WORK PACKAGE 5 : TECHNICAL REPORT 

YEAR 3
Title:

Examining the effects of differing vegetative covers, enrichment planting, agroforestry and other remedial treatments on losses of soil, plant nutrients and organic matter from degraded agricultural, agroforestry, fallow and forested landscapes.
General objective
To define best practice for limiting soil erosion and encouraging ecosystem restoration in degraded tropical sub-humid ecosystems.
Specific objectives
· To quantify runoff and erosion losses from, and rainfall infiltration into, differing farming, fallows, forest and agroforestry systems.

· To quantify plant nutrients and organic matter in a range of degraded and recovering agricultural, agroforestry, fallow and forest environments.

· To quantify erosion driven losses of soil, organic matter and plant nutrients in the landscapes defined in 1a. 

· To arrange on-site workshops to demonstrate the effects of anti erosion measures on ecosystem degradation, restoration and plant productivity to local communities, forest departments, GOs, NGOs and other stakeholders

· To define best agricultural/forestry anti-erosion practice for sustainable economies on terrain varying in slope and land use.

Description of work

· Task 1: Quantifying rainfall, soil fertility, rainfall infiltration and erosion losses in sub-humid and humid landscapes differing in extent of (degradation/restoration in the presence and absence of anti​-erosion measures.

· Task 2: Creation of catchments pits for verification of outputs from erosion micro-sensors and to provide a focal point during formal Workshops to demonstrate the differing extent of soil losses from "control" areas and those receiving remedial treatments.

· Task 3: Definition of' best agricultural/forestry anti-erosion practice for ecosystem restoration and sustainable economics on terrain varying in slope and land use.

Deliverables

· D5.1: Experimental design, network of plots in the main site of each country 

· D5.2: Comparative data showing the effect of erosion control measures on soil, water, organic matter and plant nutriment losses from plots containing differing experimental treatments and form “control” plots lacking anti-erosion treatments. 

· D5.3: on-site demonstration and dissemination workshops to inform local stakeholders GOs and NGOs etc of the extent of erosion from differing landuses and landscapes and the effectiveness of anti-erosion measures. 

· D5.4: publications in the international literature and presentations at other for disseminating results from this work package. 

Expected results:
1. Soil fertility and water infiltration improved.

2. Reduced erosion and land degradation in productive, sub-humid and humid farming and forestry systems.

3. Less "downstream" pollution and sedimentation.

4. Farmers local to experimental sites adopt restorative and anti-erosion practices.

5. Dissemination workshops catalyse wider scale ecosystem restoration and use of anti-erosion measures.

Partners involded: CEH (leader), KEFRI (ICRAF, co-leader), CIRAD, UMB, University of Makerere, FOFIFA (Madagascar)

Researchers involved
· Andriamampianina Nicolas

· Andriamampandry Hanitra

· Rakotoarinarivo Charles

Localization: Vohimana  forest Station
Objectives for Year 3
· Monitoring of Soil sampling
· Literature review on Soil erosion research in the East eco-regional of Madagascar

· To quantify runoff and erosion losses from, and rainfall infiltration into, differing farming, fallows and forest.

Activity 1: literature review
The soil erosion in Eastern cliff of Madagascar was the subject of several studies since the sixties until now.  We can draw from these studies some significant facts.  Towards the beginnings of the sixties the CTFT (Centre Technique Forestier Tropical) undertook measurements of erosion in small catchment in the area of Périnet (more in the west of Vohimana).  The objective of research was to quantify the runoff and the soil losses under various types of vegetable cover.  Three types vegetative covers were studied:

· Slash and burn cultivation

· Primary natural forests 

· Natural forests secondary 

· Eucalyptus plantation 

· Natural fallow 

Results are very significant :
· The experimentation into small catchment area highlighted the role of forest cover for the reduction in the specific flow of flood (1, 5 times less in forest that in degraded grass land) and the regularization of the stream flows.  Under forest, erosion misses whereas it can reach very high figures under slash and burn cultivation. 

· The slash and burn cultivation is very prejudicial as regards as soil loss: 13t/ha.  

· With an installation of level lines, some anti-erosion practices and improved farming methods, the soil losses are reduced.  

From the Eighties, research was directed towards the study for alternative to the problems of slash and burn.  In the zone of Beforona, the soil erosion and conservation of the FOFIFA led measurements of erosion by testing alternative techniques to the "tavy".  Measurements were carried out under standard erosion plot or Wischmeier plot (200 m²). 

Some treatments have been tested:
· Slash and burn cultivation
· Improved fallow with Grevillea banksii
· Alley-cropping system
· Live contour with Vetiver grass.

These researches mentioned the importance of the “erosion” in the farming systems on strong slope:  

· The live contour decreases considerably the soil losses.

· The improved fallows with Grevillea banksii or Tephrosia vogelii also decrease the erosion during the periods of cropping.

· Only one line of Vetiver grass located downstream from the plot of cultures reduces the soil erosion. 

During the nineties, the Swiss co-operation Terre Tany project also carried out measurements of erosion in elementary Wischmeier plot.  The various following vegetative covers were tested compared to the runoff and soil loss:  

· Primary natural forest 

· Degraded natural forest  

· Slash and burn cultivation 

· Ginger crops 

· Grass land
· Soil without vegetative cover
The results are shown in the following table

Annual average soil loss according to types of vegetal formations
(Average slope 35%) 

	Vegetative cover type
	Rainfall height
(mm)
	Soil erosion (t/ha)
	Runoff height (mm)
	Runoff rate (%)

	Primary natural forest
	1808
	0,009
	13
	0,8

	Degraded natural forest
	1968
	0,367
	142
	5,5

	Slash and burn cultivation
	2603
	14,5
	571
	21,9

	Grass land
	2603
	0,817
	158
	8

	Soil without vegetative cover
	2603
	149
	681
	26,2

	Ginger crops
	2603
	143,9
	542
	20,8


Source : Terre-Tany Project 1997
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According to results' obtained by Terre Tany project, we can advance that:  
· The forest plays a great role in the improvement of the of water balance by the importance of the infiltration compared to the runoff and progressive restitution of this water during the year.  This process favors the forest area and their peripherals as regards availability of water.  The water being the principal element of the agricultural production.  

· The forest plays a dominating role as regards soil protection, which are the substrate of all agricultural activities.  The figures of the following board give an outline of the soil loss under forest and other vegetable formations.  

· The soil losses are relatively tiny and insignificant as long as the vegetable cover remains dense.  

· The slash and burn cultivation cause a strong quantity of soil loss during the cultural period.  But the recovery of the soil by the vegetable decreases these soil losses quickly.  

· The ploughing on the strong slopes gives free field to the soil erosion.  This practice, related to the culture of ginger, which starts to take importance in the area, is a source of destruction of the regional ecosystem.  

· The tropical cyclones are exceptional phenomena which causes of enormous environmental damage in Malagasy eastern cliff.  

USLE model application
A test of modeling of the soil losses in the zone by the theoretical application of the formula of Wischmeier gave very interesting results as regards erosion.  The step consists in giving values for each terms of the formula:
A = 2.24.R.K.LS.C

A = soil loss in t/ha

2.24: coefficient to translate acre to metric system

R: climatic aggressiveness index
K: Soil erodibility index
LS: Topographic index (Length and value)
C : Vegetative cover index
For the Vohimana’s benchmark site the values of the all parameters of the  Universal Equation were expressed as follows :
R index = 563
K index = 0,03
C index =
· For primary and secondary natural forest, C index = 0,005

· For crops, C index = 0,02

LS :
· For slope class, LS index = 0-40% : 8

· For slope class, LS index = 40% et + : 4

With these values the annual soil losses, under the various  topographic and the vegetative cover conditions, arise as follows :
Annual soil loss by using USLE Model
	Cover type
	Slope class
	R

index
	K

index
	LS

index
	C

index
	Annual soil loss (t/ha)

	Natural forest
	0 – 40 %
	563
	0.03
	8
	0,005
	1,51

	
	40% et +
	563
	0.03
	4
	0,005
	0,76

	Crops (up land rice)
	0 – 40 %
	563
	0.03
	8
	0,02
	6,05

	
	40% et +
	563
	0.03
	4
	0,02
	3,03


Compared to the data obtained in standard erosion plot, the  values of the soil losses resulting from the application of the  Universal Equation of Wischmeier are more significant under forest but  less significant under crops.  This situation requires a revision of the value of the C index. However the application of USLE model will be a reliable means for the theoretical evaluation of erosion.  

Activité 3 : Erosion monitoring

Installation of the of erosion plot 

The erosion plot could definitively install only on May 2008.  Three erosion plot (4 x 10 m) were installed according to the great slope 
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Each plot is equipped with:  

· Galvanized  sheets, inserted  in the ground to delimit the plot (40m²) 

· A collecting vat 

The collecting vats of runoff were installed in order to recover the sub-surface flows which are very significant in forest.  The higher edge is inserted to 5 to 10 cm below the surface of the ground (surface is covered by important weak broken up litter (up to 50 cm of depth) 

· An sensor 

The "sensor" is fixed so that it is posed on level.  

· An can collector
· An rain-gauge 

It’s envisaged to install a recording rain-gauge in the site.  

Plots description
Plot 1 : 

· Vegetation : natural forest
· Main forest species observed : Uapaca thouarsii, 

· Soil type : ultisol
· Soil profile description

· Higher slope

Vegetation : degraded natural forest

Horizon A0: litter weak broken litter
Horizon A1: [0 – 10 cm]: broken up organic matter

Horizon A/B: [10 – 20 cm]: mineral and organic, yellowish of stain of rust, abundant rooting.  

Horizon B: [> 20 cm]: mineral, reddish, weak rooting.

Horizon C: Non visible on the profile
· Semi-slope
Végétation: degraded natural forest
Horizon A0: litter weak broken
Horizon A1: [0 – 10 cm]: broken up organic matter

Horizon A/B: [10 – 20 cm]: mineral and organic, yellowish, existence of stain of rust, abundant rooting.  

Horizon B: [> 20 cm]: mineral, reddish, weak rooting.

Horizon C: Non visible on the profile
· Lower slope
Vegetation: degraded natural forest
Horizon A0: litter weak broken
Horizon A1: [0 – 10 cm]: broken up organic matter

Horizon A/B: [10 – 20 cm]: mineral and organic, yellowish, existence of stain of rust, abundant rooting.  

Horizon B: [> 20 cm]: mineral, reddish, weak rooting.

Horizon C: mineral, silty-sand, presence of stain, presence of rock: ( 5 cm to 10 cm 

Plot 2 : 

· Vegetation: primary natural forest
· Main forest species observed: Uapaca thouarsii
· Soil: ultisol

· Soil profile description

· Higher slope : 

Vegetation: Dense fern
Horizon A0: weak broken litter 

Horizon A1: 0 – 10 cm broken up organic matter
Horizon A/B: 10 – 20 cm: Mineral and organic, yellowish, existence of stain of rust, abundant rooting.  

Horizon B: > 20 cm: mineral, yellowish, weak rooting.

Horizon C: Non visible on the profile
· Semi-slope : 

Vegetation: primary natural forest
Horizon A0: weak broken litter

Horizon A1: 0 – 10 cm – broken up organic matter
Horizon A/B: 10 – 20 cm: mineral and organic, yellowish, existence of stain of rust, abundant rooting.  

Horizon B: > 20 cm: mineral, yellowish, weak rooting, existence of rock.

Horizon C: Non visible on the profile
· Lower slope : 

Vegetation: primary natural forest
Horizon A0: weak broken litter
Horizon A1: [0 – 10 cm]: broken up organic matter

Horizon A/B: [10 – 20 cm]: mineral and organic, yellowish, presence of stain of rust, abundant rooting.  

Horizon B: > 20 cm: mineral, reddish, weak rooting, presence of rock at low depth

Horizon C: mineral, silty-sand, existence of stain, presence of rock: ( 5 cm to 10 cm

Plot 3 : 4 to 7 year old fallow
· Vegetation :

· Natural fallow 
· Main fallow species observed : Psiadia altissima (Dingadingana), Clidemia hirta (mazambody) , Rubus molucana (takoaka), molanga, Panicum maximum (ahiim-pody) … 

· Soil : ultisol
· Soil profile description

· Higher slope
Vegetation : Psiadia altissima (Dingadingana), Clidemia hirta (mazambody) , Rubus molucana (takoaka), molanga, Panicum maximum… 

Horizon A0: weak broken litter.

Horizon A1: [5 – 10 cm] : broken up organic matter

Horizon A/B: [10 – 20 cm] ; mineral and organic, yellowish, existence of trace of rust, relative abundant rooting.

Horizon B : [> 20 cm] : mineral, reddish, weak rooting.

Horizon C : Non visible on the profile
· Semi-slope
Vegetation : Psiadia altissima (Dingadingana), Clidemia hirta (mazambody) , Rubus molucana (takoaka, molanga), Panicum maximum (ahimpody)… 

Horizon A0: weak broken litter

Horizon A1: 0 – 10 cm – broken up organic matter

Horizon A/B: 10 – 20 cm: mineral and organic, yellowish, existence of trace of rust, abundant rooting.

Horizon B: > 20 cm: mineral, yellowish, weak rooting, presence of rock: ( 5 cm to 10 cm.

Horizon C: Non visible on the profile
· Lower slope
Vegetation: Psiadia altissima (Dingadingana), Clidemia hirta (mazambody) , Rubus molucana (takoaka, molanga), Panicum maximum… 

Horizon A0: weak broken litter

Horizon A1: 0 – 10 cm – weak broken organic matter

Horizon A/B: 10 – 20 cm: mineral and organic, yellowish, existence of trace of rust, abundant rooting.

Horizon B: > 20 cm: mineral, yellowish, weak rooting, presence of rock: ( 5 cm to 10 cm.

Horizon C: Non visible on the profile
· As the rain season have just finished, it was considered reasonable to begin the observations in those erosion plots only  about September 2008

· t's  necessary to install a rain-gauge by plot and a recording rain-gauge for the whole of the site.  

· We also considered interesting to install a control erosion plot using standard tanks collectors with distributors to check the sampling rate of the "sensors".  This plot will be installed at the site n°3 under natural fallow.  

Deviations from objectives:

Sixty fifteen percent of the objectives are reached.  The delay of the installation compared to the rain season did not make it possible to begin the data gathering the from the erosion plot
PERSPECTIVES 2008-2009
· Erosion monitoring will be continued.
· Soil fertility monitoring.
· Infiltration measurement will start about September 2008.
