X/

Amare Haileslassie Tekle (Autor)
Soil Nutrient Balance at Different Spatial Scales:
Examining Soil Fertility Management and
Sustainability of Mixed Farming Systems in Ethiopia

ibw <-4
Institute of Soil Science g A sy s gt

Guoellingen
and Forest Nutrition =

Amare Haileslassie

Soil Nutrient Balance at Different Spatial Scales: Examining Soil
Fertility Management and Sustainability of Mixed Farming Systems in
Ethiopia

Q/ Cuvillier Verlag Gottingen

https://cuvillier.de/de/shop/publications/2513

Copyright:

Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Goéttingen,
Germany

Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Contents

Contents

(©0] 1 1=] o | £ TSP P R RS PP i
LIST OF FIQUIES .ottt b e b ettt s e s b e e beene et e e benseenne e v
LIST OF TaDIES.....e ittt b bbb %
Lists of Abbreviations and SYMDOIS ..o Vil
I T 8 o To 11 o1 o] PO U U SRUPUR PRSI 1
1.1, ProbIem ANAIYSIS .....c.oiiiiiieieee s 1
1.1.1. Agroecosystem Sustainability: a Nutrient Balance Perspective ............cccccoe.... 1

1.1.2. Rationale for the StUAY ........ccccoveiiiiiic e 3

1.2. ODJECtIVES OF the STUAY .....c.eeiiiieiieeeiee s 4

1.3. Organization OF the THESIS ......ccoiiiiiii s 4

11 Assessment of Soil Nutrient Depletion on Smallholders’ Mixed Farming Systems in

Ethiopia Using Partial versus Full BalancCe.............ccccoiiiiiiiiiiiiiccece e 6
2200 I 1 0 To 11 £ o o ST 6
2.2. Materials and MethOdS..........ccoiiiiiiieie e 7

2.2.1. The StUAY REGION. .......oiiiiieiiiies e 7
2.2.2. Quantification of NULFENT FIUXES ......ceeviiiiieiie e 9
2.3. RESUILS @Nd DISCUSSION......ueiiiiiiiieciie ettt s ettt e e sbe e s eebe e e e saeeannas 15
2.3. 1 NULFIENT INPULS ..ot 15
2.3.2 NULTIENT OULPULS.....cveeiiciic ettt re e nre e 21
2.3.3. Partial Nutrient BalanCes .........cccooviiiiiiiic e 26
2.3.4. FUIl NULFIENt BalanCeS .......cccocveieiiiiieie e 29
2.3.5. Effects of Cropping Systems on Nutrient Depletion Determinants................. 33
R o] o] 13T o] TR USPR 35

111 Soil Nutrient Balance for Different Cropping Systems in Oromiya (Ethiopia) to

Estimate Scale of Nutrient Enrichment and Depletion............ccccoocevveviveveiicin e, 37
3L INEFOTUCTION ..ttt ettt b e sbe et e reenes 37
3.2. Materials and MethOAS.........ccueiieiriieiiee e 38

3.2.1. The StUdY REJION......cuiiieiicce ettt 38



Contents

3.2.2. Nutrient Fluxes and Data Acquisition Strategies.........c.ccevvevviveereeresiiesieeinnas 39
3.3. RESUILS @NU DISCUSSION.....ccueiiteiiieiiieiee et siee sttt sttt sttt sbeebesreenes 40
3.3.1. Nutrient Fluxes by Cropping SYSIEMS ........cccecviieiieere i e 40
3.3.2. Nutrient Fluxes at Regional and Zonal Scales............ccccceevvevviveiiieiecie e, 44
3.3.3. Role of Different Output Fluxes in Nutrient Depletion ...........cc.ccocvvvvinnennn. 46
3L, CONCIUSIONS ...ttt sb et 47

IV Smallholders’ Soil Nutrient Management in the Central Highlands of Ethiopia:

Examining Effects of Spatial Nutrient Gradients and Farmers’ Wealth Status......... 49
g I a1 oo [0 Tod o] o S ORS 49
4.2. Materials and MEthOdS.........ccuoiviiiiiieiiiiee e 50

4.2, STUAY ATBAS ....oeeeeieiie ettt sttt sttt sttt b be et st e et e sneesbeebesneenbeenreas 50
4.2.2. HOUSENOIA SUIVEY .....c.eeiiieie sttt nnn e 53
4.2.3. Land Use Mapping and Soil Sampling ........cccccoveviiiiiieiieie e 53
4.2.4. STAtISICAl ANAIYSIS ......ooiiiiiiieccee e 54
4.2.5. NULTENT BAIANCES ... .ccviiiiiieie ittt 54
4.3 RESUITS ...ttt b b bt ne e 56
4.3.1. Soil Nutrient Gradients and Associated Management ...........cccceeeverenenennnnn 56
4.3.2. Organic and Inorganic Inputs and Relation to Wealth Status..............c........... 62
4.3.3. Nutrient Balances, Stocks and FIUX RateS ..........ccovveveriiiiiiiie e 65
I [0 5] o] o [PPSO U PR PRSI 68
4.4.1. Soil Nutrient Management in Relation to Soil Fertility and Income................ 68
4.4.2. Nutrient Balances and Agroecosystem Sustainability ...........ccccccoeniiinnnnnne 70

V Soil Nutrient Flow and Balance at Field and Farm Scales: a Case Study in the Central

Highlands of EthIOPIa..........cccvoiiiiiic et 74
o300 I 11 (0T [N o1 o] o ISP USSP 74
5.2. Materials and MethOAS..........cueiiiiriiiiiee e 75

5.2.1. Study Areas and Farm SeleCtion............cccevveieiieie e 75
5.2.2. Perception and Quantification of Nutrient FIUXES ..........ccccevveiiniriinieiinnnnen, 79
5.3 RESUILS ...ttt et re et r e raeae e nren 80
5.3.1. Access to Livestock, Land and Labor...........ccccovvveveeieiicieccc e 80

5.3.2. Location of Case Study Fields and Implications for Nutrient Management.... 82



Contents

5.3.3. Fields and Farm Level Nutrient fIUXES .........cccooeviiiiiinieieece s 83
5.3.4. Partial and Full Nutrient Balances by Crop, Landscape Position and Farm.... 86

5.4, DISCUSSION ...ttt sttt sttt etttk b bbbt bt e bt et et e bbb et e b ne e 89
5.4.1. Influence of Wealth on Nutrient FIUXES..........ccccovvvriniiniierenene e 89

5.4.2. Influence of Field Location and Crop Choice on Nutrient Fluxes................... 90

5.4.3. Soil Nutrient Balances by Land Use and Farms ..........c.cccoccevveveiinneniesnninns 92

5.4.4. Feedback of the Present Results to Explain Balances at Higher Scales ......... 93

AV O] 1ol [ (o] 1RSSR 95
VT SUMIMBEY ¢ttt sttt s b e e st e e e s st e e sab e e e nnb e e e sbbeeennneeeas 97
VT ZUSAMMENTASSUNG ..ttt ettt ne e b e e neesne e 101
IX RETEIEINCES ...ttt bbb bbbttt be bt beeneas 106
DAY o] 0 1=] Lo L[ PR U TSP P 116
ACKNOWIEAGEMENTS.......ciiiieciiei e et et e s te e e e s re e seeneenneenrs 122



