
--• 

- .. 

MANIPULATED REGENERATION STUDIES 

ON THREE 

INDIGENOUS TREE AND ONE SHRUB SPECIES 

ON A DEGRADED LAND IN WELLO, ETHIOPIA. 

' ''''. ,no H~CII.'" 
fI.+ .... "'·,h~.,. 

AaDlS A I)'" 
: . l "~ __ s 

A Thesis 

Presented to the School of Graduate studies 

Addis Ababa University 

In Partial Fulfilment of the Requirements for the 

Degree of Master of science in Biology. 

By 
EYAYU MOLLA 

June, 1996 



I . 
I 

" 1 "-. . 

ADD I S ABABA UNIVERS I TY 

SCHOOL OF GRADUATE STUDIES 

~ManiPulated Regeneration studies 

I' on Three 

Indigenous Tree and one Shrub species 

on a degraded Land in Wello, Ethiopia. 

By 

¥-u Mo lla 

Board of Examiners: 

Ato Kid &De lle ogi stu 

Ex ternal Examiner 

Dr . L~ge sse liegash 
/ 

Internal Examiner 

Dr. '!'8j[lre.t Ee kele 

Adv isor 



I 

I 

Q 

·1 

-

ACKNOWLEDGEMENTS 

I am deeply grateful to my resea rch advisor Dr. Tamrat Be-ke le for his whole-hea ned 

suppo rt, constructive criti cism and constant guidance a l a ll stages of the study as well 

as in the preparation of the thesis. 

I am also indebted to Dr. Jerry Skoglund for helpful discussions du ring the design of 

the experiment and for his enthusiastic encouragement in collecting and sending 

literatu res from Sweden. 

I would also like to thank Dr. Legesse Negash for providing me with the necessary 

apparatus and laboratory room during the germination study and raising of seedlings 

in the greenhouse. My profound thanks is to Ata Demel Teketay for his cooperation 

in collecting and sending important literatures from Swede n. 

I want to thank Dr. Zerihun Woldu for his pennission to use the computer. and to the 

following persons: Ato Tesfaye Bekele, Ato Yoseph Haile. Ato Sisay Menker and all 

my famili es who showed me thei r interest in this study. l owe so much to Ato 

Temesgen Zeweter for hi s help during statistical ana lysis of the data . 

I give particular thanks to Ato Samuel Hable, Ato Tewedros Demisse, and Ato Yigzaw 

Bayew (staff members of CARE Ethiopia) who helped me with computer facilities for 

edi ting and printing the thesis. 



It is pleasure to me to express my thanks to the Ethiopian Flora Project and 

Departme nt of Biology for the logisti cs support during the course of the study. Finally. 

my pro found thanks is to the Swedish Agency for Research Coope ration with 

Deve loping Countries (SAR EC) for the fin ancial support . 

II 



I 

PAGE 

ACKNOWLEDGEMENTS ... .................................................................................... 1 

LIST OF TABLES ....... ................................................................ ..... ......................... vii 

LIST OF FIGURES .......................................................................................... ......... viii 

LIST OF APPENDICES ...... ...................................................... : ..... .. ............. ......... ix 

ABSTRACT .............................. ... ... .. .. ... .. ........ ...... ........... ........ .. .. ...... ...... .... .. .... .. .. .. x 

I. INTRODUCTION ........ ....................................................... ........... ..... ... ................ 1 

I . I . Scope of the problem .................................................................................. I 

2. LITERATURE REVIEW ................................................................ .... ...... .. ......... 5 

2. 1. Rehabilitating degraded areas ....................... ........................ ...... ... .......... .5 

2.1. 1. Manjpulation of the soi l EnyironmenL ...................................... 8 

2.1.2. Seed treatment. .. ... .. ... ................... ..... ..... ... .. ... ... ... ...... ... ... .. .. ...... 12 

2.2. Rehabilitation from seed banks ............. ..................... . .. .............. 14 

3. \1ATERIALS AND METHODS ........................................................... .. ........ 18 

3. 1. The study site ........................................................................................... 18 

3.1.1. Population and land use ........................ ...................... .... ... ......... 18 

3.1.2. Vegetation ..................................................................................... 18 

3. 1.3. Oimate ...................................................... ...... .................... .... .. .... 19 

3.1.4. Geology ...................................... ........... ... ........ ... .... .................. .... 22 



I 

I 

I 

Q ., 3.1.5. Soil.. .... .. .. . ...... ..... .... ... 22 

3.2. The Study plants .. ..... .. .. .......... 23 

3.3. Seed collection and storage .. .. .. ..... ...... .. .. ........ . . .... ...... ................. 27 

3.4. Laboratory and greenhouse work ..... ..... .. .... ... ....... ... .. ..... .. .... ............ .. .. .27 

3.5 . Field study ....... .... ....... ....... .. ........ : ............................... ....... ...................... .. 33 

3.5.1 . Experimental design ........ ...... ...... ... ... .................................. ......... 33 

3.5 .2. Soil treatment. ......... ... ... .... ...... .. .. ..... .... .. ...... ... .. ....... .. .... ... ............ 34 

3.5.3. Seed treatment... ...... .. .... .. .. .... ... .... ...... .. ... .... .. .. .... .. .. .. .. ....... ........ .. .35 

3.5.4. Sowing and plantation ........................... ... ... ... .... .... ....... ... .... ..... .. .37 

3.5.5. Local seed bank investigation .......... .. ..... ...... ... ..... ......... .. .... ........ 38 

3.6. Statisti cal treatment of data ... .. .. ......... ... .... ... ..... . ...... ... ... ... ... ....... .... .... .. .39 

4. RESULTS ..... ... .... ...... .. .. .. .... .. ......... .. ..... .... .... ... ... ...... ... .. .. . .. . .... ... ..... ... ...... ..... 41 

4.1. Laboratory result.. .. . . ... ..... .......... .. .... .... 41 

4.2. Greenhouse results .. ......... ... .. .... ... ..... ... .... .. . . .. .. .. ... .... .. ... ... .. . .42 

4.3. Field results ...... .. .. ........ .. ................................ .. ........ .. .. . .. .. .. .... .. .. .. ........ .. A6 

4.3.1. Germination study ... ... ... ....... .... .. ...... ......... ....... .... ........ ...... ... ..... ... 46 

4.3.2. Growth performaoce .. ... .......... ............ ........ ... .. ...... ... ... ... .... .. .... ... 54 

4.3.2. 1. Transplanted seedlings ............ .............. .... .... ... .. ...... .... .. .5.J 

4.3.2.2. Seedlings from treated seeds .. .. ...... .. ........ .. .............. .... ... 62 

4.3.2.3. Seedlings from untreated seeds .... .. .. ....... .... .. ....... .... .. .. 66 

4.3.3. Survival of seedlings ..... ... . .... .. ... ... ... .. .. ...... ........... .... ... .. ..... .. ...... 70 



-L3.3.1. Transplanted seedl ings ............................. ....... ................ 70 

.t .3.3.2. Seedlings from treated seeds ........ .. .... ............................ 73 

.t .3.3.J. Seedl ings from untreated seeds ................. ................. ... 76 

U .4. Seed bonk resul ts .............. .... .. .. ............ ................ ... .......... ........ 78 

S. DiSCUSS iON .. ............................................................... .... ................................ 81 

6. CO NCLUSION AND RECOMM ENDATI ON ..... ................ .. .. .. .. ...... ......... . 94 

7. REFERENCES .. .......... ..................... .. ..... ...................... .................................... .. . 97 



., 

I 

I " I 
I II 
I 

/ 

. ., 

. .. 

LIST OF TABLES 

PAGE 

Table lA. Mean monthly tempera tu re for locations near 

Aluma .. .. .... ....... .......................... ... ............................. .. ..... ............ . .... ................. 20 

Table IE. Mean mon1hly rain fall (in mm) for ten locations 

near AJuma .. .. ............................. ....... ................. ......... ............ ............. ....................... 21 

Table 2. List of treatments applied to seeds of 

Euclea schilnperi ......................................................................................................... 32 

Table 3. List of treatments applied to seeds of 

Jun iperus procera ................................................................................. .................... .32 

Table 4. Seed treatments and man ipulat ions of used in tbe 

study site .................. ..... .. ... ... ... . .... ........................... .... ............... .. ... .. ... . . ... .... .36 

Ti'lble 5. Effect of soil trei'ltments on tbe cUl11u li'ltive germination 

pe rcentage of treated and untreated seed of tbe study species .. .. .... 50 

Table 6. Comparison of percent gennination o f trea ted seed between 

species under different soil treatments ......................................... ···· ... .. ............... 53 

Table 7. Effect of soil treatments on mean beight (cm) and mean leaf 

number of transplanted seedlings 210 days afte r planting ........... ................. 59 

Table 8. Mean relative grO\I.1b rate of tra nsplanted seedlings as 

percent pe r week between 60 and 150 days after planting ........ .... ................. 61 



Table 9. Effect of soil trea tments on mean he;gM «III) anJ mean :e3.f 

number of seed li ngs from trea ted seeds 210 days afte. !:to\~in!; . ......... .............. 64 

T ab le 10. \ol ean relative growth rale of seedl ings (10 m trea ted 

seeds as pe rcen t pe r week between 60 and 150 d ays afte r sowing .................... 65 

Tab le 11 . Effect of soil trea lments on mean he ight (em) and mean leaf 

number o f seedlings from unt reated seeds 210 days after sowing .. .................... 68 

Table 12. Mean re lative growth ra te of seedlings from untreated seeds 

as percent per week between 60 and 150 days after sowing .................. ... .... .... 69 

Table 13. Percent survival of transplanted seedlings under different soil 

I treatments 210 days after sowing ............................................................................. 72 

Table 14. Percent survival of seedlings from treated and untreated seeds 

unde r diffe re t soil treatments 210 days afte r sowing ............. ............................ 75 

Tab le 15. Effect of soil treatments on tota l numbe r of seedlings 

obtained from the local soil seed bank ............. ..................... ..... .. .................. ....... 80 



I 

( 

I 
I 

.. , 
." . 

, .. 
, " , LIST OF FIGURES 

PAGE 

Figure I. Cumulative pe rcent genninalion o f A . abyssinica. 

0. europaell (i n the labo ratory) and 1. procero ( in the greenho use) ................ .44 

Figure 2. Pe rcent germination of E. schimperi under diffe re nt 

treatments in the laboratory and greenhouse condition ............ ..... ........... .... .... . 45 

Figure 3. Cumulative percent germination of treated and untreated 

seeds of E. schimperi and O. europaea, and treated seeds of 

A. abyssinica and 1. ProcerQ in the study site .................................................. .. .47 

Figure 4. Mean height (em) increments of transplanted seedlings up to 

210 days a fter planting .......................................................................................... 55 

Figure 5. Mean height (cm) increments of seedlings from treated and 

untrea ted seeds in the study site. 210 days after sowing ......... ........... .. ........ ... 56 

Figure 6 . Pe rcen t sur·;iva l o f tra ns planted seedlings in the study site , 

210 days a fte r sowing .... .... ..................... .. ... ....................................................... 71 

Figure 7. Percent survival of seedl ings from treated seeds in tbe study site, 

210 days afte r so'Ning ......................................................................... ..... ............. 74 

Figure 8. Pe rcent surviva l of seedlings from untreated seeds in the study site, 

210 days after sowing ........................................................................... .. .. ........... 77 

Figure 9. T o tal numbe r of monacot and dicot seedl ings recorded in 

the loca l seed bank o f the study site ........... .... ... .... ..... ....................................... 79 

VUI 



I 
/ 

I 

! "/ , 
I II 

LI ST OF APPEJ\OICiES 

AppendL'X I. List of plant species found in the study sile ... .... ... ... ... .... .. ............. 110 

Appe ndix 2. List of species that ge rminated [rom the local seed bank .. ......... 111 

Appendix 3. Diagrammatical represen tation of pods, fruits . and 

seeds of the study species .. .. .. .... .. .......... .... ............... .......... .. ..... ..... .... .... ........ ....... .... 113 

IX 



I 

I 
I .1/ 

I II 

I 

/, 

'I 

-

ABSTRACf 

This thesis presents comparative responses in germ ination, growth. survival, and 

establishment of the following four woody ind igenous plant species: Acacia ab)'ssinica 

, Hochest. ex Benth. ]unipenlS procera Hochest ex End!', Olea europaea L. subsp. 

cuspidata (Wall . ex DC.) Ciffie ri (synonym : Olea a!ricQnQ MilL) and the shrub Euclea 

sellimperi Dandy on a degraded land at Aluma, southern We llo. The study includes an 

investigation o f the plant species regene rated from the local soil seed bank of this 

degraded area. 

The highest ge rmination was ob tained under various treatments for the four species: 

scarifi cation (82.9%) and hot water treatment (85%) Acacia abyssinica; removal of the 

bard seed coat (82.7%) (Olea europaea); removal of tbe fl esby seed coat (72.5%) and 

the cont rol (68.8%) Euclea schimperi. No germination obtained in Junipems procera 

under laboratory conditions, but showed a response when sown in flower pots filled 

with nu rsery soil (41.7% ). 

Th irty two small quadrats (0.7m x O.5 m) in four study plo ts were established . Eight 

small quadrats in each plot we re randomly a llotted for each of the four principal 

investigations (i.e, for sowing of treated seeds, sowing of untreated seeds, transplanting 

ofseedlings. and local soil seed bank investigation). Eight soil treatments that include 

artificial gap, fertilizer, mulch and all the possib le combinations of these including the 

cont rol were used in the study. 

x 



Seed manipul ations and trea tme nts unde r field conditions such as scari fi cation, removal 

of the hard seed coat. and hot wale r trea tme nt e nhanced genn in at ion wi th a highe r 

" 
response from A. abyssirlica (77.3 %) fol lowed by £. schimperi (67.2Q) and 0. europaea 

(60.2 %). The lowest response fro m seed treatments was obtained in 1. procera 

(13.6%). Among the untreated seeds, ge rmination res ul ts were ob tained from seeds of 

E. schimperi(60.6 %) and 0. europaea (33.6 %) only. while the seeds of A. abyissinica 

and 1. procera fail ed to ge rminate. Seed dormancy is att ributed as a possible cause fo r 

the failure in germination. Significantly higher percent germination obtained in soi ls 

treated with mulch and its combination with either artificial gap. ferti lizer or both. 

A significantly higher percent survival of seedlings was recorded in 0. europaea and 

E. schimperi. A. abyssinica, and 1. procera respectively. Pe rcent survival significantly 

,1/ 
increased in mulched soils and its combination ei ther with art ificial gap or fertilize r. 

r 
II '1II 

Seedlings from treated seeds of 1. procera showed 100% mortali ty about one month 

after ge rmination. Mortality was increased starting at the e nd of the rainy season, 

which is primarily corre lated with hot period season. 

A to ta l of 1679 seedlings were recorded from the local so il seed bank , of which 890 

we re dicoty ledons and 789 monocotyledons with large Dumber of he rbaceous species. 

Among the dicotyledons, 4 Acacia, 13 Dodonia and 9 Olea ind ividua ls were obtained. 

f 

In artificia l gap treated soils and its combination eithe r with mulch, fe rt ilizer or both 

highe r numbe r of seedlings recorded . 

" 
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Based on the results, some recommendations are made on possible treatments and 

manipulations that enhance the successful ge rmination. growth and establishment of 

the study species. 
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1. 1!\'TRODUCfION 

1.1. Scope of the problem 

Altbough the forest history of Ethiopia is not well documented, it is generally believed 

that much of the country may have been covered by extensive forests (Fa WCDA, 1982; 

Uhling, 1988; Berhane Habte & Mebrate Mihertu, 1990; Tamrat Bekele, 1993). 

According to some reports (Pollisco & Aklog Lake, 1991; FAO, 1981; Bendz, 1990) 

state closed forest and dense woodlands once covered 40% of the country before man 

I started to clear the vegetation. However, this figure was reduced to 15% by 1955 

(FaWCDA, 1982); to 3.6% in the early 1980's and an estimated of 2.7% in 1989 

II
I I, 

'1 11, 

(lUeN, 1990). At present these forests are restricted to scattered remnants in the 

northwest and southeast highlands. Some old trees and remnant vegetation currently 

surviving around the churches and religious burial grounds are indicators of what son 

of fo rest cove red that part of Ethiopia (Tam rat Bekele. 1993). 

The mam reasons fo r thi s ruthless destruction of forests are increasing population 

growth of both human and livestock that increase the demands for agricu ltural lands, 

timber, fue l wood and pasture. As tbe population grew more land came under 

cultivation and more pressure was applied to the remaining forests to provide the range 

of products needed for domestic purposes (Tad esse Asres, 1989). The impact of 

livestock, through the ir browsing and compaction of the heavier soils has also created 

1 



cond iti o ns which favo ur the mai nte nance of pasture rathe r tha n the regene ration o f 

trces in a reas aba ndo ned for cu lt iva ti o n (lUCN, 1986) . These activities faci litate the 

di sa ppearance o f most val uab le ind igenous pla nt species and caused a se rio us 

ecologica l imbalance. As a result to day we arc facing the effects o f e nvi ro nme ntal 

degradatio n. problems of fue l wood , timber and othe r fo rest prod ucts. The use of crop 

residues a nd dung in place o f fue l wood led to soil dete rio rati o n (FAD, 1985: Hurni. 

1988; Bendz, 1990); consequently min imized land productivity (Berhane Hable & 

Me brate Mihertu, 1990). Thus degradation is making increasing numbers of the 

population vulnerable to the effects of drought. At prescnt tbis serious problem of 

natura l degradation is the true picture of e astern, northe rn and central higblands of 

Ethiopia . 

Re alizing this se ri o us pro blem the gove rnment of Ethiopia and some non-

governme ntal o rganizatio ns have launched a numbe r of programs to conserve the 

re mnant fo rests and re hab ilita te degraded areas. Exotic tree species notably, 

Eucalyptus , PirJes and ClIpresslls have bee n used . The use o f exotic species. however. 

poses some proble ms (De me l Te ktay, 1993a). The wide sp re ad di e -backs o f Pines and 

Cypresses, the biodegrad ing and erosion effect of Ellcaf)pws a re some o f the drawbacks 

o f exotics that a re not ecologically acceptable (Legesse Negash, 1994). Due to th is the 

exte nt o f re habilitation of degraded a reas and restora tion o f new plantati o ns have been 

I 
fa r be low the ta rgets (Po llisco & AkJog Lake , 199 1). As a result the rate o f land 

degradatio n still o utwe ighs the rate o f conse rvation and re habilitation. In aware ness of 

the prob le m the re are e fforts towards the development o f differe nt me thods to increase 

2 
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the germi nat ion and growth capacity o f some of the indigenous tree species in the 

Bio logy departmenl of Addis Ababa Universi ty (see Legesse :-iegasb, 1995) 

Eth iopia possesses severa l plan t species. About 12% of the total flora are endemic to 

the country (Tewelde Berhan Gebre Egziabher. 199 1). Selecting these plant species. 

matching the species to their ecological zones within the area being restored and 

designing improved methods for their growth and establishment are prerequisites in 

programmes dealing with rehabilitating degraded lands. One of the possibilities 

towards this end could be to carry out manipulation studies on these indigenous plant 

species as set in their ecological zones and under natural environmental conditions. 

Manipulation of the seeds or vegetative o rgans (and thei r sowing or plantation sites) 

using different treatments is essential and thi s approach may facilitate their 

regene ration potential in degraded "reas. In "dd ition manipulation of the soil 

environment and investigation of the local seed bank can provide useful information 

to manage the species that are possibly locally best adapted in these degraded areas. 

The present manipulation study conducted on a degraded land at Aluma (We 110, 

northern Ethiopia) compares the ge rmination. gro\l,1h and establishment of four 

indigeno us plant species as we ll as it evaluates those plan t species that can regenerate 

from the local seed bank under natu ral cond itions. 

3 
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TIle objectives of Ih is study, therefo re. afe: 

J. To investigate the gennination of seeds and establishment o f seedl ings of four 

indige nous plant species on a degraded area . 

2. To assess the effect of manipu lation of the soil environment on the gennination and 

growth of these ind igenous plant species. 

3. To investigate those plant species tbat can regene rate from the local soil seed bank. 

4. To give some recommendations on the rehabilitation of degraded arcas and provide 

background information for future research . 

4 



2. LITERATU RE REVIEW. 

K 2.1. Rehab ilitat ing degraded areas. 

The problems of e nvironmental degradation is growing ra pidly proceeding al a faster 

rate in many tropical regions. There is a large amount of degraded tropical forest land 

in re latively high rainfall areas and it continues 10 increase (Lovejoy, 1985). This is 

related to rapid population increase in many countries of the tropics which resulted in 

extensive clearing of forested land for fuelwood , agriculture and livestock. According 

to the estimate of the 1990 Tropical Forest Resource Assessment Project of FAD for 

the period 1981-90, 16.9 million hectare forest and woodland are converted to none 

fo rested lands per year (Lanly, 1992). As a result tbe long term productivity of land 

I, resources in the tropics are continually reduced from time to time. 

i II Degraded lands are characteri zed by impoverished or e roded soil s, hydrologic 

instabili ty. reduced prima ry productivity and diminished biological recovery (Parrotta. 

1992). These generally occurs when anyone of the ecosystem storage (such as soil 

organic matter, soil nutrients, seed pool and hio-mass) have been reduced to the point 

that natural inputs cannot replenish tbem to the ir original state (Brown & Lugo, 1994). 

The most common response to land degradation has been abandonment (Parrotta, 

1992). After forests have been cleared and the land cropped for a few years, it is then 

5 
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abandoned , to regene rate,and rega in its fe rtili ty before be ing cropped again . However 

under condi tions of increasing population gro .... 1h a nd intens ified la nd use the pe riod 

of fall ow are ohen shone ned or eliminated (Grai nge r. 1988). Degradation is thus likely 

to continue and is now ODe of the greatest conse rvation problem facing many t ropical 

countri es o f the world . As a result. the re habilitation o r restoratio n of disturbed and 

degraded lands has become an im portant activity in many countries supported by botb 

governmental and non governmental organizations' fi nance . 

Ecological rehabilitation o r biological recovery is proposed as a management strategy 

to reverse any converted ecosyste m, damaged or degraded, to a fully functional 

ecosystem, irrespective of its o riginal state (Brown & Lugo, 1994). Thjs may be attained 

in va rious complementary ways unde r natural , semi-natural or artificial conditions. 

However. some times natural o r semi-natural successional processes are insufficient o r 

too slow (occurring ove r more than several decades) to re habilitate lands to productive 

syste ms or they may be arrested at undesi rable e nd poin t (Bradshaw, 1987; Brown & 

Lugo, 199-1 ). In this case interven tion by hu mans is required to speed up artifi cial 

measures of rehabilitation. The involve me nt of man during re habil itation is im portant 

in the management of successional processes and se lection of appropriate methods. 

1l1i5 can acce le rate natural successional processes and the final outcome will be 

reduced rate of soil erosion and increased biotic activity wi thin the recovered ecosystem 

(Lugo, 1988: Parrotta, 1992). The idea behind rehabi litation is the refore to manipulate 

successional processes 50 that the e nd product of successional change will be useful. 

6 
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One means that should be considered in rehabilitation or restoration of degraded lands 

is improved plantation of native or exotic species and extension of forest boundaries 

by means of artifi cial regene ration (Demel Tektay. 1993a). Expe ri ence o f planting 

different species in degraded areas suggest that the re is the possibili ty of reversing 

degradatio n processes. This has been achieved in a degraded land in Thailand using 

the plant ElIcaiypllts camafdillensis (Sakuri el al., 1991 ): in a degraded costal pasture 

site in Puerto Rico by planting Albizia lebbik (Parrotta , 1992). 

Successful rehabilitation requires manipulation of degraded lands as well as the plant 

species by physical, chemical, or biological means (Bradshaw, 1983 & 1987) 10 

accelerate successional processes. Moreove r experimental trails should be conducted 

using a wide range of plant species particularly on sites with problems of degradation. 

When thi s is combined with diffe rent treatments and manipulation, it enables to select 

appropriate plant species thai can play an important role in the rehabilitation of 

degraded lands. 

Re habilit(lt ion techniques which intend to est(lblish vege tation cover need some basic 

requirements as a pre -requisite . Some of these ecological requirements that should be 

considered in the rehab il itation of degraded lands include the following : 

I . Stra tegies targeted at the soil (Bradshaw, 1983; Lugo. 1988). 

_ Manipulate the soi l as needed eithe r physically or biotically ( ex. rip the soil, 

introduce soil fauna, \1yco rrhizae e tc.). 

7 



. Fertilize and irrigate whe n absolu te ly necessary . 

. Keep top soi l moist, cool and shaded . 

- Use o f fa llow to do most o f the fore st rehabilitation. 

ii. Strategies targe ted at the Dora (Lugo, 1988). incl ude: 

- Maximize vegetatio n cover. 

- Restore trce cover. 

- Manipulate the existing vege tatio n be fore attempting substitution . 

- Use multiple seeding techn ique whe n in do ubt as to wbat to plant. 

This shows that the initial conditio ns of degraded lands as well as the species of plants 

used for rehabilitation purposes should be manipulated. Thus great human effort is 

needed fo r rehabi litation because natural ecosystem recovery processes are ext re mely 

I' slow. 

II 

2. 1. J. \ 1anipulation of the soil e nvironment 

The ge rminat ion of seeds and establishment o f seed lings depends on the presence of 

suitable environmental cond itions in the soil. This has been shown by Harper er 

al.( 1965) , Sheldon (1974), and Rusch (1993). Harpe r et al.(1965) have drawn attention 

on the potential importance of different requirements for the germination and 

establishment of plants. They stated that different conditions in the soil micro· 

topography and micro·envi ronment have selective effects on the gemlination of seeds 

8 
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and establi shment of seedlings. In a crude sense. the number o f seeds emerged and 

seedlings estab lished is a fun ction of the numbe r of suitable conditions offered by tbe 

envi ronme nt of the soil. This indicates that effective rehab il itation o f a degraded land 

requires comprehensive and careful manipulation o f the soil to create suitable micro-

envi ronment. As Harcbarik & Kunkule (1978) pointed out that manipulation involves 

the improvement of moisture holding capacity. chemical status, soil depth and other 

physical characte ristics of the soil. These can create detailed micro-topograpby tbat will 

be useful in regulating the regeneration potential of plants during rehabilitation efforts. 

The effect of soil manipulation on the establishment of vegetation cover has long been 

recognized . Some of these manipulations are, addition of nutrients (Bradshaw, 1983; 

Lugo, 1988); use of mulcb (Bradsbaw, 1983; Lugo, 1988; Fisher et al., 1986; Sakuri et 

al .• 1991) and creation of gaps or openings (Fenner, 1985; Rucsh. 1993). 

A - Addition of Nutrients 

llle common feature of a degraded land is the absence of its original soil. This makes 

the soil to be deficient in some essential pl<mt nutrients. thus creating a situation which 

is probably the single most important constraint on vegetat ion establishment (Johanson 

& Bradshaw, 1979). Nevertheless, deficiency of essential nutrients can be easily 

remedied by tbe addition of either commercia l or natural fe rtilize rs. This has been 

shown by different investigators. Luken (1990), for example, reported the dominance 

of grasses o n highly di sturbed lands when higher levels of nitrogen containing fertilize rs 

9 
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are ap plied . In additio n, he pointed o ut that the use o f pe renn ial g rasse s and legume 

pla nts duri ng rehabilitation o f d isturbed la nds. especially whe n coupled with fe rtil izers. 

may lead to productive plant comm unities that successfu lly inh ibit soil e ros ion. Kadeba 

( 1978) cond ucted fertilize r experime nts in the savan na region o f Nige ria with some 

Pille and £uCa~\p(j LS tree species, his resul ts showed that fe rtilizing with phospho rus and 

nit roge n improves the sUiv ival and growt h o f these tree species. Simila r results we re 

ob tai ned in Sudan and North G uinea with va rio us EucaJ)pIUS, Pine and Teak plant 

spe cies (FAD, 1974). These investiga tio ns suggest tha t degraded lands which are 

exposed to extremes o f nutri ent de ficiency require extensive nutrie nt treatme nts to 

e nsure high rates of survival and establishme nt o f plan ts. 

B - Use of Mulches 

O ne of the essential cond itions fo r the ge rminat io n o f seeds and establ ishme nt o f 

seed lings is improved moisture in the so il. However, the shallowne ss nature o f the soil 

ma kes deg raded lands to have a deficiency o f o ptimum moistu re condi tions. As it was 

po inted out by diffe rent . uthors (Springfe ild , 1978: B .. dshaw, 1983: l ugo, 1988: S.ku ri 

el al ., 199 1), this sit uatio n ca n be co rrecte d by the add it ion of mu lches. 

M ulching is one o f the seve ral means o f modifying the micro e nvironment o f tbe soil 

to meet the needs o f seed ge mlin atio n. seedli ng survival and estab lishment 

(sp ringfield , 1978). Mulching mate ri als can be eithe r natural o r synthetic 

(man ufactured) products . The most commo n natural mulches are straw, hay, wood 
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chips. man ure. sawdust (springfei lrl , 1978: Luken . 1990). and ~1J lh e tic prod ucts like 

o rganic and inorganic liqu ids such as asphalt emulsions and latex (Springfeilrl , 1978) . 

Expe rimental studies conducted by diffe ren t investigators confi mls mulch as the best 

t rea tment fo r the survival and growth of plants in degraded areas. Fisher et al. ( 1986) 

found mulch as one effective trea tment fo r the surviva l of flm iper species in su rface 

mined lands in Mexico. The surviva l rates of these species'were bette r than unmulched 

ones, and often equiva lent to those of irrigated trees. A simiJar study in a degraded 

land of Thailand by Sakuri et 01. (199 1) showed mulch as the best treatment for the 

surviva l and establi shment of different plant species. 

The positive effect of mulch on the survival and growth of plants have been shown to 

be due to the following; a lowering of maximum soil temperature (Fenner, 1985: 

Sakuri , et al., 1991); improving the moisture condition (Evans. 1986; Springreild , 1978: 

Sakuri el al., 1991; Luken, 1990): serving as a source of nutrien ts to plants and 

fac ili tat ing biological activi ty (Evans. 1986: Sakuri el at .. 199 1): and control wind and 

wate r e ros ion (Fisher el al. , 1986). 

C - The role of gaps in regene rati on 

A gap is an opening that can be created by the removal of the above ground parts of 

plants (i.e shoots) (Rusch, 1993). togethe r with or without the ir roots. It can be created 

naturally because of land slides, floods, fires, storms (S ilvertown. 1982); by the activities 

11 



/ 

! '/ 
I 1/ 

of bo rrowing o r trampling animals (Fellner. 1985): or due to human activities. Once 

fo rmed it wi ll have an effect on the regene ration potential of diffe rent plant species. 

In most plant communities for example. regene rat ion h om seed is depende nt upon the 

presence of gaps in the vege tation (Miles. 1974 : Grubb. 1976). 

Accord ing to Grubb's (1977) hypotHesis. the presence of gaps would increase the 

existence of different plant species and provide suitab le sites for the ir estab li shment. 

The refore, it may accelerate the regeneration and colonization of different plant 

species. This has been reported in a tropical rain forest in Java (Kremer, 1933 as 

quoted by Fenner, 1985); in a heath land in Scotland (Miles, 1974); in limestone 

grassland communities in the Baltic island of Oland (Rusch, 1993). In these studies 

important observations were made that showed that the survival and emergence of 

seedlings is dependen t upon the presence of gaps in the vegetation. However as Rusch 

(1993) indicated, the persistence of species in a community is possible when the 

dynamics o f gap fonnation is matched with the occu rrence of reproductive propagules. 

2.1.2. Seed treatment 

One means by which degraded lands can be re habi litated th rough either planting of 

seedlings o r direct sowing of differen t kinds of plant species. In particu la r. planting of 

native or exotic species by artificial regeneration depends upon the possibilities of 

raising seedlings ei the r from seeds or vegetative propagules (Demel Tektay, 1993a). 

12 



This approach of rehabi litation requires among othe r things a highe r percentage rate 

of germi nation in the sown seeds. Howeve r. seed ge rmination can be inhibited by a 

variety of factors. These can be ei ther biotic or abiotic. acting simu ltaneously in 

opposi te direct ions and causes dormancy of the seed which may be either physica l or 

physiological (Shebagbilo, 1987). 

Fo r example, as 'Legesse Negash (1992 & 1993) pointed out. seeds of many tropical 

plant species are covered by hard seed coats. These seed coats require sui table 

cond itions for the ir degradation, othe rwise they restrict imbibition and hence 

ge rmination (Legesse Negash, 1994). Such a facto r makes a number of plant species 

to require treatment and manipulat ion of the seed before sowing if satisfactory 

I 
gemlination is to be obtained. 

I 
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The effect o f p re-sowi ng t reatmen t of seeds o n the rapid gcnnination o f tropical plant 

species has been shown by the work of Laurent & Chamshama (1987), Legesse 

Neg. sh (1992 & 1993) and Demel Tekelay (1993b. 1994. 1996) . These kind of studies 

arc suggestive of the fact that together wi th site manipula tion the plants used for 

rehabilitati ng degraded lands require treatment and manipula tion of thei r seeds or 

reprod uctive propagules. Some of these pre-sowing treatments include: soaking in wa ter 

for varying lengths of time (FAO, 1974: Simmons, 1981: Laurent & chamshama. 1987; 

Demel Tektay, 1993b, 1994 & 1996): Scarifying or chipping the seed coat (FAO, 1974: 

Demel Teklay, 1993b & 1994: Legesse Negash, 1992 & 1993): alte rnate soaking and 

drying (FAO, 1974): plunging the seed into water or even boiling for a short time 
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(FAO. 1974: Laurent & Chamshama. 1987: Demel Teke,ay. 1993b. 1994 & 1996) 

Soaking in concentrated sulphuric acid (Laurent & Chamshama. 1987: Demel Teketay. , 
1993b. 1994 & 1996): and fi re sco rching (La urent & Cham, hama. 1987). 

2.2. Rehabilitation from seed banks 

The soil o f most tropical and temperate habi ta ts contains a reservoir o f viable seeds 

of plants termed as the seed bank (Jefferson & Usher, 1987). Soil seed bank includes 

all seeds buried in the soil and those on the soil surface. These stored seeds in the soil 

are composed in part from seeds produced on the area and partly from seeds blown 

in from elsewhere (Harper, 1977; Thompson & Grime, 1979; Garwood, 1989). As a 

I 
result the soil seed bank has a potential importance as a source o f propaguJes o f the 

I , 
I I 
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o riginal vegetat ion. The existence o f these seeds in th e soil seed bank is determined 

by the ir physiological properties (includ ing germinatio n, do nnancy and viability), by the 

e nvi ronme ntal conditions whe re they land and subsequent changes, and the presence 

of seed predators and pathogens (Gaowood. 1989). 

According to Grime ( 1979) seed banks can be di[fere nlialed into two fund ame ntal 

types: transie nt aDd persistent seed banks. A transient seed bank is one in which none 

of the seed o ut put remains in the habitat in a viable condition for more than one year. 

O n the o ther hand in persiste nt seed banks some of th e compone nts are at least one 

year old in the soil. In both cases the seeds remain buried in the soil and maintain 

their dormant state . If some disturbance brings them to the surface they ""ill normally 

I 
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ge rminate and give rise 10 plan ts whose parents may have existed many generations 

before (Fenner, 1985). Th is knowledge of the seeds. whe ther seeds are transien t or 

4 persisten!. the nature of their germination cues and the environmenta l condi tions 

suitab le fo r establishment are fu ndamen tal to successfu l vegeta tion management (Van 

de r valk & Pederson, 1989). For example. in the Ne therlands (Van de f valk & 

Ve rhoeven, 1988) seed banks arc an im portant part in the conservation and 

management of high divers ity communities in chalk grasslands and wetlands. 

In areas where natural vegetation has been eliminated. the potentia1 of reestablisbing 

it fro m a relict seed bank is one possibili ty that is currently be ing investigated (Van def 

valk & Pederson, 1989). In view of this many plant ecologists have become increasingly 

aware of the importance of seed banks in maintaining species diversity. There have 

I been a number of stud ies on the existence of viable seeds in the soil documented for 

, 
I II 

different plant communities by Thompson & Grime (1979); Jefferson & Usher ( 1987): 

Dicke el al . (1988); and reviewed by Harpe r ( 1977): Grime (1979): Fenner (1 985): 

Garwood (1989): and Van de r va lk & Pederson ( 1989). 

An unde rstanding of the population dynamics of viable seeds in tbe soil is useful in the 

management of a given area for differen t purposes. In agricultural activi ties if the 

species composition of the seed bank of an arable soil is determined, a knowledge of 

the long term viabi li ty of the species involved is clea rly of value in providing a basis for 

control techniques. This enables to use selective chemical met bods against the species 

known to be most persistent in the soil (Roberts. 1981 as quoted by Fenner, 1985). 

I 
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The existe nce o f viable seeds in the so il are potentially importan t in the resto ration 

projects where plant cove r is desired (Skoglund . 1992). The use of this seed source is 

part icularly va luab le in tropical forestry where pla nt ing as such is o ften omitted 

(Fenner. 1985). 

The existe nce o f viab le seeds is valuable in the rapid colo nization o f a protective 

vege tatio n cover and helps to prevent furth e r land degradatio n. This di sposes many 

proble ms associate d with coll ecting, sto ring a nd sowing, o r transplanting individuals 

during the rehabilitation of degraded lands (Van def valk & Pederson, 1989). As a 

result the use of seed banks in rehab ilitating degraded lands as well as to manage the 

existing vegetatio n is getting grea t attention in recent times. 

Alte rnat ive ly, the re is the option o f re habi lit ating deg raded lands by using do no r soil 

seed banks from a nearby site with the appro priate vegetatio n. This is possible by 

moving an intact fo rest soil seed bank to the la nd which has been deg raded (Skoglund. 

1992). Such kind o f app roach was recognized a nd pio nee red by worke rs interested in 

mine spoil reclamation. It involves the removal o f to p so il p rio r to mining, sto ring it 

a nd putting it back afte r the mineral has been re moved. o r a lt ernative ly. re moving the 

lOp soil from a n area to be mined a nd placing it 10 an area to be revegelated 

(Jo hanson & Bradshaw, 1979; Va n de r valk & Pederson, 1989). However dono r seed 

banks will not produce vege tatio n identical to the nalive vegetat ion, because some 

native vegetation may not be prese nt in the seed banks o r their seeds may loose 

viabi lity when the soil is stockpiled (Van der val k & Pederson. 1989). For this detai led 
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knowledge sho uld be prese nt conce rn ing the bio logica l composition of the und isturbed 

environment and the seeds or vegetative materia ls before using the soil as a donor 

seed bank . If th is is we ll undc rslood, dOllor soils have a pote ntial to estab lish rapidly 

a species rich vegetation dominated by nal ive species adapted 10 loca l conditions. Seed 

ba nks. the re fo re, play an im portant ro le in the resto rati on and maintenance o f 

deg raded lands as well as to manage the existing vege tation and ha bitat cre at ion. 
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3. MATERIALS AND METHODS 

3.1. The study site 

Wello region located in northern Ethiopia is a mounta inous area with slope over 60% 

(ERCS, 1986). Due to high population density and unwise- use of the natural 

vegetation , at present most of the lands in this region are exposed to erosion and 

degradation. One of the severely affected areas where the study was carried out is 

known as Aluma. It is situated 443 km north of Addis Ababa. In this a rea the average 

altitude is 2100 m above sea level with slope of 17%. 

3.1.1. Population and land use 

The majori ty of the people living around the study site are subsistence fa rmers. They 

also keep cattle in thei r surroundings. Because of scarcity of land , sleep slopes and hill 

sides are cultivated by different crops and grazed by cattle continuously. This led the 

area to be over exploited, exposing to erosion and land degradation. 

3.1.2. Vege tat ion 

From many years back to the yea r 1980 the study site was used by the surrounding 

inhabitants for cultivating different kinds of crops. Starting from 1981, the area become 
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under the ministry of Agricultu re for plantation of differenl kinds of exotic and 

indigenous tree species. Thus until 1989 the areit was covered by diffe rent kinds of 

plant species owned as a state forest. However starting from the beginning of 1990, the 

vegetation of the area was completely destroyed by the surrounding inhabitants as a 

result o f clearance for domestic uses and overgrazing of their ca ttle (pe rsona l 

communication with the inhabitants). At present some remnant shrub and tree species 

a re confined in the study site . Scattered species persisting in and adjacent to the study 

site are presented in appendix 1. 

3.1.3. Climate 

The rainfall in the region of welle is a bimodal divided in to two seasons locally 

refe rred as "Keremt" (big rains) and "Belg" (small rains). The keremt usually starts in 

J une and it continues normally until the end of Septembe r. The Belg rains usuaUy start 

in March/April and then con tinue until May.ln favourab le years these seasons merge. 

but in dry yea rs the Belg may sometimes fai l completely and the Kereml rai ns may end 

"bruptly (SIDA, 1987). 

The re is no specific rainfall and temperature data for the study area . However the 

cl imatic conditions recorded by Ethiopian national meteorological se rvice agency 

(ENMSA) at tbe nearby stations ( Sistema and Haik ) some what holds true for this 

" ,e" too (T"b. 1A & B). 
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Table· l.A. Mean monthly temperature for locations near Aluma 

Stat ion name Haiq Bistema (Werebabo) 

Altitude 1900 m 2300 m 

Lat. 11.1 9 11. 19 

Long. 39.40 39.45 

Temperatureec) Max. Min. Max. Min 

January 23.3 7.7 20.3 8.6 

February 23.6 10.8 20.4 ID.9 

March 24.6 12.0 22.6 12.2 

April 25.3 12.5 22.6 12.1 

May 27.4 12.3 24.1 12.6 

June 29.5 12.7 26.0 14.1 

July 27.2 13.9 24.2 12.9 

· ~ . August 25.7 13.5 23.1 12.3 

October 24.9 8.8 22.1 ID.5 

November 2 • .5 6.1 21.8 8.9 

December 23.3 7.2 20.7 9.1 

SOURCE: Ethiopian National Meteorological se lVice agency. 

(ENMSA) 

Year of Records: 1986· 1995 
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Table· LB. Mean Monthly rainfall (in mm) for locations near Aluma. 

Station name Haiq Bistema (Werebabo) 

January 31.4 21.8 

Feb ruary 90.9 60.5 

March 117.3 82.0 

April 107.9 139.9 

May 77.3 87.6 

June 26.6 28.2 

July 235.4 287.3 

August 257.8 286.1 

September 156.5 164.8 

. ~ I October 22.4 58.5 

P November 9.3 7.7 

Dece mber 3V 36.3 

Source - ENMSA 

Year of records: 1986 - 1995 
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3.1.4. Geology 

nlC geologica l origi n of the higblands of Wella is pan of the trap series. which is the 

most prevailing fo rmation of the tert iary period (65.2 million years ago). 

Petrographically they are bitsa ltic alkaline rocks (Bechtold el al .. 1987). According to 

the description of Almaz Gezahegn and Kebede Tscayheu (1995) the rocks a round 

Dessie be longs to the upper basic volcanite . Texturally, the basa lt are scorinaceous 

basa lt, fine gained relatively hard basalt and polyphyritic basa lt with coa rse grained 

phenocrysts. It appears, there fore, that the geological formation of the study site is not 

far from this description. 

3.1.5 . Soil 

The soils of We llo are developed [rom trap se ries volcanics resulting in stro ng 

structural influence on land foml and soil deve lopment. The outcome of th is influence 

is accelerated eros ion stoniness of the soil and moun tainous topography (FAO, 1984). 

In addition to this the area has been cultiva ted in tensively for a looger time wh ich has 

added man made erosion. The gene ral description of the soil near and around the 

study site shows that the most common types of soils are eutric regosols and eut ri c 

cambisols with lithic phases and lithosols occurring on steepest slopes (FAO, 1984). 

The steepest slopes around the study si te are highly eroded, stoniness and rocks are 

the common features of the land. 
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.2. The study plants 

TIle study includes four plant species which a rc indigenous 10 Eth iopia. The main 

reason for the choice of these particular indigenous plant specie was based on the idea 

of thei r successional patterns. Two of the species. ; !. abyssinica and £. schimperi were 

considered and selected as pionee r stage species, where as 1. pfocera a nd 0. cllfopaea 

as a re presentative of climax stage vegeta ti on. A sho rt description of each species is 

g ive n below. 

Acacia abyssinica Hochest. ex. Benth 

A. abyssinica is also called umbrella thorn because it is typically crown shaped. It is a 

tree reaching up to heights of 20 m when mature. It usually grow at altitudes between 

1500m-2800m above sea leve l, and occurs in a reas with annua l precipitation of 7()()· 

1600mm per year. The plant is commonly found in wood land, wooded grasslands, 

h ighla nd fo rest margins and along sides of rivers and st reams (Dale & Gree nway. 196 1: 

Bre ite nbach, 1963 ). 

It is drought to lerant and grow in degraded areas and along gull ies. As wi th most o ther 

acacias it is used for fuel wood, charcoal, poles, tool handles, fodde r, shade, apiculture, 

soil and wate r conse rvation and nitrogen-fixation of the soi l (Azene Bekele er 01.. 1993: 

De me l T e ketay, 1993a). This plant is widely distributed in Ethiopia. Ke nya, Malawi. 

Mozabique,Sudan, Tanzania, Uganda, Zaire and Zimbabwe (Deme l T eketay. 1993a). 
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Seeds of A. abyssinica are usually brownish in colour: they are thick elliptical in shape 

and are compressed. They measu re 7·10 x 4·6 mm and a re covered with leathery seed 

coat which is impermeable to water. The seed are susceptible to insect attack during 

their deve lopment in pods or even after they have been collected (Legesse Negash. 

1995). 

Euclea schimperi Dandy 

It is a shrub or small tree 3·6 m high. It usually grows in dry woodland, bush land, 

rive rine forest and marginal arid areas at altitudes between 1500 - 2300 m above sea 

level. It is traditionally used as a firewood, fam) tools, food ( fruit ), ornamental, live 

fence and boundary marking (Azene Ikkele et al., 1993). 

Fruits o f £. schimperi are rounded in shape. green at first and upon ri pening. become 

purple-black with soft and fleshy covering. The seeds arc light -brownish in colour. The 

seed measures about 7·9 mm across and it has a thin seed coat covering. 

JUllipems procera Hochest ex End!. 

J. procera also called African pencil cedar. The plant is an eve r green tree reaching up 

to heights of 40 m (Dale & Greenway, 1961: Breitenbach. 1963). It is a ne af the 

endangered plant species found in Ethiopia, Kenya, Sudan, Zimbabwe. Zaire and 

Namibia (FAD, 1986). It usually occurs in highland and mountain areas. on rocks and 
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on soils with good drainage. and is tolerant of ..... i dely varying soils. It is commonly 

found at a ltitudes between 1750 m - 2500 m ..... ith optimum rainfall laying between 400 -

1200 mOl . Even though this plant does best in high rainfall areas. it can also sUl"\i \ e 

quite dry conditions once established and ada pled to less fa \ ourable conditions (FAD. 

1986). The heart wood of this plant is ext remely resistanl 10 te rmites and is a very 

durable wood in the ground. It usually used for poles, limber (for floors. roof shingles. 

pencils), firewood, ornamental , shade, and wi ndbreak (Dale & Greenway. 1961 : 

Breitenbach, 1963). 

1. procera bas no woody cones but fleshy, berry-like fruits . The small male cones are 

solitary, rounded, terminal aDd are yellowish in colour. They occur in short axillary 

branchlets. The female cones are be ny-like rounded and upon ripening, become fleshy 

and soft . They measure upto 8 mm across and may contain I 104 seeds. Fresh seeds. 

obtained from ripe berries, are mucilaginous and some what tapered at one end 

(Legesse Negash, 1995). 

Olea ell.ropaea L. subsp cuspidata ( wall .ex DC. ) 

Cifferi(Synonym : Olea africalla Mill.) 

This plant is commonly known as wild olive. It is widely distributed in d ry forests and 

f . ft ·th J procera in Easl Africa and Ethiopia (Dale & G reenway. orest marglDs 0 en WI . 

196 1). 
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Wild o live is a handsome evergreen tree up to 15 h' h h d d d m Ig wit . roun e crown an grey· 

green foliage . It is hard and drought resistan t once established even in poor soils (Dale 

& G reenway. 1961). The plant is usually found at alt itude betv. een 1500·2500m ..... ith 

ave rage annual precipitation of 1000 mOl. It is mainly used for furni tu re. cabinet ..... o rk . 

te rnary, firewood, charcoal and poles (Breitenbach. 1963: Azene lkkele et 01 .• 

1993).This tree is much valued by the farm ers of Eth iopia for making farnl implements. 

houses and fences' as well as for producing house hold furn itu re . The ba rk . the leaves 

and the wood are smoked as matent to femlent and flavour yogurt IrCO or rella 

,traditional Ethiopian beverage (Legesse Negash, 1993). 

The fleshy fruits (the drupes) of O. europaeo are approximately oval in sha pe and. as 

they mature, their colour cbanges from light-green to purple . They usuaUy measure 8-

14 mm in length and 5-lD mm in diameter. The flesh is much liked by birds and seed 

without fl esh (i.e. those covered only with endocarp or stone) are common unde rneath 

trees of wild olive. The stone (the endocarp and the seed within it) ranges in shape 

fro m ovoid to somewhat spheroid . Norma lly. each stone yields II single seed . However. 

twin seeds may occur in some fruits or provenances. The seeds a re somewhat brownish 

and decorated with branched lines that appear to have drawn all ove r thei r seed coats . 

In shape, tbey look much like a Rugby ba ll but range from ovoid to somewhat ventrally 

fl att ened seeds. The brownish seed coat covers Ihe e ndosperm and embryo (Legesse 

Negash, 1995), 
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Diagrammatical representation of pods. fru its. and seeds of each of the study species 

is presented in appendix 3. 

3.3. Seed collection and storage. 

Ripe berries of 1. procera, pods of A. abyssinca, fruits of 0. ellropaea subsp. cuspidaca 

and E. schimperi were collected from southern Welle (northe rn Ethiopia) within 10 10 

35 Km. radius of Dessie town, in January and March 1995. They were collected from 

the plants before they have been dropped onto the ground. Immediately following 

collection, the fleshy part and pods were removed, and the resulting seeds we re 

washed in tap waler (except, for those seeds used for the unt reated experiment). AU 

seeds were then allowed to SUD dry for 5·10 days in the greenbouse and placed in a 

refrigerator in plastic containers. 

3.4 . Laboratory and greenhouse stud ies 

The relative ge rmination capacity of each species we re investiga ted using differen t 

trea tments and manipulations: 

Olea europaea subsp. cuspidata. - Manipulation and treatment o f tbe seeds were done 

based o n tbe work of Legesse Negasb (1993). The seeds we re removed from their ha rd 

seed coats by crasbing in-between a piece of clean basal t rock and smooth concrete 

surface . They were tben washed with a soapy detergen t and surface disinfected .... ; th 
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O.IS£k HgCl z for 15 minutes . The disinfected seeds were rinsed u ing distilled water 

and arranged in rows onto a double layered tissue paper in a glass pe tri di sh (diameter 

9 em: height, 1.5 crn). The total number of seeds arranged per pe tri di h was 40. Then 

the seeds were irrigated with distilled water until germination was completed. 

Acacia abyssinica • Scarification and hot wate r treatment . as recommended for seeds 

of different Acacia species (Simmons. 1981) we re lIsed for the seeds of this species. 

Scarification was done by rubbing the seed using sand paper until a small portion of 

the seed coat was removed. During scarification care was taken not to damage the 

embryo. Hot water treatment involved immersing the seeds into boiled water 

immediately upon its removal from the heat source and then left to cool gradually. The 

seeds were left in the water for 24 hr untiJ they imbibe and swell Following these 

treatments the seeds were arranged onto a double layered tissue paper in separate glass 

petri dishes (diameter 9 em; height 1.5 cm) nnd supplied with distilled wate r until 

germination was completed. The number of seeds arranged per pe tri dish was 30. 

Euclea sell imperi and lilnipems procera 

A total of II treatments for £. schimperi (Table 2) and 7 treatments for 1. procera 

(Table 3) were used. 

Fo r seeds of £. schimperi, scarification was done by rubbing the seeds with sand paper 

until some part of the seed coat is removed. In addition , the seeds of th is species were 
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trea ted with 0.15% HgO for 25 . fu .. 
1 minutes to prevent ngal anack as a pre ll mmary 

observation has shown that untreated seeds we re atlacked by fungal growth. 

The effect of bot water treatment was investigated by immersing seeds in separate 

beake rs con taining 200 ml of boiled waler which was immediate ly removed from the 

heat source. Then, the seeds were left to soak for different lcnglhs o f lime (i.e . for 12 

hrs and 24 brs) in the water. 

The effect of chemical treatment was tested by placing the seeds in beakers co ntaining 

100 ml of concentrated sulfuric acid and left 10 soak for different lengths of time (i .e 

5, 10, 15 and 20 minutes). After these pe riods seeds were washed and ri nsed in distilled 

water. 

In each t reatment 30 seeds of E. schimpe'; and 50 seeds of 1. procera were a rranged 

onto a double laye red tissue pape r in separa te glass petri dishes (di ame te r 9 cm; he ight 

1.5 cm) moistened with distilled wate r. Then the seeds of both species were pe ri od ica lly 

supplied wi th distilled wa ler. Howeve r, seeds of E. scllimperi unde r treat ment 4 (Table 

2) were supplied with GA3 (1 0-1 M) (Gibberll ic acid) un til ge rmination was completed. 

AJ I pet ri dishes were then placed in a germination incubator in the tissue cultu re room 

(Biology De partment, Addis Ababa University) ma intained at 25 .= 10 C until 

ge rmination was completed . 
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In addi tion, seeds of E. schimperi and 1. procera w~ re sown in separate nowe r pots 

fi ll ed wi th nursery soil. Seed treatme nt 3 for E. schimperi (see Table 2). and treatment 

I ttnd 2 for 1. procera (see Table 3) we re used during sowing. The polS "cre kepi in the 

greenhouse, wa tering twice a day until ge rmina tion was completed. 

Assessment: Observations o n germimuing seeds were made dai ly. Geml ination was 

considered when the radicles were abo ut 2 to 3 mOl long. Fo r pol experiments. 

germination in E. schimperi and 1. procera was considered wben the cotyl edo ns were 

fully emerged. This observation continued until no more seeds had ge rminated fo r at 

least a week. 

After the germinated seeds were counted, the gemlinan ts we re transfe rred to small 

plastic tubes (Diameter 8 em, length 12 em) that have been filled with nursery soil. The 

tubes we re arranged on fl at wooden benches in rows in the greenho use. They we re 

regularly watered twice a day until they we re transfe rred to the study site . 
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T a ble 2. List of treatments applied to seeds of E. schimpen. 

Trea tment 
Trea tme nt 

number 

I Scarification. 

2 Scarification ; Surface disinfection with 0.15% f:lgC1
2 

fo r 25 min. and 

rinsed with distilled water. 

3 Removal of the fleshy coat; surface disinfectio n with 0 .15% Hg02 

for 25 min. and rinsed with distilled water. 

4 Surface disinfection with 0.15% HgOl for 2S min ., rinsed with 

distilled water, and periodically supplied with GA, (IO~ M). 

5 Immersing seeds in boiled water immediate ly afte r removing from 

the heat source and left soaking fo r 12 hrs. 

6 Immersing seeds in boiled water immediately a fl er re moving from 

the heat source and left soaking for 24 hrs. 

7 Soaking in concentrated sulfuric acid fo r 5 minutes. 

8 Soaking in concentrated sulfuric acid fo r IO minutes. 

9 Soaking in concentrated sulfuric acid fo r 15 minutes. 

10 Soaking in concentrated sulfuric acid fo r 20 min utes . 

II Control. 

I 
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Table 3. List of treatments applied to seeds of 1. procera 

Treatment Treatment 

numbe r 

I lmmersing seeds in boil ed water immediate ly after removing 

from the hea t source a!1d seeds left soaking fo r 12 hrs. 

2 Immersing seeds in boiled waler immediate ly after removing 

from the heat source and seeds le ft soaking for 24 hIS. 

3 Soaking in concentrated sulfuric acid for 5 minutes. 

4 Soaking in concentrated sulfuric acid for 10 minutes. 

5 Soaking in concentrated sulfuric acid for 15 minutes. 

6 Soaking in concentrated sulfuric acid for 20 minutes. 

7 Control. 
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3.5. Field study. 

3.5. 1. Experimental design. 

A reconnaIssance survey was done on October 20 and 21, 1994 to locate the 

experimental plots. The study plots were situated in four already establi shed sites (each 

20 m X 20 m) within the frame work of the project of "Landscape Ecology and 

Ecological Restoration of Central Ethiopia". The four selected study plots were coded 

as plot I, Il,In, and IV. 

In each of the four study plots (10 m X 4.5 m) , thirty two small quadrats (0.70 m X 

0.50 m) were laid out arranged into four rows and eight columns. Each small quadrat 

were bounded out with wooden pegs and a rope . A 0.50 m wide gap around each small 

quadrat was left to avoid edge effects. Each of the four rows (with e ight quadrats) 

within a study plot, was randomly assigned to one of the four principal investigations 

(i.e, plantation of seedlings. sowing of trea ted seeds. sowi ng of untreated seeds and 

seed bank investigation). Within each row, eight diffe rent soil treatments we re 

randomly assigned to the eight quadrats . The same procedure was fo llowed in all of the 

four plots and the experimental set-up result ed in a randomized complete block design. 
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3.5 .2. Soil treatment. 

The above-ground vegetation on each study plol was mov. ed before the onse t of tbe 

ra iny season. Then, during planting and sowing each quadrat wi th in each row was 

subjecte d to different soil treatments and manipulations. The following e ight treatme nts 

and manipulations either in isolation or in combination were used during the study. 

1. Artificial Gap (AG): Both the above-ground plant material (shoots) and their 

underground pans (roots) were manually removed. 

2_ Mulch (M): Dried hay from Hypa"henill mla was over laid (2-3 COl thick) after 

planting and sowing to cover the ground surface. 

3. Commercial Fenilize r (F): A combination of diammonum pho phal.c and urea (2:1 

ratio) was applied at a rate of 125 kg pe r hectare during planting and 

sowing. Although the specific amount of fertilize r required by these study 

species and the study site is nOI yet known. Ihis amo unt ( 125 Kg/ha) was 

considered from recommendations o f fu el wood plantation in Eth iopia 

(Pohjonen, 1987). 

4. A combination of mulch and artificial gap (M + AG). 

5. A combination of fertilizer and artificial ga p (F + AG ). 

6. A combination of mulch and fert ilize r (M + F) 

7. A combination of fertilizer, mulch and artificial gap (F + M + AG). 

8. Control. 
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3.5.3. Seed treatment 

Seed treatments and manipulations wb ich resulted in maximum ge rmina tion (fable 4) 

for each species during laboratory investiga tion. were applied 10 seeds of each species 

before the actual field experiment staned. 
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Table 4. Seed treatments and manipulations used in the fi eld . 

Species 

~cacia abyssinica 

!Euclea schimperi 

unipems procera 

Olea europaea 

subsp.cltspidara 

eed treatment and manipu lations. 

Immersing seeds in boiled water immediate ly after 

removing from the heal source and the seeds left soaking 

or 24 hr>. 

Removal of the fleshy coat; surface disinfection with 

.15% HgOz for 25 minutes, and rinsing with distilled 

fva ter. 

Removing tbe berries from the seeds; immersi ng the 

eeds in boiled wate r immediate ly afte r removi ng from 

he heat source, and the seeds left soaking for 24 hrs. 

Removal of the hard seed coat: surface disin fe ctio n of 

he seeds with 0. 15% HgCl l fo r 15 minutes and rinsing 

with distilled wate r. 
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3.5 .4 . Sowing and planting. 

Sowing: Afte r manipulation and treatment of the soil. eight)' (80) trea ted and untreated 

seeds fo r each (20 seeds pe r species) were sown in each of the respective experimental 

quadra t. Seeds were uniformly sown in rows with 5 em spacing in·belween. During 

sowing an attempt was made to incorporate the seeds to a depth of 1.0 em and then 

cover them with soil. Each sowing spot was tben marked wi th a tooth pick to enable 

a close follow up latte r on. In addition, tbe location of each seed was mapped 0 11 a 

graph paper to facilitate identification du ring each observa tion. Sowing was done 

between July 1-3, 1995. 

Planting: Seedlings raised in the greenhouse (Science Facul ty, Addis Ababa University) 

were transported to the study site and transplanted on July 4 and 5, 1995. In each of 

the small quadrats 20 seedlings (5 seed lings pe r species) we re planted with a spacing 

of to em in·between. Each seedling was given its own code to identi fy lhem in 

subsequen t observations. Seedlings which di ed wi thin 15 days of transplanlCtlion we re 

replaced by seedl ings from the original batch. 

Afte r sowing and planting each plot was wate red twice a day until the beginning of the 

first showers of the summer rains which begao 0 0 the yll day. The height and number 

of leaves of each seedling we re recorded at the eod of plantation. 
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Assessment: Emergence of ge rmin t' d . 

a log see s was monnored eve ry tbree days dunng 

the ge nnination period which lasted bet\l.'een I ·8 weeks. Geml ination was considered 

when the cotyledons were fully emerged. 

Observations on seedljngs were made every fifteen days for the firs t Iw O months and 

monthly thereafter for five months. The follOwing observations and measuremenlS were 

made for each species: 

A . The number of germinated seeds; 

B. Height measurements on individuals; 

C. Total leaf count per plant; 

D. Total number of seedlings present and the condition of each seedling (i .e live, dead 

or browsed) were recorded. 

During the course of the investigation few seedlings that we re found browsed were 

measured but left out from subsequent statistical analysis. 

3.5.5 . Local soil seed bank investigation. 

Eme rging seedlings in quadrats allocated for soil seed bank investigation we re counted 

every fiftee n days for the first two months and monthly the rea fte r. Duri ng counting 

each small quadrat (0.70 m x 0.50 m) were further grided into smalle r quadrat (0.35 

m x 0.25 m) to facilitate monitoring. At each census seedlings we re ident ified i'IOd 



J 

recorded only as either monocots or dicolS. The location of emerging seedlings in each 

plot were mapped on a graph paper and the ir survival was subsequently followed. 

Du ri ng this investigation Some of the species recorded were coll ected and identified 

latter on at the National Herbarium, Addis Ababa University. 

3.3.6. Statistical treatment of data 

Germination and survival percentages were arcsine transformed before analysis. The 

results from germination, growth, survival and seed hank investigation were analyzed 

separately by tbe analysis of variance (ANOY A). In aU cases significant trea lment 

meaDS were compared by the least significance difference (LSD) method (lor, 1974). 

Mean re lative growth rate 

Relative growtb rate can be computed from growth parameters of each component of 

a plant (eg. weigbt ,number of leaves, height etc.) which are recorded be tween tv.'o lime 

intervals during the active growing period of tbe plant (Hunt, 1978). 

Mean re lative growth rate was calculated for each species to compare thei r growt h 

patte rns. Mean relative growth rate ( R ) is calculated as follows: 

R = log. W, . log. W1 
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, 

Whe re, Wz .W. - cbange in height or leaf numbe r beN-'ceo time T. and T . 

respectively. 

T2 . Tl = Time intelVal 

e = the base of natural logarithm. 

In the present study mean relative growth rate was estimated from paramete rs of leaf 

number count and height measuremeots recorded between 601~ and 150'11 days afte r 

transplantation and sowing. 
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~ . RES ULTS 

4.1. Laboratory result 

The species -investigated in tbe present study respond differentially to the various 

treatments used, and showed variations in total germination percentage. 

A cacia abyssinica: There was no significant diffe rence (p > 0.05) in the germination 

resul ts obtained by sand pape r scarification (82.9 z 3.7%) aDd hot water treatment (85 

~ 2.7% ) (Figure 1). In both treatments germination started on the same day (i .e on 

the 4111 day), but ended on the ]b (sand paper scarification) and on the 9tlo (hOI wa ler 

treatment) day after sowing. A very low germination percentage (8.8 :!: 3.4%) was 

recorded in the control with germination commencing on tbe ISh day and e nded on 

the 21'1 day afte r sowing. 

Euclea schimperi: Higber germination percent (greater than 65%) was obtained in 

treatments 3, 4 (see Table 2 for type of treatments) and in the connol. bu t with no 

signi ficant difference among each other (p > 0.05). [n the other treatmen ts (i.e, 5,6,7, 

8 & 9) low percent germination was recorded (less than 45%) when compa red to the 

controls (Figure 2). In treatments 1,2 and 10 there was no ge rmination at all and the 

d f d · f t d b fungal growth Percent gemlination in hot wa ler see s we re oun III ec e y . 
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treatments (5 & 6) was silmificantly 10 e Ih ' " , 
~ w r an In the control, bu t Without signtficant 

difference be tween each other. Between trea tments 7 d 8 . 'fi d 'ff 
. an no sigm cant I _ ercncc 

was observed, but treatment 9 was significantly lower than these treatments (p < 0.05) . 

In these observation germination started on the 61• day and ended on the 13111 day afte r 

sowing. 

Junipems procera: Seeds of this species failed to genninate when treated with hot waler, 

scarification and sulfuric acid treatments. Some of the seeds we re enlarged after these 

treatments, but they were restricted to germinate. 

Olea europaea: Decoated seeds of O. ellropaea started germin;ujon on the 6t1. day and 

completed on the 14Q, day after sowing with a germination percentage of 82.7 !: 3.1 % 

(Figure 1). However, seeds incubated without removing the hard seed coa t fa iled to 

ge rminate . 

4.2. Greenhouse results 

E. schimperi : Removal of the fleshy seed coat, surface disinfection of seeds with 

0.15% HgCll , and sowing in flower pots resulted a gemina tion percentage of 57.7 :!: 

3.3% , with germination starting on the 61b day and completing on the 16Uo day after 

. A .. t 53 2 + 26% was attained in the control that started on sowmg. genmnatlon percen . _ . 

the 9th day and ended on the 18111 day after sowing. 
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1. procera : Soaking seeds in boiled waler for 12 hrs and 24 hrs resulted in a germinat ion 

percent o f 39.5 ± 2.7% and 43.2 == 2.9% respectively. These s h~'ed no signi fica nt 

difference (p > 0.05) from the control (41.7 == 3.3lfC ) (Figure 1). During th is 

obse rvation. germination staned on the average on the 4~ day and ended on the 49111 

day afte r sowing. 
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4.3. Fie ld result 

4.3.1. Germination study 

Germination in both the treated and unlreated seeds was comple led in the firs t two 

months after sowing. Higher Percent germinal:ion was obtained from "treated seeds 

(Figure 3). Here germination was relatively faster and highe r than for untrca ted seeds 

of A. abyssinica, J procera and 0. europaea. However. there was no significant 

diffe rence in percent gennination between trea ted and untreated sown seeds for E. 

schimperi. 

A significantly higher (p < 0.05) percent gennina tion obtained from trea led seeds of 

A. abyssinica (77.3 :t 1.8%) and E. schimpe,; (67.5 :t 1.2%) with no signifi cant 

difference between each otber. This was followed by treated seeds of 0. europaea (60.2 

::!: 1.8%) with significant difference from 1. procera wh ich rcsullcd the lowest percen t 

ge rmination (13.6 :t 1.1 %). 
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Comparative responses of ge rmination "';th,'n spec'es d h . '1 
I • un er I. e V3 nou SOl treatments 

is shown in Table 5. 

A . abyssillica: Germination of treated seeds started on tbe 6111 day after so\4i ng and was 

completed on the 12111 day. A significantly higher percent germination was obtained in 

soil s treate d wi th Mulch, Fe rtilize r + Mu lch, Mulch + Artificial gap. and Ferti lize r + 

Mulch + Artificial gap (he reafter referred to as M. FM. MAG and FMAG. 

respectively) with no significant difference among each olber. These shO'Ned 

significantly bjgher differences (p < 0.05) to the ge rmination results obtained from soils 

treated witb Artificial gap, Fertilizer, and Fertilizer + Artificial gap (hereafter referred 

as AG. F, and FAG, respectively) . While the re was no significant diffe re nce be tween 

results from AG, F, and FAG treated soils, and all showed a significantly highe r 

percent germination than in the control (p < 0.05). 

E. schimperi: Germination from the treated seeds staned on 9t~ day and ended on the 

15th day afte r sowing. Percent ge nn ination was significan tly highe r (p < 0.05) in M, 

F:vt . ~'IAG and FMAG treated soils, bu t with no significant difference among each 

othe r. The re was no significant di fference in pe rcent germination ob tained from the 

o ther soil treatments (i.e, AG, F. and FAG) and the control. 

.' d d f J procera staned on the 48~ day and 1. procera : GerminatIon III the treate see so . 

ended on the 62" day after sowing. A significantly higher (p < 0.05) percen' 

.' d ' h MAG The lowest percent germination was germination obtained ID SOils treate WIt I . 
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recorded in soi ls treated with AG, F. FM. and FAG without sigmficant diife rence 

among each other and the control. Pe rcent ge rmination obtained from soils treated 

with M and FMAG was significantly lower than in MAG trealed soils. but higher than 

the re maining soil t reatments and the cont rol. 

0. europaea: The treated seeds of thi s species started to gemlinate on 9~ day and 

e nded on the' 18tb day after Sowing. The highest pe rcent germination was reco rded in 

MAG and FMAG treated soils without significant diffe rence be tween each othe r. 

These showed a higher significant difference from M, FAG and FM treated soils, which 

in tum were significantly higher than the germination results obtained from AG and 

F treated soils and the control (p < 0.05). 
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Soli t rcll lmc nl 

Art.fin,,1 gap (AG) 

Fe:n lhzc: r ( I') 

~·Iulch ( M) 

F +M 

F + AG 

M + AG 

F+M+AG 

Control 

"Ilble 5. Effcct o r sotilreal l1lCnlS on lhe eunlulativc germination perccntagc or t rc:aIC:d 
Ulll rcl tcd seeds o r the study speCIes, .... ith ~ SE (Sta nda rd crror). 

'1 realed secds Uulrc16 led seedJl 

A .ilm-n·"' K."fI E.sdll",pcn· 1. pmum O.cutOptKQ £schjm~n O .cunJJI'(lca 

76.3 :d _' to 65.0 ::.3..5 b 1 2..5~3.2 c 52 .5~5.2 C 57..5::.4.] d 275 ::.5.2 d 

72..5:!: 4.3 b 62.5:!:3.2 b 11.3%: 1.3 c: 53.8:!:1 .3 c S5.0:t:7.4 d 32.7:1;7..5 c 

S3JoI:t:4 .. \ a 71.3:t 4.311 15.0 :!:2.1 b 62.5:!:3.2 b 66.h2.4 b 40.0:!: 4.1 " 

l:I25:!: 1.4 a 70.0::.2.211 IOoO:!:2.l c: 61.3:!:55 b 58.3::.2.4 d ]3.!S:!:5.5 eb 

76.3:!: 6.6 b 63.S :!:2.4 b 10.0+3..5 c 58.S :!:3.1 b 6O.0:!:2.4 cd 35.0:!:3.S eb 

85.0:!: 4. 1 a 73.S:!:2.4 . 22.5:!:3.2 a 71.3:t 2.4 a 75 .0:t2.9 a 40.0 :t:9.4 a 

81.3:!: U .. 71.3±2.4 a I7.S±3.2 b 71.3+4 .3 a 65 .0:!:7.4 be 38.8::.2.4 ba 

61.3±3.1 e 62.5±3.2 b lO.0±2.1 c 50.0±2.1 c 41.S±3.2 e 22.S:!:] .2 d 

• Fu r ellch ~pccies. mca ns within the sallie l"O ,ILllIlIi rnllowcd hy the sallie: letter do n't differ significantly a t S% level of pmbabilily ( I .SI) test) . 
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In the investigation of untreated seeds ge rm " I • • 

mallon was lound only In E. 5chunpen 

(60.6 :!: 1.76%) and 0. europaea (33 6 ~ 20%) (F· 3) Th 
. - . Igure . . e unt rea ted seeds of A 

abyssinica and 1. procera failed to ge rminate du ring the study period. 

£. schimpen': The untreated seeds of this species started ge rminiuing on the 10" day 

and ended on the I Th day after sowing. A significantly higher (p < 0.05) pe rcent 

gemlination was obtained from soils trealed with MAG than in the other treatments 

(Table 5). [0 M and FMAG treated soils percent germination was significantly higher 

than those obtained in treatments AG, F. FM, and FAG. The lowest response in 

percent germination was obtained in tbe control which was significantly lower th::w the 

otber soil treatments (P ,; 0.05). 

0. w ropaea: Germination in the unt reated seeds of 0. eflropaea staned on the 34tl1 day 

and ended on the 45 th day after sowing. A higher percent ge rmination was obtained 

in M, MAG and FMAG treated soils which were without significant difference among 

each other. Soils treated with F. FAG and FM there was 110 significan t diffe rence (p 

> 0.05) between each other. These however showed a significantly highe r percent 

ge rmination than AG treated soils and the control (Table 5). 

Comparison of percent germination of treated seeds among species under the various 

soi l trea tments is indicated in Table 6. The trea ted seeds of .II. abyssinica and E. 

I . . h d . ·6cant difference between each other under all soil!rea!ments. sc llmpen s owe no slgm 
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In 1. procera. percent germination was significantly lower (p < 0.05) than all the three 

species. under each soil treatment. 

Percent germination in 0. el~ropaea and E. schimpe'; showed no signi fi cant difference 

under MAG and FMAG treated soils, while in the remaining soil treatments, O. 

europaea showed significantly lower percent germination than A . abyss;nica and E. 

schimperi (p < 0.05). 
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Table 6. Comparison of percent germination of treated seeds between species under different 

soil treatments, with .± standard error. 

SOil treatment Species 

A. abyssi"icn £ schimperi J. proc_ O. I!llropm! t l 

Artificia l gap (AG) 76.3 + 5.5 a 
. 

65 .0 + 3.5 a 12.5 + 3.2 c 52.5 + 5.2 b 

Fcrt ilizer (F) 72.5 + 4.3 a 62.5 + 3.2 a 11.3 + 1.3 c 53.8 + 1.3 b 

Mulch (M) 83.8 + 4.3 a 7 1.3 + 4.3 a 15.0 + 2.1 c 62.5 + 3.2 b 

F + M 82.5 + 1.4 a 70.0 + 2.2 a 10.0 + 2.1 c 61.3 + 5.5 b 

F + AG 76.3 + 6.6 a 63.8 + 2.4 a 10.0 + 3.5 c 58.8 + 3.1 b 

M + AG 85 .0 + 4.1 a 73.8 + 2.4 ab 22.5 + 3.2 c 7 1.3 + 2.4 b 

F + M + AG 8 1.3 + 1.3 a 71.3 + 2.4 ab 17.5 + 3.2 c 71.3 + 4.3 b 

Cont rol 6 1.3 + 3.1 62.5 + 3.2 10.0 + 2.1 50.0 .± 2. 1 
- -

• For each soillrealmcnl means with in the same row followed by the same leiter don't differ significanlly III 5% 

level o f probability ( LSO Icst) . 
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4.3.2. Growth perfonnance 

Comparisons of growth rates as c d [ . om pUle rom penodical measurements of planl 

he ight and leaf number revealed d'[! . h· , ] erences wit In each specie . Significantly higher 

changes (p < 0.01) in height within species of Iri1nsplanted seedlings (Figure 4) and 

seedlings from sown seeds (Figure 5), occurred between 60 to 150 days and aimosl 

leve lled upto 180 days after sowing. 

4.3.2.1. Transplanted seedlings. 

The effect of soil treatments within species mean height and mean leaf number is 

shown in Table 7. The comparisons are based on height measurements and leaf coun ts 

made 210 days after sowing. 

A . abyssinica; Mean height and mean leaf number were significantly higher (p < 0.05) 

from seedlings grown in FAG and FMAG trea ted soils than in the olher s il 

treatments. These measured characters showed no significant differences from seedlings 

grown under F, FM and MAG treated soils , but .... i tb significant ly higher difference 

(p < 0.05) from those seedlings grown in AG and M treated soils. III soils treated .... i th 

AG and M significantly lower mean beight and mean leaf number were ob ta ined than 

in the othe r soil treatments, without significant diffe rence £:rom the control. 
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£. schimperi: Significantly higher (p < 0.05) mean height and n\tan leaf Dumber wen~ 

30btained in soils treated with MAG and FMAG b t 0 h 0 °fi dOfr 
• • U w11 no SlgDl Jean! I erence 

be tween each otber. In soils treated \\,;th F\f a d FAG 0 °fi dOff 0 . n ' no 51g Ol .1cant I · erences In 

mean height and mean leaf number obtained. but they showed significan tly h;ghe r 

differe nce (p < 0.05) from AG. F and M treated soils. In soil treatments AG . F a nd 

M no significan t differences in mean height and mean leaf num ber obta ined between 

e'ach other and the control. 

I procera: Significantly higher (p < 0.05) mean height and mean leaf number we re 

ob tained in FM. FAG, MAG and FMAG treated soils, but without signifi ca nt 

diffe rence among each other. In these treatments mean he ight and mean leaf number 

were significantly higher (p < 0005) than those seedlings grown in AG, F and M 

treated soils and the control. In F and M Healed soils no significant diffe rences 

ob tained, but in each of these treatments mean heighl and mean leaf number showed 

significantly higher difference from AG trea ted soils and the conlrol (p < D.OS). 

0. europaea: Mean height obtained in F. FAG and FMAG treated soils was 

sign ificantly higher (p < 0.05) than in the other soiilrealments, bU I with no significant 

difference among each other. In soils treated wi lh M, MAG and FM no significant 

differences in mean height obtained among each other, but seedlings grown in each of 

these treatments showed significantly higher meaD height than in AG trea ted soi ls and 

in the control . Mean leaf number in FAG and FMAG treated soils showed significantly 

h
o h dOff « 0 05) from the other soil trea tmenlSo In Fo Mo F>1 and FAG Ig er I erence p . 
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treated so il s mean leaf num ber showed no significant difference among each trea tme nt , 

but it was significantly higher (p < 0.05) than in AG treated soi ls and in the contro l. 

• 
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Comparative mean relative growth rate (RGR) b 
. e lween transplanted seedlings IS sb()\\.ll 

in Table 8. Seedlings of E. schimperi had a significantly higher (p < 0.05) mean RGR 

in he ight than all the other th ree species. This was (oll~ ed by the mean RG R of J 

procera which was Significantly higher than those of A. ubyssimca and 0 t!uropaeo. The 

latte r two species showed no sign ifi cant difference be tween each olher. RG R in mean 

leaf number however, showed no significant diffe rences among the fo ur species (p > 

0.05) . 

Comparisons in mean RGR within species unde r differeDt soil treatme nts showed no 

significant difference (p > 0.05). However although statistica lly non.significan l. the 

following tre nds were observed between some soil treatments. A. abyssillica showed 

relatively bigher mean RGR in soils treated with FAG and FMAG : E. schimperi in 

FAG, FMAG, and MAG treated soils and in 0. europaell it was relalive ly higher in 

FM , MAG and FMAG treated soils. 
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"' able 8. f\. lcan Rel3 tf\'e Grt)\.Io'lh nue o r transplanted seedlings as percen t pe r week between 60 a nd 150 day~ " (Ier 1, Ianllllg 

Soil trea lment Pa rame te r 
Mean heigh t (cm) M ea n leaf numbe r 

I. (lhys ~ . \(:1" . . pro . Io.t!'ltr . ~ . ab)'s E.schi. .pro . 

Artificia l gap (M.j) _.96 c 4.68 a 3.77 b 2.82 c 12.72 os 2.75 os 12.97 li S 

Fe rlil ize r ( 1-) 3.05 c 5JlS. 4.19 b 2.98 c 13.28 ns 13.37 os 13.56 ns 
Mulch (M) !.54 c ~ .63 a 4.36 b 2.54 c 3.14 ns 13 .31 ns 13.69 ns 
. + M !,97 e ' .0 a 4.28 b 12.97 c 13. 18 os 1' .30 o s .n ns 
. + A<J 13.6 1 e 5 .·.0 ,. .45 b 13.25 c 13.60 ns 13.37 os ,3.73 ns 

1M + AG ':.76 e 5.48 a 14.40 b ':.87 c Il.99 os 1.39 o s i.YU ns 

F ; M + AG 3.3 1be 5..1 2 " 3.98 b 2.98 c 3 .42 ns 3.98 os 13.99 ns 
COI.l m l 2.9_ 4.66 4.22 2.83 12.42 12 .84 13 .22 

• Fo r c;l(;h spccics ( in cha ra ctc r hcight ). mC111lS 111 the sallie row followed by tbe sa me le tte r donot diffe r 

significlIJ lt Iy a t 5% Icvel I.f probahility (I .S I) tcst). 

ns = NOli s ig n ifi canl. A . ahYJ'. = A . (f/Jy,\'.I' ill ica; 1::. ,\,(,;11;' = I::. schimperi. 
1. pro. = 1. p rocera; 0. eu r. = 0. ellropaea 

6 1 

p .eur. 
13 .02 ns 
3.M ns 

3.32 ns 
~ .6j ns 

13.5 1 ns 
I.bU ns 

3.72 I\S 

13 .05 



-t J .2.2. Seedlings from treated seeds. 

The effect of each soil treatment on m h ' h ean elg t and mean ltaf num ber of mdivldual 

species is shown in Table 9. 

A. abl-'ssinica : Mean height and mea If ' . . n ea number were slgmficantly higher (p < 0.05) 

in soils treated with FAG FMAG than in lh Ih 'l • . , e 0 er SOl treatments, but with no 

significant difference among each other tn F and FM I d 'l h . . reate sa l S mean . eight and 

mean leaf number showed higher significant difference from AG, M and MAG soi l 

treatments. to M and MAG treated soils non·significant differences in mean height 

and mean leaf number obtained, which in tum significantly higher than in AG trea ted 

soils and in lhe control (p < 0.05). 

£. schimperi: Significantly higher (p < 0.05) mean height obtained in FMAG treated 

soil s. This measured character in AG treated soils and in the control was significantly 

lowe r than in all tbe other soil treatments (p < 0.05). In F. FM. FAG and MAG 

trea ted soils differences in mean height was non-signi fi cant among each other, but 

significantly higher than in AG treated soi ls and in the control. In soils treated with M 

mean height showed non-signi ficant difference (p > 0.05) \\; Ih F and FAG treated 

soi ls, but remained significantly lower from the otbers except £rom AG treated soi ls 

and the control. Mean leaf number was sig nificantly higher (p < 0.05) in FMAG and 

FM treated soils. Seedlings grown in each of these trea tmenlS showed sign ificant ly 

higher diffe rence from all the other soil !reatmenlS. In soils treated wi th FAG and 
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~1AG no significant differences obtained but sh d ' 'fi 
' o",e SIgn! canlly hIghe r (p < 0,(5) 

mean leaf number than in AG F M trea ted sol'ls d ' h I I G F . ,. an In I e conl ro . n A . ", \ 1 

treated soils and tbe cont rol no significant d,'f'e rence ' I f be b d . I' In mean ca nUnl r 0 tame 

among each other. 

0. europaea: [0 soils treated with FM, FAG and FMAG signi ficantly higher (p < 0,(5) 

mean height and mean leaf number obtained than in the other soiilrea lmcnts. with no 

significant difference among each other. In treatments AG, F, M and MAG no 

significant differences observed between each other, but showed significantly higher 

mean he ight and mean leaf number (p < 0.05) than in tbe cont rol. 

The mean relative growth rate of each species under the various soil treatments is 

shown in Table 10. A significantly higher (p < 0.05) mean RG R obtained in E. 

schimpen" than in A. abyssinica and 0. ellropaea . The latter two species showed no 

significant difference (p > 0.05) in mean RGR under all soil trea tments. 

Mean RGR within species showed non-sign ificant di(fercllces undcr the various soil 

treatments (Table 10). Although statistically non-significant still variations are observed 

under some soil treatments. inA. abyssiflica relatively higher mean RG R are sho\\''ll in 

FAG and FMAG; in E. schimpen' in MAG and FMAG and in 0. europaea in FM and 

F~AG trea ted soils. 
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Table 9. Effect of soil treatme nts 0 11 me an height (an) and mean leaf number of seedling; from treated seeru:!10 days 
afte r sowing, wi th + stand ard e rror in brackets. H - Mean height (em); L -Mean lea f Ilumber 

Species 

Soil In.:almcnl 
A . (lby.uilliclI E sc"im~ri O. eumpal!a 

" L II L " Artificia l gap (AG) 
II.K'±' O.X .I 

. 
IS. I± 0.9 d 6.9± 0. 1 d 6.4 ± 0.2 c 8.0 ± 0.2 b 

Fc rt ili"/.c r (1'1 J6.6± 1.0 h :!O,O,± 1.1 h In± 0. 1 be J .O± 0.2 c 8A.± 0.3 b 

M ukh (M) n.l± n.' 0.: 1' .J,± 0.8 c 7.1:i± 0. 1 c J. I,± 0.1 c 8.6.± 0.2 b 

F +M 17.0+ 0.'" l> 20.4+ 1.6 b 9.0+ 0.2 b 8.9+ 0.2 ab 10.1+0.1 a 

F + 1\( ; 1K.2± O,(. ;. !2.K.;tU a X,Z± 0.2 be M.0.:t 0.3 b 9.7.±O. 1 a 

M + 1\( i 1!i . I+ 0..1 c 11t.4+ 0.7c K X+ 0.3 b 8.3+ 0.2 b 8.9+ 0.2 b 

F ... t..! + 1\(,; Utl )± 0-"' a !J.'J± 1.1 ;. 1O. I± O.11 Y.6,± 0.2. IO.5,± 0.2 • 

Conln,1 lO.g± OA oJ 14.8± O.g oJ 6 .g± 0.2 d 6.0;t 0.2 c 7.2;t 0.1 c 

• Fo r each Sl"lCcics tlIcans III ' he :SOllnc ...... Iullln fo llo ..... ed by the sa me leHu do n', differ significantly 
_, SIN k\'c1 or probability ( l S I) test ), 

64 
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12.9 ± O.5h 

13.5 ± 0.41> 

fl .3.±. 0.3 h 

16.6+ 0.4 a 

J6.2.± 0.4 a 

U .K+ 0.7 h 

'''.K..±. (1..\ iI 

11 .2± OA c 

,\ 
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Table 10. ~ 1 ca n reliui\ e growth rilles of 5eCllllng5 from t rea ted seed 
as perce nt pe r week be tween 60 and 150 dtt)'S ,.fler sowi ng. 

Pa rameter 

~lll rCl llllcli t fI.'lea n hClght (cm ) Mean leaf numbe r 

A . an,'$. f_ sc/ll .. ( ) . <'u ,; A . am:f. 

Artificial gap(AG) S.O b' 6.95 a "' .N b 3.05 b 

Fert ilize r 5.28 b 7.29 a -1 .92 b H 3 b 
( I~ 

fI.·tuk h(M ) 5. IM b 6.gs it .. L~b 3.43 b 

F + M :"1 .3 1 a" 7.26 l ' :"1 .2.'1 b 3_'\6 h 

F + A G SA7ab 7. 121t .'i .1I h 3.60 ah 

M + AG 5.22 ab 7.43 a :"i. 1:"1 b ] .~ b 

F + M + A( i :"i.foI ' a 7.4:"111 ~i.7o It 3.M! II 

C..onlro l 4.97 6.89 4.38 2.58 

• For each spcci\:s, Ill Cll llS in the s.:UlI C row followed hy til<' s.:UTlC le tte r dnn' . 
difft,:r signific;llItly OIl 5% level o f prtlhahility ( I .S I) lest) , A. "by.> .... 1\. ahyssiniciI; 
I : . l«.:hi. E. Sl:hilllperi: O. cur. = o. curopac;l . 
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£ sci ... O. ~u,.. 

4.38 a 2.70 b 

5.12 a 2-84 b 

4.66 a 2.74 b 

S.D. 3.2 1 b 

5.23 a 2.92 b 

5.49 a 3.10 b 

5.79 a 3.15 b 

4.28 2.39 
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-L 3. ~ .3. Seedlings from untreated seeds. 

The effect of applicat ion of different soil treatments on mean heIght and mean leaf 

numbe r of £. 5chimperi and 0. ellropaea is shown in Tab le 11. 

E. schimperi: In soil treatmen ts fM and FMAG mean height and mean leaf number 

recorded we re significantly higher (p < 0.05) than in the other soil lrca lments. In F. 

M. FAG and FMAG treated soils no significant diffe rences obtained, but each of them 

showed significantly higher mean height and mean leaf number than in AG treated 

soils and in the control. 

0. ellropaea: Mean height and mean leaf number was significantly higher (p < 0.05) 

in F\1AG and FM treated soils. These measured characters were sign ifican liy ICWo' in 

AG treated soils and in the control. In F, M. FAG and MAG trea ted soils non-

significant diffe rences (p > 0.05) were observed. bu t showed significantly higher mean 

heioht and leaf number than in AG treated soils and ill the control. e 

Mean RG R within species of £. schimper" and 0. ellropaea showed signi ficant 

differences under the various soil treatments. In both species RGR in heig.ht was 

"fi I b' b ( < a 05) in FMAG treated soils than in the other soi l trea tments. slgm cant y 19 er p . . • 

In FM and MAG treated soils, it showed non significant di fferences, but significan tly 

h' h h 005) AG F M and FAG treated soils, In soi ls treated "; th F, ~ 1. 19 er t an (p < . , .. , 

"
n mean RGR obtained, which in turn significantly 

FAG no significant differences 
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highe r than in AG treated soils and in the conlrol. ~ I ea n RGR In Inf number \\, as 

significantly higher in FMAG Irealed soils Ihan in the other soil treatments. In soils 

trea ted with F. FM. FAG and ~lAG no significant differe nce obtamed bel\Hen each 

othe r. but showed significantly higher mean RGR than in M. AG treated soils and In 

the control (Table 12). 
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T able 11. Effect of soil treatments on mean height (em) and mean 

leaf number of seedlings from untreated seeds 210 days after sowing . + stand:ud error. 

II . I-leigh I (em) : L - l....c;:lf number. 

Soil Species 
treatment £ . j'chimpe,.; O. f!. lI ropaca 

H L H L 

Artificial gap(AG ) 5.7+ 0.2 c' 6.2± 0.4 c 5.5 + 0.2 d 8.6± 0.2 c 

Fertilizer (F) 6.7+ 0.2 b 7.3+ 0.3 b 7.2+ 0.1 b 10.8 + 0.1 b 

Mulch (M) 6.6± 0.2 b 6.5+ 0.3 c 6.6+ 0.1 b 9.6+ 0.3 c 

F + M 8.5+ 0.2 a 8.6± 0.4 a 8.0+ 0.2 a 12.1 + 0.2 " 

F + AG 75± 0.2 b 7.3± 0.3 b 7.6.± 0.2 bc 11.2 + 0.4 b 

M + AG 7.4.± 0.2 b 7.0.± 0.4 b 7.1+ 0.1 b 10.5 + 0.3 b 

F + M + AG 9.0+ 0.2 il 9.2+ I 0.2 a 8.5+ 0.1 • 12.7 + 0.3. 

Control 5.4+ 0.3 c 5.7+ 0.3 c S.I.± 0.1 d 8.6± 0.4 c 

• for each species, means in the same column followed by the same letter don 'I differ significantly at Y J'r1 level of 
probability (LSD test) . 
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Table l~ . ;vlean relative growth rate of seedlings hom untrealed seeds as 

percent per week between 60 and 150 days after sowing. 

I 
H. meftn height ; L · metlon leftf number 

Soil treatment Species 

E.schimperi O. europaea 

H L H L 

Artificial gap (AG) 6.52 d 4.49 d 5.93 d . . 49 d 

f e rtilizer(f) 7.37 c 5.65 b '.50 c 5.14 c 

Mulch(M) 7. 15 c .. U I c 7.42 c 1.87 c 

f + M 7.87 b 5.63 b 1.91 b •. 55D 

F + AG 7.39 c 5.81 b 7.37 c 4.62 c 

M + AG 7.97 b 5.95 b 7.71 b .49 b 

F + M + AG 8.60 a 6.23 a .77 a .76 a 

Control 6.31d 4.45 d 5~3 1 d .36 d 

• For each species means in the same column followed by the same leiter don', differ 

significantly at 5% level of probab ility (LSD test). 

69 



f 

4.3.3. Survival of seedlings. 

The sUJ"\;\'al of each species was expressed h b . . . . as t e num er of mdl\lduals sUf\; \'ing out 

of the total, expressed in percent. 

4.3.3.1. Transplanted seedlings. 

Significantly higher percent survival (p < 0.05) obtained from seedlings of 0. europaea 

(92.5% ) and E. schimperi (88.6%) with no significant diffe rence 10 each other. These 

showed significantly higher difference from A. abyssinica (80.6%) and 1. procera (70%). 

A. abyssinica showed significantly higher diffe rence from 1. procera . Comparison of 

sutvival within species of transplanted seedlings is shown in Table 13. Each of the four 

species from transplanted seedlings showed significantly highe r (p < 0.05) percent 

survival in soils treated with mulch and its combination .. "jth eithe r fertilize r. artificia l 

gap o r bo th (i.e FM, MAG and FAG) than in the o.he r so il 'reatme nlS (i.e AG, F and 

FAG and the control). With in species of A. abyssillica pe rcent survival showed no 

signi ficant difference in F and FAG treated soi ls, bul it was significantly higher than 

in AG treated soil s and in the control. The same trend was obse rved in 0. europaea , 

E. sellimperi showed significantly higher survival in AG than in FAG treated soils and 

in the cont rol. Pe rcent su~ival inl. procera significantly lower in soils treal.ed with AG. 

F and FAG than in the control (P < 0.05). 
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Table 13. Pe rcent survival of seedlings from I transp anled ~edhngs unde r dllferut sou IrUlmcnu., 210 days 

after Ir.msplaoting. 

Soil treat ment SptCII~S 

fA. abyssinica E. schlmpcn . procCr.I p. curopaca 

ArtifiCIal gap tAG) 70 dO 1\5, 60 , 190b 

Fertilizer (F) 01>< 90b i"" 190b 

Mulch (M) 1\5 ,b 95. 75 • 5 • 

F+M 11\5 ,b "". 75 • ~. 

+AG I" , IWd ", r>"b 
M+Au 11\5 ,b I'" b 

75. r.s' 
F+M+AG 190 • I"" • 75 • r.s' 

.lControl 75, I"" d 
70 b 90 b 

• For each species values in the same column foUowed by the same letter dOD" differ Slgmficantly al 05% !e\'cI 

of probability. 

I 
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4.3.3 .2. Seedlings from treated seeds. 

Percent survival in 0. europaea (78.5'k ) and E. schimperi (7~ .8q. ) was ignifican tly 

higher (p < 0.05) than in A. abyssinica (65 .2%), with no significant difference betv.een 

them. Seeds of 1. procera germinated and grew a few cen timetres. but all died abo ut 

one month afte r germination (Figure 7). 

In each species, a significantly higher percent survival was observed in soils treated wi th 

M, FM, MAG and FMAG (fable 14). These were significantly higher (p < 0.05) than 

in treatments AG. F. FAG and the control. The latter group was not signifi cantly 

different from one another. 
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4.3.3.3 . Seedlings from untreated seeds. 

Percent survival of seedlings from untreated seedlings was 769C in O. europaea and 71.39C 

in E. schimperi at the end of the study period (Figure 8). Soil treatment e ffect (Table 14) 

within species showed that, in M, FM, MAG and FMAG there was signifi cantly highe r 

(p < 0.05) percent survival than in the other soil treatments . In AG t F and FAG treated 

soil s percent survival showed non significant differences among each olher, but it was 

significantly higher than the control. 
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~ .3A . Seed bank results 

A total of 1679 seedlings were recorded from the four plots. Out of these 890 v.erc 

dicotyledons and 789 were monocotyledons (Figure 9). Within the dicotyledons ~6 

individuals were woody species, out of which 4 were Acacin 13 Dodoflia and 9 0 lta 

species. The monocotyledons mainly consisted of grasses. Some of the common 

species identified are presented in appendix 2. 

The total number of seedlings that emerged under each soil trea tment is shown in 

Table 15. Significantly higher number of seedlings were obtained in soils treated 

with FMAG, when compared to the other soil treatments. Allhough there was no 

sign ificant difference between soils treated with FAG and MAG. these v- e re 

significantly higber from AG, F. M and FM treated soils and the control. Among 

the latter, seedling number was significantly higher in soils treated with AG than 

F. A significantly higher number of seedlings obtained from soils Ire(l. led wi th >.1. 

F\1 and the control. 10 both M and FM treated soils signi ficantly lowe r number of 

seedlings obtained (p < 0.05) than in the other soil treatments and in the control. 
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T able 15. Effect of soil treatments on the total numbe r of seedlings obtamed from the 

local soi l seed bank. 

So il treatment Seedlings 

. MonocolS Dicots TOlal 

Artificial gap (AG) 106 b' 11 0 b 216 c 

Fertilizer (F) 82 c 85 c 167 d 

Mulch (M) 72 d 79 c 151 e 

F + M 69 d 85 c 154 e 

F + AG 11 2 b 146 a 242 b 

M + AG 121 ab 146 a 267 b 

F + M + AG 146 a 147 it 293 a 

Control 81 c 92 c 173 d 

Total 789 890 1679 

.. Fo r each group va lues in the same column followed by the same ie ll er 

don't differ significantly at 5%: Je\eJ of probability (LSD test). 
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5, DISCUSSION 

Comparative pe rcent gemlination In the species investigated showed thai seed 

donnancy and accompanying envi ronmental factors affected their performance. Th is 

was clearly observed in both the laboratory and fie ld studies. However, it is 11 t 

appropriate to make direct comparisons between laboratory and fi eld re uhs, since 

there were differences in the conditions to which the seeds were exposed. In the field 

the environmental conditions, specially climate factors, varied both daily and seasonally. 

The soils were also supplied with differen t treatments, This makes the field conditions 

more heterogeneous than the laboratory where conditions Wefe maintained relatively 

constant. 

Significantly higher percent germination were obtained from seeds of Olea f ltropaea 

after removal of the hard seed coat, and in Acacia abyssinica, in both scarification and 

hot wate r treatment (Figure t ). These results indicate thai dormancy caused by the 

imilar hard seed coat in part restricts the gemlination of these two species. 

investigations on O. europaea (Legesse Negasb, 1993). and A. abyssinica (Legesse 

Negash, 1995) also demonstrated that these treatments are effective in improving seed 

germination of these species. 

, b 'b d , t but failed 10 gemlinate "hen scarified, and Seeds of Juniperus procera 1m I e \\ a er 

I h " "d This may be resulted due to damage of the 
treated by bot water and su p une aCI " 

81 



e mbryo after these treatments. Similar obse rvations were reported by (Demel Teke la). 

1993a) who showed that seeds of thi s species gave no response to the pre-sowmg 

treatments such as acid and hot water scarification. These re ull . ho\\.c\'er. differ from 

those of Laurent and Chamshama (1987), who found genu inati n responses in Ih,S 

species by hot water (68-74%) and sulphuric acid (73- 78~ ) treatmentS in Tanzalll3. 

This can be partly attributed to differences in provenances in seeds iso lated from 

Tanzania and Ethiopia. Variations in geographical and climatic cond itions may 

probably contribute to differences in the degree of dormancy be tween seeds. However. 

after removing seeds from their berries germination was possible in 1. procera when 

sown in flower pots filled with nursery soil and in tbe field study. Earlier investiga tions 

by Legesse Negasb (1995)showed that sowing either in flower pots or in a prepared 

seedbed to be effective methods that result in successful seed germination for this 

species. In the present investigation however, perce nt gcnnin .uion obl.ained was 

between 40%A5% . This low percent germination could result from the deve lopme nt 

of frui ts without having an embryo. The development of such kind of frui t can also be 

associated with the absence of poll ination. because of Ihe dioecious nalure of the 

species. 

Inte r treatment comparative perfomlance in seeds of £'schimperi showed tha t highe r 

" btained either when the fleshy seed coat was removed or in percent ge rmmatlon was 0 

h 1 S
' '6 1 1 w percent germination obta ined by hot wate r and sulphuri c t e contro . Igm canl y 0 

'd t b t 't was n,'1 in scarified seeds and in those trea ted with sulphuric acid act treatmen s, U I 

, ' 2) S' 'I gem1ination resul ts we re ob tained in treated and 
for 20 minutes (Figure . Iml ar 
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un treated seeds in pot expe riments d ' 
an In the field study. Low perc~nl germmatlon 

probably associated with the thin and ft 
so natu re of the seed coal that can expose the 

embryo to c:\1 reme damages aft h 
er t esc treatments. Mechanical scarificat ion. ulphunc 

ac id a nd ho t water are known to b ff . 
e e eCIlVe treatments result ing In rapid and high 

pe rce nt germinatio n in differen t species with h d d d . aT see coal o rmanC)' (uu re nt & 

Chamshama, 1987; Legesse Negash. 1993: 1995: Demel Teke,ay. 1994. I 996). llle faC! 

that ge rmination was either completely inhi bi ted or poor by these trea tme nts as 

evide nced from higber percent germination in the cont rol is the refo re, indicat ive tha i 

seeds of E. schimperi seems to have lower or no dorm ancy im posed by the bard seed 

coat. 

Highe r percent germination under field conditions was obtai ned from trea ted seeds of 

A . abyssillica and 0. ellropaea (Figure 3). This suggests that seed lI1 anipu l;u ions such 

as sca ri fica tion and removal of the hard seed coa t, and hot water trt3 tlll cnts a re 

requi red to break dormancy and facil itate gemli nalioll as concluded by diffe rell t 

investigators (Lauren, & Chamshama. 1987: Legesse Negash. 1992:1993:1995: Demel 

Teke tay. 1994: 1996). 

The presence o f hard seed coa t may have part ly resulted in the fail ure of unt rea ted 

seeds o f A . abyssinica and 1. procera to germinate. The existence of tbick and 

impermeable seed coat have a profound effect o n the passage o f wa ler and oX}gen and 

h . b . " po'en' ial of many planlS (Mayer, 1974: Fenner. 19 5). t us restnet t e germma Jon 

The refore , seeds of tbese species require mechanisms which enables them 10 overco me 

83 



this barrier. On the other band, seed dormancy has 
an eCOlogical and biologIcal 

sign ificance for the surviva l of man I . . 
y p ant Species dunng unpred ictable environmental 

condi tions (Fenner. 1985: Baskin &. Baskin 1989) " h I 
1 • ~ " e \'e r1 e ess. the ge rm mallon 

capacity of A. abyssiflica aDd 1. procera under natural environmental condll ions seems 

to require much time as DODe of the seeds of these species we re observed 10 gernllnate 

under different soil treatments . 

The untreated seeds of 0. europaea germinated under field conditions, but fail ed 10 do 

so in tbe laboratory. Similar responses to germination were observed in trea led seeds 

of 1. procera . This may result from the influence of soil faclors. Within the soil 

fluctuating temperature , soil organisms, soil acids and related factors enhance 

germination of seeds by increasing seed coat permeability (William & Elliot, 1960; 

Baskin & Baskin, 1989; Moreno-CasasoJa el 01., 1994). The application of different II 

trea tments, together with other interacting soi l faclors may provide cond iti ns that can 

break seed dormancy of these species. 

An increase in percent germination in the trea ted seeds of A. abyssiflicll , and 1. procera 

and in both treated and untreated seeds of E. scllimperi and 0. eurOfXlea was obtained 

by the application of mulch alone or its combination with the other treatments (fable 

H· h ..' lched soils could result from the contribution of mulch 5). Ig er germmatlon lD mu 

in supplying favourable moisture by reducing evaporation, protecting seeds from run 

off during rainfall periods, and providing optimum tempera ture 

germination. As it was stated by different investigators (Springfield, 197 
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Sakuri e/ al., 1991), mulching mate ri al h s sue . as grass or hay are kno .... ·n to ameliorate 

the co ndit ions of the soil and creat r bl ' , e avoura e micro enVironment ~ r germlniw og 

seeds. The increase in germination by this treatment is Ihuefore. uggeslh e thai 

mulching can facilitate seed ge rmination of these study specIes. 

Germination in soil treatments AG and FAG was signi fi canlly lower and increased 

when these treatments are in combination wi th mu lch. It has been repo rted thai the 

occurrence of gaps or openings provide suitable microenvi ronment for the rapid 

germination of seeds (Miles, 1974; Rusch, 1993), This effect of gaps on seed 

germination is associated with improvement of the light , temperature and moisture 

regimes in the soil. So the ability of any seed to respond 10 conditions found in the gap 

is a valuable asset to bave maximum germination in their natural habi tats (Fenner. 

1985). However. the resul ts from the present study di ffer from those reported by ~'1 ; les 

(1974) and Rusch (1993) in different plant species. Some reasons may account to 

explain such cases. It was obse rved that the sha llowness natu re of the soil , and absence 

of protecti ng materials such as mulch exposed some seeds during rai nfall pe riods. This 

pa rt ially contribute for few num ber of seeds to lose in viability be fore they geml inate. 

Although the actual causes of loosing viabili ty is not ful ly unde rstood . it can be rela ted 

to insufficient moisture cODdition resulti ng from the shallovo11 ess nature of the soil 

(Oomes & Elbrese, 1976 ; Fenne r, 1985), This may cause dehydration of the seeds 

afte r they are exposed to the soil surface. 
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In addition, seed coUecting ants were ob ' d . 
sel"e carrying some o f Ihue exposed Steels 

and storing it in the ir casts Earlier obse . 
. rvatlons repor1td by Gross i l 01 •• ( 1991) In 

Northern Aust ralia indicated that many ant S · d 
peCltS are see haf't IUS and predators 

rathe r than dispensers of sown seeds Th f . . . ese actors In addItIon to seed dormancy may 

account for the reduction in the count of ge rminated seeds under field cond ition. 

G rowth pe rfo rmance of seedlings showed va ria ti on between differe nt species and also 

between individuals of the same species growing under different soil trea tments. lbe 

causes o f tbese variatio ns are probably a combination of dilferent factors including 

diffe re nces in germination time, microhab itat d ifferences. and genetical factors of the 

species. 

Seedlings of A. ab),ssinica, O. ellropaea and E. scllimperi shO\" ed beller grQ\\.1h over the 

fu ll range of all sites (Figures 4 & 5). Increase in growth may be allributab le to the 

early start in seed germination. Aher seed trea tme nt gemlination in these species 

completed within short periods both in the laboratory and in the field study. The 

unt reated seeds of £. schimperi also showed similar responses. An ea rly stan in 

germinat ion of a plant bas the ecological advantage of enhancing its subsequent growth 

and enabling it to occupy suitable microsites (Ross & Harper. 1972). Thus. the 

immediate ge rmination of seeds of these species seems to have an advan tage all ing 

the seedl ings to grow better during the st udy period. 
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Visual observations and growth 
measurements revealed thai both transplanted 

seedlings (Table 7) .nd seedlings f, 
om SOWn seeds (T .bl.. & II ) sb"" ed good 

growth perfo rmances in mulched and fertT d ' , 
I Ize SOils with a higher response from A 

abyssillica followed by O. euronaea Th dl ' , 
r . Cse see lOgs grown "'11h a combmatlon of these 

treatments in particular were relatively of beller stature, had deep green leaves. and 

visibilly healthier lOOking than seedlings with the olhe 'I PI ' I 
r SOl treatments. aClOg a ayer 

of mulch may protect these seedlings against high temperatures and loss of III iSlure 

from the soil. while fertilizers supply essential nutrients to susta in rapid growth. 

The positive effects of mulcb and fertilizer treatments on the growth of these 

indigenous species is similar to those documented ror differen t species planted in the 

savanna regions of Nigeria (Kadeba, 1978) and in a degraded land of Thailand during 

rehabilitation programmes (Sakuri et al., 1991 ). Therefore. Ih is result suggest Iii", 

maintaining the fertility status, moisture and optimum temperature of the soil using 

fertilizer and mulch treatments could be one effective means of making the growth <llld 

establishment ofA. abyssinica, E. schimperi, 1. procem, and O./!lIropaea sllcce ful when 

rehabilitating degraded lands. However, the optimum amount of ferti lizer required by 

these species in the study area needs to be tested by furt he r field experiments. 

Comparisons of mean relative growth rale (RGR) of each species showed some 

d 'ff S' 'fi II h'gher mean RGR was recorded in seedlings of sown seed I erences. Igm can y I 

, , 'fi tl h' her RGR was obtained in E. scllimptrl than transplanted ones. ThIS slgm can y Ig 

, D'ff, ces in RGR be~'ee n species could be than seedlings of the other species. I eren 
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r 
related to the size of the plant. According to Evans (19i2) RGR IS expected 10 

decrease wi th age or size of a plant Tb . . e Important re ason for the lower va lue of R R 

when the size of a plant increases is more elaborated b~ Hunt (197 ) This author 

pointed out that the larger and more complex the living organism is. the 10'4'er " ri ll ~ 

the rate of dry weight increase possible on percentage basis. and this trend is ge nerally 

held due to the increased morphological and anatomical diiferenlialion which is 

' necessary to sustain life in large systems. lo addition, differences in RGR may also 

result from differences in genetic constitutions tbat causes physiological va riations 

between species (Grime & Hun~ 1975). 

Higher percentage in survival and establishment was observed among transplanted 

seedlings (Figure 6) than seedlings grown from sown seeds (Figures 7 & 8). This 

resulted from the fact that transplanted seedlings were already well developed and had 

functional root systems which enables them to grow and establish soon after 

transplanting. 

Percent survival of many seedlings fell significan tly at the end of the rainfall period and 

starting wi th the beginniog of the dry season. This may be accounted for by the marked 

drying of the soil that cao't enable it to hold enough moisture. Th is effect was 

specia lly severe among the transplanted seedlings of 1. procero and some or the 

seedlings grown from sown seeds too. From seed li ngs of 1. procera grown hom sown 

. d d To sta rt with treated seeds of this species 
seeds 100% mortahty was recor e . 

. . . I I ·nfall period (i.e. in mid eptember) and seedl ings 
gennmated dunng relative y ow ral 
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were exposed to strong sun light about one h f .. mont a ler gernunallon. 11l1s cau.st.S a 

drying out of seedlings. Relative ly higher tempe d · ralure unng ea rly stages o f gr~1h 

therefo re. may be a factor cont ribut ing to higher rt I· S· I .. rna any. Iml ar ,n\csugatlons on 

the SUlViva l and establishment of different plant species ( ~,t i le s. 1972. S~ ai ne & Hall. 

1983: Blain & Kellman. 1991) sbowed that high temperature and drought appeared to 

be important factors of mortality at the early stages o f growth. 

During the hot and dry period seedlings of E. schimperi and O. europaea showed low 

percent mortality. This observation may suggest that these species can be tole rant to 

drought periods. One of the important characteristic of 0. europaea is its potentia l of 

drought resistance and high longevity once established (Dale & Greenway. 196 1). E. 

schimperi also known to grow weD in degraded and arid areas under natural conditions 

(Azene Bekele et al., 1993). With this potential for higher surviva l success. O. t uropa(!o 

and E. schimperi are likely to grow and establish well in the study area. 

H ighe r percent survival in each species was recorded in mu lcbed soi ls and its 

combination with either fertilizer or artificial gaps or a combination of the trea tments 

(Table 13). In addition to its use in improving the condi tions for germinatio n and 

growth, mulch also increases the chances of survival o f many seedlings by modifying 

the conditio ns locally and creating favourable microsiles (Luk.en 1990). Th is 

. .. . 'th ost of the available information obtained in 
obse rvation IS ID conformation WI m 

A 
. I escellS and EurOlio ionlo in ew Mexico, 

different plant species such as; rnp ex can 

U.S.A. (Springfield , 1978); Jllnipems mOIlOJperma in surface mined lands in New 
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Mexico (Fisher el al., 1986) and Eflcaljpl .. 
liS species In a degraded land of Thailand 

(Sakuri el al. , 1991). 

Percent survival of each species under an'fi . I . . 
I cia gap was slgmficantly I er than In the 

other soil treatments. This can be th I f e resu t a removal of the vegetation cover wh ich 

may cause immediate loss of the moisture of the h II ·1 .. . S it ow sal . A similar effeci was 

reported on the survival of seedlings of Acacia ton "" . . . . liLt In seml ·and Afnca (Sulith & 

Schackleton, 1988). Dry periods therefore, together with poor water retention in the 

soil may result in the failure of seedling survival. 

Another factor which was irnponant in accounting for the monality of seedlings of A. 

abyssinica and O. europaea was the presence of browsi ng herbivore . A fcw seedlings 

of these species were affected by rabbit and bush duckier browsing. TIlc grca tcr effect 

of these animals was preventing the continued growth and deve lopment of the 

seedlings. However, those that were browsed but not uprooted and kill ed were found 

to regenerate leaves from the branches cutoff point. In addit ion to browsing effect 

some seedlings of A. abyssinica were found to have been killed by termite attack. The 

e ffect of browsing and termite attack on the surviva l of differenl plan l specie during 

the early stages of growth has been emphasized by different authors (Harpe r. 1977: 

Auguspurger, 1984; Fenner, 1985). Therefore, large herbivores and termites are 

important factors that will have some impact on the survival or seedlings. and tb is muSI 

be taken into account and corrective measures should be planned during planting these 

species. 
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Following disturbance or destruction of . 
a vegetauon. seed banks can be one imponant 

source of reproductive propagules for the regeneration of differen t plant SpeCI Due 

to this many authors stressed the potential im r" ponance O Int soil sud bank a one 

means of rehabili tating the lost vege tation in degraded lands (Jobanson & Bradsha .... . 

1979: Van der valk & Pedmon 1989' Skoglund 1992) 1'0 ' d ' " , 
'. • • "I \\, Cvcr, stu ItS on lul5 I ue 

are limited in the tropics in general as seen from the review by Garwood (19 9),1\nd 

particularly in Ethiopia knowledge on soil seed banks is scarce and only one study has 

recently been reponed on the subject (see Demel Teketay & Granstrom, 1995). 

The total number of seedlings that emerged from the local seed bank in the presenl 

investigation showed variation during each census and appea red to be relaled 10 the 

rainfall pattern. The peak total seedling emergence was altai ned in July and August 

(Figure 9) seemingly the most favourable period for germinalion. The nu mber of 

emerging seedlings, however declined during subsequent observa tions. This decrease 

may be attributed to either the induction of dormancy by high temperalure (ThOIllP n 

& Grime. 1979) or the presence of a low density of seeds due to the shallowness of the 

soil. 

The dominan t group of seedlings recorded from the local seed bank were dicotyledon. 

I ts and very few woody species. Grasse were 
with a preponderance of herbaceous P an 

. tvledons. A higher num ber of herbaceous and 
the domlOant group among the monoco.} 

. rted from the seed bank study of fou r dry 
grass species than woody specIes was repo 

. io ja (Gara Ades. Menage ha. Mune a· 
Afromontane forests elsewhere ID Elb p 
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Shasbemene and Wof-Washa) (Demel T k 
e elay & Granstrom. 1995). The InCfeast In 

the numbe r o f herbaceous and grass se dr 
e Ings can be att ributed to a combmatlon of 

fa ctors : their sho n reproductive cycles long d ' d' 
. ISlance ISpe rsal and from then pcuenlll,1 

o f accumula ting large number of small viable b d 
ut ormant seeds for a longtr ptnod 

in tbe soil seed bank (Harper 1977) This small d ' " 
, . . . see size IS Im ponanl because 11 

e nables them to infiltrate into cracks and thus incorporat d ' h 'I (F 
e eep In I e SOl -enne r, 

1985), 

The total Dumber of woody species obtained from the local seed banle were ve ry low. 

among which were a few number of seedlings of Olea and Acacia individuals. This 

probably resulted from the existence of very few and scattered mature individ ua ls of 

Acacia species and 0. europaea subsp. cuspidato Dear the study plots thus. cont ributing 

li ttle to the local seed bank. On the other hand the abstnce of seedlings of other 

woody species in the soil seed bank is due to the Iota I disappearance of mature sunds 

and individuals from the nearby areas and poor long distance dispersal of their large 

sized seeds (Demel Teketay & Granstrom, 1995). However. seedlings of the hrub 

species Dodonia were emerged with oul the existence of malu re stands in th e: 

d ' Th ' ' I that the small sized seeds of Ihis specie either cao surrouD mgs. IS may Imp y 

h b . d·in as pan of Ihe seed rain from survive in the soil for long or they ave een carne 

anothe r area. 

dl ' from the local seed bank revealed thai a la rge 
Observations on emergence of see mgs 

crea tion and its combination eithe r WIth 
number of seedlings were responded to gap 
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fertilizer o r mulcb (Table 14). The use of I h .. 
mu (' and fenlhzer Irt~atments oDe 

management strategy in increasing the estabrsh f 
1 rnent 0 a vege tatIon from the loal 

seed bank bas also been reponed by SOme authors (J h & B 
o anSOn ' radsha\\" 1979. an 

de r Valk & Pederson, 1989). 

Manipulation of the local soil seed bank can facilitate the potential of recolonizing 

species regenerated from buried reproductive propagules. The application of different 

soil treatments and manipulations therefore, could be one imponant strategy to 

increase the number of colonizing species from the soil seed bank. Some of these 

manipulations and treatments include maintaining soil moisture, addition of fen,ilizer 

(Van der valk & Pederson, 1989), and gap creation (Rusch, 1993). Gap creation 

exposes many buried seeds to light and daily fluctuating temperature thai would 

increase the cbances of germinating seeds (Fenner, 1985). It is therefore. li kely tballhe 

combined effect of gap creation, fertilizer and mulch could increase the number of 

emerging seedlings from tbe local soil seed bank of the presenl investiga tion. 
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6, CONCLUSION AND RECOMMENDATION 

Although tbe process of rehabilitation requires more time and effan to altain the 

definite target, the present study may give us an insight 'n. .h I r d ' 
I 0 e fa e 0 see and soil 

manipu lations in facilitating the growth and establishm • r ' d' I ' 
en 0 In 1genous p an i species. 

The results from the local seed bank study can also provide additional in fomlation 

about tbe importance of such manipulations in the management of successional process 

during rehabilitating degraded lands, 

Successful rehabilitation requires manipulation of tbe soil as well as the plant species. 

Therefore, with careful species selection and management practices and understanding 

of thei r natural succession, planting indigenous plant species would be a promising tool 

for rehabilitating degraded lands. 

The germin at ion results obtained both in the laboratory and in the field stud ies ;He 

indicative of the fact that seed treatments are essential to effect maxi mum ge ml inalion. 

Treatments used for seeds ofA. abyssinica (scarification and hOi waler treatmen ts) and 

O ( ' th hard seed coat) have proved to be satisfactory in producing . europaea remOVIng e 

, ' h v good germination can be obtained maximum germination. In E. schlmpen, owe er 

. vestigation direct ~;ng eithe r on seed without any seed treatment. In tbe present In 

'I) uired more than 50 days for seeds beds or in fl ower pots (filled with nursel)' so. req 

. . f os arc required to obtain con\'enie nl 
of 1. procera to germinate. Thus furtber IDvesuga JO 
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methods that can increase the germination ca ' . . . 
paCIfy of thiS species '-'l lhm a shan lime 

The ge rmination capacitv of seeds of the . 
Investiga ted specie in the field ~ 

influe nced by soil treatments such as mulch and ." b. . . 
, I com mallon either ~1 1h fen llizel 

or artificial gap. Therefore, the application of mulching n",en·,J I·k h 
s I e ay or straw m 

combination with artificial gap togetber with seed treatments such as scarification and 

hot wafer, is recommended to obtain high percent in the species studied. 

Higber growth response and survival rates for each species were observed in mulched I 
and fertilized soils. However, in countries like Ethiopia where fertilize rs are expensive I 
and unavaHable in large quantities, the use of fertilizers over a la rge scale is nOI 

fe asible. Instead, soil treatments such" mulcbing in combination wi.h Ibe crealion I 
of anificial gaps could be enough for large sca le rehabilitation of degraded land . 

Except in 1. procera, a better performance growth and survival was obse rved in 

transplanted seedlings. Seedlings from sown seeds were sensit ive 10 differe nt factors 

such as drought, predation and other haza rds of the environment th an transplanted 

ones. Ra ising seedlings in the nursery and transplanting them therefore, may be an 

(.& • ~ • g successful seedling esta blishment during rehabi litation euectlve means lor assunn 

. . d 0 europaea followed by A. ab)'ssinico are programmes. In tbis respect E. schunpen an . 

tbe study area because of their sucee ful gr""1h and recommendable for use in 

h nd survival responses of these specie establishment potential. Although the growt a 

. h ther their response would be sustained is encouraging, it can not be said however, w e 
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in subsequent seasons. This requires again looking ~ dd '" . 
or a IIlonalmformauon &om long 

term studies. 

With regards to the soil seed bank, the creation of gaps together wi lh the use of mulch 

aTe recommendable treatments to increase the recruitment of most of the grass and 

herbaceous species. The number of woody species emerged from the local seed bank 

however, were very low. Therefore, to rehabilitate this degraded land within short 

period planting raised seedlings would be a better alternative, to natural regenera tion. 

It may also be still a good strategy to leave some land free of any interference so that 

it rehabilitates itself naturally, no matter bow long time it takes. This helps to monitor 

the process of natural regeneration, and thereby find oul the nalural course of events 

which can in tum generate valuable knowledge that helps better cope with the 

problem of rehabilitation. 

Finally to reach at definitive recommendations in rehabilitation effons and to reclaim 

degraded lands with indi2enous plant species. additional long tcrm Sludies should be - -
conducted in different agroclimatic zones of the counl ry. If th is effort is supported by 

. f h nant natural vcgetation, the task of public awa reness and conservatIon 0 t e rem 

. an be said to be in the righ t track to find 
rehab ili tating degraded lands In tbe country c 

lasting solutions. 
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Appe ndix 1. List of plant species recorded ',n th d ' e stu y site. 

A cacia spp. 

AgrOSlis semivenicilla 

A /lopily/lus abyssi"ica 

A/oe spp 

Bidens pi/osa 

Carissa edulis 

CrOlOn macroslochys 

Coreopsis boraniana 

Datura stramonium 

Ehreti,a cymosa 

Eucalyptus spp. 

Fieus gnlIpo/ocarpa 

Gravellia robusa 

Grewia ferruginea 

GuizOlia scarbia 

H.\pa"henia nlia 

i asmium abyssinicum 

l uniperns procera 

Ka/ollcile spp. 

MyriJenlts spp. 

Otea europaea subsp. cuspidorQ 

Osyris compressa 

Rosa abyssinica 

Rumex nervosus 

Stephania abyssinica 
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Appendix 2. List of some species of plants emerged form the local sud bank. 

\ 1onocot5 

BOlhriochioa i!lScu/pta 

Hyparrhenia mfa 

Kohautia coccinea 

Hyparrltenia hina 

Unum 5pp. 

Rlrynchelytmm repens 

Dicots 

Acacia spp. 

Bidens pilosa 

Conyza schimperia 

Crotalaria spp. 

Dodonia spp. 

Euphorbia schimperana 

Gllizocia obyssinica 

Hypoestes Jorskali 

Indigolera spp. 

i usricia Itelrocarpa 

LaClllca if/ennis 

Olea spp. 

Polygala persicariifoliil 

Salureja pllllcrata 

Seneico Iyratus 

Solanum villosum 

VemllJnL'/: abysif/ica 

Vernonia spp. 
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Appendix 3. Diagrammatica l representation of pods. huits. and seeds of the stud~ 
\ species. 

@@ 
G' g) 
{} \00 eft 

190G 
seeds 

Acacia abyssimca( 

60@ 
'0® 

seeds 

Euclea sc/Jimpen· 

- , 

011' (1 I' I//"(il}(letl 

112 



+ 

DECLARATION 

I. the undersigned, declare th at this thesis is my work and th aI al l SOurces of male rial 
have been duly acknowledged. 

Eyayu MoUa 

Addis Ababa, June, 1996. 

113 

I 

I 


