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AB 'TH CT 

stud 0 th Br assl nds in ~ol~era ,I e r da was made from 

ug st 1979 0 Octob.r 197 o hu dr d and twenty stands wer 

systemat ically sampl d anu th occure ce of 1 8 pla speci s in t e 

stands r corded . 'orne envi r o mental factor s e r e r ec orded a nd so i l 

sampl ' s collec e • 

Computations 0 the class ification of the eg t a tio usin th 

ssocia tion Analys i s Techn i que was made a t he Unive r sity of 

Mancheste r Regional Co~puter C n r . 

Four distinct vegetat io typ es we re tenta t ively ident ified from 

the dendrogra at highe r lev Is of the class i fic a to r y h i e r archy a nd 

we r e st a t i st i cally est d for s i nificant co trasts . 

Gr ad i ents of soi l pH , conduc t ivit y , hue , and c tion content a r e 

pos i t ivel y correla ed with a dec r a sing dra inage g r a d i ent a nd these 

a r e n egat ive ly correl ted with a n in c r eas ing g r az ing gradien • 



1. I JTl ODUCTIOt 

cology , and gr ssla d a r 

d fi i tio a d brief desc rip io s of t e 

us e d her a r e g iven belo\/ . 

erms Ihich may r equire 

y6 i he er s a r e 

Ecolo y in brief is the s udy of th in te rr lationships 0 

or anisms g i h their environrne s . ~o a n e i s r elated to , or being 

the bio eographical r egion made p of r e lative ly mo i st , cool upla 

s lcpes be l e w timber line a d charac e rized by the presence of lar g 

e ver r een tre es as dornina n life fo rms . (The new Bncyclo edia 

Britanica , 1976 ) . Includ d in the Mon ane grasslands a r e com n i ies 

of grasses about 1 m. hei gh a al i tudes roughly be tw8 en' 1 , 800 m •. 

and 2 , 500 rn . and communi ties of much shorter grasses at altitudes 

mostly above 2 , 500 m. (Keay , 1959) . 

Gr a ssland in it s broadest sense is , of cours e , commonly used 

describe one of the ma i n vegetation formation s on he Earth ' s surface , 

as opp osed 0 f or est and ser . In this sense it includes al l h~ s e 

types of vege ation charac erized by the presence of both woody 

plants grasses and he rb s but where the biomass pro uc io i s hi h est 

i n the herbac e ous component of the ve eta io • 

From the ecolo g i cal point of vi ew grasslands develop as direct 

e xpress i on of he cl imate o r as a r s u of a certain se t of 

conditions both of wh ich are unfa vora ble 0 he growth of trees . A 

secondar or erived gr assland may also develop as a re s It of 

bio ic influe nc es ( c I ll ry , 1962) . 
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i s a r 0 co MO observatio tha pla s occ ria 

num er of asily r ecog 

slopes n on s r aM banks . 

communit'es eg o 0 hill sides or lower 

11 s ch na ural com i i es a re 

es a blis e by a p r oc 6S 0 gred al evelo men an for eac 

commun i ty his fo lows a charac e ris ic at ern i w ich a series o f 

de fini te stag s can be rec oe i zed . Thi s ocess of de velopmen 0 

plants comm niti s is knoVin as plan t successio (el ments ci ed 

Odum , 1971) . 

The r ate at hi ch t e cha n ges take place and t e a c tual spec i es 

of plant found depend natura lly p on a large number o f factors and 

differ :rom plac to place . 

It may no t b e p oss ible here 0 consider all combinations of 

f acto r s that affect the r ate of s cc ess ion . In gen e r al , however , tne 

d v e lopme t of the reat maj rity of plan communities commencing on 

bar e gro und fol l ows a s imila r pa tern . If the success ion begins on 

a n a r ea that has n e v e r ha plants growing on it , i i s terme a 

p rimary succession . If i t i s he r esul 0 some modi fica ion or 

destruction it is t rmed a sec ond ry success ion . 

~he effect of human activities can be catagorized nde r wo ma in 

p oin s . Th f'rs t i ncludes the e ff c t a ri sin g from act ivi t i es li e 

plo i g tha r emove h ex i s in g vegetation and leav bare a r eas 

fo r r e inva io by plan s . The second includes nc ivities s ch as 

draining sViam 6 , graz i g and gra s burnin g , wh i ch cause g r adua 

modi fica i on of he ve g tation ( ayer , 1959) . 



y clea ri g v g tatio , a good g r o l of g r ass ma y be 

ma d e 0 a pp ar which ma p r s i st f or a n um e r of year s be f or e he 

vood and t a k s 0 r a gai I rna y a r soh ri ca i c l g a r s 

of B hi opia hes grasslands hav be e ma i ain e 

rna rna e (Rat r ay , 960) . 

y f i res , of e 

r edation i s n c essar y for the maintena c e of sable e cosys ems . 

~ ithout it h carrying cap city of h e environment lill be re a che d 

b y the pr Y ~ c ompone t , the result of which i s intense 

co mpet ition or popula ion crueh - Li ghten any ch ck , mit i gate the 

destr ction ven so li tle , and he number 0 species will almos 

ins anta neously increas e to any amount (Darwin c i ted in Dajoz , 1975 ) . 

The r e is an op t i mum redation which the p r ey p opulat ion c an tolerate . 

(Odum , 1971) . Gr az ing i s n o iffe r en fro m this . 

razing and t rampl ing of the same a r ea continuously eve ry year 

by large concen r at ions of game or domestic livestock will resul in 

degradation of the grass over a nd extensive a r eas could be taken over 

by v getat ion less desi r able for graz ing a d of e low in suc cession 

(Rattray , 19 0) . 

Un e r tock i g too can bring about changes in the grass cover , 

oft en of a retrogr e s sive natur , as selective grazin g i s encourag ed 

a nd pala able s ec i es may event u lly be elimina ted with corres on ing 

i nc r ease in less pala abl ty 5 . A feat re of n e rgra zing which 

r ed ces grass roductivi y is hat much of the de a d iomas5 is lef 

at the e nd of he grovin seaS OD and carried over in to the nex 
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a nd t h i s chokes n e l g r ol h (Mc llor y , 1 72) . 

I i s , howev r , n ot 0 l y o v rs"ocki g or u de r stockin g t c 

bring a b o u cha n g e in t he c orn sit i on . n un i sturb ed r ass c ove r 

wi l l a l s o dete r iora e in a f e~ y a r s i me i f it i s n o g r a z ed or 

burne d p e riodically . The a cc mula i on 0 old g r ass and 0 he r plant 

ma ter i a ly often b e c omes s o dense t hat ma ny plants a r e choked 0 an 

pat ches of ba r e g r oun d r esult and the se eventua lly li ll b ecome 

cove r e d wi t h a nnua l le eds a n d t he g r ass co ve r li l l be a lte r ed bo th 

in composition a n d de n s i t y (Ha ray , 1960) . 

The e colog ical fac to r s assoc i a t d with occur e nce o f natur al 

g r a ssland s have b ee the s ub ject of much d i spute a n d it appear s tha t 

the re l a t i ve imp ortan c e of differ ent f ac o r s va ry in d i ffe r ent 

re g ions a nd i n diffe r e nt t yp e s o f gr asslan d . hile c limat i c f a c t ors 

a r e undoubtly of some i mpo r tance , t h ey appear to be of s i gnifican c e 

mai n ly in det e rmi n i n g the limi ts wi th in which grass l ands may oc cur 

1hen o the r f a ctors a r e f a vorab l e ( Baye r , 1959) . 

In this s t u dy anal yses of the re s ponse of vegetation to va ri ous 

p r esume d bio t i c a n d a b ioti c var i a bles a r e made t o p r ov ide an ins i ght 

into the s truc t u r a l a nd f un ctiona l var i ability among he commun i t i es . " 

The technique e mp loy e d to summar i ze the information and ma ke the m 

a menabl e to inte rpr eta tion is ass ocia ion a naly s is . 

The wet and dry eve r g r e n monta n e f or es t whi ch used to co ve r a 

l a r ge p a r t of the Eth i o i an pla au has n ow lind led a wa y . On l y 

f our perc en t o f th r el i c f o r s t i s rema i nin g as pat c h es 
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in i acc essa l e a r eas ( Oln , 1973· 1ck ol m, 1976) : 

T i s makes h e s t y o f g r asslanas in thiop i a im or tant i 

a t 1 a st wo r es e c ts (a) E hiop i a i a n agric ura l coun t r a 

cat le rearin " is a n impor a t pa r t of t h mix d agricul ure whic h 

i s reval nt , and (b ) the g ras slands cove r a l a r g e p r o ortio 0 

the country which provide nat r a l pasture s for grazi g a nimals , a 

principal so re e of food . 



2 . LITBHATU 

Th wo ell kno~n h 0 i es co c -rning he na r of ege a io 

a r he co~muni y c onc ep ity ni theo y) a d he co in u 

conc ept (species indivi uali y an communi y con ' nu i ty h ory) . 

detail d r e v i w of h se theories has be en g ive n by Ic I os 

(19 7) . Here it sho Id firs b r ema r k d hat p roba bly f ew eco ogists 

n ov h old e i ther theo r y in it s pure form . In f a ct a e ch i q e e ployed 

t o eluc i da e the one is taken as an a lterna ive or an adj unc 0 the 

othe r C Ih i t t a ker 19 7 ; Grun ow 1967 ; P i e lou 1969 and nderson 1 971) . 

These t echn i qu s a r e ne c ssary cause the amoun of data i s 

s u ch that pattern s of associat i on cannot eas i y be d tected and 

the informat i on should be summari zed wh i l st r etaini n g most of the 

in te r unit r elationsh i p . Vegeta ion is a complex matr i x wh i ch for 

s impl i c i ty can be v ie we d as two dime n s ional ( n X m) , m stands a nd n 

spec i es . The s ummary of he infor mat i on can b e accom l i shed by 

c o mp r ess in th m X n ma rix able of the data (n rows a nd m columns ) 

hori z ontally Cgradi nt analysis or o r dination) or ve rt ically ( clus e r 

a nalysis or classifi cation) C at r ichar d a n d nd r son , 1971) . 

Both the ories invol ve methods of st ructuring in that bo hare 

a i med a seeking a s i mple r s ruc ure tha n that of t or i g i a l raw 

da ta CLamber a n Vale , 1 964) . In e ithe r c ase the rima ry a im is 0 

s im lify a comple x s i tua ion by r e duction i th numb e r of a xes or 

classes 0 b as essed ' a n in eithe r c ase he degre of 

s i mpl ifi ca ion even ually adop depen ds on th rit eria i mposed b 
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h s r a no 0 th r.t od i sel f (Grei vmi 196 un 

Lamb rt C:< ale , ) . rn E:r is no priori r aso Ihy v tut·o 

s r cture s ol b e such tha ei he r class · fica io o r ordi a ion 

ca be acce ted as a n i h r ly correc ec i qu for he red c io 

o f natural complexi y 0 compr hensible order (Ande r son , 196 ) . 

2. 1 Gr ad i en nalys is 

In ea r ly ve t a ion st die s , it was genera ly a ken for gran ed 

t ha t the vegeta i on consi s t ed 0 th e comm nity types i nto hich i 

was classified . The commun i y yp es we re assumed 0 be e l l def·ned 

n a tural un i ts wh i h we r e a r of he s ruc ure of t e vegetat i on a n d 

wh i ch ge n e r ally joi ned eac h 0 he r alon narr ow bou dar i e s called 

eco tones . 

~h i s heo r y which d i d not have a part i cula r name was late r 

desi gna ed as c~mmuni ty n i t h eory (\/h i t a k e r , 1962) . 

cc or d i n g to Jh i take r (1956) the d i ss n f r om th i s t h e or y was 

f i r s t e ff ec i vely sated i n kme r i c a b y Gleason in 1926 . Much of h 

same i dea had been ex ressed i n Ru ss i a b y Hamensky i n 1924 . 

Hame n s ky i s h s rec gni zed as he orig i na o r of radi ent analysis .· 

or wo decades the d i ssent o f Gleason and Hamen s k y r ma i n e d 

l aten t n t i l in th summe r of 1947 a s udy wa s carr i ed ou t i n the 

Gr at r.toky Moun ain s of T n essee y ' h · ttak e r (1956) , wh i ch su or 

Hame n ky l s i as . Vege t a ion ha then b en con c i ved of as 

p ri mari l y a com lex c ontinuum o f p o l a i on , r a he r than a osa·c of 
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d i conti 0 su i ts rlt!t 0 0 research . ic dea t :i 

v getat ion i t r ms of con i ui y ~d rad i cnt rel' io sh i ps as ter e 

g r a i e a nalys i s . 

r.
1
h g r a d i e nalysis of ,h i t a k e i s to take some we l l ma rk 

g r adi ent - e . g . a lti de in he Gr ea t 5moky ounta i s (Ih itta k e r , 5) 

a n d t o assi gn s co r es to e sp cies accordi g t o ir a lt i i a 

p r efe r e nc e . ites a r e then ordina e d by t a king he a ve r age of 

s c o r es of th s pe c i es wh i ch occur i n h m. Th i s t e c hn i que has been 

r e v i e wed in deta i l by Yh i t a k e r (1967) . 

\ i th g r ad i en a naly s i s as a me thod , two ap r oache s may be 

di st ingu she d - d i r ct a nalysis i n r elat i on to an envi r on me n a l 

g r a d i ent a cc ep t e d as g iven a n d a in i re c t a a l y s i s i n wh i ch a xe s of 

va riat i on a r e obta ined fr om s imi l a rity measur e me n t s be tw e en sta nds 

(sampl i n g uni ts) . 

In the direc t a n a lysi s , a n e n v i r on me n a l g r ad i ent ma y b e a cce e d 

as gi ve n and i s v~l es , a rra n ge d i n a n a sc e d i n g o r d e s c ending orde r , 

a r e use d to orde r he stands ( Ih i t a k e r , 1967) . 

mhe i n dir c g r a d i e t a n a l y s i s (Ordi~at i on roper) h a s a l s o bee n 

r e v i ewed by Ih ' tta k e r (1967 ) , Or l oc i (196 ) , nde r s on (1971) , 

c I n t osh (19 7) a nd Gauch a n fh i a k r (1972) e t c . 

An o r d ina io i a n a r r a nge me n o f c ommun i i e s , s pecies or 

e nvi r onm nts in s equenc e wh i c i s hop d to r e veal ma x i mum i n f o r ma 0 

a bou t h e r e l a tion s h i s a mong t he m a n d which will a l s o r e veal s uc h 
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classes as may xi s (c n os 19 7) . 

The in irec g r a "en t a n a ys i s variouuly callec r k~ng or 

multi i me s i onal s c al i g in 0 h r s cie nc es (Anderso , 1971 ) , has r a ge 

fro he crud rocedur s of Br a y and Curt i s (Orloci , 9 6) 0 he 

r e c e n a nd mathema ically co lex o r d i nat ion tech ius eg o principa 

components analysis , h i ch e c essar "ly i volve the ex e s ive se 

of e lectronic computers . 

lthough it r eq ires some imp rovements (Or loci , 1974) , Ga ch & 

Whittake r (1972) h a v r e comme nde the Br ay a nd Cur i s ordina io as 

the mor e luc i d and com u ionally enormously s imp ler (but unwie dly 

for lar ge sampl s ( Kersha v , 1973) r esearc h 001 ove r the ma he at ical y 

obj ect i ve , bu illusory pr i ncipal com one n s a nalysis . s in 

Gr e i g - Smith (1968) and Beals (1973) h a ve als o emphas ized t he ne ed for 

a detailed a sse ssme nt 0 these te chniques and partic larily a 

reappraisal of he earli r metho s . whitt ake r (1967) , in h i s 

comp rehensive r e vi e I of ordinat ion methods , mainta in s that t he rna h e a ­

t ieally s i mple r methods ive e ter r esults . 

The Bray a n C r i s technique us s the co fficient of s imi ar i y , 

C =:l 2W/ ( a + b) , Ihe r e a cmd bare q anti t i es of all plants fo und in 

the two stands to e compa r d a nd W i s th Gum of t e lesse r val e 0 

those s ec i es co mon t o the o stands . 

hen v ge ation sam les a r e ord ina e d , the proble m i s 0 e of 

ass ociatin th ord inat io axi s wi th the e nvironmen a l va r i a b les . 

Th i s i s h e object o f ' h i a k e r ' s gra i e t an aly s i s , ( h i t a ker , 



Ac cor i g 0 US i oy- ~ r (1971) r ct nte pre at ion of 

or i a ion ax s i rms e vi 0 m n al gr' die s is r rely poss le 

e v e n in an ideal con i uurn , beca se o r d ina ion i s u linear ma.pp ng 

techniq e , hile egeta on / e v ironm nt rela a r e no - 1' ea r . 

Ih i t a k e r ' s g r ad i en analysit5 las rec ently r ef i ned d desig a ed 

as in ic ato r s eci s a nalys i s ( ill et al . 1975) -nd e cip r ocal 

averaging ( i l , 1973) . 'he r efin rn nts of Hill and Hill et al . 

comb ine the g r ad i e n t a na lys i s of Jhittaker lith a s cheme 0 success ive 

approxima ion s . 

From r ough fl ori stic data , eg o a g r ad i ent in grazing cond'tion s , 

the spe cie s are div i ded in two , n amely hose occurring i n graz ed 

a r as a nd those i n ungrazed a r eas . By ass i gni g " 0 " to each of h 

speci es p r esumed to b e in one g rou and "100 " to the other g ro 

an ini tial gr ad i en analys i s i s obtained . 

' imple matrix algebra wi ll give a one dim n s i onal ordination of 

both th species a nd the stands a ft r r peated c ross c a libra io 

until the scores s t a bilize . Thi s pro c ess i c a lle d r e c i p rocal 

averaging . By he s of reciproc a l ave r agin a stand o r dinatio is 

r each e d very s i mil r to I at ~ould be obtained from r inc i pal 

c ompon n ts anal YSis ( ill , 1973) . H c i procal averaging is used in 

p r f e r enc e 0 princ' al comp onents a nalYSi s , because i t i s c o m uta i ona­

lly simple r a n d eas i e r for int e r p r e t ation . I t also gene r ates goo 

s i mul aneo s s e cie s ordina ion s a nd the method works sat i sfac orilly 

well fo r p r ese c a n a s nce ta. (Hill , 1·973) . 



TV I PM - A I'OI<TH ro r L1 ri t by Hill ( 979) i s aery 

rece m r ov men h ori'inal i dica or spec i es a ysis . 

2 . 2 nalysis (c 

Cl s e r a nalys' s or c assi fic a ion whic origi ted fro co s i der­

a tions of he com unity ni t h ory , seeks to divi e the sta ds (a d 

by infe r ence the region s rveye d ) in t o groupE of high int e rnal 

s i milarity with r espec to thei r s e cies . 

The h i story of the schoo s of c ology a nd t e chniques a imed at 

i dentify i n g the communit y units impl i ed in the community un i theory 

hav been r vi evled by VJhi t a k e r (1962) . Many t echn i ques ha ve bee n 

developed since the n . These ha ve been sum a rized by lill i ams and 

Dale (1965 ) a nd Tewold (1 69) . 

The d i f f e rent classificatory echni ques can b charac e rized as ; ­

h i e r a r chical or reticulate , divisive or agglome r a tive , and mono he ic 

or olythetic . 

In h i e r a rchic a l classification he class es a a ny level a r e sub­

classes of classes a t a h i ghe r l e v 1 . In a r e tic l ate class i f ic D ion 

the clus e r s a r e defin e d separa ly and the l inks between hem have 

the fo r m a n e wo rk r a h r tha n a r ee . 

In a divi s ive classificatio w begi n wi h a whole collect i o of 

stands a nd divid i a nd keep r e - div i ing the subdivisions 0 a rrive 

at ultima e classes . In a n agglomc r a t i v class ificat ion we s ar a 

he 0 to m and ork 'Ia s , g in ing v i th the in di v ' dua sta ds 



com none 

st· ds . 

moor s cc s~ iv mor(; c sivt g r o s of 

In 0 othe c l nssi ica ion two " Gi G E: r ' g ro p s r e di s in£ sh 

by he f act ha on ' ha s and ~ o ' er lacks a s i l e attrib e . I 

polyth tic class ifi a io t10 roups are co bin or s e a r a t e d 0 

basis of t e ir ov r aIl simi lari i es , simi arity being de f i ed so as 

to depend 0 a n mbe r of a t ri b tes . 

Hi r a r chical e chniques a r e preferr ed 0 r et iculat te c h iqu s 

fo r the r easo s g ive n by i ll i ams a nd Lambert (1960) , namely a 

the y a re b tt e r k own , less c u mbe r s ome and mo r e widely sed i 

e colog i cal works . 

Di v i s ive techn i ques als o h a ve two gr ea advantag s over 

agglomc r a i v t e chnique s . (a) The computat ions a r e generally much 

s i mp l e r , s i nc e we do n o usua lly n e d the di vi s i on down to he 

p oint a which in dividual s an s a r e r e co n i zed as classes . 

(b) In agglome r at ive echn "ques the r ecomb ina ion is b egun with 

smallest units (the stands th mselves) a n d s i nce these a r e the 0 

he 

s 

wh e r e chanc a noma li es a r e mos l ike ly 0 obscure h true a ffini i es 

the r es 1 of co . bination i s like ly 0 be bad ~ Bu i d i v i s i e 

t c hniq es cha c a nomal i es ha ve a hi gher chance of b e ine maske • 

Although a monothe i chn ique i s as tef 1 of information a nd 

c n lead 0 a an ingless s bdivision , divi s ive monothetic me hods 

a r e f easeble or ecolog ica l work , i visive poly the t i c methods are 

no t c a s they a re computa ionally mor com lex ( i elou , 1969) . 
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hniqu ha com s he r e err 'c n i es arne 

h "e r arc ica l , d "vi sive a n d rn a 0 ~ i c i s associa ion analys i s 

( w "ll i ams a n d e r , 1959 , 1960 ; a n Lumbert lnd .ill i arns , 962) • 

Th a r g e n rlyi G h e chn i qu "s i s as f ollo s :- If a 

pair o f sp c i es i he v ta t i on exhib i t s an ~ssoc i ation , e i the r 

p o s i t i v e or n e ga iv , h ve a io mu s t b he e r g o e o u s a d h enc e 

amen a ble to c lass i f ic a i o . Th s a ds a r e t o b e class ifi ed by 

di v i ding h e m i nto r ou s 1i hin wh i ch i nt e r - spe c i es ass ociat ion s 

non ex i s tent o r mi n i ma l . The e a c h g r oup c a n b e r egarde d 6 S 

ho mege no us . To 0 th i s w fir s d i v i de the whole s e t o f s t a nds on 

the spec i s tha s 0 s he gr e t es t deB r e of a ssoc i a t i on with 0 he r 

s p e c i es . Th i s s pe c i es ha been cal l e d by i lou (1969 ) a cr C t 1 cal 

s pe c i es . The f i r s t d iv i s i on o f h e sta nds i s i nto tho s e containi g 

t he c r i t i c a l s pe c i es a n h ose l a c k i n g i t . 

Ea ch of the gro p s i s n ow t r a e d a s a n e w s e t a nd the p r oc e ss 

i s r epe a t d until g r o ps a r e untimat l y r e a che d i n wh i ch th r e i s 

no s i gn i f i c a n ass oc i at ion . 

I n a ss oc i at ion a na lys i s the method o f choos i n g the c r i t i cal 

spe c i e s i s to c a lculate a n i n d e x of ass ocia t i on ttl " e t wee n eve r y pa i r 

pa ir o f s pe c i e s . Thus if t h r e a r e n spec i es h e mat r i x of i n de c es 

wi ll be n X n wi h h e d i agona l 0 0 al es . The rna r i x , i s i n f a c , 

s ymme t r i c a l a n d on l y 
n ( n- 1) 

v l u e s o f h e inde x ne ed to b e 
2 

c a l c l a t e d . Th e l e me n s i h e rna r i x a r e then s umme d up by 

co lumn s or r o ws a h e ri i c 1 s pe c i es i s ha ha vi ng the g r ea es 

va l es of the m of Th h r e i ndic s us d y ~ i llia ms d 



Lam r t as 06si le asur s 0 as oci . Von ro ch' s a r e c i sq ar 

corrected for co ti u i Y d h E) s a r root of c i sq (.rE: div' E: 

by the 0 al mber of s an G . ese i ~ces a r e def i ed 8 

fo l ows . he occurr nc e of 10 sp ci 6 for w ich h€. i dex is 

be i ng calculated is n e ed in he foll owine 2 X 2 0 t ingeo cy ab 

the c lls of wl ich a r e name d A, B, C d D in which :-

ecies X 

S e c i es 

y + B + B 

D C + D 

+ CI B + D m 
I 

= numb er of stands in hich oth spec i es X and Y occur . 

B = numb er of "tands in Hh i ch Y b t not X oc curs . 

C = numb e r of s t ands in which X ut not Y occurs . 

D = nu ber of sta ds i hich ne i ther X nor Y occurs . 

Then ch i 
C)2. m 

squar = 
+ D)( + C)(B + D) 

chi squar e 
( n )2 - BC -- !II 

2 

c O.!.rcctr>d ( + B) (C D)( + C)(B + D) 

an ( D) 

!II 
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s 'nuic a e a s soc ' a ion u ly s is i s suc cess f ly c h i ve by 

q a l i a tiv (6 j c ive ) da a · s J r e6enc ~ a d bs nc e . B 

~e r shav i 1 61 s ua covar ianc~ rna r i x i s e ud of ussocia ion 

ma t rix f or du t a ha vi a C1easur e of the 1i 0 t of each of spe c i s i 

h s a nds . e ha~ al s o c r' i cized 2 e us e o f X as a meus re of a 

~ ssocia ior be c a se the sad s ize a f f ects he index of associa tion 

a n d s i ll ma i nta nins hi c ri t i c i sm (Ke r shaw , 1973) . 

It has , the r for , b een e c i d d t ha ~ss o c ia io A ulys i s wh i c 

has ma ny p r e f e r abl e qua l i i es ov e r th othe r a t e rna i ves e 

e mp loyed in th i s work . 



1 "' TU Y HE 

The a t a c o 'ro ivers com u i i , all broad y classi ied 

as g r asslan ds in 0 m r a dist r ic Sho th'o i a . The i S1:r ct is , , 
loc a e ab o 30 km . west o f i s baba (80 50 ' - o 14 ' an 

38- 2 , - 380 40 ' E i the no r h par t 380 22 . 5 ' 380 30 ' £ rn an -
i n h s ou th rn par to 

The d i s r i ct as an a r ea 2 , 00~ hectar es (420 sq . krn) . e 

s i t e s s a mpl e a r e l oc a on a va r i e y of la d for s . ost of he 

s i tes are on a l e vel 0 undulat ing te rra in , a n d sorn a r e 

cha r a c te r ized by gen l e 0 ste slopes . The a l t i tude of t e s i es 

r ang e be leen 2, 000 0 2 , 00 m. above sea le v e l . 

The s ite s a r eithe r f i e l ds wh i c h h a ve been f all owed or mesic 

g r ass l ands ma naged n d r e ula ril y mowed or m rshy a r eas we f or 

mos par o f h e y ear a n d lef f or g r az i n g . o e o f t he mes ic 

gr a ssl a nds a r e a l so unde r e r a n e n g r a zing . 

The ' opulat i o 0 the di st ric i s 78 , 000 ( .t: hi op i an ' c i ence a nd 

Techn ology Co . mi ss ion , 197 ) . ~1 s of he di st r ic i s unde r 

c ultivat i on ro wi n g c e r eals , pul s es a n d veg a bles or e r manently 

unde r p e r enn i al c r ps including ~ e nsete , ~uc alyp us glob ul 5 , 

Rhamn us pr i n oi 5 , e tc . a d o r p r e c te by h dges makin g unifor m 

s am l ing of t he r egi on for r asslan ds impract i c a ble . 

On e envir on en a lly di s inc a r ea is c lled rledi , i n he n o the r 

pa r of 01 e r a distri c whe r e h f r m r s c I ti va o va ri y 0 

b r l e y only ( a l e my ) a f r whi c h he 1 n d i s f a l lowed f or one o 

s ve r 1 yea r s n ' 1 i r i ns i fer ility (Zem 980) . 
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D CULLl;CTIO 

Collectio 

Se ven ee sites s cat ered over he district lerf:: visi E.d and 

s a mp l ed. Th sam ling commence on ug st 19 , 1979 nnd as co mp e d 

on Oct obe r 30 , 197 . 

t each s i te an ap arently u i f orm area was c hosen dan mbe r 

of sta nds 3 m X 3m , va r yin g from 5 to 8 i n n mer , we re deli i ted . 

Th e p l a n t spe cies fo u d in each stan were the n r e corded . Al oge h r 

118 p l ant s i n 1 20 stands wer r corde d . Ihen the identity of a 

p l a nt was n ot certa" " , a h~e~ ime was coll e ct e d for ide ntifi c a t i on in 

the He r ba rium. t the same time certain b as ic da t a ~ r e obtai ed 

f ro m the s tan ds . Thes data consisted of soil samples augered wi h 

a c ove r fr om the sur f a c to 70 cm depth a 10 cm in e r vals , unles s 

thi s b e c ame i mposs i ble because of llcount e r with a hard r ock or 

unl ess i t b eca~ too ma r shy for au e r ing . lop tnd aspect e r 

dete r mi ned sp . with' Br u ton cOl!lpass ' nd a ltitude with a n ".I!;ve r st " 

a l t i mete r mad by T ommell of 'w i zerland . Grazi b was r e cord d as 

" in ten s i vel y g r azed I . wh 1 usock of ~~~~~m~ schimp e r i 

be c ame di s tin c an 

groun d l e vel , mo er' 

he rest of h vegeta ion was nib l d close to 

ly grazed whe n raz i n g co ition was 

s lightly bet e r , n raze a nd managed whe . the g r assland was fenced 

and mO /ed at tre appropri e se son , gr a z e d a d nmana ed when the 

mar shy condi ion disco r ged g r az i g cat 1 a nd in e rfe r e nc e was 

mi nimal . rainage co i ion " r e also r e corde d as marshy , temporaril 

wet dur ing the rai y seas on or fr ely r a in d . 
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:.loil sam les collect d i oly tlylen bags were rought to th 

l abora ory a d a ir dri e om chemical and physi cal p r operties of 

the sam 1 s Qer' h d t rmine • 

and lectricul corQuct i vi y of th soil samples we r e 

d termi ed sin a porta le Deckman Che • Mate pH mete r and a ph i lip 

Harris 0 uct i i y ridge fro a 1 : 1 so i l - wate r mi xtur e (30 gms of 

so i l i 30 ml of wa e r ) r epared fro samples at 20 cm i nt e rvals 

start i ng from th s rfac . 

Th r y and wet olors of the so i l sampl es we r e c ompa r ed wi th 

he 1959 ed ition of h t u s 11 soil col or cha r t . 

or he de er ina ion of he cati on s 5 gms of each so i l sample 

frO(;l t he sur a c e d from 30- 0 cm depth we r e we i ghe d out and 

l eached with 1 normal a moniu. ac tate sol ut ion . The s od i um and 

potassiu of each lcchate were d termined us i ng a flame phot ome t er 

made by 1vans Clec ros l~nium Ltd . a the centra l La bor a tor y and 

r esearc Ins itu e of the Min i s ry of P ubl i c Health . 

4 . 2 S at istic al ~r ea ment of t e Data 

Veg tation Data 

A SSOC·~ ion' a ysis of he da a \as r un at the unive r s i ty of 

• c est'r ·or al Com t r Ce er , Lngl nd . 

T r orram for t nalysis was 0 ha does no t gene r ate the 

si -le c squar' 'l e s bdivisio s . The r ogr am a s based 
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o i ll i ams am ri ' s 10 e divi i on i . e . division hat k~ eps on 

go i n il a si gl and is 0 t in d unl ss com ute r core space 

i s limit ing . T 

the hiGh s s ing 

i ndex us d is X2 

al r a ive t e c hni sops the subd i v i sion h en 

chi quar s less han 3. 841 ( = 0. 05) . The 

T e plan s der 5% oc currenc e i the stands 

sampled w r not e1 i mina d f r o the mat rix . Th i s r s ult e d in ma n y 

s li ter groupo . 
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o i 11i m a am) r i ' s 10 e di i i o i . e . divi s io hat keeps on 

goin i1 a 6i gl -and is d ss com ut r cor e space 

i s limit i T al iv ech if} s ops the s ubdivi s ion when 

e ieh s s in chi qua s less ha 3 . 841 (p = 0. 05) . The 

i nd x us d is X2 . T e la s d r 5% occur r nce in the stands 

sampled w r not el i min ad fr o th e I at rix . Th i s r su1ted i n many 

s 1i t r group o . 
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"a Ie 1 . Li s 0 la s lecord i n h s am 1 

Bo t ical n um or }i 1 n m 

1 . lchemilla g r acili s ( ~ gl) 

2 . Androp o on chrysost a chy s eud 1 

- 3 . ndropog on p r atensi s Hochst e x Haekel 

4. Anthemis tigr ensi s J . Gay ex ~ic har 

5. Anthe ricum angus ifolium Hochs ex ichard 

~ 6 . Ar i st ida adsccnsionsis L . 

-7. r throxon lacifoliu6 (Trin . ) Hochst 

~ 8 . Astragalus sp . 

. 9 . Bidens p ilosa 1 . 

10 . Ac a ntheceae* 

- 11 . Brachia r a sp . 

12 . Buna ... •• 

13 . Cauc a lis melanantha (Hochs . ) H H ex Hie rn 

a 14 . Centela as i atica (L . ) Urban Mart . 

15 . Kyl1inga sp . 

- 16 . Cyperus lon us L . 

17 . Cyperus sp . 

18 . Sc l e ri a h i spi ior (C •• Clark 1m s 

19 . Cerast i um oc tandrum Hoch s e x ic 

20 . Cr ep i s c arbon a ria ch z - i 

21 . Commelina african 

, 22 . Commel i na s • 

>< 23 . Conyza aegy ic a (L . ) Dr yanrl 

Coll c ' io 
~ o . 

1 

18 

128 

27 

9 

110 

111 

80 

• c • 

125 

1 13 

21 

3 

127 

16 

2 

99 

98 

88 

5 

52 

112 

19 
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Ta 1 1 (Co I ) 

Bo anical D me or i d no Collee i o 
:0 . 

24 . Cor rigiola 1 o r a lia L. 62 

-25 . Cr ate rostigma lnn a g Ho c hs e r 38 

26 . Crotalaria la ur ifolia L . 63 

" 27. Cyanoti ~ barba on 4 

28 . Cynoglosum coe r le m teu • ex c . 25 

· 29 . Cynodo dactylon (L . ) i cha r n . c . 

30 . Dichroce phala in t rifolia (L . ' il.) o. u ze n . c . 

' 31. Di git a ri' ve lut ina (Fo rsk . ) a le B auv . 23 

32 . Hel i chry suM sp . _ 72 

- 33 . Card us cham ecephal s (Va ke) Oliv o & Hi r 17 

' 348 1 r agr ostis aethio ica Chiovenda 115 

' 35 . P oa sch i mpe r iana Hoc st . ex Richar 81 , 68 

36 . Er agr ostis botroyde 51 

37 . 1 r agro s is schw infurthii Chiove nda 12 

38 . Poa leptoclada Hochst . ex Richa r 71 

3g e Elus i ne fl occifolia (orsk . ) p ng 1 30 

40. Eri osemn 10 ep un ula , Hich 95 

41 . Eth lia sp . 65 

42 . Euphorbia p titin a Rich n . c . 

, 43 . Exoth ca abyssinic a (Hoc G ex Hich) lnders on 43 

4. F a a byss inica och x Hi char 22 , 79 

alk i a 0 on Be rnh n . c . 

46 . Gali GPuri m • c • 



, 47. 

48 . 

ble 1 (Co ' ) 

Bo n i eal , m 

Ge r a ni um ae 1 010. um Oliv o 

Guzo t i a s e ab r a lVi s . ) C io e 

49. Habena ria s . 1 

50. Habena ria sp . 2 

51 . Haphl oear pa ? hastat Le ; i 

0. 

52 . Hel ic h r y s um sp . 2 82 . 

53 . Hyp a rrhen i a a r h enobas i s ( oehat . x . Steuu .) Sta f . 

54 . Hyparrhen i a f l i pendula (H ochst) . t ap f 

55 . Hyparrhenia ub e r ie ulata Clayo 

56 . Hyp er i c m pedl i f oli um Ri cha rd 

57. I n ula g l ome r ata liver Hi rn 

58. Impat i ens Rothii Hook }' 

59. Kn i phofia i s et ifo ia Hoehst~ e r 

60 . Kyllinga a pp end i eul a a 

, 61. La gge r a t ooentosa htz . ll i p . ex . llo chst . 

62 . La n t a na t ri f oli M L 

63 . La b i a teae '" 

64. Linaceae '" 

65. Lotus Goe zei a ms 

)( 66 . Me d ic ago p ol r mor 1 a 

67 . Oe n a nthe pal tl is (Chiov . ) orma 

68. Or oba n c 6 . 
69. Oxal i ~ corni ulu L . 

70 . Ox a li obl i q 1i olL " t . ex l<i h . 

Coll c io , 
·0 . 

67 

.e. 

7 

8 

122 

. 93 

10 

126 

83 , 5 

57 

74 

n . c . 

118 

15 

34 

n . c . 

63b 

117 

67a 

33 

32 , 1 23 

n . c . 

6 

2 
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Ta 1 1. (C o ' d ) 

Bot ic a~e or ' i c1d . m Co11ec io 
- 0 . 

• 71 . 01denla ia mo 06 ( I . x l<ich . ) iern o 

72 . Panic m r epen a ll m uppe r 109 

73 . Panic m pussi11u Hook r .ril . 102 

· 74 . 
r 

aspal m 0 ic lar 107 

· 75 . enn i se um cla ndes inurn ochs e r ex . Chi ove da 29 

. 76 . Penni s tum gla b r um Hochs • ex . ~ c udel 7 0 

• 77 . Pennisetum schimper i ich r 

· 78 . Penn i se tUin vi losum Ur own ) ~re 6 enius 

79 . Plantago lanceo1a a L. 

80 . P1ectocephal s va ri I S ( i h) C . Jeffre y 

81 . P imp inella sp . 

82 . Plectran hus s . 
83 . Po nn L. 

84 . Polygala abyss in ica 

85 . Poly on m n s alens t'le i s s . 

86 . Rumex abys sinicus J a cq . 

, 87 . Rum x Bequa rt1i D \/ild . 

88 . Rann nc lus cele r UIS L. 

89 . Sat r j a abyssin i c ( icl . ) bri q et . 

. 90 . alvi a ilo ica ss • ex Jac qu i . 

91 . cleria cla hr n J ochs t . x . Ri char d . 

92 . edge · · 

93 . ' ilene urche llii Ot t . 

~ 94 . 'i a ell e oli oxb . 

13 

39 

n . c . 

• c . 

35 , 47 b 

n . c . 

11 , 2 

116 

60 

n . c . 

n . c . 

1 21 

77 

66 

1 1 4 

1 20 

91 

n . c . 
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Table 1. , ( Con ' d) 

Bot a ic al me or iel UI1 

95 . Sonchus sp . 

96 . Spilanth ma ri i a a ( {ic} x Pers) 

~ 97 . Sporobulus africa us (Poir . ) obyns 

, 98 0 Senecio vulgaris L . 

99 . Snowdenia polystac hya ( 'r esen . ) il e r 

100. ~ste raceae 

c . 

Tourn . 

101 . Stephania abyssinic a ( u . Di ll R 'ch) lIalp r s 

102 . Thes i um s p . 

103 . Sc irpus taceus L. 

, 104 . Tr i foli um c rypto odi um ' t e ud . ex Nic h . 

, 105 . Trifolium multinerve (Ioc hst . ) Rich . 

106 . Trifolium simen s Fr ese n 

107. Trifolium semip il os um Fr ese n 

108. Trifolium schimpe ri ( Hoc hs t . ) Ri c h . 

109. Tr i f olium subro 

110. Tr i fo l i um t mbenses Fr s n . 

111 . Trifolium sp . 

a 
112 . Trifoli m usambr ense ~aub . a . Bn gle r . 

113 . Thymus serr l a u s lI oc hst e x U n th 

114 . Verbenaa officinal i s L. 

115 . Veronic a a byss inic ft ~r s n i s . 

116. Vicia Sft iva L. 

117 . Vi n sp . 

Collee 10 . o . 

54 

36 

1 

75 

n . c . 

28 

58 

20 

56 

49, 55 , 84 97 

85 , 105 , 106 , 117 

41 , 92 , 12 

7 

53 , 108 

103 

64 , 86 

128a 

89 

77 

n • • 

8 

28 

73 
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Tabl (Con ' ) 

o a i al am or Ii Id a C011e c 0 

118 . Ubelinia byssinica ochs . 31 

n . c . = no collec d 

= Family name 0 ly , pendi g d ermina ion • 

•• = ie ld name or co e , ending determinatio 
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To. 1 2 (Co I ) 

St o . ci 6 

23 15 20 , 27 31 ,33 3 75 ,77 ,81 , 83 , 97 ,11.0 ,111 ,118 . 

2 1 15 , 20 , 21 ,31 ,36 ,77 ,80 ,83 ,15 ,104 . 

25 1 3 ,21 27 , 36 ,53 , 77 ,95 97 ,103 ,10 ,110 ,118 . 

2 1 , 20 , 21 , 27 , 1 ,36 ,39 ,71 , 77 , 83 , 94 , 107 ,110 ,115 . 

27 1 , 13 , 15 , 20 , 27 , 31 , 36 , 71 , 77 , 83 , 89 , 94 , 106 , 1 07 , 1 1~, l18 . 

28 1 ,12 ,15 , 20 , 27 ,31 ,3 , 37 ,71 , 77 , 83 ,100 ,103 ,107 ,111 , 

29 ,15 20 , 27 , 31 ,3 , 71 , 77 ,83 , 89 , 97 ,103 ,107 , 

30 1 9, 20 , 27 ,31 ,3 ,37 ,5 , 79 , 83 , 8 , 87 ,89 , 98 i 101 ,106 ,115 . 

31 1 20 , 27 , 29 , 30 ,31 ,3 , 46 , 8 ,56 ,79 ,B3 ,E6 ,87 ,98 ,104 ,106 ,110 , 115 . 

32 , 20 , 2 , 29 , 31 : 37,56:70:75:81~85 ; 00 . 

33 9 ,13 , 20 , 24 26 , 29 ,30 , 31 ,33 , 37 , 70 , 79 ,81 , 86 , 89 , 96 ,100 , 115. 

3 13 , 20 , 21 , 26 , 27 , 33 , 49 ,53 , 71 , 77 , 86 , 89 , 97 ,110. 

35 1 , 9 , 20 29 , 36 37 , 9 ,77 , 81 ,83,85 , 86 , 96 , 97 ,104,110,111 . 

3 1 ,13 15 , 21 , 27 , 31 ,37 ,39 , 41 , 70 , 77 , 81 , 82 , 83 , 85 ,86 , 94 , 96 , 97 ,107 , 

110,111 . 

37 , 3 ,15 , 21 , 27 , 29 31 , 33 , 36 , 37 , 83 , 85 , 86 , 90 , 97 ,110, 111 ,118. 

3 1 ,13 , 20 , 27 ,3 ,37 ,39 , 1 , 46 ;70 , 75 , 81 ,83 , 86 , 90, 97,107, 110, 111 ,118 . 

39 29 31 37 ,39 , 83 , 86 ,97 , 10 ,111,118 . 

o 1 13 15 20 27 , 29 , 1 ,33 , 37 , 41 , 66 , 77 , 79 , 81 ,83 ,85, 86 , 97 ,106 ,107 , 

110, 118. 

13 20 21 , 27 , 31 , 6 ,77 , 79 ,8 , 83 ,86,97,106 ,111 ,118. 

42 3 , 20 5 53 0, 7 , 77 ,79 ,95 , 97 ,107,110, 118. 

, , 20 2 27 3 , 45 ,53 , 0 71 ,77 , 96 ,97 ,102 ,104 ,107 ,118. 

-----------------------------------------------------
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ma bl 2 (C • 0 I ) 

St and No . n ec s 

45 1 ,3 , 20 ,21 , 27 , 36 ,37 , 45 ,53 ,60 ,77 , 79, 4, 7 ,107 . 

46 1 , 2,3, 6, 21 , 27 , 29 ,3 , 4, 5 , 60 , 5 ,107 ,108 . 

47 1,15 , 20 , 21 , 27 , 29 ,3 ,33 ,3 ,3 , 77 , 7 ,8 , 97 ,101 , 07 , 18. 

47B 1 ,3, 21 , 27 , 29 ,3 , 5,53 , 0 , 65 , 77 , 79 , 83 , 4 95 ,97 ,103, 07 , 08 8. 

48 1,21 , 27 , 29 ,31 , 33 ,3 ,39 ,71 ,77 , 3 , 94 , 95 ,97 , 05 ,107 , 10 •. 

49 1 ,3 ,15 ,16 ,19 , 21 , 27 ,39 , . ,54 ,76 ,83 , 87 ,101 ,104 ,105,118 . 

50 1,3 ,15, 18 , 21 , 27 ,35 ,39 , 4 ,5 , 60 ,76 ,87 , 97 ,104 ,110 ,118 . 

51 1 ,3 ,16 ,17 ,19 , 27 ,35 ,39 , 44 , 54 , 60 , 76 ,79 ,87 ,104 ,107 ,110, 118 . 

52 1 , 3,9 ,15 ,16,18, 2 , 27 ,31 ,35 ,38 , 50 ,54 , 7 , 81 , 95 , 6 ,101 , 110 . 

53 1,3, 9,15,16, 18 , 21, 36 ,54 , 97 ,110. 

53B 3 , 9,16,19, 21 , 27 , 37 ,39 , 54 , 7 ,81 ,110 ,118 . 

54 1,13, 23,27 , 28 , 32 , 28 , 7 ,52 , 57 , 70 , 89 ,113, 115 ,117 . 

55 1,2,13,21,27,32 ,38 , 46 , 47 , 57 , 77 , 86 , 89 , 90 ,10 ,109 ,113 ,117. 

56 1 , 8 ,13 , 21 , 23 , 33 ,38 , 4, 46 , 57, 77 ,86 , 89 , 90 ,113 ,117 . 

57 1, 9,13 , 23 , 28 , 29 , 31 ,32,38 , , 46 , 47 , 76 ,77 ,89 , 05, 10 ,107 ,1 7. 

58 1 , 2,13,20, 23 , 27 , 32,38 , 44 , 46 ,50 ,52 , 78 ,86 ,89 ,118 . 

59 1 ,13, 21, 32,33 ,37 ,38 , 47 ,52,55 , 77 , 81 ,89 , 97 ,106 ,118 . 

60 1 ,2 ,~3 , 1 9 , 26 , 27 , 39 , 44 , 77 , 78 , 97 , 1 0 ,105 , 08 ,110 ,118 . 

61 1 ,3 , 9, 13 ,19 , 20 , 27,31, 34 ,35 , 36 , 38 , 4 , 71 ,77 , 97 ,10 ,105 108 1 0 . 

62 1 , 20, 27 ,36 , 39, 5,53 ,71 , 77 , 7 ,104 ,107 ,1 0,118 . 

63 1,3, 8 , 9 ,13 ,15 ,19 , 27 ,33 ,35 ,36 , 39 , 40 ,45 ,49 , 60 ,63 , 70 , 71 , 77 ,97 ,101 , 
108 ,113 ,11 • 

64 1 , 2,3 , 3 ,19 , 20 , 27 ,33, 40 ,70 , 71 , 77 , 78 ,10 , 07 ,110 ,112 ,113 ,1 8 . 

65 2,13 ,19 , 20 , 21 , 27 ,3 , 0 , 47 , 50 , 56 ,58 , 70 , 77 , 97 , 07 . 
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Ta 1 e 2 . (Co ' ) 

Stan d N o ~ a t I:) ec s 

66 1 ,13,19, 28 ,38 , 1 , ,58 71 77 ,8 , 90 110 113 ,11e . 

67 1 1 15 ;16,17,18 , 20,21 , 27 ,31,3 ,53 ,7 77 97 ,10 ,110 ,11 • 

68 1~3:11, 18 , 21 , 31 \ 3 , 53 :60,76 ,91 , 95 , 97 ,10 ,108 ,118 . 

69 1 ,3 ,15, 16,17 ,18 , 27 ,53 , 0 , 76 ,97 ,101 , 0 10 ,118 • . 

70 1 ~ 3 , 15 , 16 , 1 7 , 1 8 , 21 , 27 , 3 ,53 ,7 ,97 ,106 ,110 ,118. 

71 1,3, 15,17 ,18, 21 , 27 ,3 ,53 , 73 ,10 • 

72 3,181 27 , 31,36 , 5 ,53,7 ,79 ,82 ,97 ,10 ,10 ,110 ,118. 

7 2B 1,3 ,1; ,16 ,17 ,18 , 27 ,3 ,39,54, 76, 94 , 97 ,l04,10 ,118 . 

73 1 ,13,16 ,19 , 27 , 29 ,36 ,7 , 77 ,83 ,94 , 96 , 97 ,105 ,10 ,107 ,11 • 

75 1, 3 l 11,13 ,15 ,19 , 20 , 27 , 29 , 36 ,53 , 71 , 77 , 7 , 3 ,86 ,101 , 109 ,110 ,1 8 . 

76 1 ,16,17119, 20, 27 ,31 ,36 ,39 ,53 , 77 , 78 , 83 , 87, 97 ,104 ,107,1 o. 

77 1, 16,18?27 ,31 ,36,60 ,7 ,77 , 78 , 83 , 97 ,104 ,107,110 ,111 ,112 . 

78 1 :15 ,16 ,18 , 27,31 , 36, 74 ,76 ,77 , 83 , 97 ,101 ,10 ,118 , 

79 6,11,12:17,18 , 20, 21 , 22 , 25 , 27 , 36 , 45, 64 ,72 , 74 ,77 , 81 ,83 , 91 , 
108 ,118. 

80 6,7,11 ,16,17,18, 21 , 22 , 27 , 33 ,3 , 45, 41 77 , 81 ,83 ,91 , 94 . 

81 6?7; 11 ,13 ,15,16 , 21 , 22 , 29 , 34,36 , 5 ,77 , 79 ,81 , 91 ,94& 

82 11 ,16,18, 20 ,21 , 27,31 ,36 , 5 , 49 ,53 ,64 , 72 , 7 , 77 , 81 , 8 , 91 ,9 , 7 , 07. 

83 1,11 ,16, 20 , 27 ,36,39 , 45 ,72,74,81 , 83 , 91 , 97 ,108, 

84 1 18 , 27 , 29, 3 :45 ,7 ,77 , 79 ,83 , 91 ,104 ,112 . 

85 7,18 , 27 , 29,36,72 , 76, 78 ,97 ,108 ,118. 

86 3 ,12,15, 27 , 29 , 3 , 45, 72 ,77 , 78 , 79 , 97 , 07 ,108 ,112 ,11 ,118. 

87 1,18, 20 , 21 , 22 , 2 , 36 ,72,7 ,71 , 7 , 79 ,94 ,97 ,107 112 ,118. 
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Table 2 . (Co ' d) 

Sta nd No . I n Speci 5 

88 1 ,15 ,18 ,19 , 20 , 21 , 27 , 2 , 31 ,39 ,53 ,72,1 ,77 ,78 ,79,97 ,107 , 12 B. 

89 1 ,3 , 9,19 , 27 , 29 , )6 ,3 , 1 ,7 , 77 ,78 ,79,83 , 9 f 97 ,107,108 ,1 o. 

90 1 , 3 , 9, 27 , 29 ,31 ,3 ,37 ,39 ,83 , 87 ,97 ,107 ,108 ,110 , 8. 

91 9,27,31 ,36 ,38 ,39 , 8, 82 ,83 , 97 ,107 ,108 ,110. 

92 1,13 , 21 , 27 ,31, 39 ,60 , 71 , 77 ,107 ,108 ,112 . 

93 1 ,13 , 21 , 27 , 33 ,77 ,104 ,107 ,108 , 

94 1 ,13 , 27 , 29 , 33 , 60 , 77 , 79 , 10. 

95 1 ,13 , 20 , 27 ,33 ,37 1 0 , 71 ,77 , 97 ,107 ,108 ,110. 

96 10, 20 , 27 ,31 ,33 , 71 ,77 ,83 , 7,107 ,108 ,110. 

97 9,16 ,19, 20, 27 , 29 ,3 , 39 , 41 , 45 , 79 , 81 ,85 ,87 , 97 ,110 ,1 8. 

98 9,16,19 , 27, 29 ,31 ,36 ,38 ,39 , 41 ,60 , 79 ,81 ,83 ,85 ,87 , 99 ,108 ,110. 

99 9,16 ,19 , 29 ,31 ,37 ,39 , 41 , , 68 , 87 , 97 ,99 ,110 ,118 . 

100 1 ,3 ,19 , 23 , 44 , 59 ,108 ,110 ,118 . 

101 3, 27 ,33 , 44 ,81 ,92 ,110,118, 

102 1 ,3 , 27 ,59 ,81, 92 ,104 ,105 ,110 ,118. 

103 1 ,3 ,19 , 27, 44 ,59 ,81 , 92,104 ,105,110 ,118 . 

104 1 ,3 , 27 ,35 , 44 ,76 , 81 ,92 ,10 ,110 ,118 . 

105 1 , 3 ,35 , 44 ,59 , 76,81, 92,104 ,110 ,118 . 

106 3, 4,38 , 59 , 76,105 ,110. 

107 3,13 ,38 , 51 , 59,87 ,88 , 93 , 0 ,110 ,118 . 

108 3,13 ,1 ,38 ,51 , 88 . 

109 3,13 ,16 , 38 , 4 ,51 , 67 , 87 ,88 ,104 ,118 . 

110 . 3 ,13 ,16 ,38, 44 ,51 , 7,10 ,108 , 

III 3,13 ,16 ,38 , 4 ,51 , 7 ,104 ,118 . 



Stand No . 

Table 2 . (Co ' d) 

In S CiC6 

112 1 ,3 ,13,16 ,38 ,51 , 67 ,10 ,118 . 

113 1 , 3 ,13 , 20 , 21 , 27 , 33 ,39 , 77 ,83 ,94 ,95 , 9 , 97 ,107 . 

114 1 , 3,10, 20 , 21 , 27 , 36 ,39 , 42 ,53 ,77 ,81 ,83 ,94 ,97 ,107 . 

115 1 , 3,10 , 21 , 27 ,33 ,36 ,53 , 5 , 72 ,77 ,83 , 94, 97 ,107 . 

116 1 , 3,21 , 27 ,36 ,39 ,53 ,54 , 72 ,77 , 83 ,94 , 97 ,107 . 

117 1, 3, 20, 21 , 27 ,39 , 53 ,54, 72 , 77 , 83 , 94, 97 ,10? 

118 1, 2, 3, 27 , 36 , 39 ,54,77 ,81 , 83 , 94,97 ,11 . 
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Table 3. Envir me al a r r s 

, S t a no. Slope i n 
c; 

de Local ' spec 1 i Y No. 

1 1 s 2600 Bed' 

2 " " " 
3 " " II " 
4 " " " II 

5 II " " 
6 It II I I II 

7 " " II II 

8 I I II I I " 
9 10 w 2450 Be r f e t a 

10 7 NW II II 

.11 9 " II 

, 

12 6 NW II " 
13 9 W 2500 " 
14 4 s 2400 Hole t a I 

15 2 S " II 

16 " " " II 

1 7 " II " " 

18 0 " " 

1 9 4 " Hole a own 

II II 
20 5 s 

II II " 21 3 

" II " 22 3 

" II " 23 2 

24 2 2 00 \'0 0 Y 



Table 3. (C on ' d) 

Stand Sl ope As No " c Al i u Loca y 

25 0 2600 '0 0 

26 1 11 

27 2 11 11 " 
28 5 " " " 

29 6 " " " 
30 0 E " " 
31 0 " " 
32 4 S " " 
33 0 " " 
34 0 " K e K. 

35 " " " 
36 9 SE " " 
37 1.5 " " " 
38 0 11 " 
39 0 " " 

40 5 SE " " 
41 4. 5 " " " 

42 0 2350 oge 

43 " " " I I 

44 

45 0 2350 Rog 

46 " " " II 

47 0 " II 

47B 0 " " 

48 2 " " 



Table 3. (C on I 

St and Slope As c oc ·ty No. 
49 7 s 2 00 Hol a i y nrm 

50 3 s 2 00 o e n dniry f a r m 

51 5 " 1/ " 
52 0 " " 

53 4 s " " 
53B 4 " " 

54 0 2550 G fe r sa r eservoir 

55 " " " 
56 " " " 
57 " " " " 
58 " " " " 

59 " " " " 

60 6 E " G e r s a ~es t of t h 
r ese r voir 

61 6 " " " 

62 15 BE " " 

63 32 "(I " " 

64 9 NW " " 

65 23 " " " 

66 15 " " " 

67 4 2 50 i da 

68 5 S " " 

69 2 B " " 

" " " 70 1 

" " 11 

71 5 
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Table 3 . (Cont ' d) 

S t and . Slope spec t 1 ud Loe li y Noo 

72 7 S 2450 

72B 7 " " " 
73 0 2350 KaYlo 

74 0 " " 
75 0 " " 
76 12 N 2325 II 

77 12 N II 

78 12 " " " 

79 0 2250 Kumb r e 

80 0 II II 

81 0 " 
82 II " " 

83 " " " " 

84 " " II II 

85 " " " " 
86 " " " II 

87 " II II " 

88 " " " II 

89 " " 2450 o i 

90 " " II " 

" " " " 91 

" II 

" " 92 

" " " 1/ 

93 

94 " " " " 

95 " " " 1/ 
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Tab-Ie 3 . (C ont l d ) 

Stand Slope As ct 1 i No. --
96 a 2 50 0 

97 n " " " 
98 II " " " 
99 II 

" " 
100 " " 2 00 Be i 

1 01 II " " " 

102 " " " " 
103 " II II " 

104 II " " " 

105 " " " " 

106 II " " " 

1 07 " II " II 

108 " " 1/ " 

109 " II 1/ " 

110 " II 1/ 

III " " " II 

" " I I 

112 II 

113 3 s 2250 agidi 

" " " 114 5 

" " 4 " 115 
I I " " IlG 9 

" " " 117 5 

" " " 118 5 



Table 4. 

Stand No . 

1 5 

6 - 8 

9 

10 

11 - 13 

14 18 

19 - 23 

24 29 

30-33 

34 - 35 

36 - 40 

41 

42 - 48 

49 - 53 

- ~ 7 _ 

Grazing and r ai a Co di 

Gr ass a s 

Disc r iption 

intensively gr a z dad fr 1 

o 

intens ively gr a z d , f llowe f 0 2- 5 y ars n 

drained. 

intensively gr a z d a n fr ly r a i d 

int ensively gr a zed , f a llow d from 2- 5 year s 

drained 

intens ively gr a zed an d r eely dr a i d 

not gr azed , Qowed r eg lari ly 

the r a iny seas on only . 

d wa er 10 ge d 

r ee y 

d freely 

ring 

intensively grazed and fr l y dra i e d 

intensively gr azed and wate r l og e d d rin he rainy 

s eas on only 

intens ively gr azed , f allowed from 2- 5 y a r s an r ee y 

dra ine d. 

intens i vely gr a zed an fr e ly a i d . 

mode rately gr azed , f a llowe fro m 2-5 year s fr y 

dr a ined . 

modera t el y gr a z d a d f r e ly dr a ine 

in te nsi vely gr az d and ate r log d th 

r ainy s eas on only 

not gr a ze d , MOW r g I ri ly a d w ter 10 ge ri g 

the r ainy season nl 



Sta nd No . 

54 - 59 

60-66 m 

67 - 72B 

73 - 78 

79 83 

84 - 88 

89 - 91 

92-96 

97 - 99 

100 - 112 

113 - 118 

- 3 

Table 4. (C on t ' d ) 

Discri tio 

not mowed r egularily , 0 gr az d nd r 1y dr i 

moderat ely grazed ~n r e y 

not gr a zed during th r a i y se 00 

logge d durin g the rai y s easo 

modera t el y gr a zed an fr e ly dr a ine 

n d 

intensively er a zed and wa er logg uri g 

s eason only. 

e r 

e r a y 

moderat ely gr azed , fallow d from - 5 ye rs a nd wa r 

logged during the r ai ny sea son 0 l y 

mode r ately gr azed , f allow d fro 2- 5 years a nd f r 

drained. 

intensively gr a zed and freely dr a i n d . 

y 

moderately gr a zed , f all owed from 2- 5 year s 

drain ed 

d f r ee y 

not grazed , not mowed r egul a ri1y 

water lOGge d. 

intensively gr a zed freely dra ined . 

d e r ma nen l y 
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Table 5. Soil Color ' Y ) a a ri o 6 

Depth in em 

--------....... 

Stand -----~ 0-10 10- 20 20- 30 30- 0 0- 50 50- 0 0- 70 No. 
ld 705 4/2 10 4/3 5. 5 4/2 7. 5 / 2 7. 5 / 2 7. 5 /2 7. 5 3/2 

w 5 3/2 5 3/2 5 2/2 5 3/2 5 2/2 5 3/2 5 3/2 

2d 10 4/3 10 4/3 7. 5 3/2 7. 5 3/2 7. 5 /2 

w .7.5 3/2 7. 5 3/2 5 3/2 5 3/2 5 2/3 ----

3d 10 4/3 10 4/ 4 10 3/4 7. 5 / 2 7. 5 /2 10 / 3 7. 5 /3 

w 10 3/2 10 3/2 10 3/ 3 7. 5 3/2 10 3/ 2 o 3/2 7. 5 3/2 

4d 7.5 4/4 7. 5 4/4 7. 5 4/2 7. 5 4/ 2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 

w 7.5 3/2 77 . 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/3 5 3/ 2 5 3/2 

5d 705 4/4 7~5 4/4 7. 5 4/4 7. 5 4/2 7. 5 4/2 7. 5 4/2 7. 5 /2 

w 7.5 3/2 7.5 3/2 7. 5 3/2 7.5 3/Z 7. 5 3/ 2 5 3/ 2 5 3/2 

6d 7.5 4/2 7.5 4/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 4/2 

w 5 3/2 705 3/2 5 3/1 5 3/1 5 2/2 5 2/ 2 5 3/2 

7<1 705 4/2 7.5 4/2 7.5 4/2 7.5 4/ 2 7. 5 4/ 2 7. 5 4/2 7. 5 / 

w 5 3/2 5 3/2 5 3/2 5 3/2 5 / 2 5 3/ 2 7. 5 /2 

8d 10 4/3 7. 5 4/2 7.5 4/2 7 •. 5 4/2 7. 5 4/ 2 7. 5 4/2 7. 5 /2 

w 705 3/2 7. 5 3/2 7. 5 3/2 5 3/ 2 5 3/2 5 3/ 2 5 3/2 

9d 5 3/3 2. 5 3/4 2. 5 3/4 5 3/ 4 5 3/4 5 /4 5 3/4 

w 5 3/2 5 3/3 2. 5 3/ 2 2. 5 3/2 2. 5 3/2 2. 5 ';2 5 3/2 

10d 5 3/4 5 3/4 2. 5 3/4 2. 5 3/4 2. 5 3/ 2. 5 3/ 2. 5 3/ 

w 5 3/2 ,. 2.5 3/ 2 2. 5 3/2 2. 5 3/2 2. 5 3/2 2. 5 3/2 2. 5 3/2 

lId 5 3/4 5 3/3 2 .. 5 3/4 2. 5 3/4 2. 5 3/ 2. 5 3/4 2. 5 / 

w 5 3/2 5 3/2 2. 5 3/2 2 .. 5 3/ 2. 5 3/ 2 2. 5 3/ 2 2. 5 3/2 
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Table 5. (Co ' d) 
Dept h i n em 

'-------... ,-..., 
Stand No. 0- 10 10- 20 20-30 30- 0 0-50 50-6 0-70 
12d 2. 5 3/4 2. 5 3/ 2. 5 3/ 2. 5 3/ 2.5 3/ 2. 5 3/4 2. 5 3/ 

w 2. 5 3/2 2. 5 3/2 2.5 3/ 2·5 3/2 5 3/2 5 3/3 2. 5 / 
13d 7. 5 3/2 · 7. 5 3/2 5 3/2 5 3/3 5 3/ 2 7. 5 3/ 2 

w 5 3/1 5 3/1 5 3/1 5 3/2 5 2/2 5 3/2 
14d 10 3/3 10 3/3 10 3/4 o 3/4 10 3/3 10 3/3 o 3/3 

w 10 3/2 10 3/2 10 3/2 10 3/3 10 3/3 10 3/ 3 10 3/2 

15d 10 3/2 10 3/2 10 3/2 10 3/2 10 3/2 10 3/2 10 3/3 
w 10 3/2 10 3/2 o 3/2 10 3/2 10 3/2 o 3/ 2 10 3/2 

16d 10 3/2 10 3/3 10 3/3 10 3/ 2 2. 5 3/2 

w 10 3/2 10 3/3 10 3/3 o 3/3 2. 5 3/2 

17d 10 3/3 10 3/3 10 3/2 10 3/ 2 10 3/3 

w 10 3/2 10 3/2 10 3/2 o 3/ 3 10 3/3 

18d 10 3/2 10 3/2 10 3/2 10 2/ 2 10 3/2 10 3/2 10 3/1 

w 10 3/2 10 3/2 10 3/ 2 o 2/ 2 10 3/2 10 3/ 2 10 3/ 

19d 

w 

20d 7. 5 4/2 7. 5 4/2 7. 5 3/ 2 7. 5 3/ 2 7. 5 3/ 2 7.5 3/ 2 7. 5 /2 

w 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 

21d 10 3/3 7. 5 4/2 7. 5 / 2 7. 5 4/2 7. 5 4/2 7. 5 4/2 7. 5 /2 

w 10 2/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 10 2/2 5 2/2 

22d 7. 5 4/2 7. 5 4/2 7. 5 / 2 7. 5 / 2 7. 5 /2 7. 5 4/2 7. 5 /2 

w 5 3/2 7. 5 3/2 o 2/2 7. 5 3/2 5 2/ 2 7. 5 3/ 2 7. 5 3/2 

23d 5 3/ 4 5 3/ 5 3/i 7.5 / 2 7. 5 4/2 5 /3 5 3/3 

w 5 3/2 5 3/2 5 3/3 5 3/2 7. 5 3/2 5 3/3 5 3/3 



Table 5. (Con t ' d) 

Depth in em ------. 
.... 

Stand 0-10 10- 20 2'-30 30- 40 No . 0-50 50- 0 60- 70 
24d 10 3/ 3 7. 5 4/2 7. 5 4/2 7.5 4/2 7 5 /2 705 4/2 

w 10 4/2 7. 5 3/2 7.5 /2 7.5 4/2 7. 5 /2 7 5 /2 

25d 

w 

26d 10 3/2 10 3/3 10 3/4 

VI 10 2/2 10 3/ 3 10 3/4 

27d 10 4/2 7. 5 4/2 7.5 4/2 7.5 / 7. 5 / 2 7. 5 / 2 

w 10 2/2 10 2/2 10 3/2 10 3/ 2 10 3/2 

28d 7. 5 4/2 7. 5 3/2 7.5 4/2 7. 5 4/2 7. 5 /4 7. 5 / 2 

w 7.5 3/2 10 3/3 7. 5 3/2 7. 5 / 7. 5 4/4 7.5 4/2 

29d 10 3/2 5 3/3 7. 5 4/2 7. 5 4/2 10 3/3 

w 10 3/2 5 3/2 7. 5 4/2 7.5 4/ 2 10 3/ 3 

30d 7. 5 3/2 7. 5 3/2 7.5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/ 2 7 5 /2 

w 7. 5 3/2 5 2/2 5 2/2 5 2/ 2 5 2/ 2 5 2/ 2 5 2/2 

31d 7. 5 4/2 5. 5 4/2 7.5 3/2 7.5 3/2 7.5 3/2 7. 5 4/ 2 7. 5 /2 

w 7. 5 3/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7,5 3/2 

32d 7. 5 4/2 7. 5 4/2 7.5 4/2 7.5 4/2 7. 5 /4 7.5 / 7. 5 4/ 

w 7. 5 3/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/ 2 7. 5 4/ 4 7. 5 4/ 7. 5 / 

33d 7.5 4/ 3 7. 5 3/2 5 3/ 4 5 3/ 4 5 3/4 5 3/ 4 5 3/ 

'IT 7. 5 3/2 7.5 ~/2 5 ~ , /3 5 3/ 3 5 3/3 5 3/4 5 / 

34d 5 3/ 4 5 3/4 5 / 4 

w 5 3/3 5 3/ 3 5 3/3 



Table 5. (Cont ' d) 

Depth in em --------. Stand 0- 10 10- 20 20-30 30- 0 0-50 50- 0 60-70 No. 
35d 5 4/4 5 4/4 5 3/ 5 3/4 5 3/ 4 5 3/ 4 5 / 

w 5 3/4 5 3/ 5 3/3 5 / 3 5 3/4 5 3/ 5 3/ 

36d 7. 5 4/2 7. 5 4/4 5 3/4 5 3/4 5 3/ 5 3/ 2 5 3/2 

w 7. 5 3/2 5 3/3 5 3/3 5 3/3 5 3/ 3 5 3/ 2 5 2/2 

37d 5 4/4 5 3/4 5 3/4 2. 5 3/ 2. 5 3/ 4 2. 5 3/ 4 2. 5 3/ 

w 5 3/4 5 3/3 5 3/3 2. 5 3/4 2. 5 3/ 2.5 3/ 4 2. 5 / 

38d 5 3/4 5 4/4 2. 5 3/4 2. 5 3/ 2. 5 3/4 2. 5 3/ 2. 5 3/ 

w 5 3/3 5 3/3 5 3/3 5 3/4 5 3/ 4 2. 5 3/4 2. 5 3/ 

39d 5 3/4 5 4/ 4 5 4/4 2. 5 3/ 2. 5 /4 2. 5 3/4 2. 5 3/ 

w 5 3/3 5 3/4 5 3/4 2. 5 3/4 2. 5 3/ 2. 5 3/ 2. 5 3/ 

40d 5 4/4 5 4/ 4 2. 5 3/4 2. 5 3/4 2. 5 3/ 4 2. 5 3/ 4 2. 5 3/ 

w 5 3/4 5 3/4 2. 5 3/2 2. 5 3/4 2. 5 3/4 2. 5 3/ 2. 5 3/4 

41d 7. 5 4/2 7. 5 3/2 5 4/4 5 4/4 5 /4 5 3/ 3 5 3/3 

w 7. 5 3/2 5 3/2 5 3/3 5 3/ 3 5 3/4 5 3/ 3 5 3/2 

42d 10 2/2 10 2/2 10 3/2 10 3/2 10 3/2 10 3/2 10 3/2 

w 10 2/1 10 2/1 10 2/2 10 3/ 2 10 / 10 3/ 2 10 3/2 

42Bd 10 3/2 10 3/2 10 3/2 10 3/2 10 3/3 10 3/ 3 10 3/ 

w 10 2/2 10 3/2 10 /2 10 3/ 2 10 3/ 2 10 3/ 2 o 3/2 

43d 10 3/2 10 3/2 10 3/2 10 3/ 2 10 3/ 2 o 3/ 2 o 3/2 

w 10 2/2 10 2/2 10 2/ 2 10 2/ 2 o 3/ 2 10 3/ 2 10 3/2 

44d 

w 

45d 10 3/2 10 3/2 10 3/2 o 3/ 2 10 3/ 2 10 3/ 2 10 3/2 

w 10 2/2 10 3/2 1 3/ o 3/ 2 0 /2 10 3/2 o 3/2 



Table 5. (Co ' ) 
Depth in em .-------. 

Stand 0-10 10- 20 20-30 30- 0 0-50 5 - 60-70 No. 
46d 10 3/2 10 3/2 o 3/2 10 3/2 10 3/ 10 3/ o 3/ 

w 10 3/2 10 3/2 10 3/2 o 3/2 10 3/1 10 3/1 10 3/1 

47d 10 4/3 7. 5 4/2 7. 5 /2 7. 5 4/ 2 7. 5 /2 7. 5 /2 7. 5 /2 

w 7. 5 3/2 7. 5 3/2 7. 5 3/ 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 7. 5 3/2 

47Bd 10 3/2 10 3/1 10 3/1 10 3/ 10 3/1 10 3/1 10 3/1 

w 10 3/2 10 3/1 10 3/1 10 3/ 1 10 3/1 10 3/1 10 3/ 

48d 7. 5 4/4 7. 5 4/4 '. 5 4/ 7. 5 4/2 7. 5 /2 7. 5 / 2 7. 5 /2 

w 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 7. 5 3/2 

49d 10 3/2 7. 5 3/2 10 3/2 o 3/2 10 3/2 10 3/ 2 10 3/2 

w 10 2/2 10 2/2 10 2/2 10 2/ 2 10 2/2 10 3/ 2 o 3/2 

50d 10 4/2 7. 5 3/2 10 /2 10 4/2 10 4/2 0 /2 10 4/2 

w 7. 5 3/1 7. 5 2/2 10 3/2 10 3/2 10 / 2 10 3/3 10 /3 

51d 10 3/2 10 3/2 o 3/2 10 3/2 10 3/2 10 3/ 2 o 3/2 

w 10 2/2 :;'0 2/2 10 3/2 10 3/2 10 3/2 o 3/2 o 3/2 

52d 7. 5 4/2 10 3/2 10 3/ o 3/ 2 10 3/2 10 3/ 2 10 3/2 

w 7. 5 3/2 10 3/2 10 3/2 10 3/ 2 10 3/2 o 3/2 10 3/2 

53d 10 3/3 10 3/2 10 3/2 10 3/2 10 3/ 2 10 3/2 10 3/2 

w 10 2/2 10 3/2 10 3/3 10 3/2 10 3/ 2 10 3/2 10 3/2 

53Bd 10 3/3 10 3/3 10 3/3 10 3/3 10 3/1 o 2/ 2 10 2/2 

w 10 2/2 10 2/2 10 3/3 10 3/ 2 10 /1 10 2/1 10 2/2 

54d 7. 5 4/2 7. 5 4/ 10 5/4 7. 5 4/4 7. 5 /~ 7. 5 4/4 7. 5 3/2 

w 7. 5 4/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 

55d 7. 5 4/2 7. 5 4/2 7. 5 /2 7. 5 4/ 4 7. 5 /2 7. 5 /2 5 3/2 

w 7. 5 3/2 7. 3/2 7. 5 /2 7. 5 / 2 7. 5 3/2 7. 5 3/2 5 I') 
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Table 5. (C on ' d) 

Depth in em 
~------.. 

Stand 0- 10 10- 20 20-30 30- 0 0-50 50- 6 - 70 o . 

56d 7. 5 4/2 7. 5 4/2 7.5 /2 7.5 4/4 7. 5 / 7.5 4/ 4 5 3/ 
w 5 2/2 5 2/2 7. 5 3/2 7.5 3/ 2 7. 5 3/ 2 7. 5 3/ 2 5 3/ 

57d 7. 5 4/2 7. 5 4/2 7#5 /2 7. 5 4/ 4 7. 5 4/4 7. 5 / 4 7. 5 / 
w 5 2/2 5 2/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 7. 5 3/2 

58d 7. 5 4/2 7. 5 4/2 7. 5 4/2 7. 5 4/ 2 7. 5 4/2 7. 5 4/2 7. 5 /2 

w 7. 5 3/2 7. 5 3/ 2 7.5 3/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 

59d 7. 5 4/2 7. 5 4/ 4 7. 5 /4 7.5 /4 7. 5 / 7. 5 / 4 7. 5 / 
w 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7.5 3/2 7. 5 3/2 

60d 7. 5 4/4 7. 5 4/4 7. 5 4/4 5 3/ 4 5 3/ 4 5 3/ 5 3/2 

w 7. 5 3/2 7. 5 3/2 7.5 3/2 5 3/ 2 5 3/2 5 3/2 5 3/2 

61d 7. 5 4/4 7. 5 4/4 7. 5 4/4 7. 5 4/ 2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 

w 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 

62d 

w 

63d 

w 

64d 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7. 5 3/ 2 

w 5 2/2 5 2/2 5 2/ 2 5 2/ 

65d 7. 5 4/2 7. 5 4/2 

w 5 2/2 5 2/ 2 

66d 

w 

67d 10 3/1 10 3/1 10 /1 

w 10 2/2 10 2/2 o 2/2 
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Table 5. (Can t ' d) 
Depth in em 

---------St and No . 0-10 10-20 20-30 3 40 0- 50 - 60 7 0 

68d 10 3/2 10 3/2 10 3/2 o 3/ 2 0 /2 10 3/2 
w 10 2/2 10 2/2 7. 5 3/2 o 3/ 2 o 3/2 10 3/2 

69d 10 3/3 10 3/2 10 3/3 o 3/ 2 10 3/2 10 3/ 2 o 3/ 
w 10 3/2 10 3/2 10 3/2 o 3/ 2 10 3/ 2 10 3/2 10 3/-

70d 10 3/3 10 3/2 10 4/1 10 4/1 

w 10 3/2 10 3/2 10 3/1 o 3/1 

71d 7. 5 3/2 7. 5 3/2 7. 5 4/2 7. 5 / 2 o 3/ 2 03/1 10 3/1 

w 7. 5 3/2 5 2/2 7. 5 3/2 7. 5 3/2 o 3/2 o 3/ 2 10 3/2 

72d 7. 5 4/2 7. 5 4/2 10 3/2 

VI 7.5 3/2 7. 5 3/2 10 3/2 

74Bd 5 3/4 '5 3/4 5 3/4 7. 5 4/2 7. 5 / 2 o 3/3 7. 5 4/2 

w 5 3/3 5 3/3 5 3J2 5 3/ 2 7. 5 4/2 10 3/ 3 10 3/3 

73d 5 3/4 5 3/4 5 3/ 4 5 3/4 5 3/4 5 3/ 7,, 5 /2 

w 5 3/3 5 3/2 5 3/2 5 3/ 2 5 3/ 2 5 3/2 5 ;/2 

74d 7. 5 4/4 7.5 4/2 7.5 4/4 7. 5 4/4 7. 5 /4 7.5 / 4 7 5 /2 

w 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/ 2 7. 5 3/2 7. 5 3/2 7. 5 3/2 

75d 5 3/4 5 3/4 5 3/4 5 3/ 4 5 3/ 3 5 3/3 5 3/3 

w 5' 3/2 5 3/2 5 3/ 2 5 3/ 2 5 3/ 2 5 3/2 5 3/2 

76d 7.5 4/2 7. 5 3/2 5 3/ 5 3/1 5 3/1 10 2/ 2 o 2/2 

w 5 2/2 5 2/2 5 3/1 5 3/1 10 2/ 2 10 2/ 2 10 2/2 

77d 7.5 4/2 7. 5 3/2 7. 5 / 2 7. 5 / 2 7. 5 /2 o 3/ 3 10 3/ 

w 7. 5 3/2 5 2/2 5 2/ 2 5 3/ 1 5 3/ 1 10 3/ 2 o 2/2 

78d 10 3/ 1 10 4/1 10 4/ 10 / 2 0 /2 0 / 2 o 4/2 

10 3/2 1 3/1 10 3/2 o 3/2 10 3/2 10 3/ 2 0 /2 w 



Table 5. (Con ' d) 
Dep t h in em 

~ 
St and No. 0- 10 10- 20 20-30 30- 0 0-50 50- 0 0- 70 

79d 10 4/1 10 4/ 10 3/1 o 3/1 o 3/1 10 /1 o 3/ 

w 10 3/1 10 3/ 1 o 3/1 03/1 0 /1 0 /1 10 3/ 

80d 10 3/2 10 3/1 10 3/1 10 3/1 o 3/1 03/1 o 3/1 

w 10 2/2 10 3/2 10 3/1 10 3/1 10 /1 10 3/1 10 3/ 

81d 10 4/1 10 4/1 10 3/2 0 /2 0 / 2 o 6/1 o 5/2 

w 10 3/2 10 3/2 10 3/2 0 / 2 10 4/2 10 5/2 10 5/2 

82d 10 3/1 10 4/1 10 3/ 10 3/ 1 10 3/1 o 3/1 10 3/ 

w 10 3/1 10 3/1 10 3/ 10 3/1 10 3/1 o 3/1 10 3/1 

83d 10 4/1 10 3/1 10 3/1 10 3/1 10 3/1 

w 10 3/1 10 3/1 10 3/ 1 10 3/1 10 3/1 

84d 10 4/ 1 10 4/1 10 4/1 10 / 1 10 4/ 10 /1 0 / 

w 10 3/1 10 3/2 10 3/2 10 3/2 10 3/ 1 10 3/1 10 /2 

85d 10 3/3 10 4/2 

w 10 3/2 10 3/2 

86d 10 4/2 10 4/2 10 4/1 

w 10 3/2 10 3/2 10 3/2 

87d 10 4/2 10 4/2 10 4/2 

w 10 3/2 10 3/2 10 3/2 

88d 10 4/2 10 4/2 10 /2 10 4/ 2 10 / 2 10 / 2 0 /2 

w 10 3/2 10 3/2 10 3/2 10 3/ 2 10 3/2 o 3/ 2 10 3/2 

89d 5 4/2 5 4/2 2. 5 3/4 2.5 3/ 2. 5 3/4 2. 5 3/ 2. 5 / 

w 5 3/3 5 3/2 2. 5 3/4 2. 5 3/4 2. 5 3/ 2. 5 3/ 2. 5 3/ 

90d 5 3/4 5 4/2 5 3/3 2. 5 3/ 2. 5 3/4 2. 5 3/ 2 5 3/ 

VI 5 3/3 5 3/2 5 3/3 2.5 3/4 2. 5 3/4 2. 5 3/ 2. 5 3/ 
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'l'ab1e 5 ~ (Con ' d) 
Dep t h i n em 

----------. 
St and No. 0-10 10- 20 20- 30 30- 0 0-50 50-60 6 - 70 

91d 5 3/4 5 3/4 2. 5 3/4 2. 5 3/4 2 •. 5 / 2. 5 3/4 2. 5 3/ 
w 5 3/3 5 3/3 2. 5 3/ 2. 5 3/ 2. 5 3/ 2.5 3/ 2. 5 3/4 

92d 7. 5 4/2 7. 5 3/2 7. 5 / 2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 
w 7. 5 3/ 2 7. 5 3/2 7.5 3/2 7. 5 3/2 7. 5 2/2 7. 5 2/ 2 7. 5 2/2 

93d 7. 5 4/2 7. 5 3/2 7. 5 3/2 5 3/2 5 3/2 5 / 2 5 3/2 

w 7. 5 3/ 2 5 3/2 5 3/2 5 3/2 5 3/2 5 3/2 5 3/2 

94d 7,! 5 4/2 5 3/4 5 3/3 5 3/ 2 5 3/2 5 3/2 5 3/2 

w 7. 5 3/2 5 3/2 5 3/2 5 3/2 5 3/2 5 3/2 5 3/2 

95d 7.5 4/4 7. 5 4/2 5 3/4 5 3/4 5 3/ 5 3/3 5 3/3 

w 7. 5 3/2 7. 5 3/2 5 3/2 5 3/ 2 5 / 2 5 3/2 5 3/2 

96d 5 4/ 4 5 4/ 4 5 4/4 5 /4 2, 5 3/4 2. 5 3/4 2. 5 3/ 

w 5 3/ 3 5 3/3 5 3/3 5 3/ 3 2. 5 3/ 2. 5 / 2. 5 3/ 

97d 5 3/4 5 3/ 4 5 3/4 5 / 4 5 3/4 5 3/ 3 5 / 3 

w 2. 5 2/4 5 3/2 5 3/3 5 3/2 5 3/3 5 3/ 5 3/2 

98d 5 3/3 2.,5 3/ 4 2.5 3/4 5 3/ 4 

w 5 3/4 2. 5 3/2 2. 5 3/2 5 3/2 

99d 5 3/4 2. 5 3/4 2. 5 3/4 2. 5 3/4 2. 5 3/4 2.5 3/ 2. 5 3/ 

VI 5 3/3 2. 5 3/2 2.5 3/2 2,.5 3/2 2. 5 3/ 2. 5 3/4 2. 5 3/4 

100d 7. 5 4/2 7. 5 4/2 10 4/2 10 /2 

w 7. 5 3/2 7. 5 3/2 10 3/ 10 / 2 

10ld 7. 5 4/2 7. 5 4/2 5 /4 5 4/4 5 /4 5 /4 5 3/ 

w 7. 5 3/ 2 7. 5 3/2 5 3/3 5 3/3 5 3/3 5 3/3 5 3/2 

102d 10 4/3 7. 5 4/2 7. 5 /4 7. 5 / 2 7.5 /2 7. 5 / 2 7. 5 /2 

10 3/3 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7 ~ 5 3/ 2 7 3/2 
w 



Table 5. (Con ' ) 

Depth in em 

~ 
St and No . 0- 10 10- 20 20- 30 30- 0 0- 50 50- 60 0- 7' 

103d 705 4/2 7.5 4/2 7. 5 /2 7. 5 / 2 7. 5 / 2 705 /2 705 /2 

w 705 3.2 7. 5 3/2 7.5 3/2 7. 5 3/2 7. 5 3/2 7.5 3/ 2 7. 5 3/2 

104d 7. 5 4/2 7. 5 4/2 7.5 /2 5 / 5 /2 5 3/2 5 3/2 

w 7. 5 3/2 7. 5 3/2 7.5 3/2 5 3/4 5 3/2 5 2/2 5 2/2 

105d 7.5 4/ 4 7. 5 4/2 7. 5 4/2 7. 5 / 2 7. 5 /2 7. 5 /2 7. 5 /2 

w 7~5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 7. 5 3/2 785 3/2 

106d 7. 5 4/2 7. 5 4/2 7.5 4/2 5 /2 5 /2 5 /2 5 /2 

w 7.5 3/2 7. 5 3/2 7.5 3/2 5 3/ 2 5 3/2 5 3/2 5 3/2 

113d 5 4/2 5 4/2 5 4/1 5 /1 5 /1 5 3/1 5 3/ 

w 5 3/2 5 3/2 5 3/1 5 3/1 5 3/ 5 2/1 5 2/ 

114d 7.5 4/2 7. 5 3/2 7. 5 3/2 7.5 3/ 2 o 3/1 10 /1 10 3/1 

w 7. 5 3/2 10 2/2 10 2/2 10 2/ 2 10 2/1 10 2/ 1 10 2/ 

115d 2. 5 3/4 2. 5 3/4 2. 5 3/4 7.5 3/2 7. 5 3/2 7. 5 4/2 10 / 

w 2.5 2/4 2. 5 2/4 2. 5 2/4 7. 5 2/ 2 7. 5 2/ 2 7. 5 3/ 2 o 2/1 

116d 205 3/4 2. 5 3/4 2. 5 3/4 7.5 3/4 7. 5 3/ 5 3/ 3 5 3/3 

w 20 5 2/4 2. 5 2/ 2 2.5 2/4 2. 5 2/ 4 2. 5 2/4 5 2/3 5 2/3 

117d 2.5 3/4 2. 5 3/4 2. 5 3/ 2.5 3/4 2. 5 3/2 7. 5 3/ 2 5 2/3 

w 2.5 2/4 2. 5 2/4 2. 5 2/4 2. 5 2/4 2. 5 2/ 2 7. 5 2/ 2 2. 5 2/ 

118d 5 4/4 5 4/4 5 4/4 2. 5 /4 5 /4 5 3/ 3 5 3/3 

w 5 3/4 5 3/4 5 :/ 2 C; / 5 3/4 5 2/3 5 2/3 



Table 6. H of h oi nmplee (rio 

Dep th in em 

.----------Stand No . 0-10 20- 0 40- 50 60-70 

1 5. 5 5.5 5· 5 5. 5 

2 5. 3 5. 5. oR. 

3 5.7 5. 5. 5 5. 7 

4 5. 5 5.5 5 . 5 5. 7 

5 5. 2 5. 2 5. 2 5. 2 

6 5. 4 5. 5 5. 5 5. 5 

7 5. 5 5. 6 5. 6 5. 6 

8 5. 3 5.5 5. 5. 6 

9 5. 3 . 0 . 2 . 2 

10 5. 3 5. 7 5.8 . 0 

11 5. 3 5. 5 .7 5. 7 

12 <: 5. 3 5. 2 . 8 . 8 

13 5. 8 5· 5. 5.1 

14 5. 3 5. 5 5. 7 . 2 

15 5. 3 5. 7 5. 5 5. 4 

16 5. 3 5. 5 . 0 

17 5.1 5. 5. 6 

18 5. 3 5. 5. 5 5. 5 

19 H. R. H. H. . 
20 5. 3 5· 2 5.1 5.1 

21 5. 2 5. 2 5. 2 

22 5. 2 5· 5.1 5. 
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Table 6. (C on , ) 

Dep th in em 

-----St and ~ 0-10 20-30 0- 50 0- 70 
23 5. 2 5. 0 5 5. 
24 5. 2 . 8 

25 T. ljJ .1 . T . 1. 1 . T. . L . T. • L . 

26 5.1 4. 8 . T. • T . 

27 4. 9 4. . 8 • T. 

28 5. 0 5.3 5. 0 '/ . . 
29 5. 5 5.3 5. 3 5. 3 

30 5.C . 8 8 4. 9 

31 5. 0 j . 2 5. 0 . 9 

32 4. 9 4.8 4. 7 . 9 

33 4. 5 4. 9 5.1 500 

34 5. 0 5. 0 H. R. H. R. 

35 4. 5 5.1 5. 2 5. 2 

36 4. 7 5. 0 5. 0 5. 0 

37 5. 0 5. 0 5. 2 5 ~ 3 

38 4 •. 9 5. 0 5. 2 5. 2 

39 5. 2 5· 0 5 . 0 5 2 

40 5. 2 5. 5. 5. 4 

41 5·1 5. 0 5 .1 5. 0 

42 5e 4 5. 5 5. 5 5. 

43 5. 5 5. 6 • 0 5 • 

44 N. S. . s . .s . 

45 6. 0 . 5 6 . . 8 
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able 6. (C o ' d 
Dep th i n em ------. 
Stand No : - 0-10 20- 0 0- 50 60- 70 

46 5. 3 5. 5 5. 8 . 3 

47 5. 3 5. 7 . 0 . 2 

48 5. 6 5. 3 5. 5. 5 

49 5. 4 5.3 5. 3 5. 2 

50 5. 0 5.8 • 7. 2 

51 5. 1 5. 3 5. 5 6. 0 

52 5. 0 5. 4 . 1 6. 5 

53 5. 4 6. 0 . 1 6. 

53B 5.1 6. 0 7. 0 

54 5. 3 5. 2 5. 1 5. 2 

55 5. 5 5.1 5. 1 5. 5 

56 5. 0 5. 0 5. 5. 1 

57 5. 0 5. 4 5. 5. 5 

58 4. 9 5. 5. 5. 

59 4. 9 5. 0 5 . 2 5. 

60 5.1 5.1 5. 3 5. 5 

61 5. 0 5. 2 5. 3 5. 3 

62 H. H. H. . H. . I . · 
63 H. R. H. H. H. · 
64 5. 3 5. • H. H . · 
65 5. 1 H. H. . 

66 H. H. H. • R. H.R • 

67 5. 6 7. D. • 
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Ta ble 6. (Co ' d) 

Depth i n em ........ 

~ 
Sta nd No . 0- 10 20-30 0- 50 0- 70 

92 5. 0 5. 5· 1 5 1 
93 4. 9 5. 5. 0 . 9 
94 4.6 . 9 . 9 5. 0 

95 4. 6 . 7 . 9 4. 9 

96 5. 0 5. 0 5. 5. 4 

97 5. 6 5· 0 5. 5. 1 

98 5. 7 6.1 H. . H. . 
99 5. 8 6. 0 . 0 6. 1 

100 Lt . 7 5. 7 H. R. 

101 4.1 . 6 5. 2 5. 

102 4. 3 4. 5. 0 

103 4. 3 4. 6 ~ 6. 7 

104 4. 6 . 6 5. 1 5. 4 

105 4. 7 . 8 . 7 6. 7 

106 4. 5 5. 0 502 5. 0 

107 P . W.1 . P . . 1 . . '/ "1 • P . . 1 . 

~ . 08 " " " II " " 

" " " " " " 109 " 
" " " " " " 110 " " 
" " " " " III " " 

" " 
1/ " 112 " " 

113 5.5 5· 5 . 7 5.B 

114 . 5. 6 . 0 6. 3 . 7 



Table 6. ( c o ' d) 
Dep t h in em 

.~-----Stand ·0:-' 0-10 20- 30 0-50 - 70 
69 4. 8 5. 2 5. 2 5. 0 
70 4. 8 5. 2 D. h. 

71 4. 8 5.1 5.1 5. 6 

72 4. 6 5.1 . h . 

72B 5. 2 5. 0 5. 2 5. 6 

73 S .. L .• 5. 0 5. 5 5. 6 

74 5. 2 5 ~ 5. 3 5. 6 

75 5. 0 4. 8 4. 8 . 5 

76 5. 2 5. 2 5. 3 5.5 

77 5. 1 5. 4 5. 2 H. R. 

78 5. 4 5.5 6. 2 . 5 

79 5.5 5. 7 . 2 H. · 
80 5. 4 6. 0 7. 0 7. 5 

81 5. 0 . 0 6. 3 7. 

82 5. 8 6. 3 7. 2 7. 8 

83 5. 8 6. 0 D. · D. · 
84 5. 7 . 5 7. 0 7. 6 

85 5. 6 !4 D. · 
86 5. 7 5. 7 D. · D. · 
87 5 .. 3 5. 7 D. · 
88 5. 3 5. 3 5. 5.8 

89 5.1 5. 2 5. 5 5. 5 

90 4. 9 5. 2 5. 5 5. 

91 5.1 5. 2 5.5 5. 
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Table 6 ., (Con ' d) 

Dep t h in cm 

St and No. 0- 10 20- 30 0- 50 60- 70 

115 7. 7 6 . 0 5 . 8 . 1 

116 5 . 3 5. 4 5- 5 . 3 
" 

117 5 . 6 5. 3 5 · 5 5 . 8 

118 5.7 5 . 5 5 · 6 . 0 

Key to t he symbols 

W.T. = Water Table 

T. W.L . = Temporarily Viater Logged 

N. S. = No Sampl e 

H. B. = Hard rock 

S . A. = Difficult t o Augur 

P . W.L. = Permanent l y Wa te r Logged 
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Tab l e. 7. Electrical Co u c i v y 0 0'1 e 
at Vario Ie 

Dep t h in cm .----
---...,'"' 

Stand No. 0-10 20-30 0-50 60- 70 

1 12 . 37 7.1 8. B. 3 

2 20. 40 7. 20 7. 3 . R. 

3 5. 71 7.16 9. 52 12. 5 

4 6. 75 7. 82 9. 65 8. 3 

5 6. 93 10. 60 0. 88 19. 0 

6 13. 60 10.60 9. 79 10. 3 

7 8. 84 ' 3. 1 9. 79 7. 88 

8 11 . 28 'll . 42 11 . 69 3. 05 

9 24 . 48 21') . 40 24. 8 ' 20. 0 

l.i li 17. 68 17. 68 19. 0 20. 0 ,I 

. , 

11 21.76 19 . 04 1 . 32 16. 32 

12 17. 00 10. 88 10. 0 10. 88 

13 21. 76 17 . £8 17 . 8 17. 8 

14 16 . 32 24 . 48 27 . 20 27. 20 

15 23 . 88 29 . 92 25 . 84 24. 

16 17: 68 24 . 8 29 . 92 D. 

17 23 . 80 24. 48 27. 20 " 

18 21 . 76 21 . 7 21 . 7 27 . 20 

19 T. VI . 1 . T.W.1 . T. • L . T . .1 . 

20 12 . 24 19. 04 23 . 2 27 . 20 

21 16.32 14 . 92 17 . 8 2 • 

22 13. 60 16. 32 3. 12 29 . 92 



Depth in em 
~ 
~ -Stand No:-" 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

Table 7. (Cont ' d) 

0-10 

25 . 84 

13 . 60 

W. T. 

8. 16 

6. 93 

14 . 96 

21. 76 

13 . 60 

14. 96 

19 . 04 

24 . 48 

10. 60 

20 . 40 

13 . 60 

13 . 60 

9. 52 

11 . 69 

10. 0 

16 . 32 

14 . 6 

.s . 

20 . 40 

- 5 _ 

20-30 

20. 0 

. 0 

1 . 96 

21. 7 

12. 2 

12. 92 

13. 60 

17 . 8 

24 . 8 

12 . 2 

12 . 2 

13 . 0 

10. 0 

14 . 6 

11 .15 

12 . 78 

13 . 0 

2 • 8 

20 . 0 

0- 50 

10. 0 

1 • 2 

• 'J.' • 

24 . 8 

17 . 8 

32 . 4 

1 . 0 

1 . 32 

1 . 32 

21. 7 

H. R. 

16 . 32 

16 . 32 

2 . 

1 . 9 

7. 07 

1 . 42 

3. 32 

24 . 8 

1 • 2 

1 . 2 

70 

9.0 

T . . L . 

23 . 80 

16 . 32 

21. 7 

H . • 

13. 0 

13 . 0 

0 . 47 

1 . 96 

11 . 28 

2 . 

1. 28 

12 . 78 

2 • 8 

27 . 20 
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Table 7. (Co , 

Depth in em 
.-----------... 
St and No. 0- 10 20- 30 0-50 0-70 

46 17.68 19 . 0 7. 8 23 .12 
Lf7 23n12 10 .33 21.7 32. 64 

48 7, 07 8. 70 3. 60 • 9 

49 24 . 48 20. 0 19. 0 2 • 8 

50 24 . 48 24 . 48 35 . 3 34. 00 

51 21. 76 23 .12 2 . 92 27 . 20 

52 19. 04 21.7 29 . 92 24 048 

53 20. 40 16 032 2 • 8 2 • 8 

53B 21 . 76 29 . 92 35 . 3 28 . 5 

54 9. 24 7. 34 9. 52 8. 70 

55 12.51 7. 3 7034 7. 48 

56 10004 9. 2 7. 07 7. 34 

57 21. 76 9. 52 10. 3 8. 5 

58 16. 32 7. 75 8. 3 13 . 60 

59 9.79 7. 1 7 07 8 43 

60 7.07 8.1 8. 70 10. 33 

61 7.28 7.75 7. 8 9 2 

62 H. H. H. H. H. H. H. H. 

63 H. H. . H. . H . H. R • 

64 6. 80 11 . 28 . H. .H . 

65 13 . 60 . H. H. H . H.R . 

66 H. H. H /R. H. R. H.R . 

67 27 . 20 5 . 84 D. . 

68 16.32 2 2 . 0 



- 8 -

Table 7. (Co t ' ) 

Dep t h in em .-------- .... 
St and No. 0-10 20-30 0- 50 0- 70 

69 14 . 96 19. 0 32 . 4 1 . 32 

70 16 . 32 20 . 0 D. D . . · 
71 11. 42 13 . 0 25 . 80 21 . 76 

72 14 . 96 16 . 32 D. · 
72B 8. 43 1 . 83 16 . 32 6. 32 

73 S . 1, . 10. 20 7. 4 0. 0 

74 16 . 32 8. 70 9. 24 8. 7 

75 14. 96 11 . 42 11. 01 10. 7 

76 16 . 32 16 . 32 1 . 32 16 . 32 

77 14 . 96 12. 78 16. 32 • H • 

78 23 . 12 29 . 92 21 . 76 • 80 

79 13. 60 14 . 96 29 . 92 H. · 
80 16 . 32 39 . Lf6 6. 2 3. 52 

81 17 . 68 21. 76 9. 04 25 . 8 

82 27 . 20 3 . 28 4. 00 6. 24 

83 38 . 08 2 • D. . D. · 
84 35 . 36 2 . 8 32 . 40 . 80 

85 16 . 32 25. 8 D. · 
86 14 . 96 21. 7 D. D. · 
87 13 . 60 13 . 0 • A . D . · 
88 14 . 9 20 . 0 17 . 6 19. 0 

89 10. 88 1. 7. 6 11.15 

90 12 .10 12 . 2 1 . 83 10.7 



Table 7. (Cont ' ) 
Dep t h i n em L______. 
Stand N;:--' 0-10 20-30 0- 50 6 - 70 

91 13 . 60 10. 20 13. 0 2 . 2 

92 8. 97 13. 32 1 . 5 13. 0 

93 11 . 01 12 . 92 0 9. 5 . 
94 10. 88 10. 20 1. 5 0. 20 

95 10. 47 9. 52 10. 7 13 . 32 

96 8.16 8. 02 8. 8. 8 

97 14 . 96 12. 2 10. 20 13 . 60 

98 19. 04 20 . 40 H. H. H. . 
99 20 . 40 19 . 04 4. 96 16. 32 

100 16. 32 16 . 32 H. H. 

101 14 . 96 6. 2 9. 2 10. 20 

102 9. 92 7. 61 6. 66 1 . 96 

103 16 . 32 5. 98 8. 97 12. 78 

104 12. 24 8. 70 6. 66 14 . 96 

105 8. 29 8. 29 9. 52 . 9 

106 20 . 40 12 . 2 6. 12 8. 97 

107 P. W.L. P . . L. . • L • P . • L. 

108 " " " " " " " " 

109 " " " " " " " " 

110 II " " " " " " " 
'I " 

\I " " 
, 

111 11 II 

" " " " " " 112 " " 

113 17 . 88 1 . 32 1 . 0 7. 68 

114 16. 32 24 . 8 24 8 2 • 8 
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Table 7. (C ont' d) 

Depth in cm 

Stand No. 0- 10 20- 30 0- 50 60- 70 

115 13 . 60 10 . 7 13 . 0 29 . 92 

116 13 . 60 11. 9 14 . 9 . 9 

117 12 . 78 10 . 88 9 · 52 6 . 52 

118 10. 33 10. 47 1 0 ~ 06 7. 

Key to symbols 

H. R. = Har d Hock 

D.A. = Difficult to Au ge r 

T. W. L. = Temporarily \Ia te r Logge d 

Vii . T. = Water Table 

N. S. = No ~amples 

P .W'.L. = Pe r manently ~Iater Logge d 

S . L .•. · = Sample lost 



Table 8. Cuti on Co 0 he So 1 
i.:i ump1es pm 

Stand 
Depth 

So i m 

h h 
N o . 0- 10 cm 30 - o CM 10 C o - 0 

1 2. 18 1. 90 12 . 21 10.5 

2 1. 87 2. 52 • 8 8. 58 

3 1. 90 2. ) . 53 11 . 22 

4 1. 97 2. 58 11 . 22 9. 90 

5 2. 31 3. 23 10. 5 11 . 8 

6 2. 18 2. 1 20.13 18 .15 

7 2. 18 2. 8 11 . 22 12. 2 

8 2. 38 1. 84 11 , 22 10. 89 

9 3. 06 3. 0 5 . 63 127 . 05 

10 2. 45 2. 5 0. 0 8. 8 

11 2. 92 2. 89 0. 0 5 

12 2. 35 2. 38 25 . 08 17 . 9 

13 2 .• 89 2. 89 2. 01 2 . 42 

14 5. 27 7. 82 28 . 38 35 . 4 

15 4. 59 5. 95 32 . 3 1 . 68 

16 8. 16 5. 64 29 . 37 23 . 0 

17 4. 49 7. 1 25 .7 2 . 0 

18 5. 85 7. 8 20. 6 22 . 

19 3. 26 , 08 20. 79 23 , 7 

20 4. 25 3. 23 1. 8 . 0 

2;1. 3. 74 3. 23 0 ~ 26 . 22 

22 2. 89 3. 23 25 . 08 27 . 72 
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Table 8. (C on ' d) 
Sodi m 

Sta nd Depth 
!J 

No . o - 10 cm 30 - o CM o - 0 C Cr.' 

23 3. 40 2. 72 22 . 21. 5 
24 4. 42 2. 2 . 25 11 · 55 

25 

2' 5. 44 12. 5 

27 4. 76 5. 78 20. 6 13. 20 

28 5. 44 5. 0 16 . 83 1 . 52 

29 5. 95 7. 31 11.22 0. 5 

30 6. 12 5. 11 . 22 12 . 87 

31 4. 93 4. 93 8. 25 . 5 

32 4. 59 5.10 12. 87 5. 1 

33 4. 93 4. 76 11. 22 10. 56 

34 3.19 3. 23 2 . 75 29 . 70 

35 4. 08 23. 76 

36 4. 08 4. 08 20. 2 . 78 

37 3. 74 2. 89 23. 76 20. 6 

38 3. 06 • 2 29 . 04 2 • 5 

39 3. 23 3. 0 25 . 08 23 .10 

40 3. 57 3. 57 39 . 11 1. 02 

41 4. 08 . 57 21. 5 1 . 52 

42 5. 10 • 0 14 . 85 1 . 52 

43 6. 63 . 35 1 . 83 23 . 7 

44 

45 7. 5 10. 5 5. 08 2 • 0 

46 7. 0. 20 21.12 21. 78 
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Tabl e 8. (Cont ' d ) 

Stand Depth h 
No. o - 10 cm o - o C ll o - o CC'l o - o C 

47 3. 91 . 93 • 2 • 7 
47B 10. 88 3. 94 2 . 73 28. 71 
48 4. 76 5. 0 20. 79 2 . 78 

49 4. 42 . 59 18 . 8 27 . 

50 4. 59 5. 78 5. 3 2. 70 

51 5. 44 5. 27 28 . 38 38 . 2 

52 4. 76 5. 4 41 . 25 6 . 83 

53 4. 76 .12 . 20 57· 75 

53B 5. 27 4.7 75 . 90 115 .50 

54 3. 06 3. 75 8. 91 27 . 0 

55 3. 74 3. 0 1 . 3 7. 92 

56 3. 75 3. 0 1 . 00 10. 23 

57 3. 40 3. 7 25 . 1 8. 75 
. . 

58 3. 74 4. 08 17. 82 9. 2 

59 4. 08 11. 22 

60 3. 74 . 7 32. 4 1 .14 

61 3. 75 . 08 2 . 7 15. 35 

62 

63 

64 8. 6 5. 9 . 27 

65 

66 11 . 22 11 .05 15. 8 3. 5 

67 6. 48 1 • 9 , 



Table 8. (Cont ' d) 

Sodium 

Stand Depth D p P 

No . o - 10 em 30 - o em o - o c 30 - o c 

68 11.90 7. 82 13 .5 13. 5 

69 9. 01 6. 4 12 . 5 15 . 8 

70 6. 97 6. 97 12. 87 3. 8 

71 9.52 7. 99 · 55 . 85 

72 6. 63 12 . 2 

72B 7. 14 6.12 3.53 20. 

73 4. 25 7. 99 27 . 0 23 .10 

74 7. 82 8. 50 9. 11 3 . 19 

75 5. 44 5. 27 4. 55 29 . 37 

76 10. 20 10. 20 27 . 06 31. 35 

77 9. 86 15. 4 22 .1 21. 5 

78 19. 04 8. 50 30. 03 0. 59 

79 27 . 20 5 . 5 20 . 3 27 . 72 

80 18.70 45.56 1 . 50 31 . 68 

81 18 . 02 3 .17 20. 6 3 • 7 

82 20. 74 24 . 48 2 . 07 2 . 70 

83 15. 98 18 . 02 20. 79 28 . 3 

84 18.70 33 . 37 . 3 37 .12 

85 14. 2 29 . 04 

86 15 . 64 21.12 

87 
19 . 7 

88 5. 44 13. 9 35 . 4 2. 08 

89 6. 80 9. 8 20. 23 . 3 
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Table 8. (C o t Id) 

odium 
Stand Depth h h 

N.c . o - 10 C 30 - o C II o - o C o - o C Cl 

90 5.10 8. 2 . 75 2 • 

91 3. 06 . 80 2 . 37 3 • ") 

92 5. 95 5. 1 . 2 . 58 

93 6. 29 9. 90 8. 9 

94 4. 08 • 3 15 . 8 2. 2 

95 3. 40 5.10 5. 51 8. 5 

96 3. 40 6. 97 2 . 70 18 . 

97 3. 91 4. 93 . 93 .19 

98 5. 61 4. 08 5. 5 3 . 68 

99 4. 25 5. 4 5. 54 52 . 80 

100 4. 62 4. 7 12 . 87 26 . 0 

101 6. 63 5. 30 9. 90 2 • 2 

102 4. 62 5. 77 14 . 85 8. 5 

103 5. 58 . 15 3. 84 6. 60 

104 6. 64 3.33 9. 0 7. 92 

105 5. 30 . 35 9. 2 9. 1 

106 5. 44 1 . 39 9. 90 8. 91 

107 

108 

109 

110 

III 

112 
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T~b1e 80 (Cont ' d) 

S dium 

Stand Depth D 

No~ o - 10 em 30 - 40 e o - 10 Cl 30 - o cc: 

113 8.16 9.18 2507 25 . 0 

114 8~33 3. 2 2 . 75 29 

115 4.22 6. 97 23 . 3 26 . 0 

116 4.22 7. 99 19. 7 1 052 

117 3.26 5. 85 25074 25 008 

118 4.15 5. 6 8. 1 3 . 65 
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5.. UL 

5~1 The Vegetat ion Ty es 

Comparing the r aw 

ass ociat ion analysis classif i ca i o 

r esulting in distinct envi ron~ n 

would give a meaningful pictur of Ie 

a d 

These comparisons were ca rri ou amo g 

of classificatory hi er arc hy. 

Group A is i dentifi ed by he bsenc of 

of Haplocarpha ? hasta ta consi s ting of 5 

stands in this gr oup ar e 107 , 108 , 09 , 110 

we r e not collected fr om t hes s t an s bec us 

made it impracticable . Compari sons as d on 

this group. 

Group B i s identifi ed by he abse ce a 

of Hap loca rpha ? hastata and t h r s ce of 

cons isting of 44 stands . The s Cl s i hi s 

17, 18, 25, 42 , 43 , 45 , 46 , 47B, 9, 50 , 51 , 

64, 66 , 69, 70, 71 , 72 , 7213 , 74, 86 , 9, 90 , 

o h 

co ar 

iv v tiOB 

6 . 

fa 10 . eli or B 

s . d e 

5 al l i li marsh . Th 

an 1 l. oil sam l~s 

h marshy co i a 

soil a a il exc lude 

Vi n 5 . , be ne 

gr o 14 , 15 , 16 , 

52 , 53 , 53 , 1 , 3 , 

10 , 101 102 , 03 , 10 

114, 115 , 1 17 a d 118 . is 
d i n H 105, 106, 112) 113, 

the surface and 2nd at o - 50 em pth , 2 H ve r 
a t 

for the surface and 40 - 50 em 2 in co e y bo 

2nd in hue 3
rd 2 d 1 2nd 

i so ~ , 3
r 

depths , in ehro a , 

nd in 1310 i n p otass i um and 2 



Group C is identifie Y th a Gonc e 0 

of Hap~oc arpha hasta t a , the a se ce 0 

the pr esenc e of Scleria hispidior , co s'slin o 

stan ds in this group a r e 67 , 76 77 7 , , , 4, 5, 

1st. H 1st 
~n p , in conduc tl' Vl' lS y , i h 2 d l' U , 

st 
s urface and 1 a t 30 - 40 em but 2 i 

1st . d' st . ~n so l um nnd potnss i un , 1 in slop • 

a 

c 

s . 

3
r 

ot:! , 

Group D i s ident if i ed by th a s enc e 0 V' as . 

of Haplocarpha ? has tata the absence of 
--"'~=~ 

r k 

r va 

h 

a bsenc e of Andropogon pratcnsis , con s i s ing 0 55 s nnds . T s 

i n this group a r e 1, 2, 3, 4, 5, 6, 7, 8, 9 , 10 , 11 , 2, 13 , 19 20 , 

21, 22 , 23 , 24, 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 3 , 35 , 3 7 , 38 , 

39 , 40 , 41, 44, 47 , 48 , 56 , 58 , 59 , 2, 65 , 75 , 83 , 87 91 , 92 , 93 , 

94 , 95 , 96, 97 , 98 , an d 99 . I t r anked 2 d i pH , at th d 

3r d a t 40 _ 50 ern and 3r d in aver age pH , 3
rd 

i con c ivi y , 3rd 
in 

1s t the surface 
n 30 - 0 2

n 
hue , in Chroma at a Cr:! verag 

chroma , 1st in value , 3
r d in sodiu and 2n i 0 m a he 

surface , 3r d 
a t 30 - 40 ern d 3r d . an 1 av ssi 

5.2 Environmental Dota 

A t- t est c ompar in ~ the cnviro m n 01 q bov r o J 6 

of stands (A to D) carried ou i or or v1ro t:! 1 

s i mi l a riti es and dif f erenc s amon h gr o 

Group h is dist inc in co i s in of S r om n m r 

environmenta l f acto r o of th 0 
r g r o p D com r o 



us ing a t-test for determi ning si 

means of scor es . 
ir 

In the t- test a pr obabili y of 0 . 05 6 6 h 1 v 1 0 

significanc e . The co mpari sons a r sh. i T bl O. 

pH 

The number of signifi can co r s s i h 5U ce p 

a nd the s ubsurfa ce a r e three . n th 5 bsur ac Go'ls gro s a 

D only a r e not contras ting s i gn i f i can lY e 

Conductivity 

The number of signif i can con t r R ts in he sur ace 50il 

conductivity is one and t ho s e i n th su surfnc r WO o Only C 

D contra st significRntly a t the s r f flc • 

contra st significantly in t he sub ur fac • 

Hue 

The number of significant contrns s i 

i s one an d thos e in t he subsurf c flre wo o 

G i gni fic an tly in th e surfRce , whil con r us 

significantly in the s ubsurface . 

Chroma 

d V, flnd C a 

he sur f C 50 

B nd D co 

Ii h C d 

i The s i gnifican t con trns s h 5 r ce r c o d . h 

o 

s ubsurfa ce 1. D con t r astn Ii B ci C ly i 6 rf c 



Groups 

A 

B 

C 

Tabl e 9 0 

. ..... ........ . 

Mean Variance & number of ob s ervat i o n s of e nvironmental 
} 

f a ctors .. 

f 
pH Conduc t i vity Hue Chroma Value Sodium ~_._ Po tassium 

~10 30- 40 

Slope 

0-10 \ 
, I 

! 
.'" 

40- 50 0-10 !40- 5G, 0- 10 30-40 0-10 30-40 P-I0 30-40 0-1 0 30- 40 
- - --- --

X I 

S 2 \ _ 
\ 

n 

-
\ 

- - ~ ... - - - - - - -
I 5 

o 

o 

-
X 5 .1 2 5 . 65 1 5 . 6 1 8 039 8 . 09 7. 91 3 036 30 3 2 . 57 2 . 5 6 . 1 7. 03 23 01 6 27 . 25 . 02 

5 2 . 1 7 0 . 23 26 . 54 86 . 1 7 5 055 7 032 0 . 29 0 . 2 7 . 7 3 O. 2 9 . 94 6 . 9 1 172 .. 23 

n 39 3 39 34 3 36 38 3 38 3 1 39 41 
, - - -- - - -- . 

-
X 5 t.. ~ 000 21 . 11 20 . 99 9 . 28 8.5 3 . 7 3 . 1 71 1.60 12.0 1 6 . 38 27 . 96 

0 . 05 0 059 60 . a 47 . 71 1. 48 5 . io 28 0 . 20 0 . 57 0 . 30 30 . 43 101. 36 

7 5 7 5 7 5 7 5 7 7 5 7 
, . - . ... ,. . -- . 

X 5 . 19 s . 8 14 . 95 .1 7 . 15 5 . 93 3 . 3 3 . 2 . 2 . 9 4 . 22 4 . 4 

S2 0 . 10 O. l z 37 . ,6 2 . 5 3 . 15 0 . 23 0 . 24 O. 0 . 99 5 a 6 . 0 1 

53 "7 51 47 52 52 a 2 3 49 
. -. . - -- -- .... 



B & C 

B & D 

C & D 

Table 10 0 Difference Be t ween t h e Means and the t Value s 

of Enviro nme n t al Factors ~ 

....... ~ ..... - ...... ---. .... _ L . ............... ... . .. ~ _ . ... . 

pH Conduct ivity Hue Ch roma ..... ~-~ -...-- -- --* 

0-10 40-50 0-10 40- 50 0-10 30- 40 0- 10 30- 40 - -f-..~-

X1- X2 t X
1

- X2 
' t X

1
- X2 t X

1
- X

2 t X
1
-X

2 t X
1

- X2 
t X1- X2 t v X 

.1\.1- 2 t 
--- ..... - ............. . _--

- 0 0 29 2 . 67 - 0 . 35 3 0 54 - 5 .. 43 1. 77 - 2 0 6 0 074 - 0 019 0 ,, 31 - 5 084 0 ,, 53 - 0 ,, 20 0 .. 9 1 - 0 . 49 2026 
.- ~-~.-~ 

- 0 007 0 .. 8 7 0 ,, 37 3 0 74 0 ,, 72 0 061 4 . 21 2 0 35 0 0 94 2 025 1 098 3 068 -0~ 2 6 2 . 3 6 - 0 ,, 10 009 2 
- .~- - ~ 

- 00 22 2 0 28 -.0 .7 2 2 ,, 05 - 6. 1 6 3018 - 6.84 2 013 - 2 01 3 l ~ 72 - 2 0 57 2 0 46 - 1.94 9 0 1 1 - 0 . 39 1. 83 

Va lue S di m P t ass ium Slope 

0 - 10 30- 0 0- 1 30- 40 

t 

82 1 . 37 

.. 



2 -

while only B contrasts wi th C s ig i ic a 

Value 

Si gnific an t contras ts in the soi 

surface and 3 in the s ub surface . 

Cations 

Sodium 

ly i c • 

color va Cl r 5· 2 . 

0ignificant contrasts for s oi l sodium a r 6. The ir of al l 

groups compared con t r ast signi f icantly . 

Potassium 

Potassium shows little vari a ion from grou 

a nd D contrast s i gn ificantly in the su surfac • 

Slope 

Group A eountrasts signific an ly wi h 
00 

1 h 

o gro o ly C 

a irs co are . 

The re s t of the compar i sons show sig i fiea eontras s . 

If more environmental f ae or had b f 1 

comparison s at even lo ~ e r l evels do n h cluss ifi c 0 Y i r arc y 

ma y ha ve been a tta ined . 

Fi gur e l and 2 a r e th cn ro r ams sho i e cl 6i ry 

hi er archy. 
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The vege tation types i n i gu 1 

the comparison of the envir o nental n nod t 

followed o 

The vege tation types i n Figur 2 a r e 

cla ssification process. 

o co . d r 

ieec ion h 

ulti t gro o 

The program being one t ha t does no ge ra e h si 1 

chi square, the Y axes of the dendrograms or e 5e led bas on h 

highest sum of the ehi squar es of that ar tie r 5 divisio. 

h 
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6. DI 'CUSSIO 

6.1 

Group A is the most not i c ably dis inc co si of 

in a ma r s h. Becaus e of the di ff i c lty i opo hi o , o ic 

environmental factor s have be n qua ifi d or i . 

discussions relating to environmental f ac ors 

the refore conc entra t e on t he ot er r o 5 , i .. C, an 

An arrangement of the groups based on p gives the or r C, 

D with C having the highest and D the 1 0·' 5 H. cord · g 0 

Buckman and Brady (1969) f actors wh i ch s oi H a e h 

proc e ss of organic ma tter de compos i t i o a o d the a ·r 

a ccounts most for the low pH values fo u d i mos soi ls . ases c 

ha ve been replac ed from the colo idal co m l ex or ich ha y b e 

dissolved by percola ting acids a r e r emov d i h dra i ag a e r s . 

This is the normal proc ess in the humi d ro ic s h re the r a i f all 

is high. The annual r a infall of ddi s a a is 1270 m ( 1 77) 

which is high. One can infer t ha t the \ 01 1'0. a r a a l so cc v s 

similar amounts of rainfall, because bo h a r a s hov su e 

a ltitude and are near each other. I con r s o 1 achi r o 

which will encourage t he ma in t enanc e or b i1 0 xc 

Ca, Mg, K and Na will cont ribut t owar ds o r uc on 0 y 

increase in alkalimi t y ( Young , 197 ) . s e r for 1 
an 

conditions which permit t he xc anga le s s i h soi 

hi gh pH val es an co s u ily hi h l e ri 
will encourage 

conductivity. 
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The ord r of th gro 13 llS 0 co c 
with that based on H. This eco B ro 
a r e a rrange d based 0 e ither of i so m rio Eisiu . 

An arrangement of t groups bas(Jd 0 gi v-s h 0 r B 

C with D having th e lowest and C th hig 13 oi color s 

markedly influenced by he oxi II ion 13 a 13 0' iro . F 0 ( rro 13 

oxide) imparts bla ck colora i on . R d , Yello'll d r is bro colors 

a r e encouraged by wel l oxidiz d co dit'ons . Th's i e c 

oxidation state of iron i creases , 

3H
2

0 which are r ed or yellovi are form e ( You 1976) • i nc 

spaces in the soil a r e shar ed by a ir and wa e r , h r e moval 0 xc ss 

quantities of the latter shoul take place if suffi c i 

to be suppl i ed (Buckman and Bra dy? 1969) 

oxyge 6 

Higher slope encourages r a il. ge an h ce incr eas es ae r ion 

and pr omotes red coloration, s r es It this co r d ce H 

and the conductivity du to i creased leaching . a s oil i s d r i 

b. an impermeable parent rna er i al . dr a in g co Id e i (8 ckCla 

and Brady , 1969). One will hav o agr ee i B ckman Brad (1969) 

here that slope al one may 0 govern soil color nd draina e . e 

r ole of par nt mat rial too , is s i g ifica t . Thi was so 5 

by Beyene (1979) in his r e or on t olm r a soil col r s 

r e l ation ~ith slope . n a rr ng me 0 ro s as 0 

the order C, Bl D, ~ ith C havi G t i ghes 510 os . 

The main rock ty es of t e a r e a r trachy llsal 5 poryphYl c 

pyroxene basa lts , aphana ic basal s , tr chy es of 1 oto 
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(Ge zahe gne , 1979) . All he gro ps a v B o 
types . The r e for e , there seems o e o corr l a t'o 

th Be g r o ps . vege t at ion and any parent r ock rna rial i 

which is on tra chy basalts , i s ma r s y cau It i iB 

located in a depr ess ion . 

The orde rs of t he groups b"sed 0 . . up , con uc ~v~ y , 

roc 

i 

u ( 

a nd the cat ions a r e ident i cal showi ha heB f ac or B a r e hi 

corre l ated . 

From the di s c uss i on s o f ar , pos i t ive corr l a i on e 

expected a mong the f acto r s pH , c onduc t i vity , hue he cat'o s 

) 

which a s a group would be expected to e ega iv l y correla i 

slope . The r esul ts , howe v r , sho tha t i hi s udy s lope B 

pos itive ly correlated with them . 

Although soil depth pe r s was not t a k n as 0 of he 

environment a l f a ctor s i nitially , i t w slater r cog ized a a 

meaningful compari son could be ob tained if he a ug r ab e s a 

cons i de red as measures of so i l 

Gr oup B had 95%of its stands aug r ed belo\' 0- 50 em , 

it s ~tands a uge r ed below 40 em a nd Chad 0 ly 71%0 i B B 

9 0 

auge r ed be low 40cm . n a rran em nt of he gro s as 0 h 

pe r centage of the stan s a u e r . below 40 em v 6 B, 

c wi th B the d epes an d C he shallol s . h s a110 h 

of of group C could be at ri uted o t e r hyolit roc o t ro 



(Wato Dalecha) n a r som o c. 

The gr a zing con i t "on " uc 

72%of its stands n gr az d , 

sites . Group B had 27%0 s s 

moderately gr az d and 54%of i s sta s i 

in group C a r e only mo de r a e y graz T arr a o 

base d on graz i ng th n gives h or e V , c 
C the least b::,azed. Thi s a rr ng m n is h o 

base d on pH, and the f acto r s osi i ely co r ela " i 

In this study , the r f ore e ef ec s 0 low ge 

slope on pH and he factor s correl nted i h i a r i ic 1-

It then seems likely ha i s h hnrd rock near h 60 

surface that ha s discourage h dra i age nd lay 

rol e in the inc r ease in pH, conduc ivi y nd h 0 g ou C. 

soil depth could a l s o be f nc or or he r d ced r azi , 5 C 

only those plant s which ca tole r a d 

so:;' l s could es abliG t emse l ;es n s v'h 

pa l a t abl e a nd high yiel ing a ts a high i ir u r" en 

11 t he stand s i gr ou Cere mo 

f enc e or ro tec ed . In h o h r gr o s 

in pro t ec te d s i es , '/hich ou re sum'l ly 

well as he n r o e t ed s a ds i s . Gro A. 

ungrazed ec use th ma r s h disco r a.g 5 r z i nim 6 

mini miz e s in te rfe r enc . B s ides h r 



The i nteractio of he er 11 ro 1 

dra i na ge dec r eases , pI , co d c ivity , h c ( ) 

i nc r ease , while r az i n ; d creases . Ge 1 6 10 oil 

dep t h de crease r a n ~ g . ~ Hllo soils ir asp c of ir 

s lope havi ng impeded <lr inag· a d ar ah 6 . 0 .: 11 r z d . 



- 79 -

7 0 SUMMARY WITH SUGGESTI O 

The objective of grassland rna age en i 6 

at the best stage for gra~ing , which no onl . pr o l.d s co' r 

on the soil, but also the optimum pr o due i vi y of h~ mos 

nutritious grasses for any given so i l and el i ~tic con i io s . 

Plant species in generul change to mee va r yi ng conditio G 0 

soil, climate and the use made by ma d h a i s l i v sock 

reasons j it is not feasibl e to attem t gen ral ~ za ~o s ha 

apply nationwide o 

or 

co 

The e ffici ent utilization of gr ass ds d th di sco ry 

s 

applicat ion of new facts r el a tin g t o hei r im r ove en or e v s 1 mo 

complicated than any s ingl e crop . For gr assl ds , a wi de r an 0 

plant species is involved, each with its oln che r nc ristics 

these occur in mixtures r a ther t han as s i gl e spec i s 

In this studY1 it is foun d tha the gr as Ian 5 also r er 

the a r able areas which are f avorubl e for os c reals a d puls s. 

Areas abandoned because of wate r log i ng or t o ally unc lt i v AS 

a re ,sul t of this are also the ones r ej ec ed by r az rs . e 

also have to be well dr a ined, possess ee so i ls so at i 

3.r.d productive grassland pl ants can s t l i sh SUCC&S ully 

This seems pa r adoxical in tha pa r of a r e plo 0 

farmer could grow food or cash r is 0 b occ Y 
where a 

if the grasslands a r e w 1 cn 10 o h r 
grasse r- But 



domestic animals could b e com 

thei r produc e . 
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i i v 

e 'r 

r s 

o 1 r Some l and no~ tilled mi 

gr a ss l and , particula rily in di , ~ r cro 5 r e 0 0 

performanc e . The clos nes s of hi s r io 

a ~rofitabl e place f or a dairy f a r m. 

Mar shes occupy a con s ider abl a r e - of 

Two alt erna tive wa ys of u i l i zin g hi 

draining the marshe s or th i ntroduc i o a 

spec i es suited to these con di ions . 

o 5 b b El 

he 1 nd i 01 

I S e 

s abli s en 

11 o 

i 

k s i 

e i 

0 or a 
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