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~BSTRACT 

i Study 

of ~ ltitudinal Plant Zonati on 

on the We stern S lopes of Mount Chilalo, ;\r s i 

BY 

Ke br om T8 kle 

Tha t most fore sts in Ethiop i a a r e unwi se ly exploi te d , l e"ding to 

fri ghtening conditi ons, has been pointed out by many r e BE arche rs. To 

ame liorate the s itu!l.tion p rope r conservation policies based on a good 

knowledge of pl ant speci es and the ir environment i s ve r y i mportant . 

It is with this belief that this study on the 11este rn Slope s of j/0unt 

Chilalo was attempted . 

To carry on the sugge ste d study, &J stands we r e lai d along two 

transects . The stands we r e selected by systemati ~ sampling . Altitude 

and s lope of e very stand we r e recorded. All new p l ant speci es in the 

stand s We r e co l lected and l ate r on ide ntified in the National He rbarium 

of .t ddi s Ilbaba University . Those epecies which occur ed r epeate dly 

were r ecor ded . Soil samples were t ake n fr om 5 l e vels (0-10, 20-30, 

40-50, &J- 70 , eo- 90cms) of e very stand and several chemical and physical 

prope rtie s (pH, conducti vi t y ,· soil co lor, t e xture , the avai labi li ty of 

CYa, ~lg , K, Na , I'n) We r e dete r mined . A computer , in the Ethiopian 

Transport and Construction Authority , was used to class ify the stands 

into groups by a pp l ying corrected ch i squar e inde x. The technique 

ohosen for classifica ti on Was Association Analys i s . 

The &J stands were divided into 14 groups out of which 5 were 

r ejected because they consisted only of one stand each. Me an values 

and t - tests were computed to colrrpare the r emaini ng 9 g r oups and clear 
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differenc·os especi ally between the stands with and without Rrica a rborea, 

Were seen in most of the vRriables dmsi de r ad . Based on the findings 

the vegetation on the Vleste rn Slopes was divided into four cate.I'ories 

wi th mor e problems in categories 2 and 4 which Were affected by burning 

and de ffo r e station re spa cti ve ly. Be fore the p r oblems e xte nd to Ca tegorie s 

1 and ), it i s suggested that ways and means should be sought to dec r ease 

defforestation (in category 4) and substituk ' it by r eaffor estation 

p r ogramme; 9.nd min i mize animal rearing (in category 2) which mi ght oec r ease 

the fire hazards in the area dominated by Erica a rborea . 
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1.1. The Problem 

- 1 -

CHAPTER 1 

INTR ODUeTI ON 

The unwise. exploitation of forest resourCes for fuel, burning 

for more pasture lands and clearing of forests for additional areas 

of cultivati on have contributed a lot to the reduction of forests 

and destruction of vegetation in the countr y at large and in the 

Chilalo Mountain in particular. If this continues, the Ethiopian 

forest resources which, according to Russ (1944 as quoted by Hailu 

1982 p.l.), were the greatest in East Africa and contained the largest 

coniferous tree s in the continent, "ill disappear in the near future., 

The "et and dry evergreen montane forests which used to cover a large 

part of the Ethi opian Plateau has now dwindled away that only four 

percent of the relic forest i s remaining as patches in inaccessible 

areas (IJrown, 1973; E ckholm, 1976; as quoted by Zerihun, 1980 p.5). 

Regarding the fast depletion of our vegetation (especially 

forest resources), He dbe r g (1979, as quoted by Hailu :r ~2, p.2) 

points out that with the present trend of destructive methods of 

exploiting the re maining sparse forest resources and their conversion 

into agricultural land, there will be little hope of having any forest 

worth mentioning after a fe" years . 

1.2. Objectives of the Study 

To reverse the problems menti oned ear lier, proper management 

and conservation policies are not only necessary but indispensable. 

One of the inputs needed for the implimentation of these policies is 

a knowledge of the plant communities and t heir environment. The 

objective of this study is to collect information on the interaction 
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between the plant speci es and the ir envi r onmental complex and 

ultimate ly descri be the spatial distribution of the ve getation on 

the Vlestern Slopes of Mount Chilalo, the study a r ea , in r e lation to 

several environmental f ac tors namely altitude , s l ope, soil pH, 

conductivity, texture , soil color and the availability of sodium, 

po ta ss i urn, magne s ium, mangane se and calci urn . 

1.3. Justification and Rati onale 

The Ohilalo Hountain , important for t i mbe r r e sour ce sand' 

the home of one of the r a r e ani mals, Nyala, is one of the thr eatened 

fo r ests of Ethiopia. Large a r eas above the tree line have experienced 

f ire hazard s several times . Ho r eover, it is not unusua l to see 'people 

cutting down bi g trees for fuel to be sold at As se la, the near by town. 

One can also observe areas , at hi gh altitude and adjacent to the 

forest r emnants , being alloted for crop prduction. It is with the 

belief that this unfortunate development should be a rrested before 

the ecosystem is ve r y much disr upted and mo r e pr oblems appear on 

the scene that this study i s carried on . 

The a r ea ,las selected for s tudy for two r easons: 

a) famili arity of the wr i ter with the a r ea 

b ) there were friends (employees i n Ar si Jrural Leve lopment Unit -

ARDU) who we r e r eady to r ender unreserved help r egarding the 

field work. 

1. 4. Scope o f the Study 

As has been s tated ear lier , the study is focussed on the 

Vles te rn S lopes of Mount Chilalo. Thi s i s because ).!ount Oh11alo i s 

a very extensive area and it i s beyond the scope of this pape r to 

cover the whole area. Moreover, except for some slight differences , 
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the study may also give a good idea about the ve getation in the 

mountai n as a whole . 

1. 5 . Methods of nata ~olle ction and Analysis 

1.5.1. De. ta Colle ction 

For the pur pose of this study , systematic sampl ing Was used 

to select W stands (20X20m) along tvlO transects on the We stern Slopes 

of Moun t ~ilalo. The altitudinal variation of one stand from the 

other i s 45 mete r s . 

All nel'l plant species in the W stands were collected in 

polythelene bags and later pressed for identification. Plant species 

which occured repeatedly were, on being encountered again, only re corded, 

continuing to collect them being unnecessary . 

As to the environmental factors , al ti tude and slope for each 

stand were r ecorded using an Eve rest Altimeter and a Suunto Clinometer 

respectively. Except where augering Vias impos s ible due to shallow 

be drock, soil samples were collected in polythelene bags from 5 levels 

(0-10, 20- )0, 40-50 , W-70 , 80- 90 cms) of e very stand. 

1 . 5 . 2 . Data Analysi s 

The plant speci es collected from the field We r e taken to the 

Nati onal He rbarium of 4dd i s Ababa Univers i ty and we re ide ntified. 

The soil samples collected from the stands we r e air drie d, 

ground by mortar and pe stle and sieve d thr ough a 2mm sieve . 'fr.err 

the following phys i ca l and chemi cal properties Were determined in 

the soil laboratory (Biology Department, AAU) : 

a) Soil pH WaS measured in 1:1 ratio by ado i ng 20ml of distilled 

wate r to a 20 gm of air dry soil passed through 2mm s i eve. It WaS 

aUnwed to stand for )0 minutes after which reading Was made using 
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a Beclanan Chem. Mate pH ¥ete r, (Jou, )978)', 

b) Conductivity measurement followe d the same procedure as soil pH 

in mixing the soil and the distilled water . After the mixture of 

soil and di sto w :',arwas allowe d to stand for '" minute s, conducti vi ty 

was measured using a Phillip Harri s Conductivity ffri dge. 

c) Soil Colo r \·/as determined by compari ng the color of the soil 

sample s with the Munse 11 Color Chart. 

d) Texture was determined by the Hydrometer Method of mechanical 

analysis. Fifty cc of 5% Sodium Hexametaphosph~te along with 100cc 

of distilled water was added to a 51.0gm of ai r dry soil in a cup 

and allowed to r est for JJ minutes. Then it was sti rred for 15 

minutes >lith a mechanical stirrer. The suspension was then transferred 

from the cup to a g lass cylinder of 1000cc and te mpe rature and hydro­

mete r readings Were r e corded during the first forty seconds and after 

;5 hours using a thermometer and a hydrometer respec tive ly, 

(Jou, 1978) . 

e ) Cati ons - For the determination of exchangeable bases (Ca. , Mg , 

K, Na and Mn) nr concentration of ammoni um acetate solution Was used. 

Thir ty ml of ammonium acetate was added to 5 gms of a soil sample 

and shaken with a mechani cal shake r for two hours . It was then 

centrifuged (2000 r. p . m. ) for 10 minutes and the clear supe r natant 

Was transferred into a 100 ml volumetric flask. Anothe r JJ ml of 

ammonium acetate was added shaken for JJ minutes and centri fuged . 

The supernatant was transferred into the same volumetric flask. Step 

two Vias r epeated . The supernatant was then diluted to 100 ml wtth 

ammonium acetate . Finally to determine the amount of Ca. Mg, and Mh, 

a Varian Tectr on U6 Atomic Absorption Spectrophotometer was used. 
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The amount of Na and K was determined using a BUckman Klina ~lame 

Photometer, (Jou, -l~78).· · 

1.5.,. Data Summarization 

After the vegetation and soil analysis data were compiled, the 

stands in the study area had to be divided into groups (based on the 

presence and absence of species) to see the possible plant-envi r onment 

relationships. The technique applied, as will be discussed in the 

next chapter, was association analysis using a corrected chi squar e 

index. The ra>l data on the presence and absence of plant species in ,. 

the respective stands Was bulky that a computer, (NCR Criterion V8555) 

in the Ethiopian Transport and Construction Authority, was used for 

the computation. Moan value s and t~te sts were compute d to see the 

contrasts among the groups. Based on theRe findings (and also the 

observation in the field) reccomendations are suggested especially 

for those areas \1he re the problems seem t o be acute. 
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CHlP'lER 2 

reSmUPTION OF THE STUDY AREA AND 

RZVIlI'I OF RELATE D LI'ffiRATURE 

2 . 1. Thscription of the Study Area 

2.1.1. Location 

The study area, which is part of the Ohilalo Mountain Ranges 

of the South Eastern Hi ghlands, roughly falls between 7°5; ' N to 

7°59 ' N and ;9°8 'x to ;9ol5'E . 

2 .1.2. Landform and Geology 

The study area ri ses gently from the flat lying highland 

(about 2;50 m.a .s.l.) to an elevation of about 4000 m.a.s.l. at its 

summit. I t stands east of the to>m of Assela prominently overloo!d.ng 

the Rift towards the west and it i s topped by a caldera, which 

according to b:i Paola (1972, p.25) is about 6 lans in diameter. 

Mount Ghilalo (the area under study included ) is characterized 

by radial dr ainege. Innume rable stre ams emanate from the upper part 

of the mountain (at about ;700 m.a.s.I.) and flow to the gentler 

slope s and join to form bigge r stre ams i mportant among which are 

Konicha, Anko, rosha, Kombolcia and Milko . 

The geomorphic features in the Ohilalo Mountain are very 

young due to it s shor t ge ological hi stor y , (Mohr, 1967). The products 

of Ohilalo Mountain include basalts and trachybasalts and are the 

oldest rocks in the area, (Eekele, 1982 p.22). 

The Ohilalo Basalt, which is exposed at the base of the 

escarpment, attains a maximum thickness of 15m • . Several Valley sides 

and floors on the ~re c ':a ~n side of MOunt Ohilalo indicate the 
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conti nuity of this lava flow to hi ghe r ele vati ons , under the cover 

of the pl a teau pyr oclasti cs and the othe r younge r pr oducts of Ch i lal . 

it self , (sekele , 1982 p . 24). 

2.1. 3. Olima te 

The re ar e no me teo r o l ogi cal obse rvations i n the s tudy ar ea . 

s. it i s di fficu l t to present the mi cr ocl imat i c de t a i ls . However , 

i t is possi ble to desc r ibe the a r ea as par t of the mo i st cool e r 

pl a teau of the Ohilalo Ranges . 

One can al so obse r ve that the ri se i n ele va tion fr om t he 

f oothil l to the top of the study area i s accompai ne d by a corresponding 

dec r ease of tempe r atur e . Danie l in hi s analysi s of month l y tempe r a t ur e 

categorie s r ep or ts that a r eas with a l titude above )COOm have daily 

ave r age tempe r a t ur e between 130 to 1600 dur ing the wa r mest months and 

l e s s than 1300 duri ng the colde st months . For a lti tudes 2)C0- )C00m 

t he warme st month s r ange betwee n 160 to 20 00 and the co ldest mont hs 

130 t o 1600 , (ranie l, 1974 p . 16) . 

Accor ding to Dani el ' s classificati on of r ainfall re gi me s in the 

country , the Ar si Hi ghl and s ( t he study area i nclude d) f a ll in Regime l A 

whi ch i s charac t e ri ze d by e i gh t r a i ny month s (fr om Mar ch t o Octobe r ) 

and no ' smal l rain s ' , (Danie l, 1974 p . 7). 

If one cons i de r s the tempe r a t ur e- a l t i t ude and pote ntia l 

evapot r anspirati on (PH ) r e lationshi ps , it i s possib l e to see low wate r 

l os ses and hi gh r a i nf a l l i n highlands r esul t i ng fr om a decr ease i n 

P8 with incre a se i n a l ti tude . For hi gh l ands wi th a l t i tude above 

)COOm (commonl y known a s ' wir ch ' or alp i ne ) , fo r wxample , t he PH is 

80 cms while f or altitudes be twee n 2)C0 - )COOm ( ' dega ' or t empe rate ) 

it i s 80 - 110 cms , (Dani el , 1974 p.16) . 
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2.1.4. Soils 

The soils in the s tudy a r ea ch~nge from dark t o r e ddish brown 

(at altitudes 2500 - )GOOm ) and are gene rally darker i n color at 

altitudes above )GOOm. Under good natural vege tation COver the soils 

have goo d structure, though in many parts of the study area this has 

been affecte d due to the increasing: cultivation practices and so 

decrease in the vegetation cove r. The soil s a r e gene r a lly found to 

be aci dic with a pH ranging mostly from 5.0 to 6.0. (Soil s will be 

discussed in greater detail in the chapters under Results and 

Di scussi on) . 

2.1. 5. Vegetation and Land Use 

Starting from the foothills to the top of the molilntain, the 

study area COvers a wide range of vegetation types. Hackansson 

(1968 as quoted by Alemayehu, 1975 p.)7), by considering the re l ation-

ship between altitude "nd vegetation, has classified the Chilalo Awraja 

into four e cologi cal zones, namely Alpine (above )GOOm), Highland Area 

(2500 

(1500 

)GOOm), Med ium Altitude (2000 - 2500m ) and Lowland krea 

2000m). Thi s s tudy is based on the first two zones - Alpine 

and Highland Areas. It is from these par ts that the environme ntal 

and ve getation data "le r e collected . 

The Alpine area, with Eri ca arborea as the mai n species , is the 

upper limit for tree growth and has a ve ry clear ecological borderline. 

The topography is mountaneous and steep, r are l y fl a t. The herbaceous 

vege t a tion in this area consists of perennial herbs and clumped 

pere nnial grasses, (Alemayehu , 1975 p . 37). Thi s a r ea i s characterized-

by frequent burning of Eri ca arbo rea . 
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The Hi ghland Area (2500 - )ClOOrn ) is the upper limit fo r some 

plants occuring below 2500m . The ge ne ral topogr aphy is gently rolling 

to steep hills frequently intersected by gor ges of the major river 

systems; It is character ized by forests in which the major tre e 

speoies a r e Hagenia abyssini ca , Juniperus proce ra and Podocarpus 

gracilior and also by open gr assland . 

Most of the peop l e in the study area a r e mixed farmers. Some 

obtain all their earnings from selling wood from the forests to the 

inhabitants in kssela; Those who live on the borde r s of Erica arborea 

and adjacent to the Hagenia and Juni perus forests a r e inclined more 

towards anima l r earing than c r op production . The open grasslands 

and the undulating are as and ri ver valleys of the Podocarpus forests 

are mostly favored for cultivation. ffarley i s the most important 

crop grown in the a r ea; 

2.2. ·Review of Re l"ted Literature 

2 . 2 .1. Sampling 

Since measur ement and expr ession of e verything in an 

environmental comple x i s di ffi cu lt, the use of sampling becomes 

impe rative . Howeve r, to establi sh meaning f ul environmental r elation-

ships to vegetational units , sampling shoul d be done with maximum 

eare, plann! ng and Ie ast bi as. 

In any kind of vege tational sampl i ng, segmentati on of the 

vegetation cove r or r e cognition o f entities , selection of samples in 

the r ecogni zed segments , the decision of what size and shape the 

sample plots should be and the decision of what to r e cord once the 

plots are established should be taken into consideration, (ltuelle r-

lJOmbois et.al . 1974 p.31). 



- 10 -

In explai n i ng vegetational samp ling , Grei g-Smith (19fi4, p . 20) 

r eports that with fe;! excepti ons the object in making quantititative 

estimfltes of vegetati on will fall into one or othe r of the three 

ca tegorie S s 

a ) an estimate of the ove r all composition of the vege tation within 

certain boundaries, with a view to compari son vlith other areas or 

wi th the same area at anothe r t i me 

b ) the investigat ion of vflriation with i n the area or 

c) corre lation of ve getation diffe r ences with differences i.n one 

or mo r e habitat factors. 

This division, accord i ng to Greig-Smi th , is not absolute but 

it is worth making , because, for i nstance, the most useful procedure 

for sampling for overall composition may not be the most sati sfactory 

for examination of vari~tion within the a r ea . Sometimes a comparison 

is possible whereby more than one objec tive may be atta i ned , although 

perhaps at a lovler level of precision, by suitable samp ling procedur es . 

Once the s i te of the study i s chosen , one may use the s ingle 

plot or multiplot M.mpli"g me·thod . Besi des being subje ctive' in assessing 

;whethe r or not t he a r e a sampled i s lar ge e nough to r e flect the 

cha r acteristi cs of that parti cular communi ty , the Single p lo t method 

can be useful only in true homoge neous areas , (Kershaw , 1975 .p . 175) . 

I n multiplot method, howeve r, the sample i s spread over each vegetation 

segment ( in heterogenous a r eas) as much as possible in the form of 

small stands or plot samples . I'oreove r, individual quadrat sizes 

are adjusted primA.rily to the convenience of assessing the quantitative 

paramete rs selected, (Mueller-DOmbois et . al. p.47). The multiplot 
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method is, therefore, preferred by many worker s than the single 

plot method. 

To select saI!Jple stands in r ecognized vegetation segments , 

random or systematic sampl ing may be used. Each of these has i ts 

me rits and de~e~its . So the choice of the sampling procedur e 

depends on the purpose of the study •. \ s Greig-Smith (19 64 p.21) 

puts it, a s empling proce dure must always be related to the importance 

of the informatoon sought , to the prob l em under investi gation and 

to the degree of precision necessary. 

In random sampl ing , since the place ment of samples within an 

area is entirely through chance, there is a possibility that any 

point "i thin the a:-ea has an equa l chance of being repn sented and 

bias is elimin'lted. The a dvantages of random sampling, which 

systematic samp li l"g lacks, are the availabili ty of an e stima te of the 

mean value and an estimate of the precision of thi s mean, (Greig-Smith 

1964 p.21). 

Howe'lor, insp:' te of the advantages of random sampling mentioned 

above , s?stematic s"wpling , characterized by a gri d of re gu larly 

diE~:·'_ Juted samples acros " the vegetation segme nt , has bee n preferred 

by many wOehrs because it is more r e pr-eoe nt'l tiva of v ~ri!ltion8 ove r 

the a r ea resulting in a bette r cor r e lation between ve ge tation and 

envi,.olW"nt than r andom samples , (Gre i g- Smith, 1964 p . 22) . l/or eover, 

i t is easier to carry out in the field . 

The choice of shape and s ize of stands in a vegetationa l 

stuC} de pend s on many fac tor s i mportant among whi ch are the type 

and intensity of the study and also the investi gator's choice, 
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¥.ostly stands are square in shape but can also be rectangular. 

The variance beh/een rectangu lar stri.ps "as markedly l ess than between 

squares (Clapham, 1952 as quoted by S<ib~ibe, 1980 p .. 7). l-'owever, in 

using r ectangu lar stands, as Greig-Smith (1964, p . 24) points out, 

the pr oblem of exagge r ated edge effect similar to those found with 

very small quadrats needs consideration. 

Regarding the s i ze of stands, Gr eig-Smith (1964) reports that 

the smaller the stand the greate r the length of stand boundary per 

unit area and consequently the gr eater the chance of significant 

edge-e 'ffect s (like p r ob lems i ncurre d by shape) due to the observer 

'consistently including individuals that ought to be exc luded or vice­

ve r sa. He suggests, therefor e , that quadrats should not be too small 

especi ally if individual s of the species under cons i deration have a 

large a r ea or ill-defined boundary at ground level. 

2;2 . 2 . Vegetation Classification 

2.2'.2'.1. The Community and Continuum Ooncepts 

A plant community is not ~ random aggregation of plants but 

an or ganized complex with a typical floristic composition and 

mo r phological structure which h!l.,ve r e sul te d from the interaction 

of species popUlations thr ough time, (Sh i mwell , 1971 p.l) . It i s the 

r esult of numerous abiotic facto r s (like soil, tempe r atu re, rai nfall, 

humidity, light intensity , winds, altitude, slope etc ) and biotic 

factors - the variou s interactions among the plants and animals in 

the re spe cti ve communi ty . 

The two well known theorie s in the study of plant communi tie s 

are the Oommunity (vegetational discontinuity) and Oontinuum 

(vegetational continuity) concepts . 
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According to the community concept, vegetation i s composed of' 

well def'ine d , disc r ete unit s which can be combined to f'o rm abstr act 

classes , (~!cIntosh , 1967) . I t emphasizes that each spec i es has a 

di s tributi on " hich i s r elated t o a total r ange of environme ntal 

factor s and "hich depends upon the limits of its own populati on 

dynamic s , (Shim'lell , 1971 p . 23.5) . The supporter s of this con cept 

exc lude the t r a nsiti on zone s betwee n ad j acent communi t i e s because 

they consider t hese zones as negli g ible compar ed t o the vegetati on 

a round . The pri nc i ple thus argues that the r e a r e , mor e or l ess , 

sharply defined boundaries between one communi ty and another . 

Cle me nts (191 6), Tansley (1920 ), Du Rietz (1921) wh o exp r esse d 

that transitions are in s i gnificant r e lative to the associations them­

selves; Ludi (1929 ) who obse rved that in the Alps a r eas dwar f shrubs 

'Ie re often sharply bounde d but that g r assland communi tie s We r e mixe d 

and inter spe rsed without clear boundaries ; Dahl (1957) who obse rved 

disconti nuity of some and conti nuity of othe r communi t i es i n 

Norwegian Mountains, are some of the supporters of' the Community 

aoncept, (Whittaker, 1962 pp 85-89). 

The Continuum a on cept , unlike the Community Concept , argue s 

changes in vegetation cove r are continuous, gradual ann thus clear 

cut dif'fere nti ation of communities i s not possible , (/fclntosh , 1967 p .l 37-) . 

Accor dingly, therefor e , di sconti nuities in natural ve getation a r e not to 

be observed (or are r are ) except whe r e the r e discontinuitie s in the 

physical environment as at the junction between the outc r ops of' 

different geologica l str ata . Such a di sconti nuity is r egaIded by 

Whittake r, (1962 p . 89) as a complex mixture of continuity and relative 

discontinui ty. 
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Among the ear lie st authors who r e cognize d and advocate d for 

the C-ontinuum Concept is Gleason (1926), >lhose work was later on 

adapted and developed by Mutuszku>licy (1948); by Curtis and his 

associates especially C-urtis and l~cIntosh (1951) , Brown and Curtis 

(1952), Ourtis (1959) and by VThittaker (1952, 1956 , 19to). other 

contributor s to this ooncept are Goodall (19540.) and Greig-Smith (1964). 

In connect.ion with these t>lO theories, ).IcIntosh (1967 p.159) 

points out that both the C·ontinuum and C"ommuni ty Concepts are variously 

asse sse d and eri ticize d and contrary to the early te ndency of taking 

them as mutually exclusive, both a re vie wed more r e cently as simply 

a matter of preference or even as comple mentary with no real conflict. 

2.2 . 2.2 . C"lassification or Ordination? 

Classifica tion and Ordination are two important methods of 

vegetation study used to summarize and simplify the bulk of raw 

data. I n classificat ion, the stands are arranged in groups, on the 

basis of presence and absence of p lant species, the members of which 

have certain properties in common; in ordinati on the stands are arranged 

on axes, with their properti es determining their positions, (Cragg, 

1964 p. 72). 

Though there is a common misconception that classification and 

ordination are mutually exclusive and linked respective ly with the 

~ommuni ty and Continuum concepts , this argument has diminished 

signi ficance nowadays. I n the ory, the se two approachfls, as Grei g-Smi th 

(1964 p .158) puts it, may seem quite distinct from each other while 

practically t he divergence is not so gr eat as mi gh t appear. 

Fe gardi ng the simi lari ty of the two approache s , many worke r s 

have g ive n the ir opinions. An initial classification may lead to an 
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or di nation (Cur t i s and McIntosh, 1951; Curtis, 1955; Cragg , 1964); 

an ordinati on may lead to classification arbitrar ily into segments 

(Curti s 1959, King 1962) or a more invo lved sequence of classification 

and ordination procedures developed (Re am 196; , Groem;ou ld 19650. , 

Orlocc i 1967 as quoted by McIntosh , 1967 p . 1 68). Goodall (196;) and 

Greig-Smith (1964) consider ordination and classifi cation methods 

and agree t hat they u r e not necessarily incompatible (l-'cIntosh , 1967 

p . l68) • 

No\; that both app r oache s a r e consi de r e d equally appropria te 

it seems diffi cul t to estab li sh a har d and fixed rule as to "hen to 

classify and when to or dinate • .\. s many researchers suggest, the r efor e , 

the choice of method i n a vegetational study should res t mainly on the 

insi ght of the user and on conveni ence (both i n the performance of the 

ana l ysis and i n the use of the r9 sults) . 

2.2 .2.;. ¥.ethods of Vegetation Cl ussifi cfltion 

The proce ss of classi fi cati on is essenti ally the summar i za t i on 

fo r each samp l e of the informati on in many numbers (dozens to hund r eds 

of speci es abundance) into a s i ngle numbe r (a cluster ass i gnment), 

(Gauch , 1982 p .175 ). I ts primar y function is to construct cla8sos. 

fo r making i nductive gere r alizati ons and the pa r t i cu l a r classes 

constr ucte d al" ays a ri se i n connection wi th a parti cular pur pose , 

(Gilmour, 1951 as quoted by Sebsi be , 1980 p . 12 ). 

Tha t the lack of depend~ble i nformation on the vege tation of 

a n a r ea is a major problem in planning forest exploitation and or 

conservation i s cij!;ed by many workers . As possi b l e solutions t o 

thi s problem, Webb et . al. (1967 as quote d by Sebsibe, 1980 p.l; ) 
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suggest the categorization of the forest e ither by or dination or 

classification, the establishment of a procedure for allocating new 

sites to the exi sting categories and to what extent these categories 

reflect environmental factors . Mor eover , for a proper landuse (as to 

whether the area should r e main a fore st or be put to agricultural use), 

they report that e xisting knowledge r elating known environments and 

management plans shoul d be systematized. 

In the past, to classify the vegetation of an a r ea , different 

workers liere considering different factors (like dominance of major 

species , floristic association, succession etc .). In li gh t of the 

time consumed, laboriousness of classification and the difficulty in 

assessing the consistence of the individual ecologist's 'fOrk and ita 

agr eement with the >fOrk of others'f early classification techniques 

we re considered to be subjective and informal, (Goodall , 1953; 

l1hHtaker, 1962; Sokal, 1974 as quote d by Gauch , 1982 p .1 7,) . At 

present, however, it is not difficult to follow an ecolo'g i st ' s work. 

There are different kinds of classificatory method. Pie lou 

(1969) and Gauc'h (1982) have trie d to point out the main differences . 

~ollowing are three characteristics for distinguishing among the 

me thod s: 

a) Hierarchical or Reti culate 

In hierarchical classification classe s are a rranged into a 

hierarchy and so clas ses at any level are subclasses of classe sat 

a higher level. In r eticulate classfication, where each entity is 

assigned to a cluster, the cluste rs a r e defined sepe rately and the 

li nks between them ha ve the form of a network rather than a tree. 

gince the hip.r~rchical classfication is less cumbersome, easi e r to 
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unde r s t and and mo r e widely use d i n eco logi cal wo r k , it is mostly 

preferred by many r esear che r s , (Pielou , 1969 p . 2)8 ) . 

b ) Divi s ive or Agglomerative 

I n a divisive classifi cati on we begin with the whole collection 

of stands and divide and r e divide i t to a r rive at p r ogr essive ly smalle r 

classes stoppi ng when each class contains a single membe r or when the 

pr e dete r mined limit of some stopping r ule is r eached . In an agglmerat­

ive classifi cation we start at the bottom and work upward, begining 

with the individual stands and combini ng and recombining them to f orm 

successively mo r e inclusive gr oups , (Pielou, 1969 p . 239 ; Gauch , 1982 

p . l77 ). 

c ) Monothetic or Po ly the t i c 

I n a mono thetic c l assi f i cation sets of samp l es a r e divided 

accor ding to the presence or absence of a s ingle attr i bute (like the 

possession of a particular species ). In a polythetic classification, 

two group s a r e combi ned or separated on the basi s of the ir ove r a ll 

s i milar ity . He r e the entire speci es composition of samples a r e 

considered i n the p r ocess of deriving cluste r a ssignments (Pielou , 

1969 p . 2iKJ ; Gauch , 1982 p . l78) . 

Accor ding to Pie lou (19 r;9 p . 239) , computations a r e simpler 

in divi si ve class ification s i nce the subdivi s i on pr ocess may not 

continue to the point at whi ch i nd ividual stands a r e r ecognized 

as classes . JJ!o reover , divi sive classifi cation is mostly free fr om 

the bad combi nations , wh i ch may also affect a ll subsequent comb in~tions, 

that may be made at an ear ly stage i n the agglome r ative p r ocess . 

This is because , unlike t he agglomerati ve pr ocess , it does not begi n 
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wi t h the smalle st uni ts ( the stand s themse 1 ve s) whi ch a r e most 

likely to obscur e the t r ue aff ini t i e s. 

2 . 2 . 2 . 4 . Technique chosen for Classification 

Developed by Willi ams and Lambe r t (1959 , p . 99), Associ ati on 

Ana l ysi s is a hi e r archi cal , di vi s i ve , monothetic method of classifi cati on. 

I t is applicable for stands with a list of species they contain. 

Many wo r ke rs have used this technique for the s tudy of 

different types of communiti es . Among t hem are Kershaw (1967) on 

Tropical Savanas, Austin and Gr e i g-Smi th ( 1968) on Tropi cal Rainfore sts , 

Tewol deBe r han (1975) on a Vloodland Gras sland i n E thiop i a , Sebsibe 

(1980) on a l·'ontane F'Ol'est in Ethi opia , Gittins (1965) on Tempe r ate 

Gr asslands , Ze r ihun (1980 ) on l!:ontane Gr assland Vegetation i n Ethiopia , 

Harri son (1970, 1971) on Heaths and Hailu (1982) on a Forest in Ethiopia . 

Fo r the purpose of this study also, Association Analysis was use d. 

As Pielou (1969 pp . 240- 24l) puts it , the a r gueme nt i n Association 

Analysi s i s t hat i f any pai r of spec i es i n the vegetation exhibits 

assoc i a ti on , e ithe r positive or negative , t he vege t ation i s taken to 

be hete r ogeneous and so classifiable . The stands a r e to be classi fie d 

by dividing t hem i nto gr oups wi thi n which no inte rspecies asso ciati ons 

r emain . Then each gr oup can be r egar ded as homogeneous . To do t his 

We firs t divide the who l e collection based on the species that shows 

the greatest degree of assoc i ation (which Pie l ou names as a ' critical 

speci es ') with othe r spec i e s . The set of stands i s divided into a 

gr oup that contai ns the speci es and anothe r that lacks the speci es . 

This divi s i on of each of the gr oups (which a r e taken as ne>l sets ) i s 

r epeated until the groups a r e ultimately reached in which there a r e 
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no significant associations . 

To dete r mine the critical (indicator) species, \'/i11iam s and 

Lambert suggest the calculation of an index of association beh/sen 

eve r y po s sible p9.i r of spec i es by using three possi ble measur es namely 

chi squar e , chi square corrected and the squar e root of chi square 

divided by ths total number of stands . 

The occur ence of the two species fo r whi ch the i ndex is being 

calculated is ente r ed in the following 2X2 contingency table: 

S-pecie s X 

Spe cies 
y 

+ 

-

+ 

A 
C 

A+C-

whe re A ~ numbe r of 

B r:: number of 

C number of 

-
B 
D 

B+D 

stands 

stand s 

stands 

A+B 
C+D 

N 

in which both spe cie s X and 

in which Y but not X occur s 

in which X but not Y occurs 

Y occur 

D number of stands in which neithe r X nor Y-o ccurs 

The association i s measured by either of the following 

indice s : 

(A+B) (C+D) (I\+C) (B+D) 

Corrected X2~ ( AD--BC-R/2) 2N 

(A +B) (C+D) (Jl+C) (B+D) 

(AD--BC)2N 
I 

t 1-
X n (A +B) (C+D) (" +C) (l,+D) 
N 

N 
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contribution of all these r esults in a slow and stunte d gr owth making 

altitude important i n plant distribution, (Toumey et . al . 1947; 

Hedbe r g 1964 as quoted by Hailu 1982 p . 75) . 

Sl ope affects runoff and r emoval of nutrients from the surface . 

It also affects drainage since drainage incr ease s with increasing 

sfope . BY so doing , slope contributes to the downwar d leaching of 

oxygenated water i n well dr a i ned soils and to acidity in poor ly 

drai ne d soil s. 

Though according to Ethe rington (1975 p.246), the ve ry marked 

differences between the natural vegetation of acid and alkal i ne 

soils seem to a r ise from either nutri tional disturbances or from 

nutritional effects on the soil mic r oflor a , and that variations i n 

the soil pH as such does not directly influence growth, pH~ plays a 

very important role in indicating the chemical state hence availability 

of some important nutrients "hich plants ge t fr om the soil. 

Low pWvalues , fo r example , are often associated with coarse 

texture , with low cation exchange capacity and easy l eaching thus 

suffe r ing losses of easi ly mobilized elements such a s calcium, 

m~gn6sium and potassium, (Ethe rington , 1975 p . 245) . Lo" pH· values 

are also si gns of r educed mi cro bi al activiti es and thus retar dation 

of mineralization of or gani c matter, (BUckman et . ~. , 1969 p.)87) . 

pH, therefore, is a good guide for pr ed i cting which plant 

nutrients ar e likely to be deficient or not . Howe ve r, since in some 

habitats , accor ding to Tewolde (1975 p . 54) , species can survive by 

keeping the ir roo ts at different levels and the ave r age pH is hardl y 

indicative of the pH that a plant is subjected to, the range of pH 

is more meaningful. 
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Conductivity gives information on the total amount of water 

soluble salts many of which are important plant nut r ients in the soil , 

( Thompson et . al . 1971 p . 282). High conductivity is associated with a 

high supply of soluble salts . 

Soi l textur e affec!:;s the resistanco'to root penetration, 

extent and degr ee of branching of the r oots , the infiltr ation of water , 

the r ate /'If 'dater movement and the wate r holding capacity . Textur e 

is also associated with fertility . The finer the textur e of the soil 

the gr eate r it s fer ti li ty since the fraction of a soil may be likened 

to a vast store house in which mine r al nutrients accumulate and from 

which they may be drawn as the plant needs them, (lJaubenrnire, 1961 p . 19) . 

Sandy soils, for example , weathe r very slowly (meaning slow r elease 

of nutrients) and a re , therefore , char~cterlze~ by low cation exchange 

capacity . Gene r ally , therefore, marked differences in texture help 

to explain the plant-soil r elation ship s . 

Soil color , which is distinctly influenced by the oxidation 

status of iron (B'uckrnan et . a l. 1969) , indirectly indicate s the natur e 

of the soil . B'uckrnan et . al . r eport that the removal of excess 

quanti ties of hyd r ated form of iron should take place when suffici ent 

oxygen is pr esent . As a r esult yellow , r ed and reddish b r own colo r s 

a r e encour aged by well oxidi zed conditions while black color indicates 

less oxidized conditions in whi ch ferrous oxide predominates . 

S'oil color is also assoc i ated with soil depth and slope 

(and thus with drainage). The shallowe r the r eddest soi l color depth 

the mor e waterlogge d i s the soil . Similar ly , the lower the value of 

the soil color hue and the deepe r the reddest color from the surface, 

the better dr ained is the soil (i,nlOlde , 1975 p . 53) . 
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OHil.PTEF 3 

RESULTS 

Based on the i nformation of pr esence and absence of speci es , 

the ve getation i n the {jJ stands unde r study was clas si fied i nto 14 

groups (A,B , C:- ,D,E,F,G, H,I,J, K,L, r-! ,N) out of which 5 g roups (A , B,C:-,E,F) 

consisted only of one stand each and we r e r ejected from being compar e d 

with the ot.he r gr oups j see fi g . 1. 

Gr oups D,G,H and I a r e ide ntified by the pr esence o f ~ri ca 

arbor ea while gr oups J,K,L,V. and N a r e without i t . All i n all , out 

of the tot al of {jJ stands , 36 stands we r e classified in the fo r mer 

major gr oup ( L e . +E. a r bor ea ) and 24 in the latte r (i,e , -~. arbor ea) 

1'"0 compare the ni ne gr oups ( U, G,H,I,J , K,.L, M,N) among themse lves 

and see how much the envi r onmental fa ctor s have contribute d in the 

formati on of these gr oups , t - tests we r e computed (see appendices 2 to 36) 

The pr obab i li ty 0 . 05 lias use d as the leve 1 of s i gnifi cancg in the 

te st. 

From table lone can see that , gene r a lly, there a r e mo r e 

significant contr a sts a t surface l e vel (0- 10 cms) than a t subsurface 

(20-90 cms ) le ve l. And comparing all the vari ab l es a t surface level , 

alti tude has t he h i ghest numbe r (2 3) o f s i gnifi cant contr asts . 

Though stati sti cal signi ficance te sts he l p us to asse as 

t he r el i ability of obse rved diffe r ences and similarities, non 

significance of quanti f i e d data doe s not nece s sari ly i mp l y the absence 

of cause and e ffect r elati onsh i ps s ince i t may a ri se as much from t he 

ina dequacy of the quanti f i cation pr ocess as f r om the genui ne absence 

of such r elationshi ps , (Toumey et . al . 1947 as quoted by Hnil u , 1982 p . 74) . 
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The r e f or e , for those compari son s Vlhose te sts Were not stati s tica lly 

s i gnifi cant , mean values we re used to see possi lh!le contrasts be twee n 

the gr oups. 

Table 1 

TOtal Nlnnbe r of Si gnifi cant Contrasts for the Ni ne Groups 

(at the pr obability of 0 . 05) 

Nlnn her of Significant Contr asts 

Variable Sur face Subsurface Ove r all a vo 

S oil Co lo r Hue 16 19 19 

pH 14 6 7 

Conductivi ty 15 12 1 

Calcium 11 ;; 

Magne sium 14 10 6 

Potass i um 9 5 ;; 

Sodium 5 6 6 

Mangane se 17 11 7 

Sand 9 Ii 6 

Cl ay 14 9 6 

Silt 7 6 6 

,e oi tude 23 NR NR 

Slope 5 NR NIl 

NIl - ~Tot Re cor de d 
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1'ab Ie 2 

Stand Compositi on of the Gr oups 

Groups Stand Numbe r 

A 14 

B 40 

c 47 

D 46,48,49 

E 44 

F 55 

G 24,25,26,27,28,29 
)0 ,52 ,5) ,56 ,57,58 

H 1) ,16,17 , 18 

I 19,20,21, 22 ,2 ) ,45 
50 ,51,54,59 ,60, 61 

J 5, )5 

K 1, 12 

L 6,8,9, 15 , )6 , )9 

M 41,42 

N 2, ),4 , 7,10,11 
)2 , )) , )4 , 37,)8 , 43 

FolloHi ng i s the list of g r oups of stands and the spec i es by 

whi ch they He re i de nti f i ed : 

Gr oup A - consists of one stand . It i s i dentified by the p r ese nce 

of Er ica a r bo rea and ~'aytenus a rbutifo li a . 

Gr oup 13 - cons i s ts of one stand and i s ide ntifi e d by the pr e sence 

of~. a r bor ea , the absence of !1 . a r buti f oli a and the 

p r esence of HYDericum r e volutum . 
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Group C - consists of one s tand ",nd i s id , ntified by the p rese nce 

of ~. arbore", the absence of ~. a r butifolia , H. revolutum, 

and the p r e se nce of Myr sine afr i can .. . 

Group D - consi sts of thre e st"nds and i s identified by the p r ese nce 

of ~ . arbor e" , the "bse nce of !:! . a r butifolia , H. r e volutum, 

M. africana and the pre sence of Gnidia glauca. 

Group E - consi s t s of one s t and and i s i denti fied by the pr e sence of 

E. arbo r e a, the abse nce of ~. arbutifolia , !i. r e volutum, 

It . a fri cana , Q: . g l auca a nd the p r ese nce of Uiscopodium 

pe nni ne rvi urn. 

Gr oup F - cons i sts of one stand a nd is i denti f i ed by the p r esence 

of~. a rborea , the abse nce of ~ . a r butifol i a , !i. r e volutum, 

M. afri cana , ~ . g lauca, ~. pennine r vium and the pre sence 

of Scheffle ra vo l kensii. 

Group G - consi s t s of t'''elve s t onds and i s identified by the presence 

of ~ . arbo r ea , the a b se nce of M. a r butifoli a , !!.. r evolutum, 

It . afr i cana , ~ . glauca, ~. pe nni ne rvium , S . volkensii and 

the pr ese nce of Helichr ysum sple nd i dum . 

Gr oup H - consi s ts of f our stands and i s i dentified by the p r esence 

of ~. a r borea , the a b se nce of!:'.. a rbutifoli 'i , !i. r evolutum , 

~~ . afr i cana , ~ . glauca , E. penninervium , ~. volkensii , 

H. splend idum a nd the p r e sence of Spila nthes maur ltiana . 

Gr oup I - consists of t >1elve s t a nds and i s ide ntifi e d by the p r esence 

of E . arbor ea and the "bsence of all the other spec i es 

menti one d i n gr oup H. 

Group J - co n s i sts of two st"nds 'md is i dentified by the absence 

of E ri ca a r bo r ea "n d the p r ese n ce of Cr ep i s ca r bon_ ri a . 
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Gr oup K - consi sts of two stands and i s identi fied by the absence 

of ~. arborea, C. carbonRria and the pr esence of ~ndr opogon 

chrysostachys . 

Group L - consi sts of s ix stands and i s identified by the abse n ce 

of E. arbo r e9. , C. car bonari a , A. ch ryso s t a chys a nd the 
- -

pre sence of Rapanea simens i s . 

Gr oup I~ - consi sts of two stands and is ide ntified by the abse nce 

of !. arbore a, Q. carbon~ri~ , ~. chrysostffChys , R. s i mensis 

and the pr e sence of Glinia aequipetala . 

Gr oup N - cons i sts of twelve st"nds and i s i dentifie d by the absence 

of all the spec·i es mentioned in gr oup M. 
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CH.\ P'lER 4 

DISCUSSION 

The ve getation in the study a r ea was divi de d i nto two major 

gr oups identifie d by t he p r esence and ab sence of Erica a rbo r ea . These 

two gr oups wil l be de s i gnFited as +!. arbo r ea and - E . arbor ea . 

4.1. Compar i son between +E. a r bor ea and - E. a r bo r ea g r oups 

Table 3 shows the mean va lues of the envir onment al f actor s by 

wh i ch +E. 'l r bor ea Find -!. a r bor ea gr oups a r e char acte ri zed . As can be 

seen f r om the table , except for pH r anges and pH ' at 0-1 0 cms dep th , 

the two gr oups a r e char acte r ize d by ' disti nct di ffe r e nces i n most of 

the vari",bles . The t - tests (tab l e 4) computed to compar e t he +.!. a r bor ea 

a nd -E. a r bor ea gr oups show statistically si gnificant contrasts i n 

soil co l or hue, electri cal conductivity , sand, c l ay , silt, altitude, 

s lope and magnes i um content . 

Altitude , which results in c limatic diffe r e nces , i s a ve ry 

impor tant e nvironmental f'l.ctor determining the di stributi on of spe cies 

associated Vi i th +E. a r borea and -E. arborea . The ave r a ge alti tude fo r 

+!. arbore a stands i s 3) 64 mete~s compar ed to 2776 mete r s for -E. a r bor ea 

stand s . I/ost ly +.!. a r bore a and spe ci e s as soc i a te d wi th it a re r ough l y f oun d 

above 3000 mete r s "hile those speci es wh i ch a r e not as s oc i ate d '. i th 

E. a r borea a r e mostly f ound below 3000 mete r s . 

1\ s can be seen f r om tab le ) , +E. a r bo r ea gr oup of stands have 

higher so i l color hue sho"ing less oxidize d so il s . The organ i c m'l.tter 

and f r equent burni ng of the !. a r bo rea have also contr ibuted to the 

dar ker color of soils i n +E. a rb or ea gr oup of stands . ~oreove r, 

~. a r bor ea gr oup of s t 9.ncs hove a l so lowe r cond uctivi t y th",n -E. a r bor ea 

stands indica t ing 10>ler supply of soluble salts . 



Table 3 

Moan Value s of Environmental Characteri stics of 

+E. a rborea and -E. a r borea 

groups of stands 

Environmental 
r-'3.ctor +E. arborea -E. arborea 

Soil Color Hue 8 . 80 5 . 09 

pH (0-10 cmsr 5 · 50 5 . /X) 

pH range s* 5';2- 5.7 5.6 - 6 .1 

Conductivity (mmhos/cm) O.ll 0 .19 

Mg (meq/100gm of soil ) 2 . 28 3 .52 

K (meq/100gm of soil) 0. 75 0.89 

Mn (me q/lOOgm of soil) 0 .04 0 .06 

Na ( me q/100gm of soil) 0 . 21 0.15 

Ca (me q/100gm of soi 1) 8·57 9.59 

Soil depth (ems) 72 90 

Sand ( 'lb) 68 . 35 58. (.7 

Clay (%) 10 . 49 22 .93 

Silt (%) 21.1 6 18.40 

Utitude (meters) 3364 2776 

ST ope (0) 18 . 3 11.1 

All fi gu res a r e mean values of the g r oups. 

* Ranges be twe e n the low and hi gh mean values of the 
stands in a group 
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Table 11 

Compar ison of 

+R. a r borea (D ,G,H,I) and -!. ar bor ea (J,K,L,V ,N) 

gr oup of stands using the t-test 

Groups 
Compared facto r d . f . XI-X2 t P 

D,G ,H ,I to Color Hue 53 3. 61 8. 688 0 .001 
J ,K,L,l/,N 

pH 53 -0 . 1 0.879 

E .. G. * 53 --0 .08 2. 454 0.02 

Gations ** 53 --0 . 65 0 . 607 

Sand 53 9. 68 4.030 0.001 

Clay 53 -12.44 4.868 0 .001 

Silt 53 2. 76 2.067 0.05 

Al ti tude 53 888 15·987 a .0(lIl 

Slope 53 8. 2 3·533 0.001 

Ca 53 -1. 74 0. 279 

Mg 53 -1. 30 3. 983 0.001 

"E l ectri cal Conductivity 

** 
~!g , Ca , Mn , K, Na 
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Though the st"tistical tests between the two gr oups do not 

shol< s i gnificant contr 'ls ts (except for Mg ) with r espect to the amount 

of the cations, the mean va lues show that +~. arborea group of stands 

have lowe r Mg, K, /<In, Ca, than -E. "rbor ea groups • . That E . arborea 

i s mo s tly ass ociated with soils h .. ving 10>1 nutr i ent status is also 

investi gated by S·ebsibe ( 1900) in his e co logi ca l study on the ~'e nagesha 

S·tate Forest . The diffe r ence i n cation content (between t he gr oups ) 

may be attr i bute d to seve ral causes among whi ch can be texture a nd s lope. 

Textur e a ffec ts the cation content. The lower amount of K i n 

+E. a r bor e a g r oups, for e xample , can be assoc i a t e d >lith the lower 

clay and higher sand content c ompare d to -~. arbor ea gr oups . Thi s is 

because sandy soils have l ess available K due to their slow we athe ring 

characte r. Hor eover they have l ow cat i on e xcho.nge c"pacl.ty and, 

therefor e , small amount of exch9.ngeRble K. 

Low Oa i s a cha r acte ri stic of 'lcid sandy soils while Oa and 

c l ay content a r e of ten correlated . Th i s may explain the difference 

i n Oa bet>lee n +E. a r bore a and -E. arbor e a· group of stands (though 

the oontrast i s not s i gni fi cRnt· 'sta t i sti cally). 

Slope may also contribute to the lowe r c 'l tion content i n the 

+E. a r borea gr oups because the y a r e , r e l a tive ly , found in a steepe r 

slope (18 . ,°) than the -E. a r bor ea g r oups (11.1 0). This fact i mp lie s 

h i ghe r l each i ng in the fo r me r gr oup' . 

Gene r ally, the r e fo r e , the envi'ronment of E. a rbor ea and the 

speci es associ ate d with i t a r e char ac te ri ze d by lowe r conductivi t y 

10l<e r c"tion conte nt, steeper s l opes, hi ghe r l eaching , r e l atively 

COarse r te xture e.nd h i ghe r alt i tude whe n compar ed to the environment 

without E . a r bor ea . 
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4.1.1, Comparison beh/een +~. a r borea, "Gn~dia glauca and 

+~ . arbore .. , ~. g lauca g r oup of stands 

The first subdivision among the "E . a rborea group of stands 

was made by Gnidia g lauca . Gr oup D was ide ntified by the presence of' 

G. g lauca while in gr oups G, H, and T, ~ . g l auca was absent. 

Though not st"ti stically s i gni ficant, gruap D was char acter i zed 

by lower soil color hus (indi cating better oxidized soils ), wi de r 

pH ranges , steepe r s l opes , dee per and ol der soils than gr oups G,H 

and I (see tab le 5 ). Taking these facto r s into conside ration, one 

would expect h i gh l eachi ng and so a decr ease in cati on content in 

group D than in gr oups G,H, a nd T. HOWever, 80ils in group U have 

higher cati on content than groups )} , H and T. The statistically 

significant contrast in cation content between the two gr oups might 

be due to the h i gh or gani c matter in gr oup D. O'ompared to the stands in 

the study a r ea , the stands in Group D have the highest number of trees 

(18 trees per stand ). Trees take up more nutrients from the soil 

than he r bs. But the y also ci r culate m"re of it betwee n the mselves and 

in the soil . !l f or es t environm"nt, the r e fo r e, has more nutr ients than 

an environment domi n'lted by he rb s . Gr oup U is ala:> characterized by 

hi ghe r conductivi ty which i s associated wi th a high supply of soluble 

salts. 

Gni dia g lauca and specie s , the r efor e , associated wi th it favor 

r e l a t i vely well oxidized a nd well drained soils with highe r cation 

content, a nd this higher content i s maintained by them. 
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Table 5 

Me an Value s of Envirorune ntal Characte ri sti cs of 

+E. a r borea +~ . gl~uca and -~. glauca 

group of stands 

Envir orune n t al +E. arborea +E . arb orea 
Facto r +G. glauca - G. glauca 

Soil Co lor Hue 8.33 8 . 96 

pI{ (0-10 cms ) 5 . 00 5.60 

pH range s 5 . 0 - 5 . 6 5 .4- 5 . 7 

Conductivity (mmho s/crn ) 0 . 16 0.09 

Ng (me q/lOOgm of soil) 2 . 88 2 . 08 

K (me q/100gm of soil) 0 . 88 0 . 70 

Mn (me q/100gm of soi l) 0 . 06 0 . 03 

Na (me g/lOOgm of soil) 0 . 27 0.18 

<Ja (me g/lOOgm of soil) 11.50 7 . 60 

Soil dep t h ( cms ) 90 66 

Sand (%) 64 . 76 69 . 54 

Clay (%) 12 .42 9 . 85 

Silt (%) 22 . 82 20 . 61 

;\l t i tude (meters) 3205 3418 

S10pe 20 . 7 17.5 
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Fig. , - Environmental Charaoteristios of +E. arborea +G. glauca and 
+E. arborea -G. glauca group of stands 
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Table 6 

Cbmp9.rison of 

+E. arborea +Gnidi a glauca (group n) 

and -G. glauca (groups G,H, and I) group of stands - -
using the 1:r-te st 

Groups 
Compared factor d.f. XI-X2 t P 

U to Color BUe 29 -0.65 0.884 
G,H,I 

pH 29 -0.60 2.876 0.01 

E.C. 29 0.07 1.080 

Cations 29 1.01 2.084 0.05 

Sand 29 -4.78 0.851 

Clay 29 2.57 0.558 

S'ilt 29 2 .21 0.848 

Al ti tude 29 .215 1.666 

~nope 29 5. 20 0.520 
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4.1.2. Compari son betwee n +!, a r bor ea -Q.. glauca +Helichrysum 

splendioum (gr oup G) and -~. splendidum ( groups H and I ) 

Further subdivision among gr oups of +E . arbor ea stands was 

made by Helichrysum splendidum. These two groups have stati s ti cally 

significant contrasts in soil color hue and al ti tude , see table 8 . 

R"e l e .. ;;ively gr oup G has less cation content than gr oups H and I . 

Even though not statistically significant , the two gr oups have di fference 

in texture and this fact mi ght have contributed to the di fference i n 

clition content . 

4.1 . ,. Compar ison between +! . ar borea -Q' glauca -~~ splendidum 

+Spilanthes mauri~na ( gr oup w) and -So maur iUana (group I ) 

group of stands 

The last division among the +E. arborea group of stands was 

made by Spilanthe s mauritiana which r esulted in gr oup H' (+!. arborea 

-a; glauca -~. splendidum +~. maurniana) and group I (-~. maur~ana). 

As can be seen from table 9, the mean values show clear soil 

color diffe r ence (though not statistically significant) between the t wo 

gr oups wi th gr oup H having lowe r soil color hue (bette r oxi dized Boi ls ) 

than soi ls in group I. Except fo r alt i tude , which has statisti cally 

s i gnifi cant test with a pr obabil i ty of 0 . 05 , the two groups do not have 

mar ked d i ffe r6n~ in textu r e , slope , cat ion content, conducti vi ty and pH . 

4. 2. Compari son among the -~. ar bor ea grout' of stands 

4. 2. 1. Compar i son be twee n -E. ar borea +Cr epis car bonar ia (gr oup J) 

and - C. carbonaria group of stands (groups K,L,M and N) -- -

The first division among the - E . arbore a group of stancls Was 

made by the prese nce and absence of Crepis ca r bon"ria . Group J is 
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Table 7 

Mean Values of Environmental Cha r acte ri sti c s 

of +E. a rbor ea -~ . g l auca +He lichrysum splendidum 

and -H. sp l e ndidum group of stands 

Environme nta l +E. ar borea +E. ar borea 
practor - G. g l auca - G. glauca 

+H . sp l e ndidum - H. splendi dum 

Soil C"o lor Hue 9 . 72 8 . 58 

pH (O- l Ocms ) 5 . 6 5 . 8 

pH r ange s 5 . 4 - 5 . 6 5 . 6 - 5.8 

Conductivity (mmhos/cm ) 0 .08 0 .10 

Mg (me q/lOOgm of soi l ) 1. 76 2 . 24 

K (me q/100gm of soi 1) 0 . 59 0 . 76 

}~n (me q/lOOgm of soil) 0 . 02 0 . 04 

Na (me q/ lOO gm of soi 1) 0 . 19 0.18 

Ca (meq/100gm of soil) 6 . 85 7.97 

Soil depth ( cms) 50 74 

Sand ( ~) 72 . 92 67 . 85 

C"lay (~) 7 . 87 1O . a4 

Si lt (%) 19 . 21 21.~1 

'll ti tude (mete r s ) , 617 . 5 " 17 . 5 

S l ope (0) 21.9 15 . , 
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Pig 4 - Enviror~ntal Characteristics o~ ~ . arborea -G. glauca 
+Helichrysum splendidum and ~. arborea -G. gIauca -H. splendidum 
group of stands 
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Table 8 

Comparison of 

+E. a rbor ea -G . glauca +Pel i ch r ysum splendidum (G) 

and -H. splendi dum gr oup of stands (H ,r) 

using the t - test 

Groups 

'X\ -X2 Compared factor d . f . t p 

G to H,I Color flue 26 1 . 14 2 . 759 0 .02 

pH 26 -0.20 1.482 

E.C. 26 -0.02 0 . 524 

Cations 26 -0.40 0 ·322 

Sand 26 5 . 07 1.542 

Clay 26 -2 . 97 1.023 

Silt 26 -2.10 1.405 

AI ti tude 26 )00 4.184 0 . 001 

Sl ope 26 6. 60 1 . 846 
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'Fable S' 

Mean Values of Rnvi r onmental Cha r ll.cteristi cs of 

+R. a r bo r ea -Q. glauca -~. splendidum +Spilanthes mauritiana 

and - §. . InA,urit'iana groups of stands 

+R. A.r borea +R. a rborea 
- G. g lauco. -G . glauca 

Envir onme ntal - H. splen~ - H. sp l e ndidum 
Factor +S. maurit1ana +s. mauritlana 

Soil Color Hue 7 . 63 9 . 52 

pH (0- 10 cms) 5 . 9 5 . '; 

pH r ange s 5 . 8 - 6 . 0 5 . 4 - 5 . 6 

Conductivity (mmhos/cm) 0 . 08 0 . 11 

Mg (me q/100gm of soil ) 2 . 26 2.22 

]( (me q/100gm of soi 1) 0 . 68 0 . 68 

Hn (me q/100gm of soil ) 0 . 04 0 . 03 

Na (me q/100gm of soil ) 0 . 15 0 . 21 

Ca (me q/100gm of soil ) 7 . 88 8 . 06 

S'oil depth (cms) 90 58 

Sand (0/0) 66 . 70 60 . 00 

Clay (%) 12 . 69 8 . 99 

Silt (%) 20 . 61 22 . 01 

Al ti tude (meters) 3175 3460 

Slope ( 0) 14 16.7 
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Fig. 5 - 'Environmental Characteristics of -I!:. arborea -G. glauca -H . sphmdidum 
+Spilanthes muarilana and -5. maurilana group of stands 
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Table 10 

Comparison of 

"'E. arborea - G. glauca -!i. splendidum +Spilanthe s maur :it.1Flna (H) 

and -S . mauritiana (I) gr oup of stands - -
using the t-test 

Group s -Compare d factor d.r. XI-X2 t P 

H to I Color Hue 14 -1.89 0·353 

pH 14 0.3C 1·396 

E .c. 14 -0,03 0.486 

C-ations 14 -0.07 0.031) 

Sand 14 -2 .3C 0.395 

Clay 14 3. 70 o. 79~ 

Silt 14 -1. 40 0 .523 

Altitude 14 285 2.572 0.05 

Slope 14 - 2. CD 0 .445 
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identified by -E. arborea +C. carbonaria while groups K,L ,I' and N 

We r e without C. carbon'tria. The se two group s are character i ze d by 

statistically significant contrasts in their silt percentage and 

mflgnesium content, se e tflble 12. 

If one consi ders the mean values, as can be seon from table 11, 

gr oup J has lower soil color hue (and so better oxidi",ed soils~ higher 

pH, higher conductivity, and narrower pH r anges (which would mean less 

leaching) than groups K,L,I-' and N. Though the t\<D groups do not show 

statisti cally significant difference in their clay contents, the higher 

clay content in group J might have contributed to the highe r nutrient 

status of this group (compared to that of groups K,L,~! and H). 

4.2.2. Comparison between -~. a rborea -Q. carbonaria +\ndropogon 

chrysostachys ( gr oup K) and -A. chrysostachys (groups L, M,N) 

group of stan" s 

~urthe r division among the -~. a rborea -Q. carbonflria group of 

stand sis made by <\ndropogon ch r ysostachys formi ng two group s: group Ii 

identified by ~. arborea -C. carbonari~ +~. chrysostflchys while 

groups L,IA and N did not have ~. chrysostachys. 

Table 14 shows th'lt the two groups identified by the presence 

and absence of !. chrysostachys do not have statistically significant 

contrasts in all the variables considered. Marked differnces are , 

however, seen in the mean values of potassium and calcium where in both 

Case s group K has lower contents. Th i s lower cfi tion content in gr oup K 

may, most probably , be explained by the lower clay content in this 

g r oup than in groups L,~', and (see table 13). 
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Table 11 

~<ean Value s of ~nvir onmental Characteristics of 

-F.. qrborea +Orepis car bonaria and -,g:. car bonaria 

gr oups of stands 

E nvi r onme n tal -"E • ar borea -E. ar borea 
Factor +0". carbonari a -cr. car bonari a 

Soil Color Hue 4 . 0 5 . 4 

pH (0-10 cms ) 5 .9 5.5 

pH r ange s 5.8 - 6 . 2 5.4 - 6.0 

Conductivity (mmhos/cm) 0 . 24 0 . 18 

Mg (00 q/100gm of soil) 4 . 80 3. 21 

K (meq/100gm of soil) 1.40 0 . 76 

Mn (me q/100gm of soi 1) 0 . 04 0.07 

Na (me q/lOOgm of 80il) 0 .14 0.16 

Ca (meq/100gm of soil) 12 . 1 9 . 0 

Soil dep th ( cms) 90 90 

Sand (%) 57.10 59.06 

Chy (%) )0 . )0 21.09 

Silt (10) 12 . CD 19 . 135 

Altitude (ooters) 2658 280fi 

Slope ( 0) 11 . 0 11.2 
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Fig 6 - EnYiro 
and -l!: lllllental Charac teristics of -E. arbo rea +Crepis 

-' ~borea -C. carbonari a -oup of stands 
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Table 12 

Compar ison of 

-l!:. a r bor ea +Cre pi s car bonaria ( J) and 

- C. car bonaria (K ,L,M,N ) group of stands 

usi ng the t - te st 

Groups 
Compare d factor d.f. X - X 1 2 

t P 

J to Color Hue 22 -1.40 1.292 
K , L , )~ , N 

pH 22 -0.40 1.562 

E.C . 22 0.06 0.769 

era tions 22 0.86 0.363 

Sand 22 - 1. 96 0 . 446 

Clay 22 9 . 21 1.574 

Sil t 22 - 7. 25 2· 508 0 .02 

Alti tude 22 148 1. 535 

S'lope 22 -0 . 20 0 .059 

Mg 22 1. 60 2.235 0.05 
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Table 13 

)fean Values of E nvironmental Characteristics of 

+E. arborea -Q. ca r bonaria +And r opogon ChryBostachys 

and -A. ch r ysostachyB group of stands 

Enviromne ntal 
Factor 

Soil Color Hue 

pH (0- 10 ems) 

pH ranges 

C'ondueti vi ty (mmhos/cm) 

Mg (me q/100gm of Boil ) 

K (meq/100gm of soil) 

Mn (me q/100gm of soil ) 

lfa (meq/100gm of so i l) 

Oa ( meq/100gm of soi 1) 

Soil depth ( ems) 

Sand (%) 

Clay (')1;) 

Silt ('It) 

Altitude (me te r s) 

Sl ope (0 ) 

-E. a rborea -E. a r bor ea 
-0. carbonaria. -C·. car bonari a 
+A. ehrysostaehys =,\. <lhry sos taehys 

5· 3 5.4 

5.5 5. 6 

5.2 - 5.8 5.4 - 5.9 

0. 19 0. 17 

3. 21 3.20 

0 .55 0.84 

0.06 0.07 

0 . 14 0 . 16 

7. 85 9. 34 

90 90 

58.04 59. 40 

17.17 22 . 40 

24.79 18. 20 

2747. 5 2825 

8.0 12.2 
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Fig. 7 - Environmental Characteristics of --E . arbon' a - C. a ' rbontlri a 
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Table 14 

Compari son of 

-E. arborea -C. car bonari a +Andropogon chry sostachys (K) 

and - fl. ch r ysostachys (L, H,N) group of s t ands 

using the t - test 

Groups -
Compare d factor d.f. X -X 

1 2 
t P 

K to L ,M,N Color Hue 20 -0.10 0 .067 

pH 20 -0 .10 0.282 

E.a. 20 0 .02 0 .191 

Cations 20 -0 . 51 0 .158 

Sand 20 - 1. ~6 0 . 206 

Clay 20 -5·23 0.667 

Si lt 20 6. 59 1.814 

Altitude 20 77.5 0 . 565 

Slope 20 - 4. 20 0 . 868 
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4.2.,. Comparison between -e. a r bor ea - C. carbonari a -~. ch r ysostachys 

+Rapanea simensis ( gr oup L) and -R. simensis (gr oups M, N) 

gr oup of stands 

The next division among t he -~. a r bo r e a, -Q. carbonari a , 

-A. chrysostachys is made by the pr esence and absence of Ifapanea s i mensis . 

Group L was i denti fie d by the pre sence of R. simensi s while groups 

M and N di d not have it. The two groups are char acte rized by s i gnifi cant 

contrasts in plf (O-lOcms) and electri cal conductivity, seA table 16. 

From tf\ble 15 it i s possible to see that the me'in values of the 

two g r oups, t hough not supoor ted by stati sti cal tests, show higher 

Boil color hue (and thus less oxidized soils) ano relatively highe r cati on 

content for group L compared to g r oups l' and N. There were no s i gnificant 

contrasts in texture, altitude, slope and soil depth. 

4.2 .. 4. (Tomp'iri son be twe ,· n 4l.. arbore a -9.' carbona ri a -~. chrysostachys 

-~. sime nsis +Oli nia ae quipetala (group IC ) and -0 . fie quipe tala 

( group N) gr oup of stands 

The last' divisi on among the -~. arb or ea _Co. car bonaria 

-A. chry sostachys -~. simensis group of stanos was made by the p r esence 

and absence of Olinia aequi pe tala fo rming two gr oups : gr oup l' identified 

by the pre sence of Q. ae qu i petala and gr oup N without Q. ae quipe tala. 

As Can be seen from table 17 the r e a r e no stati stically s i gnifica nt 

contrasts between the two groups . Ifoweve r, though not signi ficf\nt by a 

statisti cal test," group l' has low cation content (especi ally Ca, Mg 

and K) and lm<e r conduct i vity (thus les s supply of soluble salts) than 

g r oup N, 
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Tqble 15 

Mean Value s of E nvir onme nt'll Charaete ri sti es of 

-E . arborea -Q. e'lrbonaria -~. ehrysostaehys +Rapanea s i rnens i s 

and -R. simens i s gr oup of stands 

Environmental 
Fact or 

Soil Color Hue 

pH (0-10 ems) 

pH r anges 

Condueti v i ty (mmhos/ em) 

Mg (me q/1OOgm of 

K (me q/100gm of 

lAn (me q/100gm of 

Na (me q/ lOOgm of 

Ca (me q/100grn of 

Soil depth (ems ) 

Sand (%) 

Clay (%) 

Sil t (%) 

Alti tude (me ters ) 

soil ) 

soil ) 

soi 1) 

so il) 

soil ) 

-l!; • ar borea -E. ar borea 
- C. ear bona ria -C. carbonari a 
-I . eh r ysostaehys =A . ehr ysostaehys 
+"R. s i me ns i s -R: s i rrens i s 

6 . 0 5.1 

6. 0 5 . 4 

5 . 7 - 6 . 2 5 . 2 - 5 . 7 

0 . 22 0 . 15 

3. 18 3·22 

0.91 0 . 81 

0 . 06 0.08 

0 . 16 0 .17 

10 . 2 8 . 9 

90 90 

59 . 9 59 . 15 

23 · 3 21 . 95 

16. 8 18 . 90 

2837 . 5 2818. 8 

13·3 11 . 7 
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Fig. 8 - Environmenta l Characteristics of -E. arbors a - C. carbonaria 
~A. chrysoRtachys +Rapne a simsnais-and -R. simensis group of stands 
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Table 16 

Comparison of 

-E. arbo rea - C. carbonaria -fl.. chrysostachys 

+Rapanea sime nsi s (L) and - R. simensi s (M I!!) gr oup of stands 

usine; the t-ts st 

Groups 
Compared factor d.f. Xl -X

2 
t P 

L to M,N Color Hue lB 0.90 0.904 

pH lB 0 . 60 2.714 0.02 

E .C. lB 0.70 12 . 6Bl 0.001 

Cations lB 0.05 0.025 

Sand lB 0.75 0.lB7 

Cl ay lB 1· 35 0 . 259 

Silt lB - 2 . 10 0.BB2 

n t i tude lB lB . 7 0 . 225 

S'lope l B 1. 60 0 · 503 
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Tab l e 17 

Mean Values of Envi r onmental Char acte ri stic s of 

-E. a r bor ea -Q. car bonari a -~ . ch r ysostachys -~. simen si s 

+Ol i ni a aequi peta la and - 0. aequi pe t a l a group of s t ands 

-1': • a r borea - E. a r borea 
-c. carbonari a - C. cqrbon.llri a 
-A . chr ysos tachys -A.. chrysos t achys 

Envi ronmental -R. s i mens i s -R. s i mensi s 
Factor s +0 . aequi petala - 0 . aequi petala 

Soil Color Hue 5 . ;; 5 . 0 

pH (0- 10 cms) 5 . 2 5 . 7 

pH range s 5 . 0 - 5 . 5 5 . 4 - 5 . 9 

Conductivi ty (mmhos/ cm) 0 . 1 ;; 0 . 17 

Mg (meq/100gm of soil ) 2 . 87 ;; . 56 

K (meq/100gm of soil) 0 . 56 1.05 

Mn (me q/ 100gm of so i l ) 0 . 07 0 .08 

Na (me q/lOOgm of soil) 0 . 17 0 . 16 

Cil (me q/100gm of soil) 7. 90 9 . 92 

Soil depth (cms) 90 90 

Sand (af. ) 59 . 80 58. 50 

Clay (%) 19. 00 24. 90 

Sil t (%) 21.20 16.(0 

Uti t ude (mete r s) 2927 . 5 2710 

Slope (0 ) 15 8 . , 
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JI1.g. 9 - 8nvironme ntal Ch. raete r isties of -E. arborea -C. carbonaria 
-A. chrysosta chys - R. simensis +Olinia aequipeta l a and -0. aequipeta1a 
group of stand s . 
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Table 18 

Compari son of 

-E. arberea -C. carbonaria -!:.. chrys,"staehys -R.' sime nsi s 

+olinia aequipetala (M) ~n d -~. aequipetala (N) group ~f stands 

u6i ng the t-te st 

Groups 
X -X Compared f ac tor d. f. t P 1 2 

., - -
M to N eel"r Hue 12 0.29 0.208 

pH 12 0.5~ 1.641i 

E.C. 12 -0.04 O.~15 

O'ation 12 -0.64 0 . 252 

S .. nd 12 1.;0 0. 214 

(n~y 12 - 5 . 90 0.707 

Silt 12 4.60 1.178 

~1 ti tude 12 217. 5 1.749 

Sl ope 12 6. 67 1. 271 
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The stee per slope and lower clay content in group M· might have 

contributed to the low cation content in this group (comp~red to 

group N). 

Gondi tions in group N are the opposite of those in group lA. 

Unlike in group M, relatively hi ghe r pH, higher conductivity, ge ntler 

slopes and t hus l e ss leaching , hi gher clay content and hi ghe r nutrient 

status are the important "heraote.rigt~., " .,.f' grouj> N, see table 17. 
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CH. .... P'mR 5 

SUMMlIRY AND RECOMI-ENDATIONS 

The vegetation in the stu dy are can be broa dly classified into 

four main Ca te gorie s: 

Cate gory 1 - identified by +Erica a rborea and +Gnidia glauca 

g r oup of stands 

Category 2 - ide ntifie d by +Erica a rborea and -Gnidia glauca 

gr oup of stands 

Category;; - identified by -Erica a rborea and +Crepis carbonado. 

group of stands 

<rate gory 4 - i dentified by -Eri ca arborea A"d -CreEis carbonaria 

gr oup of stands 

Oategory 1 - The soils of categor y 1 a r e le ss oxidized than 

t hose i n categories;; and 4 but more oxidi zed than soils in c"tegory 2. 

5·oils in category 1 are a lso characterized by the lowe st pH than all 

the categories . pH ranges of soils in thi s c"tegory "re the same as 

tho se of category 4 but wi de r than pH range s in categori es 2 a nd ). 

C'ate gory 1 has a lso the steepest slope am ong all the categories . The 

clay content of soils i n categor y 1 is lowe r than soil s in categories 

;; and 4 but hi gher t han t hose in categories 2 . The stati sti cal tests 

of significance for category 1 compar ed to categories 2 , ), and 4 a r e 

shown on tab l e 20a .• 

The above mentioned facts about cRtego r y 1 soils would imply 

that they a r e exposed to leaching and so are low i n nutrient status . 

However, s ince the stands in cate gory 1 a r e located in one of the 

fo r e st r emnants (locally known as Gefersa For e s t) of the study area 
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which might have contributed to hi gh organic matter, the nutrient status 

is not as low as that of soils in categories 2 and 4 (though lower than 

those in cate gory 3) . Relatively, category 1 i s least affected either 

by burning or cutting for fuel or oultivation. It is located in the 

transition zone between +Erica a rborea and ~rica arborea group of stands. 

Cate gory 2 - The soils in this category 'ire the l eas t oxidized 

among all the categories. As can be see n from table 19, soils in 

category 2 have higher soil pH (at O-locms depth) than categGries 1 and 4. 

but lower than soils in categor y '5; and the narrOl<est pH ranges among 

all the categori es . The soil depth in this category, which is the 

shallowest, indicates that the soils are les s l e ached. The statistically 

significant contrasts of category 2 compar ed to cate gories 1,3 and 4 

are shown on tables 20a and 20b . 

Clategory 2 has ge ntle slopes than category 1 but steeper slopes 

than categories 3 and 4 (might indicate gi gh l eaching). Moreover the 

fact that soils in category 2 have the highest sand and l eas t clay 

content among all the categories contributes to the least cation 

content than all the ca tegories. This is a lso the a r ea which has 

experienced fire hazards seve ral times. All these might have contributed 

to the low nutrient status of the category. 

Category;; - This cate gory, which is loc ated at the lower 

altitude s of the -E. arborea stands, i s characte rized by the most oxidized 

soils (because of their lowes t s oil color hue), see table 19. It has 

also the hi ghest pH, higher conductivity and cation content than all 

the categories. Tables 20a and 20b show the st'iti s ti cally Significant 

contrasts of category;; when compared with categories 1,2 and 4. 



- 62 -

Table 19 

~13an Va.lues of Environment a l Ch"raeteristies of 

the Four Categor i es of Vegetation 

Envirenmental Categor y category category cate gory 
praetor one two three four 

S'oil C"olor Hue 8.30 9.00 4 . 00 5 .40 

pH (0-10 ems) 5.00 5.CO 5.90 5.50 

pH r anges 5 . 0-5.6 5.4- 5 . 7 5 . 5-6 . 2 5. 6-15.0 

Soil IBpth 90 66 90. 90 

Oonduetivity (mmhos/cm) 0 . 16 0.09 0 . 24 0.18 

Mg (meqf100gm of soil) 2 . 88 2 . 08 4.80 ) . 21 

K (meq/100gm of soi l ) 0 . 88 0 . 70 1.40 0.76 

l~n (meq/100gm of soil ) 0 . 06 0 . 0) 0.04 0.0.7 

Na (meq/100gm of soil) 0 . 27 0.18 0.14 0.16 

Ca (meq/100gm of soil) 11.50 7 . CO 12.10 9.00 

Sand (%) 

Cl ay (%) 

Sil t (%) 

Altitude (mete r s ) 

Slope ( 0) 

64 . 76 

12 . 42 

22 . 82 

)205 

20 . 70 

57 .10 

20 . 61 12 . CO 

5418 

11.00 

59 .0 6 

21 . 09 

19 . 85 

2806 

11.20 

All fi gur es a r e mean values of'the groups of' stands in 
e ach ea te gory. 

1 
I 

I 
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Fig. ~O - Bnvirorun~tal ah~£1~is~ics of the Four Catesories in the study area 
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Table 20a 

Cbmpari so n of the Four Categories of Vege tation 

using the t - te st 

Categorie s 
Compar ed f"c tor d. f . XI- X2 t P 

1 to 2 Color Hue 29 -0 . 63 0.884 
pH • 29 -0 . 60 2. 876 0.01 
E.C. •• 29 0 .07 1.086 
C'ations 29 1.01 2.084 0 .05 
Sand 29 - 4.78 0.851 
Clay 29 2. 57 0.536 
Silt 29 . 2,21 0.848 
Htitude 29 213 1. 666 
Slope 29 3· 2 0.520 
Ca 29 3.9 0 . 449 

1 to ) Color Hue ) 4.)) 3. 663 0 .05 
pH 3 -0.90 4. 184 0.05 
'E. c. 3 - 0. 08 0 . 554 
Cations 3 -0 . 57 0. 137 
Sand 3 7. 66 1.025 
Clay 3 - 17. 88 2.069 
Si lt 3 10 . 22 2. 346 
Al ti tude 3 547 11. 119 0 .02 
Sl ope 3 9.7 1. 335 
Ca 3 -0 . 60 0. 109 

1 to 4 Color Hue 23 2. 93 2. 453 0 .05 
pH 23 -0 · 50 1. 743 
E. C. 23 - 0 .02 0. 225 
dati ons 23 0 . 29 0. 108 
Sand 23 5. 70 1..1 43 
Clay 23 -8 . 67 1. 330 
Sil t 23 2. 97 0 . 887 
Utitude 23 399 3· 700 0 .002 
Slope 23 9. 5 2.070 0.05 
Ca 2) 8. ) 6.)74 0 .001 

·E.C. - B l e .trical Conducti vity .... 
Cati ons - Mg , Na , ¥.n, K, Ca 
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Table 20b 

Oompa ri son of the Four Oategorie s of Vegetation 

using the t -te st 

Oategorie s -Compared factor d . f . X
I
-X

2 
t P 

2 to 3 Oolor Hue 28 4 . 96 7 . 738 0 . 001 

pH * 28 ...() . )O 1. 639 
E .0. 28 ...() .15 2.703 0 .02 
Oati ons ** 28 - 1.58 0 . 880 
Sand 28 12.44 2 . 509 0.02 
Clay 28 -20.45 4 . 815 0 . 001 
Silt 28 8 .01 3 . 641 0 . 002 
Al ti tude 28 7fiJ 6.643 0.001 
Slope 28 6 .50 1.278 
Ca 28 - 4 . 50 2 ·377 0 . 05 

2 to 4 Color Hue 48 3 . 56 7.876 0.00 1 
pH 48 0 . 10 0 . 855 
E .0. 48 ...() .09 2 . 631 0 .01 
Cations 48 -0 . 72 0.670 
Sand 48 10 . 48 4 . 207 0 . 001 
Clay 48 -11. 24 4.310 0.001 
Sil t 48 0 . 76 0.564 
Uti tude 48 612 10 . 621 0 .00 1 
Slope 48 6 . )0 2 . 634 0 . 01 
Ca 48 4 . 40 5.433 0 . 00 1 

3 to 4 Oolor Hue 22 -1 . 40 1 . 292 
pH 22 ...() . 40 1. 51)2 
'E.C. 22 0 . 06 0 . 769 
Oati ons 22 0 . 81i 0 . 363 
Sand 22 -1. 96 0 . 446 
C1ay 22 9 . 21 1.574 
Silt 22 7 . 25 2 . 508 0 . 02 
AI t i tude 22 - 1 . 48 1.535 
Slope 22 ...() . 20 0 . 059 
Oa 22 3 · 07 1.117 

* E.C .. - Ele ctri c"l Oonductivity 

** Cations - mg , Na , Mn, K, Ca 



The gentle slope (which helped in decreasing leaching) and the 

hi gh c l ay content wh i ch i s distinct among the othe r categories (though 

not stati sti cally s i gnifi cant ) must hR.ve contr i bute d to the hi ghe st 

nutri ent status of soils in category) than in any of the categories . 

Cate gory 4 - Thi s category has lowe r soil color hue a nd so 

better oxidi zed soils than categories 1 and 2; but hi ghe r soil color 

hue and so l ess oxi di zed soil s than i n categor y 3. I t has the same 

pH r a nges as categor y 1 but ;ri de r r anges (and so h i ghe r leaching) than 

categories 2 and 3. Soil s in categor y 4 a r e also char acte r ized by 

high conductivity and ~'g than soil s in categor ies 1 and 2 (but lower 

than soil s in categoty 3). The statistically signifi cant contr asts 

of category 4 compar ed to categories 1 , 2 and 3 a r e shown on tab le s 

20a and 20b. 

Gene r ally , inspite of the fact that ca te gor y 4 i s char acte rize d 

by a gentle r slope and higher clay content than categor y 1 soils , t he 

nutrient stat us of category 4 i s l owe r t han tha t of category 1 . This 

i s most p r obably the consequence of deffofe stati on for agricultural 

land and fo r fue 1 be cause thi s i s the categor y whe re most of the once 

dominant Podocar pus and Junipe r us fo r ests have been substituted by 

cul t iva ted land and e s tabli shed se t t l ement . The r e may be other facto r s 

as we ll wh i ch mi ght have con t ributed to the l ow nutr i ent status in 

thi s categor y . 

Fr om the r e sul ts of the seve r al va ria ble s (as summari ze d in 

table 19 ) a nd fr om obse rvati on during f i e ld\;or k , the r e seem to be acut e 

problems especi ally i n categor i es 2 and 4 which are identified by 

+E. ar bor ea , -G .. gla.uca and -£. a r b or e a , - 0 . car bonarifi re spe cti ve ly . 
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Pig. 12 - ~grammatic Re presentation of the Four Ca tegorie s in the Study Area 
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category 2 has experi enced fire hazards seve r al tilnes. The 

pe op le bur n the "€ri ca a r bo r ea because they believe that the f r esh 

g r owth i s g ood for thei r cattle . 

Unl i kB in category 2 , the problem i n cate gor y 4 is not the 

burni ng of fo r e sts but the cutting of t r ee s fo r addi tiona l a r e as of 

agricul ture and for fusl" >Ii thout any kind of r eaffo r e sta tion 

pr ogr amme Il9 ffo restation is incr easing in th i s categor y so muC'h so 

that people halre sta~ted cultivating valley slopes where one would 

see the fore st r emnants . 

Currently the problems are mostly in the two categories . 

Howeve r the pr oblems may also e xtend to categories 1 and 3 which at 

present are in a better position than categories 2 and 4. Therefore, 

r e ve r sal of heavy exploitati on of t r ees and mi ni mi z ing of gr azing 

a r eas (whi ch may decrease the bur ning of ! . a r bo r ea ) ought to be 

t he i mIOO diate focus of conse r vati on and management plans i n t he 

s tud y are a . 
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.\ppend i x 1 

List of Pl ant Species Collected II'rom the S6lllp l e Stands 

Collection N. Sc i entifi c Name 

1 . Ka lanchoe cfr densiflora Rolfe (H ) 

2 . Ca rduus lep r o canrus R.E. Fries (R) 

) . Be r s ama abyss in ic,," Fresen . (T) 

4. May tenus a r buti folia (Rochst . ex Ri ch .) l1il c r ek. (s) 

5.. Aspar agus cfr astrati us L. (s) 

6. Maesa l anceolata For s k. (s ) 

7. Ve rnoni a sp . ( S) 

8 . Hypericum r e volutum (T) 

9. Nuxi a congesta R. Br. (T) 

10 . Pittospor um abyssi ni cum Hochst. e x Del. (T) 

11 . Rapanea s imensi s (Hochst . ex 1\. . [-c.) Mez . (T ) 

12 . Myrs ine a fri cana L. (S ) 

1 "5 . Gni di a glauca (Fresen.) Gil g . (T) 

14. " gaur ia sal i cifoli a (Comm . ex Lam . ) Hook. Fil. ex Oliv~ (s) 

15 . Inula confe rtiflora A. Ri ch . (S) 

16 . Discopo dium penni ne rvi um Hochst . (T) 

17. Scheffl e r a volkensii ( Har ms ex Engl .) Ha r ms . (T) 

18 . Crota laria c fr r osenii (Pux) I!ilne -Redh . e x Polhill. (S) 

19 . Rubus volkensii Engl . ( S) 

20 . Oli ni a aequi petala (De l.) Cuf . (T) 

21 . He li ch r ysum splend i dum (Thunb .) Le s s . (8) 

22 . Eucalyptu s globulus Lab i ll (T) 

2). Solanum campylacanthum Hochst . ex A. Ri ch . (H ) 

(T) - Tr ee (S) - Shrub (H) - He r b 
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collecti on N. 

Appe ndi x 1 

(Cont ' d) 

Scientifi c Name 

24. Podocar pus g r acilior Pil ge r (T) 

25 · Dovyal i s abyssinica (Rich.) War b . (T ) 

2~ • Rupus apetalus ( S) 

28 . Hagenia abyssinica ( Bruce ) Gme l i n. (T) 

29 . E ri ca arbor ea L. (S ) 

)0 . Cyperus f i she r anus A • . Ri ch . (H ) 

31 . Digitar i a velutina (Forsk.) P. Beauv . (G) 

32. Andropogon chrysostachys Steud. (G) 

33. Commelina sp . (H) 

35. Bidens pilosa L. (H ) 

36. Hypoestes tr iflora (Fo r sk. ) Roem et . schult . (H ) 

37. JussiaEB sp . (H) 

38. Solanum indicum L. (H) 

39 . Cynoglossum amplifolium Bo chst . e X Dc . (S) 

40 . Di ch r ocephala sp . (H) 

41. Sal ivi a ni loti ca Juss . ex Jacq. (5) 

42 . Sature ja par adoxa (Vatke) E ngl. (H) 

45 . Spilanthes mauri tiRna (Ri ch . e x Pe r s .) DC. (H ) 

46 . Trifolium semi pilosum Fre sen. (H) 

47 . Cancalis melanantha (Hochst .) Benth . and Hook. (H) 

48. Stephani a abyssi nica ( Dil. and Rich.) Walp . (H) 

(G) - Grass 
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Appendix 1 

(Cont'd) 

Colle ction N. Scientific Name 

50· Galium simense Fre senD (H) 

5l. Satureja biflora (Ham. ex Don.) Bri q. 

53 · Osyris compre ssa. (Berg.) Dc . ( T) 

54 . Rosa abyssinica R. Br. (s) 

55. Ekebergia capensis (T ) 

56. Cype rus rigi fo Ii us Ste ud. (H) 

57. 'icroie chae te volkensii Pilger . (G) 

59.~risaema enneaphyllum Rich. (H) 

(H) 

00. ~splenium aethiopicum (Burm.) Bech. (S) 

61 . Crepis car bonfiria Sch. Bip. (H) 

62 . Di gitari a abyssinica (Hochst. ex Rich) Stapf. (G) 

63. Gnapalium luteo-album L. (H) 

64. polygonum nepalense Meissn . (H) 

65 . Budd le.ia polystachya F"re sen. (s) 

66. Haplocar pha shimperi (Sch. Bi p) Beauv . (H) 

67 . RUljIex bequae r t ii Th vlild. (S) 

68. Viola "byssi nica S teud . ex Olil1.C(.H) 

69 . Abutilon logicuspe Hochst . ex .~ . Rich. (s) 

70 . Potentilla r eptans L. (S) 

71 . Br achypod i um flexum Nees . (G) 

72. Juniperus procera Rochs t e x Endl. (T) 

73 . Galini e ra coffeoides Thl. (T) 



Colle cti on N. 
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Appendix 1 

(Cont ' d) 

Sc i enti f i c Name 

74. Plectr anthus edulis (Vatke) ·\gnew (H) 

75 . Phyto l acca dodecandra L'He r. (s ) 

7 6 . {nagallis a r vensis L. (H ) 

77 . So l anum ni gr um L. (H) 

78 . 1chyr anthus aspera Ii, (H) 

79 . Pl antago pa l mata Hook. Fil . (p) 

80. Stachys aculeolata Hook. (H) 

82 . Thymus se r r ulatus Rochst . ex ffenth . (H) 

84. Alepidea penduncularis Steud. ex .\ . Rich. (H) 

87. l/yrica sal i cifolia Hochst ex A. Rich. (,r) 

88. Coni um maculatum (H) 

89 . Kniphofia i soetifoii a Hochst (S) 

9C. Phr agmanthera sar e r t .. sni s (Hutch. and Bruce ) Ined. (T) 

92 . Alchemi lla abyss i ni ca Fre sen. (H) 

93. Ajuga r emota ffenth . (s ) 

94. He l i chrysum cymosum L. 1ftss . (s) 

95 . Salvi a merjami e For sk. (H ) 

96. C;;' r e x sp . (H) 

97. Ca r duu s sp . (H) 

98. Euphor bia depauperata Hochst . ex A. Ri ch . (T) 

101 . ffar tisi a pstitiana (fl . Rich . ) Hems l. (S) 

102 . Hel i ch r ysum fo r mosi ssi mum Sch . Bi p . ex Rich . 

103. Alchemilla humanii Rotm . (H) 

104 . Haplocar pha r ueppell i (Sch . Bi p . ) ffeauv . (H) 



Colle ct i on N. 
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1ppendix 1 

( Cont 1d) 

Sci e nti fi c Nrune 

105 . Crassula alba Forsk. (H) 

106. Tri folium bur chellianum Ser . (H) 

107. Habenar ia petitiana (A. Rich.) Th . Dur . and Schi nz . (H) 

108. :\1 buca sp . (G) 

109. lcabiosa columbaria L. (H) 
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flppend ix 2 

Comparison of the groups of stands by pH(surface) 

u s in g the t-t es t 

Group s 
Compared d.f. )(1-)(2 t P 

D to G 13 -0.43 2.818 0.02 
H 5 -0.9 3 4.586 0.01 
I 13 -0.44 1.786 
J 3 -0.90 3. 971 0.05 
K 3 -0,20 -0. 88 1 
L 7 -0. 90 7.109 0,001 
M 3 -0.35 1. 449 
N 13 -0.5 1.443 

G to H 14 -0. 5 3. 742 0.,01 
I 22 -0.01 0.076 
J 12 -0.47 2.794 0.,02 
K 12 0.23 1. 367 
L 16 -0 .47 4.767 0.-001 
M 1 2 0;08 0.466 
N 22 -0.07 0.395 

H to I 14 0.49 2 .294 0.,05 
J 4 0.03 0.-152 
K 4 0 .-73 3.,702 0.05 
L 8 0.,03 0.265 
M 4 0._58 2. 779 0.05 
N 14 0.43 1.436 

I to J 12 -0.46 1 .,578 
L 16 0.46 2.-751 0.-02 
K 12 0.24 0~87 3 
M 12 0.09 0 .306 
N 22 -0.06 0.299 

J to K 2 0.70 4 .,958 0.05 
L r3 0 0 
M 2 0.5 5 3 .056 
N 12 0.40 0.9 56 

K to L 6 -0.,7 7.447 0. -001-
M 2 0 •. 15 0.,833 
N 12 -0.,3 0.717 

L to M 6 0 . 55 5.107 o • .() 1 
N 16 0.40 1. 677 

M to N 12 -0.15 0 . 357 
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nppe ndix ) 

Comparison of the groups of stands by p~( Sub. 8urf'ace) 

using t - test 

Groups 
Compared d. f. X,-X2 t P 

D to G 13 -0.22 1 .401 
H 5 -0 . 57 4.665 0.01 
I 13 -0.2lJ 1.128 
J 3 -0 . 56 2.589 
K 3 -0 . 24 1.304 
L 7 0,61 2 . 349 
M 3 0.26 1.639 
N 13 -0.36 1. 537 

G to H 14 -0.35 1.943 
I 22 0.02 0.160 
J 12 -0.34 1.703 
K 12 -0.02 0 .103 
L 16 -0.39 2.472 0.05 
M 12 0.48 2.529 0.05 
N 22 -0; 14 1.046 

H to I 14 0.33 0.959 
J 4 0.01 0.048 
K 4 0.33 2.1 15 
L 8 -0.04 0.180 
M 4 0, 8 3 6,099 0,01 
N 14 0,21 1-,038 

I to J 12 -0,32 1 ,20 1 
K 12 0 0 
L 16 -Q.,37 1-, 980 
M 12 0 , 50 1. 928 
N 22 --0-,1 2 0,796 

J to K 2 0-.32 1,096 
L 6 -0-,05 0 .1 5 1 
M 2 0-, 82 3, 107 
N 1 2 0 -,20 0 . 684 

K to L 6 -0.37 1 , 141 
M 2 0,5 2.326 
N 12 -0 . 12 0.416 

L to M 6 0,87 2 , 728 0,05 
N 16 0,25" 1 , 25 6 

M to N 12 -0.62 2.196 0,05 
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,~ppe ndix 4 

Compariso n of t he gr oups of stands by pH(o v e rall ave. )-

usin~ t - test 

Groups 
Compa r ed d.f'. X1-X2 t P 

D to G 13 -0. 24 ,1 .39 1 
H 5 -0.64 4.097 0.01 
I 13 -0.27 ,1.1(32 
J 3 .,0 . 63 2 . 593 
K 3 -0.23 0.956 .. 
L 7 -0.67 2 .725 0.05 
M 3 ,0.14 .0.657 
N 13 -0 . 39 1.462 

G to H 14 .,.0.40 , 2 . 869 0.02 
I 22 - 0.03 , 0. 231 
J 12 - 0.39 . 1 .954 
K 12 , 0.01 0.050 
L 16 .,.0.43 , 2 . 853 0,02 
M 12 0.38 ' , 1 . 964 
N 22 ,..0 .1 5 . 1 .025 

H to I 14 . 0.37 , 1 .904 
J 14 0.01 0.056 
K 4 0.41 2 . 319 
L 8 -0.03 0 . 06 8 
M 4 0.78 5 .1 66 0.01 
N 14 0.25 1.098 

I to J 12 .-0 . 36 . 1. 295 
K 12 0. 04 0.144 
L 16 .- 0.40 2 .1 46 0. 05 
M 12 0.41 1.499 
N 22 -0.1 2 0.727 

J to K 2 0 . 40 1. 371 
L 6 -0.40 0 .134 
M 2 0.77 3 . 080 
N 12 0.24 0.737 

K t o L 6 .-0.44 1. 472 
M 2 0 . 37 1. 504 
N 12 . - 0 .1 6 0 . 492 

L to M 6 0. 81 2 . 789 0.05 
N 16 0 . 28 1. 335 

M to N 12 0.53 1. 646 
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Appendix 5 

Com,Earison of the e;rou,Es of st a nds bl conductivitl 

( sur face) using t - test 

Group s 
Compared d . f' . Xl~X2 t P 

D to G 1 3 0.30 3.433 0 . 0 1 
H 5 0.3 1 3 .98 5 0.02 
I 13 0 . 26 2.32 1 0,05 
J 3 '-0 .1 0 0.773 
K 3 0 , 03 0.277 
L 7 '-0 . 06 0 . 424 
M 3 0 . 22 2.033 
N 1 3 ' 0, 14 1 .731 

G to H 14 0 . 0 1 0. 142 
I 22 -0.04 0.620 
J 12 -0,4 3.884 0.01 
K 12 0.27 2.738 0.02 
L 16 -0 , 3 6 4 . 353 0 . 001 
M 12 -0.08 0. 8 12 
N 22 -0.16 3.053 0,0 1 

H to I 14 -0.05 0.538 
J 4 -0,41 5 .353 0.01 
K 4 0.2 8 5.631 0.01 
L 8 ;..0 . 37 3 .23 1 0 , 02 
/il 4 - 0.09 1 . 8 1 1 
N 14 -'-0.17 1.500 

I to J 12 -'-0 . 36 2,68 1 0 . 02 
K 12 -0,23 1. 75 7 
L 16 - 0,32 3 . 330 0.01 
M 1 2 -0 , 0 4 0 , 306 
N 22 -0. 1 2 1 . 920 

J to K 2 0 .1 3 1 .250 
L 6 ' 0 . 04 0.235 
1'1 2 ' 0.32 3.07 1 
N 12 ' 0 . 24 2 . 537 0 . 05 

K to L 6 -0,09 '0,549 
M 2 0. 1 9 ' 4 . 524 0,05 
N 1 2 0, 1 1 : 1 .236 

L to M 6 '0 , 2 8 ' 1 ,706 
N 1 6 .0.20 , 2.5 1 6 0.05 

M to N 12 -0.08 '0,892 



Groups 
Compared 

D to G 
H 
I 
J 
K 
L 
M 
N 

G to H 
I 
J 
K 
L 
M 
N 

H to I 
J 
K 
L 
M 
N 

I to J 
K 
L 
M 
N 

J to K 
L 
M 
N 

K to L 
M 
N 

L to N 
N 

M to N 
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Appe ndix 6 

Comparison of the gr oups of stands 

.. 
by E.C .( Sub surf@ce) - t-test 

d . f. )(1-)(2 t 

13 0.05 4 .1 6 7 
5 0 . 03 1. 293 

1 3 0 . 03 1 .345 
3 -0 . 07 1 . 759 
3 -0 . 03 0 . 833 
7 ~0.06 1. 0 8 3 
3 0 0 

1 3 - 0,04 1 . 0 1 5 

14 ;-0 . 02 2.703 
22 ;- 0 . 02 2 .000 
12 -0.1 2 9 .302 
12 '-0.08 7.273 
16 -0.11 4.365 
12 -0.05 3. 8 7 6 
22 -0.09 4. 8 13 

14 0 0 
4 -0.10 3.96 6 
4 -0.06 2.7 6 5 
8 -0 .09 1 . 9 57 
4 -0.03 1 . 172 

14 -0.07 2.108 

12 - 0 . 10 3.774 
12 - 0.06 2.353 
16 -0 . 09 3. 1 6 9 
1 2 -0 . 03 1 .1 32 
22 - 0 .07 3 . 365 

2 0 . 04 0.943 
6 0 . 01 0. 147 
2 0 . 07 1 .46 1 

12 0.03 0.625 

6 -0 . 03 0.448 
2 0 , 03 0 . 7 14 

1 2 - 0 , 0 1 0 . 2 1 1 

6 0 . 0 6 0 , 88 2 
16 0 . 02 0.550 

1 2 -0,04 0. 8 33 

¥E. C. - Ele ct ri cal Conducti vi ty 

P 

0.002 

0.02 

0.00 1 
0.001 
0.001 
0.01 
0.001 

0.02 

0 . 0 1 
0 . 05 
0.01 

0 . 0 1 
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ilppe ndi x 7 

Comparison of the t~ r oups of stands by E.C (overall ave. ) -

using t - test 

GDOUpS 
Compared d. f. X1X2 t P 

D to G 13 0.08 1.072 
H 5 0.08 0 . 900 
I 13 0.05 0.607 
J 3 -0.08 0.496 
]( 3 - 0.03 0.201 
L 7 -0,06 0.442 
M 3 0,03 0.221 
N 13 -0 . 0 1 0,082 

G to H 14 0 0 
I 22 -0.03 0.669 
J 12 -0.16 1. 8 94 
K 1 2 -0.11 1. 375 
L 16 -0 .14 2.009 
M 12 - 0.05 0,655 
N 22 -0,09 2,083 0,05 

H to I 14 -0 ,03 0,483 
J 4 -0,16 1.770 
K 4 O. 11 1,48 6 
L 8 -0,14 1. 345 
M 4 - 0,05 0,904 
N 14 -0,07 1 .541 

I to J 1 2 -0 , 13 1 ,370 
K 1 2 -0,08 0. 8 79 
L 1 6 -0,11 1,489 
M 12 -0,02 0. 230 
N 22 -0,06 0, 929 

J to IC 2 0,05 0.309 
L 6 0 ,02 0,125 
M 2 0, 11 0 ,7 79 

· N 12 0,07 0,778 

K to L 6 -0,03 0.194 
M 2 0,06 0,531 
N 1 2 0.02 0,233 

L t o M 6 0,09 0,597 
N 16 0,05 0.695 

M to N 1 2 - 0.04 0,3 1 5 
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" ppe ndi x 8 

Comparison of the groups of s tands by 

_ Ca (Surface) - t - test 

Groups 
Compared d . £'. X1-X2 t p 

D to G 13 1 1 • 1 4. 8 51 0.00 1 
H 5 9 .7 3.5 18 0.02 
I 13 9 ,8 3 .374 0.01 
J 3 2.7 0.6805 
K 3 11 .2 2. 8[> 7 
L 7 2.4 0.482 
M 3 5.4 1.298 
N 13 7.5 1 .51 5 

G to H 14 -1.4 0.8 14 
I 22 -1.3 0. 832 
J 12 - 8 .4 3.542 0.01 
K 12 O. 1 0.043 
L 16 - 8 .7 4.5 65 0.001 
M 12 -5.7 2.347 0.05 
N 22 -3, 6 1. 442 

H to I 14 0.01 0.004 
J 4 -7-.0 3. 864 0.02 
K 4 1. 5 0. 89 5 
L 8 -7. 3 2.7 61 0.05 
M 4 - 4.3 2 .065 
N 14 -2.2 0.52 9 

I to J 12 -7.1 2. 193 0 • .0,'5 
K 12 1.4 0.435 
L 16 - 7 . 4 3 .247 0.0 1 
M 12 - 4.4 1.342 
N 22 -2.3 0.8:70 

J to K 2 8 . 5 4.71 0.D5 
L 6 - 0; 3- 0.080 
M 2 2.7 0.998 
N 12 4. 8 0 . 8 13 

K to L 6 - 8 . 8 2.3'17 
M 2 -5. 8 2.355 
N 12 - 3 . 7 0.62 8 

L to M 6 3 . 0 0 .785 
N 16 5.1 1.413 

M to N 12 2 .1 0 . 355 



- 85 -

Appendix 9 

Comparison of the groups of stands by Ca(Subsurface) 

u si ng the t- t est 

Groups 
Compared d. f . : X1-X2 t P 

D to G 13 3.94 2.253 0 .05 
H 5 2 . 1 6 1. 840 
I 13 2 . 44 1. 539 
J 3 -1.37 0 . 677 
K 3 1. 82 1 .001 
L 7 1 .05 0 . 443 
M 3 3. 19 1. 839 
N 13 0. 15 0.066 

G to H 14 -1.78 1.1 56 
I 22 - 1 . 50 1.402 
J 12 -5 . 31 2.559 0 .05 
II: 12 -2.12 1.039 
L 16 -2. 89 1. 873 
M 12 ~0.75 0.368 
N 22 - 3.79 2 . 842 0.02 

H to I 14 0.28 0 .1 99 
J 4 -3 . 53 1", 867 
K 4 0 . 34 0. 195 
L 8 _1 • 11 0.534 
M 4 1 . 03 0 . 595 
N 14 - 2.0 1 1.012 

I to J 12 -3. 8 1 2.043 
K 12 - 0 . 62 0.339 
L 16 -1.39 0. 956 
M 12 0 .7 5 0.411 
N 22 - 2 .29 1 .• 178 

J to K 2 3. 19 2. 01 8 
L 6 2 . 42 0 . 857 
M 2 4 . 56 2.960 
N 12 1 . 52 0 . 555 

K to L 6 -0. 24 0.087 
M 2 1 . 37 1 . 4 11 
N 1 2 - 0 . 24 0 .089 

L to M 6 2. 14 0 . 775 
N 16 - 0.90 0.4 88 

M to N 12 -3 . 04 1 • 122 
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/lppe ndix 10 

Compariso n of the groups of stands by Ca ( overall av .) 

u s in g t - test 

Groups 
Compared d.f . X, -X2 t P 

D t o G 13 4 . 65 1 .757 
H 5 3 . 62 1 • 117 
I 13 3 . 44 1. 289 
J 3 -0 . 60 0 .127 
K 3 3 . 65 0 . 840 
L 7 1 . 30 0 .317 
M 3 3 . 60 0 .743 
N 13 1. 58 0.467 

G to H 14 -1. 03 0 . 56 1 
I 22 - 1 .21 0.790 
J 12 - 5.25 1. 838 
K 12 1.0 0 . 364 
L 16 -3.35 1 .49 1 
M 12 -1. 05 0.:363 
N 22 - 3 . 07 1. 673 

H to I 14 -0 .1 8 0.087 
J 4 -4.22 1 .554 
K 4 0 . 03 0 . 013 
L 8 -2 .32 0 . 729 
M 4 - 0 . 02 0 . 007 
N 14 - 2 . 04 0.744 

I to J 12 - 4 . 01 1. 399 
K 12 0 . 21 0. 076 
L 16 _~.14 1. 239 
M 12 0.1 6 0 .055 
N 22 -1. 86 1. 009 

J t o K 2 4 . 25 1. 447 
L 6 1. 90 0. 419 
M 2 4 . 20 1.022 
N 12 2 .1 8 0 . 565 

K to L 6 - 2 . :35 0 . 536 
M 2 - 0 .05 0 .01 5 
N 1 2 - 2.07 0 . 548 

L to M 6 2.3 0 . 502 
N 16 0 . 28 0. ' 04 

JIIj to N 12 - 2 .02 0 . 520 
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Appendix 11 

Comparison of the groups of s t a nds by K (surface) 

using t - test 

Groups 
Compared d"f. X1- X2 t p 

D to G 13 0.75 4 .083 0.002 
H 5 0.35 1.023 
I 13 0.52 1.778 
J 3 -0. 25 0.500 
K 3 0.72 1.436 
L 7 0.08 0.130 
M 3 0.65 1.302 
N 13 0.16 0.363 

G to H 14 -0.40 5.0114 0.001 
I 22 -0.23 1.902 
J 12 -1.00 11 .28 7 0.001 
K 12 -0.03 0.333 
L 16 -0,67 2.507 0.05 
M 12 _0. 10 1 .1 35 
N 22 -0.5 9 2,377 0.05 

H to I 14 -0,17 0 . 803 
J 4 -0.60 4. 158 0.02 
K 4 0,37 2,500 
L 8 -0.27 0.556 
H 4 0.30 2 .094 
N 14 .,..0.19 0.433 

I to J 12 -0,77 2 . 62 0 0,05 
K 12 0.20 0~680 
L 16 -0.44 1 ; 415 
M 12 0. 13 0.443 
N 22 - 0.36 1.32 5 

J to K 2 0 . 97 11.687 0,0 1 
L 6 0 . 33 0,471 
M 2 0.90 15 . 90 1 O.oot 
N 12 0.41 0 . 658 

K to L 6 _0.61!_ 0.913 
~1 2 0 .07 0 . 897 
N 12 -0.56 0. 899 

L to M 6 0.57 0. 8 14 • 
N 16 O. Ofl 0 .1 8 2 

M to N 12 -0.49 0 . 7 87 
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Appendi x 12 

Comparison of the groups of stands by K (Sub SflIr £ace) 

using t - test 

Groups 
Comp ared d.f. X1-X2 t p 

D to G 13 0 . 22 1 . 577 
H 5 0. 16 0.678 
I 13 -0 . 06 0 . 288 
J 3 - 0 . 60 1 .586 
K 3 0.26 0.739 
L 7 -0.06 0. 128 
M 3 0.23 0.654 
N 13 0.26 0.592 

G to H 14 -0.06 0.7 19 
I 22 -0 . 28 3 . 057 0.01 
J 12 -0. 8 2 7.231 0.001 
K 12 0.04 0.412 
L 16 -0.28 1.335 
M 12 0.01 0.103 
N 22 -0.43 2.297 0.05 

H to I 14 -0.22 1.395 
J 4 -0.76 3.936 0~02 
K 4 0.10 0.641 
L 8 -0.22 0.581 
~I 4 0.07 0.447 
N 14 -0.42 1 .1 40 

I to J 12 -0 . 54 2.430 0 . 05 
K 12 0.32 1. 493 
L 16 0 0 
M 12 0 . 29 1. 352 
N 22 - 0 . 20 0 . 900 

J to K 2 0 . 86 3 . 8 05 
L 6 0 . 54 0.982 
M 2 0 . 83 3 . 663 
N 12 0 . 34 0.647 

K to L 6 -0 . 32 0.5 89 
H 2 -0 . 03 0 . 23~ 
N 12 - 0 . 52 0 . 996 

L to M 6 0 . 29 0 . 534 
N 16 -0 . 20 0 . 558 

M to N 12 -0.49 0.939 
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Appendix 1;; 

Compariso n of the groups of sta nd s by K(ov e ra11 Ave .) 

u sing t - test 

Group s 
Compared d. f . X,-X2 t P 

D to G , 3 0.2 9 1. 623 
H 5 0 . 20 0 . 599 
I 13 0.04 0. 162 
J 3 -0. 52 1 .1 22 
K 3 0.35 0.792 
L 7 -0.03 0 .057 
H 3 0. 32 0 .7 22 
N 13 -0 .1 7 0 . 363 

G to H 14 -0.09 0.750 
I 22 -0. 25 2 . 306 0.05 
J 12 -0,-81 5.645 0.00 1 
K 12 0 . 06 0 . 457 
L 16 -0 . 32 1. 365 
H 12 0.03 0.227 
N 22 -0.46 2.075 

H to I 14 -0.1 6 0. 1:l44 
J 4 - 0.72 2.691 
K 4 0.15 0 . 620 
L 8 -0 .23 0.540 
H 4 0 .1 2 0 .492 
N 14 -0 . 37 0.944 

I to J 12 -0. 56 2.203 
K 12 0 . 3 1 1 .253 
L 16 -0.07 0. 266 
H 12 0.2 8 1.1 29 
N 22 - 0.2 1 0. 887 

J to K 2 0. 87 3.385 
L 6 0.49 0. 8 10 
H 2 0. 8 4 3.227 
N 12 0.35 0 . 634 

K to L 6 -0.38 0.634 
M 2 -0.03 0.104 
N 12 -0. 52 0. 947 

L to M 6 0 . 35 0.584 
N 16 -0 .1 4 0.366 

M to N 12 -0. 49 0. 892 
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.~ppe ndi x 14 

Comparison of the groups of stands by Sodium ( s urfa ce) 

u si ng the t - t es t 

Groups 
Comp ared d.f'. X1- X2 t P 

D t o G 13 0.06 1 . 626 
H 5 0.12 9 .09 1 0 .001 
I 13 0.06 1. 695 
J 3 0.10 7.143 0 . 0 1 
K 3 0.14 8 ,235 0 . 01 
L 7 0.1 1 1,528 
M 3 0. 12 8 .054 0 . 01 
N 13 0. 10 2.86 5 0 .02 

G to H 14 0,06 1, 881 
I 22 0 0 
J 12 0 . 04 0 . 887 
K 12 0.08 1.778 
L 16 0. 05 1. 908 
M 12 0.06 1.327 
N 22 0 . 04 1, 633 

H to 1: 14 - 0,06 1 . 96 1 
J 4 -0.02 1. 460 
K 4 0 . 02 1.282 
L 8 - 0 .01 0 . 763 
M 4 0 0 
N 14 - 0.022 0 . 662 

I to J 1 2 0 . 04 0 . 924 
K 12 0.08 1. 86 0 
L 16 0 . 05 1.98 4 
M 12 0 . 06 1. 38 3 
N 22 0. 04 1 .667 

J to K 2 0.04 2.532 
L 6 0 . 0 1 0.536 
M 2 0.02 1 . 639 
N 12 0 0 

K to L 6 -0 . 03 1 . 8 75 
M 2 -0.02 1 • 1 56 
N 12 -0.04 0.936 

L to M 6 0.01 0.6 4 1 
N 16 -0.01- 0 .403 

M to N 12 -0. 02 0.467 
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ilppe ndix 15 

Compariso n of the groups of stands by S odium(Sub surface) 

using the t - test 

Groups 
Compared d . f . X1- X2 t p 

D to G 1 3 0. 09 2 .507 0.05 
H 5 0.13 5 . 078 0 .0 '1 
I 13 0 .06 1 . 068 
J 3 0. 15 3 . 947 0 . 05 
K 3 0.13 3 . 42 1 0 .05 
L 7 0.12 3.343 0 .02 
M 3 0.11 2 . 6 70 
N 1 3 0.12 3 , 604 0,01 

G to H 14 0 , 04 1,370 
I 22 -0,03 0,962 
J 12 0 .06 1, 446 
K 12 0 , 04 0 . 966 
L 16 0,03 1,095 
M 12 0 ,02 0.476 
N 2 2 0 . 03 1, 35 1 

H to I 14 - 0 , 07 1, 4 8 0 
J 4 0.02 1, 63 9 
K 4 0 0 
L 8 - 0 , 0 1 0.376 
M 4 -0, 02 1 , 117 
N 14 -0, 0 1 0 , 372 

I to J 12 0 . 09 1, 335 
K 12 0. 07 1,045 
L 16 0 , 06 1. 4 71 
M 12 0.05 0 ,738 
N 22 0 , 0 6 1, 967 

J to K 2 -0,02 1. 639 
L 6 -0,03 0,783 
M 2 -0.04 1, 569 
N 1 2 - 0,03 0 .78 0 

K to L~ 6 -0.01 0.263 
M 2 -0, 02 0, 8 16 
N 12 - 0 . 0 1 0 .262 

L to M 6 -0,01 0.253 
N 1 6 0 0 

M to N 12 0.01 0.25.8 
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!\ppe ndix 16 

ComEariso!, of t he g rouEs o f t h e s tands b¥ Sodium 

(Overa ll av. ) using the t - test 

Gro ilps 
Co mpared d.£'. X1-X 2 t P 

D to G 13 0.08 2.222 0 .0 5 
H 5 0.12 5.063 0.0 1 
I 1 3 0.06 1 .177 
J 3 0.13 3 .714 
K 3 0.13 3,7 14 0.05 
L 7 0.11 3.344 0.02 
M 3 0.10 2.604 
N 1 3 O. 11 3.395 0 ,.01 

G to H 14 0.04 1. 356 
I 22 -0.2 0.68 3 
J 1 2 0.05 1 .1 8C 
K 12 0.05 1.1 90 
L 16 0.03 1.225 
M 12 0.02 0.470 
N 22 0 .03 1 ,351 

H to I 14 -0,06 1. 3 9 5 
J 4 0.01 0. 8 20 
K 4 0.01 0.775 
L 8 -0.01 0 . 407 
M 4 -0,02 1 .117 
N 14 -0 .0 1 0.379 

I to J 1 2 0.07 1 .142 
K 12 0.07 1.142 
L 16 0 . 05 1. 348 
M 12 0.04 0.649 
N 22 0.05 1.767 

J to K 2 0 0 
L 6 -0.02 0.567 
M 2 -0 •. 03 1.177 
N 12 -0 .,02 0 . 535 

J( to L 6 0.03 0.565 
M 2 -0.03 1 .,132 
N 12 -0, 02 1,68 1 

L to ~I 6 - 0.01 0 •. 278 
N 1 6 0 0 

M to N 1 2 0 . 0 1 0 . 263 
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Appendix 17 

Comparison of the gro ups of s t a nd s by Manga nese (surface) 

using the t - test 

Groups • 
Compared d . f . X1- X2 t p 

D to G 1 3 0 .1 2 8 .392 0.00 1 
H 5 0 . 0 8 4 . 345 0 . 0 1 
I 1 3 O. 11 9 .483 0.001 
J 3 0.02 0. 8 26 
K 3 - 0.02 0. 6 71 
L 7 0.04 1 . 312 
M 3 0 .04 1.550 
N 1 3 -0.04 0 . 54 ; 

G to H 14 -0 .04 3 . 57 1 () . 0 1 
I 22 - 0 . 0 1 1. 409 
J 12 -0.10 6 .7 57 0.001 
K 12 -0.1 4 8 , 750 0.001 
L 16 - 0.08 5 .1 6 1 0,001 
M 12 - 0.08 5 .229 0 .001 
N 22 -0 .1 6 4 . 420 0.001 

H to I 1h 0 . 03 3 .488 0 .01 
J 4 -0 . 06 4 .38 0 0.02 
K 4 - 0.10 5 .000 0.02 
L 8 -0.04 1. 6 0 6 
M 4 - 0.04 2 .564 
N 14 - 0 .1 2 1. 89 0 

I to J 12 - 0 .09 8 .4 9 1 0 . 001 
K 12 - 0 .1 3 10. 000 0 .00 1 
L 16 - 0 .07 4. 86 1 0 .00 1 
/>Ii 1 2 - 0.07 6 .250 0 . 00 1 
N 22 -0.1 5 4. 17 8 0 . 001 

J to K 2 -0.04 1. 600 
L 6 0.02 0.570 
M 2 0 .02 1. 265 
N 12 -0.06 0 . 660 

K to L ~ 6 0 . 06 1 .630 
N 2 0 .06 2.430 
N 12 - 0 . 02 0 . 220 

L to M 6 0 0 
N 1 6 - 0.08 1 • ·512 

M to N 12 - 0 . 08 0 . 8 8 3 
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.tppe ndix 18 

C omp~riso n o f the gro u Es of s ta nd s bz: Ma c ganese { s ub-

s ur face ) u sing the t - tes t 

Gro ups 
Compared d. f . X1- X2 t p 

D t o G 13 0. 02 2 . 899 0 . 0 2 
H 5 0 0 
I 1 3 0.01 1 .44 9 
J 3 0 . 0 1 0. 909 
K 3 0 0 
L 7 - 0 . 0 1 0 . 599 
M 3 -0 .04 2 . 3 95 
N 1 3 - 0 .02 0 . 833 

G t o H 14 - 0 . 02 2 . 899 0 . 02 
I 22 - 0 . 0 1 2 . 439 0 .05 
J 1 2 - 0 . 01 1 . 35 1 
K 12 - 0 . 02 2 . 532 0 . 05 
L 16 - 0 ,03 3.571 0 . 0 1 
M 12 ;;' 0 . 06 6 . 54 3 0 . 00 1 
N 22 -0.04 3 . 361 0 . 0 1 

H to I 14 0 . 0 1 1 . 449 
J 4 0 . 09 0 .7 5 8 
K 4 0 0 
L 8 - 0 . 0 1 0,662 
M 4 - 0 . 04 2 . 38 1 
N 14 - 0 . 02 0 . 952 

I t o J 1 2 0 0 
K 12 - 0 , 0 1 1. 266 
L 16 - 0.02 2 . 3 53 0 . 05 
M 1 2 - 0.05 5 .495 0 . 00 1 
N 2 2 -0 . 03 2 . 52 1 0 . 02 

J t o K 2 - 0.01 0.735 
L 6 - 0.02 1. 010 
M 2 - 0 . 05 2 . 8 2 5 
N 1 2 - 0 . 03 3 . 37 1 0 . 0 1 

K to L 6 - 0.0 1 0 .493 
H 2 - 0 . 04 2.000 
N 1 2 - 0 . 0 2 0 . 680 

L t o M 6 - 0 .03 1. 4 0 9 
N 1 6 - 0 . 0 1 0.550 

~J t o N 1 2 0.02 0 . 6 7 3 
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Appendix 19 

ComEarison of the grouE.i3 of stand s bl: Hanga n ese 

( ov era 1 1 av ) using the t - test 

Group s 
X1-X2 Compared d • f' • t P 

D to G 1 3 0,04 2 , 367 0,05 
H 5 0 , 02 0 , 694 
I 1 3 0 , 03 1, 899 
J 3 0,02 0,430 
K 3 0 0 
L 7 0 0 
M 3 - 0,01 0.237 
N 13 -0 , 0 2 0 , 377 

G to H 14 - 0 , 02 1, 9 8 0 
I 22 - 0 ,01 1,563 
J 12 -0,02 1, 220 
K 12 -0 , 04 2 ,17 4 0,05 
L 1 6 -o.olj· 2 , 963 0,01 
M 1 2 - 0 ,0 5 3,546 0,01 
N 22 - 0,06 2 .353 0 , 05 

H to I 14 0 , 01 1, 064 
J 4 0 0 
K 4 -0, 02 0 , 641 
L 8 - 0 ,02 0 , 8 77 
M 4 - 0,03 1, 442 
N 14 - 0,04 0 , 895 

I to J 12 -0 , 0 1 1, 685 
K 12 - 0 , 03 1,775 
L 16 - 0 ,03 2 , 326 0 ,05 
N 12 -0,04 3,306 0,01-
N 22 -0. 05 1, 976 

J to K 2 - 0 , 02 0 , 368 
L 6 - 0 , 02 0,58 2 
N 12 - 0,04 0,623 

K to L 6 0 0 
~1 2 - 0 , 0 1 0 , 2 1 3 
N 1 2 - 0 , 02 0 , 309 

L to M 6 -0,01 0 , 3 1 2 
N 16 -0~02 0 , 53 1 

'; M to N 12 -0,01 0,1 5 7 
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,1ppendix 20 

Comparison of the group s of st a nd s by l1agnesium ( sur fa (0) 

using the t - test 

Groups 
Compared d.f . X1- X2 t P 

D to G 13 2 . 84 3 . 992 0.002 
H 5 2.33 2 . 467 
I 13 2.90 3 . 978 0 . 002 
J 3 0. 13 0.080 
K 3 2 . 77 2 . 054 
L 7 0.77 0 . 947 
M 3 0 . 37 0.273 
N 13 1 .64 1 .419 

G to. K. 14 - 0.51 1. 02 8 
r 22 0,06 0. 157 
J 12 -2.71 3.53 1 0.01 
K 12 -0.07 0. 104 
L 16 -2.07 4.793 0.001 
H 12 -2 . 47 3 . 6 75 0.0 1 
N 22 -1 . 20 2.075 0.05 

H to I 14 0 .• 57 1.108 
J 4 -2.20 2.491 
Ie 4 0.44 0 . 97 1 
L 8 - 1 . 56 3 . 509 0.01 
M 4 -1 ,96 4.229 0.02 
N 14 -0 . 69 0 . 743 

I to J 12 - 2 . 77 3 . 492 0 . 0 1 
Ie 12 - 0. 13 0 .1 86 
L 16 - 2. 13 4 . 777 0 . 00 1 
M 12 -2.53 3 . 6 1 5 0 . 0 1 
N 22 -1. 26 2 .1 55 0.05 

J to K 2 2 . 64 2.200 
L 6 0 . 64 0. 8 13 
M 2 0.24 0.198 
N 12 1 .51 .1 • 111 

K to L 6 - 2 . 00 3 . $50 0.02 
M 2 - 2 . 40 1. 500 
N 12 - 1 .1 3 0 . 86 5 

L to H 6 -0.40 0.723 
N 12 0. 8 7 0.642 

M to N 12 1 .27 0.972 

b -- -
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Appendix 21 

Comparison of the group~ of sta nds by Magnes ium (sub­

surface) usin g the t - test 

Groups 
Compared d.f. X1-X2 t P 

D to G 13 0. 88 1.952 
H 5 0.20 0.339 
I 13 0.14 '0 . 241 
J 3 -2 .43 4 . 758 0.02 
K 3 -1 .10 1. 846 
L 7 -0.57 0.781 
M 3 -0.07 0 .1 35 
N 13 -1.25 1.495 

G to H 14 - 0.68 1.580 
I 22 -0.74 2. 170 0.05 
J 12 -3,31 6 .2~7 0.001 
K 14 -1. 98 3 . 640 0.002 
L 16 -1.45 3.313 6.01 
M 12 -:0.95 4. 793 
N 22 -2.1 3 .744 0 .001 

H to I 14 -0 .06 0.112 
J 4 -2. 63 3 .942 0.02 
K 4 -1.30 1. 821 
L 8 -0. 77 1 .131 
M 4 - 0.27 0.402 
N 14 - 1.45 1.949 

I to J 12 -2.57 ;3.696 0 .01 
K 12 -1.24 .1.753 
L 16 - 0.7 1 ,1 .400 
M 12 -0.21 0.301 
N 22 -1.39 2.B77 0.01 

J to K 2 1.33 2.285 
L 6 1. 86 2. 1 31 
M 2 2.36 5 .47 2 0.05 
N 12 1 .1 8 1 • 1 62 

K to L 6 0.53 0.592 
M 2 1 .03 1.722 
N 12 -0.15 0. 146 

L to M 6 0.50 0.571 
N 16 - 0 . 68 1.033 

M to N 12 - 1.1 8 1 • 161 
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.~ppendix 22 

Comparison of the eroups of st a nds by Magnesium 
. ! 

( overall av. ) using the t - test 

Grou ps 
Compared d . f . X1-X 2 t P 

;·D to G 13 1 ,1 2 1, 668 
H 5 ' 0.62 0 . 6 96 
I 13 0. 66 0 . 976 
J 3 -1. 92 1. 6 37 
K 3 - 0.33 0 . 28 1 
L 7 - 0 . 30 0.315 
M 3 0.0 1 0.008 
N 13 - 0, 68 0 .720 

G to H 14 -0. 50 1.005 
I 22 _0 . lf 6 1. 200 
J 12 - 3 . 04 4.338 0.001 
K 12 -1.4 5 2 .068 
L 1 6 -1.42 3 . 295 0.01 
M 12 -1 • 1 1 1. 5 19 
N 22 -1 . 8 0 3 . 6 02 0.002 

H to I 14 O. O~l 0 . 074 
J 4 - 2 . 54 3.477 0.05 
K 4 -0.95 1. 298 
L 8 -0.92 1. 240 
M 4 - 0 . 6 1 0 . 729 
N 14 -1.30 1 . 6 6 1 

I to J 12 - 2 . 58 3 . 646 0 . 0 1 
K 12 - 0 . 99 1 . 39 8 
L 16 - 0. 96 1. 80 9 
M 12 0 . 6 5 0 . 88 1 
N 22 -1. 34 2 . 6 74 0.02 

J to K 2 1 . 59 2 , 243 
L 6 1 . 62 1 . 646 
M 2 1 . 93 1 . 99 1 
N 12 1 . 24 1 .1 52 

K to L 6 0.03 0 .030 
}j 2 0 . 34 0 . 349 
N 12 - 0 . 35 0 . 32 5 

L to M 6 0 . 31 0 . 300 
N 16 - 0 . 38 0 . 54 1 

M t o N 12 - 0.69 0.629 
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,\ppend ix 2) 

Comparis on of the groups of sta nds by S and (surface ) 

usi n g the t - t e st 

Groups 
Compared d . f . X1- X2 t p 

D to G 1 3 - 2.70 1. 34 1 
H 5 - 5 . 0 8 0 . 725 
I 13 - 2 , ~ 1 1. 428 
J 3 1 . 00 0 . 22 1 
K 3 4.99 1 • 183 
L 7 - 0 . 42 0 . 096 
M 3 1 . 48 0.374 
N 13 4.08 1 . 071 

G to H 14 -2. 3[] 1. 554 
I 22 0, 11 0. 109 
J 12 3,70 1,78 4 
K 12 7. 69 3 . 936 0 . 002 
L 16 2 , 2 8 1.08 0 
M 1 2 4 .1 e 2 . 25 1 0.05 
N 22 6 .78 3. 603 0.002 

H to I 14 2 . 27 1 , 526 
J 4 6 .08 2.069 
K 4 10. 69 3. 867 0.02 
L 8 4. 66 '\..311 
M 4 6 . 56 2 . 8 35 0. 0 5 
N 14 9. 16 2. 8 79 0 .02 

I to J 12 3. 8 1 1. 8 98 
K 12 ~. 8 0 4,142 0 . 002 
L 16 2.39 1 • 1 44 
M 12 4 . 29 2 . 407 0.0.'5 
N 22 6 . 89 3 . 685 0.002 

J to K 2 3 . 99 1 • 105 
L 6 ";1. 42 0 . 279 
M 2 fl. 4 8 0 .1 58 
N 12 3.08 0 . 686 

K to L 6 6 . 00 1. 206 
M 2 -3 .5 1 1. 69 jj 
N 1 2 - 0 . 9 1 0.2 0 5 

L to M 6 1 .90 0 . 389 
N 16 4 . 50 1. 4 56 

M to N 12 2.60 0 . 59 1 
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Appendix 24 

Comparison of the groups of sta nds by Sand (sub s orface) 

using the t - test 

Groups 
Compared d . f . Xl j3X2 t P 

D to G 13 -9 . 07 1. 78 6 
H 5 -1 . 32 0 .1 77 
I 13 - 3 . 69 0 . 557 
J 3 9 .1 2 1 . 36 1 
K 3 7 .02 1 .028 
L 7 6 .02 1. 246 
M 3 5 . 62 0. 1:' 02 
N 13 6 . 62 1.520 

G to H 14 7 . 75 1.608 
I 22 5 . 38 1 . 4 3 2 
J 12 18.19 3 . H, l 0.01 
K 12 16 .09 2 . 832 0.02 
L 16 15 .09 4 . 208 0 . 00 1 
M 12 14. 69 . 2 .561) 0.05 
N 22 15. 69 5.467 0.001 

H to I f- 14 - 2 . 37 0 . 392 
J 4 1 O. 411 1 .295 
K 4 8 .34 1 . 047 
L 8 7.34 1 . 442 
M 4 6 .94 0. 860 
N 14 7 . 94 1. 864 

I to J 12 12 . 8 1 1.653 
K 12 10.71 1. 386 
L 16 9 . 7 1 2 . 0 88 
}1 12 9 . 3 1 1. 208 
N 22 10. 3 1 2 . 9 16 0 . 0 1 

J to K 2 -2.10 0 . 500 
L 6 -3 .1 0 0.667 
M 2 - 3 . 50 0 .743 
N 12 -2.50 0 . 529 

K to L 6 -l. QQ 0 . 220 
H 2 - 1 . 40 0 . 33 1 
N 12 - 0 . 40 0 . 085 

L to M 6 - 0 . 40 0 . 086 
N 16 0 . 60 0 .1 24 

Ivi to N 12 1. 00 0.212 
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Appendix 25 

Comparison of the groups of stands by San d (overall av. ) 

using the t - test 

Groups 
Compared d . f . X1- X2 t P 

D to G 13 - 8 .1 6 1. 805 
H 5 -1.94 0.25 1 
I 1 3 -4.24 0 . 679 
J 3 7.6 6 0.955 
K 3 6 . 72 0.923 
L 7 4. 86 0 . 773 
M 3 4.96 0.654 
N 3 6 . 2 6 1 • 190 

G to H 14 6 . 22 1.386 
I 22 3.92 1 .146 
J 12 15. 82 3.025 0.02 
]( 12 111. 88 2 . 956 0.02 
L 16 13 .02 3.500 0.01 
M 12 13.12 2,568 0.05 
N 22 14.42 4 .794 0.001 

H to I 14 -2.30 0.395 
J 4 9 . 60 1.063 
]( 4 8 . 66 1.007 
L 8 6 . 8 0 1 .083 
lVi 4 6 . 90 0 . 786 
N 14 8 .20 1. 62 7 

I to J 12 11 . 90 1 . 597 
]( 12 10; 96 1. 498 
L 16 9 . 10 1 .904 
H 12 9,20 1. 248 
N 22 10.50 2 . 8 6 1 0.01 

J to ]( 2 - 0 . 04 0. 124 
L 6 - 2 . 80 0.385 
H 2 - 2.70 0 . 333 
N 12 -1.40 0 . 226 

]( to L 6 -1 . 8 6 0 . 267 
H 2 -1.76 0 . 26 1 
N 12 -0.46 0.07 6 

L to H 6 0 .1 0 0 . 014 
N 16 1.40 0 . 336 

M to N 12 1 .30 0.2 14 
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Apl'endix 26 

Co mpa r i s o n of the g roup s of sta nds by Clay (su r face) 

us i ng the t - te s t 

Groups 
Compared d , f . Xl - X2 t P 

D to G 13 - 0 ,08 0 .08 9 
H 5 - 0.06 0.049 
I 13 0 .1 5 0 . 255 
J 3 - 0 .1 8 4.368 0 . 02 
K 3 0 .1 6 0 .11 2 
L 7 -5 . 86 1 . 65 1 
M 3 - 4 .00 1 .549 
N 13 - 7.78 2 .7 6 1 0 . 02 

G to H 14 0 . 02 0 . 025 
I 22 0.23 0 . 539 
J 12 - 8 .1 0 7.226 0 . 00 1 
K 12 0.24 0 . 248 
L 16 -5,78 3.634 0.01 
M 12 -3.92 2 .9 15 0 . 02 
N 22 -7.7 0 5.475 0 . 001 

H to I 1 I, 0.21 0 . 400 
J 4 - 8 .1 2 5 . 125 0 . 0 1 
K 4 0 . 22 0.17 8 
L 8 -5, 80 2 . 01 9 
H 4 - 3 .94 1 . 828 
N 14 -7 , 7 2 3. 174 0 . 0 1 

I to J 12 - 8 . 33 8 .1 6 5 0. 001 
K 12 0 . 0 1 0 . 0 18 
L 16 - 6 .01 3 . 959 0 . 002 
M 12 - 4 .1 5 3 . 940 0 . 002 
N 22 -7. 93 5 . 803 0. 001 

J to K 2 8 . 34 4 .1 62 0. 0 2 
L 6 2.32 0 . 596 
H 2 4 .1 8 1 • 19 1 
N 12 0 . 40 o . 1 1 5 

K to L 6 - 6 .02 1 . 505 
}1 2 - ~ , 16 1. 335 
N 12 7 . 94 2 . 309 0 . 05 

L to M 6 1 .86 0 . 4LfO . 
N 16 -1 . 92 0 . 7 13 4 

M to N 12 - 3 .713 1. 064 
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.\ppendix 27 

Comparison of the groups of stand s by Clay ( sub surface) 

u si ng the t - test 

Groups 
Compared d.f . X1- X2 t P 

D to G 13 4 . 59 0. 98 1 
H 5 - 0 . 33 G.046 
I 13 3 . 70 0 . 696 
J 3 - 20 . 35 2 . 560 
K 3 - 5 . 79 0 . 739 
L 7 -1 2 .11 2 .171 
M 3 -7. 21 0. 835 
N 13 -13.51 2 . 242 0.05 

G to H 14 - 4 . 92 1 • 161 
I 22 - 0 . 80 0 . 265 
J 12 24 . 94 4 . 832 0 . 001 
K 12 -1 0.58 2 .033 
L 16 -1 6 . 70 4, 859 0.001 
M 12 - 11. 80 2 . 206 0.05 
N 22 -1 8 .1 0 5 . 455 0 .001 

H to I 14 4 . 03 0. 847 
J 4 - 20 . 02 2.680 
K 4 - 5 . 66 0 . 747 
L 8 - 11 . 78 2 . 296 
M 4 - 6 ; 11 0 . 864 
N 14 -1 3.1 8 2 ;460 0 . 05 

I to J 12 - 24 . 05 3 . 996 0 . 002 
K 12 - 9 . 69 1 . 599 
L 16 1 5 . 8 1 4 .1 07 0 . 00 1 
M 12 -1 0 . 91 1. 765 
N 22 -17. 21 4 '. 866 0.001 

J to K 2 14 . 36 2 , 023 
L 6 8 . 24 1.428 
M 2 13 . 14 1. 614 
N 12 6 . 84 0'. 982 

K to L 6 - 3 . 08 0 . 526 
M 2 -1. 22 0 .1 45 
N 22 -7. 57 1. 075 

L to M 6 4 . 90 0 . 797 
N 16 - 1 . 40 0 . 323 

H to N 12 - 6 . 30 0. 88 7 
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Ilppendix 28 

Comparison of the groups of stands by Cl ay (overa ll av . ) 

using the t - test 

Groups 
Compared d . f . X1- X2 t P 

D to G 13 4 . 55 1. 007 
H 5 - 0 . 37 0 . 037 
I 1 3 3 . 43 0 . 665 
J 3 -1 7 . 8 8 1 . 838 
K 3 - 4 . 75 .\}. 534 
L 7 -1 0 . 88 1. 572 
H 3 - 6 . 58 0.727 
N 13 - 1 2 . 48 1 . 793 

G to H 14 -4 . 82 1 • 167 
I 22 _ 1 . 12 0 . 38 9 
J 12 - 22 . 43 4.208 0 . 002 
K 12 -9.30 1. 806 
L 16 - 15.43 4 . 046 0 . 00 1 
H 12 - 11 .1 3 2.140 
N 22 - 17 . 0J 4,640 0 . 00 1 

H to I 14 3 . 70 0 . 795 
J 4 - 17 . 6 1 2.027 
K 4 -4 . 4 8 0 . 54 1 
L 8 -1 0 . 6 1 1 . 69 8 
H 4 - 6 .31 0 . 752 
N 14 -12 . 2 1 1 . 982 

I to J 12 - 2 1 . 31 3 . 467 0 . 0 1 
K 12 - 8 .1 8 1. 364 
L 16 - 14 . 51 3 . 4 15 0 . 0 1 
H 12 -1 0 . 0 1 1. 658 
N 22 1 5 . 9 1 4 . 122 0 . 00 1 

J to K 2 1 3 . 1 3 1. 2 18 
L 6 7 . 00 0 . 846 
~I 2 1 1 . 30 1 . 027 
N 12 5 . 40 0 . 64 1 

K to L 6 - 6 . 13 0 . 764 
H 2 -1. 63 0 .1 8 1 
N 12 - 7 . 73 0 . 929 

L to M 6 4 . 30 0 . 532 
N 16 - 1 . 60 0 . 301 

M tp N 12 -5. 90 0.707 
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Appendix 29 

Comparison of the groups of stands by Silt ( s ur.face) 

u si ng the t - test 

Groups 
Compared d . f . X1- X2 t P 

D to G 1 J 2.78 1.78 1 
H 5 5 .14 2 . 28 1 
I 13 2 . 66 1.685 
J 3 7 •. 18 2.339 
K 3 - 5. 15 1. 504 
L 7 5 . 28 1 . 66 1 
M 3 2 . 52 0.771 
N 13 3 . 70 1. 579 

G to H 14 2.36 1. 86 1 
I 22 -0. 12 0. 137 
J 12 4.40 2 .747 0.02 
K 12 -7. 93 4.420 0.001 
L 16 2.50 1.555 
M 12 -0.26 0. 14 9 
N 22 0 . 92 0.756 

H to I 14 - 2 . 48 1.930 
J 4 2 . 04 1.046 
K 4 10. 29 4.089 0 . 02 
L 8 0.14 0 .053 
M 4 -2.62 1.1 04 
N 14 -1. 44 0.731 

I to J 12 4 . 52 2 .77 5 0.02 
K 12 7 . 8 1 4 .2 9~ 0.002 
L 16 2. 62 1. 620 
N 12 - 0 .1 4 0. 179 
N 22 1. 04 0. 85 1 

J to K 2 -1 2 . 33 3 . 998 
L 6 -1. 90 0.524 
M 2 - 4 . 66 1. 686 
N 12 - 3 . 48 1 .• 297 

K to L 6 10 .43 2 . 725 0.05 
H 2 7.67 2 .• 024 
N 12 8 . 85 3. 157 0.0 1 

L to H 6 - 2. 78 0 . 732 
N 16 -1..58 0 .78 3 

M to N 12 1.1 8 0 .• 426 
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Appendix 30 

Comparison of th e groups of sta nd s by Si lt (sub surface) 

using the t - test 

Gr oups 
Compared d.f. X1- X2 t P 

D to G 13 4 . 48 1 . 926 
H 5 1 . 65 0 . 432 
I 13 -0 . 01 0.003 
J 3 11. 23 2 . 22 1 
K 3 - 1, 03 0 .176 
L 7 6.09 1. 994 
M 3 1. 59 0.27 1 
N 13 6 . 89 2.027 

G to H 14 -2. 83 1. 654 
I 22 -4 .49 2 . 466 0.05 
J 12 6.75 3.230 0~0 1 
K 12 -5.51 2 . 270 0.05 
L 16 1 . 61 1 .1 34 
M 12 -2.89 1 .188 
N 22 2 . 41 1, 462 

H to I 14 - 1 . 66 0 . 543 
J 4 9 . 58 0.953 
K 4 - 2 . 68 0 . 702 
L 8 4 . 44 2., 11 4 
M 4 - 0.06 0.0 16 
N 14 5 . 24 1 . 912 

I to J 12 11. 24 2 . 683 0.02 
K 12 0 . 92 0 . 234 
L 16 6 .100 2 . 441 0 .05 
M 12 1. 60 0.366 
N 22 6 . 90 J .1 65 0 . 01 

J to K 2 - 12 . 26 2.597 
L 6 - 5. 1~ 2.1 44 
M 2 -9 . 64 2 . 030 
N 12 - 4 . 34 1 .1 71 

K to L 6 7 . 12 2 . 31~4 l 
M 2 2 . !,"2 0 . 424 
N 12 7. 92 2 . 028 

L to ~1 6 - 4.50 1. 475 
N 16 0 . 80 0 . 357 

M to N 12 5 . 30 1.356 
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:\ppe ndi x ;;1 

Comparison of the g roups of st Cl od s by Silt (overall av. ) 

using the t - t e st 

Groups 
Compared d . f . X, - X2 t P 

D to G ' 3 3 . 6 1 1 . 57 1 
H 5 2 . 2 1 0.625 
I 13 0 . 8 1 0 . 247 
J 3 10 . 22 2 .143 
K 3 -1.97 0.366 
L 7 6 . 02 1. 987 
M 3 1 . 6 2 0 . 303 
N 13 6 . 2 2 1. 846 

G to H 14 -1 . 46 0 . 796 
I 22 - 2 . 80 1 .7 0 1 
J 12 6 . 6 1 2 . 942 0 . 02 
K 12 -5.58 2.220 0.05 
L 16 2 . 41 1.574 
M 12 - 1. 99 0. 8 09 
N 22 2 . 61 1. 547 

H to I 14 -1.40 0 . 52 3 
J 4 8 .01 2 . 694 
K 4 - 4 . 18 1 .1 29 
L 8 3 . 8 1 1. 732 
M 4 - 0 . 5 9 0. 165 
N 14 4 . 0 1 0 . 455 

I to J 12 9 . 41 2 . 57 1 0 .05 
K 12 - 2 . 7 8 0.727 
L 16 5 .21 2 . 320 0.05 
M 12 0 . 8 1 0.214 
N 22 5 . 4 1 2 . 6 59 0 . 02 

J to K 2 12 .1 9 2 . 510 
L 6 - 4 . 20 1. 537 
M 2 - 8 . 60 1. 878 
N 12 - 4 . 00 1.060 

K to L 6 7. 99 2 . 4 82 0 .05 
l>I 2 3 . 59 0 . 616 
N 12 8 .1 9 2 . 0 80 

L to M 6 - 4 . 40 1. 408 
N 16 0 . 20 0 . 08 7 

M to N 12 4. 60 1.178 
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I\ppe ndi x 32 

Com:eariso n of the grou:e s of stands 

llY So i l Colou r Hue (surface) by using t - test 

Groups 
Compared d.f . Xl - X2 t P 

D to G 13 -1, 46 2 . 592 0 , 05 
H 5 0 , 20 0 ,1 97 
I 13 -1 ,46 2 ; 592 0 , 05 
J 3 3.33 1 i- 547 
K 3 2 , 03 1 , 462 
L 7 1. 66 1, 243 
M 3 3.33 3 . 095 
N 13 2 . 50 2 . 063 

G to H 14 1 . 66 8 .333 0 . 01 
I 22 0 0 
J 12 4.79 5 . 088 0 . 00 1 
K 12 3.54 5.396 0.00 1 
L 16 3.12 4 . 845 0.00 1 
M 12 4.79 9.072 0 . 001 
N 22 3.96 6 ,61 1 0 . 00 1 

H to I 14 -1. 66 3.333 0.01 
J 4 3. 13 1,7 44 
K 4 1 . 88 1. 554 
L 8 1. 46 1. 26 6 
M 4 3.13 3.338 0 . 05 
N 14 2,30 2 .1 88 0 . 05 

I to J 12 4 . 79 5 .088 0 . 00 1 
K 12 3 . 54 2.433 0 . 05 
L 16 3 .1 2 4. 845 0 . 001 
M 12 4 . 79 9.072 0 . 00 1 
N 22 3 . 96 6.6 11 0 . 001 

J t o K 2 -1. 25 0.447 
L 6 -1 . 67 0 . 868 
H 2 0 0 
N 12 - 0 . 83 0.540 

K to L 6 - 0 . 42 0 . 257 
M 2 1.25 0 
N 12 0 . 43 0 . 285 

L to M~ 6 1 . 67 1. 097 
N 16 0 . 84 1 . 47 1 

M to N 12 -0 . 83 0 . 583 
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Appendix 53 

Comparis on of the gr oups of stand s .. ... . - . 

b;)C So il Colour Hue ( sub surface ) - usi ng the t - test 

Groups 
Compared d . f .. X1-X2 t p 

D t o G 13 - 1,36 2 . 305 0.0 5 
H 5 0 . 83 1.388 
I 13 - 1 , 09 1 . 533 
J 3 405 8 3.959 0 . 05 
K 3 3.33 3 . 63 1 0 , 05 
L 7 2.80 1 . 914 
M 3 3 .02 2 . 935 
N 13 3.59 2 . 671 0 , 02 

G to H 14 2 . 19 5 .069 0,001 
I 22 0.27 0. 684 
J 12 5.94 8 . 680 0.001 
K 12 4 . 69 7.589 0 . 001 
L 16 3 . 86 5 .770 0.001 
M 12 4.38 6 . 763 0.001 
N 22 J~. 95 7.270 0.001 

H to I 14 -1 ,92 3.48 1 0.01 
J 4 3.,/5 6 .477 0.01 ' 
K 4 2 ,1 4 2 .1 40 
L 8 1 . 67 1 . 60 3 
M 4 2, 19 5,7 18 0.01 ' 
N 14 2 .76 2 . 41,9 0 . 05 

I to J 12 5 . 67 6 . 752 0 . 001 
K 12 lj· . 42 5 . 623 0 . 001 
L 16 3 . 59 4,9 60 0 . 001 
M 12 4. 11 5 .074 0 , 001 
N 22 4 . 68 6 . 82 0 0 . 00 1 

J to K 2 - 1 . 25 1 .322 
L 6 - 2 .08 1 ,31 1 
M 2 -1.56 1 . 377 
N 12 -0. 99 0.605 

K to L 6 -0 . 83 0 . 545 
M 2 0 .37 0 . 496 
N 12 0.26 0 . 161 

L to M 6 0.52 0.335 
N 16 1 .09 1 , 012 

M to N 12 0 . 57 0 , 351 
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Appe nd i x ~lj 

Compar i s on of the grouj2s of s t ands 

bl Soi l Co lour Hu~verall av . ) - using the t .. test 

Gr oups 
COlJlpared d . f . X1- X2 t P 

D t o G 13 -1. 39 2 . 460 0 .05 
H 5 0 .70 1.036 
I 13 -1.1 9 1 .787 
J 3 4 . 33 3 . 346 0 . 05 
K 3 3 .08 3 .0eO 
L 7 2.33 1.792 
M 3 3 . 0 13 3.080 
N 13 3 .37 2 . 530 0.05 

G to H 14 2 .09 4 . 8 16 0 . 001 
I 22 O~20 0.543 
J 12 5 . 72 8 .1 8 3 0 . 00 1 
K 12 4.47 7 . 352 0 , 00 1 
L 16 3 . 72 5 . 6 53 0.001 
M 12 4 . 47 7.352 0.001 
N 22 4 .76 7.094 0.001 

H to I 14 -1. 89 7 . 566 0.01 
J 4 3.63 4.197 0 . 02 
K 4 2 . 3 £ 4 .39 1 0 .. 02 
L 8 1. 63 1. 538 
~l 4 2 . 3 8 4 . 391 0 . 02 
N 14 2 . 67 2 .369 0 . 05 

I to J 12 5 . 52 6 . 715 0.00 1 
K 12 4 . 27 5 .71 6 0.,00 1 
L 16 3 . 52 5.014 0.001 
1->1 12 4 . 27 5 . 7 16 0 . 00 1 
N 22 4 . 56 7. 33 1 0 . 00 1 

J to K 2 -1. 25 0 . 922 
L 6 - 2 . 00 1, 232 
M 2 -1. 25 0 . 92 1 
N 12 -0. 96 0.585 

K to L 6 - 0 .75 0.48 7 
M 2 0 0 
N 12 0.29 0 .1 9 1 

L to M 6 0 . 75 0 . 48 7 
N 16 1. 04 0.973 

M to N 12 0.29 0 . 208 
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Appendix 35 

Comparison of the groups of sta Rds by Altitude 

using the t - test 

Groups 
Compared d.f . X1- X2 t p 

D to G 13 -412.5 5 . 64 3 0.001 
H 5 30.0 0 . 457 
I 1 3 -255.0 2.02 1 
J 3 547 . 5 10 .1 56 0.01 
K 3 457 . 5 2 .390 
L 7 367 . 5 3 . 757 0.01 
M 3 277 . 5 5. 147 0.02 
N 13 495.0 4. 8 37 0.001 

G to H 14 442 .5 6 . 656 0,001 
I 22 157 . 5 2.254 0.05 
J 12 960 .0 10. 944 0.001 
K 12 870.0 7.450 0.001 
L 16 780 .0 11.7 55 0.001 
M 12 690.0 '7 . 866 0.001 
N 22 907 . 5 15 .1 38 0.001 

H to I 14 -28 5.0 2 . 572 0.05 
J 4 517.5 6 . 975 0.,01 
K 4 427 .5 2 .542 
L 8 337 . 5 3 .78 2 0.01 
M 4 247.5 ' 3 . 336 0.05 
N 14 h65.0 5 .1 26 -0 .001 

I to J 12 8 02.5 5 . 208 0.001 
K 12 712.5 4 .138 0.002 
L 16 6 22.5 6 . 366 0.001 
N 12 532 .5 3 . 456 0.01 
N 22 750.0 9 . 6 08 0.001 

J to K 2 -90,0 0.362 
L 6 -1 80.0 1. 524 
M 2 -270.0 8 .48 5 0.02 
N 12 - 52.5 0 . 422 

K to L 6 - 90. 0 0.5h3 
M 2 - 1130 . 0 0.724 
N 12 37.5 0 . 256 

L to M 6 - 90.0 0 .76 2 
N 16 127.5 1 . 535 

M to N 12 2 17 . 5 1.749 
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\p pendix )6 

Comparison of' th e c roups of' stands by Slo pe 

using the t- test 

Groups 
Compared d • f' • X1- X2 t P 

D t o G 13 -1.26 0.197 
11 5 6 . 66 0 . 891 
I 13 3.99 0 . 516 
J 3 9.66 0.859 
K 3 12. 66 1 . 108 
L 7 7.3 3 1 .145 
M 3 5. 66 0.420 
N 13 12.33 2 . 408 0.05 

G to H 14 7.92 1.764 
I 22 5 , 25 1.277 
J 12 10. 92 1.727' . 
K 12 13.92 2 .1 80 0.05 
L 16 8 . 59 2.239 0.05 
J>j 12 0. 92 0.982 
N 22 13. 59 4.532 0.001 

H to I 14 -2.67 0.457 
J 4 3.00 1.309 
K 4 6.00 2.089 
L 8 0 . 67 0.242 
~j 4 -1,00 0.15Y 
N 14 5,67 1. 8 54 

I to J 12 5 . 67 0.684 
K 12 8.67 1.040 
L 16 3.34 0.705 
M 12 1 . 67 0.1 89 
N 22 8 .34 2.273 0.05 

J to K 2 3 . 00 0.949 
L 6 -2.33 0.629 
M 2 -4.00 0.39 8 
N 12 2.67 0. 631 

E to L 6 - 5.33 1. 353 
M 2 -7.00 0 . 670 
N 12 - 0 . 33 0.076 

L to M 6 -1. 67 0.2 80 
N 16 5.00 1 . 8 11 

M to N 1 2 6 . 67 1 . 27 1 
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Appendi x 37 

pH of the Soil Sample s at Vari ous J)J pths 

J)J pth i n ce ntimete r s 
Stand 
Numbe r a - 10 20 - )0 40 - 50 &J - 70 80 - 90 

1 5.1 5. 6 5.8 5. 9 6.0 

2 5· 9 5. 8 5. 8 5· 9 ~ . o 

3 5. 8 5·9 6. 1 6. 1 6.1 

4 5. 7 5. 7 5. 5 5. ('; '5 . 7 

5 5.8 5 . 9 5. 6 5. 6 5.6 

6 6.1 6. 6 6. 8 6.4 6. 8 

7 6. 3 6.5 6. 8 6. 2 'i . 2 

8 5. 8 5. 8 5. 6 6.0 5. 9 

9 5· 9 6.0 5. 8 5.(; 5. 5 

10 5. 7 5. 8 5. 6 5· 5 5. 2 

11 4. 5 5.8 6. 3 6. 4 5. 9 

12 5· 3 5· 3 5· 5 5. 4 5. 5 

l3 5. 6 5.7 5. 8 5. 8 5. 8 

14 5. 8 5. 5 5· 5 5·5 5.8 

15 5· 8 5. 5 5. 8 5. 0 6.0 

l fi 5. 0 5· 9 5. 9 5. 9 h.o 

17 6.0 6. 1 6.0 6.0 5. 8 

18 6. 2 6. 2 6. 3 6. 2 6.0 

19 6.0 '> . 2 6.3 n.2 N~ 

20 5. 8 5. 6 6.0 6.0 6.0 

NA - No t auge r ab1e because be dr ock WIlS re ache d. 



_ _ ___ _ &-00._ . ___ 

Stand 
rJumber "0··':'1 10 .. ---- ... _---

2 -1 5·9 
,. ,', 1")') 

. ". ' . '- 5.8 

'<3 5.i1 

24 5.6 

25 5. 6 

?5 5·5 

27 5. J, 

28 5·7 

29 5,3 

30 5. -:': 

3(~ 4.4 

33 5. 2 

34 6. 0 

35 6. ~) 

36 5·9 

37 5.G 

)8 5. 6 

39 5·9 

40 5. 1 

41 5·2 
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Ap ne ndix 37 
(Cont i d) 

... ---*- ..... _---_ .. 
]le.~i2.U~S."!!:t.:l.ll!.e:~"'£~ 

20 ~ 30 40 -- 52 
6.0 5.8 

5·9 )0:; 

5. 6 "',r f; J .• ~J. 

5· 7 5· il 

5·9 5·9 

5.7 5.6 

5·7 HIl 

5· () 5.3 

NA NA 

5 .. 4 ~.JA 

5·0 5.3 

5·7 5·5 

G. ? 5·8 

6. 4 6. 2 

6. 3 6. 5 

5.7 5·7 

5 c-./ 6.0 

5. C' 5·7 

5· 4 5· 5 

5· 5 5·2 

~ ....,. ~ .... _--_ ... . , - - ' .. ~ . ~ ~ .. . - . - ... . - -_ .. ..... ~-.- .. --.~~ 

-.-,.~-----. 

20 "'no 80 ,-"90 

5·7 5·7 

~T.l'). NA 

NA NA 

5.8 WI. 

:J. n NA 

Nc'l Ni\. 

N/'l. NA 

i'JA NA 

i"fi"l 
" .'>- N/!. 

J!~ NI, n . 

5· :~ 5,6 

5·5 5·5 

5·7 5·9 

6.3 6.0 

6.5 6,3 

5·7 5· 6 

5-7 5. 8 

5· 5 5· 5 

5· ~ 5·2 

5·-.:> 5· 0 

..... ~ ...... - .............. __ ._ '--.. ' ...... 
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,\ppendix 37 
(aont 1d) 

__ ~ ____ ~._~~ _,.., _~-_~ . 4 _~-'_ , ___ . ~ ,_ ...... ~_~ .. _ .'O. 

peE·i; U~ll.9.e~.l~~lle "C2..!3. 
Stand 

Nu.mber 0-· 10 .?Q_~....J.~ "4.o. ."~ .. 29. §.9....:..~ .lQ. .['1) . :.29-........ ~-.. --.... ~ ~-..---

~0 ',-'. 5.5 5·0 5.0 5·0 5. 1 

43 5· 3 5·3 5·0 5. 1 5. 1 

44 5·4 5· 5 5. 1 5,, 2 5·4 

45 5.0 5.? 5· 4 5·4 5·2 

46 4.7 5· 2 5· 3 5·3 5· 5 

47 11.·9 5·0 4.9 5. 1 5·0 

4·S 5.0 5. 1 5.6 5.5 5·4 

49 5.3 5·7 5.5 5·3 5·3 

50 5·3 5. " 5· 4 il~ ilA 

51 5· :: ) . 7 5. 6 5.4 5.5 

52 5.6 5.8 5. 8 5· 9 NA 

53 5·5 5· 5 5· 4 5J) 5.5 

54 5. 4 5·3 5. 1 5. 6 NA. 

55 5. 0 5Q 2 5· 5 5·5 NA 

56 5.0 " ., ). I 5.7 5·3 K 'I. 

57 ).1 "T /I 
l"l K.":. FA tT t. .. , 

58 5. 6 5.5 5.3 Nt~ N)~ 

59 5·0 IrA HA ?JA NA 

60 4.9 4.C) HA j~A NA 

61 5; 2 5· 5 5. 6 1.)1\. Nf\. 
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Appendi x 38 

.~ C ".'0'22.":l ..• ('~'!.'it~ .!.i.Y2-.'L..oS J'.,"c •. ,S.o i 1--'."i.a:Il!21.~~ 

.~t ':'P..!..~ ~~ ... s. DG:/:G.l!.~._ l.~.~&~~?.:~Ls~ 

'~. ' .. '-"'~ -~ ...... ~ .. -,. ~ .-.-. ...... --~ .. ~~------~-- ......... -~~--. ....--...~- ......... - . _._-_. 
~P·~Lt_~.~~ ... Ce~l;illlet~.!'~~ 

Stand 

Number 0 10 .?,C?l~~Q !'£l_. : .. 5.? .§,o •. .:.: • .7S2 .Q9_..:..:...2Q ~.-. - . ..... -. . __ ....... -..... 

0 . 47.~· O;lIV 0 .1 0 0.12 0 .1 0 

2 0 . 26 0 .1 8 0. 0:1 0.09 0 . 07 

3 O. ?') 0 .1 8 0 . 1~ 0 . 03 0 . 08 

4 o . ~o 0 .1 5 0 . 11 OD0 3 0.07 

5 0 . 47 o . ~? 0 .. 1 r, 0.11 0.09 

6 0 . 49 0 .17 Ooon 0 . 07 0.07 

7 o~~C o. p 0. ,0 0.1:' 0 .1 0 

n 
O.~A O. 1 ~ O. 11 O. OG 0 . 04 .J 

" 0 . 41 O~3L1 0 . 21 0.1 1 0 . 09 / 

10 0 . 2"1 0 . 23 (J g1 3 0 .1 0 0 . 09 

11 0 . 26 0 .31 0 . ;'4 O. "0 0 . 24 

P 0 . ~1 0 .1 9 0 . 0 0 0 .10 0 . 15 

13 0 . 11 0 . 04 0 . 04 0 . 05 0 . 07 

14 0. 72 0 . 20 0 . 06 o. ·n 0 .1 0 

15 0 . 31 0 . 14 0. 09 0 . 08 0.06 

'16 OD~3 0,1 2 0 . 03 0 . 07 0 . 05 

17 o.1 D 0 . 05 0 . 0 5 0. Q5 0 . 07 

1fJ 0.1 0 GoOt) 0.06 1) . 05 0 . 04 

19 0 . 59 0 . 0 ) 0. 05 0 . 04 ~JA 

20 O . ~G 0. 14 0 .. 0(; 0 . 06 0.06 
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,\ppe ndix 38 
(Cont'd) 

~---.-.....-~~~.-.~-- ~ ..... ",- .- ..... _____ ...... _ .............. ~ .... _ ~ __ . ~_ .~ ._L ___ _ _ .~ ~ ,~ _ _ ............ __ -. ___ .. ~ 

P-:'2.:i;ft. 2-.E. _~.e_'l:t.,l:.~e .t_",.r:~ 
Stand 
Num')e r 0 .. 10 2'?.:.:.2'?. .4() -,: :_L.~ .(,0 .:::_1.? 0.....:..:20.. --- - '-.'.--~ 

21 0 .1 0 0 . 04 0.04 0 . 03 0.03 

;?'2 0. 17 0.05 0.04 NA NA 

:>3 0.07 0. 10 NA Nf, NA 

24 0. 11 0. 05 0.04 0.04 lH 

25 0.16 0.04 0.05 0. 05 HA 

26 0 .1 6 0.06 0 . 06 riA NA 

27 0.31 0.03 NA NA' NA 

28 0.06 0 . 03 O.O~ 1JA NA 

29 0.36 UA NA llA NA 

30 0 . 49 0.13 NA NA NA 

32 0 .1 8 0.12 0.10 O. 1;! 0.10 

33 0.49 0.25 0 . 15 0.1 1 0 . 08 

34 0 . 39 0.17 0. 14 0. 13 0. 07 

35 0 . 67 0 . 22 0 .17 0 .1 8 0 .1 3 

36 0 . 62 0.34 0.22 0 .31 0 .16 

37 0.36 0.09 0. 0 5 0. 04 0 .04 

3C 0 . 52 0.28 0.20 0 . 20 0.1 7 

39 0 . 93 0. 24 O. 11 0.1 3 o. "J ~~ 

40 0 . 26 0. 10 0 . 07 0 . 08 0 . 07 

41 0.22 0.03 0.06 0 . 06 0 . 06 

- -_._----.y - - - - -- ........... -- . _~_'_H., . _____ 



StUj:lcl 
I'Tumber 

42 

43 

45 

41i 

47 

49 

'YJ 

51 

54 

55 

57 

59 

60 

61 

o ... 1l! 

o. 'YJ 

0.67 

0.36 

0·54 

0. 57 

0.22 

0 .1 :0 

0. 10 

0 .06 

0 . 09 

0.02. 

0.16 
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'<pre ndix 58 
(cront' d) 

0 . 20 0 .1 2 

0 . 20 0.1"\ 

0.28 O.1 ? 

0 .1 2 0 . 07 

0.07 0.06 

o. '1 4 0. 00 

0 . 09 

0.0t] 

0.15 

0. 04 0 .06 

0.0} 0.0} 

0 . 04 0. 03 

0.08 

o.o~ 

o.O} 

0.04 0.04 

ilA 

0.05 NA 

0 . 0 3 

0 . 07 

0.09 

0 .1 0 

0 . 03 

0.06 

0. 07 

0.05 

0 . 03 

(LUJ 

o .o~ 

0.05 

0 .03 

NA 

"~0";~.f2. 

0.10 

0 .1 0 

0.09 

0 . 04 

0.02 

0 . 07 

0 .07 

iTA 

C .. 04 

0 . 03 

NA 

NA 
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Append i x 39 

CaJ.cil.Ul1 CO!lte;,1ts of the So i J. Samn).cs a-~ Various Denths 
~ ._ .. . ~ " ' ,. '~ ' . ~_-'. -' . _ . .. .. _ •.. ~ , . .. __ 0 - _ _ ~ . _~ . . _._~ ..-~_ ~ ~ _~~_ .. . . .... _ _ ... ~ ... _ . __ . ....,.., ... . ~~ 

Sta!lcl 
?!Um~_'el'" 

., , 

2 

3 

4 

5 

6 

7 

" u 

9 

10 

11 

l' ., 

14 

15 

16 

20 

o .. , 10 

10 . 0 

11.0 

15 . 0 

14.0 

12 . 0 

34.0 

11. 0 

30 . 0 

20. 0 

1" . 0 

14·. 0 

10.5 

Derrth 1'G. CGu~ imc ~erf3 
._-" . ..;;-. - .. ~- .. ....... ... - '"-", . __ ._ ... _-

3. 0 

6. 0 

6. 0 

14.0 

13.0 

10. 0 

4.0 

?1 . 0 

17. 0 

4· 5 

5· 0 

6. 5 

6. 0 

6. 0 

10.0 

11.5 

£",--::_20 

8.0 

0. 0 

(6.0 

11 .0 

G.O 

C) .O 

'i ~ '. 5 

15. 0 

6. 0 

fl.O 

7JJ 

6. 5 

5. 0 

6.0 

10 . 0 

D.1l 

7.0 

7 ~ . ./ 
9· 5 

6. 0 

6. 5 

7. 0 

10.5 

Ii • 'J 

6. 0 

).0 

8. 0 

3. 0 

10. 0 

8. 0 

1. 0 

7.0 

6. 0 

7·5 

7. 0 

7. 5 

7.0 

12.5 

5· :5 



Stand 
:Uu!11\e r 

21 

., ' 
.' -' 

~() 
, .' 

3u 

3" 

33 

34 

36 

37 

.·39 

40 

41 

o "to 

G. O 

11. 0 

13. 0 

7 .1) 

10. 0 

10. 5 

'17 . 0 

3. 0 

13· 5 

22 .. 0 

17.0 

13.0 

15·5 

13. :; 
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1ppend i x ,39 
(ContTd) 

3. 5 4. 5 

5· 5 

5· 0 

3.5 

1\. 0 

4. 0 

5. 0 2. 5 

10.0 

6. 0 3. 0 

14. 5 16 .. 0 

1? .. 5 

1' . 5 

17. 0 

5· 0 

11. 5 1::' . 0 

5.0 

8.0 '/ . 0 

7· 5 

~ __ _ 20, 

3·5 4. 0 

. -, .. .. ~ 
Nit I

'" ~--... 

Nfl. 

IH 

Nil 

Nil 

Nfl Hi\. 

8. 0 17 . 0 

fl . o 

C. 5 

8. 0 

12. 5 10. 0 

4. 0 5· 0 

7. 5 

11 . 0 

'/ . 5 

5.0 $. 0 



Sta.nd 
~h.lm~) el'" 

43 

44 

45 

46 

47 

48 

51 

53 

54 

55 

57 

59 

60 

61 

o 10 

10 . 0 

13 . 0 

11 • 5 

17· 5 

16. 0 

1j. O 

7( . 0 

p.e 

11 . 0 

7·0 

6.0 

'(. 0 

10 . 0 

8 . 0 

7.0 
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,\ppendix 39 
(Cont I d) 

7. 0 5 .. 5 

~ . 0 

1::2 . 5 

6.0 7.0 

9.0 

10 · 5 0 ,. 0 

10 . 0 11.0 

r; . O 

10 . 0 

'"{.o °1 1.0 

6 . 0 

10.0 

7.0 

3· 5 5 .. 0 

5Jl 5· 0 

?O 

9 . 0 

6. 0 

7.0 

7.0 

11.0 

7. 0 

5·0 

6. 0 

:JA 

HA 

'j.5 

6. 5 

5· 5 

7.0 

11. 0 

6.0 

5·0 

iTA 
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,\ppendix 110 

Sodi um Cm"cc ,:ts of the Soil Sa,mn10G L1.t Various De lJths ,. ~ _ . __ ~ ... ... . .. ... , . ' . ' . , .. A. _ .. ... .... .. .. ....... .. . , .. _. ' .. ~ .. .... ~- . .• , .... . 

8·~an.d 

:;umber 

1 

3 

5 

6 

7 

9 

10 

11 

1':' 

13 

15 

1:') 

17 

1,r", 

o 10 

0 . 10 

D .. "1J 

0 . 11 

0.15 

0 .1 /1-

o. '?4 

o. '13 

0. 1S 

() .. ,..,,"1 

C.13 

(). 1~ 

0.1 5 

0. 13 

0.15 

(). 16 

0 .1 3 

0 .1 '2 

'": .13 

0.16 

0 . 16 

O.oe 

0 . 10 

0.1? 

0.1 3 

O. 11 

0.1 4 

0.1 3 

G.1 3 

0.19 

0. 15 

o. 'i (: 

0 .1 6 

0.13 

0. 15 

0.1 9 

0 .1 3 

49" . ~_,~, 

0 .1 5 

0 . 15 

0 .1 0 

0 .13 

0 .1 3 

O. 'I ~ 

0.1) 

0 .. 15 

0 .. 13 

0 .. "1 '"' 

O "c­• I J 

0 .1 5 

G. I 5 

0.19 

0 . 1J 

0. 13 

0.15 

0 . " 1 

n. 10 

0. 15 

O. '1 4 

O. 1 ~ 

G.1] 0.13 

0 .1 3 O. 11 

0 . 15 O. '1 5 

0 .13 0 .1 5 

0. 15 (; . 11 

0 .31 

0. 13 0. 13 

0.1 3 0.1 3 

O. '13 0.1 5 

0.1 5 0 .1 3 

0.13 0 .13 

0. 15 0. 15 

0 .1 5 0 . 18 

0 .1 5 0 .1 } 

0 .1 G 0 .1 5 

o.n ;r I:, 

0 . 1" 0 .1 5 



Sta;od 
Nl..'cmbe r 

27 
~0 
' -.U 

, ') 

30 

33 

35 

37 

38 

39 

40 

41 

o 10 

0. 12 

G. 'I 5 

') .15 

0 .1 3 

0 .1 3 

0 .1 ( 

G.1] 

0.1 9 

0 .1 6 

0 .1 8 

G.15 

0 .13 

G. 16 

0 .15 

0 .1 6 

0. 0 9 

0 . 12 

0.1 3 

- 12 ; -

Appendix 40 
(Gont'd) 

Denth :'. :0 ')8:o.1."Gimete r 3 
, ~",_ .. - • . • ,~ .... _ ~ _ .......... . . _ . " ~ • • _~~_ ..... . . _ . _ 0 ." 

0.1 5 

G.1 5 

0 .1 2 

G.1 ] 

0 .1 5 

0. 13 

0 .1] 

0 . 24 

O. 1 C) 

0. 18 

G. 1? 

0.13 

O. :01 

G.1 3 

G. 16 

O. 1 ~ 

0 . 1 ~ 

G. 13 

NA 

0. 15 

G.1 ? 

0 ,.1 5 

I·TA 

G.1 ] 

HA 

0 .. 19 

" .1 3 

G.15 

0 .. 18 

G.1 4 

0 .1 6 

0 .15 

G.1 5 

0 .1 ? 

nil. 

0 .. 19 

G. 1 ') 

0. : 5 

G.1 3 

0.31 

O. 1 ,~ 

0.15 

NA 

lTA 

~J.!i 

NA 

G.1 5 

G. 'I G 

G.15 

G. 16 

G. 35 

G.15 

G. 19 

G. 16 

0 .15 



Stand 
Number 

13 

4·[.· 

45 

46 

47 

4:1 

49 

50 

53 

54 

55 

57 

59 

60 

61 

o 10 

0 . 15 

0. 13 

0 .1 6 

O. ·16 

0. 27 

0. 29 

0. "7 

O. ?2 

O ?'J . . 
o . ?~ 

0 · ?9 

O. '·:7 

O. ?7 

O. ?:' 

O.?4 

0 . 31 
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Ap pendix 40 
(Cont ' d) 

DeDth i n Ce:T;",ime-Gers ._ • ...c_~--..~~" . , .""-_,,, ~~,_ . _. _ 

1 . "1 8 0.21 

0.1 3 0. 1( O. 1 so, 

0 .1 e O. "i .s 0. 47 

0. 16 0.29 0.35 

0.33 0. 33 

0. 31 O I")() . -, 0. 31 

0 .31 

0. 1r: 

0. 27 KA 

O.?<) 0 .. 33 0.37 

0 . "7 0. ?7 0 . 24 

0.24 0. 24 

0. 27 o. ~~" 

0, 20 

O. ?O nA 

NA ITA HA 

0 . 9 0 JoT'. IL". 

0.31 C, ?~ 

0.1 9 

0 .1 6 

0. 16 

0.29 

0.40 

0. )1 

0 . 21 

0.47 

NA 

0 . 22 

Nfl 

1If. 

liP. 

!U 

Nil. 



Stand 
tTumber 

1 

:1 

4 

5 

7 
n 
. J 

9 

10 

11 

13 

14 

15 

16 

13 

':0 

o 10 

4 . 00 

4 . 00 

3. 64 

2.56 

2. 24 

6 . '24 

4. 16 

3 . 20 

3.68 

4. 30 

2 . :: ~ . 
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Appendix 41 

3. 20 

2. '1.0 

2 .. 24 

". 24 

:Z" 24 

4.00 5. 44 

'2 . 2//-

0 .. J>~ 

1. 2C 

?OO 

L;. I_1-8 

3. 68 

:2 . 38 

3. 6B 

3 e n .. ) -' 

1. 60 

2. 83 

4 .. 00 

1" 2(1 

1 .. '?C 

3·52 

4.1 6 

3. 84 

?33 

0.32 

2 . 80 

;: .. 83 

2.36 

1.60 



- 126 -

\ppend i x 41 
(Cont ' d) 

.. __ .......... _ ....... _- .- --·~~--~Dc;E"h i~-~Ce·;:~Tmere;s' --.. - ... · ........ · .... ~- ... -.~.-~ 
~---...... - ... -.. --_ ... . --....... -~~. --....... 

Stand 
rTum)e r 0 .. ~~. JY_. : •. J.t:2. 40._ • . _~ §.C!. • ..:. .. .l0 ~?Q..::..J.O' ......... . -....... ----~- ~- . 

21 ??4 '1. 28 1.76 1. 44 1. So 

22 3. 9 0 1.76 ': . 0,5 IH NA 

., > ... ..} 1.9 ~ 1.60 nIl Nfl.. NA 

~4 1.60 1. 12 O. ·~ 1. ·1? Nit 

25 ~oO~ 1. ?8 1. 12 0.64 NA 

26 3.20 1.20 0.96 H.'\ NA 

':27 ,) <> l10 1. 1 2 HA lJ.:l NA 

?G 1 .. GO 1. 1 '~ 0. (,4 l·)A iTA 

29 3.20 N.\ ~.T '\ .:..'f ._ NA NA 

30 4.30 2. 33 !T.'t NA ' IA 

3" 1.76 ~.~ . ~~4 3·52 ii· ,. 16 2. 64 

33 3 o ~O 3.04 5· 28 3" 5? 4.3 '": 

34 4. [\0 4.3? 3" Q'1 3. r)4 3. G4 

35 6.40 4.9(; r- ~ c 
) . ,.'J j . 1 ~ t,. 6~. 

36 4.00 3.04 j o ~O 4. /:D 4. 00 

37 4. 413 3.36 2 .. 40 2.56 2. 138 

3[l 3 .. G0 1. 05 4 .. 4['; 3052 4.1 6 

39 5· 9 ~' 3.~0 <> . If, 4. 64 2.56 

4D 4.00 ? • r:,p. 2 .. 40 0.5S ~ . 56 

41 !J-. 00 :: . 7~ '~ .. 8!'3 ?~O 2. ~6 

. _ . . ~ ,.~ ' .. . -..... ~~ . ---~ - _ ... _-.-. •... . .. .. , - ,- .. . ... L __ " _~~~ 

... _ .. ~ • •• •• h · • •• 



42 

43 

44 

49 

50 

53 

55 

56 

57 

59 

60 

61 

o 10 

5. 12 

3. 30 

3.20 

1 • . '1-4 

2.40 

1. 60 

1. 50 

1. 60 

n ~~ 
. ~ j'J 

1. 75 
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;\p pe nd ix 41 
(Cont'd) 

2.72 

1. Go 

1. 60 

3. 6'3 

1 (I') .. 7'~ 

1. 60 

l!A 

::A 

1. 60 

r~ .. on 

5. /14 

1. 60 

1. 60 

1. 60 

1 • ~,!) 

NA 

1.60 

2.08 

1.60 

1.60 

UA 

1. 60 

1. 1 n 

liA 

30 .. . no 
.~-.. /. -

3. 20 

1. 60 

3. 20 

JTA 

1. 60 

!IA 

NA 

~'T f­J .. . '!. 

iL\ 



Dte.nd 
Num~)er 

3 

4 

5 
/ ., 

7 

9 

10 

11 

12 

13 

14 

15 

1(, 

10 

19 

20 

o · 10 

0.71 

0 . (;6 

1. 19 

0.39 

o. (~ '7 

0.16 

0.33 

0 · 57 

0 . 05 

1. 06 

3.30 

:> . 00 

1. 13 

0·99 

1 . ~7 
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~ppendix 42 

o. 3~. 

0.33 

1.02 

1.19 

1. 67 

0.77 

0 .26 

0.") 

0 .41 

1. T' 

,., 7~ 
.~ . I J 

0.Q6 

0. 60 

0. 60 

0.7 3 

.1() .. ~:.5~ 

0. 40 

0. 39 

0.74 

0. 64 

1. 65 

0.54 

0. }4 

0.19 

0. 34 

0· 53 

0. 69 

1.1 0 

.62....~JO 

o. 4~ 

0. 40 

0·50 

C) . 55 

0.34 

o. ?3 

0 .1 9 

0.30 

1 • 1:: 

0. 44 

0 . 3? 

0.37 

o. ~.3 

0. 55 

0 . 60 

0. 30 

.QQ. ::...22-

0.34 

0. 33 

(J . S5 

0. 87 

0.85 

0 . 25 

0. 13 

0.30 

:c . 87 

0.39 

0. 67 

0.311 

0.32 

1. 05 

0·50 

0.30 



Stand 
~Jumbe r 

': 1 

23 

30 

32 

33 

55 
, . 
.) , .' 

37 

30 

39 

41 

o .. 10 

'1. ;:'6 

0. 55 

0.67 

0. 74 

0.[15 

0.60 

0.64 

o.(!o 

1 . 17 

0. 51 

'::: .. 13 

0. 65 
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Appendix 42 
(Cont'd) 

:"Q • . )0, 

0.78 

0. ')7 

0.55 

0 .. 5~ 

0. 39 

Hil 

0 . 7?, 

'I. 0) 

1.29 

? 16 

0.35 

o ~ 4f!· 

0. 0 

.10 • . •.. ~ 

0·57 

0. -:1 '"' 

0.3:; 

0. 60 

O. Go 

1.36 

1. OlG 

1 .. ;~r. 

o. ~,o 

0.47 

0.37 

NA 

l'lA 

Nfl 

1. 05 

1 .. 26 

o. :n 
1. 67 

0.84 

O. ~? 

NA 

NA 

ITA 

lIA 

FA 

llA 

0 . 64 

0. 46 

0. 66 

0.99 

2.06 

1 . 'F'. 

0.57 

0 . 20 

0.35 



Stand 
!lumber 0 ... 10 -----. . - ....... "~ 

42 0. 81 

43 2 . 32 

44 2. 58 

45 1.61 

46 1. 17 

47 0. 39 

48 1. 06 

49 2. 27 

50 1. 20 

51 1. 19 

52 0. 94-

53 O. &:l 

54 1. 06 

t;~~55 0. 02 

56 0. 66 

57 0. 83 

58 0. 6? 

59 0. 48 

60 0. 51 

61 0. 43 

_~_"""""'"-"""" __ 4_~ __ • 

- 1 ;1) -

Appendi x 42 
( Cont ' d ) 

- _ .---. .... 
. l?~th i n Cent i meters 

2..2. .. : ' 30. .10-"':':"'2<2 ~.12. 

0.72 0. 53 0. 48 

1. 41 0. 31 0· 92 

1. 75 1. 25 '1,36 

1. 25 0. 66 0. 37 

0. 71 0. 41 0.41 

0. 23 0.23 0.19 

0.41 0. 37 0. 39 

1. 59 1.06 1.08 

0. 39 0. 94 NA 

0.96 1. 22 1.28 

0. 66 0. 67 0· 53 

0 . 00 0. 64 0. 44 

0. 96 0. 80 HA 

0. 62 0.44 0. 41 

0. 50 0. 41 0. 37 

Nit HA HA 

0. 44 0. 23 lJA 

Nfl. NA NA 

0. 35 iJA NA 

0. 35 0.30 HPJ.. 

--.. ..... ,.....-- .... ---".- ... ~ 

80 .. 90 

0. 35 

0. 87 

1. 47 

0. 41 

0. 37 

0.1 4 

0. 37 

1. 49 

Nfl 

1. 17 

HA 

0. 57 

NA 

!.-Tn 

1J.. ..... 

NA 

i1A 

NA 

NA 

llA 



- 131 -

Appendix 43 

~n.&~~.."."~.Q.ol.\le.i~t.." __ :;).L.:.'Ae._~.9.p .J3-,!:~p'~e s at. Y!!:!:.ious ])el'_t]t~ 

.~.,,, !'!.e. qL 1 .~":,,, 

Stand 
:Num"0er 

1 

2 

3 

4 

5 

G 

7 

3 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1() 

20 

0 .1 9 

0 .36 

0 . 23 

0 .1 3 

0 . 20 

0. 13 

0.11 

0.09 

0 . 14 

0. 06 

0 . 0:>' 

0 . 06 

0.05 

0 . 04 

0.03 

.Dep"'~h in Centimeter s 

.~..;~.2.o. 

0 . 05 

0 .1 4 

0.11 

0 . 02 

0 . 05 

0.02 

o.oS 

0 . 0', 

O.O~ 

0. 05 

0 . 04 

0. 05 

0 . 02 

0 . 02 

0 . 0'< 

0 . 07 

0 . 07 

0 . 02 

0. 04 

0 . 04 

0.05 

0 . 01 

0 . 03 

0.0" 

0. 04 

0 . 02 

0. 02 

0 . 01 

0 . 01 

O. oG 

0. 05 

0. 04 

0. 02 

0 . 03 

0.03 

0.03 

0.05 

0 . 01 

0 . 01 

0 . 02 

0 . 02 

0. 0" 

0 . 02 

0 . 02 

0 . 04 

0.01 

.~ __ . .22. 

0 . 02 

0 . 05 

0 . 05 

0 . 03 

0.01 

0.02 

0 . 02 

0. 01 

0 . 02 

0 . 01 

0 . 02 

0 . 02 

0. 01 

0 . 02 

0 . 04 

0 . 01 

NA 

0 . 01 



Stand 
l';um~)er 

21 

23 

26 

27 

28 

29 

}O 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

o .,. 10 

o.o? 

0 . 03 

0 . 02 

0.02 

0 . 04 

0 . 03 

0 . 01 

0.01 

0.09 

0.30 

0.1 5 

o.o~ 

0 .1 :: 

0 . 07 

0 .11 

0. 07 

0. 09 

0 . 09 

0 .1 2 
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~ppendix 43 
(Cont!d) 

0. 01 

0 . 01 

0 . 01 

0 . 0 1 

0 . 01 

0 . 01 

ilA 

0.01 

0. 07 

0.02 

0 . 01 

0 . 01 

0 . 03 

0 . 01 

0 . 04 

0 . 09 

,1Q.. ~~ .5.0. 

0 . 01 

0 . 01 

NA 

0 . 01 

0 . 01 

0 .01 

0. 01 

NA 

0.05 

o.on 

0 . 05 

0. 0': 

0 . 01 

0. 09 

0 . 02 

0 . 08 

0.09 

§9 ... :: ..... IO. 
0 . 01 

NA 

Nli 

0 . 01 

0 . 01 

NA 

!Ill 

HA 

:IA 

Nil 

0.05 

0.04 

0. 03 

0 . 01 

0 . 01 

0.04 

o.oG 

0 . 06 

0.1 0 

0 . 01 

NA 

Nil 

Nil 

Nil 

lIA 

NA 

lJA 

Nil 

0 . 05 

0. 05 

0.01 

0.01 

0 . 02 

0 . 03 

0 . 02 

0 .1 0 

0 . 04 

0.07 



---~------~ 

Stand 
Nu.'Ilber o .. 10 ---_. .----

42 0.09 

43 0. 11 

44 0 . 09 

45 0.07 

46 0.14 

47 0 .11 

4D 0.19 

49 0.13 

50 0.04 

51 0.06 

52 0.02 

53 0.03 

54 0.03 

55 0.02 

56 0. 04 

57 0 . 05 

53 0. 02 

59 0. 03 

60 0 . 02 

61 0 . 03 

- 1;; -

ttppendix 4; 
(Cont t d) 

.. ..-.-..... __ . --- .. ----
D.~th i n Centimeters 

20 .. 30. .:1.0_:_~~ .§.c!"~_:_l.o. 

0.05 0. 05 0.04 

0 . 04 0.03 0.04 

0.03 0.09 0.08 

0.03 0.02 0.02 

0.07 0.03 0.03 

0. 05 0.05 0. 13 

0.05 0.03 0.04 

0.03 0. 02 0.02 

0.04 0.04 . ;TA 

0.02 0.02 0.03 

0.02 0.02 0 . 01 

0 . 02 0.01 0.01 

0.02 0.04 NA 

0. 01 0 . 02 0.03 

0.01 0. 01 0.01 

llA NA NA 

0. 01 0.01 NA 

NA NA NA 

0 . 01 !ITA NA 

0.03 0.01 l1A 

~ ..... _.---""'. 

.&2 2.0 
0 .04 

0.02 

0. 04 

0.02 

0.01 

0. 02 

0.03 

0. 04 

NA 

0.03 

NA 

0.01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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(' ppe nd ix 44 

.~~C?~~ 2.?1.~l!.~S>.f :[,h.~M J?<?4~~' .. ~~!!p]-~e:~_ .~~~ ~,!~!5.?~_~_~~.1r.:~ 

.. . .. _, _ ..... ~. __ ~ __ ." __ ~ ••• • _~ '.~~~"'~ 4'~ ' . • • . •••• • . ~~ • • _ ~ ' _ ~ _h ._._,~~ ___ .... _ ___ 

Stand 
!Je12.~~.~ ... ~.g~1.:~~~_~~:r:..s. 

Number o ... 10 .~?-.··~)P .40. ~~.5g 6P ... ~.7~ gJJ ~ ~~.3Q . -..... ~.- . .......... ... . ..... . 

5,4/1 5 4!''' 5 ~/6 5 5/6 5 6/ 4 

" roo 5 4/:- 5 4/) 5 4/4 5 ~/4 7.5 -7/6 

3 2·5 ~h ? 5 4/4 0 4/6 0 4/6 0 4/6 

4 10 6/4 5 5/4 5 5/4 " r. ,',. ) 3/2 2. 5 3/2 

5 7.5 6/4 5 4/'2 2. 5 4/4 ') r. "/4 i • • ) '-r . 5 3/3 

6 5 3/1 5 4/? 2· 5 4/4 2. 5 4/ t, ~. 5 ~/ 4 

7 5 4/1 5 4/1 5 3/2 2·5 3/'2 2·5 3/4 

(J 10 3/2 10 4/2 5 3/1 5 3/2 5 3/ 2 

9 7·5 4/4 10 5/4 7.5 5/6 7·5 5/6 7.5 7/4 

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

11 7.5 4/2 7.54/:< 7·5 4/ ~ 7· 5 4/ 4 7. 5 4/6 

12 7.5 6/5 5 5/3 5 5/6 5 5/6 5 6/6 

13 10 3/2 7.5 4/':'. 7.5 f> Lf .- 7. 5 4/~ 7.5 4/4 

14 10 3/2 10 4/3 10 4/3 10 ~/3 7.5 4/4 

15 7·5 3/0 7.5 4/4 7·5 4/4 7·5 4/4 7.5 7/6 

16 7.5 3/0 7·5 5/? 7·5 5/4 7·5 5/4 7.5 6/6 

17 7. 5 4/0 7.5 4/2 7.5 4/2 7, 5 5/4 7· 5 5/4 

13 7. 5 :,/0 7.5 3/0 7·5 3/2 7.5 3/2 7. 5 4/2 

19 1 () 3/1 10 3/1 10 3/2 7.5 4/2 NA 

20 10 3/2 10 3/2 10 4/2 10 4/-:>. 7· 5 5/4 



--~--- .... -....... 

Stand 
Number o .. 10 ---- ~~ .. -

21 10 3/1 

22 10 3/1 

23 10 3/1 

24 10 4/1 

25 10 3/1 

26 10 4/1 

27 10 4/2 

28 10 4/2 

~9 10 3/1 

30 10 3/1 

32 5 4/2 

33 5 3/2 

34 5 3/1 

35 2.5 3/ 2 

36 5 4/2 

37 5 4/ 2 

33 5 4/1 

39 5 4/1 

40 5 4/1 

41 5 4/1 

- 155 -

~ppendix 44 
(Cont 1d) 

-,,-_._---
peEt~...c~~.i!'!.e...t~!_~ 

.20...:.::2Q .10~ .. 2Q. .~2....:.._lo. 

10 3/2 10 4/5 10 6/4 

10 3/2 10 4/2 Nfl 

10 3/ 2 NA NA 

10 5/2 10 6/5 10 6/5 

10 5/3 10 5/3 10 6/3 

10 4/1 10 4/2 NA 

10 6/4 NA Nil 

10 4/3 10 4/3 llA 

lH }T f\. lU 

10 3/1 NA NA 

5 5/ 3 5 5/6 5 5/6 

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

5 3/2 5 3/2 2. 5 3/6 

5 5/4 5 4/6 2· 5 3/ 4 

5 4/ 2 5 4/3 5 il/~, 

2.5 3/4 2· 5 4/4 2.5 4/4 

5 4/2 5 4/3 5 5/4 

5 4/3 5 4/3 5 4/6 

5 4/1 5 4/2 54/3 

5 4/2 5 4/3 5 5/4 

30 . 20 

10 6/4 

NA 

Nfl 

NA 

NA 

PA 

.~ 

M 

NA 

NA 

5 6/ 6 

2.5 3/4 

2.5 3/6 

2·5 3/4 

5 4/4 

2·5 4/4 

54/4 

5 5/6 

5 5/4 

5 5/4 
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,\ppendix 44 
(Cont 1d) 

- ._--- ~---.-----.-~ ..... - - ........ -... -.-. -~ ....... -.. 

P~.l'!~iE-£~.:'_~~~ 
Stand 
~rumber o - 10 .??.....:JQ .1L:...5Q 60_'·1.f2 '-- -~-.-

42 5 5/1 5 5/? 5 4/3 5 4/3 

43 7.5 4/2 7.5 4/2 7.5 4/4 7·5 4/4 

44 7.5 4/2 7.5 4/2 7· 5 4/4 7.5 4/6 

45 7.5 4/2 7.5 4/2 7. 5 4/4 7.55/6 

46 7.5 5/2 7.5 5/2 7.5 5/2 7.54/4 

47 10 4/2 10 4/3 10 4/4 10 4/4 

43 10 4/1 10 4/3 10 4/3 10 4/4 

49 7.5 4/2 7.5 4/2 7. 5 4/2 7.5 5/2 

50 10 3/'>. 10 5/2 10 3/2 lJA 

51 10 3/2 10 3/3 10 0/6 10 7/8 

52 7.5 3/2 7.5 3/2 7.54/4 7.5 5/2 

53 10 3/2 10 3/3 10 4/3 10 5/4 

5~ 10 3/2 10 3/2 10 4/3 10 5/2 

55 10 3/2 10 3/? 10 5/3 10 5/3 

56 10 4/2 10 4/2 10 5/4 10 5/4 

57 10 3/2 llA lilt W,\ 

58 10 3/2 10 3/2 10 3/2 NA 

59 10 4/2 Hi !lA NA 

60 10 3/1 10 4/2 NA NA 

61 10 3/ ':.. 10 5/3 10 4/3 Nlt 

.3.2.....::..2.0. 

7.5 6/6 

7·5 4/4 

7.5 5/6 

7.5 5/8 

10 8/6 

10 8/4 

7·5 5/4 

7.5 5/'? 

NA 

7.5 6/6 

NA 

10 5/4 

IIA 

NA 

:lA 

NA 

NA 

:JA 

liA 

NA 
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,\ ppendix ~5 

!~~tj..t.ud~ an§ Slo..l?e of the St.a.!l_<!-_s. _2:!o~.Stu9.Y.. .. ~~ 

StarlcC--- A1tITUde- SlO"Pe---'3ra11d~ '----Al t i tude SiOD8 
Numt)e r ._..0.). __ _~5_ Nwnber _~L_ _.rJ_. ------ w ._L ~ '~~~ 

1 2500 5 21 3400 23 

2 2545 5 22 3445 25 

3 2590 10 23 3490 10 

4 2635 7 24 3535 10 

5 2680 10 25 3580 25 

6 2725 12 ?6 3625 32 

7 2770 13 27 3670 30 

B 2815 15 ,,8 3715 15 

9 2860 20 29 3760 25 

10 2'105 5 30 2805 30 

11 2950 12 32 2500 3 

12 2995 11 33 2545 5 

13 3040 10 34 2590 10 

14 3085 8 35 2635 12 

15 3130 p 
-' 36 2680 5 

16 3175 14 37 2725 4 

17 3220 15 38 2770 23 

18 3265 17 39 2315 15 

19 3310 30 40 2860 25 

20 3355 5 41 2905 25 

----~--- ~. ~ .----~~-------
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_\ppe ndix 45 
(Cont'd) 

Stand . . u Tit ude- s'1,;£,;----·.. Stand ----:U ti tude 

.. J~.L Humber ~L._ .. Humber .~(~--._--,,- ~~_ •. """'-O. .~ 

42 2950 5 5:' 3400 

43 2995 3 53 2445 

44 3040 5 54 3490 

45 3085 4 55 3535 

46 3130 5 56 3580 

47 3175 20 57 36;:>5 

~8 3220 22 58 3(,70 

49 3265 35 59 3715 

50 3310 13 60 3760 

51 3355 25 61 3805 

-------.--- .... _. --

Slope 

j.~L 

6 

15 

5 

20 

30 

20 

25 

35 

5 

15 



Star!d 
Numbe r ___ L_~_' 

3 

4 

5 

6 

7 

9 

10 

- l~9 -

Appendix 46 

'rexture of the Soil Samoles at Various Depths _ _ . ~_ . ... _____ ...-__ _ _ ,_~.-...::' ....... _ _ ~ _ ... ____ 0 _u .... __ ..... ____ _ 

Soil 
Particle 

Sand 
Clay 
Silt 

Sand 
Clay 
sin 

Sand 
Clay 
Sil t 

Sand 
Clay 
Sil t 

Sand 
Clay 
Silt 

Sand 
Clay 
Silt 

San.d 
Clay 
S i lt 

Sand 
Clay 
Silt 

Sand 
Clay 
Silt 

Sand 
Clay 
Silt 

69 . 70 
4.00 

26 . 30 

66.63 
10.96 
22.36 

59.96 
20.96 
19.08 

60.68 
15·6t1 
23.64 

74.63 
9.68 

15.64 

78.96 
10.32 
10.72 

77 . 04 
6. 68 

16.28 

77.9G 
6.04 

15.9 '3 

66.32 
1(1.04 
15. 64 

[\1.32 
4.68 

14.00 

in Percent 
. --.~~.----"-~~ 

59. 68 
13.96 
21.36 

67.96 
7. 96 

34.0(1 

54.63 
29 . 68 
15. 6~ 

77. 68 
1 7.0~ 

5·28 

57.68 
27. 68 
14.64 

70.32 
16.68 
13. 00 

61). . 96 
20. 68 
14.36 

63. 3~ 
17.04 
14.64 

54,32 
27. 63 
18. 00 

70.32 
8 . .32 

21 . 0e 

52.68 
25.96 
21. 36 

57.52 
20.96 
21.72 

51 .68 
36.68 
11 .64 

52.68 
31.68 
15.64 

530';8 
35.63 
10. 64 

54.32 
29.68 
16.00 

54.96 
23.63 
16.36 

5')·3': 
21)·40 
16.28 

62.32 
23. 04 
14.64 

59.32 
':0 .32 
20. 36 

50 . 68 
1').30 
33.02 

53·96 
30.96 
15. 08 

49.1':3 
39·68 
10. 64 

52.32 
36.68 
11. 00 

50.68 
39.32 
10.00 

53. ~4 
32. 68 
14. 08 

51 .96 
34. 68 
13.36 

57.32 
25· 04 
17, 64 

56.32 
30. 68 
13. 00 

49·32 
29.32 
21.38 

53.68 
20 .96 
19.36 

54.96 
29 .96 
15.08 

51.04 
40 . 68 
8.28 

52.68 
36.68 
10.64 

55·32 
35.32 
9.36 

51 . 24 
34. 68 
14.08 

49 . 96 
38.04 
12.00 

55.32 
26.04 
18.64 

55·32 
29.68 
15· 00 

50·32 
33.32 
16.38 
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Appendi x 46 
(Cont1d) 

~_~ ..... ~. ___ .~. _____ .. ,_~ _____ ~~_~~ .' I_.~ ' _ _ ~ _____ """~-"' ______ "" ' _ 

p.~~~ in .~~i.l1!e..:t!I.'.'. 
3jj~d Soil 
Number Particle ° 10 ?P . • .:. .1°. _L1Q~:...50 §.0 __ .:32. §2....;;,..9.0 -------_. -~ .. -..... -....... , . -_. 

11 Sand 71,32 53 . 32 52. 32 55.6B 52 . 32 
Clay 6. 32 10. 66 25·32 22.52 31· 52 
Silt 20 . 36 31. 0;'> 22.36 22.00 16. 36 

12 Sa:cd 65.68 60 .68 58.80 54.G8 53.88 
Clay 2.32 5 . ~O 20 .40 23.40 28. 04 
Silt 32.00 33· 92 ;>0. 72 21.72 1 G. 08 

13 Sand 79.'18 74. 38 61.88 53.88 48. 88 
Clay 3.40 3.40 16.40 <'4.40 31.40 
Silt 16.72 21.P ')1.72 21.72 19.72 

14 Sand 73.88 69.96 71.60 59.38 51. 1i0 
Clay 7.40 '\, 40 5.40 21.40 29 · 04 
SiH r13.14 ::!1.64 23~OO 18.112 1)9.36 

15 Sand 79·24 66 . 60 101.60 52.60 52 . 60 
Clay 2.04 12. J,O 16.40 :>8.04 29.68 
Silt 18.72 21.00 22.00 19.36 17. 72 

111 Sand 73 .<4 66 . 24 55-'13 59·24 57 . 24 
Clay 5·04 11 . O~ :;>1.04 20.04 26.04 
Sih 21. T' 22.7'?- :n08 20.72 16.72 

17 Sand 78.60 86.96 65.32 51. 32 75·32 
Cl ay" 1,. 40 :3.40- 1~ 2<;\ 68 3. 68 . '- " :: ~:~ . ' 

Silt 20 . 00 9. 64 23. 64 23.00 21. 00 

1 n -' Sand 79.32 76. 32 67 . 52 65.32 56 . 96 
Clay 3.68 3. 68 10. 68 10. 6G 17. 63 
Silt 17. 00 20 . 00 ?~ ~ OO 24.00 25.36 

19 Sand 80.32 G1 • 52 79. 60 70.32 NA 
Clay 2. 63 3. 04 3.68 10. 68 Ni' H 

Silt 17 .00 15. 64 16.72 19.00 Nil 

20 S:J.nd 76.32 76.32 74. 68 61. 32 56 .32 
Clay 2. 60 "' . 68 5·32 17.G8 21. 32 
Silt 21. 00 21.00 20.00 ?1.00 22 . 36 

.~ '----- "'''-'''''-''''-'-.----'- -~- - .~ 

--~ 



Sta?ld Soil 
!Ju.inber 

21 

23 

24 

25 

26 

28 

29 

Particle 

Sand 
Clay 
Si lt 

Sand 
Clay 
Sil t 

Sand 
Clay 
Si lt 

Sand 
Clay 
Silt 

Sand 
Clay 
Sil t 

Sa.nd 
Clay 
Silt 

Sand 
Clay 
SiH 

Sand 
Clay 
Si lt 

Sand 
Clay 
S i lt 

Sand 
Clay 
Sil t 

77.32 
3.6['. 

19· 00 

75. 96 
3.04 

:'.1 . 00 

73·96 
t. .04 

22.00 

75·32 
6.04 

13. 64 

73.96 
4.04 

22.00 

74.60 
2.4D 

23. 00 

77 . 60 
3. 40 

19.00 

78. 60 
2. 40 

19· 00 

73. 60 
J . 40 

23. 00 

75 · 60 
? 40 

~~ . OO 
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Ap pendix 46 
(Gontl tI) 

68. 32 
9. 60 

22 . 00 

71 .96 
10. 68 
17.36 

77. 96 
5· 04 

17 . 00 

74. 96 
10. 04 
15. 00 

71. 96 
10. 63 
17. 36 

78. 60 
1. 40 

':l0 . 00 

6'1.60 
21g 60 
16. 80 

76.30 
3040 

14. no 

75. '00 
3. 40 

0" 1. 00 

52.32 
21. 68 
26 .00 

63 . 96 
14. 04 
°2 .00 

NA 
nl~ 

NA 

60 . 96 
20 . 04 
19.00 

74.96 
8.68 

16.36 

77 . 60 
3. 40 

19. 00 

lJA 
rIA 
Nfl. 

78.60 
5·40 

16. 00 

48. 63 
22 . 68 
20 . 64 

Nil 
NA 
FA 

iT,\ 
NA 
NA 

60.96 
18.68 
20.36 

75.60 
7.40 

17.00 

NA 

NA 

NA 
Nfl 
ITA 

64.32 
12. 68 
?3 . 00 

~IA 

FA 
NA 

NA 
IIA 
Nil 

;l.~ 

NA 
NA 

Nit 
Nil 
jlJlI 

NA 
iTA 
Nil 

nA 
Nil 
NA 

NA 
NA 
NA 

HA 
NA 
NA 

,fA 
NA 
NIl 



Stand Soil 
Num:Jer Pa.rt icle 

32 

33 

34 

35 

31'; 

37 

3'3 

39 

40 

41 

Sand 
Cl ay 
Sil t 

Sal 10. 
Clay 
Si lt 

Sand 
Clay 
Silt 

3and 
Clay 
Silt 

Sal'd 
Clay 
Sil t 

Saml 
Clay 
Sil t 

Sallcl 
Clay 
S i]:~ 

Sajld 
Clay 
S il -~ 

Sand 
Clay 
Silt 

i3ancl 
Clay 
Si l ~ 

67. 68 
10 . 63 
21. 64 

65. 63 
15. 3" 
19. 00 

63 . 68 
13.32 
1[3000 

64. 1j3 
1 0.3~ 
25. OJ 

69.3:' 
12. 3~ 
18.36 

66 . 68 
f) .32 

25.00 

71 . 6il 
8.32 

20 . 00 

74. 68 
11. 32 
14. 00 

70. 68 
10. 32 
19 .00 
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\ppe ndix 46 
(Gont I d) 

61.60 
1n.3? 
'<0.00 

65. 68 
16. 32 
1(3.00 

64.68 
17.3~ 
1n. 00 

61.68 

16. 00 

61.68 
17 .3:-2 
21. 00 

52.63 
32.68 
14.6 '1> 

62.(,1) 
17. 32 
;>0.00 

20 . 00 

6:: . (:3 
16.32 
21. 00 

62 . 68 
15. 32 
22 . 00 

51 .68 
33.32 
15· 00 

56.68 
;:>13 .32 
15· 00 

58.68 
:>4.32 
17 . 00 

47. 68 
40.32 
12.00 

54.Gn 
::'4. r 
~1 . 00 

J1.e .. 58 
39.68 
11. 64 

53 . 68 
26.3') 
20 . 00 

53. :S8 
29 . 3~ 
17. 00 

Sil·613 
::~3. 32 
13.00 

57.613 
~6 . 3 ~ 
16. 00 

53.04 
33.32 
13.64 

57.68 
28.3~ 
14. 00 

'P.Go 
38.52 
>11. 00 

52.68 
37.32 
10. 00 

51,. 32 
35.04 
13.64 

50 . 68 
3D. 32 
11 .00 

53.32 
35.04 
11. 64 

48.68 
35·32 
16.00 

51.68 
34. 3 >~ 

14. 00 

55.68 
26 . 3~ 
1 D. 00 

55.63 
33.32 
11.00 

51. 68 
313.32 
10.00 

52.68 
37.32 
10 . 00 

Li8.68 
112. 32 
9.00 

50.32 
37.613 
P.OO 

~/l. 68 
40.32 
11 .00 

54.3~ 

35.04 
10 . 64 

49 . 6e 
37.3? 
13. 00 

51 .68 
36.32 
12. 00 

51 .6e 
30.32 
1(\. 00 
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,\ppendix 46 
(Cont' d) 

......... -_. - .-...... ----~~~.~-~ .. _. ·:6e~;th-in·· C-e .. ;t--i;eTers·-·-· .. · ~ -· -~----- .... --
~ .... . .c .~_.~ .. ~_~._ • ~~_ •. ~~ _ . . ....... 

S'i;and Soil 
Num1)er Particle 0 .. 10 ~_:_l9, ,ilP,_~ 5Q ,6.o_3.Q. ,i!Q. .:2°. • ________ . -0- ~ ___ -<0 ..... __ • ...... - .... ~ . 

42 Sand 71. 68 64.68 57 . 68 53.32 52.32 
Clay 1\. 32 10. 32 8. 16 ~25. 63 32.68 
Silt 24.00 25·00 34.1 6 ?1.00 15.00 

43 Sand 61.6a 65. §G 62 . ~~ 54.32 5;t' .. 32 
Clay 6:32 11 ; 32 b " ., 25:'68 31.68 -.. .-
Silt 26 . 00 23 . 00 21. 00 20 .00 17. 00 

44 s..'md 72.32 66.32 57.32 54.32 51.26 
Clay 3.6<1 9.63 19·32 24.(3 32.68 
SilO 24.00 24.00 ~3.36 21 . 00 19. 00 

45 Sand 76.68 68.3? 57 .. 3~ 56 . 32 52.32 
Clay 3.32 6. 3~'~ 18.32 ~ 5. :)8 31. 68 
Silt 20.00 2:5.30 2~.30 W.OO 16.00 

46 So..ad 6:) .. (;3 69.53 h ~· . 68 60.16 60 .1 6 
Clay 5.32 9·32 13.32 24.60 :>9 . 68 
Silt 28.00 21. 00 2tro OO 15. 16 10.16 

47 Sa01d 75·3:> (;9.63 60.68 55. ,)6 52.32 
Clay 3.32 9 · 32 17. 32 ')1) r,.., 

. _ -:.. ~ 01..) 19.68 
Silt ~1.36 ',~1 .00 :'2.00 "1.36 28.00 

48 Sai1d 76.68 71. :')8 70.613 65.]: 45 . 32 
Clay 2. 32 5 .. 3: ~. 32 0.68 19.68 
Silt ?1 • 00 23 0 00 ?:;.OO '26 . 00 37.00 

49 Sand 74.613 72. 68 66.68 53.613 54.613 
Clay 2.3? 3. 3~? 8032 ~~2 o 3~ 27.32 
Silt 03. 00 24.00 25.00 24.00 13.00 

50 Sand 75.60 76.63 r.68 F" - , NA 
Cla~r 2. 32 3.3" 3.32 FA Nil 
Silt 2/'.00 20,00 ~4.00 !TA NA 

51 Sa.nd 74.6e 73.6G 50.68 49. GG 50. 613 
Clay 2.32 3. 32 15. 3:~ 16. 32 10.32 
Sil t 23.00 " 3. 00 34.00 34.00 37 . 00 

~~_. H '--' ~_ ~.~~ ... ~.~_ • .. __ . . __ & •• • • _ _ ~----... .... ~ .~ ~ ~ .~ • • _ . .. ~ ___ . ~. ~.~ •. • .. __ • _ _ • • • _ _ .~~_ ~ • • • _ .. ~ 
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Ap pendi x 46 
(Gont rr 

.-.-.-....... --~ -- .. , • - .'. - -- - . -f5e·"il:;··ril C'e',~,'i'me~ters' -.. --. _. -----. 
........... -" ... .. . - ... ~ .. . .... ~~ .. ~ . .. . .. -----

Sta nd Soil 
J.!umber Par t i cle o " 10 20 : ~ }Q. ~O . • ~~.5.Q .6.0._. J.o. .1}Q .~:..3P .. - --.. ~ . ---~~."""",,-... .-~~. -~~ . 

.. , 
3afl.d 77.W 7~. ce, 70 . 68 54. 6.~ iJ..'l ',.-

Clay 1.3? 5. 3? 3.32 ~3 .. 3:: i'!A 

Si lt 21. 00 20 . 00 21. 00 02. 00 ;u, 

53 Sand 77. ('G 77 . 68 69.63 57. 68 60 . 68 
Cl ay 2.32 :". 3" 7.32 21. 32 19. 32 
Si l t 20 . 00 20 . 00 ?3 . 00 ;21. 00 20 . 00 

54 Sa.nd 72 . 68 75,68 (j3. 6G NA NA 
Cla.y 4. 3;> ".32 10. V NA Nil 
Si lt 23 . 00 22. 00 21.00 lOA EA 

55 Sand 77 . 60 74. 63 74. 32 58 . 32 i'lA 
Clay 1.32 4.3? B. GD ?1. 63 NIl 
Silt 21. 00 21. 00 17. 00 20 . 00 Nil 

56 Sand 69 . 3 ;~ 77 . 68 76 . 68 76. V HA 
ClaJ 4.68 3.68 8. 68 9 , 3" Ell 
Si lt 26.00 10064 1~. 6~, 14. 36 " A 

57 So,ad 74.32 N,\ ITA ~JA N/'~ 

Clay It. 60 Nil I,TA tTA IT ., ." 
Sil c ~ 1. 00 '1\" ~ ·!.d. EA NA ITA 

5n Sand 1 6 . 3~ 77 . 32 78. 63 11A NA 
Cla.:i 3.G3 5. 68 8. 68 !~A IF~ 

Sil t 20 . 00 17. 00 1 ?64 iTA NA 

59 Sand 77 .60 ~·rA IT}.\,. J.\Tl'.. l'! r, 
J.\' \. 

Cl ay :"2 . G8 iTA IIA ij,\ Nil 
Silt 19. 64 JV\ ='jf' .. ~JA Nit 

6:) Sand 7" . 3" 70 • . J? HA ?!A HA 
Clay 3.32 3. 68 71.1 ITA EA 
Silt 2fi,.36 26 . 00 iH iJA NA 

G1 Sai1d 7"-.32 [3() . 3~~ F . 3':' l'L\' NA 
Clay 3.68 6. 63 10. 68 :"Ui ll.\ 
Sil t 24.00 13. 00 17 . 00 ~r.-\. NA 

--~-~~- ....... - ~. .... ._"- M _'~ '~~_ ' _ ..... . _~ " ..... ___ ~ ___ ... ~ ..... ~ ... _ ... _ ...... "" __ . ~ .... 
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