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ABSTRACT 

An ecological study of the vegetation on the Eastern 

Escarpment of Eritrea from an altitude of 190 meters to an 

altitude of 2075 meters above sea ;level Vias performed. 

seventy-seven stands \o[ere selected systematically and all 

plants found in the stands \o[ere recorded as present. A 

number of environmental factors including slope, aspect, 

altitude and percentage of rock cover at the surface \vere 

measured. Soils sample Vlere also taken from each stand and 

analysed for texture organic matter, color, conductivity, 

pH and the cations K, Ca, Mg; Na and Mn. The vegetation 

data Vlere analysed by tVlo"vIaY indicator species analysis and 

10 homogenous groups of stands were formed. The groups of 

stands Vlere compared for their averaged environmental factors 

using the t-test. Rank correlation was also computed for the 

averages of the different environmental factor in each stand grouP. 

The groups of stands Vlere observed to shoVi the highest 

number of contrasts in altitude. Altitude in itself does 

have any effect on the distribution of vegetation, but it is 

associated with changes in atmospheric pressure, moisture, 

temperature and other factors. In the study region the amount 

and distribution 6f moisture was the factor that Vias mostly 

highly associated with altitude. It can thus be said that the 

main cause for the variation in vegetation on the Eastern 

Escarpment of Eritrea was the difference in moisture. Variaticn 
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of moisture betIVeen the stands IVas also accompanied by varia-

tions in soil physical and chemical characteristics and topo-

qraphic factors. 

Ordination studies IVere also performed using detrended 

correspondence analysis, reciprocal averaging and IVeighted-

averages ordination. The results from these studies confirmed 

the findings from the classification by the two-way indicator 

species analysis. 
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CHAPTER 1 

1. INTHO[)UCTION 

1.1 Statement of the Problem 

liistorically, the Ethiopian forests represented 

the greatest resource in East Africa and contained 

the largest coniferous -txees in the continent 

(Ruth, 1944). However, continuous and indiscrimin­

ate lumbering and fellinq for fuel and replacement 

of forest by agricultural land have left the country 

"lith very limited forest resources (Hedberg, 1979). 

These interferences with the natural vegetation 

have been proceeding at very alarmina rates 

especially in the past few decades, and different 

authors have reported a constantly decreasing per­

centage of the forest cover of the land means: in 

1954 it was 16% (Hedber9, 1979); in 1959,5% 

(Mooney, 1959) I in 1961 8% (l'i'eldemicael, 1961); 

and in 1975 4% (Hedberg 1979). The Ministry of 

Agriculture has reported that at present an 

estimated 200,000 hectares of forests are cleared 

every year for agricultural use, for fuel wood 

and other reasons, out of Ylhich 60,000 hectares of 

Pcacia forest alone are cleared for charcoal 

(Ministry of Agriculture, 1983). 
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'l'he8e abuses of: the natural vecretation have 

caused incalculable damage to the environment. It 

is noVi estimated that more than 50% of the land 

area in the country suffers from severe erosion. 

(Hinistry of Agriculture, 1983). MCDougal et. al. 

(1975) estimated the rate of erosion in the head 

waters of the Blue Nile and Tekeze to be 120-240m3 

km- 2yr- l which is more than 10 times greater than 

the overall geological rate. The mean rate over 

the past 23.5 million years is 12-6 m2jkm2yr. ~. 

the central plateau to Tigrai - an area very near 

to the study area - 17-33 tonjha (650-1245 m3jkm2j 

-1 yr ) of soil are eroded (Vierro and Munro, 1977). 

The status of the natural vegetation in the 

Eritrean Administrative Regions is no exception to 

the general situation of the country. Before the 

Italian occupation, the region was reported to have 

had more than 30% of its land area covered by 

forests (Forestry Department, Asmara, 1974). In 

1961, Mooney reported that no natural forests of 

value remained in Eritrea apart from some dry type 

closed forest near the foot of the Fil Fil ghat 

and some juniper forest near Nakfa on the northern 

edge of the Eritrean Escarnment. 

I, 
I 
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If 1'10 C01Wir1<:U:~ ·the veoetation on th(~ EiH.ltern 

escarpI1lent of Eritrea in particular, until quite 

recent times, the ragged and steep topography dis~ 

coura<!Gd human interference and thus the vegetation 

was kent intact. However, the develonment and 

expansion of neVI urban centers in the region I~ith 

a proportionaly increasina demand of \'lOoCi. for fuel 

and construction, agricultural expansion from the 

Eritrean "lateau eastwards co~m the escarpment, 

formation of agro-industrial centers in the region, 

. nevI settlement of the f'astorialists in the region 

and qrazina hy the nomads and pastoralists from the 

coast are currently exertina considerable pressure 

on the remaining natural vegetation. 

This destruction of the natural vegetation of 

the escarr>ment has resulted in the eX]Josure of the 

area Iqi th its steep slopes to serious erosion by 

winel and water as well as the loss of the water 

that falls on thee> reCfion as rain without being 

properly utilized. It has also resulted in the 

exposure of the relatively densely populated aqri­

cultural plateau to severe dust laoen desert winds 

which could seriously affect the subsistence culti­

vations operating on the plateau. Destruction of 
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the natural habitats of the wildlife of the region 

has also occurred. 

1. 2 Objective of the Study 

To amend this trend of abuse ano deforestra-

tion and to manage the remaining scanty vegetation 

on the Eastern Escarpment of Eritrea scientifically, 

an ecological study of the region becomes imperative. 

Previously, a number of workers have made ecolo<)"i-

cal studies in the region. Picchi Sermoli (1957) 

has included the region in his geobotanical study 

of the Horn of Africa (Ethiopia and Somalia), 

Kassas (1957) and Hemming (1961) have made ecologi­

cal studies of the Red Sea coastal region of 

Ethiopia, which included the lower portions of the 

escarpment. Wilson (1977) has also included the 

Eastern Escarpment of Tigrai which is a southern 

continuation of the Eritrean Escarpment, in his 

study on the ecology of Ti0rai, But modern 

techniques of multivariate analysis vlere used in 

none of the previous studies. In this project the 

ecology of the vegetation from Asm~ra to Mitswa, 

which was thought to be representative of the 

Eastern escarpment of Fri trea, \~as studied, 
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Classification and ordination techniques were used 

to understand and formulate a hypothesis for the 

structure of the vegetation and to correlate the 

vegetation with some environmental factors. It is 

hoped that the results of the study will give some 

information that would suggest solutions to the 

problems of conservation of ecosystems in the area, 

and regions in northern eastern Ethiopia with similar 

problems. 
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2. LITERATURE REVIEtil 

2.1 Description of the Study Area 

2.1.1 Geology and Geomorpholo<:1)~ 

A:b ul-Haggag (1961) has discussed in some 

detail the geology and geomorphology of the Eastern 

Escarpment of Eri-trea in his work on the 

physiography of Northern Ethiopia. Ths 

region exhibits a diversified topography. From the 

eastern edne of the interior highlands to the 200 

meters contour, the land surface falls some 2000 

meters on the average and up to 3000 meters in 

extreme cases. The width of the escarpment varies 

in extent from place to place but is rarely less 

than 30 m. It is composed of ancient rocks of the 

basement complex, primarily gneisses, granites, 

diorites and schists. 

The resistance of these rocks to the agents of 

erosion, mainly the powerful torrents plunging from 

the interior highlands to the coastal lowlands, 

varies greatly in short distances, thus rendering 

the landscape one of considerably complicated 
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patterns. The escarpment face on the higher parts 

in exceptionally ste8Pi for instance, the road bet­

ween Chinda 960 meters and the plateau edge near 

Asmera a direct distance of 20km makes a laborious 

ascent of 1500 meters through 45 km of road. 

Flat areas of any significant extent are rare 

on the upper slopes. HO\'lOVer, between Asmera and 

Mitswa lies the fairly small Ghinda plain at about 

900 meters above sea level. The lower parts of the 

escarpment continue to be rugged though less 

markedly.. So, here lies the most extensive flat 

area of the region namely the Wakiro basin, which 

extends from the confer wells area in the north 

across the Asus and Ailet plains to the Sabarguma 

and Damas plains in the south. These plains 

consist of a vast deposit of mixed sandy and stony 

alluvium derived from the ancient basement massif. 

2.1.2 Climate 

2.1.2.1 Rainfall 

The Eastern Escarpment enj oys hlo rainy seasons, 

one in the summer and one in the winter. The summer 

rainfall is identical to the 'Big rains' on the 

Ethiopian highlands as a whole (Suzuki 1967, Daniel, 

1977). During the summer season, the Intertropical 



convergence zone (ITCZ) runs nearly parallel to or 

along the Ethiopian Red Sea coast (Daniel 1977). 

At this time the \'Ihole of the country except the 

south eastern lowlands comes under the influence of 

the Atlantic wOlsterlies which produce the main 

rainy season .,hen ascending the mountains. In 

Eritrea, the summer rainfall is heaviest in the 

western upper slopes, decreases rapidly towards the 

east until it ~ractically disappears in the coastal 

lowlands. 

In the .,inter season, the ITCZ shifts to the 

equator. A big anticyclone is created over western 

Asia from where winds blow across Ethiopia to the 

low pressure area in central Africa. (Suzuki, 1967; 

Daniel, 1977). These northeasterly winds, on ascend­

ing the escarpment, release their humidity in light 

drizzle, and, more frequently, in the form of dense 

mists. l\bul- Haggag (1961) reported that the higher 

parts of the escarpment (rou9hly between 800 meters 

and 2000 meters altitude) benefit from both the 

summer and winter rains in high amount. The total 

annual rainfall in some of these places in more than 

1000 mm, with the dry season being limited to only 

twenty to thirty days in October and November and 



9 

thirty to fourty days in May and .:: une. At alti­

tudes below 800 meters the total annual rainfall 

decreases, \~hile the proportion of winter preciJ)ita­

tion becomes progressively higher. Table 1 gives 

some rainfall data of Asmera, Ghinda and Mitswa, 

from which comparisons can be made with the coastal 

plains represented by Mitswa and the olateau 

represented by Asmera. 

Because of the uneven topography of the reqion, 

many local irregularities, both in the total annual 

rainfall and in the seasonal distribution of rain­

fall are observed. The form of the slope, the 

height of the overlooking summits and the width and 

form of the valleys are some of the factors addi­

tional to altitude that control rainfall distribu­

tion in the region (Abdu1-Haggag, 1961). For inst­

ance, while Merrara, 2390 meters above sea level 

receives an annual rainfall less than 1000 rom 

Fil-Fil, some 800 meters above sea level, receives 

about 1300 mm, the latter locality lying on a sea 

word facing position and thus benefiting from a 

much greater quantity of \~inter preCipitation than 

Merrar., which is less open tOYlards the east. Again, 

the Mai Hinzi valley between the Asmera plateau and 
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M't. Eizen recelvGs relatively small and exceptional~ 

ly irregular rains sj.nce the winter air streams in 

particular arrive there after having released a 

greater proportion of their moisture on the high 

mountain ranges of Mt. Bizen. 

2 ~ 1. 2 • 2 Temperature 

With the diversified topogranhy of the land 

surface, variations in temperature from place to 

place are highly pronounced. Ab ul- Haggag (1961) 

estimated that between Mitsvlil and Asmera temperature 

decreases by about 0.495 f.or every hundred meters 

rise, this being only 0.450 oC for every 100 meters 

rise between Asmera and Ghinda. 

A general impression of the temperature regime 

on the escarpment may be gained from the figures 

for Ghinda which lies at a dedium elevation (960 

meters above sea level). The mean annual tempera­

ture is 24.2 oc, with the means of the coldest 

month (,January) and the warmest month (July) being 

lS.3 0 C and 29.4 0 C respectively. The mean daily 

range is about SoC. 

Tables 2 and 3 gives some temperature data for 

i',smera, Ghinda and Mi tswa, from which comparisons 

J 

I' 
I 
J 
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Table 1: Rainfall - monthly means of Asmera, Ghinda and Asmera (rom) 

Jan Feb iII..arch Apri 1 I~ay June July August Sept Oct Nov Dec Total !.ltitude 
1n n:eters 

t/litswa 17.6 18.2 10.4 1.5 3.5 0.9 0.3 8.e 7.0 35.0 13.0 13.0 129.2 2 
Ghinda 73.7 118.8 92~7 45.6 37.3 6.9 85.6 49.0 21.2 37.3 53.1 58.1 6e4.3 g<.? ,,-
Asmera 6.3 1.1 17.0 48.9 46.0 48.3 248.6 191.3 24.5 22.6 22.6 11.3 683.5. 2372 

Source: Hetero1ogica1 Station of Asmera, EFitrea, Ethiopia (The values are averages for 10 years) 

Table 2: Temperature - monthly Deans of Asrnerg Ghinda and Mi tswa (oC) 

Jan Feb March April May June July August Sept Oct Nov Dec 
Altitude 
in r:leters 

~:itsw~ 25.6 21\.0 27.2 29.0 31. 3 33.5 34.8 34.7 33.3 31. 7 29.9 30.3 2 
Ghinda 18;3 19.6 20.5 24.0 26.9 29.4 28.1 2S.1 28.3 24.9 22.0 20.2 962 

Asrnera 17.2 18.1 119.2 19.7 .19.0 18.1 18.1 17,6 17.5 16.3 16.3. 15.3 2372 

Source: Abu1-Haggag (1961). 

Table 3: TeTI!perature ~ ranges and other mea.'l.5 of Asmen, Ghincl:l. and Mitswa (oC) 

. Me'anof !<S8an of Mean Mean 
IV\fIan wo:rmest coolest annual daily i>.bsolute Abso1ut.e Altitude 

annual month m:nth range range maximum minimum. in meters 

Vlitswa 30.6 34.8 25.6 9.2 6.9 44.5 18.5 2 

Ghinda 24.2 29.4 18.3 11.1 8.0 37.5 12.0 962 , 
Asmera 17.8 19.7 16.8 2.9 12.3. 29.5 2.7 2372 

Source: Abul-Haggag (1961). 
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can be made ~lith the coastal plains represented by 

Mi tswa, and the plat"au represented by j\smera. 

2.1.3 Vegetation 

picchi sermoli (1957) classified the vegeta­

tion on the eastern escarpment and the coastal 

plains into six typ'es: the desert, the subdesert 

scrub, the subdesert succulent scrub, the xerophyll­

ous wood land and the montane evergreen thicket and 

scrub. 

The montane ever green thicket and scrub in 

Tigray, south, of the study area, occurs along 

higher slopes from an altitude of about 1000 meters 

to the crest (Wilson, 1977). T"lO variants of this 

type of vegetation can be recognized. One variant 

consists of Euphorbia abyssinica dominated vegeta­

tion, which is usually found on shallow soils and 

rocky outcrops of the regions where winter rainfall 

is relatively scarce and the main rainy season is 

summer. The other variant contains a variety of 

species in several genera includinq Carrisa, ·Eucle.a, 

Rhus, Maxtenus, Dodonala ., Buddleja, Olea and Juniperus. 

l"ccording to vlilson (1977) Dodonala viscosa and Euclea 

schimperi have no apparent ecological limitations 
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althouqh D. viscosa survives better at sliqhtly 

lower altitude and E. schimperi is best suited to 

limestone soils. 

l\t altitudes bebleen 500 meters and 1200 meters 

in valleys and gorges, typical associations of the 

sub-desert succulent scrub occur. The main consti-

tuents are Dracaena, Euphorbia, ~, Sanseveria, 

Adenia and Caralluma. 

The sub-desert scrub, accordin~ to Wilson 

(1977) runs in a strip along the lower slopes of 

the escarpment varying in altitude between 200 

meters and 1500 meters. The typical genera found 

in this association are Acacia, Zizyphus Maerua, 

Cadaba and Boscia with a number of succulents. 

In the 10l'ler plains of the escarpment are 

found in the xerophyllous open 1'100dlands. These 

woodlands consist of short-stemmed, multibranched, 

conical shrubs of about 3.5 meters tall, which 

sometimes form small thickets, and the scattered 

umbrella shaped trees upto 8 meters in height 

(Breitenbach, 1961). The typical trees are Acacia 

tortilis, and other Acacia spp, Balanittes aeqyptica 

(especially near the foot of the escarpment) Dobera 

glabra and Adansonia digitata on rocky outcrops 



(lVilson 1977). 'rhe open areas between the shrubs 

and trees are dotted with tufts of perennial grasses, 

e.g. Conchrus ciliaris, leaving spots of bare SQil 

covered with annual grasses and other herbs, e.g. 

Dactyloctenium aegypticum, Sporobolus pellucidus, 

Kyllinga nuicrostyla, Cyperus teneriffae and Court-, 

oise SD only after the rains (Breitenbach, 1961; -" 
Hemming, 1961). 

2.1.4 Human Settlement 

~Vith its rough topography, humid and malaria 

infested conditions, the eastern escarpment in the 

past was very sparely populated, permanent settle-

ments being limited to a fe\oJ scattered villages 

(Abul-Haggag, 1961). 

The writer has observed that seasonal culti-

vators from the Eritrean plateau move into the 

Eastern Escarpment" in the winter season. They plant 

mainly maize, tef and finger and pearl millets. 

During the swruner they move up to the plateau. 

Pastoral people, the saho, also exhibit a 

m~gratory habit between the plateau and the escarp-

ment. These people live on the escarpment from 

November to April. From May to June they move up 
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the slopes to the edges of the Plateau, which are 

then covered by rich V0<;etatton. !'lhcn the rainy 

season on the nlateau is at its heia,ht, they move 

up the plateau itself, to descent later to their 

winter grazing grounds. During their stay on the 

escarpment, they engage in some agriculture, plant-

ing maize, and finger and pearl millets. 

In the last fe\oj decades a number of extensive 

farms like the Ghinda orchards and the farms in 

Ala, solomona and l1errara have also been established. 

2.2 Sampling Methods in Community Ecology Studies , 

Community sampling in the initial, observationl 

phase in community studies. The inherent strength 

or weakness of a study and the range of potential 

data analysis that will be subsequently appropriate 

are determined and fixed to a great degree at the 

first step, data collection. One has then to care-

fully consider the community sampling procedure one 

should choose and the coroborative environmental and 

historical data he should gather. Several texts 

include substantial treatment on community sampling 

methods for a variety of vegetation types. Greio-

smith (1964), Shimwell (1971), I~ueller Dombois and 
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I, 

Ellenbera (1974), Kershaw (1980) and Gauch (1982) I 

are some of the texts that deal with this topic. 

Although there are uncountable possibilities 

for sampling procedures, they all have with a few 

exceptions one or other of the three objectives 

defined by Greisr~smith (1964). 

a) Estimation of the overall composition of the 

vegetation of an area, I"ith a Viel'l to com-

parison with other areas or with the same area 

at another time. 

b) Investigation of variat10n I'lithin the area. 

c) Correlation of differences in veqetation w1th 

differences in one or more habitant factors. 

Homogeneity is regarded by most phytosociolo-

gical schools as the first important feature to 

be taken into consideration in the choice of a 

sample stand for description (Shimwell, 1971). 

community samples should be homogeneous in 

structure and composition if the research purpose 

is to represent community type by sample 

or to relate vegetation to environment. Samples 

shoulo. also be of uniform env1ronment (without 

apparent differences of soil type, moisture status, 
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and diStribution) in order to allml comparisons of I, 
I 

veqetatlon and environment and to avoid differences I 
in the vegetation the environmental non-uniformity 

ordinarily imposes (Gauch, 1982). 

Samples may be placed in a study reeion by 

four methods: 1\ random location 2) regular place-

ment in a qrid transect 3) oreferential selection 

of sites considered especially typical, homogeneous, 

representative or undisturbed and 4) stratified 

sampling in which the study region is subdivided 

into compartments by some criteria and. each compart-

ment is then sampled using random sampling. 

Systemic sampling is the method most frequently 

used by ecoloqists. Compared to random sampling, 

errors introduced by the ecologists biased pre con-

ception and invalidity to statistical tests puts the 

method to a disadvanta0.e. Nevertheless, the roethod. 

is indicated to be entirely adeauate for studies 

that employ multivariate statistical analysis to 

describe a community (('·auch, 1982); and in some cases, 

as where variatlon in the coroIDunity is nearest to 

continuous, the technique has been even found to be 

more accurate than random samplino (Geig-smith, 1964; 

Green, 1979; Gauch, 1982). 
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Placement of sample stfln(ls may bE"! a major 

problem in data collection processes, but ,}ven when 

this has been satisfactorily resolved there still 

remains the difficulty of decidino the size and 

shape of the quadrat, and the number of samples. 

Several considerations affect sample size 

determinations. A. sample should be large enouqh to 

represent effectively the species present in the 

community, and if quantitative data are taken, larqe 

enough for a reasonably reliable estimate of the 

species abundance (Gauch, 1977). Plants and animals 

are hardly distributed at random in nature. Rather, 

they are patterned on scales of several sizes and 

like\~ise, the environment is patterned on several 

scales. Consequently any sample size will be 

appropriate for some species and environmental 

factor, too small to be representative for others 

and too large to be homogenous for yet others 

(Gauch, 1982). Two relatively obiective methods 

for selectin9 sample size have been developed: 

1) species area curves that plot the increase in 

species number against sample size and 2) measure-

ment of dispersion for sets of replicate samples 

from a given community (Greig Smith, 1964; Shim-
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well, 1971; 1''ueller,·I:ombois and Ellenberg, 1974, GUcil, J.977; 

and Guch, 1982). 

v1estoff and Maarel (in Gauch, 1982) suggest 

various san'ple sizes for various kinds of vegeta-
? 

tion: Temperate sclerophyll shruhland, lO~lOO m-, 

weed communities 25-100 m2 ; temperate deciduous 

forest 100-500 m2 , mixed deciduous forest 100-500 m?, 

and tropical rainforest 200-1000 m? American 

scientists have found 0.1, hectare (20 x 50 m) size 

suitahle for forests, woodland, grassland and desert 

samples. Te\~oldeberhan (1974); Sebsebe (1981), and 

Hailu (1982) have used 400 JTl2 (20 x 7.0 m) stands for 

woody vecretation with (1ood results in Ethiopia. This 

same size (20 x 20 m) \~as adopted in this study. 

Quadrat shape by tradition is square. However, 

one of the errors intronuced by quadrat shape edae 

effect, is slightly reduced if the perimeter:U.s reduced 

relative to the area, and this can be (Goldsmith and 

Harrison, 1976) achieve by usinC]" round quadrats. 

Clapham, 1932 (in Goldsmith and Harrison, 1976) 

advocates the use of rectangular quadrats, oriented 

parallel to the principal gradients of variation in 

veC]"etation although edoe effect increases with length: 

I' 
i 
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breadth ration, Gauch (1982) considers a rectangle 

that is 2-4 times as loner as it is \1ide to be most 

accurate. Nevertheless, the difference that would 

be obtained "lith various shaped quadrats is reported 

to be very small (Goldsmith and Harrison, 1976), 

When considering the number of sample units 

one should ado?t the general rule of the more the 

better (Goldsmith and Harrison (1976). However, 

the objective of sampling, as opnosed to record ina 

everythin(j, is to reduce the amount of labour and 

time envolved, the actual number to be.used is 

therefore, a compromise between an ideal number, 

which is quite large, and a number which \'1Ou18 not 

take much time to collect (Gauch, 1977). 

whittaker (1978), in Gauch (1982) gives three 

recommendations for selectinq the number of samples 

in a community study. 1) AlonC! a \'Iell defined 

gradient of vegetation and environment relatively 

few samples, 5-20, are taken at fixed intervals 

such as elevation up a mountain. 2) In a substan-

tially disturbed landscape ty~ically 50-100 samples 

from all or many sites of sufficiently large, undis-

turben, homogeneous vegetation may suffice. 3) In 

an area of complex environmental variations sample 

I' 

I 
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are taken at frequent but unspecified inlervals as 

the investiCjator encounters nev comhinations of 

community cO):llposition and environment. For example, 

for each 300 meters elevation belt on a given parent 

material in mountains, 50-60 samples is recommended. 

2.3 Methods or Analysing Veqetation Data 

Plant communities involve many species and 

environmental factors with complex relationships. 

A ~lide variety of multivariate methOds are employed 

to study the complex nature of communities, with 

the general objective of summarizin0 large complex 

data sets obtained from community samples, aiding 

in the interpretation of the data and the genera-

tion of hypotheses about community structure and 

variation. 

Gauch (1982) categorized these multivariate 

analyses into three basic strategies direct '!l)radient 

analysis, ordination and classification. 

Direct gradient analysis is used to display 

the distribution of. species alon0 recognizable, 

easily measured, environmental gradients (Whit-

taker 1967). It provides the primary observational 

basis for ecological models of community structure 

I, 
I 

I 



ane relatively well understood Licld daLl sets which 

are thEm appropriat<? for testin'] multivariate meth­

ods because the expected results are known to a 

fair de(jree (Gauch, 1982). 

Classification and ordination strategies origi­

nally emanated from the tvlO theories concerning the 

nature of vegetation, the community concept and the 

continuum concept (1'1hi ttaker, 1962; 11acIntosh, 1967; 

Greig-smith, 1964; Kershaw, 1980; PielQu, 1977). 

The proponents of the community concept maintain 

that there exist considerable interrelationships 

among the species of a community which, in growinq 

together, suffiCiently modify an environment to 

form a recognizable and repetitive vegetational 

groupinrr. Conversely, the proponents of ·the conti­

nuum concept maintain that no two communities are 

strictly identical but rather that communities 

exhibit continuous variations in their detailed 

composition and therefore cannot be readily deli­

mited as clear cut units. 

Any procedure of veqetational classification 

involves an arrangement of communities into classes, 

the members of each class having in common a con­

stellation of attributes \·,hich serve to set them 

\' 
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apart from members of other class(,s. Irnplici t in 

this appr.oach is the belief that there is some ois-

continuity in species composition among concrete 

samples of ve0etation in the field as well as among 

theoretical units abstracted from such field data. 

The con cent of ordination is based on the 

premise that there are no such Cliscontinui ties in 

natural vegetation, except where there may be dis-

continuities in the physical environment. The 

process of ordination involves an attempt to place 

each stand of vegetation in relation to one or 

more axes in such a ",ay that a statf'll!\Gnt of its 

position on such axes conveys the maximal amount of 

information aboui: its position. 

At present the Gausian model of community struc-

ture implying continuous community variation is 

generally accepted, making ordination somewhat 

". natural (Pielou', 1977; Greig-smith, 1980; Gauch, 

1982). Eventhen, classification can be used to 

condense and simplify a Illass of field observation 

(e.0. Kershaw, 1968; Greig-smith, 1967; Shimwell, 

1971; Pielcu, 1977; Gauch, 1982), and if obvious 

clear-cut veqetationa1 discontinuities do occur in 

nature, ordination can be used as an aid to under-



standing the relation of the qroups identified to 

one another and the environment \"ith the groups 

(Pielou, 1977; ~Iaarel, 1979). Thus it is now 

generally accepted that the choice het\'Teen classi-

fication and ordination depends on the objective 

of data analysis and the structure of the data set 

being examined, rather than on preconceptions about 

the nature of the vegetation (Greig-smith, 1980). 

f1any workers have been advocating for an integrated 

use of the complementary classification and ordina-

tion techniques. Greia-smith et.al. (1967) suggest 
" --

classification of the data sets to precede ordina-

tion inorder to ensure homogeneity of the groups 

being ordinated and make interpretation simpler. 

Hill (1973) however, prefers ordination to precede 

classification because an overall view of the 

structure of the data, which can be used as a basis 

for classification, can be obtained from prelimi-

nary ordination. Pie lou (1977) in agreement with 

Hill (1973) suggests for the ordination to precede 

classification and indicates that after the classi-

fication has been done, the interrelations of the 

resultant clusters can be portrayed and examined by 

aqain ordinating the cluster centers. 

I, 
I 

I 
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2.3.1 Classification 

Extensive treatment of techniques of community 

classification have been given by Shimwell (1971), 

Mueller-Dombois and Ellenbenr (1974), lqhittaker 

(1978) and Gauch (1982). Its early history has 

been covered by Whittaker (1962). 

The main classification techniques in community 

ecology may be categorized in three groupsl viz, 

those that have table arrangements, non~hierarchical 

classification, and hierarchical classifications 

(Gauch, 1982). 

Maarel (1979) has given the details of table 

arrangements. 'l'able arrangement is the earliest 

classification technique in community ecology 

(Gauch, 1982). It has a unique advantage in that 

it displays at once both the full detail of the 

data set and the general feautures. The Braun­

Blanquet table arrangement seeks to order the 

samples-by-species data matrix into the order that 

best reveals the intrinsic structure of the data. 

Compositionally similar samples are brought to­

gether as are distributionally similar species. 

The non-zero data matrix entries are thereby con­

centrated into blocks, and lines may be dra~~ in 
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the matrix to mark off sample and species clusters. 

I 
Gauch (1982) described the Braun-Blanquet 

Table-work as an informal, fairly subjective method. 

It is a poly the tic , hierarchial dual classification. 

Recently computers have overcome some of the limita-

tion of the system, by introducing objectivity, 

reducing tedious labour, and reducing the require-

ment of expertize. TABORD is one of the advanced 

computer programs for Braun-Blanquet table-~lork 

(Maarel, 1979; Gauch, 1982). 

Non-hierarchical classification is conceptual-

ly the simplest of all multivariate clasificatory 

analyses. It merely assigns each sample (or species) 

to a cluster placing similar samples (or species) 

together (Gauch, 1930; Gauch, 1982). The structure 

of the individual groups is optimized since these 

are made as homogenous as possible. No route is 

defined betvleen groups and their constituent 

individuals so that the infrastructure of a group 

cannot be examined. Similarly no routes can be 

defined between groups and the complete population 

(Williams, 1972). 

Gauch (1980) has used non-hierarchical classi-

fication for rapid initial clusterinq of large data 
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sets. He indicated that such clustering mitigates 

noise, identifies outliers and summarizes redundancy, 

It does not elucidate relationships but can produce 

fe~ler composite samples, which could easily be ana­

lysed for their relationships by other multivariate 

peth00s. Gauch (1979) has developed a computer 

programe COMPLLUS for this rapid initial clustering. 

Hierarchical classification groups similar 

entities together into classes as does non-heirar­

chical classification, but additionally, it arranges 

these classes into a hierarchy. It optimizes a 

route between the entire population and the set of 

individuals of which it is composed. The route may 

be defined by progressive fusions, beginning with 

the individuals and ending with the complete popula­

tion, an agglomerative strateGY; or by progressive 

divisions, beginning with the population and decomnos­

ing it into subgroups and, if need be, into indivi­

duals, a divisive strategy. Divisive techniques 

have two advantages over arrglomerative ones. 

1) Their computations are generally much quicker, 

since it usually is not necessary to subdivide 

down to the point at which individual quadrats 

are recognized as classes. Nhen an agglomera-
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tive rrcthods is used vIe must begin with indivi-

dual quadrats so that if there are n individu-

als this requires the calculation appropriate 

2 
to at least (n-l ) fusion (Williams, 1971; 

Greig-smith, 1980) and if n is large this may 

require an unacceptably long computation. 

2) Divisive methods use all available information 

at the initial stage and are less likely to be 

irrevocably led astray by chance (Noy-meir, 

1973; Williams, 1971; Pielou, 1977; Greig-smith, 

1980; Cauch, 1982). 

Classification can also be monothetic or poly-

thetic. A monothetic division is one based on a 

single attribute such that the population will be 

divideCl into those that do and those that do not 

possess the attribute. A polythetic system, in 

contrast, is one based on a measure of similarity 

or dissimilarity applied over all attributes, so 

that an individual is grouped \'lith those individu-

als \"hich on the average it must resemble. 

Compared to polythetic classifications, mono-

thetic methods have the advantage of speed, simpli-

city and clarity of sub-group definitions (Williams, 

1971; Greig-smith, 1980; Everitt, 1980). Neverthe-
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less, they are liable to a trouble some form of mis·· 

classification (Williams, 1971; Hill, 1975; Everitt, 

1980; Gauch, 1982). Thus it logically f6l1ows that 

divisive polythetic systems are the best hierarchi­

cal systems (I'lliliams, 1972; Grei~l and Goldstain, 

1971; Noy Meir, 1973; Hill et.~., 1975; Gauch and 

Whittaker, 1981). 

A technique that combines the preferred 

characters, namely hierarchical, divisive, and poly­

thetic is the indicator species analysis developed 

by Hill, Bunce and Shaw in 1975. The technique 

first ordinates the data by reciprocal averaging, 

then these species that characterize the reCiprocal 

averging axis extremes are emphasized in order to 

polarize the samples, and the samples are divided 

into two clusters by breaking the ordination axis 

near its middle. The division process is then 

repeated on the two saPlple subsets to give four 

clusters and so on until each cluster has not more 

than a chosen minimum number of members. Hill (1979) 

improved the technique to perform classification of 

stands and nominated the technique as two-way species­

indicator analysis. The two classifications are then 

used together to obtain an ordered two-way table. 

I' 
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2.3.2 .ordination , 

Ecologists use quite a big array of ordination 

techniques, some of the popular ones b('.ing weighted 

averages, polar ordination, principal component an 

analysis, reciprocal aVeraging, detrended corres-

pondence analysis and non-metric multi-dimensional 

scaling. 

Weighted averaqes ordination is among the 

earliest and simple ordination technique used. It 

was developed independently by Ellenberg (1948), 

vlhittaker (1948), and Curtis and McIntosh (1951). 

tl!eighted averages produce sample ordination scores 

from an ecoloaists previous knowledge of the 

species or species ordination from previous know 

ledge of the samples. For example, if A .. is the . 1J 

abundance of species i in sample j of a sample-by-

species data matrix and vii is the weight of species 

i, ~leighted average al<;rori thm computes an ordination 

score Si for each sample j such that 

r:;' _ E Aij Wi 
~ 1 - E Aj 

~lhere' th0. summation are over all species: 

Weighted averages ordination customarily incor-

porated environmental or ecological gradients 
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relatively directly. Usually the species weiahts 

(or sample weights) reflects successional status, 

moisture conditions, or any other concrete ecologi-

cal gradient (Gauch, 1982). 

Bray and Curtis (1957) devised an ordination 

technique that has been used much in plant ecology. 

In the technique, two samples serVe a special role 

as poles of au ordination axis, so that the tech­

nique is commonly called polar ordination. 

The Bray and curtis ordination method used the 

coeff icient of similarity C = ;+1'1£, where a and b 

are quantities of all plants found in the two stands 

to be compared and W is the sum of the smaller value 

of these species common to the two stands. The 

resultant coefficients are placed in a matrix and 

the least similar stands are chosen as end points 

of a gradient on which the other stands are placed 

according. to their relative similarities to the 

polar stands. A relatively objective ordination 

technique which requires no subjective choice of 

points or weights is principal component analysis. 

Principal component analysis was originallyC'.evelqJed 

by Pearson in 1901 and later by HetelHng in 1953 

for psychological "analysis, and ~las first used in 
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ecological studies by Goodall in 1954 (Dale, 1975; 

Gauch, 1982). Principal component analysis involves 

hlO distinct stages: an initial transformation of 

the data and the extraction of the eigen values and 

eigen vectors of. the matrix of cross products 

beh/een the transformed data. The transformation 

may involve either or both centering and some form 

of standardization (Orloci, 1966; Gittins, 1969; 

Dale, 1975; Gauch, 1977; Greig-smith, 1981; Gauch, 

-1982). Ordination of both species and stands are 

obtain in a single analysis. 

Reciprocal averaging, a technique related both 

to weiqhted averages and to the principal compo­

nents analysis and other eigen vector analyses 

(Hill, 1973; Gauch, 1977; Gauch, 1982) became a 

very important method after Hills introduction of 

the technique in 1973. A number of other names 

have assigned to the technique; e.g. correspondence 

analysis by Benzeri, 1969; reciprocal ordering by 

Orloci, 1978; and dual scaling by Nistusato, 1980 

(in Gauch, 1982). 

Reciprocal average is ~enerally used to reveal 

correspondence among number of observations, between 

hlo kinds of information such as species and samples. 

I 
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HUl (1973) describes the method as a weighted 

averages ordination effected by successive approxj~ 

mations. In its direct iteration alqorithm (Hill, 

1973, Appenc1ix 2) species are ,',eiqhted by portions 

along a rough initial qradient and the weights are 

used to calculate the sample scores. These sample 

scores as wei"hts are then useo to calculate a ne\'/ 

and improved calibration of species. The new species 

weights provide further improvement in sample calibra-

tion. Back and forth iterative calculations leads to 

a stable solution that does not depeno on the initial 

veiqhts. 

Reciprocal averaginq has hlo major faults, both 

of 1'lhich hinder interpretation of results. First, the 

second axis may be merely a quadratic distortion of 

the first axis - the arch effect or the horse shoe 

effect (Hill, 1973, Gauch, 'tIhi ttaker and f.'JentVlorth, 

1977; Hill and Gauch, 19RO; Gauch, 1982). The arch 

effect persists to many dimensions, the third axis 

being a cubiC distortion, the forth a quadratic and 

so on (Gauch ~. al., 1977). 

The second main fault of reciprocal averaging 

is its failure to preserve ecoloqical distances. 

sample pairs ~li th equivalent compositional distances 

I' 
I 
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appear further apart in th8 midclle than towards the 

ends of the first axis. 

Detrended correspondence analysis, a develop­

ment of reciprocal averaging, corrects the two major 

draw backs of reciprocal aVeraging (Hill, 1979b; 

Bill ana Gauch, 1981). The arch distortion of reci­

procal averaging arises because the second axis of 

reciprocal averaging is constrained to be uncorre­

lated with the first axis, but is in no way cons­

trained to be independent of it (Hill, 1979b~ Hill 

and Gauch, 1981). For the axes to be separately 

interpretable, they need to be independ~nt not 

merely uncorrelated. 

The orthogonality criterion for the second and 

higher axes of reciprocal averaging is replaced in 

detrended correspondence analysis with the stronger 

criterion that the second and higher axes have no 

systematic relation of any kind to 10l'1er axes 

(Gauch, 1982). In detrending l the first axis is 

divided into a number of segments, and within each 

segment, the values on axis 2 are adjusted by cen­

tering them on the average of zero. (Hill, 1979b; 

Hill and Gauch, 1981). Detrending is applied to 

the samples scores, at each intera·tion except that 
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once converoence is reache0., the final scores are 

derived using the weighted averaoes of the species 

scores without deterending (Gauch, 1982). 

Most ordination algorithms analyse a secondary 

matrix of similarity or dissimilaritv coefficient 

between all pairs of samples and produce a map in 

which inter-point distances are suitably related to 

them by a scaling method (Prentice, 1977). They 

then approximate a linear relationship between out­

put distances and the input similarity (or dissimi­

larity) coefficients (Anderson, 1971; Prentice, 

1977; Gauch ~.al., 1974, Fasham, 1978; Gauch et.~., 

1981). 

Non-metric ordination techniques replace the 

strong and problematic assumntion of linearity \-lith 

a weaker and less problematic monotonicity. They 

only use the rank order information in a dissimila­

rity matrix rather than its matrix information 

(Gauch, 1982). 

Two forms of non-l1'etric ordination techniques 

have received substantial attention from ecologists 

(Fasham, 1978, Gauch et.al., 1981; Gauch, 1982): 

1) Parametric mapping which attempts to place 

samples in an ordination space such that the 
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the response curves of the species to the new 

axes are as smooth or continuous as possible. 

2) Non-metric multidimensional scaling, whose goal 

is to locate samples or species in a low dimen­

sional ordination space in such a manner that 

the interpoint distances in the ordination have 

the same rank order as the sample dissimilari­

ties or species by species dissimilarities to 

as a great degree as possible. 

Other less familiar techniques include Pactor 

analysis, .,hich is similar to principal component 

analysis but tries to account for correlations 

between variables that are of interest as reflect­

ing putative underlying causes or factors unlike 

principal component analysis which tries to account 

for as much of the total variance as possible; 

connonical correlation analysis which is an eigen 

analysis technique that tries to find ordination 

axes that maximally reveal the jOint structure of 

a sample-by-species matrix and sample-by-environ­

mental factor matrix (Austin, 1962; Gauch, 1982), 

and Gausian ordination which arranges samples along 

a single ordination axis which maximizes the least 

square fit of each species's abundance values to a 
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Gausian curve (Gauch, Chase and I1hittaker, 1974; 

Gauch, 1982). 

2.3.2.1 Choice of. Ordination Technique 

Much research has been carried out to evaluate 

the various ordination techniques (e.g. Beals, 1973; 

Gauch et.~., 1977; Gauch et.al., 1981) and it \'las 

found that several data sets properties, including 

beta deversity, gradients, sample errors, sample 

cluster, outlier, dinjunction and species amplitudes, 

and sample equilability, affect the relative perfor-

mance or various ordination techniques (Gauch, 1977; 

Gauch et.al., 1977). 

Gauch et.al. (1981) comparing reciprocal averag-
~-

ing, principal components analysis, factor analysis, 

connonical correlation, polar ordination, non-metric 

multidimensional and detrended correspondence 

reached the following set of conclusions: 

a) Reciprocal averagina is generally tolerant of 

curvilinearity of. ecological data, vlhile princi­

pal component analysis (Swan, 197\), factor analy-

sis and connonical analysis are not, Its results 

are generally better than polar ordination. 

I' 
I 
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b) Better results than reci)?rocal averaging can be 

obtained by Gausian ordination (Gauch et.al., 

1974) for one axis coenocline only, and detrended 

correspondence analysis. 

c) For data sets with several directions of compo­

sitional differences-, detrended correspondence 

analysis seems to be preferable to non~metric 

multidimensional scaling. Polar ordination is 

also reported to g-ive better results than princi­

pal components analysis, in spite of the objecti­

vity of principal components analysis, because 

the latter is mathematically inappropriate to 

deal with curvilinear and nonmonotonic relations 

with which the ecologist often deals (Beals, 19731 

Gauch ~.~., 1977). 

These findings are useful in selecting the 

ordination techniques most likely to perform l'lell 

under certain conditions. Nevertheless, the use of 

several ordinations instead of one (even the best 

one) is the generally accepted norm (Shiml'lell, 1971; 

Gauch et.al., 1977; Greig-smith, 1981). Gauch (1977) 

gives three reasons to justify the use of several 

ordinations: 

a) Different ordinations tend to highlight different 
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aspects of the data, or to serve complementary 

roles during the successive refinement which 

typifies the ordination work. Some results may 

be so poor that they contribute nothing, but 

ordinarily several ordinations will be useful. 

b) Frequently the properties of a data set are 

poorly known at the outset, so that general 

knowledge of ordination performance cannot be 

applied to the case at hand. Application of 

several ordination methods is then the safest 

approach. 

c) The cost of additional ordinations is usually 

very small when there are several programmed 

ordination techniques. 
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CHAP1'ER 3 

3. MATJi:RIALS AND METHODS 

3.1 Location of the Study Area 

The area studied is in Eritrea Administrative 

Region, along the Asmera to Mitswa road, from about 

16 km east of Asmera to about 83 km from Asmera 

(32 km to the west of Mitsl-Ia). For details of the 

study area see the map. Fig. I in the pocket on the 

back cover. 

3.2 Vegetation Sampling 

After a preliminary survey of the region ten 

sites, one at every 200 meters altitudinal interval 

starting from sea level, I-Iere identified and from 

6-9 homogeneous 20x20 meter stands were systematical­

ly selected from each site. For approximate location 

of the stands see Fig. 1. 

During November 12-30, 1982, and January 1 -

March 3, 1983, the plants found in each stand l'lere 

recorded as present and unless identified l'lithout 

doubt, Ivere collected and numbered for laboratory 

identification. Most of the specimens Ivere then 

identified by comparing 'them ~Iith identified speci­

mens in the National Herbarium in Addis Ababa Univer-



sity, and by reffering to various Floras on l:hE' 

plants of Ethiopia, the Sudan, and East Tropical 

Africa. A list of the most commonly found and 

collected species with the stands in Ivhich they were 

found is given in Appendix A. Species .,hich only 

occurred once during sampling and .,hich could not. be 

identified to the specific level have been ommitted. 

3.3 Environmental Data 

For every stand selected a number of environ-. 

mental parameters were measured. Altitude was 

measured using an Everest Altimeter of Thommer­

Switzerland, slope was measured using Sunnto optical 

reading clinometer, and Aspect was determined using 

a Prismatic compass of Breithaupt Kassal. The values 

of altitude, aspect and slope for each stand is qiven 

in Appendix Bl. From the corners and center of each 

stand, soil samples were collected from the surface 

up to 70 cm depth at 10 cm intervals, unless the 

presence of hard rock prevented this. The samples 

from each depth of the stand were then mixed 

throughly to a single composite sample. These were 

then air dried and passed though a 2 mm sieve. 

Percentage of rock cover on the surface vlaS also 

visually approximated for each stand and the values 

for each stand is given in Appendix Bl. d 

I' 
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I, 

I 

Following the procedures given by Jackson 

(1958), WilCle et.al. (1978) and Juo (1978), PH, con-

ductivity, exchangeable cations, texture, organic 

carbon and color of the 2 rom sieved, air-dried soil 

samples were determined. 

3.3.1.1 PH and Conductivity 

PH and conductivity of the soil samples were 

measured following the procedure given by Juo (1978). 

A 1:1 soil sus"gension in water was first made by 

mixing 40 ml of soil with 40 ml of distilled water. 

The suspension \qas allowed to stand for one hour, 

with occasional stirring. The electrode of the pH 

meter was then inserted into the suspension to 

measure the pH. Similarly, the electrode of the 

conductimeter \qas inserted into the same soil sus-
, 

pension to measure conductivity. The values of pH 

conductivity obtained are given in Appendix B6 and 

B7. Beckman Chemmate pH weter and a Philip Harris 

conductivity meter were used. 

3.3.1.2 Soil Texture 

The Bouyoucos hydrometer method given by Jou 

(1978) and Wilde et.al. (1978) was used to determine 
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the sand, silt and clay fractions of the soH simples. 

t'ifty-one grams of 2 nUl; sieved air-dried soil uample 

were added to 50 rill of 5% sodium hexametaphosphate 

alona with 100 ml of distilled \-Iater. The suspension 

was stirred for mixing and then allowed to slake for 

30 minutes in an electric powdei-shaker and trans­

ferred to a measuring cylinder marked to 1130 cc. 

vlith the hydrometer in the suspension the cylinder 

was filled to the 1130 cc mark with distilled water. 

The hydrometer was then removed and the cylinder, 

with its top covered by hand, was inverted several 

times until all soil was in suspension. The cylinder 

\-'a8 placed on a table ancI the time was noted 

immediately. At the end of 40 seconds and 3 hours 

hyd.rometer and temperature readin(1s .,ere taken. 

Results were corrected to a temperature of 670 F and 

for every 10F above or below 670 F, 0.2 gradient of 

the hydrometer reading \~ere added or subtracted from the 

reading. For calculation of percentage of different 

particles, the corrected hydrometer reading was 

divided by the amount of oven dry soil and multiplied 

by 100 (Wilde et.al., 1979). 

The reading at 40 second measured the percent­

age of silt and clay in suspension. This amount sub­

tracted from 100 gave the content of sand particles. 

I' 
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The second reading gave the percentag(~ of clay in 

suspension. The perccntacre of silt Ivas obtained by 

subtracting the cO\11bined percentages of clay and 

sand from one hundred. The results of the study are 

given in Appendix B2 - R4. 

3.3.1.3 Organic Carbon 

Detendnation of organic carbon was according 

to the Walk-Black method given by Jou (1978). Air-

dried soil samples sieved through a 0.6 mm mesh 

'vere weighed out and placed in a 250 ml flask. The 

weights used were 1.00 g when organic carbon content 

was above 1%; and 2.00 g when it was less than 1%. 

Ten 11110f 1 N k
2
Cr20

7 
was adc'led to the flask \'Ihich 

'vas then swirled gently to disperse the soil in the 

then added to the suspension and the flask was 

swirled first gently to mix the soil and reagent and 

then more vigorously for one minute. This was then 

allowed to stand for 30 minutes; 100 m1 of distilled 

water and 4 drops of 0.0025 of O-phenanthorline 

ferrous SUlphate complex solution (ferroin) were 

added, and the solution was titrated with 0.5 N ferr-

ous sulphate solution. Blank titration was also 

carried out to standardize the dichromate solution. 

I' 

I 
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Ther percentage of. or~Jantc carbon ""as then cal en lated 

according to the follmvtna formula aiven by Juo 

(1978) • 
, 

(rreg K2Cr
2

07- rreq SO 4) x 0.OO3xlOOx (f) 
% organic carbon in soil = --.-..:::..-.:::.....:----..!--------

gram of air dry soil 

correction factor f =' 1. 33 • 

% of organic matter in soil = % of organic carbon x 1. 723 • 

The results are given in Appendix BB. 

This method has a drawback in that the presence 

of a high content of ferrous-iron or manganese may 

contribute to the reduction of chromic acid and 

thus distort the results. However, ,it is reported 

to be a more rapid and accurate method when compared 

to other methods like the ignition or the colori-

metric methods (wilde et.a1., 1978) 

3.3.1.4 Exchangeable Cations 

Cations are commonly extracted by IN NH 40AC or 

Morgan's reagent 10% NaOAC in 30% HAC. The use of 

IN NH 40AC is described to be the best method for 

extracting both mineral salts and organic matter 

(Allen, ~.al., 1976) and was thus adopted. in this 

study. For the best extraction of cations, the 

ratio of the extractant to soil is also important. 

If the proportion of soil is too high the reabsorp-

I' 
I 
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tion of the released nutrients becomes significant. 

If the proportion of the extractant is too high 

then the quantities extracted may become too low 

for satisfactory measurement. Allen et.al. (1976) 

suggest a ratio of about 25:1 for air dried soils 

and 10:1 for fresh soils. The procedure used in 

this study, which is accordinq to Jou (1978) uses 

a ratio of 20: 1. In the procedure 5 gms of 2 rom 

sieved air-dried soil sample were added to 30 ml 

of IN NH 40AC in a 100 ml erlenmyer flask and were 

shaken for 2 hours. The mixture was centrifuged 

at 2000 r.p.m. for 5 minutes and the supernatant 

liquid then Ivas decanted into another 100 ml 

erlenmyer flask. Thirty ml of IN NH 40AC solution 

was again added to the residue and was shaken for 

30 minutes. The suspension Ivas centrifuged and 

the supernatant liquid was transferred into the the 

same volumetric flask. Another 30 ml of IN NH 40AC 

~Ias added to the residue and the procedure. repeated. 

The extract was then filtered and diluted to 100 ml. 

Determination of K and Na in the extract was done 

on a Klina flame photometer and Ca, Mg and Mn on a 

varian Tectron Ai)6 Atomic Absorption Spectrophoto-

meter. To eliminate the interference from alumi-

nium and phosphate in solution in the determination 

\' 
I 
i 
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of Ca and Hg, La20
3 

was added to 1% level. The 

results of the analysts are given in Appendix B9-B13. 

The system is, hOl'lever, reported to have some dis-

advanta~es with regard to saline and alkaline soils 

(United States Salinity I,aboratory Staff, 1954). 

Some saline and alkaline soils fix appreciable 

amounts of ammonium as well as potassium ions under 

moist conditions, so that values obtained for cation 

exchange capacity by ammonium saturation are low by 

amounts equal to the quant~ty of ammonium fixed. 

Moreover, high pH extracting solution typically 

pH NH
4

0AC are recommended for calcareous soils to 

minimize the dissolution of calcium of calcium 

carbonate (Allen et.a~, 1976). 

3.3.1.5 Soil Color 

Color of soils ",hen dry were determined using 

the standard Munsell color charts of 1975 edition. 

The results are given in Appendix 5. 

3.4 Statistical Techniques Used in Analysis of Data 

3.4.1 Classification Technique 

Two-way indicator species analysis, which is a 

recclllunended technique for its robustness. and e ffec­

tiveness (Gauch and Whittaker, 1981; Gauch, 1982) 

was used to classify the vegetation data. The 



computer program used was the TWINSPAN progral11 CEP-4 

in the Cornell Ecology Program series and the compu~ 

ter used in the analysis ~Ias NCR-CRITERION V-8555M. 

In the analysis of the data the default values 

5 for minimum group size, 7 for maximum number of 

indicators and 6 for the maximum level of division, 

were used. 

Classification of the vegetation data by asso-

ciation analysis of Williams and Lambert (1959 and 

1960) was also tried. Although the technique is 

reported to give misclassification (Hill et.al, 1975; 

Gauch, 1982), it is also reported to have given 

reasonably good results when interpreted with 

caution (e.g. Kersha\~, 1967; Greig Smith et.al., 1967; 

Tewoldeberhan, 1969 and 1975; Noy meir et.al., 1973; 

Sebsebie, 1981; Hailu, 1982). Thus it was thought 

that association analysis could be used to compare 

~Iith the results of two-way indicator species analy­

sis. With and without Yate's correction were the 

association parameters used to maximize division. 

Prior to analysis of the data by both techniques 

of classification, species with frequency less than 

5% were removed from the data matrix. This Ylas 

primarily to reduc(~ the aJl'ount of data in the COIlputer. 

/ 
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Noreover, the incidence of the Iml frequency species 

could be too few to be ecological meaningful but 

creat problems in the interpretation of the results 

(Gauch, 1977; Gauch and Sing, 1982; Gauch, 1982). 

3.4.2 Ordination Techniques 

The detrended correspondence analysis ano recep­

rocal averaging from the DECORANA program CEP-25B in 

the Cornell Ecology Program series and the weighted 

averages ordinations from the ORDIFT,EX program 

CEP-25B in the Cornell Ecology Program series were 

the ordination technique that were used in the study. 

The computer used in the analysis was NCR~CRITERION 

V-8555N. 

When analysing the data by detrended correspond­

ence analysis, the axes \.,ere rescaled 4 times, the 

rescaling threshold being zero, and 26 segements 

were used in detrending subsequent axes \'lith 

respect to the first axis. 

As in the classification of the vegetation data, 

species with frequencies less than 5% \.,ere removed 

from the data matrix in the ordination of all the 

stands with reciprocal averaging and detrended 

correspondence analysis-. In the ordination of the 
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minor groups of stands that were identified by 

classification and ordination of all the stands, 

hmlBver, the species that occuri:ed in more than one 

stand and with frequency greater than 5%. were again 

re-entered into the data matrix. 

The program subjected the species with frequen-

cies greater than 5% to dovlllwei9hting. It dOVlllweigh-

ted infrequent species by reducing the abundance of 

species rare than m' in their frequency, where 

m' " miS, m being the frequency of the commonest 

species. Thus if tj was the frequency of species j 

and a ij was the abundance of species j in stand if 

1 aij is replaced by (a ij ) fj/m for fj is smaller 

than m'; and f. is defined as 
] 

which reduces itself to the 

2 2 
fj = E(aij ) IEaij 

true frequency of the 

species when presence and absence data are used. 

A detrended correspond analysis - weighted 

averages hybrid ordination, a technique that combine 

both detrended correspondence analysis and weighted 

average ordination inorder to graph environmental 

data with the vegetation data and aid tn the inter-

pretation of the ordination results (Gauch, 1977; 

Gauch and stone, 1979; and Gauch, 1982) \qas also 

tried. In this technique the average values of the 
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environmental factors for each stand were first 

standardized to a range of 0-100 and the ordination 

scores of the stands were used as weights for obtain­

ing weighted averages. The ordination scores of 

both the weight average ordination and detrended 

correspondence analysis \~ere then standardized to a 

range of 0-100. 
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CHAP,eER 4 

4. RESUliI'S AND DISCUSSION 

4.1 Classification Studies 

4.1.1 Groups Identified by Classification 

Doth two-way indicator species analysis and 

association analysis first divided all the stands 

(errou)') 1 of the dendroqram in figure 2) into groups 

consisting of the same stands, group 2 \<lith stands 

1-53 and aroup 3 with stands 54-77. The species 

wi th frequency less than 5% that \qere originally 

removed from the analysis \'lere re-entered for ana­

lysis by hro-way indicator species analysis and 

association analysis. This was done because these 

species had frequencies above 5% after division one 

and thus their re-entry in the analysis would restore 

the ecological information they could have carried. 

Further division by association analysis, hOlvever, 

producen hicrhly fragmented groups and therefore, the 

division obtai.ned through two-\<'ay indicator species 

ana lysis \'lere taken as the basis for further studies 

the results of association ,analysis being disreGarded. 

The dendrogram representinrr the classification 

of stands by the two~\.,ay indicator species analysis 

is aiven in Fi.g. 2. The y-axis represents the divi­

sion levels and on the X-axis are arranged various 

groups of stands. 
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'rhe final homogenous groups that resulteo from 

the analysis are groups No.7, 8, 9, 12, 13, 20, 22, 

23, 42 and 43 and their co-responding letter names 

given to them for ease in discussion are Elhown in 

the dendrogram, figure 2. The stand groups that 

were formed at every division level with their 

indicator species are gi ven'in Table 4. 

4.1.2 Comparison of. Stand Groups 

The various environmental factors measured 

were averaged for each of the final 10 homogenous 

stand groups identified by the tWO-y/aY indicator 

species analysis. The average values of the environ~ 

mental factors measured for each of the final 10 

homogenous stand groups is given in Table 5. Each 

pair of the groups \Vere then compared using the 

t-test for every environmental factor measured 

excluding aspect. A probability of 0.05 or lov/er 

\Vas considered as significant, an0 all the environ-

mental factors, except altitude, slope and percent-

age of rock cover on the surface, ,.,ere averaged for 

surface and for all depth of the soils. The results 

of the comparison are found in Appendix CI-C17. 

Table 6 gives a summary of the significant contrasts 

I' 
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Table 4 Stand crrouns formed by the two-"ray indicator speries analysis 

Group No. 

2 

J, 

8 (=1) 

9 (I) 

5 

10 

20 (=H) 

21 
?2. (~G) 

43(~!") 

11 

22(aE) 
23. (~D) 

3 

6 

12(=c) 
13("'3) 

7(=M 

Stands in the 
qroup 

1-53 
1-12 

1-8 

9,12 

13-35 

13-33.39,.48 

13-17 

18,21-24,39,48 

18,21-25,39,4~ 

19,20,26-33 

34,38,40-47 

34,38,40-47 

40-53 

54-77 

60-77 

63-68 

60-62,69-77 

54-119 

Indicator species 

Tribulus terrestris 

Zvcronhvllurn simples, Boerhavia reoens 

Diqeria alternifolia 

Ocir:turn sauve, Snermacoce chaetoceDhal Crotolavia 
ononoides, Dodonaea viscosa -

Diaeria ternata 

Justicia heterocarDa 

Teohrosia uniflora, combretum mol Ie 

Cornmelina albascens, C,YDhostemma molle 

Dodonaea viscosa 

Crotolaria chrysochloa 

HeteroDocron contortus, Psidia Duncutlata 
,,\sparaqus fa1cutus, H,onechma debe Ie , BothriosDerrnum 

radicans, ODuntia ficus-indica 
~elarqoniurn alchernilloides. 
Farpachne shirnperi 

Fnneapoqon shirnDeranurn, Justicia striata 
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Table 5: A,veraqe values of environmental .factors for the fipal harPc;:lenous stand qrQUl')S 

Color Drganic 
No. lIlt. Sur- 8and ~ Silt % value 

~0\.l1?S stand ~'eter ~lo:::-e face Clay % Hue ChrO"la ~'latter " 
de(!. rock % SUr·· .ll,ve- Sur- Ave'" SUr- 6've-

··~ace .>\verage 
sur- .:!I,ve-

.J1a.ce raqe face racre face raqe "ace rage 

A. 6 1572 14.2 ;;·9 78.7.5 7<lS" 7.32 13,93 14.21 ".32 q 17'L8~ 
... ~oOO 

Fl Q,,5.27 
-·"·4.~7 

1.97 1.30 

B 12 19B 23.2 49 83.93 84.74 12.69 11.99 3.40 3.27 q 7~6.67 9 915•20 7. Oil 1.42 .• 4.17 " A r:.7 ... .,., .. 
. . .. ..; 

C 5 FlO2 43.7 62 77,64 77.98 17.14 16.63 5.22 5.39 9 173•67 
. "2:3S 9 A5 4•13 5 "'3 •. , 3.31 '-' 3.41 

D 5 1396 27.2 54 82.67 87.80 13.01 9.09 4.72 3.10 lO.OO~:@~ lO.OO~:~g 4.08 1.57 

E 13 1125 20.~ 42 7i.l.68 80.73 14.28 14.09 7.04 5.17 8 084•46 
• 3.62 9.14~·~2 .,,,1 2.04 1.01 

F 10 754 24.9 73 78.2Fl 79.58 14.92 15.15 6.84 5.37 9. 75j:~g 8. 76~:i~ 1.50 0.69 

G 8 824 23.8 79 75.87 77.46 19.11 Ill. 88 5.0? 4.17 10.00j:~~ 10.00~:~~ 2.17 0.72 

H 5 1112 9.6 62 77.62 77J6 18.02 17.87 4.34 5.20 10.00;:g~ 10.00~:~~ 1.07 0.72 

I t; 368 6.3 24 63.56 61.00 28.00 25.31 8.44 13.66 10.00~:~~ 10.00~:~~ 2.13 0.71 

J 8 198 2 .. 4· 39 69.59. 72.99 23.98 19.06 6.Bl 7.00 10.63~:§@ 10.00~:~~ 0.76 0.37 
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Tabel 5 continued 

"E Condo !< Ca ~ Na ~1n 

Groups !"\ mhos/an xne<:flO(kr s::rl.l rnecr/lOe:, soil rrecr/lOOaroil rrecr/.lOOg roil rreq/lOOq roil 
SUr- Ave-· -Sur- Ave.,. S'ur- :nve"" Sur- Ave- Sur- l>ve- Sur- lJ..'Ile- Sur- Ave-
face rage face raqe face ral'!e -F;;tce rage fnce .!".::tae face rage face rac:re 

A 7.32 7.18 0.l3!) 0.440 0.16 0.12 14.fi7 17.32 3.31 3.85 0.28 0.54 0.037 0.030 

B 7.12 6.99 0.650 0,092 0.12 0.10 17.43 13.99 4.91 5.21 O.;:>~_ 0.28 0.036 0.024 

C 6.52 6,63 0,320 0.1\10 0.:::0 0.14 18.9:< 18.07 5.60 5.60 0.21 0.:<8 0.10 0.062 

D 7.54 7.80 0.0'35 C.082 O.m2 0.07 17.70 15.97 3.60 2.70 0.15 0.20 0.C36 0.070 

E 6.96 7.19 0.045 0.C30 0.14 0.15 12.19 11.46 4.57 4.40 0.15 0.18 0.030 0.020 

F 6.88 7.03 0.060 0.042 0.23 0.14 10.n 9.56 2.51 2.61 0.16 0.18 0.041 0.018 

G 7.56 7.42 0.059 0.052 0.19 0.12 19.38 16.88 2.74 2.74 0.19 0.23 0.032 0.018 
H 7.44 7.63 0.100 0.058 0.32 0.23 16.55 23.92 2.34 2.27 0.19 0.26 0.040 0.030 
I 7.75 7.94 0.280 0.250 0.92 1.15 35.62 43.14 3.24 5.91 0.39 4.31 0.049 0.015 
J 8.06 7.83 0.740 1.5(,0 1.22 1.25 3'2.06 38.20 2.46 2.74 1.25 2.52 n.020 0,012 
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Table 6 Summary of the comparison of stand qroups usinq the t-test based on 

tr:., average values of the environmental factors (The numbers in the 

table represent the total siqniricant contrast each grouP shOl-Jed) 

GrOt;lAlt Slope Sl.lrface Sa."l.d Silt Clay Hue Value Chrana 
Noo rode Sur Ave Sur ./I.ve Sur Ave Sur Ave Sur Ave Sur Ave 

Cover % 

A 9 1 1 1 1 2 1 2 2 - 1 1 1 6 -' 
B 8 4 2 8 9 5 6 6 4 1 2 5 2 2 2 

C 8 8 3 2 2 2 3 8 $3 7 4 

D 9 5 1 3 7 3 9 2 4 1 1 5 1 2 1 

E 9 4 2 3 4, 3 4 5 3 7 2 3 1 3 2 

F e 4 3 3 4 2 2 3 4 2 5 3 2 1 2 

G 6 <I 6 4 2 3 3 1 2 2 3 1 1 

H 8 8 1 3 2 1 2 2 1 2 1 2 
~ 8 .-, .; 7 4 5 4 1 3 2 2 1 0 .!. , 

J 9 8 2 7 4 6 ,3 1 3 1 3 1 2 1 
Total --
Signifi-
cant 82 52 20 42 40 32 36 26 20 22 16 34 18 26 18 
con-
trasts 
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Table 6 continued 

Group Cond E 
O,}/t" K ca .Mo Na r1u p 

No. Sur Ave Sur live Sur Ave Sur ;'Vf;< Sur Ave Sur Ave Sur Ave Sur 1';ve 

A 
., 3 1 3 «, 6 3 3 2 1 3 5 4 2 2 1 J 

B 5 3 1 3 6 6 5 3 <1 3 5 5 8 1 2 5 

C 3 2 3 3 7 9 4 2 4 4 6 6 3 3 4 3 

D 1 1,\ 3 5 4 11 4 4 2 1 2 3 3 1 2 

E 5 7 5 3 6 2 5 4, 1,\ 5 2 3 4 1,\ 2 3 

F 3 11 5 4 5 5 I) 4 5 5 5 4 6 6 .. 
G <1 4 3 0 2 5 2 2 1 3 2 2 3 2 1 2 

H 1 3 4 1 5 3 6 5 2 2 3 3 3 2 2 1 

I 3 5 3 5 2 1,\ 6 8 7 3 2 2 5 2 2 1 

J 2 7 6 5· 5 8 A 7 7 7 " 3 5 7 3 <\ 

30 42 34 32 46 52 46 42 3'3 34 34 36 44- 30 18 28 
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each group showed in the comparison using the t-test 

for every environmental factor measured. 

4.1.3 Correlations amonq the Environmental Factors 

The classification technique identified the dis-

contimities in the vegetation and delimited the stanos 

into groups having similar characteristics. This was 

supported by the significant contrasts found between 

stand groups as shown by the t-test. There \~ere, 

ho\qever, similar environmental conditions occupied 

by the different groups of stands. To see variation 

of vegetation and environment and reveal the simila-

rities between the different groups, Spearman's 

rank correlations of the stand groups based on their 

average environmental factors were computed. Table 

7 gives the ranking of each stand group with respect 

to the averages of all the environmental factors of 

the stands in that group. The correlation coeffici-

cients determined among the environmental factors 

with the level of significance is given in Table 8. 
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Table 7 Ranks of the finalhomoqeneous stand ~roups based on the average 

Values of the environmental factors 

Alt- Sand Si-t Clay Hue Value Chroma 
Group itude slcpe ~gefa85- Sur- Ave- Sur- .l\.ve- Sur- Ave Sur- Ave- Sur- Ave- Sur- .l\.ve 

ver % face rage f.ace rage face rage face rage face rage face rage 

A 3 7 3 5 4 10 8 1 3 8 9 6 8 1 2 

B 1 5 7 1 2 9 9 10 10 7 6 1 9 4 5 

C 2 1 4 6 6 5 5 6 4 8 7 10 10 10 10 

D 4 2 6 2 1 8 10 8 9 2 3 9 5 2 3 

E 5 6 8 3 3 7 7 3 7 10 8 8 4 6 4 

F 7 3 2 4 4 6 6 4 5 6 10 ., 9 1 

G 6 4 1 8 7 3 3 7 8 2 3 5 2 7 8 

H 8 8 4 7 7 4 4 9 6 2 2 3 3 5 7 

I 9 9 10 10 10 1 1 2 1 2 3 3 7 3 6 

J 10 10 9 9 S 2 2 5 2 1 , " 15 8 9 ~ 
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Table 7 Continued 

COND. PH - -()~Mo ·---K Ca Ma Na Met 
0roup SUr- Ave- SUr- Ave.~ SUr- Ave- SUr- Ave- SUr- Ave- SUr- Ave- SUr- Aver- SUr- AI:Je' •.. 

face rage face rage face rage face rage face rage face rage face rage face rage 

.1'. 5 3 5 7 7 4 7 7 8 5 4 5 3 3 5 3 

B 8 1 7 9 3 3 9 9 6 8 2 3 4 4 6 6 

C 2 1 10 10 1 1 5 5 4 4 1 2 5 4 1 2 _. 
D 10 10 4 3 2 2 9 10 5 7 6 7 8 8 6 1 
~ 8 9 8 6 6 j 8 • 9 3 4 8 8 9 " 7 '" " " 
F 7 8 9 8 8 9 4 5 10 10 8 8 8 9 3 5 

G 4 5 3 5 4 6 6 7 3 6 7 ~ 6 7 8 8 

H 5 6 6 4 9 6 3 3 7 3 10 10 6 6 4 3 

I 1 1 2 2 5 8 2 2 1 1 5 1 2 1 2 9 

J 2 3 1 1 10 10 1 1 2 2 9 6 1 2 10 10 
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Table 8: Correlation between the Environmental Factors 

Alti- %Rock %Sand %Sand %Silt %Silt %Clay %Clay }l1e !be . value Value Qm::ma . ~Gu:ana 
tuae SlOPe Cover Sur. Aw. SUr. .iWe. Sur. Aw • Sur. Ave. " SUr. "Ave. Sur. -Ave. 

Alti"blde R 
p 

Slope R 0.739 
p 0.01 

%Rock R -0.180 0.367 
Cover P 0.50 

%Sand R 0.734 0.552 -0.103 
surface p 0.05 0.20 

%Sand R 0.764 0.582 0.012 0.970 
Average P 0.02 0.10 o.em 
%Silt R -0.770 -0.532 0.067 -0.964 -0.921 
surface P 0.02 0.10 O.COl 0.001 

%Silt R -0.952 -0.527 0.030 -0.952 -0~933 0.988 -
Average P 0.001 0.20 0.001 0.001 0.001 

%Clay R -0.466 -0.442 -0.152 -0.466 -0.424 0.479 0.455 
Surface P 0.20 0.50 0.20 0.5 0.20 0.20 

%C1ay R -0.503 -0.564 -0.090 -0.721 -0.715 0.648 0.661 0.722 
Average P 0.20 0.1 0.05 0.05 0.05 O.OS 0.05 

Eue R -0.800 -0.750 -0.230 -0.727 -0.624 0.448 0.352 -0.327 -0.096 
Surface P 0.01 0.02 0.05 0.10 0.50 0.50 0.50 

Hue R -0.618 -0.509 -0.351 -0.618 -0.515 0.497 0.540 -0.218 -0.060 0.891 
Average P 0.10 0.20 0.5 0.10 0.2 0.2 0.2 0.002 

Value R -0.412 -0.776 -0.448 -0.352 -0.406 0.267 0.364 -0.33 0.170 0.406 0.430 
Surface P 0.5 0.02 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Value R -0.527 0.006 0.564 -0.078 -0.048 0.212 0.102 -0.018 -0.260 0.122 0.012 -0.072 
Average p 0.20 0.10 0.5 

CJu:anaR 0.176 0.284 0.236 0.212 0.340 -0.370 -0.515 -0.054 -0.139 0.024 0.048 0.182 -0.212 
Surface. P 0.5 0.5 0.5 0.10 

<llrane R 0.200 -0.284 0.163 0.630 0.521 -0.739 -0.545 0.158 -0.09 -0527 ".,;o~690 -::.230 0.285 0.479 
Average P 0.5 0.10 0.20 0.05 0.20 0.20 O.OS 0.5. 0.20 
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pH pH Cond. Cond. O.M. o.M. K K ca ca M:l" Mg Na Na MIl MIl 
sur. Ave. Sur. Ave. sur. A'Iie.. sur. Ave. Sur. Ave. Sur. Ave. Sur. Ave. Sur. p._ve~ 

Altitude R -0.636 -0.770 -0.170. -0.406 0.700 0.B85 -0.788 -0.733 -0.-466 -0.479 0.479 0.321 -0.570 -0.200 0.182 0.564 
p 0.10 0.05 0.5 0.05 O.COS 0.02 0.05 0:20' 0.20 0.20 0.50 0.10 0.10 

Slope R -0.636 -0.624 -0.345 -0.661 0.721 0.642 -0.521 -0.624 -0.255 -0.612 0.230 -0.042 -0.570 -0.600 0.327 0.430 
D 0.10 0.10 0.50 0.05 0.05 0.10 0.20 0.10 0.10 0.20 0.10 0.50 0.50 

%Rock C. R -0.212 -0;236 0.297 -0.358 -0.139 -0.042 0.109,-0.127 -0.267 -0.236 0.733.-0.673 -0.352 -0.333 0.133 0.370 
Surface p O.SO O.SO 0.50 0.05 0.05 0.5 0.5 0.5 - -
% sana. R -0.600 -0.564 -0.527 -0.636 0.370 0.582 -0.891 -0.697 0.661 -0.527 0.164 -0.036 -0.485 -o.S03 -0.073 0.382 
Surface D 0.10 0.10 0.20 0.10 O.SO 0.10 0.002 0.05' 0.05 0.20 0.20 0.20 0.5 

% Sand R -0.473 -0.448 -0.485 -0.594 0.436 0.673 -0.794 -0.727 -0.570 -0.746 0.170 -0.012 -0.479 -0.497 -0.103 0.388 
Surface p 0.20 O.SO 0.20 0.10 O.SO 0.05 0.01 0.05 0.10 0.02 0.20 0.20 0.5 

% Silt R 0.539 0.564 0.406 0.506 -0.370 -0.630 0.909 0.806 0.667 0.709 -0.103 -0.042 0.449 0.479 0.073 -0.503 
Averase P 0.20 0.10 O.SO 0.20 O.SO 0.10 0.001 0.01 0.05 0.05 0.50 0.20 0.20 

% Silt R 0.503 0.491 0.394 0.515 -0.382"-0.642 0.909 0.818 0.685 0.697 0.079 -0.212 00509 0.527 0.073 -0.491 
Average P 0.20 0.20 0.50 0.20 0.50 0.10 0.001 0.01 0.05 0.05 0.20 0.20 0.20. 

%Clay R 0.133 0.358 0.212 0.152 -0.321 0.473 0.436 0.636 -0.146 0.261 0.503 0.679 0.327 0.273 -0.061 -0.442 
Surface P O.SO 0.50 0.20 0.50 0.10 0.50 0.20 0.05 0.5 0.5 0.50 

% Clay R 0.212 0.248 0.697 0.661 -0.455 '-0.497 0.739 0.770 0.309 0.663: 0.042 0.370 0.739 0.648 0.303 -00 139 
Average P 0.5 0.05 0.05 0.20 0.20 0.05 0.02 O.SO 0.05 O.SO 0.05 0.05 O.SO 
Hue R 0.812 0.715 0.218 0.448 -0.327 -0.527 0.479 0.007 0.618 0.497 -o.5CfJ -0.546 0.212 0.388 -0.285 -0.776 
Surface P 0.01 0.05 0.50 O.SO 0.20 0.20 0.10 0.20 0.20 0.21) 0.5 0.5 0.02 

Hue R 0.842 0.739 0.315 0.533 -0.170 -0.285 0.448 0.242 0.727 0.630 -0.285 -0.012 0.212 0.288 -0.345 -0.679 
Average P 0.01 0.05 0.5 0.20 O.SO Oc05 OelD 0.5 0.7,0 0.50 0.05 

value R 0.545 0.327 0.158 0.533 -0.485 -0.515 0 •. 339 0.291 0.302 0.376 -0.255 -0.061 0.691 0.103 -0.261 -0.485 
Surface P 0.20 o.so 0.20 0.20 0.20 O.SO 0.50 0.50 O.SO O.SO 0.05 0.05 0.5 0.20 

Value R 0.127 0.273 -0.600 -0.455 -0.455 -o.5Cf) 0.291 0.139 -0.297 -0.358 -0.689 -0.794 -0.509 -0.403 -0.255 -0.236 
Average P 0.5 O.lD 0.20 0.20 0.20 0.50 O.SO O.SO 0.05 0.01 0.20 0.20 O.SO 
Chrara R 0.345 0.345 0.180 0.188 0.079 0.255 -0.291 -0.358 -0.024 0.285 0.188 0.103 0.218 0.358 -0.024 -0.055 
SUrface P O.SO O.SO 0.50 O.SO 0.50 0.50 O.SO 
Cfucma R -0.213 -0.127 -0.479 -0.467 -0.127 0.000 -0.352 -0.382 -0.509 -0.630 -0.218 -0.133 -0.327 -0.297 0.061 0.164 
Average P 0.50 0.20 0.20 O.se 0.50 0.20 . 0.10 0.50 0.50 
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Table 8 fultinred _.-'-' .' 

pH pH Cond. Cond. O.M. ' O;M' K K Ca Ca Mg Mg Na Na fu fu 
'Sor. Ave. Sur. Ave. Sur., ,lWe~ "Sur~ Ave. Sur. lWe. Sur. Ave. Sur. Ave. Sur. ' 'lWe. 

pH R 
Surface p 

pH R 0.891 
Average p 0.002 

Cond. R 0.309' 0.248 
SUrface P 0.5 0.5 

Cond. R 0.564 0.467 0.891 
, Average P 0.10 0.20 0.002 

O.M. R -0.297 -0.358 -0.115 -0.321 
SUrface p 0.50 O.SO O.SO 

O.M. R -0.461 -0.497 -0.061 0.242 O.ace 
Average p 0.20 0.20 0.01 

l~ R 0.521 0.545 0.521 0.630 -0.558 -0.697 
Surface P 0.20 0.20 0.20 0.10 0.20 0.05 

K R 0.285 0.430 0.442 0.515 -0.600 -0.630 0.860 
Average P O.SO O.SO O.SO 0.20 0.10 0.10 0.005 

Ca R 0.697 0.539 0.564 0.600 0.236 -0.109 0.461 0.273 
SUrface P r~.05 0.20 0.10 0.10 0.20 0.50 

Ca R 0.612 -0.200 0.818 0.915 -0.036 -0.206 0.679 0.588 0.746 
Average P 0.10 0.01 0.001 0.05 0.10 0.02 

Mg R -0.236 0.164 0.067 -0.0l.I0 0.746 0.558 0.030 -176 0.879 0.018 
SUrface p 0.02 0.20 0.002 

Mg R -0.176 0.267 0.345 0.200 0.442 0.279 0.455 0.115 0.883 0.200 0.900 
Average P O.SO 0.50 O.SO O.SO 0.20 0.005 0.001 

Na R 0.<173 0.430 0.788 0.873 0.206 -0.206 0.564 0.485 0.582 0.752 0.146 0.461 
SUrface P 0.20 0.50 0.02 0.005 0.10 0.20 0.10 0.02 0.2 

Na R 0.624 0.545 0.721 0.891 -0.139 0.170 0.545 0.430 0.661 0.800 0.175 0.C85 0.958 
lWerage p 0.10 0.20 0.05 0002 0.20 O.SO 0.05 0.01 0.20 0.001 

fu R -0.400 -0.279 0.315 0.170 0.315 0.261 0.152 0.048 0.139 0.194 0.388 C.37n -0.873 0.133 
Surface p 0.50 0.50 0.50 O.SO O.SO' O.SO O.SO 0.005 

fu R -0.806 -0.745 -0.018 -0.176 0.139 0.570 -0.327 -0.272 -0.636 -0.158 0.018 -0.067 0.206 -0.248 0.558 
Average P C.Ol 0.02 0.10 0.50 O.SO 0.10 
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-1.104 Interactions in the Ecosystem 

. ,. 

Two-way indicator species analysis divided the 

stands into groups that contrasted significantly in 

altitude. Group 3, vlhose indicator species were 

Psidia .puncutlata and Heteropogon contorus had stands 

that were situated at higher altitudes, ranging from 

1550 meters to 2075 meters above sea level, than 

stands of group 2 \vhose altitudes ranged from 190 

meters ~o 1400 meters above sea level. Altitude is 

an important environmental factor affecting atmos-

pheric pressure, moisture, temperature which has a 

strong influence on the growth and development of 

plants and distribution of vegetation (Hebderg, 1954, 

1968: Oasting, 1956). 

On the Eastern Escarpment of Eritrea rainfall 

seems to be the most important climatic factor as so-

ciated with altitude. Stands situated at higher 

altitudes had received moisture from both the summer 

rains and the winter rains. However, the winds had 

reached them after having lost much of their moisture 

and thus had released only s.mall amounts of rain. 

Groups, A, Band C, which were the results of the 

division of group 3, fell under this category. On 

I, 

I 
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the other hand stands at medium elevation had received 

higher amounts of moisture because the I,linter rains 

had released much higher amounts of rain. Groups D, 

E, F and G which were the results of the division of 

group 2 stands could be categorized under this range 

of rainfall. Group H, I, and J which I'mre also the 

results of the division of group 2, had the lowest 

altitudes and had been under the influence of the 

winter rains and had only got the least amount of rain. 

In the study area, slope has been found to be 

strongly correlated to altitude (r = 0.737 signific­

ant at P>0.05). Slope, by affecting the intensity of 

light, moisture differences, runoff, the amounts of 

soil water and erosion, also affects the distribution 

of vegetation (Oasting, 1956). Thus groups A, Band 

C, being on steep slopes coupled ~lith the small 

amounts of rain,they get arid. For this reason 

drought tolerant succulent species, e.g., Opuntia 

ficus-indica, Aloe sp., Cissus sp. and Euphorbia 

tirucalli were found to be among the species common to 

these groups. 

As the loss of nutrients through leaching is 

determined by climatic factors and the nature of the 

bed rock, regions with high percolation have a high 
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potential for leaching (Buckwan and Brandy, 1974). 

Thus loss of nutrients ~laS bound to be small in 

groups A, B, C, J, I and H which were found under 

arid conditions, The ranking of the groups of stands 

according to decreasing conductivities supported this 

expectation. This ranking being C,I,B,J,G,H,A,F,E, 

and D for average of surface conductivities and I, J, 

C, G, A,H, F, R,B and D for average conducti vi ties over 

all the depths. 

spearman's rank correlation revealed that the 

percentage of organic matter of the soils was posi­

tively correlated \'lith altitude and slope. The rank­

ing of the groups of stands according to the decreas­

ing amounts of organic matter was C,D,B,G,I,E,A,F,H 

and J for surface values and C,D,B,A,E,H,G,I,E' and J 

for average values over all the depth of the soils. 

This may be in contradiction with the expectation 

that soils of stand groups with steep slopes should 

have less organic matter o~ling to the loss of soils 

through erosion (Thompson and Troeh, 1978). However, 

groups Band C which \>lOre located on the steepest 

soils were at the highest altitudes and the area had 

been terraced for the last 50 years. Moreover, Opuntia 

ficus-indica, which \>laS introduced to the study are in 

I! 
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the last century to reduce erosion of the areas 

around the railway from Asmera to Mitswa, has proli­

ferated successfully throughout the escarpment above 

the altitudes of 1800 meters above sea level. This 

species is observed to hold the soils well, and thus 

would have contribute some percentage to the organic 

matter content of the soils. The lower temperature 

associated with the higher altitudes and the drier 

enyironment of the stand groups would also reduce 

decomposition resulting in the accumulation of organic 

matter in soil. 

Groups J and H, on the other hand, have the 

least amounts of organic matter. This can be attri­

buted to the low biomass production in the arid condi­

tions in which the groups I.ere found. 

Altitude, slope organic matter and conductivities 

of the soils also should significant correlations with 

some of the exchangeable cations of soil measured. 

The cations SOdium, potassium and calcium had 

their highest concentrations in groups I and J. This 

was to be expected because these groups of stands 

occurred in the area I'lhich had received least amount 

of rain and highest temperatures resulting in little 

loss by leaching. Moreover, the slOl., rate of nutrient 
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cyclinq resulting from poor biomass production, slow 

rates of nutrients uptake and release by plants and 

slow rates of litter decomposition in arid lands could 

have contributed substantially to the high accumula-

tion of the cations ("I'!est, 1981). 

In the other groups of stands the concentration 

of the cations fluctu.ated depending upon the amounts 

of organic matter the soils contained the humidity of 

the area and soil texture. 

Soil texture is another important environmental 

factor in that determines the concentration of nutri-

. ents by affecting cation exchange capacity, \~ater' 

holding capacity and aeration of the soils. Differ-

ences in texture amongst the groups were not very 

significant. Nevertheless some significant correla-

tions were obtained between cation concentrations and 

clay and silt percentages of the soils. For instance, 

the spearman's rank correlation coefficient (r) between 

potasiurn content of the soils ave'raged over all the 

depth and percentage of silt of the soils is 0.909 

(significant at P < 0.001) and between ca.lcium content 

of the soils averaged over all the depth and silt 

content of soils averaged over all the depth is 0.697 

(significant at P < 0.05). 

I' 
I 
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cycling resulting from poor biomass production, slow 

rates of nutrients uptake and release by plants and 

slow rates of litter decomposition in arid lands could 

have contributed substantially to the high accumula­

tion of the cations (West, 19~1). 

In the other groups of stands the concentration 

of the cations fluctuated depending upon the amounts 

of organic matter the soils contained the humidity of 

the area and soil texture. 

Soil texture is another important environmental 

factor in that determines the concentration of nutri-

. ents by affecting cation exchange capacity, \~ater 

holding capacity and aeration of the soils. Differ­

ences in texture amongst the groups were not very 

Significant. Nevertheless some significant correla­

tions were obtained between cation concentrations and 

clay and silt percentages of the soils.· For instance, 

the spearman's rank correlation coefficient (r) between 

potasium content of ·the soils averaged over all the 

depth and percentage of silt of the soils is 0.909 

(significant at P < 0.001) and between calcium content 

of the soils averaged over all the depth and silt 

content of soils averaged over all the depth is 0.697 

(signi ficant at P < 0.05) . 
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Another important chemical factor closely l"elated 

to concentration of cations, organic matter in soil 

and texture of the soils was the soil pH.pH has little 

or no direct effect on plants but on the release and 

availability of nutrients. High pH's are associated 

with high amounts of the acidic cations Al+ 3 and H+ 

and Imv basic cations (Buckman and Brandy, 1974). 

Thus the soils that are highly leached have lower pH 

because the basic cations have lower proportions than 

the acidic cations. 'Of course, the nature of the 

parent material has also a strong influence on the 

concentration of the different cations and thus on 

the pH. Significant~ositive correlations between 

the concentrations of cations Ca, K and Na and nega-

tive correlations with the cation manganese were 

obtained as expected. 

Related to the soil organic matter, climate, 

soil drainage, and soil mineralogy is the soil color. 

Lower layers of soil may be very nearly the color of 

their constituent minerals with the influence of humus, 

climate and drainage showing more towards the surface. 

(Buckman and Brady, 19741 Pitty, 1978: Thompson and 

Troech, 1978). In arid regions the soil colo1/, is 

.stro)1gly influenced by the natural color of parent 

material because humus and iron are low (Thompson 

and Troech, 1978). As expected the color of 

\' 
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groups H,l, and J found under the arid conditions of 

10\~er altitudes, had higher YR values representing 

mainly the color of the soils of parent materials, 

while groups A/BrC,E ane F had lower values of YR 

probably because of higher or0anic matter contents 

and the effects of enhanced weathering owing to 

higher moisture. 

Comparing the groups of stands that resulted 

from the division of group 3 I group A equivalent to 

group 7, had a lower average altitude than group 6. 

The indicator species for group A were. Justicia 

striata and Enneapogo shimperanun and for group 6 

they were Asparaqus falcatus, Monechma debele, Both­

riochloa radicans and Opuntia ficus-indica. Group A 

soil have higher clay contents, than groups Band C 

(the result of the division of group 6) the contrast 

being significant at P < 0.001 for A and B, and at 

p < 0.05 for A and C for the surface average and at 

P < 0.005 for A and B for the average values overall 

the denths. Under the arid conditions in which the 

groups were found, the more clayey soils of A had 

retained higher amounts of sodium ~Iith group A having 

. sIgnificantly higher amounts of sodium than B at P<O.OOl, 

and at p < 0.05 than C for the average of the surface 

values, Soils ~Iith a higher thnn normal 
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content of sodium tend disperse creating unfavour-

able conditions for the entry and movement of water 

which inturn has adverse effects on the growth and 

development of plants (United States Salinity Labora­

tory Staff, 1954). In a(lreernent with this, the per-

centage of organic matter in the soils of group A was 

lower than group Band C, the contrast being signifi-

cant between A and C. (P <'0.001 for surface values 

and at P < 0.01 for average values over all the depths). 

The higher amounts of organic matter had significant 

effects on the concentration of exchangeable cations 

in the soils as group C had higher amounts of the 

cations K,Ca,~lg and Mn, than both group A and B. 

This could be explained by the higher accumulation of 

these metabolically important cations in the above 

ground part of the plants and their release to the 

ground on death and decay of the plant (Cf. Binet, 

1981)~ 

Group C and B had significant differences in 

altitude and slope. The indicator species for group 

B \1aS Pelargonium alchemilloides and for group C 

Harpachne shimperi. Many of the stands in group B 

had altitudes approaching or even exceeding the 2000 

meters above sea level. This altitude is indicated by 
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l\b.u 1'- Haggaq (1961) as the demarcation line above 

which the winter rains release little or no moisture 

to the region. Some of the stands (e.C!. 70,71,76 and 77 of 

group B ~re located in the rain shadow of the winter 

rains. Thus group B could be said to be under more 

arid condition than group C. Moreover, agricultural 

systems were more developed at altitudes above 2000 

meters. Permanent villages that perform cultivation 

similar to those of the plateau were found in areas 

near group B stands. Thus the group B stands, having 

lower slopes than group C stands, \vere more exposed 

to human interferences than group B stands with very 

steep slopes. Therefore, the generally more arid 

conditions prevailing in qroup B stands and higher 

human interference in group B than II could have reduced 

substantially the diversity of plants in B and enhanced 

erosion'. For this reason the percentage of organic 

matter in group B was significantly Imver than in group 

C (P < 0.005 for surface and P < 0.001 for average over 

all the depths). Parallel to this there were higher 

concentrations of exchangeable cations in group ethan 

in B. 

At division level II group 2 was divided into 

group 5 whose indicator species were Ocimum sauve, 

Spermococe chaetocephala, Crotolaria ononoides and 

I' 
i 
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D()d()JlOO_~ yi~c()s a, and group 4 whose indicator species is 

Tribulus terrestris. As indicated in the discussion 

above the stands of group 1\ were situated at lower 

altitudes getting lower amounts of rain than group 5 

stands. Group 4 stands had generally higher concen­

tration of cations, higher conductivities and pH, and 

higher YR values, lower content of organic matter and 

10\~er slopes. 

At division level II group A was divided into 

groups I and J. The indicator species for group I was 

Digeria alternifolia and for group J they were Zygo­

phyllum simplex and Boerhavia refens. The stands of 

group I situated in the Ailet plain at the base of the 

escarpment have higher altitude than group J stands 

which are found in more arid conditions not only 

because group I stands (except for stand No.9) could 

have had higher soil moisture owing to higher amounts 

of underground \~ater at the base of the escarpment. 

The soil texture of group I and J also showed some 

differences. Group I had higher clay and silt propor­

tions than group J although not significantly. Clay 

having highe"r water and" nutrient retaining capacity, 

the strongly" adsorbed cations in the cation exchange 

site Ca,Mg,Mil, are found in higher amounts in group J 

ftWn I. Moreover, the soils of the group I stands had 

I' 
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recei ved more organic' IPattor laden eroded soils from 

the escarpment which had more plant cover, than group 

J stands which had received eroded soils from the 

relatively dried hills surrounding the Mai Atal plain. 

Organic matter having a strong influence upon the 

structural aggregates, retention of moisture and 

adsorption of nutrients in the soil (Etherington, 1975) 

had led to a more proliferated grm'lth of plants and 

higher diversity of plant species in I than J. This 

in turn would mean the addition of more organic matter 

to the ground and faster nutrient cycling. 

At division level II group 5 divided into group 

10 whose indicator species were Digeria ternata and 

Acacia tortillis and group 11 whose indicator species 

was Dodanaea viscosa. Group 10 had a lower average 

altitude than group 11, and this meant that group 10 

stands were under more winter rains influence than 

group 11 stands. More settlements of highlands far­

mers and Soho pastoralists,. who mic;rate in the winter 

season to the escarpment to cultivate some crops, were 

observed tm~ards the base of the escarpment around 

which most of the group 10 stands were situated. This 

agricultural activity would mean, however, that there 

was more interferences in the natural ecosystem of the 

region of <:roup 10resultinCj in less plant cover and 
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more erosion. To support this, group 10 had a higher 

average rock percentage exposure at the surface, and 

less organic matter in the soil. There were not how-

ever, many significant contrasting among the groups 

that were divided between group 11 and group 10 on 

the exchangeable cations concentration, except for 

group H. Group H stands were found at the base of 
J • 

the SDHrguma hills, under more arid conditions and - . 

with lo\~er slopes and higher clay and silt content 

which had been eroded from the hills resulting in the 

accumulation of cations. The significant contrast of 

group H is not, however, only \~ith the groups identi-

fied for group 11 but also with the groups that IMde up 

group 10. 

I' 
I 
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4.2 Ordination studies 

Both reciprocal averaging and detrended corres­

pondence analysis distributed the stands along the 

the first axis according to their altitude stands 

with high altitude having lo\~ ordination scores and 

stands \~ith low altitude having high ordination scores. 

The ordination scores of the stands are given in 

Appendix Dl. A8 :indicated in tOO introduction, moisture is 

the most important environmental factor that is asso­

ciated with altitude. Thus, it could be said that 

the ordination diagrams (Fig.3,4) for both reciprocal 

averaging and detrended correspondence analysis show 

the distribution of stands along a moisture gradient. 

As is seen in the ordination diagrams both 

reciprocal averaging and detrended correspondence 

analysis formed two disjunct sets of stands which 

coincided with the group 2 stands and group 3 stands 

that were formed by both the two-way indicator species 

analysis and the association analysis. 

Group 2 and group 3 stands were thus ordinated 

separately in order to obtain continuous subsets 

(Gauch, 1977). 
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4.2.1 Ordination of Group...,?·Stands 

The ordination scores of group ? stands are 

given in Appendix D2. The indicator species that 1>.B:re 

identified by the two~\~ay indicator species analysis 

are represented by symbols for each stand position in 

Figure 7. The groups of the stands that were identi-

fied by the indicator species were also shown on the 

stands ordination diagrams and the stands that belonged 

to the same group came out close together in most cases. 

Superimposing the values of the environmental 

factors deterwined for each stand on the detrended 

correspondence analysis ordination diagrams (Fig. 8-17) 

revealed that the stands were distributed on the first 

axis along a moisture gradient. The stands with high 

ordination scores had the lower altitudes and were 

dried than the stands vlith low ordination scores which 

had higher altitudes. The other environmental factors 

were also seen to shO\~ some pattern with different 

degrees of skewness along the first axis. ~'or inst-

ance, organic matter and magnesium were seen to 

decrease along the first axis while sodium and conduc-

tivity sho\., at trend of increase along the first axis. 

The cations Ca and K are seen to be high at both the 

right and left ends of the ordination diagrams with 

lower values in between. 
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'I'he positiw) corn'llation between the amounts of 

organic matter and altitude may be attributed to tho 

increasing moisture with increasing altitude creating 

better conditions for plant grOl'lth and a greater 

diversity of plants. As a result of the high orgall.l.c 

matter at high altitudes, high concentrations of the 

cations calcium and potasium \~ere observed. The high 

values of the cat:ions calcium and potassium in the 

101~er altitudes may be attributed to the higher clay 

contents and more arid conditions prevailing result­

ing in less loss through leaching. 

The cation, magnesium, is also observed to be 

high in the soils of the high altitude stands which 

have soils with higher organic matter contents. 

Although it is indicated that magnesium content of 

organic soils is not very different from overall soil 

mineral content (Buckman and Brady, 1974) the correla­

tion between high organic matter and high magnesium 

contents sugqested that this element had been actively 

accumulated in the plant biomass which inturn enriched 

the soil with magnesium upon death and decay. 

Soil conductivity and the cation sodium showed a 

trend of increase along the first axis. This could 

be explained by the increasing aridity with decreasing 

\ ! 
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altitude, resulU.l1CI in higher accumulation of th" 

minerals in the soils because little had been lost 

through leaching and the increasing effects of th~1 

sea. These higher concentrations of the cations and 

higher clay contents of the soils in the 101'1 altitude 

stand also resulted in hiqher pH valUes. 

Oetrended correspondence analysis weighted 

averages hybrid ordination scores are qiven in Appen­

dix 04. These results supported the finding from 

classification as I~ell as those obtained by superimpos­

ing the values of environmental factors of each stand 

on the stands ordination cliagrams. In this detrended 

correspond.ence ana 'yses weighted averages hybrid ordi­

nation (Fig. 18), soil conductivity and the cations 

sodium and potassium have high ordination scores in 

the fi rst axis. This coinc.ided I"i th the high ordina­

tion scores of the low altitude arid stands. On the 

otJ:ter hand, organic matter and elevation have low 

ordination scores in the first axis. The high altitude 

and relatively more humid stands also have low scores 

on this axis • 

4.2.2 Ordination of Group 3 Stands 

Ordination scores for group 3 stands are given 

in Appendix 03. As in the case with the group 2 stands 



VJ 
C\ 

"" 
III 

'''; 

.;a 

~r: 0 • ..,l 
j ....... r , 

i 
:;<,,1 
-~ , 

I 

,). ~d. 
.~¥ l 

~Al·:; 
j 
I 
1 
i 

584-
1 

52 

i 
1 
! 

~ ... '()-1 
'. , 
L 
1 43 
\ 
I 

2Dt 

\ 

41 
53,? 

4.,.." 
'. 46 

<w~ 

O·,{z 
49 . 

51 50 

3t!gl 

Mg 2 , 

~1;S S""d2 ' 

""'Sa:nd 
]. 

Ll? .. 

33 

33 

.2932 • 

26 • 
37 

Ca2~ 

P!l:2 • 
c~~ 

48 
• 

pH~ • 

39 

14 

25 2~ 
17 • 

15 

~e ~3 

18 
21 

20:
21 

22 

• 21,. 
31 

9 .. 
11 

~2 . 
10 

K ... ~ 
2 

Na ... 
2 

• 

6 
"2" 

1 

Al 
• 7 

~ 

~ 

(~~nd 

c 

Na, 
1 

4 .., . 
~ 

8 

! ~" 3i?.,S Clay" Clay.., 
~ .... ;:, .... ~ .. 11 .I.;.J H (1.1. ~ .... 
~ ~ 36.;) "" ~l,.nl .' .. ,n.,., S·, oJ,.. .. S:1.1"t .... :!-----___ ._. ' J 101 r tr 

,D 20 30 '0 SO . 60 
i "t;-- ? or 

70 '00 90 1DC 

Fig. is 
.~l.:i:is 1 

Environmental factors ordinated wi th the group 2 stand.s according to detrended cor:respo::tdence 
hvb~id 

analysis weighted averages ordination . (Each number coz:responds to it stand. and "the envirQll..Tfiental 

f:::.ctors with a suffix 1 represent surface values, and those with suffix 2 are average values over 

,,11 the depth. Cond conductivity, O.M. organic matter and Alt = altitude) 



97 -

t:hc stanos in (it'<lUP 3 that Nere relatod accorrUnC) to 

their classification call'.o out close together in the 

stands ordination diagrams. (Fig. 19 and 20). 

Superimposing· the values of the environmental 

variables on the ordination diagrams (pig. 22~23) 

revealed that the stands were spread along the first 

axis according to the organic matter content of their 

soils. 'fhe stands with high organic content have low 

ordination scores, and stands with .low organic matter 

content have high ordination scores. As has been 

indicated in tho discussion on classification, the 

high organic matter was related to high soils moisture 

on the region, thus the stands could be said to be 

distributed in the ordination diagram along a mois­

ture gradient. '1'he other environmental factors did 

not show clear patterns in either of the first or 

second axes, but soil conductivity and cations ea 

and K were observed to be high in the stands at the 

left and right end of the ordination diagram, being 

medium in the stands at the middle of the ordination 

diagram. The high calcium and potassium amount? in 

the soils could be attributed to the high organic 

matter content of the soils. in the stands I"ith low 

first axis ordination. High organic matter content 

in the soils increased the cation adsorbing capacity 
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of the soils and also added the elements that were 

accumulated in the plant biomass to the ground On 

the other hand, the higher calcium and potassium in 

the soils of the stands with high first axis ordina­

tion scores could be attributed to the higher clay 

and silt content of the soils of these stands which 

had increased their cation adsorbing capacity. The 

cations magnesium and manganese are also observed to 

be high on the stands with low ordination scores. 

As is indicated in the foregoing discussion, this 

could be attributed to higher organic matter content 

of the soils. The plants could be said to have 

actively accumulated these cations resulting in their 

release to the ground on death and decay. Moreover,.· 

the low pH created by high organic matter content of 

the soils could have increased the availability of 

the element manganese (Buckman and Brady, 1974). 

The cation sodium showed a higher concentration 

in the stands with high first axis ordination scores. 

This was attributable to the high clay content and 

the arid conditions prevailing in these stands result­

ing in less loss through leaching and thus the accumu­

lation of the cation in the soils. 

I' 
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As is indicated in Figure 32 detrended corres­

pondence analysis-weighted average hybrid ordination 

also gave results that support the foregoing finding. 

Stands with low ordination in the first axis were 

charadterized by high altitude, higher organic matter 

and higher amounts of magnesium and manganese and the 

stands with high first axis. ordination sdores were 

characterized by higher soil conductivity and higher 

sodium contents. 

\ ' 
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ClJl\P~[,FH 5 

SOME RECmlMEDlITIONS FOR THF. W\NAGE t4ENT OF THE VEr,RTNt'IO~ 

ON THE EASTERN ESCA~P~lENT mo' ERITREA, 

Vegetation has a key role in maintaining the produc-, 

tivity of the environment. It nrovides food for animals 

and a standing cover to nrotect the land from "rind and 

water erosion. In arid lands the vegetation cover is fraqile 

and the forces of erosion stronq. In using aridlands, one 

has to recognize the limitations imposed bv a harsh environment 

and manage them accorilinglyo Rainfall is not only low but 

also erratic falling in big showers in short neriods inter­

spersed with long dry periods. plant growth, dependent on 

available soil moisture, is thus limited to short bursts 

separated by long periods of quiescence. Therefore, in arid 

land management plant material oroduced in short bursts must 

be conserved and its use spread over 10nq dry non nroductive 

periods (Hensching and Ibrahim, 1977, P0rrv, 1981). 

The vegetation on the Eastern 'Escarpment of Eritrea, 

which is predominantly under arid conditions, is grossly 

mismanaged. It has been suhiected to intense and uninterrupted 

destruction exposinq the surface to erosion, reducing future 

nroduction and thus contributinq to the desertification of 

the "Thol., area. 

\ ' 
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Reveg(~tation, primarily for protect,ion, is then the 

issue of urgency in the area. The first auestion that has 

to be tackled on an ecological hasis is the veaetation 

process. In order to do so the choice of species that could 

provide better and qui9ker nrotection and maintain high pro-

ductivity is a prerequisite. 

Ordination and classification studies on the veqetation 

of the reqion have indicated that the reqion can broadly be 

categorized into three aroups depending on the amount and 

distribution of moisture. 

Under category 1 fall the vegetation of the areas 

above 1400 meters altitude from sea level, which get their 

moisture from both the surruner am) winter rains but in 

small amounts. The region is observed to have very steep 

slopes, highly exposed soils and sparse vegetation. The 

area thus needs veqetation cover urgently to nrevent it 

.from further soil erosion. Terracing the land and nlantinq 

it \~ith shrubs and herbs would hold the soil and create 

conditions conducive for the reqeneration of the natural 

vegetation. In support of this, in spite of the arid conditions 

and very steep slopes, the highest organic matter content 

of soils is observed, (in the areas that are terraced Agave 

sisalina and Opuntia ficus ~dic~ CfrO~l(l in abundance), Opuntia 

\' 
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ficus-indica has also economic value b(;sicles its protective 

function in that it provides edible fruits that are consumed 

in large quanti ti(~s in the towns and villages in and around 

the escarpment. Nevertheless ,the plant is observed to arrest 

the natural regeneration of. the vegetation of the area and 

reduce species diversity. other species that are nerferentlal 

f6r the area, but presently with low seed numbers must thus 

be planted. For example, planting Dichrostachyus cinerea, 

Acacia etabica and Acacia sene'Cal, would hold the soil well 

as ~Tell as enriching it because t~ey are leaumes and also 

give good yields of wood for f.ueL Other economically 

valuable trees like Olea africana and Junipero~ nrocera, 

.Thich once \~ere dominate species of the area, could also be 

tried. Exotic species that are drought tolerant, and able 

to grO\'! fast in shallO\v soils could also be included in the 

list of species that could be used for re-vcqetation of the 

area. For example Pinu~ halenensis, 'vhich is reported to 

be highly drough resistant, capable of gro~ling in shallol'/ 

eroded soils and also to give crood timber yields in a 

relatively short period of time (Kapllar ct. al., 1970; de 

Phillips, 1970) would serve ,·.rell f.or this nurpose. 

In the second cateqory is found the vecretation in the 

area betlveen the altitude of about 1400 meters and 800 meters 

above sea level. This area crets substantial amounts of 

L 
I 
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winter rain and small amounts of moisture from the summer 

rains. On the whole, eventhough some years are much drier 

than others, moisture is not a limiting factor in this area, 

H0\1ever, most of the natural vegetation COVRr has been 

removed through the intense rlevegetation that has been 

taking place. 

Having higher moisture, less steep slopes and more 

plant cover, than the area under category 1, the soil conditions 

of the area under category ? could have a better chance to 

improve and natural vegetation to regenerate quickly. plants 

that are economically imnortant but demand good soils con-

ditions to establish could also grow better in this area 

than in the area under catecrory 1 and thus should be tried, 

In the third category is found the vegetation bel0\1 

the altitude of 800 meters above sea level, l1hich gets its 
the 

rain in "winter only. This area is highly arid and has 

relatively 10~ler slope. Thus it is bound to have less 

loss of nutrients through leaching and erosion resulting 

in an accumulation of cations, For this reason, soils that 
in the reqion, 

approach saline and alkaline conditions prevail " 140rebver, 

as one goes away from the escarpment and anproaches the sea, 

young soils with shallDl1 depth, highly influenced by the 

parent material are observed, The ef.fect of the sea in 

j, 

I 
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increasing the salinity of the region also increases as one 

approaches the sea CO'1st. The vegetation under cate'1ory 3 

is thus very fragile because of these hicrhlv unfavorable 

environmental conditions. Grazing and cutting nlants for 

fuel or construction and expansion of field crons in the 

area must therefore be limited. Rather, measures of re~ 

vegetation must be activated. In the process of revegetation, 
plat'ltina 
Atrees and shrubs around the drinking areas for livestock 

could reduce the effects of grazing. In the revegetation 

of the areas that have shallOl" soils ".ith little transported 

materials and under the influence of the sea, nlants that 

are highly tolerant to sali ni ty, and that could establish 
easily 

themselves in shallow soils must be chosen. Around the 
h 

base of the escarpment (e.'1 Ailet plain) wher.e the soils 

are predominantly transported from the Massif, and where 

under ground \'later is relatively high, faster growing and 

economically. important plants could be tried. Ziznhys spina-

christ, Balanities aeCfyptica and Acacia tortilis could serve 

for. this purpose (c.f. Kanlan, 1970, Kual; 1970; Oadekoven; 

1970). 
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Appendix A: Vegetation data collected from the Eastern Escarpment 

of Eriti'ea 

Field Speci~ 
No. menNo. Scientific Name 

1 1 Ruellia patula Jacq 

2 ? Biephari~ maderspatensis (L.) Ruth 

3 3 Justicia hetorocarpa T. Andres 

4 4 As},sta!;ia gangelica (L.) T. Andres 

5 5 Peristrophe bicalculata (Vahl) Klees 

6 6 Nonechinia debele (Forsk) Nees 

7 7 Ruellia prostrata T. Andres 

8 13 Ecbolium gymnostachym (Nees) Milne 
Redhead 

9 16 Dyschoriste radi cans Noes 

10 17 Eypoestes verticillaris (Linin,f.) 
Roem & Schult 

11 18 llarleria eranthemoides r. Br 

12 19 Barleria proni tes 

13 20 Justicia striata (Kh.) Bullock 

14 

15 

16 

17 

18 

19 

20 

21 

21 

22 

23 

24 

25 

26 

28 

29 

Blcpharis madcraspatensis (L.) 

Roth 

Justicia £lava Vahl 

Justicia cordata (Nees) T. Andres 

Thumbergia alta Boj ex. sims 

Corhrchonia decumbens (Forsk.) 
Exell 

Zaleya pentan(1ra (L. ) Jeffrey 

Stands. Number 

:24 ~2"l ~28 .. '30,'33,36,39,45 

9,12,39 

14,15,16,17 

36,37 

5 

60,62,66,69,70,71,73,74 
75,,75, 

62,63,64,65 

10,11,14,20 

62. 72 , 75, 76 , 77 

60,70,76 

53 

29,32,33,34,41,44,46,49 

50,,54,55,56,57,58 ;61,63 

66,67,'10,71,75,7-7, 

54,67 

61 

33,36,37,38,39,41,42,43 

45,47,48,52 

28,29,32 

64,65,66,68,74,75,76 

26,27,28,29,30,32 

9 

4 

/, 
I 
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Appendix A continued 

Field Speci-
No. 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33~ 

34 

35 

36 

37 

men No. Scientific Name 

32 Mallugo nudicauulis Lam. 

33 Pupalia 1apocea (1.) Jues 

34 Amaranthus graecizans L. 

35 Digeria alternifolia (L.) Aschera 

36 

37 

38 

39 

40 

41 

42 

45 

46 

47 

48 

49 

Aerva 1anata (L.) Juss 

Aerva perisca (Burmf) Meriill 

Achyranthus aspera L. 

Amaranthus hybridus L. 

Rhus abyssinica 01iv. 

Rhus nata1ensis Kravs 

Sauromatum sp. 

Tori1is arvensis Huds. Link 

Pimpinella sp. 

Acokanthera shimperi (A.D.O.) 
Benth. 

Carissa edulis Vahl. 

Stands Number 

54 

9,12,20,21,22,23,24,25, 

27,28,29,30,31,32,33, 

39,48,51 

1 

1,10,11,12,13,14,15, 

21,22,23,24,25,26,27 

26,29,31,32,33,39,42 

55,58,61,70 

7,8,19,20,21,22,23, 

24,31,38,48 

1,3,6,7 

12 

66 

54,60,61,62,63,64,65, 

66,67,68,69,74,75 

.28,29,36,37,42,46, 

34,35,38,42,43,44,45 

46,50,52,5.3 

19,27,28,31,34,35,36, 

37,43,53 

34,35,36,37,40,41,43, 

44,46,53,57,58 

27,31,37,54,56,57,58,60 

61,62,63,66,67,68,69,70 

71,72,73,74,75,76 

2,3,4,5,6,7,8,11,12,24 
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Appendix A continued 

Pield Speci-

No. men No. Scienti fic Name Stands Number 

38 51 Perguluria daemia (Forsk.) r:hiou· 1,12,13,14,15,32
1
33 

39 52 Huerniu macrocarpa 47 

40 53 Cynanchum tetrapetrum (Tul'ez;) Dyer 
ex, Bullock 1956. 49 

4i ~4 Echidnopsis dammanniuna Spreng Ex. 
N.E.Br. 56,57 

42 57 Veroniu sp. 30,38,43 

43 40,41,42~44~45,4~,52 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

59 

62 

64 

65 

66 

67 

68 

69 

70 

71 

74 

75 

76 

Tridex procumbens L. 

Galinsoga sp. 

1l1ainvillea sp. 

Gnaphali um sp. 

Sonchus gigas Boulos ex. Pumbert 

Sonchus sp. 

f!elichrysum glumuceum D.C 

Conyza pedunculata Mill. 

Pulicaria shimperi D~. 

Vernonia cinerea (L.) Less 

Bidens pilosa L. 

Crassocephalum· sp. 

Bidens prestinariaefol'll1is 

(Voltka) cuf 

53,54,55,56,57 

9,15,18,25,26,27,28,29 

31,32,41 

37,38,39,40,42,47 

28,30,33,37,43,46 

14,21,26,38,42,43,45 

46,47,51,52,53 

9,10,11,13,15,16,17,18 

19,20,21,22,23,24,25, 

32,33,36,38,39,40,41, 

43,45,47,51,52, 

1,6,7 

4~,50,51,52,57,58,59,74 

26,27,28,29,31,32,33,34 

35,36,40 , 
1,2,3,6,9,11,14 

1 

16,28,29,34,35 

26,27,28,29,30,33,34 

35,42,44,46,51,52,53 

19,20,21,24,26,29,30 
31,32,33,36,37,38,39 
41,42,43,44,45,46,47,52 

I' 
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No. 

57 

58 

S9 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72. 

73 

74 

75 

76 

77 

78 

79 

Speci-

men 

77 

30 

85 

37 

88 

89 

91 

92 

95 

96 

97 

98 

99 

100 

lOS 

107 

108 

109 

110 

111 

112 

113 

~o. Scientific Name 

Notonia coccinea Olivo and Piern 

Psidia puncut1ata D.C. Voltke 

Peliotropium longifolium (A.D.C) 

Bunge 

Holiotropiul1 subulntum Dc.~!nrkelli 

l!e~iQtropium a0gypticUl~ Lehm. 

Heliotropium albohispidum Bok. 

Cyanoglossum sp. 

Cardamine sp. 

Farsetia sp. 

Brassica sp •. 

Commiphora shilllPeri (Berg.).llng1. 

Commiphora habessinica 

Nah1enbergia sp, 

Maerua sp •. 

Boscia sp. 

Cadaba farinosa Forsk. 

Pol1ichia campestris Ait. 

Silene sp. 

Cerastium sp. 

Arenaria serphyllifo1ia L. 

Polycarpaea eriantha A. Rich. 

May tenus senega1enses (Lam.) Excll 

May tenus sp. 

StandsNUJDljer 

54,63,64,66,67,72 

54,55,56,57,58,59,60,61 

62,63,64,65,66,67,68,70 

72,73,74,75,76,77 

48,49,50,51 

55 

54,55,60,61,62,64,65,67 

68,69,72,73,74 

6,9 

18,27,34,35,40,41 

34,47 

3,8 

39,52 

32,33 

64,65 

19,38 

9,16,27 

30,63 

5 

65 

38,41,42,43,44,45,51,52 

46,47 

41,42,44,46,49,51 

I 

9,10,11,16,17,18,19,20 

21,22,23,24,25,26,27,31 

33,62,53 

54,56,58,64 
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No. 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

!l6 

97 

98 

99 

men No. 

115 

116 

119 

121 

122 

123 

124 

133 

136 

137 

138 

140 

141 

142 

143 

144 

146 

147 

148 

149 

Scientific Name 

suedia sp. 

Chenopo<lium schraderianum Roem. 

et. Gch. 

ComUl'etum molle R,BI', ex. G.Don 

Seddera sp. 

Evo1vulus alsinoides (L.) L. 

Crossu1a alba 

Crassula sp. 

Cucumis dipsaceus Spach. 

Ipomea sp. 

Phyll anthus sp. 

Euphorbia tirucalli L. 

Securineja virosa 

Acalypha fruticosa Forsk. 

Euphorbia hi rta L. 

Acalypha endica L. 

Phyllanthus sp. 

Phy11anthus maderspatensis L. 

Acalypha sp. 

EuphorOia shimperi Prest. 

Stands Number 

6,7 

66 

19,26,27,29,30,31,33,34 

35 

4,6 

1,9,10,13,15 

49 

35,44,52 

25 

14,15,16,17,18,20,21, 

22,23,24,25,27,29,37,39 

41,42,43,45,47,51 

22,23,39 

56,64,65,69 

20,22,26,27,28,29,30 

31,32 

18,19,20,23,27,28,29 

13,15,17,18,20,21,24, 

25,26,29,33,48 

8 

12,13,16,17,18,19,20,21 

24,25,26,27,28,29,30,31 

32,33,36,37,38,39,40,42 

45,47,52,53 

59,61,65,71 

9,13,16,28 

21,22,25,31 

23,29,34,38,40,42,44, 

52,53 
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Field 

No~ 

100 

101 

102 

103 

104 

105 

106 

107 

103 

109 

110 

III 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

Speci-

men No. 

150 

151 

152 

153 

155 

156 

157 

158 

159 

161 

162 

163 

164 

165 

167 

163 

171 

172 

174 

176 

177 

179 

180 

Scientific Harne 

Euphorbia sp. 

Euphorbia sp. 

Crotolaria ononoides Benth 

Crotolaria sp. 

Crotolnria Chrysoch1ora Bank. f •. 

Trifolim campestre Schreb 

Lotus 1a1ambensis schw 

Rhyncosia sp. ' 

Acacia millifera (Vah1.) Benth. 

Acacia ehernbergiana Hyne 

Rhyncosia totta (ThUll.) Dc. 

Rhyncosia sp •. 

Rhyncosia sp. ' 

Indigofera garckeana Voltke 

Indigofera sessiliflora Dc •. 

Ingigofera c. f. tanganfikensis Ilak. f. 

.Jndigofera bravicalyx Bek. f •. 

Indigofera sp. 

Indigofera spinosa Forsk 

Indigofera spinif10ra Forsk 

Tephrosia uniflora 

Argyrolobium rupestre (E.Mey) 

wo1p 

Stands Number 

4,5 
3,11,13,14,23,25,29 

18,19,20,21,22,23,24 

27,28,29,30,31,32,33 

36,37,41,43,45,46,47,50 

62,63.6S 

1,13 

17,25,26,27,31,35,39 

42,45,46,49,50,51,52,53 

35,40,41,42,43,46,47,52 
53 

15,25,49,51 

39,40,44,46,47,53 

5,11,13,14,15.16,17,18 

19,20 

3,4,6,7,8,10,11 

55,62,63,66,67,72,74,76 

53,68 

62,63 

62,65,66 

49,50,51 

23,29,31,36 

51,63 

73,74 

54,55 

9,13,14,15,16,23,39,48 

27,37,47,57,77 

49,51,52,62,67,68,69 

70,72,74,76 
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No. men No. Scientific Name 

123 181 Indigofera sp. 

124 182 Trifolium arvense L. 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

14:5 

184 

185 

187 

188 

189 

191 

192 

193 

196 

197 

201 

206 

209 

210 

211 

212 

214 

215 

216 

Indigofera sp. 

Indigofera hockesteri Bak. 

Vicia sp. 

Cassia obsus L. 

Alysocarpus rugosus (Wil1d) Dc. 

Cassia italica (Mill) F.11. Andr •. 

Cassia occidenta1is L. 

Dichrostachys cinerea L .. 

Acacia c. f. senegal, (L.) Wild. 

Indigofera trita l.f. 

Acacia tortilis (Porsk.) Hayne 

Crotolaria microcepa Carp a Benth. 

Hypericum quartinianum A. Rich. 

Geranium arabi cum Forsk . 

Pelargonium alchemilloides (L. )Ait 

Ocimum SP. 

Nepta sp. 

Ocimum Sauve Willd. 

Stands Number 

3,4 

38,42,44,45,46,47,52,53 

34,35,45 

55,57,58 

53,58 

40,41,42,43,,45,49, 

18,19,20,21,22,23,24,28 

29,31,32,35. 

10,12,13,15,16,18,20,21 

27,31,32,33 
-15 

54,58,62,63,64,65 . 

54,56 

67 

2,3,4,6,7,8,9,10,11,12. 

13,14,15,16,17,18,19,20 
, 

21,22,24,25,26,27,29,31 

32,39,48,49 

9 

36 
, 

,27,40, '3 

63,64,65,66,67,72 

14,15,18,22,23,24,26,31 

32,38,41,42,47,50 

63,72,73,'15. 

16,17,18,19,20,21,22 

23,24,25,26,27,28,29,30 

31,36,37,39,40,41,43,46 

47,50,51,54,61,71,74 

I' 
I 
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144 217 Becium obvatum (E.Mey) N.E. 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 
164 

218 

221 

222 

223 

::125 

226 

230 

231 

232 

233 

234 

235 

239 

240 

244 

245 

246 

249 

251 
252 

BrOlm 

Leucas e.f. neuflizeana Cowb. 

Leucas marticensis (Jacq.) 

Ait Fi! 

Leucas martinicensis (Jacq.) 
R. Br. 

Satureja sp. 

Hoslundia opnosita Vehl 

Ocimum sp. 

P1ectranthus sp. 

Saturja bif10ra (ham.ex.Don) 

Brig. S.L. 

Gyphia glandu1ifera Hochst ex. 
A. Rich •. "" 

Abysicarpus sp. 

Hibiscus pa1matus Forsk 

Sida alba L. 

Abutilon sp. 

Pavonia arabica Hochst and 

Staud. e"x. lloiss 1er 

Pavonia patens (And?) Chiov. 

Hibiscus sp. 

Hibiscus sp. 
Sida ovata Forsk 

Stands Number 

55,56,57,58,60,61,62,70. 

64,65,68,69,74,75,76,77 

48,50,54,55,56,60,61,62 

70,71,74,75,76,78 

3.10~12.15,16,17,18,21 

22,27,28,29,30,32,40,41 

45,47 

70,71 

42,43,45 

40 

1,3,5,8,10 

13 ,34,35 

31,32,33 

41,42 " 

29,40,51.53,56,66.67~72 

74,76,77 

37,43,44,46,52" 

9,10,13,15 

48 

28,30,32 

1,15 

8 

66 

65,71 

54,70,74 
56,60,62,71 

I ! 

I 
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No, 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

-182 

183 

184 

185 

186 

me.n No. 

253 

254 

Scientific Name 

255 Hibiscus macronthus A. Rich 

256 Hibiscus aponeurys Spiague 

& Hetch 

259 Myrsine africana L. 

261 Chasmantbera sp. 

262 Boerhavia c.f. repene L. 

263 Commicarpus sp. 

264 

265 

267 Jasminum floribundum R. Br. 

268 Jasminum fluminese Veil; 

269 Olea Rfricana Mill. 

271 Oxalis oblongifolia stend. ex. 

Rich. 

272 Oxalis corniculata L. 

273 Plumbago zeylacia L. 

274 Argemona mexicana L. 

276 Polygala sphenopteta Fresen 

277 Polygala persecariifolia Dc. 

278 Polygala albida schinz 

279 

281 

Polygala erioptera Dc, 

Polygala abyssinica (R.Br.) 
Fresen 

Stands NUmber 

54,55 

1,5,7,9,10,17,26,31,34 

39,48 

9,10,11,13,16,17,27,28,30 

56,63,66,67,68,73,76 

66 

18,21,28,29,30,32,37 

1,3,6,7,8 

54,55,60,61,64,66,68,71 

75 

62,65 

24,32 

60,62,63,64,66,67,68,71 

72,73,74,75 

.62,63,64,65,66,72,74 

54,56,58,62,63~64,66, 

67,68,69,72,73,74,75 

40,41,42,43,,45,47,52,53 

36,40,43,44,,45,46,47,52 

53,54,55,58,59,60,67,68 

71,72,76 

23 

48 

67 

37,43,44,53 

6,9,11,14,16,17,18,19,23 

25,32,3.3,38,42,45,49,55 

54,56,57,28,66 

60,61,62,66,67,69.71,72, 
76,77 
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No. 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

men No. 

282 

286 

287 

289 

290 

291 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

Scientific Name 

Oxygonum artiplicifolium (~Ieissn) 

Martell 

Portulaca quadrifida L. 

Portulaca oleroceae L. 

Pavetta grandeniifolia Hochst. 

ex. Richard 

Vangueria apiculata L. Schum 

Catunaregam c.f, nilotica 

Kohautia caespistosa Schnizl 

Kohautia coccinia Royle 

Ga1ium spurium L. 

Spermacoce sp. 

Canthium shimperianum A. Rich. 

Spermacoce chaetocepha1a Dc. 

Sageretia sp. 

Tec1ea nobi1is Delle 

Dodonaea viscosa (L.) Tecq. 

Osyrus sbyssinica Hochst. ex; 
Rich. 

Stands Number 

14,29,54 

1,5,7,8,10 

7,8,11 

27,28,34,36;37 

30,31,32,33,36,37 

22,27,28,29,30,31,33,40, 

43 

11'; 13,24,29,32,33,34,41 

44,46,49,50 

7,8,9',11 

28,30,34,35,40,42,43,44 

45,46,49,52 

9,16,18 

55,62,66 

13,15,16,17,18,19,20,21 

22,23,24,25,26,27,29,31 

32,33,35,37,38,42,43,44 

56,57,58,61,62,65,66,67 

70,71,73,75,77 

34,35,36,37,62,63,68 

28,29,30,32,33,34,35,36 

37,40,41,42,43,44,45,46, 

47,48,49,50,51,52,53,54, 

55,57,58,63,64,66,60,61 

67,68,69,70,71,72,73,74 

75,76 

63,64,65,66,75 

I , 
I 

I 
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No. men No. Scientific Name Stqnds Number 

203 304 Lindenbergia sp. 18,21,24,28,32 

204 305 Misopates orontium (L.) Rafi. 42,47,49 

205 306 Croterostigma plantagineum Hochst 6 

206 307 Anticharis 1inearis (Benth.) 

Aschers. 1,4,6,7,8,11,13,14,15,16 

17,18,20,24,25,27,31,32, 

33,34,35,36,37,38,41,42, 

45,46,47,50 

207 309 Asterolinum adoense Kunzl. 35 

208 311 Solanum nigrum L. 16 

209 313 Solanum indicum L. 7,8 

210 315 Solanum incanum L. 21,22,23,24,25,27,28,29, 

30,31 

211 316 Nicandra physaloides (L.) 

Gaertin 15,20,21,24,25,29,30,39, 
48 

212 318 Me1hania ve1utina Forsk. 66 

213 319 Me1hania steudneu Schwfth. 58,73 

214 320 Triumfetta sp. 34,36,37 

215 322 Triumfetta rhomboidaa Jacq. 18,19,20,21,23,25,26,27, 

28,29,30,31,32,33,34 

216 323 Grewia sp. 9,19,31,37,52 

217 324 Corhorus sp. 15,16,19,24,34,40 

218 325 Grewia c.f. mollis Juss 60,61,62,63,64,65,73 

219 326 Grewia sp. 65,66,67 

220 328 Grewia erythrae Schweinf. 54,57,60,61,62 

221 330 Grewia villosa Wi11d. 18,19,26,32,37 

222 334 Clerodendrum myricoides (llochst) 

Voltke. 63,66,72 
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223 335 Prcma shimperi.Rngl. 14,15,16,17 

224 336 Cissus quadrangu1a L. 64,65 

225 337 Cyphostemma cyphopeta1um 

(Fresen.) Desk 64,65,66,68 

226 331 Cyphostemma moUe 19,20,24,25,26,28,30,31 

32,33,34,36,40,41,42,43, 

45,46,47,57 

227 339 Fagonia bruquirii De. 3,5,6,7,8,11 

228 340 Tribulus terrestris L. 1,3,4,6,8,7 

229 341 Zygophyllum simplex L. 1,2,3,4,5 

230 342 Mariscus maeropus C.B,C!. 54,60,61,71,73,74,75,76 

232 344 Cyperaus rotundus L. 3,5,8,14 

233 345 Mariseus sp •. 12,18,21 

234 348 Gladiolus sp. 26,51,57 

235 349 Anei1ima forskaoli Kunth. 13 

236 350 Cammelina afrieana L.S. 28,29,36,42,46,47 

237 351 Camme1ina barbata D. Don. 43,44 

238 352 Cammelina i'orskalaei Vah1. 2,4,7,8 

239 352 Cam"lelina diffusa Burm F. 54,56,57,60,61,.62,65,66, 

67,70,71,72,73,74 

240 354 Cammelina a1bascens Hassk. 9,10,12,13,15,16,18,19, 

21,24,26,27,28,29,30,32 

33,34,35,36,37,39,40,41 

42,43,44,45,46,47,48,51 

241 355 Asparagus fa1eatus L. 64,66,67,6U,69,73,74,75 
76 

242 356 Asparagus sp. 62,63, 

243 362 Scilla sp. 15.16,18,20,25,33,35,36 
47 

244 363 Drimea sp. 3,7,8 

245 364 3,8 

246 365 Chenopodium sp. 2,10 
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247 366 Pennisetum po1ystachyon (L. ) 

Schult. 62,64,67,68 

248 367 Tetrapogon cenchriformis (Rich; ) 

Pilg. ex. Clayton 1,2,3,5 

249 368 Digeria ternata (Rich.) Stapf. 3,4,7,10,11,12,14,15,16 

17,18,19,20,21,22,24,25 

27,28,29,30,31,32,33 

250 369 Michroch1oa Runthii Desv. 52,54 

251 17,24,28,29,31,37,39,42, 

44,46,48,50,51,53 

252 372 Eragrostis sp. 5,8 

253 373 Dacty10ctenium aegyptica (Will. ) 

De Lile 34 

254 375 Eragrostis aethiopica chiov. 1,2,5,7 

255 376 Tetrapogon tenellus (Roxb.) 

chiov. 3,4,S,6,7,10j11,13,14,20 

21,22,24,27,28,29,31,33, 

39,40 

256 377 6,9,14,15,16,25 

257 378 Eleusine sp. 3,4,8 

278 381 Acrachne sp. 9,23 

259 382 Cenchrus setigerus Vahl. 1,2,3,5,7,8,9,10,11,13,16 

19,20,21,23,24,25,26,27, 

28,29,39,49,51,52, 

260 383 63,66 

261 385 Chloris pynothrix 25,29,30,32,33,38,39,40, 

42,44,46,47,48,52,53 

262 386 Chloris virgeta Swartz. 12,20,34 

263 387 Cenchrus ci1iaris L. 4,6,64,65,66 
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264 388 Enneapogon cenchroides (Licht. 

ex.: R. E. Sch.) 1 

265 389 10 ,13,16 

266 391 Eragrostis sp. 1,2,7,10,12,13,14,15,26 

32,33 

267 393 Eragrostis sp. 11,13,14,15,16,17,18,19 

20,21,22,23,24,25,26,29, 

30,31,32,33,35,39,40,41, 

42,43,44,45,47,48,49,50 

53 

268 394 Eragrostis sp. 33,35 

269 395 Aristida sp. 60,64,68,70,71,74,75,76 

77 

270 396 Aristida sp. 1,2,3,4,5,6,8 

271 398 Arthroxon sp. 19,21,22,23,32,33,36,38, 

41,43,46 

272 400 10,11,12,13 

273 401 Enneapogon shimperanum Hochst. 54;56,57,58,59,60,61,70, 
ex, Richard 76,77 

274 402 Andropogon sp. 39,54,55,56,57,58,59 

275 403 Harpachne shimperi Hochst 53,60,61,70,71,72,73 
ex. Richard 

276 405 Optimenus sp. 45,46 

277 406 Anthephora hochetettere Nees 
ex. Hoch. 74 

278 407 Rhynche1ytium repens (Wi11d. ) 
Hubbaw 48,50,53,55,60,61,63,66 

70,71 ,74,76 

279 408 Bothrioch1oa radicans (Lehm.) 54,55,60,62,64,65,66,67, 

Comus. 68,69,70,71,72,73,74 

280 409 Eragrostis sp. 54,55,57,58,59 
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281 4ll 

282 412 

283 413 

284 414 

285 415 

286 416 

287 417 

288 418 

289 420 

290 421 

291 422 

292 423 

293 424 

294 425 

295 426 

276 427 

297 428 

298 430 

Scientific Name 

Teropogon contortus (L.) Beauv. 

ex. Roem. and Schult 

Chloris amethystea 

Leptoch1oa sp. 

Eragrostis sp. 

Enneapogon cenchroides (Licht. 

eX;R, and Sch.) Hubbaw 

Panicum co1oratum L. 

Enteropogon macrostachyus 

Panicum maximum Jacq. 

Hyperthe1ia disso1uta (Nees 

ex, Steudel) Clayton 

Themeda triandra Forska1 

Setaria pallidefusca (Schum.) 

stapf 

Tetrapogon sp. 
Tetrapogon sp. 

Brachioria eruci formi. s (Smith 
in Sibth and SM.) Grisenbach 
in Ledobour 

Becheropsis sp. 

Erioch1ca nubica (Steud.) 
Hache1 and Stapf ex. Thell 

Brochiara def1exa (Schum.) 
Hubbaw ex. Robyns 

Hyperrbenia fi1ipendu1a 

Stands Number 

54,55,56,57,58,60,61,62, 

63,64,65,66,67,69,70,71 

72,73,74,75,76 

55,63,66,68,69,70,71,74, 
76 

60,64,65,66 

3,4 

50,51,60,61,62,64,70,71 

26,27,28,31,40,45,52,53 

54,64,65 

54,62,64,67,70,71,73,74, 

75 

62 

66,67,69,72,73,74,75 

26,27,28,29,30,31,32,33, 

34,35,36,37,38,44,46;47 

48,59 
10,11,13,14,15,17 

26,28,29,30,31,32,35,36 
37,38,40,41,42,43,44,45, 
46,47 

27,28,37,42,43,45 

20,27 

48,71 

54,55,56,57,58,59,60,61, 
62,65,66,67,68,70,72,73, 
74,75, 76 , 77 

I' 



Appendix A continued 

Field 

No, 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

309 

310 

Speci~ 

men No. 

431 

432 

436 

437 

438 

443 

444 

445 

445 

284 

Scientific Name 

Tetrapogon cenchrisfomis 

Terminalia brownii Fresen 

Euclea shirnperai (Dc.J Dandy 

Punu1u!ll sp. 

Stands Number 

54,64,65 

24,26,30, :16,37,39,47 

18,19,20,21,22,26,27,28 

29,30,31,33,34,36 

42,48,49,50,52,53.54,54 

55,56,57,58,60,61,62,63, 

64,65,66,67,68,69,70,71, 

73 , 74,75,76, 77 

26.34,35 

39,40,43,44,45,46,51,52,53 
7,8 
12,22 

Aloe sp. 54,55,56,57,60,61,62,63, 

64,66,67,68,70,71,76 
Optuntia ficus-indica (t.) Miller 62,63,64,65,66,70,71,74, 
Acacia etbaica Schweinf 76,77 

Acacia etbaica Schweinf 63,64,67,69,70,71,72,74, 
75,76 

55,56 



~ 14;; -

Appendix Bl 

Altitude, Slo128, AS!)8ct and Percentaqe of Rock 

Cover of the Surface of the Stands from the 

Eastern Escapment of Eritrea 

Stand No. Altitude IHope Asnect % of 
(meters) (deq. ) Rockcover 

1 190 0 0 0 

2 190 0 0 I) 

3 190 14 ,C:;.E .. 0 

4 lilO 0 0 70 

5 210 0 0 80 

6 210 4.2 E 85 

7 205 0 0 30 

8 210 0 0 45 

9 1\00 23 S 95 

10 350 0 0 0 

11 360 0 0 () 

12 360 0 0 I) 

13 390 7 S 50 

14 410 10 S 80 

15 410 10 N flO 

16 (\20 18 N"F. .. 70 

17 430 5 fL,E <> 40 

18 590 25 NoR .. -110 

19 600 29 N.E. 80 

20 580 24 N 85 

21 580 29 r,) 70 

22 590 30 "1 80 

23 590 30 E 80 

24 620 22 S 115 

25 590 25 F: Ilr; 

26 795 25 N .. E. 60 
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Appendix 82 continued 

Stand 

No. 10 

54 88.16 

55 84.32 

56 76.32 

57 66.32 

58 80.32 

59 80.04 

60 79.0<1 

61 85.04 

62 79.04 

63 79.04 

64 71. 76 

65 76.76 

66 79.76 

67 76.76 

68 81. 76 

69 83.04 

70 88.32 

n 81.04 

72 82.04 

73 89.76 

74 80.04 

75 85.04 

76 84.04 

77 84.76 

Depth in 

20 30 40 

90.16 92.66 91.16 

80.32 R R 

70.32 R R 

70.32 68.32 64.32 

76.32 76.32 88.32 

81. 0<1 88.0<1 76.32 

79.04 83.04 81.04 

85.04 79.04 84.04 

84.04 85.0d 83.04 

74.04 85.01 81.04 

73.76 63.76 R 

69.76 67.76 62.76 

83.76 80,76 79.76 

82.76 91. 76 89.76 

80.76 86.76 83.04 

79.04 91.04 88.04 

80.32 81.32· 87.32 

84,04 89.04 84.04 

83.04 77.32 82.32 

92.76 85,68 90.68 

85.04 83.04 85.04 

81.04 85.04 85,04 

81.04 88,04 84.76 

87.76 81.76 86.76 

R = Beel. rock reached 

L = Sample lost 

ems. 

50 60 70 

92.16 92.66 R 

R R R 

R R R 

70.32 64.32 68.32 

88.52 85.52 85.02 

78.32 78.32 80.32 

8,1. 04 33.04 83.04 

85.04 R R 

89.04 85.04 R 

U5.04 83.76 84.76 

R R R 

60.76 64.76 R 

71. 76 n.76 73.76 

91. 76 88.76 90.76 

87.04 87.04 R 

86.04 88.04 76.32 

89.04 86.04 89.04 

86.04 84,04 88.54 

81. 68 88.68 88.68 

86.32 91.32 84.04 

80.04 82.04 87.04 

87.04 87.04 83.04 

87.76 83.76 86.76 

78.40 R R 
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i' ApD~'!ndix P] eonttnueCl 

I 

Stand Depth in ems. 
lb. 10 20 30 t,O 50 60 70 

28 13.68 15.68 13.68 9.23 11. 36 9.86 12.36 29 13.36 ').36 1'1.36 16.36 16.36 R R 30 8.86 10.36 9.36 10.36 12.36 11. 36 10.86 31 14.00 1200 13.08 11. 58 12.08 12.08 17.00 32 12.36 12.36 12.36 12.36 13.36 12.36 11.36 33 14.36 ltl.36 13.64 9.00 17.36 13.36 R 34 17.0 ~.11 ··ll.iS/~ 10.14 9.72 12.72 11.72 35 10.22 "14.92 12.42 18.64 17.92 16.92 12.n 36 12.92 11.92 14.28 14.28 13.28 16.64 17.5 37 11.64 7.14 12.64 14.64 15.00 11.50 13.00 38 23.0 25.0 R R R R R 39 18.64 R R R R R R 10 16.64 15.64 15.36 22.72 24.36 15.36 16.72 41 12.72 15.72 9.36 12.36 11.64 10.5 12.5 42 15.00 16.36 12.36 12.36 12.36 12.42 9.92 43 16.92 10.92 16.00 11.28 18;00 18.14 16.00 44 12.78 14.0 10.0 10.0 13.0 11.0 10.0 1r-- 14.86 12.5 12.5 10.0 13,86 17.5 14.0 
-:; 

46 10.28 12.64 9.1IJ ltl.64 12.64 17.64 11.64 47 13.64 ti.6·1 9.64 10.82 10. Ii 4 R R 48 7.64 7.14 8.64 11.14 13.5 R R 49 15.36 10.64 7.28 9.14 6.92 5.42 <:1.28 50 5.97. 4.28 -6.6 l ] 8. ltl 7.11 10.78 7.78 51 10.78 13.64 14.00 14 .00 -6.00 8.50 7.0 52 16.00 6.ltl 7.50 6.0 1.5 R R 53 17.0 12.5 10.0 10.0 12.0 9.0 8.0 54 7.0 5.0 2.5 '1.0 4.0 1.5 R 
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Appendi.x B3 Gonti.nued 

stand 

No. 10 

55 ' 9.0 

56 16.00 

S7 2·1.0 

58 12,28 

S9 14.00 

60 16.28 

61 l1.LL 

62 16.00 

63 16.72 

64 21.00 

6S 16.28 

66 lS.28 

67 20.28 

68 13.28 

69 14.00 

70 9.72 

71 10.00 

72 14.00 

73 8.28 

74 16.00 

75 13.5 

76 12.00 

77 11. 28 

Depth in 

20 :10 40 

10.0 R R 

20.00 R R 

21.0 2'),0 29.0 

18.28 10.0 9,00 

12.00 8.00 18.72 

14.28 13.28 13 •. 28 

10.00 14.00 10.00 

13,00 11.00 13.00 

22.72 13. n 16,72 

18.28 15.28 R 

22.28 23.28 28.28 

11. 78 14.28 14.21l 

13.28 7.28 8.28 

13.28 10.28 12.00 

IS.bo 7.00 10.00 

14.72 7.72 10.72 

13.00 8.00 12.00 

12.00 lS.72 11. n 
6.28 12.36 8.00 

13.00 14.00 13.00 

16.0 13.00 13.00 

lS.00 10.00 12.28 

8.28 16.28 11.78 

R = Bed rock reached 

L = Sample lost. 

l' 

ems. 

50 60 70 

R R R 

R R R 

23.0 26.0 23.2fl 

10.00 12,00 13.00 

lil.OO 16.00 14.00 

10.28 11.00 12.00 

8.00 R R 

9.00 11.00 R 

13.72 lS.00 14.00 

R R R 

28.23 2S.28 R 

19.28 21.28 19.28 

6.23 10.28 7.AB 

10.00 10.00 R 

12.00 10.00 18.72 

9.S0 12.00 9.S0 

11.00 12.00 9.S 

13.36 9.36 9.36 

12.36 7.36 1~.00 

17.00 16.00 12.00 

11.00 11.00 15.00 

9.28 13.28 9.28 

1A.01j R R 
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Awmdix B4: Percentage of Clay of the soils fran the Eastern 

Escarrment of Eritrea 

Stand Depth (an) 

No. 10 20 30 40 50 60 70 

1 4.96 5.96 6.96 8.96 5.96 R R 

2 7.96 6.96 9.32 '1032 2.88 2.1 R 

3 8.6 fl.6 fl.6 8.6 8.6 12.6 8.6 

4 10.6 11.6 13.6 R R R R 

5 7.6 5.32 6.32 7.32 7.32 9.32 9.32 

6 5.32 3.32 R R R R R 

7 3.32 3.32 3.32 3.32 4.10 3.60 6.60 

8 6.1 R R R 'R R R 

9 3.6 R R R R R R 

10 8.6 13.96 16.96 19.96 21.96 13.96 20.90 

11 18.96 16.68 22.96 26.96 20.96 20.96 17.10 

12 2.6 2.6 1.6 R R R R 

13 4.6 4.6 7.6 6.6 R R R 

14 3.6 R R R R R R 

'IS 2.6 3.6 5.6 R R R R 

16 2.96 1.46 1.96 1.96 2.96 0.96 R 

17 7.96 9.96 R R R R R 

18 5.96 6.96 6.96 5.96 3.96 3.96 R 

19 4.96 3.96 1.96 P- R R R 

20 7.96 9.32 R R R R R 

21 7.32 7.32 9.32 R R R R 

22 4.32 3.32 4.32 R R R R 

23 2.93 2.9'- 1.96 2.96 3.96 3.96 R 

24 2.96 4.96 5.96 3.96 2.32 R R 

25 1.32 2.32 2.32 3.32 R R R 

26 8.32 6.32 6.32 3.32 5.32 cl.68 4.68 
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1/ \ I 

1\ppendixM continued I 

Stand Depth (an) 
No. 

10 20 30 40 50 60 70 

27 6.68 5.68 5.68 3.68 1.68 -1068 4.6f1 

28 5.6(\ 5.68 6.68 6.04 6.04 5.54 7.04 

29 4.04 3.04 3.04 4.04 Cl.04 R R 

30 8.04 8.01\ 8.0<1 5.32 3.32 2.82 2.82 

31 6.32 7.32 6.32 7.32 6.32 6.32 5.04 

32 5.68 3.68 3.6fl 3.68 2.68 3.68 2.68 

33 9.68 7.68 7.32 3.96 2.68 3.68 R 

34 7.96 7.82 7.32 4.(\2 4.32 4.32 2.32 

35 7.32 3.68 5.32 5.32 4.32 3.32 R 

36 7.32 7.32 4.96 3.96 2.96 2.32 2.46 

37 7.32 8.32 6.32 4.32 4.32 332 4.32 

38 6.32 6.32 7.32 R R R R 

39 10.32 R R R R R R 

40 6.32 8.32 5.32 6.:16 9.32 10.32 12.96 

41 6.96 2.96 2.32 3.32 3.32 2.82 2.83 

42 6.32 6.32 5.32 3.32 3.32 1.82 3.32 

43 9.32 10.32 8.96 8.96 6.96 4.88 8.96 

44 6.96 2.96 2.96 2.96 3.96 3.96 2.96 

45 6.1 4.46 4.46 0.96 5.10 3A6 1.60 

46 8.32 5.96 <1.96 3.96 2.96 2.96 2.96 

47 4.96 2.96 1.96 3.88 3.96 R R 

48 1.96 2.46 L88 2.46 2.46 R R 

49 2.68 2.96 1.96 2.16 1.32 1.82 1.96 

50 2.32 0.96 1.96 1.96 1.46 1.96 1.96 

51 4.32 4.96 4.96 4.96 2.96 1.96 1.96 

52 6.96 3.96 2.96 2.96 2.46 R R 

53 6.32 6.82 3.32 3.32 2.32 2.32 2.32 
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Appendix n'l continued 

Stand Depth (all) 
No. 

10 20 30 40 50 60 70 

54 4.84 4.84 4.84 <UllJ 3.84 5.B4 R 

55 6.68 9.68 R R R R R 

56 7.68 9.68 R R R R R 

57 9.68 8.68 6.68 7.6B 6.68 9.68 8.40 

58 4.40 5.40 3.68 2.68 1. 48 2.48 1.98 

59 5.96 6.96 3.96 4.96 7.68 5.68 5.68 

60 4.68 6.68 3.68 5.68 5.68 5.% 4.96 

61 3.96 4.96 6.96 5.96 6.96 R R 

62 4.96 2.96 3.96 3.96 1.96 3.96 R 

63 '1024 3.24 1. 2tl 2.24 1.24 1.24 1.24 

64 7.24 7.96 10.96 R R R R 

65 6.96 7.76 8.96 8.96 10.96 9.96 R 

66 4.96 4.46 4.96 5.96 8.96 6.96 6.96 

67 2.96 3.96 0.96 1.96 1.96 0.96 1.96 

68 4.96 5.96 2.96 tl.96 3.96 2.96 R 

69 2.96 5.96 1.96 1.96 1.96 1.96 4.96 

70 1.96 4.96 0.96 1.96 1.46 1.96 1.46 

71 2.96 2.96 2.96 3.96 2.96 3.96 1.96 

72 3.96 4.96 6.96 5.96 4.96 1.96 1.96 

73 1.96 0.96 1.96 1.32 2.32 1.32 1.96 

74 3.96 1.96 2.96 1.96 2.96 1.% 0.96 

75 1.46 2.96 1.96 1.96 1.96 1.96 1.96 

76 3.96 3.96 1.96 2.96 2.96 2.96 3.96 

77 3.96 1.96 1.96 1.56 2.96 R R 
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Appendix B5: Color of the soils from the Eastern gscaq~ment 

of Eritrea (Hue(YR) Value ) 
Chroma 

stand Depth (au) 

No. 10 20 30 40 50 60 70 

1 10 5/4 10 5/4 10 5/4 10 5/4 10 5/4 R R 

2 10 5/4 10 5/4 10 6/4 10 6/4 10 6/4 10 6/4 R 

3 10 6/2 10 5/2 10 5/3 10 5/3 10 S/S 10 5/3 10 5/3 

4 10 6/3 10 6/3 10 6/3 R R R R 

5 10 4/4 10 4/4 10 4/6 10 4/6 10 4/6 10 4/6 10 4/6 

6 5Y6/2 5Y7/1 R R R R R 

7 10 5/4 10 5/4 10 5/4 10 5/1 10 5/6 10 5/6 10 4/4 

8 10 5/4 R R R R R R 

9 10 5/4 R R R R R R 

10 10 4/3 105/6 10 5/6 10 5/6 10 5/6 10 5/4 10 5/4 

11 10 4/3 106/2 10 6/2 10 6/2 10 6/2 10 6/2 10 6/2 

12 10 5/6 10 5/6 10 5/6 R R R R 

13 7.5 5/6 7.5 5/4 7.54/6 7.5 4/6 R R R 

14 10 4/3 R R R B. R R 

15 10 5/4 10 5/6 10 5/6 R R R R 

16 10 5/4 10 5/4 10 6/6 10 6/6 10 6/6 10 6/6 2.5), 6/4 

17 2.5Y6/2 2.5YG/2 R R R R R 

18 10 4/4 10 5/4 10 6/4 10 7/4 107/4 10 7/4 R 

19 10 5/6 10 7/8 19 8/6 R R R R 

20 10 6/2 2.5YG/2 R R R R R 

21 10 5/2 10 G/2 10 6/2 R R R R 

22 10 5/4 10 5/6 10 5/6 R R R R 

23 10 5/4 10 5/4 10 5/6 10 5/4 10 5/6 R R 

24 10 6/2 10 6/2 10 7/2 10 7/2 10 7/2 R R 

25 10 5/6 10 5/6 10 5/6 R R R R 
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I' 
Appendix B5 continued 

stand Del?th (an) 

No. 10 20 .10 40 50 60 70 

26 10 4/3 10 5/.1 10 5/6 10 6/6 7.5 7/8 7.5 7/8 7.5 7/8 

27 7.5 5/5 7.5 5/6 7.5 6/6 7.5 7/8 7.5 7/8 7.5 7/8 10 6/6 

28 10 5/3 7.5 5/4 7.5 5/4 7.5 5/6 7.5 5/8 7.5 6/6 7.5 6/6 

29 10 6/4 10 7/4 10 7/4 10 7/4 10 7/1\ R R 

30 10 4/3 7.5 5/4 7.5 5/4 7.5 5/6 7.5 5/6 7.5 6/6 7.5 7/6 

3l. 10 4/3 7.5 5/4 7.5 5/6 7.5 5/6 7.5 5/6 7.5 5/8 7.5 6/6 

32 10 5/2 10 5/3 7.5 5/6 7.5 5/6 7.5 5/6 7.5 5;0 10 7/6 

33 10 4/3 10 5/3 7.5 5/6 7.5 6/6 7.5 6/6 7.5 7/8 

34 10 5/2 10 5/4 10 5/6 10 6/4 10 6/4 10 6/( 10 6/6 

35 10 5/3 10 7/3 10 7/3 10 7/4 10 7/4 2.5 Y7/4 2.5Y7/4 

36 10 5/4 10 5/6 10 6/4 10 6/6 10 7/4 10 7/4 10 7/4 

.17 7.5 5/7 7.5 5/6 10 6/4 10 6/6 10 7/4 107/4 10 7/4 

38 10 6/3 10 6/3 10 6/3 R II II R 

39 10 4/4 R R II R R 

40 7.5 4/4 7.::' 4/4 10 6/4 10 5/4 105/4 105/4 10 5/4 

41. 7.5 5/4 7.5 5/4 10 5/6 10 6/4 10 6/6 10 6/6 10 6/6 

42 7.5 4/4 7.5 4/4 10 6/4 10 5/4 10 5/4 10 5/4 10 6/4 

43 7.5 3/3 5 3/4 7.5 4/4 7.55/4 7.5 5/4 10 ,6/6 10 6/6 
44 7.5 4/4 7.5 4/4 10 4/6 10 5/6 10 5/1l 10 5/8 10 5/8 

45 7.5 4/4 7.5 5/4 7.5 5/6 10 5/6 10 5/8 10 5/8 10 6/8 

46 7.5 4/4 7.5 5/4 7.5 5/6 10 5/6 10 5/8 10 6/6 10 6/6 

47 7.5 4/4 7.5 5/4 7.5 5/6 10 5*6 R R R 

48 10 5/4 10 6/4 10 6/4 10 6/4 10 6/4 R R 
49 10 5/6 10 5/8 10 6/4 10 6/6 10 6/6 10 6/6 10 6/6 
50 10 5/6 10 5/8 10 6/4 10 6/6 10 6/6 10 6/6 10 6/6 
51 10 4/6 10 5/4 10 5/1\ 10 5/4 10 5/t! 10 6/6 10 6/6 
52 10 3/3 10 4/4 10 5/3 10 6/6 10 6/1\ 1'1. R 
53 10 3/3 10 3/4 10 4/3 10 6/3 10 6/4 10 6/6 10 6/6 
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Appendix B5 continued I , 

stand 
Depth (an) 

No. 10 20 30 40 50 60 70 

54 705 4/4 705 4/4 7.5 5/6 7.5 5/6 . 7.5 5/6 7.5 5/6 R 

55 7.5 4/4 5 4/3 R R 11. 11. R 

56 10 6/4 10 6/6 R 11. R R R 

57 10 5/8 10 5/8 10 6/8 10 6/8 10 6/8 10 6/8 10 6/8 

58 10 5/3 L L L L 10 6/4 10 6/4 

59 10 5/3 10 5/4 105/4 10 6/4 10 6/4 10 6/4 10 6/4 

60 10 5/3 10 4/3 10 -1/3 10 5/3 10 6/3 10 6/3 R 

61 10 4/3 10 4/3 10 3/3 103/3 10 3/3 R R 

62 10 4/6 10 4/6 10 5/4 10 5/3 10 6/6 10 6/6 10 6/6 

63 10 4/2 10 4/4 10 5/4 10 5/4 10 6/6 10 6/6 10 6/6 

64 7.5 3/2 705 3/2 7.5 3/2 R R R R 

65 705 3/2 705 3/2 10 4/3 10 4/3 10 4/3 10 4/3 

66 10 4/2 10 3/3 10 4/3 L 10 4/4 10 5/6 10 5/6 
67 10 4/3 10 4/3 10 4/3 10 5/3 10 6/4 10 6/4 10 6/4 

68 10 4/3 10 3/3 10 4/3 10 4/3 10 4/3 10 4/4 R 

69 7.5 4/4 7.5 4/6 7.5 4/6 10 5/4 10 5/6 10 5/6 10 5/6 

70 10 5/1 10 5/4 10 6/4 L L L L 

71 10 5/6 10 5/4 10 4/4 10 5/6 10 6/4 r, 10 5/8 
72 10 5/2 10 5/2 10 1/4 10 5/6 10 5/6 10 5/2 10 6/4 

73 10 5/4 10 6/4 10 6/4 10 6/4 10 6/4 10 6/4 10 6/4 

74 10 5/4 10 5/6 10 5/6 10 6/4 10 6/6 10 6/6 10 6/6 

75 10 5/4 10 5/6 10 5/6 10 6/4 10 6/4 10 6/6 10 7/4 
76 10 4/4- 10 5/6 10 6/6 10 6/t} 10 6/4 10 7/4 10 7/4 
77 10 5/6 10 6/4 10 6/6 10 6/6 10 7/6 L R 

N.B .. 
R ~ Bed rock reached 

L ". Sarnple lost 
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Appendix 'B6: pH of the soils from the Eastern Escarpment 

I , of Eritrea 

--- I 
Stand Depth in eros. 

No. 10 20 30 40 50 60 70 I 
1 7.9 8.? 8.3 8 7.6 R R I 
2 7.4 7.1 7.5 7.4 7.8 7.9 

3 7.8 7.0 7.2 7.1 7.2 7.3 7.2 
!) 8.7 7.7 7.6 R R R R 

5 8.!) 8.3 R R R R R 

6 8.4 fl.3 R R R R R 

7 n.? 7.8 7.5 7.4 4.1 7.5 7.5 
8 7.6 R R R R R R 

9 7.5 f{ R P R R R I 10 7.9 8.1 8.? 7.6 7.5 7.8 7.9 

11 7.6 7.5 7.8 8.1 7.7 R 7.8 I 12 8.0 8.? 8.5 R. R R R 

13 7.6 7.8 7.8 7.7 R R R 

14. 7.0 R R R R R R 

15 7.0 7.5 7.6 R R R R 

16 7.8 8.1 7.7 7.7 7.7 R R 

17 7.Fl 7.n R R R R R 

18 7.1 7.? 7.7 7.0 7.3 7.1 R 

19 6.5 7.0 6.9 R R R R I 20 7.6 7.3 R fl R R 

21 7.1 6.9 G.5 "l R R R I 22 7.0 7.3 7.3 R R R R 

23 7.? 7./0, 7.2 7.3 7.3 7.4 7.3 
24 8.3 B.4 8.5 8.2 8.5 R R 

25 8.3 8.? 7.7 7.G P R R 

26 7.0 6.9 7.2 7.0 6.fJ 6.8 6.8 
27 6.7 7.1 7.1 G.8 G.9 6.9 6.9 
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APpendix n6 continued. I , 
\ 

Stand 
Depth in ems. 

No. 10· 20 30 40 50 60 70 

28 6.7 7.2 6.9 7.7 7.0 7.1 7.1 

29 6.8 6.9 7.0 7.2 7.1 R R 

30 6.7 6.8 6.8 6.9 7.0 7.0 7.1 

31 6.7 6.7 7.0 6,8 6,6 6.6 6.6 

32 7.3 7.2 7.3 7.2 7;0 7.1 1.3 

33 6.8 7.1 7.4 7.4 7.5 7.3 RR 

34 6.7 6.8 6.8 6.8 6.6 7.0 7.0 

35 6.5 6.6 6.5 6.4 6.1 6.1 6.-4 

36 6.2 6.5 6.3 6.3 6.4 6.4 6.5 

37 7.4 7.4 7.4 7.3 7.3 7.3 7.3 

38 7.6 7.5 7.8 7.7 R R R 

39 7.8 R R R R R R 

/)0 7.5 7.2 7.5 7.0 6.8 7.1 7.2 

41 7.2 7.2 7.3 7.3 7.3 7.3 7.3 

42 7.0 7.2 7.2 7.2 7.2 7.3 7.2 

43 7.0 7.1 7.2 7.2 7.1. 7.2 

44 6.9 7.0 7.3 7.2 7.1 7.2 7.2 

45 7.0 7.2 7.1 7.0 7.0 7.1 7.1 

46 6.5 6.9 7.4 7.4 7.4 7.4 7.5 

47 7.0 7;5 8.4 7.9 7.6 R R 

48 7.7 7.7 7.9 8.0 7.9 R R 

49 7.7 7.9 7.8 7.9 7.8 7.6 R 

50 7.7 7.8 7.6 7.9 8.1 8.4 8.3 

51 8.0 8.2 8.1 8.2 8.2 8.1. 8.1 

52 7.1. 7.6 7.7 7.9 7.9 R R 

53 7.2 7.3 7.2 7.6 7.6 7.6 R 

54 6.6 6.8 6.7 6.5 6.5 6 R 



Appendix B6 

Stand 

No. 10 

55 7.2 

56 6'.8 

57 7.2 

58 7.7 

59 8.4 

60 8.6 

61 7.7 

62 7.8 

63 6.9 

64 5.7 

65 4.9 

66 7.4 

67 7.4 

68 6.8 

69 6.9 

70 7.5 

71 6.4 

72 6.5 

73 6.1 

74 6.6 

75 7.1 

76 7.3 

77 6.9 
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continueCi 

Depth in 

20 30 40 

7.7 R R 

6.8 R R 

7 6.9 6.9 

8.1 8.2 8.2 

8 7.8 7.6 

8.5 8.3 7.9 

7.fl 7.7 7.9 

6.7 6.9 7.2 

7.3 6.9 7.3 

5.4 5.8 R 

6.? 5.9 5.3 

7.1 7.2 7.3 

7.2 7.4 7.4 

6.9 7.0 6.9 

6.8 6.9 6.9 

6.9 7.1 7.0 

6.4 6.5 6.1 

6.4 6.2 6.2 

L 6.3 6.3 

6.5 6.6 7.0 

6.9 7.2 7.2 

7.2 7.1 6.9 

6.7 6.7 6.7 

R = Bee rock reached 

L = Sam?1e cost 

\ ' 
I 

~~----==--

COlS. 

50 60 70 

R R R 

R R R 

6.9 6.9 6.9 

6.2 6.4 8.1 

7.6 7.6 7.7 

7.9 7.8 7.9 

7.8 R R 

7.5 7.5 R 

7~1 6.8 7.4 

R R R 

5.6 5.5 5.6 

7.3 7.3 7.5 , 
7.2 7.4 7.3 

6.9 7.1 R 

7.2 7.3 R 

6.9 6.8 6.6 

6.2 6.6 6.5 

5.9 6.0 6.0 

6.3 6.5 6.5 

7.1] 7.4 7.7 

6.9 7.2 7.2 

6.9 6.5 6.5 

6.6 R R 
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Appendix B7 continued I 

I , 
Stand Depth in ems. 

No. 10 20 30 40 50 60 70 

28 0.052 0.080 0.052 0.072 0.019 0.036 0.034 

29 0.059 0.039 0.031 0.031 R R R 

30 0.05t] 0.052 0.041 0.036 0.026 0.028 0.031\ 

31 0.033 0.019 0.019 0.024 0.024 0.019 0.024 

32 0.036 0.028 0.034 0.036 0.034 0.041 (l.C41 

33 0.062 0.026 0.028 0.023 0.020 0.020 R 

34 0.052 0.021\ 0.031 0.026 0.018 0.011 0.031 

35 0.020 0.016 0.015 0.014 0.015 0.015 0.01l 

36 0.039 0.041 0.017 0.016 0.013 0.015 0.020 

37 0.052 0.031 0.026 0.031 0.028 0.028 0.028 

38 0.018 0.020 0.026 0.057 R R R 

39 O.ll R R R R R R 

40 0 •. 039 0.026 0.039 0.044 0.0261 0.028 0.04ll 

41 0 •. 031\ 0.034 0.026 0.025 0.031 0.028 0.026 

42 0.052 0.028 0.028 0.026 0.026 0.026 0.026 

43 0.023 0.023 0.026 0 •. 026 0.031 0.023 R 

44 0.031 0.024 0.025 0.024 0.025 0.023 0.026 

45 0.041 0.026 0.026 0.031 0.024 0.041 0.028 

46 0.083 0.014 0.031 0.023 0.026 0.024 0.028 

47 0.096 0.041 0.026 0.025 0.036 o R R 

48 0.062 0.05? 0.036 0.036 0.031 R R 

49 0.065 0.057 0.049 0.062 0.08 0.088 0.191 

50 0.059 0.041 0.039 0.051 0.096 0.098 0.111 

51 0.134 0.103 0.078 0.1l9 0.109 0.109 0.119 

52 0.103 0.088 0.093 0.078 0.083 R R 

53 0.062 0.047 0.054 0.039 0.036 0.031 R 

54 0.067 0.098 0.081 0.20 0.36 0.41 R 

{:.. 
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Apl;enoix B7 <::ontinue,l 
j i 

Stand Depth in ems. 

No. 10 20 30 1\0 50 60 70 

55 0.082 0.017 R R R R R 

56 0.124 0.124 R R R R R 

57 0.103 0.248 0.186 0.196 0.191 0.238 0.362 

58 0.310 0.310 0.982 0.930 0.724 0.419 0.121 

59 0.114 0.465 1.80 1. 76 2.12 2.38 1. 99 

60 0.116 0.129 0.76- 0.310 0.646 0.853 1.085 

61 0.067 0.067 0.088 0.057 0.059 R R 

62 0.096 0.101 0.191 0.140 0.075 . 0.106 R 

63 0.054 0.039 0.031 0.034 0.034 0.036 0.054 

64 0.745 0.12 0.54 R R R R 

65 0.124 0.196 0.171 0.083 0.075 0.093 0.065 

66 0.217 0.1l'! 0.116 0.109 0.072 0.059 0.078 

67 0.723 0.646 0.613 0.513 0.562 0.386 0.284 

68 0.049 0.049 0.049 0.052 0.052 0.0 9 R 

69 0.44 0.0'19 0.054 0.036 o 034 0.028 0.047 

70 0.72 0.052 0.088 0.062 0.054 0.065 R 

71 0.88 0.088 0.083 0.067 0.090 0.109 0.083 

72 0.62 0.054 0.052 0.059 0.070 R R 

73 0.052 0.034 0.036 0.021 0.041 0.052 0.062 

74 0.044 0.025 0.026 0.034 0.024 0.024 0.025 

75 0.039 0.028 0.018 0.011 0.011 0.019 0.031 

76 0.026 0.036 0.033 0.036 0.026 R R 

77 

R = Bed rock reached 

L = Sample cost 
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Appendix B3: Percentage of organic matter in the soils I 
from the Estern Escarpment of Eritrea 

Stand Depth in ems. 

No, 10 20 30 40 50 60 70 

1 0.68 0.57 0,50 0.47 0.43 R R 

2 a.B2 0.55 0.40 0.29 0.70 0.17 R 

3 O. '19 0.42 0.24 0.26 0.26 0.26 0.12 

<1 0.42 0.38 0.33 R R R R 

5 0.59 0.42 0.26 0.26 0.16 0.16 0.24 

6 0.59 0.24 R R R R R 

7 0.40 0.26 0.19 0.19 0.12 0.09 0.29 

8 2.13 R R R R R R 

9 1. 54 R R R R R R 

10 0.89 0.79 0.58 0.49 0.49 0.38 0.33 

11 2.10 1.80 0,82 0.25 0.20 0.35 0.33 

12 0.99 0.84 0.33 R R R R 

13 0.41 0.51 0.33 0.30 H R R 

14 1.15 R R R R R R 

15 2.02 1.14 0.82 R R R R 

16 0.79 0.30 0,35 0.33 0.48 0.33 R 

17 0.82 0.69 R R R R R 

18 1. 48 0.79 0,54 0.24 0.27 0.22 R 

19 0.97 0.39 0.24 R R R R 

20 2.02 1.10 R R R R R 

21 1. 43 0.97 0.87 R R R R 

22 0.93 0.44 0.41 R R R R 

23 1. 93 1.0? 0.25 0.26 0.29 ' 0.35 0.21 

24 1.21 0.1l2 0.75 0.47 0.40 R R 

25 0.77 0.54 0.49 0.63 R R R 

26 2.19 0.78 0.95 0.22 0.27 0.41 0.31 



-, 
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Appendix B8 continued 

Stand Depth in ems. 

No. 10 20 30 40 50 60 70 

27 1.21 0.38 0.21 0.21 0.16 0.10 0.07 

28 1. 43 1.59 1.04 0.62 0.38 0.36 0.36 

29 0.88 0.45 0,35 0.29 0.35 R R 

30 1. 54 1.19 0.78 0.52 0.26 0.47 0.09 

31 1.12 0.60 0.57 0.55 0.43 0.40 0.28 

32 1.86 0.93 0.64 0.64 0.28 0.26 0.21 

33 L62 0.71 0.43 0.14 0.16 0.12 H 

34 1. 62 1.04 0.77 0.35 0.35 0.21 0.10 

35 1.54 0.40 0.36 0.38 0.33 0.19 0.12 

36 1.35 0.78 0.62 0.38 0.26 0.19 0.14 

37 1. 7 /] 1.09 0.89 0.44 0.19 0.27 0;32 

38 2.08 1. 6 /) 1.61 R R R R 

39 6.67 R R H R R R 

40 2.82 2.44 1.33 1. 52 1.78 1.69 1.50 

41 1. 55 1.02 6.56 0.51 0.59 0.25 0.46 

42 1.41 1.14 0,71 0.60 0.55 0.54 0.43 

43 2.18 1. 45 1.45 1.21 0.75 0.38 0.36 

44 2.17 1. 38 0.75 0.55 0.50 0.55 0.48 

45 2.32 1.67 1.16 0.91 0.77 0.44 0.35 

46 2.81 1.93 1.24 0.65 0.50 0.37 0.30 

47 2.87 1.68 0.92 0.83 0.9'l R H 

48 1.28 1.10· 0.58 0.60 0.58 . R R 

49 2.24 1. 49 0.79 0.79 0.7t) 0.60 0.58 

50 1. 68 1.21 0.89 0.77 0.60 0.14 0.46 

51 1.96 1. 68 1.58 1.12 1.10 1.10 0.53 

52 7.38 2.29 1.30 1.00 0.86 R R 

53 7 •. 14 3.19 2.12 0.89 0.48 0.29 0.44 



Appendix BC 

Stand 

No. 10 

54 1.85 

55 1.62 

56 1.88 

57 2.46 

58 2.56 

59 1. '16 

60 1.81 

61 2.54 

62 2.49 

63 3.1 

64 5.73 

65 8.2 

66 6.42 

67 4.99 

68 5.29 

69 6.52 

70 3.07 

71 1. 79 

72 3.80 

73 3.07 

74 2.07 

75 L72 

76 3.92 

77 2.45 
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continued 

Depth in 

20 30 40 

1.12 0.59 0.68 

1. 59 R R 

0.80 R R 

2~07 0.56 0.41 

2.72 2.14 2.37 

1.10 1.50 1. 31 

2.02 1.67 1. 73 

1.83 1.38 1. 79 

1.39 1. 49 0.82 

1.91 1.03 0.74 

5.67 4.25 R 

5.11 3.33 3.33 

5.60 5.23 3.16 

2.97 2.15 1.49 

4.91 L 3.03 

2.97 1. 79 1.96 

2.73 0.95 0.78 

1.79 1.79 0.86 

4.28 3.73 1.93 

0.58 0.56 0.16 

1.16 1.35 0.47 

1. 34 1.00 0.82 

1.63 0.82 0.72 

1.26 1.14 1.17 

R ~ Bed rock reached 

L = Sample lost 

I; 

ems. 

50 60 70 

0.59 0.55 R 

R R R 

R R R 

0.37 0.38 0.49 

1.37 1.73 0.58 

1.18 0.92 1.06 

1.22 0.98 0.82 

2.21 R R 

0.61 0.70 R 

0.60 0.07 0.21 

R H R 

3.79 2,.36 R 

3.47 1.47 2.01] 

0.97 0.63 0.53 

L 2.56 R 

0.72 0.64 0.67 

0.74 0.43 0.36 

0.61 0.53 0.53 

1. 54 1.50 0.95 

0.1]4 0.47 L 

0.74 0.47 0.30 

0.79 0.67 0.49 

0.61 0.33 0.35 

0.82 R R 
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i 
Appendix B9, Potassium content of soils from Eastern 

Escarpment of Eritrea (meg/IOO gm soil) 

Stand Depth in ems. 

No. 10 20 30 40 50 60 70 

1 1.13 1. 52 2.36 2.78 3.29 R R 

2 2.91 3.67 3.34 4.00 2.33 2.50 R 

3 0.8 0.33 0.17 0.17 0.33 0.40 0.40 

4 1.82 1.18 0.68 H R R R 

5 1.02 0.76 0.88 0.80 0.80 0.83 0.92 

6 0.60 0.36 H R R n R 

7 0.73 0.47 0.52 0.44 0.52 0.40 0.24 

8 0.78 R H R R R R 

9 0.22 R R R R R R 

10 1.42 1..65 1.82 1.60 1.60 2.2 1.32 

11 1.4 1.2 1.50 1.50 1.17 1.17 1.14 

12 0.65 0.51 0.31 R R H R 

13 0.29 0.20 0.20 0.20 R R R 

14 0.45 R R R R R R 

15 0.20 0.11 0.13 R R R R 

16 O.H} 0.11 0~O9 0.13 0.09 0.14 R 

17 0.49 0.24 R R R R R 

18 0.42 0.27 0.20 0.18 0.20 0.16 R 

19 0.13 0.09 0.07 R R R R 

20 0.14 0.10 R R R R R 

21 0.22 0.16 0.16 R R .R R 

22 0.07 0.09 0.13 R R R R 

23 0.6 0.11 0.07 0.09 O.ll 0.13 0.13 

24 0.09 0.11 0113 0.07 0.07 R R 

25 0.09 0.07 0.07 0.09 R R R 

26 0.24 0.13 0.11 0.09 0.11 0.07 0.09 

I 

J 
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Appendix B9 continued 
I' 
I 

=---==-=-=~~=~---

Stand. Depth in ems. 

No. 10 20 30 40 50 60 70 

27 0.20 0.09 0.07 0.11 0.09 0.09 0.09 

2 P . :) 0.21 0.18 0.16 0.13 0.11 0.11 0.13 

29 0.13 0.11 0.0<) 0.09 0.11 H n 
30 0.31 0.22 0.22 0.13 0.11 0.11 0.09 

31 0.29 0.18 0.16 0.16 0.16 0.16 0.11 

32 0.31 0 -2 0.13 0.13 0.11 0.11 0.11 

33 0.27 0.16 0.18 0.09 0.11 0.09 R 

34 0.16 0.13 0.09 0.11 0.11 0.11 0.09 

35 0.13 0.16 0.11 0.09 0.13 0.11 0.13 

36 0.22 0.07 0.13 0.09 0.09 0.09. 0.07 

37 0.113 0.11 0.11 0.09 0.09 0.11 0.09 

38 0.11 0.07 0.09 H R R R 

39 0.31 H ., R R p R .I.'\. -, 

40 0.16 O. (J 0.11 0.09 0.09 0.07 0.09 

41 0.09 0.04 0.02 0.02 0.0'1 0.02 0.04 

12 0.11 0.0.2 0 0 02 0.02 0.02 0.02 0.02 

43 0.11 0.07 0.07 0.04 0.04 0.04 0.04 

'1,1 0.11 0.07 000L1 0.04 0.04 0.02 0.04 

d5 0.11 0.09 0.0 /1 0.04 0.04 0.04 0.02 

46 .16 0.09 0.09 0.04 0.04 0.02 0.07 

47 0.18 0.07 0.0 /1 0.(1) 0.04 p -, H 

48 0.09 0.07 0.04 0.04 0.04 0.04 0.04 

49 0.10 0.07 0.04 0.04 0.04 000<1 0.04 

50 0.11 0.04 0.04 0.04 0.0t) 0.04 0.04 

51 0.07 0.09 0.07 0.07 0.06 0.0'1 0.04 

52 0.19 0.09 OgOG 0.06 0.01\ R H 

53 0.1') 0.11 0.06 0.06 0.04 0.07 o.ot) 



Appendix P9 

Stand 

No. 10 

54 0.20 

55 0.32 

56 0.14 

57 0.12 

58 0.08, 

59 0.10 

60 0.12 

61 0.1.2 

62 0.10 

63 0.14 

64 0.32 

65 0.24 

66 0.16 

67 0.16 

68 0.18 

69 0.12 

70 0.13 

71 0.13 

72 0.18 

73 O.ll 

74 0.13 

75 0.09 

76 0.13 

77 0.09 
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continue<'( 

Depth in 

20 30 40 

0.12 0.14 0.14 

0.17 R R 

0.08 R R 

0.10 0.08 0.06 

L L L 

0.08 0.08 0.08 

0.10 0.60 0.09 

0.12 0.10 0.08 

0.08 0.06 0.06 

0.08 0.06 0.06 

0.28 0.22 R 

0.18 0.18 0.18 

0.12 0.12 0.08 

0.2 0.07 0.06 

0.18 0.14 0.12 

0.08 O.OB 0.08 

O.ll O.ll O.ll 

0.13 O.ll o.ll 

0.13 0.13 O.ll 

L 0.09 0.09 

0.13 0.09 0.09 

0.07 0.07 0.09 

O.ll 0.04 0.04 

0.09 0.07 0.07 

R = Bed rock reached 

L = Sample lost 

I, 
I 

ems. 

50 60 70 

0.10 R R 

R R R 

R R R 

L L L 

L 0.06 0.06 

0.12 0.07 0.06 

0.10 0.08 L 

0.08 R L 

0.04 0.04 R 

O.Oil 0.04 0.04 

R R R 

0.16 0.12 R 

0.08 0.08 0.08 

0.06 0.04 0.06 

0.12 0.08 R 

0.04 0.04 0.06 

O.ll 0.07 O.ll 

0.11 L O.ll 

O.ll O;ll o.ll 

0.13 0.09 R 

0.07 0.07 0.09 

0.07 0.09 0.07 

0.07 0.07 0.09 

0.07 L R, 
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Appendix 10 continued 

Stand 
Depth in cros~ 

No. 10 20 30 IJO 50 60 70 

28 8.5 9.5 1.5 13.0 11.0 8.8 9.3 

29 9.0 9.5 9.3 9.5 1l.8 R R 

30 7.0 10,0 8.5 8,0 7.0 6,0 6.3 

31 10.0 B.O 10.0 12.5 9,0 12.8 9.3 

32 8.B 6,5 7,0 6.:3 5.0 5.0 5.5 

33 10.0 10.5 20.0 8.5 7.5 7.5 R 

34 10.0 14.0 . 10.0 9.0 9,0 8.8 8.5 

35 9,5 7.5 8,0 7.5 9.5 12.5 8.0 

36 10,5 8.0 7.3 8.5 7.0 8.5 8.0 

37 8,5 8.0 7.0 6.5 5.5 5.5 1).0 

38 14.0 14,0 16.0 R R R R 

39 35.0 R R R H R R 

40 15,0 16.0 14.0 15.0 17.0 17.0 17.0 

41 13.0· 15.0 15.0 16.0 14 .0 15.0 11.0 

42 15.0 a;o 8.0 8.0 8.0 10.0 9.0 

43 16.0 16,0 14.0 14.0 13.0 12.0 H.O 

44 16,0 17.0 13.0 13.0 13.0 14.0 18.0 

45 14.0 14.0 13.0 12.0 12.0 11.0 10.0 

46 14 .0 16.0 14.0 13.0 12.0 12.0 10,0 

47 10.0 10.0 10.0 10.0 11.0 R R 

48 10.0 16.0 14.0 10.0 9.0 R R 

19 12.0 10 7 8 7 7 II 

50 8.0 9.0 1l.0 11.0 14.0 17.0 21.0 

51 L 34.0 35.0 37.0 37.0 31.0 27.0 

52 18.5 13.0 10.0 10,0 12.0 R R 

53 16,0 .14.0 10.0 12,0 10.0 10.0 11.0 

54 10.0 8.0 B.O 8.0 6.0 L R 



Appendix BlO 

Stand 

No. 10 

55 10.0 

56 12.0 

57 12.0 

58 20.0 

59 14.0 

60 42.0 

61 12.0 

62 20.0 

63 16.0 

64 2010 

65 24,0 

66 22.0 

67 20.0 

68 11.5 

69 14.0. 

70 15,5 

71 16.5 

72 15.7 

73 17.0 

74 16.0 

75 17.0 

76 18.5 

77 15.0 
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continued 

Denth in 

20 30 40 

12.0 R R 

11.0 

14.0 14.0 13.0 

T, L T, 

36.0 52 46.0 

31.0 30.0 33.0 

10.0 12.0 10.0 

16.0 17.0 20.0 

18.0 16.0 18.0 

20.0 24.0 R 

22.0 21.0 22.0 

29.0 18.0 17.0 

17.0 17.0. Hl.O 

14.0 16.0 14.0 

14 .0 14.0 12.0 

15.0 11.0 12.0 

16.5 15.5 14.8 

16.0 14.3 14.0 

L 15.0 14.0 

16.0 16.0 18.0 

17.0 17.0 16.0 

17.0 15.0 18.0 

17.0 15.5 16.5 

R = Bed rock reached 

L = Soil sample cost 

eros. 

50 60 .. 70 

R . .R R 

L L L 

L. 16.0 14.0 

50.0 36.0 50.0 

50.0 tl4 .0 50.0 

10.0 R R 

lfl.O 24.0 R 

18.0 17.0 20.0 

R R R 

17.0 17.0 R 

16.0 14.0 16.0 

14.0 14.0 16 

14.0 14.0 21.0 

13.0 12.0 17.0 

13.0 14.0 11. 7 

14.2 I. 13.5 

12.0 14.6 15.5 

15.0 16.5 L 

17.0 16.0 17.0 

14.0 13.8 14.8 

19.5 17.3 18.3 

L R R 
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Aqpendix Bll: Magnesium content of soils from Eastern 

Escarpment of Eritrea (meg/100 gm soil) 

Stand Denth in ems. 

No. 10 20 30 40 50 60 70 

1 2.56 2.4 2.88 2.40 2.08 R R 

2 3.2 3.68 4.16 3.68 2.72 2.88 R 

3 2.72 2.88 3.52 3.84 4.16 6.88 6.72 

4 2.24 1.60 1.92 R R R R 

5 2.56 2.4 3.52 3.84 3.2 3.2 3.2 

6 1.28 1.12 R R R R R 

7 1.92 1.92 2.08 2.40 2~24 2.24 3.52 

8 3.20 R R R R R R 

9 2.4 R R R R R R 

10 3.68 4.48 5.12 5.26 7.20= 7.68 9.28 

11 5.12 8.32 1.04 10.24 11.04 11.04 12.16 

12 1. 92 1.60 1.76 H R R R 

13 2.24 2.24 3.20 3.04 H R R 

14 2.24 H R R R R R 

15 2.40 1.92 ):.92 H R R R 

16 2.08 1.76 1.60 1.44 1.60 1.28 

17 2.72 2.56 R R H R R 

18 2.08 2.08 2.08 2.24 2.40 2.56 R 

19 3.36 4.0 3.2 H R R R 

20 1.92 1.28 R R R R R 

21 1.92 2.40 2.88 R R R R 

22 3.68 2.56 2.56 R R R R 

23 2.4 2.4 2.24 2.72 2.88 3.04 3.04 

24 1.28 1.12 1.28 1.6 1.6 R R 

25 2.56 2.72 2.56 2.88 R R R 

26 1. 92 2.40 3.04 2.40 32.0 2.56 2.40 
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Appendix Bll continued 

---~ 

Stand 
Depth in ems. 

No. 10 20 30 40 50 60 70 

27 2.56 2.56 2.24 3.2 2.88 2.08 2.88 

28 2.72 3.04 2.88 2.56 2.24 2.40 2.40 

29 2.56 2.24 2.40 6.08 2.40 R R 

30 2.24 2.72 2.56 2.88 2.24 2.24 1.92 

31 3.04 2.72 3.36 4.96 4.32 5.28 3.52 

32 2.08 2.08 2.08 2.24 2.24 2.56 2 • .56 

33 2.72 2.88 4.8 2.72 2 •. 7? 2.56 R 

34 2.24 3.134 1.40 2.72 3.04 3.20 3.20 

35 3.52 2.56 3.36 2.88 3.84 4.64 3.20 

36 3.52 2.56 2.56 3.04 2.72 3.04 2.72 

37 3.20 2.88 2.24 2.24 1. 76 1.60 1.28 

38 5.92 5.28 6.72 R R R R 

39 2.72 R R R R R R 

40 4.32 5.44 4.32 4.64 5.76 5.76 6.40 

11 4.16 4.413 1.16 4.80 4.61 4.80 4.48 

12 4.16 3.68 3.84 4.48 4.80 5.92 5.92 

43 4.64 5.76 6.24 6.88 6.24 7.36 9.6 

44 6 •. 08 5.92 5.76 5.28 5.76 7.2 5.92 

45 4.64 4.00 4.16 4.00 4.413 4.64 4.32 

46 7.68 5.44 7.04 4.64 6.08 4.80 6.08 

47 5.28 4.32 2.88 2.16 2.88 R R 

48 4.16 3.36 3.52 1.92 2.08 R R 

49 3.20 3.04 1.92 2.40 2.24 4.32 6.08 

50 2.4 2.4 2.08 1.76 1. 92 2.24 2.24 

51 3.134 2.24 2.24 2.08 2.24 2.24 1. 76 

52 2.88 2.56 1.60 1.60 1. 28 R R 

53 5.76 1.16 3.20 3.36 3.04 3.04 3.20 
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Appendix Bll continued 

Stand 

No. 10 

54 3.2 

55 2.56 

56 3.84 

57 3.20 

58 3.84 

59 3.20 

60 3.20 

61 3.20 

62 5.12' 

63 4.48 

64 7.04 

65 6.t! 

66 5.76 

67 5.12 

68 4.8 

69 3.84 

70 5.12 

71 5.4t! 

72 6.56 

73 5.76 

74 5.44 

75 6.08 

76 5.44 

77 5.60 

Depth in 

20 30 40 

3.2 3.2 3.81 

3.2 R R 

7.04 R R 

3.84 4.48 4.48 

'L I, JJ 

3.84 5.12 4.48 

2.56 2.56 2.56 

2.56 3.20 3.20 

4.48 5.12 5.12= 

4.48 4.48 5.12 

7.04 8.96 R 

7.04 6.4 6.4 

5.76 5.12 t!.48 

4.48 3.8t! 4./18 

5.28 5.12 5.12 

3.20 3.20 3.20 

4.18 4.0 4.48 

5.60 5.76 6.4 

5.44 5.44 4.96 

L 5.92 6.08 

6.40 6.88 8.0 

5.92 5.44 5.92 

5.60 5.40 5.40 

5.76 6.40 7.84 

R = Bed rock reached 

L = Sample lost 

ems. 

50 60 70 

3.2 L R 

R R R 

R R R 

L L L 

L 2~56 2.56 

5.12 4.48 5.12 

3.20 3.20 38;4 

3.20 R R 

4.48 6.64 R 

5.76 6.4 6.4 

R R R 

6.4 7.04 R 

'3.84 3.84 4.48 

4.48 4.48 4.48 

1).<18 3.84 R 

3.20 3.20 4.48 

4.BO 4.96 4.64 

6.72 L 5.76 

5.12 6.40 6.40 

5.76 6.40 L 

8.0 9.28 8.84 

6.24 6.24 7.36 

5.92 5.76 5.92 

2.56 R R 
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Appendix B12: Sodium content of soils from Eastern \' 
Escarpment of Eritrea (meqlOO gm soil) I 

Stand Depth in cres. 

NO. 10 20 30 40 50 60 70 

1 0.38 0.34 0.43 0.41 0.51 R R 

2 3.86 6.26 7.20 6.54 1. 74 1.74 R 

3 2.15 3.47 4.81 5.21 6.87 7.30 7.54 

4 0.62 1.48 3.57 R R R R 

5 0.87 2.37 4.77 4.86 4.63 4.71 4.60 

6 0.38 0.33 R R R R R 

7 0.75 1.35 3.ll 3.06 3.40 3.08 5.20 

8 0.97 R R R R R R 

9 0.32 R R R R R R 

10 0.30 0.46 1.08 1.89 3.57 4.99 5.37 

11 0.71 3.08 7.87 25.67 22.83 24.16 18.00' 

12 0.23 0.21 0.27 R R R R 

13 0.24 0.30 0.35 0.35 R R R 

14 0.17 R R' R R R R 

15 0.14 0.22 0.44 R R R R 

16 0.21 0.27 0.29 0.30 0.40 0.42 R 

17 0.19 0.13 R H R R R 

18 0.19 0.15 0.19 0.19 0.21 0.21 R 

19 0.17 0.20 0.21 R R R R 

20 0.18 0.16 R R R R R 

21 0.17 0.17 0.21 R R R R 

22 0.33 0.29 0,32 R R R R 

23 0.20 0.21 0.29 0.33 0.38 0.31 0.29 

24 0.10 0.17 0.16 0.17 0.17 R R 

25 0.21 0.29 0.32 0.29 R R R 

26 0.16 0.16 0.19 0.17 0.17 0.15 0.15 

27 0.17 0.17 0.15 0.17 0.15 0.19 0.19 
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I 
Appendix B12 continued 

Stand Depth in CfI1S. 

No. 10 20 30 40 50 60 70 

28 0.14 0.17 0.14 0.16 0.16 0.17 0.19 

29 0.17 o.n 0.22 0.24 0.2'7 R R 

30 O.lLI 0.19 0.19 0.19 0.16 0.17 0.16 

31 0.17 0.21 0.2<1 0.21 0.21 0.24 0.22 

32= O.lLI 0.17 0.15 0.15 0.15 0.15 0.15 

33 0.15 0.21 0.27 O.lLI O.lLI 0.16 R 

34 0.14 L 0.17 0.17 0.19 0.19 0.17 

35 0.15 0.17 0.21 L= 0.21 0.27 0.27 

36 0.15 0.17 0.17 0.20 0.31 0.20 O.lLI 

37 0.14 0.17 0.16 0.13 0.12 0.15 0.09 

38 0.15 0.16 0.19 R R R R 

39 0.22 R R R R R R 

40 0.15 0.17 0.17 0.17 0.22 0.24 0.26 

41 0.15 0.17 0.17 0.19 0.21 0.21 0.22 

42 O.ll; 0.17 0.10 0.16 0.17 0.21 0.21 

43 0.17 0.19 0.19 0.21 0.22 0.21 0.22 

44 0.21 0.24 0.18 0.21 0.21 0.22 0.27 

15 0.14 0.21 0.17 0.17 0.17 0.15 0.15 

46 0.17 0.19 0.21 0.19 0.24 0.22 0.21 

47 0.12 0.12 0.22 0.19 0.24 R R 

48 O.ll 0.12 0.12 0.19 0.22 R R 

49 6.14 0.22 0.19 0.22 0.24 0.24 0.32 

50 0.13 0.16 0.19 0.21 0.22 0.25 0.35 

51' 0.17 0.27 0.27 0.22 0.26 0.22 0.22 

52 0.14 0.15 0.15 0.14 0.22 R R 

53 0.17 0.17 0.17 0.).5 0.15 0.15 0.17 

54 0.16 0.37 0.39 O. <15 0.45 L R 
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Appendix B12 continued 

Stand 

No. 10 

55 0.23 

56 0.63 

57 0.21 

58 0,19 

59 0.23 

60 0.19 

61 0.16 

62 0,32 

63 0,21 

64 0,23 

65 0.32 

66 0.16 

67 0.H3 

68 0.13 

69 0.19 

70 0.30 

71 0.25 

72 0.24 

73 0.24 

74 0.33 

75 0.24 

76 0.19 

77 0.22 

Depth in 

20 30 40 

0.34 R R 

2.17 H R 

0.24 0,27 0.31 

L I, I~ 

0.49 0,82 0.87 

0.21 0,23 0.27 

0.24 0.26 0.19 

0.29 0.31 0.32 

0.19 0.19 0.21 

0,23 0,23 R 

0.27 0,27 0.27 

0.H3 0,19 0.23 

0.19 0.15 ··0.19 

0.19 0.21 0.19 

r, 0.18 0.23 

0,29 0,21) 0.21 

0.19 0.29 0.35 

0.29 0.2<1 0.22 

L 0,30 0.33 

0.24 0,24 0.29 

0.24 0.29 0.29 

0.25 0.15 0.25 

0.22 0,22 0.20 

R = Bed rock reached 

L = Sample lost 

eMS. 

!,o GO 70 

R R R 

R R R 

L L L 

T, 0,32 0,31 

0.82 0,69 0,71 

o. '\3 0,53 L 

0.16 R R 

0,29 0,32 R 

0.24 0,24 0.31 

R R R 

0.23 0.23 R 

0.26 0.32 0.34 

0.19 0,18 0.19 

0.21 0.21 R 

0.21 0.21 0,26 

0.24 0.29 0.25 

J~ 0,37 0.37 

0.27 0,33 0 .. 25 

0.27 0.27 r~ 

0.44 0,56 0.95 

0.33 0.35 0.33 

0.22 0,25 0.30 

0.33 R R 
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Appendix B13: Manganese content of the soils from the 

Eastern Escarpment of Eritrea (meg/100 soil) 

Stand Depth in ems. 

No. 10 20 30 40 50 60 70 

1 0.0175 0.021 0.007 0.0105 0.014 R R 

2 6.0175 0.0175 0.007 0.007 0.014 0.014 = R 

3 0.014 0.007 0.007 0.0105 0.007 0.007 L 

4 0.0105 0.007 0.007 R R R R 

5 0.014 0.007 0.014 0.0105 0.0105 0.007 0.014 

6 0.014 0.010.5 R R R R R 

7 0.0245 0.0175 0.014 0.014 0.0105 0.007 R 

8 0.049 R R R R R R 

9 0.091 R R R. R R R 

10 0.021 0.007 0.007 0.007 0.007 0.007 0.007 

= 11 0.042 0.0105 0.014 0.007 0.007 0.007 0.007 

12 0.0142 0.014 0.014 R R R R 

13 0.028 0.0105 0.014 0.014 R R R 

14 0.056 R R R R R R 

15 0.019 0.035 0.014 R R R R 

16 0.028 0.021 0.014 0.007 0.007 0.007 R 

17 0.056 0.018 R R R R R 

18 0.063 0.0245 0.014 0.014 0.014 0.014 R 

19 0.042 0.0245 0.021 R R R R 

20 0.0385 0.028 R R R R R 

21 0.021 0.021 0.028 R R R R 

22 0.0175 0.014 0.0175 R R R R 

23 0.0315 0.0245 0.0105 0.0105 0.0105 0.014 0.0105 

24 0.035 0.021 0.014 0.007 0.007 R R 

25 0.021 0.007 0.105 0.04 . R R R 

26 0.035 0.028 0.028 0.014 0.0245 0.028 0.021 
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Appendix B13 continued 

Stand Depth in ems. 

No. '10 20 30 40 50 60 70 

27 0.028 0.028 0.0175 0.021 0.0175 0.014 0.0175 

28 0.0455 0.028 . 0.0245 0.028 0.028 0.028 0.035 

29 0.0455 0.028 0.021 0.021 0.0245 R R 

30 0.0665 0.0385 0.028 0.035 0.021 0.021 0.021 

31 0.0525 0.0315 0.0315 0.0245 0.028 0,028 L 

32 0.028 0.028 0.0245 0.014 0.0175 0.0245 0.021 

33 0.028 0.028 0.0245 0.0175 0.014 0.021 R 

34 0.042 0.028 0.'021 0.014 0.0175 0.014 0.0175 

35 0.049 0.014 0.021 0.014 0;0245 0 •. 028 0.021 

36 0.049 0.021 0.028 0.021 0.0245 0.021 0.014 

37 0.02l 0.028 0.0245 0.028 0.0175 0.021 0.0245 

38 0.021 0.0175 0.0245 R R R· R 

39 0.0385 R R R R R R 

40 0.0175 0.028 0.028 0.0385 0.0455 0.028 0.0245 

41 0.014 0.021 0.0105 0.0105 0.0105 0.007 0.0105 

42 0.035 0.014 0.0175 0.105 0.014 0.105 0.007 

43 0.0385 0.0245 0.007 0.021 0.0105 0.0105 0.0105 

44 0.028 0.0175 0.0245 0.0105 0.014 0.00& . 0.0105 

45 0.021 0.0245 0.014 0.0175 0.014 0.014 0.014 

46 0.028 0.021 0.0315 0.018 0.021 0.014 0.014 

47 0.0245 0.0105 0.0105 0.014 0.014 R R 

48 . 0.035 0.0245 0~0105 0.014 0.0175 o R R 

49 0.042 0.0175 0.0105 0.007 0.014 0.014 0.021 

50 0.021 0.0175 0.0105 0.0105 0.007 0.007 0.ql05 
51 0.021 0.0245 0.021 0.014 0.014 0.014 0.014 

52 0.042 0.0245 0.021 0.0175 0.021 R R 

53 0.056 0.0385 0.0315 0.02l , 0.014 0.007 0.014 
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Appendix D13 continued. 

Stand Depth in ems. 

No. 10 20 30 40 50 60 70 

54 0.042 0.0175 0.021 0.021 0.0245 L R 

55 0.035 0.021 R R R R R 

56 O.OJ 0.0875 R R R R R 

57 0.0:35 0.042 0.0175 O.Oltl L L L 

58 0.028 L L L L 0.021 0.021 

59 0.014 0.0175 0.035 0.035 0.035 0.035 0.028 

60 0.0385 0.035 0.035 0.035 0.042 0.042 0.0385 

61 0.028 0.021 0.028 0.0245 0.021 R R 

62 0.0665 0.035 0.042 0.035 0.0315 0.035 R 

63 0.042 0.028 0.0175 0.021 0.0175 0.021 0.0175 

64 0.01995 0.161 0.0805 R R R R 

65 0.054 0.0805 0.163 0.14 0.098 0.0455 R 

66 0.0805 0.035 0.0315 0.021 0.014 0.014 0.0175 

67 0.0735 0.028 0.0175 0.02,15 0.01<1 0.014 0.014 

68 0.049 0.049 0.315 0.021 0.0245 0.021 R 

69 0.021 0.014 0.014 0.007 0.007 0.007 0.0105 

70 0.028 0.021 0.014 0.0I:75 0.014 0.014 0.014 

71 0.028 0.021 0.021 0.014 0.0175 L 0.014 

72 0.049 0.0315 0.021 0.0175 0.0175 0.021 0.021 

73 0.0385 L 0.0175 0.0175 0.014 0.0175 R 

74 0.049 0.035 0.035 0.021 0.021 L 0.014 

75 0.0245 0.014 9.0175 O.Oltl 0.014 0.0175 0.014 

76 0.028 0.0315 0.0175 0.014 0.021 0.021 0.021 

77 0.028 0.028 0.0245 0.023 0.014 R R 

R = Bed rock r~ached 

L Sample lost 
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Appendix C 1 : Comparison of the stand groups by altitude (using t-test) 
Iii 

Groups 
;(1-X2 

Groups X
l

';X
2 Compared d.f. T P Compared d. f. T P 

A - B 17 -341 4.543 0.001 D - E 16 271 5.847 . 0.001 

C 10 -230 7.369 0.001 F 13 642 16.261 0.001 

D 9 176 8.743 0.001 G 11 572 2.524 0.05 

E 17 447 10.12 0.001 H 8 984 441.25 0;001 

F 14 818 21.35 0.001 I 7 1028 101.58 0,001 

G 12 748 3,629 0,005 J 11 1198 708.71 0.001 

H 9 1168 55,52 0.001 E - F 21 371 9.252 0.001 

I 8 1204 49.61 0.001 G 19 301 2.141 0.05 

B - C 16 III 1042 I 15 757 14.466 0.001 

D 15 517 6,075 0.001 J 19 927 25.440 0.001 

E 23 788 13.26 0,001 F G 16 70 0.040 

F 23 788 13,26 0.001 H 13 342 8.614 0.001 

G 18 1098 6.956 0.001 I 12 386 8.941 0.001 

H 15 1501 17.621 0.001 J 16 556 18.94 0.001 

I 14 1545 16.144 0.001 G - H 11 412 1.823 

J 18 1715 25; 728 0.001 r 7 456 1,495 

C - D 9 406 15.744 0.001 J 10 626 3.002 0.025 

E 17 677 15.635 0.001 .H -:r 7 3.580 0.010 

F 14 1048 27,608 0.001 J 11 214 28.72 0.001 

G 12 978 4.747 0.001 I - J 10 170 17.672 0.001 

d. f. '" X1-X2 '" 
Degree of feedom 
Di fference between the means· of the CJl'Oups crrnared. 

1;: '" Calculated t v~lue 
p = Probability level of significance 
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AppE'Jldix C 2! Carparison of the stand gr9UflS by slope 

• -, • _0,", __ ~_ 

(using t-tes) 
~~~~-==."'''"-~-"~ 

Groups 
51l-~ 

Groups 511-X2 Crnparod d.L T P Ccitpared d.f. T P 

A-B 16 :9 2.088 D - E 16 6.B 2.212 0.05 

C 10 -29.5 1.926 F 13 2.3 0.70S 

D 9 -13 0.354 G 11 3.4 0.523 

E 17 -62 0.015 H 8 17.6 5 •. 33 0.001 

F 14 -10.7 0.375 I 7 20.9 3.406 0.025 

D 12 -9.6 0.571 J 11 24.8 8.435 0.001 

H 9 -4.6 0.128 E - F 21 -4.5 1.762 

I 8 7.9 1.155 G 19 -3.4 1.255 

J 12 11.8 3.078 0.005 H 16 10.8 2.521 0.05 

B - C 16 -20.8 5.697 0.001 I 15 14.1 3.187 . 0.01 

D 15 04.0 0;983 J 19 18.0 7.089 0.001 

E 23 -2.8 . 0.074 F - G 16 1.1 0.377· . 

F 20 -1.7 0.534 H 13 15.3 4.769 o.ooi 
G 18 -0.6 1.75 I 12 18.6 .3.818 0.065 

H 15 13.6 3.375 0,005 J 16 22.5 8.315 0.001 

I 14 16;9 3.125 0.010 G - H 11 14.2 4.339 0.005 

J 18 20.8 6.322 0.001 I 7 17.5 3; 344. 0.025 

C - D 9 16'.5 6.702 0.001 J 10 21.4 7.657 0. 0.01 

E 17 2~.7 8.937 0.001 H - I. 7 3.3 0.545 

F 14 18.8' 6.894 0.001 J 11 7.2 2.517 0.05 

G 12 19.9 7.361 0.001 I - J 10 3.9 ,0.793 

H 9 34.1 14.98 10.001 

I 8 37.4 ·7.284 0.001 

d.f. = Degree of freedom. 

Xl -X2 = The difference bet\~een the means of the groups compared. 

t = The calculated t value 
P = probability level of significance 
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Appendix C 3: Comparison of the stand groups by % of rock cover of the 
surface (using t-test) 

-~---

Groups 
X -x T p Grou~s X1-X2 T P Compared d.f. 1 2 Compa ed d •. f. 

A - B 16 19 1,246 D - E 16 12 .0,938 

C 10 6 0.4309 F 13 -19 1.759 

D 9 14' 0.8702 G 11 -25 2.292 0.05 

E 17 26 2.421 0.05 B I! -8 0.509 

F 14 -5 0.598 I 7 30 1.147 

G 12 -1 1.373 J 11 15 0.757 

H 9 6 0,498 R - F 21 -31 1.727 

I 8 44 2.004 G 19 -37 4.737 0.001 

J 12 29 1,704 H 16 -20 1.863 

B - C 16 -19 1.065 I 15 18 1,097 

D 15 ~5 0.363 J 19 3 0.238 

E 23 ·7 0.1I0 F - G 16 -6 1.379 

F 20 -24 2,916 0.05 H 13 11 1.525 

G 18 -30 3;496 0.005 I 12 49 3.217 0.01 

H 15 -13 1.108 - J 16 34 2,782 0.025 

I 14 25 1.423 G - H 11 17 2,811 0.025 

J 18 10 0~743 I 7 55 3.413 0.025 

C - D 9 8 0';467 J 10 40 3.267 0.01 

'E 17 20 1; 770 H - I 7 38 1,692 

F 14 -11 0.893 J 11 23 1,304 

G 12 -17 1,845 I - J 10 -IS 0.609 

W 9 0 

I 8 38 1.657 • 

J 12 23 1.,306 

o.cof. = Dagree of free&:m. 

XI-XZ = "The difference teb\~, the rream; of the err 
groups ~ed. 

t = The calculated t-value 
p = Probability level of sianificance 





- 188 -

Appendix C4 continued 

Groups Surface Average 

Compared d, f. X1-X2 T P d. f. XI -X2 

D " C 16 3.59 1.617 16 7.07 

F 13 3.99 1<.433 13 8.22 

G 11 6.4 2.486 0.050 9 10.34 

H 8 -4.65 1.383 7 -10.34 

I 7 18.71 5.285 0.001 6 26.8 

J 11 12.68 3.337 0.001 10 14.81 

E - F 21 0.4 0.237 21 1.15 

G 19 2.81 1.797 18 3.27 

H 16 1.03 0.507 15 3.27 

I 15 5.12 7.27 0.001 14 19.73 

J 19 9.09 4.004 0.001 18 7.4 

F ",G 16 2.41 1.221 15 2.12 

H 13 0.66 0.255 12 2.12 

I 12 14.72 5.432 0.001 14 8.63 

J 16 8.69 3.183 0.010 15 6.59 

G - H 11 -1.75 0.763 9 0,00 

I 10 12.31 5,113 0.001 5 16.46 

J 14 6.28 2,620 0.0025 12 4.47 

H - I 7 14.06 4.5501 0.001 5 16.46 

J 11 8.03 2.243 0.05· 9 4.47 

I " J 10 -6,03 1.562 1 18 -"-1.99 

d.f. Degree of freedom. 

The di fference bet\~een the means of the 
groups compared; . 
The calculated t value 

P Probability level of significance 

T 

3.123 

3.167 

4.066 

4.231 

2.968 

4.904 

0.543 

1.3995 
, 

1.258 

3.3384 

3.108 

0.744 

0.368 

3.384 

2.399 

2,059 

1.449 

2.059 

1.24 

1.460 

P 

0.01 

0.01 

0.001 

0.005 

0.025 

0.001 

0.05 

0.01 

0.005 

0,05 
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Appendix C5: Comparison of the groups of stands by soil texture •. j 

I 
% of silt (using t-test) I 

Groups Surface Average 

Compared d. f. X1-X2 T P rl. f •. X1-X2 T P 

A - B 16 -1.61 1.103 16 .1.94 0.966 

C 10 -2.86 1.589 10 -2.7 1.179 

D 9 -1.12 0.364 9 4.86 3.096 0.025 

E 17 -0.97 0.032 17 -0.16 0.067 

F 14 -0,71 0.261 14 -1,22 0.401 

G 12 -4,90 1.872 11 -4,95 1.506 

H 9 -3.81 1.217 8 -3.94 1.985 

I 8 -13.11 2.373 0.05 7 -11.94 1.985 

J 12 -9.77 2.825 0,05 11 -5,13 1.655 .~-

B - C 16 -4.47 3.216 0.01 16 -4,64 2.900 0,025 

D 15 -0.34 0.193 15 . 2.90 3.767 0,005 

E 23 -1.61 1.310 23 -2.100 1.963 

F 20 -2.25 1.535 20 -3.16 2,003 

G 18 -6~44 4,304 0.001 17 -6,89 4.745 0,001 

H 15 -5.35 4,650 0,001 14 -5.88 7,259 0,001 

I 14 -15.33 4.746 0,001 13 -13.18 4.423 0.001 

J 18 -11,31 5,600 0,001 17 -7.07 5.702 0.001 

C - D 9 4,13 1,707 9 7.56 2.989 0;025 

E 17 .2,86 1.744 17 2,54 1.588 

F 14 2.16 0.989 14 1.18 0.435 

G 12 -1,97 1.043 11 -2,25 0.796 

H 9 -0',88 0.429 8 -1.24 0.432 

I 8 -10,86 0.744 7 -8.54 1.579 

J 12 -6,84 2.319 0',05 11 -2.43 0.935 
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Appendix CS continued 

Groups 

Compared 

D - E 
F 

G 

H 

I 

J 

E - F 

G 

H 

I 

J 

F ~ G 

H 

I 

J 

G - H 

I 

J 

H - I 

J 

Surface Average 

d. f. XI -X2 
T P d. f. XI -X2 

16 -1.27 0.641 16 -5.00 

13 -1.97 0.760 - 13 -11.24 

11 . .;6.1 2.586 0.025 9 -9.79 

8 ... 5.01 1.887 7 -8.78 

7 - ":4.99 2.532 0.05 6 -16.08 

11 -10.97 3.226 0.01 10 -9.094 

21 -0.64 0.378 21 -1.06 

19 -4.83 3.017 0.010 18 -4.19 

16 -3,·74 2.020 IS -3,78 

IS -13.72 3.811 0.01 11 -1.09 

19 -9.7 4.409 0.001 18 -4.97 

16 -4.19 2.040 15 -3.73 

13 -3,1 1.260 12 -2.n 
12. -13.08 2.979 0,02 11 -10.02 

16 -9.06 3.393 0.005 15 -3.91 

11 -1.09 0.502 9 1.01 

10 -B.87 1.638 8 -6.29 

14 -4.B7 1.-787 12 -0.18 

7 -9.98 1.721 5 -7.-30 

1.1 -5.96 1.801 9 -1.19 

d.f. = Degree of freedom 

= The difference between the means of the 
groups compared 

t = The calculated t value 

P ~ PrObability level of significance. 

T 

-6.173 

4.684 

2.578 

7.439 

3,262 

4.786 

0.542 

2.578 

2.100 

3.214 

2.096 

1.529 

1.026 

2.258 

1.763 

0.403 

1.294 

0.080 

1.311 

0 .. 569 

P 

0.001 

0.001 

0.025 

0.001 

0.025 

0.001 

.0.025 

0.01 

0.010 

0,05 
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Appendix C6: Comparison of groups of stands by soil textent - % of 

clay (using t-test) 

Groups. Surface Average 

Compared . d.f; X1-X2 T P d. f • X1-X2 T P 

A - B' 16 3.64 6.500 0.001 16 3.12 3.90 0.005 

C 10 11.82 2.246 0.05 10 0.93 0.531 

0 9 1,82 1,556 9 3,22 3,105 0.025 

E 17 0.50 0,71 17 1.15 1.264 

F 14 .0.32 0.339 14 0.95 1,025 

G 12 1.52 1.119 11 . 2.15 0.998 

H 9 2.22 1.760 8 1.12 0.700 

I 8 '.1.9 0.605 7 7.23 '-1.592 

J 12 :"0.27 0.229 11 0.68 -0.472 

B - C 16 -1.82 2.800 0.025 16 2.12 · ;'2.078 

D 15 -1. 32 1.833 15 .0.10 · ~0.154 

E 23 -3.64 .. 8,088 .0.001 23 1.97 .. 3.200 0.005 

F 20 -3.44 6.143 0.001 20 2.10 . · ~3. 331 .0.005 

G 18 ~1.62 1.737 17 0.90 -.1.168 

H 15 -0.94 1.205 14 2.00 .;1~923 

I 14 -5.04 2.681 0.025 13 10.39 ",3.981 0.005 

J 18 -3.41 4.372 .. 0.001 17 '3.73 ~1.120 

C - D 9 0.5 0.47 . - 9 '2.29 1!579 

E 17 -1.82 . 2.84 .0.025 17 '0.22 '0~200 

F 14 ~.1. 3 1.469 14 0.02 0.017 

G 12 0.2 .0.153 11 1.22 0.849 

H 9 0.88 .0,765 8 ,'0.19 0.096 

I 8 -3.22 1.039 7 8.27 -1.969 

J 12 -1.59 1.420 11 1.61 -0.976 



d.f. = Degree of freedom. 

X
l
-X2 = TIle difference between the means of the 

groups compared 

t = The calculated t value 

P = Probability level of significance. 
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Appendix C7: Comparison of the stand groups by soil color - Hue i 

(using t-test) 

Groups Surface Average 

Compared d.f. X1-X2 T P d.f. X1-X2 T P 

A - B 16 -0.62 -1.322 16 -0.95 1.973 

C 10 0 0 10 -0.49 0.618 

D 9 -0.83 -1.423 9 -1.04 -1.462 

E 17 1.09 1.534 17 ~0.18 -0.132 

F 14 .-0.58 2.180 0.05 14 0.2 - 0.573 

G 12 -0.83 2.578 0.025 11 -1.04 . 1.669 

H 9 -0.83 0.901 8 -1.14 -. 0.972 

I 8 -0.83 1.909 7 -1.04 3.142 0.025 

J 12 -1.46 4.126 0.005 11 -1.81 1.869 

B - C 16 . 0.62 1.323 16 0.46 1.479 

D. 15 -0.21 1.035 15 0.09 0.613 

Ii 23 1.71 3.589 0.005 2'< 0.77 2.800 0.025 

F 20 0.04 0.165 20 1.55 4.055 0.001 

G 18 -0.21 1.448 17 0~09 0.403 

H 15 -0.21 0.358 14 -0.19 0.332 

I 14. -0.21 0.564 13 -0.09 0.471 

J 18. -0.84 1.487 17 -0.86 1.585 

C - 0 9 -0.83 1.423 9 -0.55 1.213 

E 17 1.09 1.534 17 0.3 0.674 

F 14. ~0.58 1.126 14 0.69 . 1.376 

G 12 -0.83 1.842 11 -0.55 1.459 

H 9 -0.83 0.901 8 -0.65 . 0.677 

I 8 -0.83 1.259 7 -0.55 0.916 

J 12 -1.46 1.704 11 -1.32 1.542 
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Appendix C7: continued 

Groups 

Compared 

D - E 

Jl 

G 

H 

r 
J 

E .. F 

G 

H 

I 

J 

F - G 

H., 

I 

J 

G' - H 

r 
J 

H ,- I 

J 

I - J 

Surface Average 

d,f. X1-X2 , T P d.f. X1-X2 

16 1.92 2.902 0.025 16 0.86 

13 0.25 0,723 13 1.24 

11 0 0 9, 0' 

8 0 0 7 ~0.10 

7 0 0 6 0 

11 -0.63 -0,819 10 ~0.77 

21 -1.67 3.193 0.005 21 0.38 

19 -1.92 3.592 0.005 18 0.86 

16 -1.92 2.326 0.05 15 -0.96 

15 -1.92 2.508 0.025 14 -0.86 

19 ~2.55 3.540 O.OOS 18 -1.63 

16 -0.25 0.892 15 ,-1. 24 

' 13 -0.25 0.387 2 -1.34 

12 -0,25 ,0.620 11 -1.24 

16 -0.88 ~1.417 15 -2.01 

11 0 0 9 -0.100 

7 0 0 5 0 

10 _0 •• 63 1,009 8 -0.770 

7 0 0 5 0. 10 

11 -0.63 0.626 9 -0,67 

10 -3,12 -3.448 0.01 8 

d.f. = Degree of freedom 

X
I
-i2 = The difference between the means of the 

, groups compared 

to ~ The calculated t value 

P = Probability level of significance 

T 

2,097 

2,971, 

0 

0,111 

0 

0,907 

0.967 

2.496 

1~375 

1.611 

1.633 

3.148 

1.681 

2,269 

'2.834 

l(i.136 

0 

1,089 

0.082 

0.553 

P 

0.025 

0.025 

0.01 

0.05 

0.025 
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Appendix C8: Comparison of the stAnd groups by soil color - Val ue I 
(us ing t-test) ! 

Groups Surface Average 

-
Compared d. f. XCX2 T P d.f, X1-X2 T P 

A - B 16 -1.84 1.186 16 0.07 0.182 

C 10 1.16 3.102 0.025 10 1.14 2.478 0.05 

D 9 .1.16 2.133 9 -0.13 0.31 

E 17 1.03 0.845 17 -0.15 0.429 

F 14 0.37 0.075 14 -0.54 1,667 

G 12 0.03 0.080 11 -0,28 0.739 

H 9 -0.03 0.379 8 -D.27 0.491 

I 8 -0.17 0.338 7 -0.06 0.118 

J 12 -0.42 1.069 11 -0.12 0.356 
. ,B - C 16 3.00 3.619 0.01 16 1.07 3.262 0.005 

D 15 2.87 3.099 0.01 15 -0.20 0.645 

E 23 2.21 3.746 0.005 23 -0.22 D.764 

F 20 2.87 2.812 0.025 20 -0.61 2.234 0.05 

G 18 2.81 2.479 0.025 17 -0.35 0.9 

H 15 1.67 1.819 14 -0.34 0.722 

I 14 1.67 1.657 13 -0.13 0.262 

J 18 1.42 1.945 17 -0.19 0.597 

C - D 9 -0.13 0.314 9 '-1.27 2,90 0.025 

E 17 -0.79 2.23 0.050 17 -1.29 3.634 0.005 

F 14 -1.13 3.113 0.01 14 -1.68 5.094 0.001 

G 12 -1.19 3.718 0.005 11 -1.42 3.532 0.005 

H 9 -1.33 3.575 0.01 8 -1.41 2.474 0.05 

I 8 -1.33 .3.182 0.025 7 -1.20 2.230 

J 12 -1.58 4.606 0.001 11 -1.26 3.49 0.005 

/ 
I 
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Appendix C8 continued 

Groups 

Compared 

D - E 

F 

G 

H 

I 

J 

E - F 

G 

H 

I 

J 

F - G 

H 

r 
J 

G - H 

I 

J 

H - I 

J 

I - J 

Surface Agerage 

d.f. X1-X2 T P d. f. X1-X2 

16 -0.66 1.579 16 -0.02 

13 -1.0 2.273 0.05 13 -0.41 

11 ~1.06 2.819 0.025 9 -0.15 

8 -1.20 2.449 0.05 7 -0.14 

7 -1.20 2.158 6 0.07 

11 -1.45 3.364 0.01 10 0.01 

21 -0.34 -1.030 21 -0.39 

19 -0.40 1.278 18 -0.13 

16 -0.44 1.388 15 0.12 

15 -0.44 1.197 14 0.08 

19 -0.69 2.446 0.025 18 0.02 

16 -0.06 0.175 15 0.26 

13 -0.20 0.475 12 0.27 

12 

16 

11 

7 

10 

7 

11 

10 

-0.20 0.426 11 0.48 

-0.45 1.261 15 0.42 

-0.14 0.396 9 0.01 

-0.14 0.327 5 0.22 

-0.39 1.157 8 0.16 

0 0 5 0.21 

-0.25 0.648 9 0.15 

-0.25 1.412 8 0.06 

d.f. ~ Degree of freedom 

X1-X2 = The difference between the means 
of the groups compared 

t = TIle calculated t val ue 

p = Probability level of significance 

T 

0.060 

1.336 

0.374 

0.269 

00151 

0.032 

1.573 

0.428 

0.283 

0.214 

0.107 

0.932 

0.689 

1.277 

1.654 

0.021 

0.268 

0.576 

0.172 

0.362 

0,186 

I, 
I 

I 

P 
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Appendix C9: Comparison of tho stand groups by soil color ~ Chroma 
! 

(using t-test) 

Groups 
Surface Average 

Compared d. f. X1-X2 T P d.f. X1-X2 T P 

A - B 16 1.83 2.260 0.05 16 0.32 0.522 

C 10 3.67 3.998 0.005 10 1.58 2.010 

D 9 112 1.000 9 0.07 0.080 

E 17 2.38 3.700 0.005 17 0.08 0.126 

F 14 2.70 3.253 0.010 14 -0.24 -0.274 

G 12 2.25 2.090 11 .0.82 0.900 

H 9 2.20 6.940 0.001 8 0.44 0.407 

I 8 1. 75 1.265 7 0.41 0.315 

J 12 2.62 3.075 0.01 11 1.37 1.713 

B - C 16 1.84 3.376 0.005 16 1.26 2.700 0.025 

D 15 -0.63 -1.613 IS -0.25 0.48 

E 23 ·0.55 1.368 23 -0.24 0.603 
.. 

F 20 0.87 1.667 20 -0.55 .0 .988 

G 18 0.42 O. '724 17 Q.5 0.870 

H 15 0.37 0.523 14 0.12 0.184 

I 14 -0.08 -0.094 13 0.09 0.115 

J 18 0.79 1.17 17 1.05 2.13 0.05 

C - D 9 -2.47 4.75 0.005 9 -1.51 2.48 0.05 

E 17 -1.29 14.271 0.001 17 -1.50 3.018 0,01 

F 14 -0.97 . 1.917 14 -1.82 2.447 0.05 

G 12 -1.42 2.544 0,05 11 -0.76 1.032 

H 9 -1.47 2.286 0.05 8 -1.14 1.423 

I 8 -1.92 2.240 7 -1.17 1.201 

J ; 12 -1.05 2.290 0.05 11 -0.21 0.353 



d. f • = IX:!gree of freedm 

Xl -X2 '" '{'he difference lxlt.W':'f'n the ITeam; 
of. the groulXl c<::rnpCIred 

t '" The Calctllated t value 

P '" Probability level of siqnificance 
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Appendix CI0; Comparison of the stand croups by soil pH 

(using t-test) 

Groups Surface Average 

Compared d,f, X1-X2 T P d, f, X1-X2 T P 

A - B 16 0.16 0.516 16 0,19 0.704 

C 10 0.44 0.978 10 0,55 1.410 

D 9 -0.23 0.677 9 -0,62 2,480 0.05 

E 17 0,36 1.440 17 ':0,01 0.045 

F 14 0.44 ,1,781 14 0.15 0.837 

G 12 -0.24 0.753 11 -0.24 0.678 

H 9 0,12 0.353 ,8 -0,42 1,615 

I 8 -0,43 1.229 7 -'0; 76 2.621 0:050 
'. 

J 12 -0.74 2.467 0,05 11 -0,65 2.826 0,025 

B .. C 16 0,6 1.463 16 0,37 1.121 

D 15 -0.4,2 1,24 15 -0,8'1 2.893 0,025 

E 23 0,16 O. 'l3 23 -0,20 1.0Q 

F 20 0.24 1.080 20 -0.04 0.197 

G 18 -0,44. 1.447 17 -0,43 1 ;398 

H 15 0,32 , 0.941- 14 -0,61 2.033 
. I 14 -0,63 1.909 13 -0,95 2.714 0,025 

J 18 -0,94 3.241 0.005 17 -0,84 3.360 0.005 

C - D 9 -1,02 2.116 9 -1,17 3.00 0.05 

E 17 -0.44 1.375 17 -0,53 1.893 

F 14 -0,36 1.054 14 -0,4 1.474 

G 12 -1.04 2.507 0.05 11 -0.79 1'.830 

I-J 9 -0.92 1.878 8 -0.97 2.256 

I 8 -1.23 2.321 0.05 7 -1.31 2.62 0.05 

J 12 -1.54 3.85 0~005 11 -1.2 3.529 0.005 
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Appendi.x CIa continuod 

.~-~-.,,-~--~-~ 

Groups 

Compared 

D - Il 
F 

G 

H 

I 

J 

E - F 

G 

H 

I 

J 

F - G 

H 

I 

J 

G ~ H 

I 

J 

H - I 
J 

I - J 

Surface Average 

d. f. X1-X2 
T P d. f .. X1-X2 T 

16 

13 

11 

8 

7 

11 

21 

19 

16 

IS 

19 

16 

13 

12 

16 

11 

10 

14 

7 

11 

10 

-0.58 2,710 0.025 16 -0.61 2,905 

0.66 3.474 0.005 13 0.77 5.531 

-0.02 0.072 . 9 0.36 1.132 

0.1 0.403 O.OOS 7 0.17 0.920 

-0.21 0.955 6 -0.14 0.700 

-0.52 2.167 10 -0.03 0.150 

0.08 . 0.501 21 0.16 1,068 

-0.6 2.881 0.01 16 -2.23 0.893 

0.48. 2.190 0.05 IS -0.41 1.1364 

-0.79 3.591 O.OOS 14 -0.75 2.885 

-1.1 5,789 o.oor 18 -0.64 3.368 

-0.68· 3,43,3 0.005 IS -0.47 1.864 

-0.56 'l.841 0.025 12 -0.60 4.397 

~0.87 4.833 0.001 11 -0.91. 5.703 

-1,88 10.444 0.001 IS -0.80 5,614 

0.12 0.4?4 9 -0.18 1.012 

-0.19 0.698 8 _0,52 1.161 

-O.S 2.00 12 -0.41 1.755 

-0.31 1.348 5 -0.31 1.820 

-0.62 2.480 0.05 9 -0.2 0.952 

-0.31 1.030 8 -0.11 0.458 

d. f .. = Degree of freedom 

X
1
-X

2 
= The di fference between the means of the 

groups compared 

t = The calculated t values 

P = Probability level of significance 

P 

0.005 

0.001 

0.025 

0.005 

0.001 

0.001 

O.O(H 
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Appendix Cll: COPlpar.i.son of the stand "raul's by so1.l I' 
Conduct i v:Ucy (us.i.n<;l t~-test ) 

Groups 

Compared d. f. Xl X
2 

T P d. f.. X1-X2 
T P 

----,-
A-B 16 0.02 2.00 16 0.348 2.175 0.05 

C 10 0.275 1.964 10 0.30 1. 25 

D 9 0.045 1.047 9 0.36 1.440 

E 17 "0.085 7.0il3 0.001 17 0.39 1.855 

F 14 0.07 6.153 ' 0.001 14 0.398 2.131 0.05 

G 12 b.071 5.030 0.001 11 0.39 1.855 

H 9 0.03 1.154 r, 0.382 1.317 

:r 8 -0.15 1.364 7 0.205 0.661 

J 12 -0.613 0.807 11 ~1.12 2.286 ,0.05 

B -> C 16 -0.255 2.833 0.025 16 -0.056 0.800 

D 15 -O.O;? 1. 33 15 0.01 0.167 

E 23 0.02 2.00 23 0.062 ' 2.067 0.05 

F 20 0.005 0.562 20 ' 0.05 1.241 

G 18 0.006 4.962 0.001 17 0.004 0.843 

H 15 -0.935 46.45 0.001 14 0.034 0.567 

I J.il -0.215 '3.:308 0.005 13 -0.1Il3 1. 788 

J 18 -0.678 2.421 0.05 17 -1.468 4.735 0.001 

c ~- D 9 0.235 -1.567 9 0.058 0.725 

E 17 0.275 0.982 17 1.11 2.200 0.05 

F 14 0.26 2.5'10 0.025 14 0.106 1.958 

C 12 0.26 2.261 0.05 11 0.088 1.340 

H 9 0.22 1.467 8 0.082 0.911 

I (1 0.04 0.071 7 -0.095 0.792 

J 12 -0.423 1.007 11 -1.42 3.227 0.010 
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Appendix ell continued. II 

~ 

Groups Surface Average 

Compared d. f. 51
1

-512 'f P d.f. 51l~X2 T l' 

D ~ E 16 0.04 3.077 0.010 16 0.052 2.600 0.025 

F 13 -0.025 2.002 13 -0,0t! 0.699 

G 11 -0.026 1.671 9 -0.03 4.066 0.005 

H 8 -0.015 0.530 7 0 0 

I 7 -0.195 1.625 G -0.153 -2.550 .• 005 

J = 11 -0.658 1.6il5 10 -1.478 3.079 0;025 

E - F 21 -0.015 1. 755 21 -0.012 1.482 

G 19 -0.014 1.343 18 . 0.022 2.340 0.05 

H 16 -0.055 3.056 0.01 15 0.028 7.000 0.001 
" 

I 15 -0.235 3.456 0.005 14 -0.205 6.833 0.001 

J 19 -0.698 2.585 0.025 18 -1. 53 5.276 0.001 

F - G 16 0.001 0.103 15 -0.010 1.443 

H 13 -0.04 1.874 12 10.016 1.566 

I 12 . -0.22 2.750 0.025 11 -0.193 4.744 0.001 

J 19 -;,0.06 0.194 15 ~1.51fl 4.780 0.001 

G - H 11 :-0.041 1.874 9 -0.006 0.769 

I 10 -0.22 1.997 8 -0.83 3.696 0.010 

J ltl ·'0.68 1.942 12 -1. 51 3.70 0.005 

H - I 7 -0.18 1.50 5 --0.177 2.529 0.05 

J 11 -0.643 1.129 9 -1. 502 2.815 0.025 

I - J 10 0.46 0.885 8 -1.325 2.103 

d.f. -, Degree of Freedom 

X
1

-X2 = The difference between the means 

of the groups compared 

t = The calculated t value 
p = Probability level of significance. 
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Appendix Cl?: Comparison of: Croups of Stands by soil. 
I, 
I 

orc.wnic rnatt(~r (tlSinc! t-test) 

Groups Surfaco Averag(~ 

Compared c..f. . Xl-X? ~(' P {t. f. Xl~X2 T P 

A - }3 16 -0.9 1.552 16 -0,12 0.500 0.01 

C 10 -·.1.59 ·1.9P 0.001 10 -? .11 3.200 0.01 

D 19 -2.11 1.760 9 -0.27 0.B1R 

F' >.of 17 -0.07 00.2nS 17 0.29 7.381 

F ltJ O. /! 7 ? .021 1·1 0.61 .3.2'23 0.005 

(~ 12 -0.2 ?. Ii 60 0.050 11 0.58 3.8A9 0.005 

Ii 9 0.90 2.903 0.0?5 (J O.5f1 2.417 0.05 

I () -0.59 1. '3 Il '1 7 0,59 2.,}50 0.025 

J U 1.?l L3f121 0.001 11 D.93 6.613 0.001 

p - C 15 -2.69 3.6.«7. 0.005 16 -1. 99 {1.061 0.001 

D 15 -1.14 l.l~~ 15 -0.15 0.4'14 

ti 23 0.9 2025 C.05 23 0. 111 2005 

F 20 1. ·14 3.53~ C.005 20 0.73 3.661l 0.005 

(~ 13 0.77 1.013 17 0.7 3.330 0.005 

II 15 1. fl7 2.968 0.001 11\ 0.7 2.41.4 0.05 

I 14 1. 56 20 /13.':-:; 0.05 13 0.71 2.90 0.025 

J Ii) 2.11l (~o ?S 0.01 17 1.05 5.00 0.001 

C - D q 1.55 1.092 9 10 all ?390 0.05 

F .J 17 3.59 7.03<) 0.001 17 2.1\0 5.106 0.001 

J? J.r1 4.13 7.1\1\1 0.001 1,1 ?. n 5.38') 0.001 

G I;? 3.~6 3,,45fi 0.005 11 2.69 4.528 0.001 

H 9 4.56 5.70 0.001 Il ~o69 3.7.8 0.025 

I (\ t!.2!J 1. 6Po7 7 2.71 2.'l72 0.025 
,f 12 1.1)7 7.3:1 0.001 11 3.04 5.153 0.001 
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Appendix C 12 continued 
"-~-~~-- .... ---~,-~.~-~~" 

Groups Surface Average 

Compared d, f. X1-X2 T P d.f. Xl -X2 
T 

D - E 16 

F 13 

G 11 

If 8 

I 7 

J 11 

E - F 21 

G 19 

H 16 

I IS 

J 19 

F - G 16 

H 13 

I 12 

J 16 

G - H 11 

I 7 

J 10 

If - I 7 

J 11 

I - J 10 

2.04 2.520 0.025 16 0 .• 56 

2.58 2.835 0.025 13 0,88 

1.91 1.423 9 0.85 

3.01 2.98 0.025 7 0,94 

2.07 1.389 6 0.86 

3.32 3.225 0.01 10 1.20 

0.54 3.105 0.01 21 0.32 

-0.13 0.227 18 0.29 

0.97 3.345 0.005 IS 0.29 

-0.83 2.677 0.025 14 0.3 

0.21 0.840 18 7.20 

-0.67 1.094 15 -0.03 

0.43 1.596 12 -0.03 

-0.1?' 0.423 11 ~0.02 

0.74 .3.083 ·0.01 IS 0.32 

1.1 1.201 9 0 

0.31 0.816 5 0.01 

0.62 1.8.24 8 0.34 

-0.31 0.816 5 0.01 

0.31 0.969 9 0.35 

0.62 1.824 8 0.341 

d •. f. = Degree of freedom 

X
I
-X2 '" The di fference between the mean of the 

groups compared 

t = The calculated t valued 

P = Probability level of significance. 

1 .• 931 

3 .• 71 

3.157 

2.101 

1.955 

4.286 

1.864 

1.5954 

1.115 

1.111 

4.286 

0.219 

0.144 

0.099 

2.535 

0 

0.04 

4.196 

0.04 

2.188 

4.196 

P 

0.005 

0.025 

0.005 

0.005 

0.025 

0.005 

0.005 



- 205 -

Appendix C13: Comp<lrison of Groups of stands by soil potasium 

(using t,-test) 
~.~c~· 

lGroups Surface Average 

Compared d. f. X1-X2 T P d.f. X1-X2 T P 

A - B 16 0.02 1.333 16 0.02 1,000 

C 10 -0.06 1.818 10 -0.02 kQ.500 

D 9 0.02 0.889 9 0.05 1.667 

E 17 0.02 0.667 17 ~0.03 -2.143 0.05 

P 14 -0.07 1. 728 14 -0.02 -2.599 

G 12 .0.03 0.505 1I 0 0 

H 9 ~0.16 2.286 0.05· 8 0.1I -2.200 

I 8 -0.76 3.167 0.025 7 1.03 -3.815 

J 12 -1;06 3.313. 0.01 II 1.13 -2,628 ' 0.025 

B - C 16 -0.08 4.000. 0.005 16 0.04 . -1.818 ' 

D 15 -0.0 0.000 15 0.03 3.000 

E 23 -0.02 1.539 23 0.05 -0.625 

P 20 -0.47 5.553 0.001 20 0.04 -0.625 

G 18 -0,07 1.891 17 0.02 -1.019 

H 15 -0.20 5.000 0.001 14 0.13 -4.333 0.001 

I 14 -0.80 5,714 0.001 13 1.05 -7.000 0.001 

J 18 1.10 . 5.000 0.001 17 1.15 -3.835 0.005 

C - D 9 0.08 . 2. 166 9 0.07 2.000 

E 17 0.06 2.400 0.050 17 0.01 -0.083 

P 14 0.03 -(1.816 14 0.00 0.000 

G 12 0.01 2.178 11 0.02 0.517 

H !l 0.1?' -1.818 8 0.09 -1.579 

I 8 0.72 -3 •. 00 0.025 7 1.01 -4 •. 390 0.005 

J 12 1.02 -3.188 0.01 11 1.11 -2.581 0.05 
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I! 
Appendix C 13 continued I 

~~'---~--~-~~"~-"'" 
~"r'"_~,."" .. _~~~~~~~_~.~~ __ ·_ •• _ 

Surface AVerage I 
[lroups 

Compared d. f. X1-X2 .T P d.f. X1-X2 T P 

D - B 16 0.02 -1.000 .~ 16 0.13 -0.615 . 0.001 

F 13 0.11 -11.000 0.001 13 0.07 --5.131 0.001 

G 11 0.07 -1.817 9 0.05- -1.785 

H 8 0.20 -3.051 0.025 7 0.16 ·-3.154 0.010 

I 7 0.80 -3.077 0.025 6 . 1.08 -4.320 0.005 

J 11 1.10 -3.056 0.025 10 - 1.18 -2.458 0.05 

B - F 21 -0.009 3.876 0.001 21 .0 .• 01 0.11 

G 19 _0.05 1.374 18 0.03 -0,273 

H 16 -0.182 4,333 0.001 15 .0.08 -5,333 0,001 

I 15 -0.80 3.077 0.025 6 -1.08 '4.545 '0.001 

J 19 ..,1.18 5.619 0.001 18 -1.10 3.667 0.005 

F - G 16 0.04 8.879 15 '0.02 0.895 

H 13 .-0.09 1.669 12 -0.09 2.636 0.025 

I 12 -0.69 0.0280 11 -1.01 5.960 0.001 

J 16 -0.99 4.125 0.001 15 -1.11 3.541 0.005 

G - H 11 -0.13 1.759 9 -0.11 2.194 

I 10 -0.73 2.906 0.005 8 -1.03 4.902 0.001 

J 14 -1.03 3.685 0.005 12 -1.13 2.832 0,025 

H - I 7 -0.63 2.143 5 -0.92 3.172 0.025 

J 11 -0.90 2.500 0.05 9 -1.02 1.889 

I - J 10 -0.30 0.682 - 8 -0_.10 0.152 

d.f. : Degree of freedom 

X1-X2 : The difference between the means of 
groups compared _ 

t = The calculated t value 

P : Probability level of significance 
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Appendix C14: Comparison of groups of stands by soil \' 
calcium (using t~test) 

Groups 

Compared c'. f. X1-X2 T r d. f. X
1

-X
2 T P 

A - !l 16 -2.76 0.767 16 3.33 0.865 

C 10 -4.25 1,832 10 -0.75 0.144 

D 9 -3,03 0.625 :9 -1.35 0.195 

E 17 2.48 1.240 17 5.86 1.196 

F 14 .3;89 1.498 14 7.76 1.920 

G 12 -4.71 0,958 11 0.44 0.77 

H 9 .1\88 0.358 8 -6.6 0.723 

I !l -20.96 3.756 0.01 7 -25.1'12 1.501 

J 12 -17.39 3.203 0.01 11 -20.88 3 i 769 0,005 

B . C 16 -1.49 0,416 16 -4,08 7..217 0.05 

D 15 -0.27 0.059 - 15 -1.98 0.606 

E 23 . 5.24 7.120 0.05 23 2.53 1.307 

F 10 6.65 2.552 0.025 20 4.43 0.43 

G 18¢ -1.95 0.449 17 -2.89 1.062 

H 15 0.88 G .18.3 14 -9.93 2.04.3 

I 14 -18.2 3.839 o .. OOS 13 -29.15 3.189 0.01 

J 18 -14.69 3.222 0.005 17 -24.21 9.136 0.001 

C - D 9 1.22 0.269 9 2.1 0.495 

E 17 6.73 3.963 0.001 17 6.61 4.407 0.001 

F 14 8.14 3.519 0.005 14 8.51 5.743 0.001 

G 12 ·0.46 0.097 11 : 1.E' O. :548 

H 9 2.37 0.478 8 ·5.58 0.874 

I 8 -16.71 3.201 0.025 7 -25.tl7 1.864 

J 12 -13.14 2.500 0.050 11 -20.13 6.119 0.001 
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Appendix C14 continued 

Groups 

Compared 

D - E 

F 

G 

H 

I 

J 

B - F 

G 

H 

I 

J 

F - G 
H 

. I 

J 

G • H 
I· 

J 

H - I 
J 

I - J 

Surface Average 

d. f. X1-X2 T P d.f. X1-;{2 T 

16 5.S1 18.68 16 4.51 1.539 

13 6.92 1.896 13 6.41 1.94 

11 -l.68 0,280 9 -0.91 0,185 

8 1.15 0.174 7 ~7.95 0,831 

7 -17.93 2.487 0.05 6 -27.17 1.702 

11 -14.36 2.209 0.005 10 -22.23 4,411 

21 1.41 0,929 21 1.90 1,557 

19 -7.19 0.297 18 -5;42 2,24D 

16 -4.36 1.350 15 -12.46 2,798 

15 -23.44 7.018 0,001 14 -31.68 3,645 

19 -19.87 5;710 0.001 18 -26.74 11,379 

16 -8;6 2 ;318 0,05 15 -7.32 2~748 

13 -5.77 1,461 - 12 -14.36 2,841 

12 -24.85 4;720 0.001 11 -33.58 3.344 

16 -21. 78 5.325 0.001 15 -28.64 11,485 

11 2.B3 0.454 9 -7.04 0,978 

10 -16.25 2.169 8 .26.26 2,019 

14 -12.68 2.02 12 _21,32 5.340 

7 -19.08 2.497 0,05 5 -19.23 0,998 

11 -21.51 3.201 0.01 9 -14.28 2,008 

10 3.57 0.486 8 4,94 0,383 

d.f. = Degree of freedom 

X1-X2 = The difference between the means of the 
means of the groups compared 

t = The calculated t value 

P = Probability level of significance 

I' 

P 

0.005 

0.05 

0.025 

0,005 

0,001 

0;025 

0.025 

0,.01 

o ~.oOl 

0,001 
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Appendix C 15: Comparison of groups of stand by soH magnesiwn 

I (using t-test) 

Groups Surface Average 

Compared d.f, ](1-](2 T d.f. ](1-](2 T P 

A - B 16 -0.34 0.486 16 -1.34 2.138 0.05 

C 10 -1.0'3 ' 1.451 10 -1..75 2,652 0.025 

D 9 0.2!) 0.500 9 1.15 ' 2.130 

E 17 -1.26 2.066 17 -0.059 0.B44 

F 14 0,80 3.208 0.01 14 1.24 3-.013 0.01 

G 12 0.57 1.056 11 1.38 3,144 ,0;01 

H 9 0.97 4.21'7 0.005 !l 1. 513 2.873 0,025 

I (3 0.07, 0.111 7 -2.06 1.084 ... 

J 12 0.85 2.656 0.025 11 1.11 1.147 

Bl- C 16 -OW) 1.211 16 -0.36 0,522 

D 15 1,31 1.985 15 2.5 A 3;791 0.005 
p. 23 0.34 0.680 23 0,76 1.333 

F 20 2.4 6.463 0.001 20 2.63 5.242 0.001 

G 18 2.17 3.786 bieOS 17 2,77 1,22 

I-l 15 2.57 4.673 0.001 14 2.97 4.014 0.005 

I 14 1.67 2.530 0.025 13 -0.67 0.508 

J 18 2.45 5.104 0.001 17 2.5 4.032 0.001 

C - D 9 2,00 2.857 0.025 9 2.90 4,462 0,005 

E 17 1.03 1.583 17 1,12 1.600 

F 14 3.0~ 8.432 0.001 14 2.99 6,218 0.001 

G 12 2.86 4.65 0.001 11 3.13 5,874 0,001 

F 9 3,26 7.409 0.001 8 3.33 4.897 0.005 

I 8 2.36 3.0648 0,025 7 -0.31 o .18J. 

J 12 3.14 3J377 0,005 11 2.86 4.469 0.005 
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Groups 

Compared 

D - E 

F 

G 

H 

I 

J 

E - F 

G 

H 

I 

J 

·F. - G 

H 

I 

J 

G - H 

r 
J 

H - I 

J 

I - .J 
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CIS continued 

d. f. 

16 

13 

11 

8 

7 

11 

19 

16 

16 

12 

19 

16 

13 

12 

16 

11 

10 

14 

7 

11 

10 

;(1-X2 

-0.97 

1.09 

0.86 

1.26 

-0.36 

1.14 

1.83 

0.23 

2.23 

0.75 

~.ll 

0.23 

q.17 

-Q.75 

0.06 

Q.4 

-0.5 

0.28 

-0.,9 

-6.12 

0.78 

d.f. = 

t = 
p = 

Surface Average 

T P d. f. Xl -X2 

1.311 16 - 1. 7tl 

2.370 0.05 13 0.09 

1.046 9 0.23 

2.125 7 0.43 

0.387 6 -3.21 

2.111 - 10 -0,04 

~.998 q.01 18 1.97 

0.548 15 0.14 

3.400 15 2.17 

0.460 11 -3.30 

~.907 0.001 18 ~.7 

0.548 15 Q.14 

0.734 - 12 0.34 

0.460 11 -3.30 

Q.231 15 -0.13 

0.703 9 0.2 

0.606 B -3.44 

0.567 12 -0.27 

1.364 5 -3.64 

0.387 9 -0.47 

1.322 8 3.17 

Degree of freedom 

The difference between the 
means of the groups compared 

The calculated t value 

Probability level of significance 

T 

2.522 

0.239 

0.639 

0,901 

~.814 

0.074 

3.434 

0.462 

2.893 

2.733 

2.742 

0.462 

0.920 

2.733 

Q.331 

q.590 

~.390 

0.617 

1.848 

0.839 

2.072 

P 

0.025 

• 

• .. 

q.025 

0,025 

-
q.025 
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Appendix C 16 : Comparison of groups of stands by soil sodium 

(using t-test) 

Groups Surface Average 

Compared d. f. XCX2 T P d. f. Xl-X? T p 

A - B 16 0.04 9.889 0.001 16 0.26 1.733 

C 10 0.07 2.222 ' 0.05 10 0 •. 31 1.722 

D 9 0.13 1.625 9 0.34 1.700 

E 17 0.13 2.708 0.025 17 0.36 3.000 0.01 

F 14 0.13 2.181 0.05 14 0.36 2.590 0.025 

G 12 0.09 1.342 11 0.31 1.809 

H 9 0.09 1.125 8 0.28 1.217 

I 8 -0.11 0.846 7 -3.77 1.261 

J 12 -0.97 . . 1.940 11 -1.98 1.505 

B - C 16 0.03 1.500 16 0.05 1.625 

D 15 0.09 3.600 0.005 15 0.08 0.889 

E 23 0.09 4.500 0.001 23 0.10 1.667 

F 20 0.09 2.846 0.01 20 0.10 1.527 

G 18 0.05 3.229 0.005 17 0.05 0.626 

H 15 0,05 4.000 0.005 14 0.02 2.00 

I 14 -0,15 2.500 0.025 13¢ -4.03 1.966 

J 18 -1.01 2;149 0.05 17 -2,24 4.392 0.001 

C - D 9 0.06 2.000 9 0.03 1.500 

E 17 0.06 2.000 17 0.05 2.500 0 •. 025 

F 14 0.05 2.437 0.05 14 0.05 3.607 0.005 

G 12 0.02 0.547 11 0.00 0.00 

H 9 0.02 0.667 I) 0.03 0.833 

I 8 -0.18 2.000 7 -4,08 1.619 

J 12 -1.04 2.122 00'050 11 -2,29 3,095 0.025 
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Appendix C 16 continued 

Groups 

Compared 

D - E 

F 

G 

H 

I 

J 

E - F 

G 

H 

I 

J 

F - G 

H 

I 

J 

G .., H 

I 

J 

H - I 

J 

I - J 

Surface Average 

d. f. X1-X2 T P d. f. X1-X2 

16 

13 

11 

8 

7 

11 

21 

19 

16 

12 

19 

16 

13 

12 

16 

11 

10 

14 

7 

11 

10 

0.00 16 0.02 

0.00 13 0.02 

-0.04 1.223 9 -0.03 

-0,04 2.511 0.050 7 -0.06 

-0 •. 24 2.449 0.050 66 -4.11 

-1,1 2,037 10 -2.32 

0;00 I, .343 21 0.00 

-0,04 1.942 18 -0.05 

..,0 •. 04 1,333 15 -0.08 

-0 •. 24 3.485 0,005 11 -4.13 

-1.13 3.727 0.005 18 -2 •. 34 

-0.04 1 •. 331 15 -0.05 

.0.04 2.582 0.025 12 -0.98 

-0.24 3.485 0.005 11 -4.13 

-1.10 2.941 0.01 15 -2.34 

0.00 0.00 9 -0,.003 

D.nO 2.225 0.05 8 -4 •. .08 

1,06 2,503 0.025 12 -2.29 

-0.20 2.020 5 -4.05 

-1.06 1.963 9 -2.26 

-0.78 1.322 8 1.74 

d.f •. = Degree of freedom 

X
1

-X2 = The di fference between the means of 
the groups compared 

t = The calculated t value 

p = Probability level of significance 

T 

1.333 

0.652 

0.915 

1.578 

1.200 

2.864 

1.785 

4.00 

2.206 

4.875 

2.265 

3 • .779 

2.565 

4 •. 380 

0 •. 673 

1.778 

4.955 

1.266 

2.457 

0 • .710 

j, 

I 

\ 

P 

0.025 

0.050 

0.001 

0.05 

0~005 

0.025 

0.001 

-
0.001 

0.050 
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Appendix C 17 r Comparison of stand groups by soi 1 j'langanese 
I 

(using t-test) 

Groups Surface Average 

Compared d.f. X1-X2 T P d.f. X
1
-X2 

T P 

A - B 16 0.006 1.000 16 0.21 30.000 0,001 

C 10 -0.07 2.692 0,025 10 -0.032 1.333 

D 9 0 •. 006 0.100 9 -0.01 1.000 

P. 17 0.007 1.167 17 0.01 1.667 

F 14 -0,004 0.008 14 0.02 0.278 

G 12 0 •. 005 0.032 11 0.012 ' 1.88 

H 9 -0.003 3.000 0,025 (\ 0,00 0.00 

I 8 -0. 012 0.800 7 D.015 . 1.154 

J 12 0,017 0.895 11 0.018 2,000 

B - C 16 -0.064 3.368 0,005 16 -0.596 ,3,973 0.005 

!) 15 0.000 0.000 IS -0.22 55,000 0.001· 

l' 23 0.006 1.200 23 0.06 13,333 0,00.1 

F 29 -0.005 0.015 20 -0.004 1.245 

G 18 0;320 4.814 0,001 17 0.06 1.630 

H IS -0.004 0.571 14 -0.21 42.000 0,001 

I 14 -0.013 1.300 13 0.009 1.500 

J 18 00.016 1.143 17 0.012 3.000 0.01 

C - D 9 0.064 2.207 9 0.04 1.667 

E 17 0.07 3.389 0.005 17 0.042 4.200 0.001 

F 14 0.059 0,113 14 0.034 2.125 

G 12 0.061l 0.747 11 0.044 2.193 

H 9 0.060 2.069 8 0.032 1.135 

I 8 0.051 1.457 7 0.047 1.469 

J 12 0.080 2.75.9 0.025 11 0.05 2.500 0.05 
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Appendix C 17 continued 

Groups Surface 

Compared rl. f. X1-X2 T P d. +'. X1-X2 

D - E 16 

F 13 

G 11 

H 8 

I 7 

J 11 

E - F' 21 

G 19 

H 16 

I 15 

J 19 

F - G 16 

H 13 

I 12 

J 16 

G - H 11 

I 10 

J 1~ 

H· I 7 

J 11 

I - J 10 

0.006 1.000 16 

-0.005 f),009 13 

0,32 0.499 9 

-0.004 0.452 7 

-0;013 0,867 6 

0;016 2.000 10 

-0;011 0;032 21 

-0;002 0.380 18 

~0;01 0; 769 15 

-o.o:n 4; 111 0.001 14 

-0,008 1.538 18 

0.09 0.020 15 

0.001 0.-02 12 

-0,009 0.004 11 

0.021 0.048 15 

-0,008 0.992 >' 
-0,017 1.21r. 8 

0;012 1.697 12 

-0.007 0.600 5 

0.02 2,500 0.05 9 

0,029 2.477 0.05 8 

d,f. = Degree of freedo~ 

Xl -X2 = The difference betNeen the . 
means of the groups compared 

t = The calculated t value 

0.00 

O.OOP, 

0,002 

0.04 

0.005 

0.008 

-0.008 

0,002 

·0,001 

0.005 

0.008 

0.01 

-0.002 

0;0013 

0.016 

-0.12 

00.003 

0.006 

0.075 

0.018 

0.003 

p = Probability level of significance 

l; 
I 

Average 

T P 

0.00 

1.412 

0.726 

1.492 

1.250 

3.478 0.01 

4,259 0.001 

0,952 

3.333 0.005 

1,667 .. 
2.000 

4.563 0.001 

0,536 

3.904 0.005 

8.887 0.001 

2.789 0.025 

0.829 

1,790 

2.143 

0.033 

1.071 
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A.ppendix r5'l 

Stand 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Ordination Scores of the St.ands from the Eastern 

Escapment of Ertrea 

DCA Scores RA Scores 

Axis 1 Axis 2 Axis 1 Axis 

52 159 -211 338 

6 gO -225 416 

23 161 -221 370 

. 0 145 -232 386 

17 H6 -2.23 .176 

34 195 -221 31\0 

28 176 -222 325 

11 182 ··228 401 

84 172 ··206 108 

69 117 -209 127 

70 150 -208 151 

65 6il -211 100 

92 133 -202 68 

90 H7 -202 98 

102 118 -200 30 

120 In -193 41 

137 161 -187 11 

139 89 -lB7 -13 
163 81 -179 -41 

149 92 ~167 -11 
1~4 114 -185 -27 

137 llS .. 186 ··13 

144 137 -lAG -Ifl 

144 146 -184 4 

140 142 ·-185 -12 

2 

I· 
I 

i 
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A~ix~ I' 
I 

Ordination Scores of Group 2 Stands 

DCA Scores Rl\ Scores 
Stand (Standardize over. 0-100 Ran~e (Standardize over 0-100 

No. 
Axis 1 Axis 2 Axis 1 Axis 2 

1 91. 2 41.5 52.9 70.6 
2 94.3 45.0 56.f! 92.9 

3 98.3 38.1 61.9 99.2 
4 99.5 38.1 96.7 100.0 
5 96.0 41. 9 100.0 91.0 

6 92.6 46.2 9:L2 72.9 
7 92.4 21).5 52.7 7tl.5 
8 100.0 28.1 62. II 100.0 

9 67.6 40.0 31. 3 Itl.9 
10 68.1 27.3 31.3 19.2 
11 67.9 40.4 32.2 24.7 
12 63.6 28.1 27.r:. 25.5 
13 59.3 35.4 2<1..5 5.1 
14 62.1 44.2 26.9 10.6 
15 55.0 41.5 22.1 0.0 
16 52.1 33.5 21.1 9.4 
17 47.1 42.7 17.8 9.0 
18 36.0 25.0 13.0 17.3 
19 34.3 16.1 12.6 22.4 
20 38.1 19.6 14.3 18.4 
21 38.1 23.1 H.2 17.6 
22 42.4 23.8 16.0 16.0 
23 40.7 30.1) 15.3 9.8 
24 41. 2 35.4 16.1 22.7 
25 38.1 33.8 1<1.2 19.6 
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Appendix D2 continued. 

~~=~--

DCA Soares pJ\ Scores 
Stand (Standardize over 0-100 Range) (Standardize over 0-100 Range)' 

No. 
Axis 1 Axis 2 Axis 1 Axix 2 

26 29.5 16.5 11.1 27.5 

27 33.3 11.2 12.5 22.4 

28 25.7 3.1 9.6 31.4 

29 25.7 19.2 9.6 32.9 

30 20.5 5.8 7.2 36.9 

31 31.4 11.2 11.5 25.1 

32 30.2 20.8 n.7 34.5 

33 30.5 21.9 11.9 36.1 

34 17.6 2.3 6.8 63.9 

35 9.8 1.9 3.3 65.5 

36 14.0 0.0 5.2 61.6 

37 12.9 10.4 4.6 62.0 

38 18.1 30.4 6.5 56.5 

39 32.6 51.2 12.4 38.4 

40 5.5 40.8 2.2 83.1 

41 9.3 54.2 3 .. 4 13.7 

42 6.2 47.7 2.3 83.1 

43 1.0 35.0 O.t! 89,0 

44 0.0 60.0 0.0 97.3 

45 7.1 45.4 2.7 83.1 
46 4.5 46.2 1.5 85.1 
47 11.9 33.1 4.2 66.7 
48 40.5 71.2 15.8 32.2 
49 23.1 100.0 8.8 72.2 
50 21.9 93.5 8.6 6(;.7 
51 15.5 96.9 6.5 82.11 
52 6.2 58.8 3.1 93.7 
53 3.3 51.5 1.3 92.5 

DCA = Detrended correspondence analysis 

M :, Reciprocal averaging 


