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Hydrogeology of Sub-

Saharan Africa 
Malawi
 

MacDonald and Davies 2004, Technical Report WC/00/33, Natural 

Environment Research Council, British Geological Survey 



Landscape-scale 

vegetation dynamics 



Decline in streamflow

Years 6-10

155 mm/yr

Years 10-20:

227 mm/yr
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Plantation age (years)
 

Jackson et al. (2005) Trading Water for Carbon with Biological Carbon 

Sequestration. Science 310: 1944 1947 
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Dried up >1 year (13%) 

Decline in streamflow 

Years 6-10 

155 mm/yr 

(42% of streamflow) 

Years 10-20: 

227 mm/yr 

(52% of streamflow) 

Plantation age (years) 

Jackson et al. (2005) Trading Water for Carbon with Biological Carbon 

Sequestration. Science 310: 1944 1947 
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Large clearing
 

Small clearing
 

Second growth
 

Undisturbed forest
 

Days since start of measurement 

Bruijnzeel (2004) Hydrological functions of tropical forests: not seeing the soil 

for the trees? Agriculture, Ecosystems & Environnment: 104, 185–228 



      

 

One Reason SOM Matters 

When Does Fertilizer (Not) Help?
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Burke et al., Ms. Submitted, from S. Snapp 

1.2 

Soil Organic Matter (%) 



Detecting SOM Change 
Not Easy 

When Does Fertilizer (Not) Help? 
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Rothamsted, U.K.
 



       

   

   

Degraded Soils – Land Use
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P. Mpeketula, PhD 2016, from S. Snapp, Michigan State University, preliminary findings
 



  Degraded Soils - Fallow
 

Biomass!
 

Courtesy of S. Snapp
 



   Degraded Soils - Field Burning
 



- _http://www.fao.org/ag/ca/ca publications/restoring the_soil.pdf 

http://www.fao.org/ag/ca/ca
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23. Dispersed shade. 

Διασξʋρπισπɺρα σξιβ αραφɺρɹϑαι σɹ ɺρα ξβοϒππα φωτ ɷɺρϑρʋ (πɹρκπʋϒ 15% ɺωτ 20% σξιβ) πʋϒ ɷιαϑɼρɹκϑαι πβρω από ɺρα πɹɷκʋ σϑιτ ϑρʋπιξɺτ πɹɷιρɺτ. ɇɹ 
αϒϑɺτ ϑιτ πɹριʋχɺτ, ɼ ɻɺσϑɼ ϑʋϒ πɹσɼπɹριʋύ ɹκραι ϑόσʋ ɺρϑʋρɼ πʋϒ όοʋι ασξκασϑα ξαοοιɺρɶɹιɹτ σϑαπαϑɽσɹι ρα αϒʉβρɹϑαι ɶια ɷύʋ ɽ ϑρɹιτ ϊρɹτ σϑɼ πɺσɼ ϑɼτ 
ɼπɺρατ. Μια ɹοαφριβ σξιβ θα ɷɼπιʋϒρɶɽσɹι ɺρα ɹϒρʋλξό πιξρʋπɹριγβοοʋρ πʋϒ ππʋρɹκ ρα αϒʉɽσɹι ϑɼρ απόɷʋσɼ ϑωρ ξαοοιɹρɶɹιϊρ ξαϑβ πɹρκπʋϒ 40%. 
Επισϑɼπʋριξβ πɹιρβπαϑα ɺχʋϒρ ɷɹκʉɹι όϑι ϑʋ 15% σξιβ θα αϒʉɽσɹι ɹπκσɼτ ϑɼρ ξαοοιɹρɶɼϑιξɽ πɹρκʋɷʋ ϑωρ ξαοοιɹρɶɹιϊρ από ϑʋϒοβχισϑʋρ πια ɹγɷʋπβɷα ɽ 
ɷύʋ. Αϒϑό σϒπγακρɹι ɶιαϑκ πɹ ϑɼρ πɹιωπɺρɼ θɹρπʋξρασκα ξβϑω από ϑα ɷɺρϑρα, ϑόσʋ ʋ ρϒθπότ ϑɼτ ɹʉβϑπισɼτ ξαι ϑʋ πʋσʋσϑό ɷιαπρʋɽτ πɹιϊρʋρϑαι. Ωτ ɹξ 
ϑʋύϑʋϒ, ϑʋ χϊπα σϑɹɶρϊρɹι πιʋ αρɶβ ɹπιϑρɺπʋρϑατ ϑɼρ αρβπϑϒʉɼ ϑωρ φϒϑϊρ ποɺʋρ. αɻϊϑʋϒ σϑʋ ɺɷαφʋτ ξακɹι, ɹπκσɼτ, από πιʋ αρɶβ. Αϒϑɺτ ʋι ɷιαφʋρɺτ 
σϒχρβ σɼπακρʋϒρ όϑι ʋι αɶρόϑɹτ ππʋρʋύρ, ɶια παρβɷɹιɶπα, ϑɼρ ξαοοιɺρɶɹια αραγʋσκϑʋϒ αρϑκ ɶια ϑʋ σόρɶʋ. 

Ɉʋ όφɹοʋτ ɶια ϑιτ ξαοοιɺρɶɹιɹτ από ϑα ɷɺρϑρα σξιβ παρɺχɹι πια win win ξαϑβσϑασɼ. Εξϑότ από ϑɼ γɹοϑκωσɼ ϑɼτ απόɷʋσɼτ ϑωρ ξαοοιɹρɶɹιϊρ, ϑα ɷɺρϑρα 
ππʋρʋύρ ρα παρβɶʋϒρ φρʋύϑα, ʉϒοɹκα, ξαϒσόʉϒοα, φϒσιξβ φϒϑʋφβρπαξα, ɽ / ξαι ϑɼ ɶʋριπόϑɼϑα ϑʋϒ ɹɷβφʋϒτ. Όοα αϒϑβ ϑα ποɹʋρɹξϑɽπαϑα ɺρχʋρϑαι πɹ 
ϑɼρ αποɽ ξόσϑʋτ ϑɼτ φύϑɹϒσɼτ ϑωρ ɷɺρϑρωρ, ϑɼρ πρʋσϑασκα ϑʋϒτ ɶια ɺρα ɽ ɷύʋ χρόρια από ɻϊα (σϒππɹριοαπγαρʋπɺρωρ ϑωρ ϑɹρπκϑɹτ), ξαι ϑʋ ξοβɷɹπα ϑʋϒτ 
πκα φʋρβ ϑʋ χρόρʋ (ɽ ɷύʋ φʋρɺτ ϑʋ χρόρʋ, αρ ϒπβρχʋϒρ ɷύʋ γρʋχɹρɺτ ɹπʋχɺτ). Αξόπɼ ξαι ϑʋ ξοβɷɹπα πρʋσφɺρɹι ɺρα όφɹοʋτ ɶια ϑιτ ʋιξʋɶɺρɹιɹτ, ɹπɹιɷɽ ɼ 
ξαϒσόʉϒοα πʋϒ παρβɶʋρϑαι πɹ αϒϑόρ ϑʋρ ϑρόπʋ σϒρɽθωτ απαιϑɹκ οιɶόϑɹρɼ ɹρɶασκα από ϑɼρ ξʋπɽ ξαι πɹϑαφʋρβ ξαϒσόʉϒοωρ από παξριρβ ɷβσɼ. 

Ɉα πɹρισσόϑɹρα σϒσϑɽπαϑα ɷιασπʋρβτ σξιβ απʋϑɹοʋύρϑαι από ɷɺρɷρα πʋϒ φϒϑɹύϑɼξαρ 8 ɺωτ 12 m πɹϑαʉύ ϑʋϒτ σɹ ξβθɹ ξαϑɹύθϒρσɼ, ɷɼπιʋϒρɶϊρϑατ ɺρα 
ποɼθϒσπό πɹρκπʋϒ 64 150 ɷɺρϑρα / ɹξϑβριʋ. Εβρ πόρʋ θβπρʋι πʋϒ χρɼσιπʋπʋιɹκϑαι (ɶια παρβɷɹιɶπα, ɶια ϑɼρ παρʋχɽ σξιβ σɹ χαπɼοɽτ ξαοοιɺρɶɹια 
οαχαριξϊρ), ɼ απόσϑασɼ ππʋρɹκ ρα ɹκραι πόρʋ 1,5 ɺωτ 2,5 m πɹϑαʉύ ϑʋϒτ θβπρʋϒτ. Gm / CCS χρɼσιπʋπʋιɹκϑαι πɹ αϒϑόρ ϑʋρ ϑρόπʋ πɹριοαπγβρʋϒρ ϑα 
ππιɻɺοια πɹρισϑɺρι (Cajanus cajan) ξαι tephrosia (ɹκϑɹ Tephrosia vogelii ɽ Ɉ candida). Διɹσπαρπɺρα σϒσϑɽπαϑα ɷɺρϑρʋ θα παρɺχɹι ɹπκσɼτ σɼπαρϑιξɽ 
πρʋσϑασκα από ϑιτ ɹπιπϑϊσɹιτ ϑɼτ ϒπɹρθɺρπαρσɼτ ϑʋϒ ποαρɽϑɼ. Καθϊτ ʋ ξαιρότ ɶκρɹϑαι θɹρπόϑɹρʋτ, ϑα ɷɺρϑρα ππʋρʋύρ ρα ξοαɷɹϒϑʋύρ οκɶʋ οιɶόϑɹρʋ, 
ɷɼπιʋϒρɶϊρϑατ ɺϑσι ϑιτ κɷιɹτ ɹϒρʋλξɺτ θɹρπʋξρασκɹτ ɶια ϑιτ παραξβϑω ϑʋϒτ ξαοοιɺρɶɹιɹτ. ɼɶακρɹϑɹ σϑʋ # 24. 



 

Doubled-up Legume System 

Pigeon-pea 

  
 

 
 

 
 

Year 1 Year 2 

Ground nut (peanut) 

Maize 

(Glover et al. Nature 2012)
 



   

    

Maize/pigeon pea intercrop plus cattle manure – 3rd year 

(Zambia). Expecting 4 or 5 ton maize yield & 600 kg pigeon pea 



 

More biomass = 

more SOM = 

resilient + fertile soils = 

higher, more reliable yields 

Ollenburger and Snapp, 2015 

Years after establishment 

Doubled-up pigeon pea rotation 

Maize 

Intercrop 



 

Sole maize + recommended fertilizer 

Doubled-up pigeon pea rotation + ½ fertilizer 

Maize yield 

Fertilizer 
Profit efficiency 

Protein yield Ground cover 



 Trees for NRM: Agroforestry 

& silvopastoralism 



        

  

      

 

Sosola, B.G., A.O. Mulwafu, B. Nyoka, J. Njoloma and S. Mn’gomba (2016) 

Farmer Managed Natural Regeneration: Trainers’ Guide for Extension 

Workers and Farmers and in Malawi, World Agroforestry Centre, Lilongwe, 

Malawi. 



 

 

  

 Silvopastoralist practices in Malawi 

•	 Intentional combination of trees, forage and livestock
 
•	 Managed as a single integrated practice 

•	 Perennial grasses and/or grass-legume mixes are 

planted between trees for livestock pasture 



 Acronymn and Abbreviation Quiz !!!
 

Techs 

M F CP
SOY MZ 

Leg Dbl LegPP GN
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GN SOY PP CP PP+GN OTHER GN+SOY MZ+SOY MZ+CP 

Africa RISING Farmer Adoption in 2014 Anders PhD 



      

 Soil C: Down and Up 

P. Mpeketula, PhD 2016, Michigan State University, from S. Snapp
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Trees, Grass (cover) 
Contours 

Terraces, waterways… 

N.B. 

Other: Gully plugging, 

check dams, gabion 

structures,  grassed 

waterways, etc. 
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• Extra CO2 

• Heat lamps 
• N Fertilizer 
• Sprinklers (extra rain)
 

How Will Plant-Soil Systems Behave 
in the Future? 



 Soil Carbon Data for LDCs is Scarce
 



 
 

  

 

 

 Conclusions re tropical forestation:
 
What can be achieved hydrologically? - 2
 

Uldarico Padecio
 
(Philippines)
 

•	 Positive trade-off between 
changes in plant water use 
and soil infiltration after 
reforesting degraded land 
appears possible. 

•	 Flow improvements greatest 
in highly degraded areas 
with high rainfall. 

•	 Field experiments for better 
model parametrization (tree 
species, age) and regional 
analyses  required for more 
realistic assessments. 



 

  
 

  

 

    
  

‘‘Drought-prone areas should be made less vulnerable to drought-
associated problems through soil moisture conservation measures, 
water harvesting practices, minimisation of evaporation losses, 
development of the ground water potential including recharging and 
the transfer of surface water from surplus areas where feasible and 
appropriate. Pastures, forestry or other modes of development 
which are relatively less water demanding should be encouraged. In 
planning water resource development projects, the needs of 
drought-prone areas should be given priority.’’ (Government of 
India, 2002, National Water Policy) 

Calder (2007). Forests and water—Ensuring forest benefits outweigh water costs. 
Forest Ecology and Management. 251(110-120) 




