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AB TR CT 

Sa ropl s we r e coll e c t ed rom th h r ee s i es : Se nd fa , e br e 

Berha n a nd Fich e to s tudy c ang s i duced by ' Gui e " p r a ctice . he 

c hemica l and p hys ica l cha ng s as wel l as h ro w h o f ba r ley in 

the s e o il s wa e compa red for the thr e e si t e s . 

The labo r a t o r y stu y i vo lve d t he de t e r minat i ons for pa r t i cle 

si z e di s t r ibution, the ignit i on ex perime n t, t h e de te r mina t ion fo r 

c ha n g es i n o r gan i c ca r b o n , to t a l nit rogen ! a va i lable phosph o ous , pH , 

electrica l conductivity , ca r b ona t es , the exchangeable cat ions , the 

cation exc h Rng e capacity prop e r ti es of the s oi ls . Pl a nt a na l ysis 

for p e rcent nitroge n a nd p ercent phosphorou s wa s dete r mi ned for 

ba rl ey grown in the g r ee nh ouse expe ri lent . 

In the Gr e enhous e exp erime nt the h eight o f ba r ley pla nts n s 

r e corde d as well a s th e count s o n e me r g ence , heading and f r esh a n d 

dry we i ghts nd wee d s c or was do n e t o e va l ua t e the diffe r ence s 

be t wee n t h e thre sit e s . 

The r e sults f rom the l a bo r a t o ry a n d r e e nho use s tud i e s sho wed 

simila r va ria tion s a mong t h e t r a t ments o f h e thr e e sites . The 

interior h eap lay ers e x posed to higl te mp e r a ure s bo h th e n e ga tive 

and positiv e e ffect s fro m "Gui 11 p rac t i c e . Th e m in posi ive e f fe c ts 

wer e found t o b t he i ncr ea se in a va il ble phospho r ous a nd th e c ha n g e 

from fin d t o s a nd s i zed pa r ticle In c on tra st he ma in ne i v c 

effe cts we r e foun d to b e th lo sse s in o r gani c ca r bo n a nd t o t a l 

n itro en . 



The g ro wth s tudy in the greenho se experiment also shoved va ria ­

tions only am ong h e t r eat ent s . The best g r owth las found to be in 

the mixed trea tmen t whe r e optimum condition wa s t ained by mixing 

all the different Gui e affect ed and unaf f cted soils . 
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I T ODUCTIO D LITE hTU E REV IE , 

In most topical an su - r o ical r egi ns shif in cultivatiol 

is a c o mmon racti e and i ofte invol es land cleari g for c Itivatio. 

by burni ng the vegetatio Thi s pr a c i has m er of 10 al names 

among which Tana Ba te r i n China " Rab and Jhurnin g in In ia " Chitemene 

i n Zimbabwe a nd t ilpa in Central Ameri ca a r e terms used . Under in­

creased re s sur e t he s y stem leads to he disappear ance of forest or 

woodland i n fa vour of sava nna grassland (Nye and Greenland , 1960) . 

I n t h e central h i ghlands of Et h iopi a , a r a di tional soil management 

pr a ct i c e s i mi lar t o sh i fting c ul tiva tion is employed to improve ferri ­

l ity r e l at e d s oil pr oblems " The pr c t ice i s lo cally r3~6rr~~ t o as 

" Guie" and it i n volv es bur n i ng of soil along wi th some o r ganic s u· s tan c es, 

The p r edomi n on t c r op on mos t "Guie " so i ls is ba r ley wh j I:h 1 3 J?;rcrrn 

i n vnriably follo wi ng soil burning (he r eafter referred to a oS IfGL;:!.0'; j and 

depending on l o cal c ondition the same c r op of bar ley or ho r se ean or 

whea t may be g r own i n the s e cond yea r . The b ur t soil resul ts in h i gh 

y i e lds of bar l ey t he fi rs t year up t o 30 qui n t a l s pe r he c tare but 

y i e lds a r e dr as t ically re duc ed t he sec ond year and 0 th e majority of 

the " Gui e " soi l s t he 1 nd i s no t croppe the third year (Te s f aye and 

Dagna toh e w, 1973) . The h i g yield following "Oui e " co Id r esul t from 

a n umber of mod i fi ca tions in soil chemi cal an phys ica l pr operties as 

well as o t he r i ndirec t adv ntages . Some of the posi tive influences of 

" Gui e ll a r e con s i de r ed t o be : 

i . The mine r aliza t ion of nut r ients vaila 1 fo r pla t rowth as 

hosphoro s , ammoni um nitro in , otaesi m, ca i m, mag esi n 

e tc 
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ii. T improvem t of oil hysic proper ies t xt r , 

dr in' gc , ae . d y~ e r p r col 10 . 

iii . The G erilizin ~ ffee due to hig em era ures ;hieh il') 

b neficial in : ed co trol. 

T e so i ls unde r "Guie" are naturally fertile (hurphy, 959) . '1' cse 

so i ls o c cur appr oximately b twee 2 , 000 an 3 , 500 meters , (Legesse D.d 

Wher man n , 1 975 r eceiving betw , 100 and 1 , 500 mm nnual r a infall 

with a y ea r l y a v e r age temperature 0 14 . 5°C ( ouin , 1959 - 1967) . 

Th ese s oils ar e cha r acterized by the i r hydromo r phic horizons due to 

t heir h i gh c lay conte of t he 2 : 1 ype a nd he sho r rainy season 

(Jun e to Augu s t) during whi ch 70 - 80% of t he rainfall occurs c onse-

qucn tly n1 ess s u j ected to "Gui e ", these soils are of 10 produc -

t ivity s ince t hey have p oo r d r ainage , poo r ae r ation , poo r i nfi ltration 

capac i ty which hampe r goo plant growth ~ Th produc tivity of these 
. '.' 

soils i s inc r eased by "Gu i e " influenc e mai l y due to the temperature 

e ffe c t . Ac cordi ng to Legesse and ~he rmann ( 1 9 75) a maxi mum tempe r ature 

of 650
0

C i s r ecorded f o r t he interior o f t he " Gui " heap : 

Land tha t has fo rm ed good so d th r o gh seve r al years of fallorl 

(10 t o 15 y ear s) i s r equire fo r the p r a c i ce since t he so ensures 

p ro pe r i gnition . The fallow land is r e edly ploughe (three to 

fou r time s) in cri ss - c r oss dir ectio o d ' lodge t he turf nd t erety 

f a cilitate' t he i ling of loose soil in t o hea s o f about 180 cms 

di me t e r a nd 60 cms he i ght on the a v e r age ( Vfuermann nd Legesse , 1965) . 

Dur ing t e cons truction of the he ps he so is placed to\~rds 

the center and loose soil is i le on h 0 tsi e 0 e hance thorou h 

combust i on 0 he o r g nic s ubstance b ro uci a more air tiL; t 
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co i ion n he i erior 0 he heap . T h a s s fire y -
ro ucin g rni g cow- ng i 0 he ce r of he he p a d e soil is 

lef 0 bur p t f our J duy (\ h r ann n Leg 6ae , 1 65) 

ross se c ion of bu rn t h d ~ s lays disti c laye 6 fo r e d due 

to inc reasi g empe r a ture gr adi en o\ar h ce r 0 he eu. _ 

Vfuerma nn and Le esse (1965 ) have des r ibed our above ground and one 

below heap l aye r s . A similar observa ion was made y e prese t au t hor . 

The diffe r ent l a ye r s include : 

i . Cover layer 

ii . Hea t ed lay e r 

iii . Carconised l aye r 

i v . Burnt 1 ye r 

v . Below heap l a yer 

The followin g s ketch a nd descr ' ptions illustra te t he i f fer ent 

l aye r s p roduced by increasing t empe r atur g ra ient towa r ds t he c en t e r 

of t he heap . 

Cross - se c tion o f a hea af e r b rning 
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Co a r l a y r : 

ii . Hea t e d lay e r : 

iii . Ca r boni s ed 1 y e r : 

iv . Burnt l a yer: 

v . Below h eap : 

Th r is 0 c in e colo r 0 e Goil , 'ch 

i 'ca t es h abs c 0 et c le hea ffec 

on t ' s p r o e r y . Dry 50il colo r i s d r br o, 

7 . 5Y~ / 4 h e ' let soi l co 0 r is a l so Drk 

r o 7.5 Y 3/l. 

s l i h t hange in s o'l c olour i s observed due 

o h e ef ec o f h hea ha i s conducted from 

the bu r nt l a y r . The d ry so i l colour i s r e di s h 

br o 5 YR 4/3 , a nd t h e we 50il colour i s da r k 

r e d di sh brown 5 YR 3/2 . 

v e r y di s i nc t cha g e in the soil c olour i s 

ob se rved in t h i s l a y e r . Th e b u r ning o f o r ganic 

s ub s t anc e i the adj o ining i nne r l ayer has resul t -

e d i n t he fumi ation o f thi s l aye r . The ry soil 

colour is black 5 YR 2/ 2 , nd t he we t so i l colour 

i s a l s o l a ck 5 YR 2/ 2 . 

In th e bur nt l a ye r the organi c s u s t a nce i s t ota lly 

o 
a shed by t he h i g h t empe r ture e ffe c~. (650 C re -

c or d e d ) c ha r a cte r s tic b r i ck l i ke colour i s 

obse rv ed . The dry soil colour i s r eddi s h yello 

5 YR 6/ 8 and he we t so il co l o ur i s y l l ovish 

r e d 5 YR / 6. 

The colou in i s lay e r i s simil r t o t he heat ed 

l a e r e Th e m e r a tur e r om th e b urn t l ayer a 0 e 

ha s s lig tly c e h olour . The dr s oil 

colour is a r k b r o 7.5 YR / and the le t soil 

colou r is Iso a r k b r ow 7.5 YR 3/ 2 . 

• De t e r m' n ed by 1un s e ll Soil Col our Ch r s , 195 e i ion . 
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Th e f ec of em r~ u c due a 6 'I n a lor ... oil 

a th e che ic 1 , physical a d a he r 60i l pro r iee sell e t e r -

spon se of p an g r o h on em r a c soils ha e been at 'cd 

y a um e r o f i y e i gators . (Bouyouc 6 , 192 Sree v san nd ura 

badkar , 1 9 0 ' r jee , 1954 , 8 i a a Ha g , 971 ' T sfayc and 

Dagna tc he w, 1973 ; Sa l emedhi a Sa c e z , 197 ) . 

Various wo r kers hav e demonst r a ed he changes i n 50 ' 1 p ysical 

pro perties s uch as t exture , fla e r - hol i g capaci y , ag rega e st~bili y 

e tc . generally occur from igni i g soil s t o high empe r atur es . 7he ch ges 

in hea t of wetting , non- f r ee w t er and pI stici y \le r e studi d in so i ls 

i gnited at 110 ; 230° , 485
0 

. d oooe (0 0 cus , ,1923 ). T 

o t.:" ined fron this, e x perililc t show , ha t ' proper ' ies,beg~ to be 

<l ff ccto t <lbout t l o ane i 'tinl o r n r o f 230 e , we r e ' r a tly 

<l f f ected a t 485°e and c omple t ely c h nged a t Boooe . 

An appar e nt change in t he a rticle size di s rib tio was observ ed 

fro m an experiment on the e ffect of ov e a nd fi r e heat ing of bla c k 

cotton s oils (Sreeniv san a nd Aurangab dkar, 19 0) . I ge e r I , a 

ma r ked dec r ease in th cla y co en a d cor r es po ding i c r eRse in 

the contents of silt and fin e sa wa bserv d afte r soil hca tinG . 

The result s show th a t a ch ge r o a fin e r t o c r ser f r a tio is 

positively corr elated with i cr asing empe r a ure . 

The increase in p ermeabi l' y o f h a ed so ' l i s cons ' der ed t o e 

due to he inc r ease in he no - capila r a 0 by 

he aggr ega tio of soi p r icl es ( ~ a Wa haw A, 95) . j s ioilar 

r esult was ob t ai e from s u o h in pros , por e s 1.e 

dis tributio nd F wa er r ela io i a v r 'ous teJpe a -

o 0 n Fro.. this 



ork per me bil ' was fou d to b nr li r r 1 tionship to non-

capilla ry poroei y ( Rao a d I~ mach r u , 1955) . 

Th va r i a tions i he r a e ° a er ev pora io from he above 

h ea t reatm en t s indicate hat the e apo a io time cur e 8 i -

c r eased with i ncrease in t mpera ure . ,The higher r a e of e apora t'on 

f r om he ted sor s is at ri u ed to e gr ega i o 0 sort par icles , 

inc r ease in non- capillary ores and pre 0 inanc e of co r ser p<lrtic le 

s i ze ( Ramacha r l u , 1956) • 

Dr y a nd w t s i eve a nalyses were carried out fo r unheated soils and 

soils heat ed a t t he bove temperat r e lev ls to de ermine the changes 

in t he wa t er s t a bili ties of soil aggrega tes from the hea trea t ment s 

( Ra o and Ra ma char lu , 1957) . The cur ves fo r heated nd unheated soils 

unde r dry s i eving wore similar whil those f or the wet s i eve analysis 

showed distinct defe r enc es , the curve fo r t he hea t ed soil being hi ghe r 

than t he non- hea t ed so i l . This sug es s hat tempe r atur e pr omote the 

s t ab ility of agg r egates already presen t i n unheate d soi l . ( Rao an 

Ramacharlu , 1957) . ' 

A s t udy on soils he t d at va r ious t empe r a ur e s(lOOo , 200° , 300° , 

4 a 08 0 00 , 600 , 00 an 1000
0 e) showed that h part i cle size distributio 

r ema i ne d unchanged until t he hea t ing mpe r a r e was in 3000 to 4000 e 

r ange (Ni shita and Haug , 1971) . The sand fraction i creased while t re 

sil t and c lay f ractions decreased a ave this tempe r tur e r ang e . 

A s i mila r r esult was obtain d y Shh leme hi n an Sanchez (1978) 

for so i ls hea t ed t di feren t t m er tu r s ( 0 0 , ,200° 400° and 

6000 e) . - The par icle s ize istr'bution W 6 not affec e 

vhe r e as t 400
0 

and 6000 e the san conten ncre se an 

° up to 200 e 

he clay 

conten t decreased sh rply . These cha n e8 ere fo d out ° e more 



r onounced in soils ... i higher i . ti 1 c a co e T e r tiso 

Vii t h 55% cl y change ° an t e Amorphous soil it cl y 

cha n ed to II loamy and and the Ultisol .. i h 2% 1 y c nge to s· n y 

loam wh n heated to 6000e . 

On the bas i s of X- r ay diffractio an lysis , i fe r i al ther mal 

a na lysis and in f ra r ed a so r tio spec r om r· c analysis he a ove in­

vestigator s found an irrever s ible conv ersion of mine r al s t r ucture at 

hi gher t emper a tures (400° to 6000 e) . ea ting soil a 200
0

e oes not 

have a s i gnificant effec t on cl y min r alogy exc ept fo r removal of 

absorb ed fr ee wat er , but hating a 400° and 6000e r esults in r er.:oval 

of s tructura l hydroxyl s which i s follo we d by collapse and di sintegratio 

of c r ys t a lline mi ne r a l s . 

The r e wa s a rise in pH values as th e t emper a tur e rose t o above 

2000 e on soil heating . At lower t em er atur es t he r e were no change i 

pH va lues as demonst r ated by s tudy on th e pr olo ged heat i ng of some 

so i ls a t 500 and 1000e for s ix months ( otini , Lot t i and Balda cci , 

1963) . Fr om the wo r k of Ni shi t a and H u , 1971; t he pH fo r a l l soil 

s tudi ed dropp ed t o a min i mum a t 200°C bu t pr ogr ess ively increased 

a bove t his t emperatur e . The drop i pH t 2000 C has been explai ed 

by t he au t her s t o be mainly due to the formatio o f oxides {Fe & Mg oxides 

Progr essive increase · n pH above 2000 C · s said to be fro m dehydr a tion 

ef f ect and miner alization of nutri ents from or anic an inorganic 

sourc es by increasing he solubili ies 0 ainly ca ion s as ca lcium, 

magnesium and potassium e • (St eenkam , 1978) . 

According to the wo r ks of many inves i ga tor s ecrease in c tion 

exch nge capacity is a consi s ten t tr d i heate so · ls . The wor k of 

Rotini e t al (1963) sho Ie hat he s oil s he t d a t 50°C an 100°C h d 



a r cmarka e ecrease i c tio ex c paci ch . 0 

as ap'd o r high cl y 50ils u g r a or 10 c y 50 ' 15 

a d Haug , 1972) . T ma n c'use f r e i o cxc n· ce 

capucit seems o b } e ccom osi io 0 h s a runs orm tion 0_ 

cla ys as h lossin.organic ma er a d he f usion 0 clays 0 sand 

sized par i c les 0 rue sur ace a r ea osi i ely correla es viti he 

decline of e c ion e xc hange cap c ' in he d so ' l • 

One of t h e most important b e e fi of soil heating is repo ted to 

be an inc r ease in th e a va ilability of som u r i n s 5 ch as phosp 0-

r ou s , lc ium, magnesium, ammonium e c . A s dy on the effect of li h 

a n d ho t bu r ning on nitrogen and h osph r us co nt ents i soils indicate 

a diff e r e nce in t he d egr ee of change a lo'er and highe r emper~tur es 

( Vl ami s , J . and K. O. Gowans , 1961) . An initial high increase in 

phosphorous (10 fold) was obtai e f r om he " ligh " bur ' n g whore as 

nitroge n s ho wed less increas e (4 f o l d ) fro m he same t r ea t ment . Fro 

t he hot burning the n itrogen incr eased by 8 fol while h phosphorous 

sho wed no cha nge nd re ma ine d 10 f ld s in "ligh" ur i n g . This fi d ­

i ng is ex pl a ine d by t he greate~ r elease of phospho r ous a t e l e ated 

emper atures due 0 the decompo it ' on o f the l es s hea r e s i s t a t o r anic 

phosphor ous c ompounds which i s unlike n rogen , Thus th h i gh lineral­

iza tion o f phospho r o us fro m organic sour ces is emonstrated from the ' r 

fi d i n s . 

The i m r ov emen f so i l fe r tili y by he plica ion of hea t wa 

r ' ee (195 ) using o t inv est' gated by other worke rs . mon 

ex perimen t s compar ed he cffec 0 p r e - he i g soil and latter ad itio 

o f o r ganic mat e r wi h t h t of p e-hea ing of soil in 0 hich dunG a 

be n i o r por ed . The rc su l o s h w ha he soil hei..l.ted i 

wh i h dung s ncorpo r a ed had higher ph phD e con ten s the only 

diffe r ence be ween trc t men ~ vas he a ition o f the d 1 the 
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higle r c on t \ S o c i ;i.o 

P 0 6 nt ue hea ting dung . 

From a n ex erim on II i e " r ma Boe ( 1965 ) fo cl 

th t t he a va i1a b e pho sphor ous i n h Boil c e ) was t oo 

low (0 . 5 ppm. ) to r e ult in hi gh yie d . Afte r G i e he c t e r of the 

hea p (the bur nt layer ) had a r e I iv l y v ry hO h c o (75 ppn.) 

which is the miner aliz tion product of bo 50% of he or g i c 

phosphorous of t he heap . 

Sahl emedhin a nd Sanche z (1978 ) compr. r d a va il 1 phosphorous 

content of thre e soils (a Vertisol , an Amorphous soil and a n Ul ti sol) 

at diff er ent tempe r atur e l ev els (100 0
, 200° , 4000 

th r ee soils , the inc r ea se was s i gnifican 
o at a d grea er t han 200 C. 

The a mor phous s oi l wi th the lbwast ini tinl availa le phosp orous and 

high organic ma tt e r showe d t he highest incr a s e o f a ll t he t hr eE nt 

400° C. The Ultisol a t 400°C. The peak in t he phos ho r ous conten t o f 

the amorphous soil with hi h organic matter is explained to be ue t o 

t he tra nsformation of organ i c phosphorous into inorg nic fo r m a t t em-

peratures e ual to or r ea t er t h n 400° C a s exp a in ed y Meh t a (1965) . 

From t he s tudy on t he ch nges i n ph osph r us ava ilabi i y by 

phospho rous fra ct iona tion analysi s , alumini m phos ha t e , iron ospha te , 

c a lcium phos pha t e an d occlu ed iron hospha t e we re r ed ce VI ereas 

oc cluded alu i ium pho s hat e a s no aff ec ed y emper t r e ef eots 

(Lege sse a nd Wher ma nn , 1975 ) • T r; r c ti o in h a ° e f or s mOgh 

be due t o the i ncrea e in so lu y ai l y by h e j us m nt i H 0 

mor e f a vo ur bl e highe r va ues . 

Loss in or a nic rna t e r 0 a n r age from soi l b rni is 
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reporte by ma y es tor The r clOG cor r cen 

the 106s in or ca r bo an a rage ince mo a itro-

gen in the soil i organic form . Ta le I 'llus r a e he l'.1 C5 of 

or g ni c car 0 a dotal i rag n s a y soil bur i g . _ e 10 s 

of t ot al nitro en due 0 bu ning ra e rom a e of abou 5056 

(exc eptionaV t o a hi h value of 93% while ha of or ga ic carbo was 

clos e to 90% . Thus in bo h c ses , one ca say ha clos o 90% of 

both total nitrogen a nd or ga ic c ~rbo are es r oyed . T e ca lcul t ed 

GI N r a tio sho ws a sli gh t increase hi h is indica i ve of the gre3ter 

loss of nitrogen tha n of ca r bon . 

Table 1. Relation i n 106s of t ota ni r ogen and 

or ganic c a r bon f rom s oi l bur ni ng 

I 
- , , , 

Unbur nt Burnt I 

I % GIN % 
GI .. Sour 

---
Tota l nit r ogen O. lQ 14 . 21 0 . 02 15 . 0 Whe r man a d 

Orga nic carbon 2 . 70 0 · 30 Legesse , 1965 

Tot a l nitro gen - - -

Or ganic car bon 2. 85 I 0 · 31 Do ahuc , 1972 

\ 
Tota l nitro en 0 . 2667 1 . 21 . 018 13 . 28 Sci i midt , 

Or ganic ca rbo 2. 9885 0 . 2 7 1975 

I 
Tot a l n i rag en 0 . 74 2 . 5 0 . 37 o. 6 S h1er,Jedhi 1 ane 

Org nic ca r bo n 1. 88 0 . 17 S n f' y , 1978 . 
I 

I 
.. Gal cul a by th e pr esent au ho r . 



Accordi g 0 is ' ttl ( d H~ (1 2) e cco pos on of org . c 

ma ter s a rts a 1000 
he 10 6 r c h r e ect 0 i. 

is observed . The ni r t e Ie cl d crenses bo ve 1000C CC O[ eG 

und t ectable i h 200 - ?500C r a g Ih' ch is laime o b 

r a ture level for he comple e composi io n 0 or a nic t e r . U l'ke 

he ab ove r suIt s , S l em dhin S chez (1978) 0 nd or g ic 

matte r VIa s Imos lim 'na ed a h el empe r a ure of 4000 r . 

Ammonium ni roge however , e 6 0 ac cumul e a e r ex os r e to 

high t empe r tures which probably is d e 0 he slo I down of t'l~ co ve r ­

sion o f ammonium 0 nitrate f er he des r c ion of i rifyin orbani FoS 

(I'~ukir j ee , 1954) . In the case of "Guie 11 whe r e th e decomposi tio (If 

or gani c mat er oc curs at the interior of soil heaps , e ammoni gas 

so r e l eased wo uld e adsorb ed the excha ge si es of t he less heat 

af f ec ted outer l ayers s plant a vailable excha ngeable ammonium ions . 

In t he b rnt layer of the heap he orga nic ma tter sho 1 be destr oye d 

6500 C and t hus t he lowest ammonium ni rogen ( 0 p . p . m) ' s r e orted 

(fuer mann a nd Legesse , 1965) . The hi h a m onium in t he he t ed second 

layer (540 p •• m) impli es he a dso rptio ef f ec as explnined above . 

Fr om an incuba tion experimen t which sh we high ammoni In r eq irer 'en ts 

the sa~e inves i gators r easoned tha he high need for a mnonium could 

not be satisfied by t he miner a iz i~n 0 ni rogen lone and t h s the 

adsorbed ammon i um ni rogen mus t he ve bee use . 

Th utrien s he ld on s truct ral e ges a surf c es in exc < :r,ea le 

for m a r e r elease as a resul of soil h in . The a vai abili t y of 

th se nutrien s might e v n e incr as d a h ecrease in t he 

ex cha geable c ions oe not refl e 1 5 y itself . ro 1 a st 

o he eff ct 0 hea ins bl ck co 0 soils acrc sc i cnlci r. nd 

m gnesium nd a n i r ease in so i o ssi m las r e or t ed 



(SreenivBs and {,ur I 

'rho effect of ra ur 

Durns and wus inves iga 

- ole: -

mo's re 0 XChll • pot 

r er (965) . Their ro sho d t 

an i n c rease i n ~mptrat r c. 

s ium. 'uker jee (1954) , ho vev~ r repor ed 

er le 1 01 

r uction i 

o t 5-

o 1 otn"s ' ur 

and a n i ncrease i n a va i lable potassiUM rom soil he tin • 

Huch of r esear ch on 'Guie " h06 foc scd on the 1a ora ory s t l' of 

t he c hemica l a nd physical han es arisi g rom hc pr c ice Donai.uc 

(1972) compar e bur n t a nd uno rn a llo v n ea r agu r e ( r si) . Coil 

bu r nin g inc rea sed t he pH from 5 . 85 t o 7 . 10 ; available phos horous 

f r om 3 8 . 1 t o 184 . 5p t t s po r rllil l i o 1 ca r bonate f r om G to 20" an 

i t d ecr ea s ed o r ganic c a rbon f rom 2 . 85 0 0 . 31% . , 

Schmidt ( 1975) s t ud i ed the surfa c e 5 c ms 60 i l under "Guie" ;' cap 

a nd un b ur n soil a nd r eport ed th t the pH i c r ease from 6 . 0 to 6.5 ' 

t he or gani c ma tt e r was r educed f r om 5 . 2 0 0 . 43% ' the 0 n1 nitrogen 

decrensed fr om 0 . 266 7 t o 0 . 0186 ' he r e as the vail ble phos~or0us 

i ncreas d f r om 35 t o 347 p . p . J11 . nd a vailable potassium roso frO l.l 

h i gh t o v e r y h i gh . 

The wor k s y Sah le~cdhin and a che z r e f ered ab ov e pr eviously 

s t u d i e d c hemical , physical and mine r alo i cal changes y heating 

dif fo r en t soi16 a va r ious ov en em er a u r 

c ondi tion . 

t o simul, 0 he 11'1 ie tt 

Soil e r ,ili t y s t udies and I e sear c f o r pr oper c pr ctice 

t o r enl a c e "Gui " r limited . T rna or work in ect 1icl. 

inc ludes o t h he f r ility r o lems is ei g "c . led by 

t he Depar men t 0 Soil SCience 0 h i 6 i u e of AS ic 1 ural Researc 
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( The trials have s r e She 0 ' 8) . y c .. o 

s tation i eludes yield r' c ls i h v 5 level of e 

different me hods of land prep ra ion 'k ember d be d , mol 

a d i sc plouGh to obs v e e ffc-c s in f c'lit .CGults 

s o f a r i dica ha positive response i r ai yield rOI t he appli-

c a tion of 60 - 60 kg/ha (N- P
2

0
5

) . Such hig yie d ere made possi Ie 

with the provi s ion of a dequ t r aina e h d e per ploughinS or 

p l anting on c amber ed be ds O~esfin Abebe , 1979) . 

Te sfaye and Dagna tc hew (1973) co n uc t e po expe r ime t and fiel d 

t r i als on " Gui e" soil of Debre Ber han a r ea . 

dica t e d tha t poo r int e r nal dra i age a n defi iency 0 f m&~nly nit~ogen 

a nd phosphorous were t he majo r ro lems of hese soils . Lime a p l 'cQ-

tion sho we d no s i gni fi c an t r espon se . From the fiel d fertili zer tri~ ls 

t he hi ghest yield was produc ed by h 60 - 60 - 0 I - P
2

0
5 

- K
2

0 ,(g/ Ha 

trea t ment follow e d by 40 - 60 - 0 kg/ Ha . \hen he respo ns e of urle 

to individual f ertilizer w s co s idere , he yield fro m phosp oro ' s 

applicatio n was mor e th n nitroge (r::: sfa ye nd Dagna t chew , 197::5) . 

simila r fi eld f e rtil' ze r rial wa c o d c ed 0 comp r e yi eld 

fro m so i l burning and f e rtili ze r ap licati ~ns (Legesse and ~e mann , 

1975) . The r sIt s s h owe t ha 90 - 80 - 60 kg/Ha 0 

applicati on i ncrease d t he y i eld by abou 2 ~ 01 a ove t of the 

"Gui e ll y i eld <3303 q int l/hec a r o r 9 o - 60 kg/Ha of 

Possi bl e va ria i ons amon "G i e " soil n heir inhe ent proper tie 

as well as th e cha nges t h occ ur 

con s idered i wo r ks done on "G , II 
~ . 

e urn i g h ve no so far bee 

h e r e ea e n l oss of nutrie ts , 

and t he i mprove ment of t he ply ic 1 co i 0 0 he soi un er riG ie" 
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pr ctice in differe t loc li i c m n cr ood 0 pr o 'i r 

knowledge of he mech r e lac r R It of 0':1 

burning . 

The Tesul s rom earlier s on nce of '/ uic' 

on soil chemical properties ~ow ha h r re m~ ke differe c~n 

be ween soils of iffere t nre~6 , Tech nges in pP orgn i 

phosphor ous , itr ogen due 0 flGuie" < plica i n from differer t e:'11 r' -

ment s conduc t ed y independen lo rkers is ~llustra .ed i ~able 2 . 

Table 2. Some Chemical AnRlysio of soils 

after "Guie fl 

. 
1 c e 

pH % org&nic C; To al Phospho - Sourc L. 
(H2O) matter h rous ppm 

Legcbri 6 .3 0.02 75 Whernann a cl 

Leges e , 1965 

Sae; ure 7. 1 0.54 18 , 5 Donahue , 1972 

Debre 5 . 8 loVl Tesfoye a" 

i3e r h&n Dagnatc b 1,1)73 

6.3 0. 43 0 .02 7 SC}r.!'dt , 1 "/,-
/1".) 

Sheno 6. 3 0 . 07 570 ah emed' .in n. 

Snnchz , 978 
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Such , a r' a io s i chemic pr oper's ~i h o r' s f rom c os -

si l e s ourc es , Thi s s u Y wus i~e i di 1e 

loc li i s . which ma y b i uce d by i e " r s e bor.:!. o ry 

a nd g r eenhouse experime t s I.ere c rricd u i or r 0 i cst iga "e 

whe ther t her e a r e va ria tions in t h e c of II u ' e " i es di fe r en 

loca lities . Thes a re so me of t e Q cs ions ~h ' c h this study t t eo 6 

to answe r . 

i . The ma j or 'Guic" a r e sinor hern Soh e a 0 s 5i ' la r 

climatic conditions nd cult r al ractic e . r e he r a y 

variations in the "Guie" changes i thes e ocali i es? 

ii . If t he r e are any va ria tions do hey show a ny i f l uenc e on 

crop gr owt h und er t he same gr ee house co di ions? 

iii . Do t hese va riations manifes 

as a r esult of "Guie "? 

hr e o 1 nd de eriorati on 

Le esse and Wh 9r mann (1975) ~ s ima ted ha a au 540 , 000 ec ta r e s 

a r e unde r II Gui e" pr act ic e every 1(.1 ye ars . Fig r 1 sho 'l he d i s tri-

bu t ion of "Gui e" in Ethio i a a nd Figur 2 shows he rna or II Gui 11 e 

i n No r t hern Shoa where t he t hr ee sites or he prese t experime nt were 

iden ti fied . 

A compar a tiv e s t udy on t he effect a "G i e" i n he differen t 

localities wa s carri cd out 0 eva l a t e h c hanges ha t occ i n the 

physical and chemic 1 r o er ie a we 1 a h n i tiona l otentia ls 

o f t h ese soils in gr eEn ho se s u i es . Th y invol e chemic 1 a d 

physical analys is of s il S ' m l es r om hr ee 1 caliti s u {: 

r e en house experimen t o a sses if l oc "Guie " vur i 10 s so · di f -

fer ences i gr owth r e spo se a s \ 1 h r a 1 f r om h l abor t o y 
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Die Ve r b rei tun 9 des" G lJ IE" iRA t·h i 0 P j en 

= Gui e-Gebiete 
N 

f 

S u dan 

400 

KM 
K n i a 

F IGUE 1: D tribution of"Gul i thlopia (f m Le 
nd Wb rmann, 1 75 
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Verbre i tung der Gu i e -S on d o e 1m 
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8 2: Distribution of Gui "in ortb rn (from L 

o c : 10 d de 

o 

• 

u 
o 

j .n 

88 nd Wb r mann, 1 75) 
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and gr een house stu i es are expe l e i h r 0 v r y or ullify he 

hypothesis on he ossibl va riatio s in "Ouie I soi ls f r om di 'fercnt 

a r eas . It is also b lieved tha t mor e integr a cd r esear ch ,'11 be 

init i a t ed either 0 strengthen t he prac ic e " h nec 55 r y modific -

t ion or to abandon it and s eek on a lterna ti e me thod f or l a nd U6e . 



':a ri 

A preli ' n r y survey 

A aba to Debre Si a a d r om h 

fr equency and a u e of h e It uie lt h 

he hi 

o Fi ch T. 

,. from .\ dis 

r 1 ti'o 

6 r c com red t 

thr ee sites were selected 0 e cp esc a iv a 50 r 

for apart for teo jective of t is s y . T e r ce selectee lac 

liti es were : 1) n a r Sendnfa (abou 30 kM nor h as of dfis .b" ) 

2) nea r Debre Ber han (abou 123 kMS no r h east of dd's J a a) , n ne~ r 

Fiche (a bou t 134 kms or h of fddi Abab) . 

Fr om eac h sit e soil from diffe r e n layer s of a "G i e!l . ea L. d 

non- heap so i ls wer s ampled . 11 in all se v e n e r n sample~ ere 

co l l ect e d f r om six "Guie"fields in h hree selected sites . Th o 

sampl e s from a djoining fi elds were mix e wh'ch a v e on e represc tativ 

sample pe r a rea . Thus , a otal of we on samples seven er site 

wer e colle c ted . The e inc lu ed sam les from 

1 . The cover l aye r 

2. The hea ed layer 

3 . The ca r bonised l a yer 

4. The burn la e r 

5. The be low heap 

6. The between heap 

7. The ploughed ( allow ) 

The 60i prep r ation fo th e hysic 

ma de a ccordin t o Jackso (1973) . I i 

empcrature , gri ding by mortar nd p 

sieve ( 10 a 20 me hes p r inch) y a 

sample s we r e s 0 e i pI s ic c ns . A 

1 nd c n alysis {as 

olv ir r oo 

n 5i vin t :.l"l 

1 'Ii c "Or p .... r c 

ee s b- mpl 'Ie (. 
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fin aly r ou <35 mesh) for o ione . 

The a aly ica 6 u y on 1 1 pr rtie s 

done t tel i u o I ricul He e rcl or ory 

Ho l etta a d e gr ce hou c ex r en's con c c h r te 

of Pathobiology of Addis Aba Universi y . 

2 . 1 Gr een louse 1x r i 5 n t 

The pot arran eme n for the g ee ~~~~~ experimen \'S cco di.g 

to t he comple t el y r andomized desi n whic. is most efficient in Gitua io 

of l ittle va ri a ility among the ex erimen al nits associa ed it po~i-

tion i n t he experim a l a r e (Li Ie and Hills , 1978) . The onlJ 

sourc e of va ria ion for t his experi e t \as the soil va ria ion due to 

loca tions and heating t empe~atures 0 he 11 uic" . 

In ea ch pot 700 gm of a ir dry s il was us ed t o gro the teet 

crop , a Sheno loca l ba r ley . The seeds we r e 0 tained r om the la ' l" 

br eedi ng u it of Institut e of Agr icul ural H search s a ion a 

Hol st ta . 

The tr e ments per s ite were e i and e ex erimen 1Ias one in 

t hr ee replicates . The e ght t r e me s p r si e i clu e ) cov e <>o i 

2) heat d soil 3 ) carbonised soil 4) b r 

6) be t ween hea soil 

of the above seve . 

Fif t ee ba r ey 

of gr o h p r ame 

7) ploughed so i l a n 

5 were In 

w re i,le su a 

soi l 5) d heap 60il 

8) a 1 :1 mi x ur by m:i 'ht 

he sa.e nd lum er 

i crv Is uurin - t e 

ex erimen . Th cd emerg ncy p r c t , em h i g , tillcri . 

hea ing (time dumber) , d 'I ' h t ( r sh n d y) . 



The el1'ic r e cy co t .. o r f o I' 

s ix , and fo r ee ys r pI r. in rt 

emergenc e . The erc n c y c Ie 0 of ho ift 

se ed s ori ,. inally pl n ed fo ... L 'ke. h ti I r (1 

heading perce was comp'tred fa' r e s y 

the percenta c fro m t he total Inn or 0 , 

The s em hei ght eLsur~m n WDS 0 e 0 r r do ly ~ 1 c ted 

pl ants at nin e differ en i te rval u o he ceasa io of oi "her ir.-

crease j i . e . 20 , 24, 30 , 58 , 63 , 72 7 , 81 a 92 days a ·r pI Jl ti. I ' 

The plnnt s we r e har v s ed a t hr ee di fe en s ages of gro ~t • 

Th e fir st gr oup of randomly selec t ed l:lnt s a illerin Gta OJ 

th e next gr oup of r andomly selected hree pI nts t he di g t 'tgu a nd 

t he r ema ining plants at the end of t he xp rimen vhen hey rnrc dry . 

The i r fresh weight was r e ord d and af er oven ryin a o 105 C for 2 

ho urs t he dry weigh was measur ed . 

The visual weed s cor e was er mi e 5 ays aft r Thi 

was follo we d by continuo us weedi nG un i h fin"l h arvest in or' cr a 

a voi d t he side effects of competition which migh bios the rowt lo 

bar l c i n po s wi h high weed po pula ion . 

2 . 2 Joil , nd Pl an n lyei 

So i l analysis : The soil physic 1 nnd chcmicnl analysis ere I d 

in dupl icates along wi has andar snm Ie r n III ' 8 to c oc { 

t he qua l i y of he de er i nt i ons . 

The dry and mois soil colour 5 crmin "oI l 130'1 

colour cha r . Th e p ropri 0 h 0 , v 1 0 nn chrorn 
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Particle s ~ e distribu io c h }y r o r 

r.le t hod (Bouyo cus , 1927) for il clay g c 

agent (FAO aoils Bulh tin 10 , 1970) . o g.G oil d 0',' r 

ni[jh t .'li t h 50 ml of 10 ib cal-or. 0 u ·io. ( ix .. re of 8 0 0·35 . 
s odium hexame t a hosphate an 20 gms of 0 . 15 . so ium c rbo 0) 0 

enhanc e disper si n . ; bou 500 r 1 is il 0 v or JUs a d e to t e 

s oaked soil and was s i1 rred a t high f r 5 ni u os 'i h a e } r\ -

nica l stirrer . The disper se olutio YI r nnsfe re 0 
., 100 1':11 

gr a dua t ed cylinder and be volume n e 0 a li or wi h istillcd · a t e r . 

! ft er a t horou h mixing wi t h a lunger h de si y of Ie s oil SJS-

pension was r oad a t 40 seconds ( et lin im0 or sa ) nnd t 6 

hours ( settling time for silt) criv d ron S oke I L'lv/ . ': hc corr cc t io. 

ft 6r t he room t e er a ure was ad ed or s cted from he ar ticul~ r 

r eadi ngs a nd t he pe rc ent sand , sil an cl y ". s CC1.1cul" or fr01J ei ht 

t aken . 

The t ot al loss fr om i gnition was c er mi 0 by t r e'l i ng 20 g of 

so il a t 100 , 300 , 500 0
, and Boooe for hour s i a I':1U 10 um c • 

Th e soils a ft er the trea t m ~t were imme ia ely plpced in o8 Gic ~ to 

and \le r e wei~hed a f er cooling . Fro m h di f renee i oig ~ t 

(initia l we i gh t - final weiGh) e p rc v: 

Soil pH ms dete r mined on dir c rea in ) pH me ur usin 

e l ectrode wi h a sa ura t ed potas ium chlor' do col , mel r furenco ol ec -

rode (FAO Soils Bull e in 10 , 1070) . en y iv gr: 0 -oil ad ·}a.ken 

in a 1 : 1 ra i o of wate r an I so 25 g 0 

ratio of I N po assiu c~lori C 01 

s ium c hlorido 's read s deS a ove .. 

il". 1 : 

So'l Ii in ". er ot ~ -
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Soil or ganic car on ,. 

( a c (son , 1973) . To 0 e g 60i 0 1 ° 
sium dichromate a d 20 1 0 concentra .. e 

supply hea of d ' lu ion . I e susp io Ii'S 

minut e , cool ed and 1 e about 20 m is 

was t hen f i l te r ed and ferroin i dic 0 

which was t i r a ed against 0 . 5 : f rr . 

excess di chr omat e . The soil organic ma t r 

ing t he pe r cent or gan ' c car bon wi h Ie fa 

t e r - 1 . 74 x % or ganic ca r on . 

k Y ck p oc 

xi nt 

° 

150°c ° ° 

r It 

o i r.e 

calcul d by I t· p :;-

r 1. 74 i. e . "or r.i 'oc -

Tota l nitrogen in soil was deterine y he !acro Kj 1 

c edur e f or bo t h di ges t ion and dis till~ io (ackso I 1973) . hbout ~ 

s poonful of t he cop er sulpha te - sel i m catalyst mix ura war ad ded 

t o 1 gm soi l t o whi ch 6 toll is ille wa c r a 8 ml co ce r ted s 1-

f ur i c ac i d we r e added . This was di as e for 30 in tos i 20 , 1005 

Tecta t o r hea t ing unit and distilled y addin 25 r:ll 0 40% sodiu ..• dro -

i de i n to 25 ml 2% Bori c a cid mixe ferroin ind'ca or . Th e istilla t e 

was t i tra t ed agains t 0 . 01 sulf ric aci o 

vo l ume of t he bl ank t itr tion was su r ac ed from 

en poi t . T:1(; 

e soil titra tiOl 

vo l ume and the pe r cent tota l itrogon was c lc la ed . 

Ava i l abl e phos herous wa s de e r ,in y h 015e roce urc; I • 0 

chlor os t a nneous r educed molyb o- phos h r ic bl 

s ul fu ric c i d sys t em (J ck on , 1973) . I 

co our mc hor! i 

of' din- ,. oon-

ful of pho s pha e- fr ee activa cd charco 1 o 2 m soil nd xtr ctin ' 

the ava ila Ie ph sphorous wi h 40 m 0 0 .5 so m r 0 ~t 

pH 8. 5. Aft er shaking i h ech ic 1 sh k r fo 0 t e 

soil suspensi o VI s Il tcr throu h n 08 hor o c r . 

From he filt r ate Ii ot (u"uo.lly 10 1) ipc i1 't d to 



50 ml with wa t er '"in 2 . 5 r..l 0 1. ul ric 

pH of the sol tion ~ ich r~d ceo i t r 

c 

o. ., 

0 cr 

or 10 

1 To th i s soluti on 5 loa 

chlori de (reducing gent) ~as ad d ly ixt.. . ·t 10- 20 

minut es t he a bsorbance w s read gai s a r e 

a s ph ectropho t ome t er Seri es 2 , Unic rr SP 600 . 

bl 720 c 0·. 

The conc t r t~o I 6 

r ead from a s t andar d curve , ~ •• a rap of 

r a tion . 

orb nce vers o conce.t -

Cation exchang e cap city was ete r mi c by the m onium satur~tior. 

pr oc edur e (F . A. O. Soils Bulletin , 1970) . It co sis t ed of soaking 5 gr 

s oil i n 50 ml of I N am onium ceta e solu ion pH7 . The soil sus cnsio 

was f i lt er ed a nd the r esedue was wahed 5 imes by 30 ml of the snme 

solution to ensure maxi um r cplacemen of the exchan eable cations y 

ammonium. The filtra t e was r ese rv d for exchangeable cation deter ina­

tion . Th e so il was then washed with 30 ml ethanol 4 - 6 tines t o r emove 

exc es s ammoni um . The soil was soaked over night ath 50 ml of l~~ 

po t ass ium chl oride , pH 2 . 5 and then if im s with 30 ml of th~ same 

so luti on to displac e am oniu. from he xch n e si t e by potassium . 

From the l eacha t 10 ml aliquot was is ille by d · ng 5 nl cf 40% 

sodium hydr oxide and ammonia was tra 

dicator . The dis tila t e was t itrat e 

f ate soluti on . 

with 2% Boric n id ui xed in-

gnins 0 . 1 mmon m fcroun s 1-

Exchangeabl e c tions were det rmin d y th mmo i m acet e ex-

traction pr ocedur ( F 0 80i ls B 11e in 10 1970) . Th e 

5 spi r eserved from the ca t ion exchange city termin tio 

into an a tomic absor p ion spectro ho am er S ri es 2 Unic m Sp 00 

and the i nt e s ity of t he a sorp io s r e a 589 nrn for "odi I 

cd 

766 . 5 nm fo r potassiurl .. 1~22 . 7 nrn for c 1c · u,~ an 285 . 2 II: for ."g. (3 i r: . 
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involv e treating 10 gr . 

an measuri g he vo m 0 cnr 

r oaction be ween he soil carbo 

Bulletin , 1970) . 

Plan t a a lysis or nit r o e a 

same p r oc e dures as soils . I'i roge 

0 . 14 gm of ov e n dry I an sn pIc a 

s 

disti lling and ti r a ting rocedur e d 

det e r mi na t ion . Phosph ro us e a r 

y 

15 

Lh 

c c i r 

r oc' lor 

d. i ' 0 '/ b. 

cil ~ .J . 0 . a 1 

o ph ro s e ra l ' fo l I o 

1 5i i vol v 

em 10yi 

or he soi 

. ic 

g of 

io o .... ~v er i 01 d le t ohi.. 

for on e h ou r in magnesium itra e 0 reven hu loss of pho p h o 0 5 

h' ashe sarpl e ~- s d urin g t he ashing a 5000 C. T e 0 . 5 o 

a n a lys ed for phosphorous by m lu a hod . 
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3 . 1 Changes i n Phys ica l Pror~rtj 6 

The r esult s of t he ar i cles siz s r' utior of 

di ff e r ent heat tr ea men on 60 ' l s f r o t h t r e it G sho u 

i nfluenc e i n t he pr oport i o s of san 1 silt and cl 'ly . or Send a t he 

pe rc ent sa nd i creased from 15 in th e co ver 0 87 in th burnt l'yar 

wher eas the s ilt and c l ay pe r cent s dcc r~a5 ' from 50 in the cove to 

11 i n th e burnt a nd f r om 35 in th cov r t o 2 i n t he b r nt es ective 

For Debr e Ber han the p rc en sand increas d. r om 20 i the cov to 

85 in t he bur nt whil e t he perc ent s ilt nd clay dec r (; sed from 47 it. 

t he cov er t o 13 i n bur nt a nd from 33 in co r t o 2 i r n t rc'" ec -

t i ve l y . For Fiche the perc ent sand inc r eased from 15 i n co er to 77 

i n bur n t whe r ea s th e perc en s i lt an cl y ccr ased fr om 50 i n cov r 

t o 20 i n t he burnt and fro m 35 i n cov r to 3 i burn r espec t i vely . 

Thus a s i mi l a r t end ency of i nc r ea s e i sa nd and dec ease in s i lt a,d 

c l ay f rom t he out er t owa r ds the inne r he p l ay er s i s 0 se rved fo r ~l 

t hr ee s i tes . 

The i nc r ease in t he sand sized pa r ic les i t he i teri or layer~ 

i s du e t o th e hi gh t emper a ture e f f ec a d he r e l ati vely 10 'e r sand 

pe rc en t f or Fiche as compa r e t o De r rhan a nd Sen fa might e n 

i ndica tion of slig t t empera t ur dif fe r n e . 

The r esul fr om t h i gnit i on ex r i m 0 h bela I he lp nd 

plo ughed soils indica e hi ghe r lo s i i h or Fich soi l s ns 01. -

pa r ed t o De r e Ber h n an Send Fo r Fich Boooc level t e er-

cent lo ss in wei ght of t he plough so i l is 2 nd the t; rc t 10 '" ir 

we i ght of t he el w he i s 20 . Fo D r B t 8000e 1 v 1 

r 

y . 
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FIGURE: 3: Particle s ize d is trlbu Ion of F i che 
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FIGURE 6: P rcent 10 et ht thr u I HI t r afa 
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perc en t loss i n weight of t he 10 I h 

cent loss in we i ght at Boooe for t h 

be l ow heap soil. 

The dif fe r ence i n t he per cent 

t he p1!Q ughed s oil was at its maximum a 

s 

p e 16 . 

ou 

o S 

21. n 

i wei h e 

300
0 e 1 v c: l for 

20 o t 

11 hree 

This mi gh t be fro m t he decomposi ion r eactions 0 org i m ttcr n 

dehydr a t ion occuring a t t his t emper a r e evel . Th quencc for t IC 

diffe r ences in we i ght loss of the e low hea 

the 800
0 c l eve l i s Fi che > Debr e Berh n ~ 

a d plou he oils (: ':cc 

da fa . The ur - tion of 

the "Guie H and t he organic a tte r cont en of he so'ls i g t va con-

tribut ed to these differenc es . Fi gures 6, 7 and 8 illus r a e t l.e e ­

c en t lo s s in we i ght of t he plou h d an belov heap soils of t e three 

s ites , Fo r Fitche t he curves of t e pe rc en 10s6 of elo,/ heap 

a nd ploughe d soils ar e dis tinc tly f a r pa r as compared to Send.tfa a 

Debr e Berhan. 

3.2 Ch~ng ~s in Chemi ca l Prop erti es 

The p erc ent or ga nic c rbon a d pe rc en ota l nitro en 1 0 folIo 

t he same tr end as both a r e highly r ed ce in h s of t 1C 

t hre e s it es . In t hi s l ayer a hi h ca rbo n 0 nitrogen ra io i 0 scrv ed 

whi ch i mp l ies t ha t t he nitro en a r,r e ly r educe . I t c 

carbonised l a ye rs of t he thre s i es he c 

r e l a tively l ow wh i ch s i milarly in ic e 

h i ghe r l ev el t han t he cover . 

a mmo nium nitrogen which e c pe s 

adsorped in t he carbonised l ay 

D 

r o 

i 

h 

h tion 0 

1 cor 

i 



Table 4 . ' Total Nitrogen, Organic Carbon a nd. b.v a .i lable Phosphorous as affec te d by " Guie i 

L-

;.. ' C OI r 

C ' aroo ise 

o 
°r1 s:: 
C 0 
tIl P 
bO H 
H til 
00 

\ 2.95 

3 . 4 

2 . 62 

0 .69 

3. 3 

.:> . 09 

.06 

~~ 
SEN DAFA I DEB1~E 

I "; ~ 2 J---o-,.'<.II -; 
~ ~" I ~ ~ S -8 § ~ ~ 
2 2 ' C IN- I ~ P., aj p i +> 0 

1\ 0 · 3;) ~ 2~ - -~.o~ 0 . 50 

0 . 38! 10 .11 34 .37 o. 4 

I 0 . 3b 10 .3b 18L 2.09 0 . 32 

0 .0 1 . 50 0 . 01 

0 ·35 ~ . 66 25 0 .19 

0 -53 o. 

v . 1 2 . 97 0 . 29 

BEHHAN FICH.t.: 

OJ, I 1 I ur--
Q) g I _~ ~~ : ,I I Q) g 
~ ~ 91 ~ 2 ! ~ [;b I ~ 8 ~ P., P." bO H I+> 0 /' CIN M i. 
.~ ~ ~I -3 j ! ~ ~rlH I .~ S ~ 
~ ~ , :, ~ 

'----1-0-.-3-0-+---"--'-2"':"';:;--+-5-. o-~l-o-. -42--+--1-·-" r - " 2-

GI N 

~ . 93 . 03 0 . 4y 0 . 2) j 67 

I 

I 
6 . 95 2 . 7 O. 0 

1 . 0 b2 0 · 39 0.0,3 3 . 0 1 I 
I 

12·5.:> 2 . 2 o. 7 7 . 2 

2 21 , . 2.:> o. 

10 . 2 37 1..1 . 2 

I\) 

I 
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Th e r e sul ts fo r t e a vn i l - Ie ho ho ou 

mar kable increa se i n t e ur t a 

a n i nit i a l a va ila ble phosphorou 

(parts .pe r mi l l ion ) as co~par e d to 

24 to 188 ppm and Debr e Ber han oils ' h'ch 

ppm. In t he carbonised layer ' da a has 

80i 8 ,h c h 

o 25 to 2 

e h' h~ ) t 

by Deb re Be rhan (69 ' ppm) and Fiche (53 m) . 

The changes i n t he ble ea io (a K, Co. a 5 a 

r esult of IlGui e" i s not eonsis te for he hre ' re s . For oils 

fro m Senda f a sodium seems t o e unaf f ee wherens po n s i um c 1 i 

a nd magnes i um have i ncreased t r ough b r ni This i c i d t fro 

t he steady i ncfease i n t he r el a tive e re e 0 he s um o f cxc h Ie 

ca t i ons fr om t he outer to wards he cent r of he he p . The c a e in 

t he exchangeab l e ca tions for soils from De r e B" rh n is cl e;> r lJ 00 n 

t hat Na and K show a marked increa s e wh r e as C a mg s h I n I a r keu 

t e l' :/ c decrea se ~ mg and Ca sho~d a n ini i al inere in 

t hen decli ni ng i n t he ca r boni sed an yers . • 107 r rc t i "e 

percent of 63 f or t he sum of excha g ble tio in t :'cr 

of t he s ame si t e i ndic a t es the dec r ase in h di val 

ca t ions whi ch out we i gh the inereas 0 

and K) . For Fi che a ec r as in Nc , Ca 

c mo 0' I t; 

mg is ob 

c i o c (. r 

il0 I 

sho 1}JS an i nc r ease fr om t h "Gui " 

of Fiche soil show d t he l owes 

f ee (T 1 5) . TI t y r 

It is also obse r ved t ho th ~ b 10 

Fich e (leI % of cover 86) a r e lo w 

f or ' ur t l a e r in b t h s i .. The 1 lic 

a ff ected from t he /I ui e " on op 0 

xch n ble c 

lay r sp c 1 1 . for 

he o 

'on b . h cy '0 

i 



Table 5 . .ixc hang e a ble Cat i ons i n me q/100 g soil as a ffec ted by lI ' uie" 

,-- ------,--

\ 

SLI DAFA D£Bihl 

Ca 4 s um " el .% 
Na I La S um .a 

O~O ~92: 18 . 6 - Cov e r 13 . 65 2 . 3L~ 11 7 .06 100 100 0 . 1 . e 
I 

18 . 5 3 . 0 22 . 2 1 0 . 1 1 2 . 0 1~ 1 0 . 1 0 . 921 
I I 

2 . 1 5 3 . 7 27 . 67 162 0 .11 2 · 3 18 . 00 2 .15 95 o. 1 
~ (' 

0 . 05 3 . 2 20 · 55 2 . 95 
1
26

.
67 0 . 27 9 . 0 l. 63 0 . 0. 

. 06 16 . 20 I 2 . 91 20 . 17 1 11) . 20 3 · 30 O. . . 
o. . 80 3 . 2 07 12 ) . 0 3 . 85 6 1'), 1 

~. - . 0 o . 3 · 7 1)5 1 . 20 5 · 57 03 o. 
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The ca tion excha ge cn aci y 0 h co r 

al l t he t hr ee s i t es . incre se i c 

cover is foun d in t he h~' t ed layer w ich m 

increase of cla y s i ze d par ticles i h's 1 'J 1. 

lowest C. E. C. va lues f or a ll thr ee si es ,'5 foun 0 b 

l aye r . A hi gh dro in t he cation excha or 

Debr e Ber han fro m 37 . 5 to 13 meq/ IOO em .oi1 ( 

hundred gr am) wh er e t he drops for Fiche w s 36 0 8 

a nd f o r Sendafa fro m 38 t o 21 me / 100 g~ 50'1 Th B comp r tiv c 5 

i n t he cation exchange capaci ty a r e mor i11us r at r om h r 1 ti 

pe rc ent va lues . 

Table 6 . Cation exc ha ge, r.!lPfl(' ,y j meq/lOOg oil fie af b "Guie 

I -- - ........... -

L--
Senda f a Debre Be rh n F' c' e - _ .- 40<" ... _ .. ---

meq/l00g el . % me m\;;q/1 0 ,01 . 
- ......... - --

I A- Cov er 37 . 5 100 . 0 37 . 5 100 . 0 36 . C:5 100 . 0 

B- hea t ed 46 . 5 120 . 4 7 · 5 127 . 0 2 · 5 117 . 0 

C- Carboni s e d 26 . 0 70 . 0 17·5 . 6 2 · 5 { . 0 

D- Burnt 21 . 25 57 . 0 12 · 5 30 . 6 17 . 5 . l 

E- Below Heap 33 . 5 89 . 4 5 · 0 9 . f . 75 107 . 0 

F- Be tween Heap 32 . 5 86 . 6 37· 5 100 . 0 3. (r- . 0 

G- Pl oughed 37 . 5 00 . 0 0 . 0 0 . 0 5 . 9"' . 

--- -

The ch nges in pH, conduc i v 1 

i ncr eas e wi t h inc r ea sin tem r o. e for 

s i t e s t Consi dering the ch ge i pH he 50'1 r o i h t 



Table 7. pH, £ l ect r ic a l c ond uct i v ity a n d t o t a l car bo nat e s as a ff ect e d by " Guie " 

SENDAFA DEBlhl BERHAN FIG L 

pH Co nd u c t Ca r b onate s pH Co nd u c t Car b onates pH Condu ct v a r bonates 
H2C Kc l mmho s /c m % H Q 

2 
Kcl ~mhos/;,. m % 2 0 1, c l mm h os/ c m ' I 

iO 

- Cov e r 5 . 58 4 . 43 0 · 30 ~. 0 4 ./~ .,80 4 . 6J 0 ~ 30 0 . 06 4 . 90 4 . 00 0 . 37 0 . 0 
.. 

B- Hea e ll 5 . 93 . 74 0 . 4 0 . 06 5 . 85 4 . 8 0 .62 0 . 09 5" 98 , . 77 . 2 . (16 

C- r e 6 . 25 5 . ?0 0 . 93 0 .13 6 . 35 5 . 33 0 . 76 0 . 07 5 . 8 . 0 0 . 83 o. 0 

6 . 5 5 · )0 0 · 7 0 .19 6 . 0 . 95 o. 7 0 . 27 6 . 0 5 . 0 0 .5.1- o. 

6 .0 . 9 o. 0 .06 5 . b5 . 5 0 . 59 0 . 07 6 . 8 5 . 05 0 . 6_ o . 

5 .03 · 55 0 . 38 0 . 0 5 · 90 . 65 0 ·37 o . 5 · I · 55 o. 

0 . 60 0 ·57 0 .07 . 05 · 9 o. 9 0 . 05 . 9 o. , 
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lowes t initia l pH have tta ·ne ou 

l ayer as the othe r two sit 6. 

Sendafu is 6. 45 a6 compared 0 Debr e 

electrica l conductivity unlike e phs 

ca rbonised layer for all the t hr ee 61 cs . 

r 0 

.05 

o.ch 

or der of t he elec t rica l conductiv · of he r 0 6 d 

Senda fa (0 . 93 mmhos/cm) Fiche (0 .83 m os/cm) 

(0 .76 mmhos/ em) • The tota l ca r bon es aN 1 0 1 

s ligh t i ncreas e with t empera ture t heir highes 

la~ers . The perc ent · ca rbona t in t h 

BerhOn (0 . 27. %) ~B compatea t o S 

3. 3 Pl an t Analysis 

b r 1 

a (0 .191) 0. 

s 

r 

Pl an t a na lysis for t he pe rc en t hos horous - on c 

highest l ev e l is for pl ant s gr own i he b r s o ·ls 

o 

rh 

b r. t 

t i 6 f r 

e ( . 13 ) . 

sho'fl t t tt c 

r all t 

s ites . The burnt l ayer of Deb r e B rhan ha l a n 'Ii h hi h t ho -

phorous cont e nt (1 . 1 %) compa r ed to a.fa (0 . 7 ichc (C . 77 

10 

0 . 15 r, re 

On t he other hand plants gro lm in bel o~ he 

phospho r ous content t han all t he ot her r a m ts 

Ber han 0 . 13 %, and Fiche 0 . 15 %) . The ho s pho 0 of t pI n s 

in t he mixed l aye r wa s lower t ha he ptosphorou co ~ n 0 

soils exc ept t he below hea soils . TIe e c n ni t 0 n con 

c 

11 ot c 

t f 0 

or 1 the r esults of plant a nalysis shows 

af f ect ed to more affect ed interior por io 

mos t hea t a ff ected burnt l ayer ho ever, h 

of h h (iO' 1. :.1. 1 

of all , whil e the peak in t 

in the ca rbonis ed layer . The 

er cen 

l a yer is 2 . 3 perc en t; 2 . 25 pe r cen t a 

i 

2. 0 

c r t iro n 

io 

c 

f or 

d 
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Fiche and Senda f a r es ect i v 1 - y . 

Table 8. Perc ent phosp .orou5 an perc co or 
plant s gr own i n gr een 0 Ac 

- - - -- ---
Sendufu B r h i c 

% p % r % % 

A- Cover 0.]8 1. 35 0 . 7 . 10 0 .55 . ,) 

B- Hea t ed 0. 44 1. 75 0 ·57 l. 0 0 · 5 l. lO 

C- Carboni s ed 0. 45 2. 00 0. 37 2 . 0 0 . 55 2 . 25 

D- Burnt 0; 97 1. 00 1. 10 1.10 0 . 77 1. 05 

E- Below Heap 0. 15 1. 45 0.13 2 . 05 0 . 15 

F- Be t wee n He p 0064 L45 0.09 1. 05 0. 002 .r5 
G- Ploughed 0. 27 1. 40 0. 17 1. 50 o. 7 1 . '+0 

H- Hi xe d 0 . 003 1.15 0· 37 1. 50 0. 26 l. 

_ ... __ ... -

3.4 Pl a nt Gr owth Measurement s 

Pl a nt he i ght measur ement data showe nr t io. o '"on 

the t hr ee s it es . The can heigh a t 92 day er 1 .5 c ." 

f or Senda f a , 55 . 7 ems for Fieh nd 5 .5 ma or D br rh 

t i on a mong t he trea t men t s owever , i mnrked nr 

tr end for a ll sit es . The maximu. or all 51 S 

pl a n t s gro wn in t he mixed so "ls . Th In h h f n 

ea r boni sed soils foll ow t he pI o 

t a r ded gr owt h is obser ved i n t h 1'1 

gro wt _ pe riod . 
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A relatively lower eme r genc 

compa r e d to the other s it es . Th 

e rc 

rn 

of plan ts per po t than ot he r trea t m n s . 

to be t he ha rd compact surface l a y r wh' ch y obe 

burnt pots as t he germination t es t be or th 

100 percent Ge r mination for t h seeds . 

O r' 

r 

The f a ct t hat pl ant G gr own i n he bur l aye r h t i ro-

gen content wherea s plants of t he carboni sed l a y r h~d h ' e t 

clearly results from the very r educed amoun of or , ni c t r i t . ' 

forme r whe rea ~ in the carboni s ed soi ls tho or anic ~ r is 0 1 

pa r tia.lly destructed and wa s a vailable fo r mic ro bial m t abo l i6m . 

The microorgani sms utilize t he organic mat er an r l e . c 0 6 i -

tion wa ste, which becomes available t o pla ts . hus ts r o 

i n t he carbonised sampl es had t he hi gnes i r og co 

The s uspected differences i n gr ow h 0 l a n s e u n soil t ~ cn 

from di f ferent localities wa s not suppor cd by he r ul 6 of t . gr 

hous e experiment . T1 e expected di ff er en c s ml ht h V ~ ot I,; x prc -

s ed due to t he contro l l ed con i ti ns of' 6r 00 '" e t i i o ,.. 

wer e not the same f or all the bre t en t i 

suI t s from ot her observa tions duri g he 

c cxp r ml.' '1 T or -

no appreciab l e diff er ence among the si as 

head i ng per cent and vi s ua l we d sco r e . T c 

f or a ll pl an t s grown in t he bur nt soils 

fro m t he f a ilure of young ba r ley dli 

d hi 

s i 

hardene d s urfa ce whi ch was a se rv ed mni y 

similar difficulty of ba r ley s ee ling 

over worked and heavy sho er follo\ s r m 

u e x 

ou 

y 

or ee t 

t (lllO . d 

re c t 

only bo 

hroll t 

t; 0'1 

Cl h r 
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ha rd ene d crust form ed by t he loose su r ace 0 1 ( 

(1967) . 

The percent heading i n t he hon t ed enr bon ' 

ly lo w tha n the othe r tr ea t ments fo r all hr 5i 

perc ent he ding va l ue is strikingly lo '/o r (2 . 4 ). t or 

Senda f a (97. 6) and Debre Ber han 79 . 1 on th o ine y 

pl anting . The percent hea ding of hea cd a 

proba bly due to t he r el atively high pl 

Fr om t he ob s erva tion on we ed populn 

trea t ments we r e c ompl et el y fre e of weeds w e 

a nd be twe en hea p tr ea t ments we r e f ull of we 

hea t ed with a bout equa l weed popula tio ha 

t hr ee whi ch indicat es a slight effce fr om 

ur 

c as I e 

6 . T 

owt: r c 

h per 

to .' 

i 1 

(2 . 3 ) . 

c..i 

clo I I c P (: 

s h n bo' 

ture. . 
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Discussions and Co cl sio s 

4.1 General Discussions 

The effect of "Guie" i n changi n he 

most layers results from t he high t emp r 

o h o n r -

hic c s s 

integration of clay particles. Simil r obs rva ions h b 

for soils heated to high temperatures as well B r om lyei 0 

Guie so ils. (Nishita and Haug, 1972; eGesse a nd nn 975 ' 

Sehlemedhin and Sanchez , 1978; Hesfin A ebe , 1979) . 

change of fine soil particles into sand- s i ze pa r i clcs 1 t i s 

l a r ges t heap layer promotes dra inage t hereby e r and 

air movement in the soil . The workability of h 50i he 0 ility 

of nutrients and the growth of roots are improv e ong 0 her 0 -

perties which create favourable conditions to en ble rna i m m utili­

zation of the mineralized nutrient throu h burni 

An initial slight increase in clay con te nt f or all hrc s1 

in the heated l ayer is probably due to the ehydra ion of r e \t cr 

which binds soil particles . Thus the propor i on of f i ne r pa r ic les 

increase from heating at lower temperatures a d t he 

higher temperatures . 

a t 

The study on percent loss in weight a t various t ern r a t e 

mi ght be indicative of a similar proportion of oss i f "el d 

during burning. For all sites the high lo s in we"g ob ervc 

3000 when compared to the lOOoC is from the ar 181 d com os1 

of organic matter and dehydration of 300
0 Ihi le on y r 1 i v 

dehydr a tion occurs at 100°C. The weight 108s or Fiche 

is markedly higher than in th e two other s i es . This 'ht 

ions 

a 

ion 

l y li 

d 60il 

r 1 

explained by the relatively higher orga ic m e o i t h f orn r 

The colour change for all s ites 0110 

the or i ginal gray colour in t he ou er ly r e 

innermost layer. The reddish bro wn colour hie 

ish 

10 S 

f r o 

th 
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Th e colour cha nge for all s i t s follo. 

the ori ginal gray colour in the 0 er 1 ye 

i nne r most layer. The r eddish br oy 

burnt l aye r is said to be iron oxid 8 ma i 

zed c onditions . It i s also possible 

y 

l a r reddish colour mi ght have contrib ed 0 h . colo r 0 

r 

1-

r . 

The pH change due to soil burning is primarly f 0 he ox1d. on r c on ~ 

and t he ~elease of ions fro m t he or ganic a ter compl ex nd th oil . 

The pH in. rea se fro m burning influenc s the a va i la i l ' y 0 nu r nt 

mainly of phosphorous , which i s low in "G i e" soil 

The decrease in the exchangeable ca ions from xpo r t o I igh r 

t emperature is dir ec tly r el a t ed to the propor ion of 0 an'c ~ t er 

a nd th e clay content . The heated layer wi h h' h&r cl y cont n h s 

a n increased cation exchange capacity and he b r ot n h 10 st clay 

has the l east cation exchange capacity . Th e c ons mi e al's e f o . 

the breakdown of clay structures mi ght be co ve r 0 o va i l abl for s . 

At higher temperatures calcium and magnesi m w r 

sium which might have be en part of th e clay 

ec r ease but po as -

ure . Th h B-

truc tion of organic matter and br eakdown of cl y st r uc r 

both ca tion exchange capacity and exchangea 1 0 a i o s . 

ec r se 

Wh en we look at the r esults of tot 1 ni 

both ha ve been greatly r educ ed. This is evi 

i s what burns during "Gui e" l ading 0 he 

pa rticles . The calculated loss of ota l ni 

previously cited is ovei'ivhe l mi n a i s 

the pra ctice . The carbon to nitro en r n i o 

r en t l ayers r efl ects the l osses mainly of 

t empe r a ture effects. 

r o or i c c rbo 

s o r 

gr 

ic 0 

n o 

m r r 
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The most i mportant benefit from i 

am oun t o f a va i l ab l e pJ osphorous . T is i nc r 

o i n e r a l i za t i on of or g nic and i or unoc ho 

ri se i n pH whi ch r educes f ixa tion of 

i nc r eas i ng the s olubility and also 0 cre ~ s 

c ho 

g 08 t oro 

l i t y . Th e d e c r ea s e i n clay f r actio migh also 

f ixa tion depending on t he type of c ay mi >r al . T 

mi n era liza t i on i s t he pr edominan t i f lue c 

t he h i gh yi e l d a f t er "G ui e " a long with h 

physi ca l c ondi t i ons . 

hi ch is r 

r.l r o ·m t 0 

The nitrogen a nd phosphor ous co t ts fro m h p 

showe d hi gh pho s pho r ous cont en ts in pas grow i h 

h1 fo 

a nd h i gh nitrogen in plants grown i n carbo sum les . T I l pho.... 0 -

r ous cont en t f or the pl ants va r i es concur r ent y vi h 

pe rcentage i n th e s oil anal ys i s . 

hos oro 6 



4 . 2 Co nclusions 

The r esult s i ndica t e t hat , dependi 

ma rkedly af f ect ed t he physical and chemic 

was r e fl ect ed in bett er gr owt h of t h s t 

or. 

n 

the gr eenhouse experiment . The i n er os t lay r h b 

exp er i enced a dr astic change in it s pro r i s n t 

th i s l a ye r i s t he mos t s i gnificantly af fe c 

oi i 

The i nc r ease in ava ilable phosphorous see s 0 cone m i ly ro 

organic so urc es , and suffi ci ent amoun s mi tta ined 10 I 

temper a tures than t he t emp er a tur e l ev els in he bur t 1 Y r (650° ) . 

The nitrogen mi ner a l i sation again i s at it s e k in the c r onis 

l a ye r a nd burning at l ower temper atur es i ll p 0 uc hi h it r o n 

probably by increasing mic rob i al act ivi y . 

The tremendous l oss of organic c rbon and t o 0.1 itr o en i G he 

r esul ts of the comple t e destruction of organic ma t e:r hr ough th \' ry 

hi gh t empe r a ture i n t he co r e of th e Gui e . Thu r e ct'on of t h ~ -

pe r a ture of t he "Gui e" prac t i ce should e co s i er " d fi 1 cx-

periments in so il burni ng should f ocus at su h ch<nges i ch m y 

he l p mini mi z i ng the losses and s till improv h hy s ic 1 n c i c 1 

proper t i es conduc i ve for pl ant gr owth . 

The compar a t ive s t udy of t he sus t e v r i ions o f " ui II 

benefi t s and l os ses i n di fferent a r eas has 
o 

fl 'the r enS i v or l ess has t he same in u nce 1n 

gr eenhous e study has a l so support ed t he so i l h 

r esul t s , and thus t he same t emper ture 1 

marked unifo r mity i n t he changes in he soil r o r 

' f f es in th e r es 1 5 ~ . The sl i ght dl e r enc 



- 50 -

The slight dif f er ences in the r s lts b 

differenc e s be t ween the l ocal so ils . Th~ v~ry 

between the results of some earli er work rs may 

in sampling , prepar a tio.n , a ua lysi s proced 

a r tificia l differences but a r e defini ely no 

i n the "Guie" pr actic e of t he localities . 

c c . c r 0 

aused by 

o r 
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Append ix Table 1 . Dry weig ht of barle y fro m the g r e enhouse e x periment 

I _______ s_' e_n_da fa Debre Berhan -~--- _F_i_t_c_S_e ________ _ 

Days Af t er Plan ting Days After Planti~~ After Pl a nt i ng 

A_-c oY€-r-; . ---+o~:) :~7 :~:J 5~~o-:~:o 1~7 :~3 :~:8 
I ' 

B- -Heat e d . 

C- Caroni sed 

\ V- Durn t 

.u - "' e O "j He ap 

- Be t ... ee n de ap 

v -

H-'.'ix 

\ :::: 
0 . 39 

u . 05 

0 .03 

0 . 97 

2 .1 

1. 2 

1. 7 

1. 6 

1. 7 

1. 6 

O. 0b 1. 5 

1. 20 3 . 2 

1.4 

o . dO 1.l 

0 . 74 1. 0 

O. 2 

0 . 8.) 1. 

1.10 1.30 0 . 84 2 . 4 1. 60 

1. 70 1. 90 1. 0 2 .1 

0 .70 O. bO 0 . 9 5 0 . 53 

O. (' 0 0 · 93 0 · 77 2 . 2 . 50 

0 · 90 1. 2 . 1 0 

1. 1.1 . 1 

1. 1. 5 

I 

V1 
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