ ' r m pin 

di ti llati n with b ric a id . . inall per enta, nitr g n \\I ' I Uldl d 

3.8.4. Organic Carbon 

oil orga nic carb n wa determin d th alklc -l)l a m ' th d. l· i ' Idln r il 

ample was oven-dri ed at 105 0 and, a tran r -IJln 

crucible. Finally, the organi matter wa I' th · ... Ii tim I ­

at 600°C fo r th ree hour in a temperature r gulat d mll n urna - ti ll I th ' p I 'nl 

organic matter content wa obtained by 1I tra tin th p r n min 'ral . IH 'Ilt 1'1 m 

the to lal mass. 

3.8.5 Determination of Available Potassium 

Five gram of oil wa weighed int 100 ml ex tra ti n tt l> and 1111 r·, trH [Ill 

lu tion of Bray' no. I (0.03 M H4 in O. 25 J I I 

placed in reciprocal haker and haken ~ r I mil1l1t aft >J' \vhi 

aboutfive ml oftheclear olution wa keptint 2 ml f t , ltu '. aila I'D ta IU 

m extracted using the Bray's no. 1 olution v a d termined dir ' tI u in th' allcnka 

mp flame analyzer. 

3.8.6. Fe and zinc in Soil 

All amples were dried at 55 °C in a cabinet-t pe ~ r ed air d r 12-1 hr A t ' r 

drying the sample fi ve gram a gr und t pa thr ugh 
a _ Inln In ' h 

ieve, grounded so il tran felTed into I 0 ml f ni al fl k nd Inl 1P 



extract wa added. It wa haken for 2 h ur and th n filt r d \ ilh fill r pa er. I tal 

Fe and Zn were determined from filtrate b at mi a rpti n 

3.8.7 . Soil Texture 

oil texture was determined by the hydrom ter m th d. ppr il11 t I fiv lr, m r 

oi l was we ighed into 250 ml beaker and n dried d I h ur'l. I he 

ample was removed from the oven and then pia I. af t 'l 

which it was we ighed and the oven dry weight tak n. 1\ I 111 1 

was measured and added to the soil. It wa then placed n < h t plat < nd h 'a t ·d until 

the first sign of boiling was ob erved. 

The content in the beaker was wa hed c mpletely in t a hak in I up and hak '11 r 

five minutes. The sample wa sieved through a 50 l11i r n ie e 111 " h int a n ' li ll ' 

cylinder to determine the sand portion. The cylinder with it nt "nt v a 'ha ' 11 

allow particles to be in suspension; it wa then placed n th ' 'n h an I h dr 111 't'r 

reading of silt and clay portions were then ca lculated graphi all 

3.9. Plant Sampling and Preparation for Analysis 

Third to sixth leaf from top was ampled at flov er initiati n tage ~ r > and Zn 

status. Thi rty leaves were randomly co llected from 20 differ nt plant gr \ in I 

adjacent to each other per plot (Westerl11 ann et aI. , I 94 . Ph i 1 gica ll a ti'!! 

mature leaves were sampled according to Taber, 2009. hi i th I a tha h 

turned from a light green juvenile co lor to a darker-gr en 

size. Leaves were shaken or wiped to remo e du t. Leaf 

to the laboratory for analys is. 
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eparate leaf ample were placed in main rand th n pi d in r cd· ' Ir )\ n 

and dried at 80 °C for twe lve to twent ~ ur h 

(grounded) to 0.5 to 1.00 mm particle ize b 

to faci litate organic matter decompo ition. 

ille n lIr h m gen ' lt ,Ind 

The samples were thoroughly mixed and five gram \J \ ithdrawn r Ir n nd l in 

analys is. Dry ashing was conducted in muffl e furna at t 111p ralur 

for four to eight hours. At the end of the a hing peri d th I \. arm vcd II' 111 

the muffle furnace, cooled and the a h wa di ed and dilut d \ ilh II I a ' id. 

Zinc and iron were extracted with DTPA and determined 

Spectrophotometer. 

3.9.1 Data Analyses 

Treatments means were competed by using pr babilit Ie cl u in I 

ANOYA according to Turkey test. To determine c rrelati n f ir 11 and lin \J ith 

other nutrients of soil SPSS version 20 i u e. 
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CHAPTER FOUR 

4. Results 

4 .1 Pre Plant Soil Analysis 

4.1.2 Soil Texture 

The percentage of the different soi l separates were Ii t d a th win ': la 

42.25%, sand was 32.75% and si lt 21.00%. The oi I te ture a d minated 

followed by sand. The least particle size distribution wa that ill. Thi in Ii l '., 

that the soil has good drainage and aeration. andy oi l ha p r tru tur hi d, 

specific densities and it lacks coherence. 

Table 3: Chemical properties of so il 

Statistics 

Parameters Maximum Minimum Mean SD CV% 

pH 6.05 5.2 5.54 0.28 5 

K (ppm) 3.16 1.14 2.07 0.65 31 

P (ppm) 33.75 19.23 26.67 0.82 21 

N (%) 0.0191 0.0016 0.0165 0.60 76 

OC (%) 0.0275 0.0015 0.0178 0.73 41 

Fe (ppm) 38.72 17.38 23.62 0.74 31 

Zn (ppm) 9.92 2.57 6.2 1 1.49 24 

Table 3 shows chemical properties of Boleta soil. A indicted in the table, 

slightly acidic with the range of 5.2 - 6.05 and a mean alue 0 

. h f' and zinc in oi l are 17. satisfactory for most crops. T e range 0 Iron 

il pll wa 

. Thi 

.72 m 

and 2.57- 9.92 ppm respectively with mean va lue of23.62 ppm F and . I ppm 

Zn. 
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Tab 1 e 4: Some chemical properties of compo t 

Statistics 

Parameters Maximum Minimum Mean 0 % 
-

pH 5.59 4.67 5.09 0.41 

K (ppm) 3.72 1.20 2.12 0.63 2 

P (ppm) 38.19 28.74 32.39 4.09 12 
--N (%) 0.0198 0.01 16 0.0171 0.26 I 

OC (%) 0.0438 0.0253 0.0351 0.81 2 

Fe (ppm) 44.71 31.14 37.54 5.63 I 

-- --
Zn (ppm) 9.41 7.23 8.81 I.I 12 

On table 4 pH of compost ranges from 4.67 - 5.59 with a mea n va lu r . . I hi 

shows compost was acidic. Compost contains the greate t am unl r 

with a mean value of 0.0351 % followed by nitrogen with a mean alu > r O. 171 %. 

The range of iron in compost is 31.14 ppm - 44.71 ppm wi th a mean alu ' 7. 

ppm. 
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Table 5: Some chem ical properties of manure 

Parameters Statistics 

Maximum Minim um Mean SO CV% 

pH 6.76 5.27 6.07 O. I 

K (ppm) 3.08 1.69 2.37 . 7 21 

P (ppm) 4l.52 28.74 37.53 

N (%) 0.0262 0.0158 0.200 0.4 22 

OC (%) 

0.0290 0.0196 0.0192 1.18 I 

Fe (ppm) 80.16 69.36 74.9 4. 4 

Zn (ppm) 52.92 44.24 48.03 .74 7 

The chemical properties of manure are listed in table 5. pH r rnanur ' ran > 

5.27 - 6.76 with mean value 6.07.1-1ence manure is weakl a idi . anure rllain 

iron in the range of 69.36 ppm - 80.16 ppm with mea n valu f 74 . ppm . Ir n in 

manure was larger than that of compost and soil. Range of zin 

ppm - 52.92 ppm with a mean value of 48 .03 ppm. 
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4.2. Plant Analysis 

Tab Ie 6: Minimum, Maximum, Mean, standard devati n and m i nl ariali n 

of Fe and Zn in leaf of potato (Belte and lalane varietie ). 

Varieties+ Statistics 

treatments M inimum(mg.kg' l) Maxim um( mg. kg'l ) Mean(mg.kg' SD C\ioo -

I) 

Fe Zn Fe Zn Fe Zn -Fe Zn I' / n 

VITI 4,09 0.35 8.54 0.85 5.6 0.59 2.54 .2 4 % 2°0 

f-- I- I-

VIT2 4.08 0.35 10.24 0.91 5.97 0.7 1 .27 1% 7° ' , 0 

VI T3 3.76 0.40 5.03 0.82 5.37 0.64 O. 8 .2 1 % ~o 

~ 
VIT4 4.94 0.82 5.74 0.56 4.52 0.76 1.0 .17 2 % 2 °' 0 

V2TI 3.81 0.56 9.91 0.89 8.66 0.76 I. 1 1 .1 12% 20~0 

V2T2 7.77 0.59 6.29 1.09 4.51 0,84 2.3 .22 2% 2% 

V2T3 1.84 3.69 1.26 4.68 0.93 0.99 O. I 21% ~o 0.67 

V2T4 3.69 0.66 3.76 0.98 4.76 0,82 1.38 0.1 2 ~ 'o 17~o 

CV=coefficient of variation and T I = Controlled, T2=Manure ferti liz r. T -

Compost+ Fertilizer, T4=ferti lizer alone, VI = Belte vari ety V2= lalan ari t 
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From tab 1 e 6, Belte variety grown on soi I alone ha the r II 
II \ ' Ing ran ' .1 

mg/kg - 8.5 mg/kg iron, 0.4 mg/kg - 0.9 mg/kg zinc with a mea n alu 

and 0.59 mg/kg of iron and zinc respectively. Vari et Belt r wn n manur 

fert il izers has iron and zinc in, the range of 3.8 mg/kg - 10.2 m k 

mg/kg respectively with mean value 5.97 mg/kg of iron and 0.7 1 m 

range of iron and zinc in variety Belte grown on compo t ~ rtili zer r 

6.2 mg/kg and 0.8 mg/kg - 0.9 mg/kg respectively with a mea n alue 

m ' -

l in . I he 

of iron and 0.64 mg/kg of zinc. Variety Belte grown on fertilizer al ne ha ir n tlld 

zinc in range of 3.8 mg/kg - 5.7 mg/kg, 0.6 mg/kg - 5.0 mg/kg re pe ti 

mean value of 4.52 mg/kg iron and 0.76 mg/kg of zinc. 

Iron concentration in variety lalane grown on soil, manure - fertili zer , mp t 

fert ilizers and fertilizers alone can be listed in the range f 7. mglk ' - . mglk' , 

1.8 mg/kg - 6.3 mg/kg, 3.7 mg/kg - 5.8 mg/kg and 3.8 mglk - . 4 111 ' k ' 

respectively. The mean of iron in variety lalane grown on oil manure ~ 'r t i l iL 'r , 

compost + fertilizers and fertilizers alone can be listed in the ~ II wing: 8. mglk 

mg/kg, 4.51 mg/kg, 4.68 mg/kg and 4.76 mglkg respectively. 

Zinc concentration in variety lalane grown on soil, manure + fertili zer , c mp l 

fertilizers and fertilizers alone can be listed in the ranges of 0.56 mglkg - . mg. 

0.59 mg/kg - 1.09 mg/kg, 0.67 mg/kg - 1.26 mglkg, 0.66 mg/g - .9 m 

respectively. The mean value of zinc in variety Jalane gr v n on ii , l11 anur 

fert il izers, compost + fertilizes and fertilizers alone can be Ii ted a 

0.76 mg/kg, 0.84 mg/kg, 0.93 mg/kg and 0.82 mg/g respecti el , In all lrea tm n 

lalane variety has more iron concentration than concentration of zin . 
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CHAPTER FIVE 

5. Discussion, Conclusion and Recommendations 

5.1 Discussion 

Both iron and zinc in the soi l are with sufficient range according t rit ria Ii t'd n 

tab le 1. Soil contains high concentration of iron than zinc. Th il ha hi.11 

concentration of organic carbon with a mean value of 0.0 178% ~ II nitr .en 

with a mean value of 0.0 165%. Soil contains potassium in I \ C t 

followed by zinc and iron. Nitrogen and phosphoru in oil ~ und a uffi i nt I . 

according to criteria listed in table I. 

In Appendix 4, correlations of some elements of so il are Ii ted . rrelati n i u >d t 

relate what types of re lation present between two variable . The va lue f c rr 'Iati n I 

shows as strong positive relation present. Th is mean a one in rea th ' ther al 

increase the correlation of each elements within them elve h w a alue r I. hen 

we see correlation of Fe with that of pH it has a negative correlation alue - .11 . 

This means as the pH increases the concentration of iron decrea e . Thi i due t 

formation of in soluble iron phosphate salt in soil. This i significant P < O. at 

95% confidence interval. Zinc and pH in so il have a correlation alue of -0 . 7 . Thi 

means as pH increases the concentration of zi nc in so il decrea e \. ith a ignifi an > 

of 95% level of confidence interval. Correlation va lue of iron \J ith zin i -0 . 7 \ ith 

significant difference (P < 0.05) at 95% confidence interva l. 
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The relation of phosphorus with Zn and Fe is negative with orr lati n lu 

- 0.640 and -0.143 respectively, at significant of 95°/ co tid . . 10 n 1 en e Int r al I r\l d 

This is because phosphorus is one of the important element that negati intcr ' r 

with zinc and iron in soil. The mean value of l'ron 37.54 ppm . I gr at r than ir n 

concentration of soil with a mean value of 23 .62 ppm. Range f zin in I11 p t i 

7.23 ppm - 9.41 ppm, with a mean value of 8.81 ppm. Thi i al gr ater than nl ' 11l 

of so il with a mean value 6.21 ppm. Iron concentration in comp t i gr ater th an lin ' 

concentration of compost. Zinc content in manure higher than b th il und 

compost. Manure contains higher phosphorus with a mean 37.5 % ~ II v cd b 

nitrogen with a mean val ue 2%. Iron concentration in manure i gr ater thun li n 

concentration. 

From Appendices 7 and 8 concentrations of iron and zinc in Be I te variet gr n" ith 

inorganic fertilizer, soi I a lone, and combination of organic and in rgani fe rli I it. 'r 

were not show a significant difference (P :::: 0.05). Similarly, frOI11 Appendice 9 and 

10 concentrations of iron and zinc in Jalane variety grown with in rgani ~ rtili/cr, 

so il alone and combination of organic and inorganic fertilizer did how a ignifi ant 

different (P :::: 0.05). But variety Jalane grown on soil a lone and manure fertili zcr 

has a significant difference concentration of iron at (P < 0.05) (Append i I . 

Belte variety grown with all treatments has more iron concentration than zin 
on ent 

ration. Concentration of iron in Belte variety decreased in the foll owing order I 2 > 

V1T3> VITI > VIT4. Concentration of zinc in Belte variety can al 0 Ii ted in the 

fo llowing decreasing order VIT4 > VIT2 > VIT3 > VITI. 
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This study is agreement with the report of Te fa e Ab b 

concentration of zinc in Belte variety wa ob er ed am n 21 

include Jalane. 

2 12 \\ hcr I \\cr 

ari tie \\ hi h al 

Concentration of iron in Jalane variety grown with il al n ha Ih lar) ' I Ir n 

followed by that grown with fertilizers alone. Concentrati n 

grown with manure + fertilizers has the least concentrati n d , uri 

Jalane grown with compost +fertilizers. Jalane variety gr wn n rtilil r 

has the largest zinc concentration followed by that grown n manur crtiliz r. 

The least zinc concentration in variety Jalane is recorded ~ ith that 'r ,, 11 n il 

alone followed by that grown on fertilizer alone. onccntrali n fir n and lill III 

Belte variety grown on soil alone are less than Jalane variety gr v n 11 il al n· . Ir 11 

concentration in Belte variety grown with manure + fertilizer i m r than that 

Jalanr variety grown with manure + fertilizer. But zinc c n entrati n in B ' It ' ari ·t 

grown with manure + fertilizer is less than that of Jalane variet gr v n ith manur . 

fe rtilizer. Tron concentration in Belte variety grown with comp fert ili zer i 111 r' 

than that of Jalane variety grown with compost + fertili zer. But zinc n enlrati n in 

Belte variety grown with compost + fertilizer is less than that of Jalane ari 1 gr v J1 

with compost + fertilizer. Iron concentration in Belte variet gr ~ n \J ilh ferti I izer 

alone is approximately equal with Jalane variety grown with fertili zer al ne. But lin 

concentration in Belte variety grown with fertilizer alone i I e than that Jalan> 

variety grown with fertilizer alone. In both varieties concentrati n r ir n and lin 

grown with different ferti I izers are lower when compared with at tuber ul kin la I 

of potato (Tab 1 e 2). 
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In addition to this concentration of iron and zin in b th B It 

grown with different fertilizers in this tudy ha 

when compared with the report of Te faye Abebe et al. 2 12 . 

5.2 Conclusion and Recommendations 

The soil under study area is acidic with ufficielll n cntrati n 

phosphorus while nitrogen in soil wa 111 exce am LIIll. 

dominated with clay and sand. Statu of iron and zin in manur 

nd J I n art Ie 

ir J1 and li n 

ir n, I.ln and 

v r 

il \Va~ 

lar ' r v h n 

compared with soil and compost. oil contain lea l c ncenlrati n 

than compost and manure. 

ir n and 'lin 

Concentration of iron and zinc in Be I te and Ja 1 ane aricti gr 11 ith in r 'a ni 

fe rtilizer, soi 1 a lone and, combination of organic and in rga ni _crli 1 izer w' r ' 11 l 

significant different (P ~ 0.05). But, variety Jalane gr wn n il al n and rn anu !"' 

fe rtilizers has a significant difference c n entrali n f Ir n al P 

Both Jalane and Belte grown on different fertili zers have hi gher n cnlrali n r ir n 

than zinc. Iron and zinc have a negative corre lation with ph ph ru and pi I th i 

significant at (P < 0.05). Iron and zinc have negative correlati n ignifi anl al P 

0.05) between each other. Iron and zinc ha insignificant rrelati n at P ~ . 

nitrogen and potassium. 

To have complete and general information furth er re earch h uld f, u n ir n and 

zinc status of different varieties of potato grown v ith di fferent 

practices, on different soil types and at different growth lage 

stage, flowering stage and tuber bulking tage. 
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Investigating iron and zinc status in porar at di r nt r wth and 

with diffe rent fe rtilizers is recommended mana' th 

deficiency of dietary problems cau ed by th eel 111 nt . 

Comparing iron and zinc status among p tat 

consume varieties with optimum range of the e nutri nt . 

To enhance uptake, translocation and to have ptil11ul11 rang 

and la lane varieties grown on Humic iti 01 In rgani 

ferti 1 izers are needed. 
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Appendices 

Append ix 1: Chemical properties of soil 

Sampl 

e no parameters ,,-.., 

E 
(J 

0 
C<) 

I pH Fe(ppm) Zn(ppm) OC(%) N (%) P(pPI11 
r-. 0 ppm '-" 

...c ..... 
0-

0 
1 5.20 16.06 1.90 0.016\ 0.0165 20.34 1- 1. I -

2 5.96 19.58 2.57 0.0275 -0.00 19 19.70 2.27 

3 6.05 15 .84 5.09 0.0 105 0.0036 21.48 1.72 
-

4 5.63 19. 58 5.81 0.0 160 0.0036 31.85 2.28 -

5 5.44 17.38 6.99 0.0205 0.00 16 33 .75 2.67 -
-6 5.45 20.90 8.22 0.0223 0.0049 28.84 I. 2 

7 5.23 25 .74 9.61 0.0242 0.0031 2 1.96 1. 19 

8 5.18 29.26 9.92 0.0 196 0.005 1 19.43 2. 18 

9 5.42 38.72 4.62 0.0142 0.01 18 25.76 2.85 
-

10 5.56 34.76 6.70 0.02 18 0.01 27 30.62 1.7 
-
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Appendix 2: Chemical properti es of manure 

Sample Parameters 

pH Fe(ppm) Zn(ppm) OC(%) N (%) P ppm ppm 
...c ...... 
0.. 

Ji 
Manure I 6.32 73 .76 46.25 0.01 96 0.0 175 36.36 I. -
2 5.27 80.16 44.24 0.0285 0.0 158 . 7 -2.2 

3 6.76 69.36 52.92 0.0290 0.0205 38.68 2. -

4 5.91 76.38 48 .74 0.0275 -0.0262 41 .52 3.0 
-'- -

Append ix 3: Chemical properties of compost 

Sample Parameters 

pH 
..c 

Fe(ppm) Zn(ppm) OC (%) N (%) P(ppm) K(ppm 
...... 
0.. 
(l.) 

0 -Compost 5.5 44.71 9.41 0.0253 0.015 38.19 2. 

1 9 8 
-

2 4.6 31.14 9.80 0.0438 0.0 15 32.02 1.1 3 

7 2 

3 5.2 38.27 7.23 3.0393 0.0 11 28 .74 1.20 -

4 6 

4 4.8 36.06 8.81 0.0322 0.0 18 30.62 3.72 

4 I 
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Appendix 4: Correlations of elements in so il 

PH Fe Zn OC N P K 
PH Pearson -.114(*) 

Correlation 1 -.373(*) -
-.071 26{') 244 

.024 129 

Sig . (2-tailed) .032 .826 690 016 444 
N 12 12 12 12 12 12 2 

Fe Pearson 
-.114(*) 1 .057 129 143(' ) 284 Correlation -.483(*) 

Sig . (2-tailed) .024 .012 .860 .689 028 371 
N 12 12 12 12 12 12 12 

Zn Pearson -- .373(*) 1 .180 - 198(' ) - 114 Correlation -.483(*) .224 

Sig . (2-tailed) .032 .012 .576 485 037 724 
N 12 12 12 12 12 12 12 

OC Pearson -
- .071 .057 .180 1 118 101 

Correlation .144 

Sig . (2-tailed) .826 .860 .576 .655 715 755 

N 12 12 12 12 12 12 12 

N Pearson 
-.129 .129 -.224 -.144 1 241 024 

Correlation 

Sig. (2-tailed) .690 .689 .485 .655 451 940 

N 12 12 12 12 12 12 
1 12 

P Pearson 
.198(*) .11 8 .241 1 459 .126(*) .143(*) 

Correlation 

Sig . (2-tailed) .016 .028 .037 .71 5 .451 133 

N 12 12 12 12 12 12 12 

K Pearson 
-.114 .101 .024 459 1 .244 .284 

Correlation 

Sig . (2-ta iled) .444 .371 .724 .755 .940 133 

N 12 12 12 12 12 12 12 

* Correlation is significant at the 0.05 level (2-tai led). 
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Appendix 5: Fe and Zn concentrations in Belte leaves 

VITI 

Sampl e Fe mg/g Zn mg/g 

I 8.5394 0.3546 

2 4.1806 0.5642 

3 4.0852 0.852 

VIT2 

4 10.2408 0.4038 

5 3.9236 0.818 

6 3.7586 0.9062 

VIT3 

7 5.0286 0.8246 

8 6.164 0.8974 

9 4.935 0.818 

VIT4 

10 5.7446 0.56 16 

11 3.8098 5.003 

12 4.0106 0.7256 
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Appendix 6: Fe and Zinc concentrations in Jalane leaves 

V2TI 

Sampl e Fe mg/g Zn mg/g 

1 8.3028 0.5936 

2 7.7684 0.7884 

3 9.9026 0.8994 

V2T2 

4 1.8389 0.6742 

5 5.3894 0.7506 

6 6.299 1.0947 

7 V2T3 

8 3.6982 0.6646 

9 4.671 2 0.853 

5.6704 1.2664 

V2T4 

10 4.1864 0.708 

I I 6.34 0.7652 

12 3.7586 0.9842 
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Appendix 7: Variation of zinc concentration 111 Belte variet gro\ n n di r nl 
fertilizer 

Dependent Variable: Zn 

Mean 95% Confidence 
Difference Std. Error Sig. Interval 

Upper Lo er 

Bound Bound 
Tukey HSD V1T1 V1T2 -.11907 22992 .952 - 8554 

1
6172 

v1t3 -.04640 22992 .997 -.7827 .6899 
V1T4 -.16740 22992 .883 -.9037 5689 

V1T2 V1T1 .11907 .22992 .952 -.6172 8554 
v1t3 .07267 .22992 .988 -.6636 8090 
V1T4 -.04833 .22992 .996 -.7846 6880 

v1t3 V1T1 .04640 .22992 .997 -.6899 .7827 

V1T2 -.07267 .22992 .988 -.8090 6636 

V1T4 -.12100 .22992 .950 -.8573 6153 

V1T4 V1T1 .16740 .22992 .883 -.5689 9037 

V1T2 .04833 .22992 .996 -.6880 7846 

v1t3 .12100 .22992 .950 -.6153 .8573 

Appendix 8: Variation of iron concentration 111 Belte variety grown on di fferent 

fertilizer 

Dependent Variable: Fe 

Mean 

Difference Std. Error Sig. 95% Confidence Interval 

Upper Lower 

I Bound Bound 

Tukey HSD V1T1 V1T2 -.37260 1.90321 .997 -6.4674 5.7222 

v1t3 .22587 1.90321 .999 -5.8689 6.3206 

V1T4 1.08007 1.90321 .939 -50147 7.1748 

V1T2 V1T1 .37260 1.90321 .997 -5.7222 6.4674 

v1t3 .59847 1.90321 .988 -5.4963 6.6932 

V1T4 1.45267 1.90321 .869 -4.6421 7.5474 

v1t3 V1T1 -.22587 1.90321 I .999 
-6.3206 5.8689 

V1T2 -.59847 1.90321 .988 -6.6932 54963 

V1T4 .85420 1.90321 .968 -5.2406 6.9490 

-1 .08007 1.90321 I .939 -7.1748 5.0147 
V1T4 V1T1 

-1.45267 1.90321 1.869 -7.5474 4.6421 
V1T2 

15.2406 
v1t3 -.85420 1.90321 .968 -6.9490 
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Appendix 9: Variation of zinc concentration in Jalane variety gro\ n n di 

ferti lizer 

Dependent Variable: Zn 

rent 

95% Confidence 
Mean Difference Std. Error Sig. Interval 

Upper Lower 

Bound Bound 
Tukey HSD v2t1 v2t2 -.07937 17802 .969 -.6495 4907 

V2T3 -.16753 17802 .785 -.7376 4026 
v2T4 -.05867 .17802 .987 -.6288 511 4 

v2t2 v2t1 .07937 .17802 .969 -.4907 .6495 
V2T3 -.08817 17802 .958 -.6583 48 19 
v2T4 .02070 .17802 .999 -.5494 .5908 

V2T3 v2t1 .16753 .1 7802 785 -.4026 .7376 

v2t2 .08817 .17802 .958 -.4819 .6583 

v2T4 .10887 .17802 .926 -.4612 .6790 

v2T4 v2t1 .05867 .17802 .987 -.5114 6288 

v2t2 -.02070 .17802 .999 -.5908 .5494 

V2T3 -.10887 .17802 .926 -.6790 .4612 
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Appendix 10: Variation of iron concentration in Jalan ari t gr \ n n di cr '01 

fert ilizer 

Dependent Variable: Fe 

Std. 

f% Confidence 
Mean Difference Error Sig. Interval 

Upper Lo r 

Bound Bound 
Tukey HSD v2t1 v2t2 1 2697 8215 4.14883(*) .046 0825 

9 1 
V2T3 1.2697 8044 3.97800 .055 - 0883 

9 3 
v2T4 1.2697 7962 3.89627 .060 -.1700 

9 6 
v2t2 v2t1 1.2697 

-4.14883(*) 
9 

.046 -8.2151 - 0825 

V2T3 1.2697 3895 
-.17083 .999 -4.2371 

9 5 

v2T4 1.2697 3813 
-.25257 .997 -4.3189 

9 7 

V2T3 v2t1 1.2697 
-3.97800 .055 -8.0443 .0883 

9 

v2t2 1.2697 4237 
.17083 .999 -3.8955 

9 1 

v2T4 1.2697 3.984 
-08173 1000 -4.1480 

9 6 

v2T4 v2t1 1.2697 
-7.9626 1700 -3.89627 .060 

9 

1.2697 4 318 v2t2 
.997 -3.8137 .25257 

9 9 

1.2697 4148 V2T3 
1000 -3.9846 .08173 

9 0 
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