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Summary of the meeting 
 

Context of the meeting 
Rotational agriculture in Africa is gradually disappearing as increasing population density and 
pressures for land use leads to intensive, sedentary agriculture on small-scale land holdings 
and expansion of agriculture into marginal areas. This process has resulted in widespread soil 
degradation through processes such as mining of soil nutrients and depletion of soil fertility, 
soil erosion, accelerated acidification, salinization and desertification. 
This Technical Meeting was organized with the objectives of: a) reviewing recent advances in 
the use of nuclear and related techniques for the development of integrated soil, water and 
nutrient management practices; b) enhancing the knowledge and awareness of the potential 
these techniques to generate such information and c) providing a forum for participants to 
exchange ideas and experiences and establish linkages for future collaboration. 
Six major land degradation issues were addressed at the meeting:  
a) nutrient management b) carbon management 
c) soil acidity d) soil salinization 
e) water management f) soil erosion 
The meeting was attended by 21 persons, coming from Burkina Faso, Egypt, Ghana, Kenya, 
Madagascar, Morocco, Mozambique, Senegal and Zimbabwe. Fourteen (14) technical papers 
were presented. Each had been selected to present an example of how nuclear techniques can 
help investigate soil degradation problems. The unedited synopses of these papers are 
presented in the following pages.  

Participants to the technical meeting in Nairobi (Kenya), 10-12 October 2005 
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Future perspectives and research needs 
The presented papers indicate that significant progress has been made in the understanding of 
processes leading to land degradation and in the development of improved soil, water and 
nutrient management. However, further research is required to achieve better integrated soil-
water-nutrient management leading to increased and sustainable food production. The 
participants to the meeting identified the following needs for future research work: 

Nutrient management 
� improvement of biological N fixation in 

intercropping systems and better 
understanding of interactions with P 
availability 

� assessment of below-ground N 
availability  

� development of P management strategies 
for rotations based on grain legumes 

 Carbon management 
� impact of the quality of organic inputs 

on the yield and the mechanisms of 
chemical and physical stabilization of 
soil organic matter 

� role of trees and fallows in maintaining 
and/or increasing soil organic matter 
content 

� integration of crop-livestock systems for 
maintaining and/or increasing the soil 
organic matter content 

� interactions between P and N availability 
and C sequestration 

� impacts of global climatic changes on 
the status of soil organic matter 

Soil acidity 
� effect of acidity on biological N fixation 

and availability of P and other nutrients 
� efficiency of phosphate rocks under acid 

soil conditions 
� development of cost-effective ways to 

prevent/alleviate acidification using 
organic amendments 

 Soil salinity 
� interactions between salinity and water 

stress problems 
� development and selection of plant 

material to increase tolerance to salinity  
� development of irrigation management 

practices to prevent salinization 
� role of micro-organisms (N-fixing, 

mycorhizing) in salinity tolerance 
Water management 
� selection of plant genotypes that are 

drought resistant 
� techniques to increase water storage in 

soils and water use efficiency by plants 
� relationships between water use 

efficiency and nutrient use efficiency 

 Soil erosion and sedimentation 
� impact of erosion and sedimentation on 

soil quality and productivity 
� efficiency of soil and water conservation 

practices at different spatial scales and 
their economic profitability  

� environmental impacts of erosion 
 
The Technical Committee 
Claude Bernard, FAO/IAEA 
André Bationo, CIAT-Tropical Soil Biology and Fertility 
Daniel Mugendi, Kenyatta University 
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Available technologies for soil fertility replenishment in East, West and 
Southern Africa 
 
A. Bationo, B. Waswa and J. Kihara  

Tropical Soil Biology and Fertility Institute of the International Centre for Tropical 
Agriculture (TSBF-CIAT), Nairobi, Kenya 
E-mail address of main author: a.bationo@cgiar.org  

The central issue for improving agricultural productivity in Africa is how to build up and 
maintain soil fertility despite the low incomes of smallholder farmers and the increasing land 
and labour constraints they face. Soil nutrient depletion is a major bottleneck to increased land 
productivity in the region and has largely contributed to poverty and food insecurity. Soil 
nutrient depletion occurs when nutrient inflows are less than outflows. Nutrient balances are 
negative for many cropping systems in Africa indicating that farmers are mining their soils. 
The critical issue for improving agricultural productivity in Africa is therefore how to build 
and maintain soil fertility under the different farming systems. Over the years, a number of 
potential soil fertility management practices have been developed and by researchers. This 
paper reviews the available technologies for soil fertility replenishment in east, west and 
southern Africa under the key areas:  inorganic fertilizers, animal manures, grain legumes, 
agroforestry options, soil, water and nutrient conservation, inorganic fertilizers, and integrated 
nutrient management and highlights the experiences in the application of these options in 
East, West and Southern Africa.  
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The role of 15N in elucidating processes governing integrated soil 
fertility management strategies 

 
 B. Vanlauwea, R. Merckxb and N. Sangingaa 

 a Tropical Soil Biology and Fertility Institute of the International Centre for Tropical 
Agriculture (TSBF-CIAT), Nairobi, Kenya 
b Department of Land Management, Faculty of Applied Bioscience and Engineering, 
Heverlee, Belgium 
E-mail address of main author: b.vanlauwe@cgiar.org 

Nitrogen is the most limiting nutrient for crop production in most of sub-Saharan Afica and 
has negative impacts on the environment if inputs, both mineral and organic, are not properly 
managed. Integrated Soil Fertility Management (ISFM) aims at integrating organic and 
mineral inputs and at site-specific management of mineral inputs to maximize the N use 
efficiency of both inputs. A series of experiments with 15N labelled urea and organic matter of 
varying biochemical quality was carried out to test the hypothesis that mixing urea with 
organic matter will lead to temporary immobilization of urea-derived N and subsequently to a 
better utilization of urea-N by the crop and reduced losses of urea-N. Another set of 
experiments addressed the issue whether organic matter status affects the recovery of applied 
N fertilizer. 
First of all, in a lysimeter experiment, mixing 15N-labeled urea with various organic materials 
with varying quality was observed not to significantly affect the drainage of urea-derived 
mineral N. Outflow of water at the bottom of the lysimeters was affected by the type of 
residue and the way of application.  
Secondly, in a nanoplot experiment with square metal cubes, 0.43 by 0.43 m, the recovery of 
applied 15N-labeled urea was not affected by applying the urea together with incorporated 
organic materials of varying quality and averaged 23%. Recovery of applied urea in the soil 
(0-90 cm), however, was significantly higher after mixing the urea with maize stover than in 
the treatment which received only 90 kg urea-N ha-1. This is likely to be related to the rather 
large N-immobilization potential of maize stover in view of its low quality. Leucaena residues 
have also been shown to initially immobilize N and this was related to the rather high content 
of soluble polyphenols. Cowpea stover is likely to decompose very fast and may have little 
impact on the urea-N dynamics.  
Thirdly, the recovery of 15N-labeled urea, as affected by the total soil organic C content is 
investigated for a long-term alley cropping trial with large differences in topsoil organic C 
content, and for two series of on-farm trails in southern Benin Republic and Northern Nigeria. 
While total recoveries of urea-N covered the same range in both areas (between 20 and 45%), 
in Benin, recovery of applied urea-N was positively related with soil organic C content while 
in Nigeria a negative relationship was observed. Although it was not clear what were the 
reasons underlying these different trends, one could hypothesize that the major function of the 
soil organic matter pool in Benin was to alleviate one or more specific constraints to crop 
growth besides N while in Nigeria, soil organic matter supplied N to the growing crop, in 
competition with the N fertilizer applied. In the latter case, N released from the soil organic 
matter pool may be better synchronized with plant demand for N compared with applied 
fertilizer N. 
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Estimation of early biological nitrogen fixation capacities of some 
improved fallow tree/shrub species 

 
 W.O. Atieab, V.R. Timmera, D.W. Odeeband M. Imoc 

a Faculty of Forestry, University of Toronto, 33 Willcocks Street, Toronto, Ontario 
M5S 3B3, Canada 

b Farm Forestry  Research Programme, Kenya Forestry Research Institute, P.O Box 
20412 Nairobi, Kenya 

c Faculty of Forest Resources and Wildlife Management, Moi University, P.O. Box 1125, 
Eldoret, Kenya 
E-mail address of main author: woatie2002@yahoo.com 

Nitrogen is one of the limiting nutrients in most tropical soils, which leads to low crop yields 
if artificial amendments are not made. Trees and shrubs such as Sesbania sesban (L) Merill, 
Crotalaria grahamiana Wight & Arn, Tephrosia candida vogelii Hook f. and Gliricidia 
sepium (Jacq.) Steud. have been recommended for integration into farmlands with annual 
crops in order to replenish the much needed nitrogen nutrient [3].  The value of leguminous 
trees/shrubs components in agroforestry systems lies in their ability to fix atmospheric 
nitrogen, so reducing the use of inorganic fertilizer N and enhancing soil fertility [1]. 
In order to evaluate these legume trees/shrubs for their potentials to fix atmospheric nitrogen, 
two greenhouse experiments were conducted at the Moi University, Eldoret, Kenya. The first 
experiment compared different species whether inoculated or un-inoculated with known 
effective Rhizobium bacteria.  The second experiment compared different provenances of S. 
sesban when all were inoculated with same known effective rhizobial strain.  The 15N isotope 
dilution method [2] was used to determine percent N derived from the atmospheric (%Ndfa) 
in both experiments .  
In the species trial while using Tithonia diversifolia (Hemsley) A. Gray as the reference plant, 
inoculated S. sesban, C. grahamiana, T. candida and G. sepium derived 81.3, 75.0, 63.1, and 
51.6 % N from the atmosphere respectively.  Significantly low %Ndfa values were detected in 
un-inoculated treatments except for Crotalaria, which fixed significantly higher value without 
inoculation (Figure 1). Since the soil used was not sterilized there could have been effective 
indigenous rhizobial strains for Crotalaria, which were lacking for other species.  Through 
inoculation the N-yield in the above ground biomass of Sesbania sesban was doubled (Table 
1). 
In the second experiment where both T.diversifolia and Eucalyptus grandis were used as 
reference plants, Muguga provenance had a %Ndfa value of 65.6, while Ukwala provenance, 
which had the highest value, derived 70.7% of its total N from the atmosphere.  There were 
no significant differences (p<0.05) in %Ndfa observed between the different S. sesban 
provenances in their BNF potentials. But pair wise comparison of the different reference plant 
used revealed significant differences. Quantifications of %Ndfa using Tithonia as the 
reference plant gave significantly (p<0.0) higher values than calculations using E. grandis 
(Table 2).  
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Maximising biological nitrogen fixation by legumes can significantly increase crop yields in 
N depleted soils of the tropics as well as reducing the need for inorganic nitrogen fertilizer, 
which are usually costly for small-scale farmers. 
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Figure 1. Percent nitrogen derived from different pools as influenced by species and rhizobial 
treatments. The comparisons are per the effects of inoculum treatment on a particular N-pool. 
 

Table 1. Percent total nitrogen and nitrogen yields (mg/pot) in plant parts given as a mean of 
three replicates. 

Un-inoculated  Inoculated  
Species %N 

roots 
%N 

shoots 
N-yield 
roots 

N-yield 
shoots 

 %N 
roots 

%N 
shoots 

N-yield 
roots 

N-yield 
shoots 

Gliricidia 2.020b# 2.843ba 13.47c 34.53  2.567b 3.180ba 15.04b 45.52c 
Tephrosia 3.017a 2.030b 23.37bc 50.51  2.857b 2.497b 25.57b 71.65bc 
Sesbania 2.437ba 1.917b 35.69ba 97.69  3.477ba 3.207ba 70.39a 195.89a 
Crotalaria 3.257a 3.463a 53.63a 139.95  3.300a 3.363a 65.31a 150.40ba 
SED 0.181 0.249 5.00 18.01  0.143 0.136 7.81 20.50 
# Means follows by the same latter are not significantly different at p<0.05 (Student LSD test) 
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Table 2. Mean percent total nitrogen, 15N atom excess, N derived from different pools and 
total N-yields. 
Origin N 

(%) 
15Nexcess (%) Ndff 

(%) 
Ndfs(E) 
(%) 

Ndfa(E) 
(%) 

Ndfs(T) 
(%) 

Ndfa(T) 
(%) 

Total 
N-yield 
(g/pot) 

Kibwezi 2.520 0.3536 3.56 26.80 69.64 25.82 70.62 0.3724 
Muguga 2.756 0.4006 4.02 30.36 65.64 29.20 66.76 0.3476 
Shinyalu 2.572 0.3528 3.54 26.76 69.72 25.76 70.68 0.3998 
Ukwala 2.470 0.3532 3.56 26.78 69.66 25.76 70.70 0.3864 
SED 0.191 0.0548 0.56 4.15 4.71 4.01 4.56 0.0294 
Ndff-Nitrogen derived from fertiliser, Ndfs(E)-Nitrogen derived from soil using Eucalyptus as 
reference, Ndfs(T)-Nitrogen derived from soil using Tithonia as the reference crop, Ndfa(E)-
Nitrogen derived from the atmosphere using Eucalyptus as the reference crop, Ndfa(T)-
Nitrogen derived from the atmosphere using Tithonia as the reference crop.  
References 
[1] Bockman, O.C. 1997. Fertilizers and biological nitrogen fixation as sources of plant nutrients: 

Perspective for future agriculture. Plant and Soil 194:11-14. 
[2] IAEA. 2001. Use of isotope and radiation methods in soil and water management and crop 

nutrition. Training course series No.14. 
[3] Gathumbi, S.M., Cadisch, G., Giller, K.E., 2002. 15N natural abundance as a tool for assessing 

N2-fixation of herbaceous, shrub and tree legumes in improved fallows. Soil Biol. Biochem. 
34:1059–1071. 
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Understanding fertilizer and biologically fixed N transfer in different 
pool of a rice-Azolla-soil system using 15N tracer  techniques 

 
 M. Cisséa* and P.L.G. Vlekb 

 a Institut Sénégalais de Recherches Agricoles, BP 240 Saint-Louis, Sénégal 
 b Center for Development Research, Walter-Flex-Str. 3, D 53113 Bonn, Germany 
 E-mail address of main author: sbamand@yahoo.com 

The Azolla intercrop reduces NH3 volatilization following urea application to flooded rice, 
immobilizing urea-N during the high potential urea-loss periods. The remobilization of this 
conserved urea-N, linked with the reduction of NH3 volatilization was studied in two 
greenhouse experiments conducted in Goettingen (Germany). 
One week after flooding pots to 4 cm with demineralized water, fresh Azolla (2.5 g pot-1) 
equivalent to 1 t ha-1 was inoculated, providing around 10 % cover of the pot water surface 
and an N-supply of 5 mg N pot-1 (2 kg N ha-1) at the start of the experiments. Three-weeks-old 
rice (Oryza sativa L.) seedlings of the variety IR50 were transplanted one week after Azolla 
inoculation. In experiment 1, 300 mg urea-N were split applied  in the presence or absence of 
an Azolla cover. Treatments including: control, Azolla only, Urea* only (* denotes 15N 
enrichment), Urea* + Azolla, Urea + Azolla* and Urea*+Azolla* were applied in experiment 
2. Two weeks after application of 15N enriched urea (97.6 and 195 mg N pot-1) the labeled 
Azolla from treatment urea* + Azolla* (pot A) was interchanged with the non-labelled Azolla 
from treatment urea + Azolla (pot B) in order to assess the remobilization of urea-N to the 
standing rice crop in pot B becoming urea + Azolla* following interchanging. In the case of 
the 195 mg N pot-1-level, fertilization with 15N labelled urea and interchanging of Azolla were 
done only after the second split application.  
The results show that grain yield and N recovery were positively influenced by Azolla leading 
to a yield gain of 126 % following the split application of 300 mg N pot-1 in experiment 1. In 
the second experiment, the yield increase reached 78.3 and 68.4 % after application of 97.6 
and 195 mg N pot-1, respectively. In both years a clear positive synergistic effect of Azolla 
and urea use was seen in yield and N uptake by rice, reflecting urea-N conservation by Azolla. 
In experiment 2, a large part (64.6 mg N) of the Azolla-N at two weeks after the first urea 
application came from urea, representing 63.1 % of its total N, reflecting effective 
competition with rice. The fraction of Azolla-N derived from urea sank to 36.4 mg within four 
weeks. Only between 22.1 and 27.9 % of the applied urea (97.6 mg N pot-1) were still 
immobilized in the Azolla biomass at maturity, as a result of Azolla senescence and the N-
release. Only 19.7 mg N were immobilized in the Azolla biomass in the two weeks following 
the second urea application. At this stage, rice acts as an effective competitor with Azolla for 
applied N. Between 28.7 to 42.1 % of the N immobilized by Azolla is remineralized during 
the rice growing season and taken up by the rice crop. If only urea is applied two weeks after 
transplanting, 20.3 mg N pot-1 is recovered by rice. The total recovery in the case of Azolla 
cover increased to 50.4 and 45.4 (26.8 + 18.6) mg N pot-1 without and with the interchange of 
Azolla, respectively (Figure 1a). Despite the reduction of NH3 volatilization under Azolla 
cover, the directly recovered urea-N during the two first weeks following urea application is 
only slightly improved to 26.8 during the first urea application, due to the limited uptake 
ability of the young rice seedling. About 41 % (18.6 mg) of the N absorbed by the rice plants 
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passed through Azolla. The total additional N found in the rice was supplied by the soil and by 
Azolla through BNF. 
Fertilization at tillering doubled the recovery to 37.2 mg N (Figure 1b). Split application is 
known to improve recovery, but recoveries are generally low for early application of urea. 
The N recovered in the presence of Azolla increased to 68.5 and 71 (62.7 + 8.3) mg N by 
intact or interchanged Azolla, respectively (Figure 1b). In contrast to the first urea application, 
the recovery by a two-week cover following the second urea application was strongly 
improved to 62.7 mg N pot-1, showing that the direct uptake of urea-N dominates the 
immobilization-remobilization. Urea-N remobilized by Azolla contributed to 11.7 % of the 
absorbed urea by rice. This contribution doesn't take into account the remobilization of urea-N 
from the first split application.  
Azolla contributed to the conservation of N in the system. Although the basally applied N 
directly recovered by the rice plant was low, 2/3 of the N retained by Azolla following the 
first urea application was released to the system by the time of rice harvest, Azolla thus acts as 
a slow release fertilizer. 
The use of Azolla in intercropping with rice with the aim of profiting at the same time from 
the improvement of urea efficiency and Azolla-BNF, had not been considered until recently 
[1], [2], [3], [4]. Vlek et al. [4], using a 15N balance study clearly showed that the presence of 
Azolla leads to an early reduction of N losses and an increased recovery of applied N by rice. 
However, a substantial fraction of the applied N was locked up by Azolla leading to a 
reduction of the Azolla BNF. The remobilisation of this conserved N is of paramount 
importance for the final recovery and grain yield at maturity. The use of 15N labeled Azolla in 
experiment 2 permits to establish that around 65 % of the N immobilized by Azolla is 
remineralized during the rice growing season, whereby 28.7 and 42 % were taken up by the 
rice crop following the basal and second split application of urea, respectively. This protective 
urea immobilization followed by the subsequent remineralization contributed to the 
elimination of NH3 volatilization from applied urea [5]. Together with the input from BNF by 
Azolla these processes result in a synergism which is expressed in grain yield as well as in 
nitrogen yield of the standing rice crop [6]. 
References 
[1] Kumarasinghe K.S. and Eskew D.L. 1995. Azolla as a Nitrogen Fertilizer in sustainable rice 

production. In: Nuclear methods in soil-plant aspects of sustainable agriculture. Proceedings of an 
FAO/IAEA Regional Seminar for Asia and Pacific. Colombo, Sri Lanka, 5-9 April 1993. pp. 147-
154. 

[2] Kröck T., Alkämper J. and Watanabe I. 1988. Effect of an Azolla cover on the conditions in 
floodwater. J. Agron. & Crop Sci. 161:185-189. 

[3] Mandal B., Vlek P.L.G. and Mandal L.N. 1999. Beneficial effects of blue-green algae and Azolla, 
excluding supplying nitrogen, on wetland rice fields: a review. Biol. Fertil. Soils 28:329-342. 

[4] Vlek P.L.G., Diakite M.Y. and Mueller H. 1995. The role of Azolla in curbing ammonia 
volatilization from flooded rice systems. Fertilizer Research 42:165-174. 

[5] Cissé M. and Vlek P.L.G. 2003a. Conservation of urea-N by immobilization-remobilization in a 
rice-Azolla intercrop. Plant and Soil 250:95-104. 

[6] Cissé M. and Vlek P.L.G. 2003b. Influence of urea-N on biological N2 fixation and N transfer 
from Azolla intercroped with rice. Plant and Soil 250:105-112. 
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Decomposition and nitrogen release patterns of Gliricidia sepium tree 
residues under controlled incubation 
 

 R.V. Chintu 
 World Agroforestry Center, Mozambique 
 E-mail address of main author: richardchintu@hotmail.com 

Tree legumes can serve as nitrogen (N) source for cereals in resource poor farms where 
chemical fertilizer is financially unaffordable. Over the past decade, ICRAF and partners have 
developed several ‘fertilizer tree systems’ that are low-cost, easy to manage, highly 
productive and profitable. These have been widely disseminated in parts of sub-Saharan 
Africa. However, much work remains to broaden the scientific underpinning of these systems 
and develop the management principles to guide further research and dissemination into areas 
beyond the initial pilot research areas. Gliricidia sepium roots and leaves, as individual 
components and as a mixture, were incubated in an 15N labeled acidic Ultisol under controlled 
laboratory conditions. Decomposition was monitored as CO2 evolution and inorganic N 
released over time. The aim was to determine inorganic soil N and pH dynamics as affected 
by residue quality. This study used 15N dilution method to determine ‘percent N derived from 
tree residues’ (%Ndfr) of G. sepium residues. The greatest attribute of this technique is its 
ability to distinguish between residue-N and soil derived N. The possibility to distinguish 
between the major N forms (nitrate and ammonium-N) and their quantities at different stages 
of decomposition exists, according to this study. This information is valuable in predicting the 
fate of applied residue N in actual field situations, since the forms and quantity of available 
soil N determine the magnitude of N loss to the environment or utilization by crop under 
respective field conditions and practices. The 15N dilution method, leading to computation of 
%Ndfr therefore, offers an invaluable qualitative and quantitative way of measuring N 
mineralization from agroforestry residues. Our results showed that NO3-Ndfr remained low 
through out the study, indicating that loss of Ndfr via NO3-N leaching would probably not be 
an important concern. However, inorganic N availability from residues under field conditions 
are likely to vary. The apparent nitrate-N disappearance with time, strongly suggests de-
nitrification because they were no major N sinks in the soil, though immobilization in soil 
microbial biomass can not also be completely rule out. 
Our study shows that combining plant residues of contrasting quality could be a potential 
strategic tool towards increasing crop N uptake from organic residues which either release N 
too quickly or too slowly when they are individually applied to cropping system as N source 
for crop production. There was a transitory reduction in soil acidity following organic residue 
application; this phenomenon could help in minimizing the need to apply high rates of 
“purchased” lime on resource-poor farms, to mitigate acid soil infertility. In general terms, 
tree residue amendments to an acidic Ultisol have shown some potential in mitigating soil 
acidity, while increasing inorganic soil N availability. 
In the light of the results obtained, it is strongly felt that, more research both laboratory and 
field (on-farm) based, should be conducted with a view to developing reliable, simplified and 
farmer oriented strategies of predicting nutrient contributions of organic residues under field 
conditions. The 15N dilution method presents a valuable way of making both qualitative and 
quantitative measurements of N mineralization from fresh residues under controlled 
conditions. Predicting nutrient contribution is critical to developing organic matter 
technologies that have immediate and effective positive on-farm impact and that are cost 
effective and hence acceptable to farmers. 
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Evaluation of the phosphorus available for plants from various types 
of fertilizers (manures, liquid manures, dung and muds) and their 
fertilizing value with isotopic marking of the soil phosphorus 

 
A. Mangaa, M. Lineresb, C. Morelb and T.A. Diopa 

 a Laboratoire de Biotechnologie des champignons, Département de Biologie Végétale, 
BP 5005, Dakar 
 b Laboratoire d'agronomie INRA/UMR-TCEM, 71, Av. Edouard Bourleaux BP 81, 
33883 Villenave d'Ornon Cedex 
E-mail address of main author: manga@ird.sn 

This work was carried out for the research program entitled "green Pigsty" relating to the 
evaluation of the phytodisponibility of the phosphorus of 13 organic materials (TSP, Phytate, 
fresh Manure, young and ripe compost litter of pig, litter of chips composted, Litter of ripe 
fine layer, stored biological muds S1 and S4, green waste mixture and fermentable fraction of 
household garbage). These various fertilizing products whose P content is known are added in 
pots (50 Mg of P) by carefully mixing them with ground which was already marked with a 
solution containing the radioactive phosphate ions without trainer (carrier-free). This work 
which permitted to obtain many results in particular on the fertilizing value of the various 
contributions of manure were completed. We used as plants, Italian ryegrass which have 
many advantages such as the fast regeneration of the leaves after different harvests and the 
exploitation of a population of individuals allowing to avoid some artefacts like genetic 
nature. The tillage consisted in making a mixing radioactive soil-solution and transferring the 
mixture in pots for culture after addition of the various fertilizing products. Sowings of 
ryegrass were added on the pots of culture and different cuts were realized each 20 days. 
Finally, 4 cuts were done and for each harvest, the samples were dried, weighed, crushed and 
calcined. The quantity of phosphorus was determined on one hand by measurement of 
radioactivity in the samples of plants and by using a scintillation counter and on the other 
hand by measuring their phosphorus content after mineralisation by using a colorimetric 
technique with green malachite. 
The data collected were :  
� the dry weight biomass of the leaves for all the harvests (Figure 1);  
� phosphorus content of this biomass for all the processing and for each harvest; 
� r/R isotopic ratio of dilution (R is the total radioactivity introduced into the pots of 

culture and r is radioactivity taken by the plants). From these data, we deduce a direct 
and precise characterization of the phytodisponibility of phosphorus brought from 
fertilizer and from the soil; 

� the isotopic composition, ratio of the radioactivity taken from fertlizer to the quantity of 
phosphorus taken by the culture;  

� the value L which represents the available phosphorus pool for the plants during the 
culture;  
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� the phosphorus taken from the soil, calculated by considering that the P taken from the 
soil has the same isotopic composition with the P taken in the control which is not 
fertilized;  

� quantity of phosphorus taken from the fertilizer;  
� the real coefficient of use (CRU) which expressed as a percentage indicates the 

proportion of P taken from the fertlizer by the culture in the quantity introduced ;  
� the phosphorus derived from fertilizer (pdff) which determines the participation of the 

contribution in the phosphatic plant nutrition.  
From these different data, it is then possible to determine the fertilizing value of the various 
products studied by expressing the value of a variable compared to that from a form of 
reference (TSP).  
The degree of stability of the organic matter is relatively low [1]. The various products 
studied during this test were thus classified for their efficiency and the results obtained were 
discussed. 
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  Figure 1. Evolution of the dry matter after several days. 
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Evaluation, by coupling sorption and isotopic labelling and isotopic 
dilution methods, of the bioavailability of phosphorus in "tanety" soils 
of Madagascar 

 
 L. Rabeharisoaa, C. Morelb and J.-C. Fardeauc 

a  Laboratoire des Radio Isotopes (LRI),Université d'Antananarivo, Madagascar 
b  TCEM, Institut National de Recherches Agronomiques, Bordeaux, France 
c  117, allée du Petit Colombier, Manosque, France 
E-mail address of main author: lrabehar@refer.mg 

Increasing food production in Madagascar requires to find new surfaces for cultivation. 
“Tanety” soils cover about 30 % of the arable land of Madagascar (3 250 000 millions 
hectares) and they are the main potential surfaces available to increase crop production.. The 
“tanety” soils of Madagascar are frequently Ferralsols characterized by high content of Al- 
Fe- oxyhydroxydes, low nutrient reserves and low pH. It results in a low fertility of these soils 
due to Al toxicity and P deficiency leading to their degradation. Phosphorus is often the first 
limiting factor for crops in the “tanety” soils, even after liming. 
Also, if food security has to be reached during the next decades, the question of P, as a 
limiting factor for crop production, has to be addressed. As a non-renewable and expensive 
resource for farmers, P fertilizers have to be thoroughly applied and managed. To overcome 
soil degradation through enhancing crop productivity, it was necessary to identify the origin 
of soil P deficiency for crops.  
Recently, substantial progresses took place in the characterization of the plant-available soil 
P, especially by understanding and describing major mechanisms driving P release from soil 
reserves and controlling plant P uptake. The soil diffusive P is generally considered as the 
main source of phosphorus for plants. This fraction of the total soil P is the amount of 
phosphate ions of the solid phase that can move, with time, towards the soil solution as a 
consequence of a P depletion in the soil solution due to plant root uptake. It is the amount of 
sorbed P than can replenish the soil solution with P. The dynamics of soil diffusive P was 
determined in batch experiments (soil – solution ratio = 1/10) by coupling sorption 
experiences with subsequent isotopic labelling of phosphate ions in solution of soil 
suspension at steady state and applying isotopic dilution principle [3]. Such approach allows 
to determine the fraction of the P sorbed that can leave, with time, the sorbed phase to reach 
the soil solution, in fact the P that can come back in the soil solution, under a given gradient 
of P concentration. 
The characteristics of the dynamics of the soil diffusive P were determined in two cultivated 
Ferralsols of Madagascar differing in their substrates and compared to other cropped soils 
sampled in other countries (Table 1) [4]. The concentration of P, determined as phosphate 
ions, in the soil solution for cultivated and fertilized soils reached only 0.005 mg P l-1 for the 
Ferralsol on granite substrate and 0.049 mgP l-1 for the alluvial fine Ferralsol. When applying 
P, as dissolved phosphate ions, the increase of P concentration in soil solution was very 
limited. Almost 99.5% of applied P quickly leave the solution and was sorbed on the soil solid 
phase even with massive addition of P, such as 100 mg P kg-1 soil. corresponding to about 
400 kg P ha-1 when considering 4000 t.soil ha-1. The weak increase of P concentration was 
due to the high number of reaction sites onto high-fixing Al- and Fe- oxyhydroxydes. 
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However, experimental results showed, in ferrasols sampled in Madagascar, that the ability of 
sorbed P to replenish solution is very high and rapid.  
The P deficiency of “tanety“ soils is therefore primarily attributed to extremely low P ions 
concentration in soil solution [2], which is lower to the threshold required for roots to absorb 
P (estimated to 0.005 mg P L-1 for maize [1]. To improve plant-availability of P in “tanety” 
soils and to maximize efficiency of P fertilizer it is necessary  first to reduce soil P fixing 
capacity through soil management practices. 
 

  Table 1. Diffusive soil P supply of the studied soils. 

Soil type Country 
Calculated diffusive soil P supply (mg P kg-1 soil)  
corresponding to a depletion of soil solution P 

from 0.1 to 0.005 mg P L-1 for : 
  1 hour 1 day 1 week 1 month 

Ferralsol Madagascar 44 118 216 339 
Ferralsol Colombie 21 52 91 139 
Ferralsol Madagascar 17 37 59 83 
Luvisol France 11 20 29 39 
Alfisol Niger 2 5 11 18 
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Soil carbon accretion: evidence from organic resource quality from 
Ghana and Kenya 

 
 E.Yeboaha,d, M.K. Abekoeb, B. Vanlauwec, J. Lehmannd, G.N.N. Dowuonab and S. 

G.K. Adikub 
a Soil Research Institute, Academy Post Office, Kwadaso, Kumasi, Ghana 
b Soil Science Department, Faculty of Agriculture, University of Ghana, Legon 
c Tropical Soil Biology and Fertility Institute of CIAT, P.O.Box 30677, Nairobi, Kenya 
d Department of Crop and Soil Science, Bradfield & Emerson Hall, Cornell University, 
Ithaca, NY 14853, USA 
E-mail address of main author: eyeboah5@hotmail.com 

Soil organic matter (SOM) is a key component of terrestrial ecosystems and any variation in 
its abundance and composition has important effects on many processes that occur within the 
system [1]. An investigation was conducted on the contribution of organic resource quality to 
the quality as well as the quantity of soil organic matter in the semi-deciduous forest zone of 
Ghana. 
Soil organic matter was separated into particulate organic matter, intra-aggregate organic 
matter and organo-mineral pools by density-size fractionation [2]. Stable carbon (δ13C) and 
nitrogen (δ15N) isotopic signatures as well as total soil organic carbon (TOC) and total 
nitrogen (TN) contents were analysed from whole soils and the SOM carbon pools in order to 
determine trends in SOM decomposition within soils of different textures. Fourier 
Transmission Infra Red (FTIR) spectroscopy which is non-invasive and requires very little 
sample preparation was also used to ascertain the variation in functional groups likely to be 
encountered during decomposition of organic resources of different qualities.  
The FTIR spectrum shows strong absorption bands of OH, NH, CH and CO molecular groups 
as typical for different aliphatic compounds (Figure 1). Aromatic structural units which are 
more resistant to biodegradation seem closely bound to the organo-mineral part of the SOM 
pools. The results support the view that SOM pools occupy different positions in the 
decomposition sequence and that their reactivity is likely to be sufficiently distinct as to 
support their inclusion in a SOM turnover model. 
Results further suggests that cultivation resulted in decline in total soil organic carbon and 
nitrogen contents irrespective of organic resource quality (or class) applied. The rate of 
decline however, was significantly lower under low quality organic resource than under high 
quality organic resource treatments. Application of 120 kg N ha-1 fertiliser in the form of urea 
after three cropping seasons of monocrop maize also resulted in significantly lower soil 
organic carbon content compared to treatments that received no fertiliser.  Heavy textured soil 
showed more resilience to SOM decline compared to light textured soil.  
We conclude from the study that carbon input to the soil may decrease soil carbon content. 
The extent of decline however, is dependent on the quality of organic residue applied.  
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Figure 1. FTIR spectrum showing different molecular groups of the soil organic matter pools. 
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Application of 13C natural abundance to elucidate compositional 
changes of soil organic matter following woodland clearance for maize 
cultivation in Zimbabwe 
 
S. Zingorea,band K.E. Gillerc 
a Tropical Soil Biology and Fertility Institute of CIAT, Harare, Zimbabwe. 
b Department of Soil Science and Agricultural Engineering, Faculty of Agriculture, 
University of Zimbabwe, P.O Box MP167, Mt Pleasant, Harare, Zimbabwe. 
c Plant Production Systems Group, Wageningen University, Wageningen, Netherlands 
E-mail address of main author: sczingore@yahoo.com 

The 13C natural abundant technique was used to trace the fate woodland soil organic carbon 
(SOC) following clearance of woodland for maize cultivation, and to estimate the subsequent 
contribution by the maize to the SOC pool along cultivation chronosequences on three 
different soil types in Zimbabwe [1]. Differentiation of SOC according to its source is made 
possible by differences in depletion of the 13C isotope between woodland vegetation (mostly 
C3) and the maize crop (C4). Plants with a C3 photosynthetic pathway (most herbs and trees) 
discriminate more strongly against 13CO2 and their δ13C values range from -22 to -32 ‰, 
whilst C4 plants (tropical grasses and cereals) are less depleted and have δ 13C values ranging 
between -9 to -17 ‰ [2]. Three sites under subsistence maize production were selected at 
Mafungautsi under Kalahari sands (clay ~ 3%), Masvingo under granitic sands (clay ~ 10%) 
and Chikwaka under dolerite derived clay soil (clay ~ 35%).  Parallels were drawn with 
measurements taken at a commercial maize production site in Chikwaka where management 
involved use of large amount of mineral fertilizers and stover return, to assess the effect of 
contrasting management on dynamics of SOM derived from different sources.  
In the Kalahari sand, the δ 13C value of SOC remained remarkably constant after woodland 
clearance, and maize contributed less than 10% of the total SOC even after 55 years. The bulk 
of the SOC present in the cultivated soils was that derived from the native woodland 
vegetation. δ 13C of soil organic carbon increased slightly with increasing length of 
smallholder cultivation in the Masvingo granitic sands and Chikwaka clay soil where maize 
contributed 29% and 35% of the soil organic carbon at equilibrium. Under more productive 
commercial farming the soil organic carbon derived from maize accounted for 50% of soil 
organic carbon after 10 years of cultivation and 67% at equilibrium (Figure 1, 2).  
The small contribution of maize to soil organic matter at the smallholder sites can be 
attributed to the unproductive management leading to small inputs of organic matter. In 
addition, as maize organic matter is chemically labile, the situation at Mafungautsi could have 
been worsened by the lack of physical protection of SOC due to the little clay content. The 
persistence of a fraction of woodland carbon in the sandy soil is attributed to chemical 
stabilization resulting from high concentrations of lignin and polyphenols in the tree litter, or 
as charcoal. There is low potential to sequester C in sandy soil under smallholder management 
and opportunities to improve the SOC stocks of these soils must hinge on use of resistant C 
sources, such as cattle manure, which may persist in these soils. Commercial management led 
to maize contributing a higher proportion of the SOC in the long-term. This highlights the 
essential role of mineral fertilizers in promoting sequestration of C through improving 
productivity, thereby making available large amounts of biomass to replenish SOC.  
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Figure 1. Changes in δ13C values of SOC following transition of land-use from woodland to 
maize cultivation.  
 

Figure 2. Dynamics of SOC derived from original woodland vegetation and the subsequent 
contribution of maize to SOC at (a) Mafungautsi, (b) Masvingo, (c) Chikwaka smallholder 
and (d) Chikwaka commercial. 
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Can 13C isotopic discrimination become the basis for a tool to quantify 
the dynamics of water stress in maize under field conditions?  

 
 G. Dercona, J. Dielsa, K. Aihoub, K. Chinwoa, G. Nziguhebaa, E. Clymansc, J. 

Unogwuc, R. Merckxc and J. Deckersc 
a  International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria 
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c  Laboratory for Soil and Water Management, Katholieke Universiteit Leuven 
(KULeuven), Kasteelpark Arenberg 20, B-3001 Heverlee, Belgium 
E-mail address of main author: dercon@uni-hohenheim.de 

The relationships between 13C isotopic discrimination and water stress are well documented 
for C3 and C4 plants.  However, the application in the field is hampered by complex 
interaction patterns with other common stress factors, such as nutrient deficiency.  In addition, 
questions arise if temporal reductions in water availability during crop growth can be traced 
back using δ13C data in the field.  The objective of this study therefore was to critically assess 
the potential use of δ13C observations to quantify water stress and its dynamics in maize (Zea 
mays L.) grown under low to high nitrogen availability, and to develop tools based on δ13C 
values for its diagnosis in the field.  Two pot experiments were carried out in a screen house 
in Ibadan, Nigeria, and one researcher-managed field trial was conducted at Sekou, Benin.  In 
the first pot experiment, we grew maize for 60 days under four watering regimes, (i) optimum 
(at field capacity) during 60 days, (ii) optimum from 0 to 30 days and stressed (50% field 
capacity) from 30 to 60 days, (iii) stressed from 0 to 30 days and optimum from 30 to 60 
days, and (iv) stressed throughout the 60 days.  Nitrogen was applied at three rates (none, 
moderate (45 kg N ha-1) and high (120 kg N ha-1)).  Plants were sampled after 30 and 60 days.  
At 60 days, leaves developed during the first 30 days were sampled separately from those 
developed between 30 and 60 days.  In the second pot experiment, we grew maize for 120 
days under five watering regimes, (i) optimum (at field capacity), (ii) stressed (50% field 
capacity), (iii) stressed (30% field capacity), (iv) optimum from 0 to 20 days, stressed (no 
water) from 20 to 35 days and optimum from 35 to 120 days, and (iv) optimum from 0 to 50 
days, stressed from 50 to 65 days (no water) and optimum from 65 to 120 days.  Nitrogen was 
applied at three rates (none, moderate (45 kg N ha-1), high (90 kg N ha-1)) in the form of urea, 
leaves from Senna siamea trees (incorporated in the soil), or in a combined way (45 N-Urea + 
45 N-Senna siamea).  Plants were harvested after 120 days and fractionated.  In the field trial 
at Sekou, Benin, we grew maize at two planting dates, and nitrogen was applied at the same 
rates and in the same way as in the second pot experiment.  In addition, treatments with 
surface applied leaves from Senna siamea as N-source were included.     
Shoot production showed a clear water-nitrogen interaction in all trials. In the first pot 
experiment, nitrogen response increased with decreasing water stress, in particular from 30 to 
60 days. Overall, a clear and significant water and nitrogen effect (p<0.0001) on the isotopic 
discrimination in maize was observed, opposite in direction from C3 plants. δ13C values 
decreased with increasing water stress, but increased with decreasing nitrogen availability, 
particularly when combined with limited water supply. In addition, water use efficiency was 
clearly correlated with δ13C values. Finally, isotopic discrimination was observed to be 
variable within the plant, and could be related to a water stress in that growth period, which 
the plant parts were developed in (Figure 1). This shows that δ13C values measured in 
different plant parts at harvest can be used as a historical account on how water availability 
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varied during the entire cropping cycle. In the second pot experiment and the field trial, 
similar tendencies were observed with regards to the water and nitrogen effect on 13C isotopic 
discrimination. More detailed analysis is in progress, and results will be shown in the 
workshop. 

 

Figure 1. The influence of N level on δ13C values of the maize at 60 days after planting in 
leaves formed over the first 30 and the last 30 days and axis (shoot without leaves), under four 
water stress environments (Pot experiment 1).  Error bars denote standard errors. 
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Wheat productivity in sandy soil as affected by plant residues, 
irrigation and nitrogen rates using nuclear techniques 
 
G.A. Sary, M. Salwaa, E.M.A. Thabet and T.M.S. El- Sherbiny 
Plant Res. Dept. Nuclear Research Center, Atomic Energy Authority, Egypt 
E-mail address of main author: thabet1948@yahoo.com 

Increasing population in Egypt is becoming a major problem for agricultural production. The 
Egyptian Government must manage to increase the land productivity quickly and at low 
coasts. The best way  to increase land productivity is the addition of organic matter to the 
sandy soils, to reduce the losses of water and fertilizers.  
The use of organic matter is considered as a good tool for maximizing soil fertility. Most of 
the farmers are interested with the effective use of crop residues and other recycled organic 
materials. The role of plant residues in modern agricultural systems has become a topic of 
major interest for the scientific research and agricultural authorities through improving water 
use efficiency. It could be concluded that  the main and most effective factor affecting soil 
fertility, especially in sandy soils, is the organic matter content. So the main objective of the 
present work is to study the impact of the application of crop residues, as a source of organic 
matter, to sandy soils, with different nitrogen and water levels, for maximizing the input use 
efficiency and as well  the output of wheat yield. 
Two field experiments were conducted at the Experimental Farm of Inshas, Nuclear  Research  
Center, Atomic Energy Authority through 1997 / 1998  and  1998 / 1999 growing seasons. 
Wheat (Triticum  aestivum  L. ) c.v.  Sakha-69 was cultivated on a sandy soil to investigate: 
1- the effect of different plant residues, i.e., corn ash and casourina leaves applied to sandy 
soils, at the  rate of  10 t Fed-1, in a circle  lines, 30 cm depth  and  60 cm apart  around the    
irrigation system (sprinkler); 2- two different irrigation levels namely, irrigation after 50 and 
70 % loss of the soil water holding capacity (SWHC) and with irrigation based on moisture 
depletion as measured by the Neutron Moisture Gauge; 3- two nitrogen rates as ammonium 
sulphate, i.e., 60 and 120 kg N /Fed, as well as the control. Nitrogen was applied in five equal 
splitting doses, starting 15 days after planting and using a fertigation technique. The third 
splitting dose was applied as 15N labelled 3.33% atom excess ammonium sulphate. The 
experiments were implemented in a split-split plot design.  
The results indicated that the application of both plant residues to a sandy soil increased wheat 
growth, as indicated by dry matter and economic yield. The application of 60 kg.N Fed-1 was 
more effective on yield than 120 kg N Fed-1, as shown by the N utilization data (Table 1). 
Also, irrigation after 50 % loss of the (SWHC) gave the best results, compared to irrigation at 
70 % loss of SWHC. 
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Table 1. Fertilizer use efficiency expressed as % N utilized, as affected by plant reasidues, 
nitrogen rates and irrigation levels. 
Irrig. 
level 

Sandy soil Sandy soil + corn ash Sandy soil + casourina 

 0 60 120 avg. 0 60 120 avg 0 60 120 avg 
 Kg N Fed-1 Kg N Fed-1 Kg N Fed-1 

W1 -- 7.2 10.0 8.6 -- 31.3 30.9 31.1 -- 32.4 31.7 32.1 
W2 -- 6.3 8.9 7.6 -- 21.7 22.3 22.0 -- 24.1 25.3 24.7 

Plant 
residue 
means 

 6.7 9.45   26.5 26.2   28.3 28.5  

             
 Nitrogen avg   Water avg.      
 0 60 120   W1 W2      
 -- 20.5 21.5   23.9 18.1      
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Use of isotopic and non-nuclear techniques to evaluate water dynamics 
in agroforestry parklands in Saponé, Burkina Faso 

 
J. Bayalaa and L.K. Hengb 
a Institut de l’Environnement et de Recherches Agricoles, INERA, Burkina Faso 
b International Atomic Energy Agency, Vienna, Austria 
E-mail address of main author: jules.bayala@coraf.org 

In sub-Saharan Africa, trees are preserved on farmed fields forming agroforestry parkland 
systems, which are dominated in West Africa by Vitellaria paradoxa C.F. Gaertn or karité 
and Parkia biglobosa (Jacq.) Benth or néré. Negative impacts of karité and néré on associated 
crops have been reported leading to a reduction of crop production. Amongst the reasons of 
such reduction is the competition for nutrients and water. However, through limitation of soil 
evaporation and Hydraulic Lift (HL) there might also be facilitation with higher growth and 
better water status of understorey plants in some circumstances (dry climatic zones, poor 
rainy seasons).  
The present study was carried out in the parklands of Saponé, Burkina Faso. Six mature trees 
of karité and six of néré were selected with a special attention for the crown size. Three trees 
of each species were completely pruned and the other three served as controls. Before 
pruning, the area around each tree was subdivided into four concentric tree influence zones: 0 
to 2 m from the trunk (zone A); from 2 m to half diameter of the crown (zone B), from half 
diameter to the edge of the crown (zone C), from the edge of the crown to 3 m outside of the 
crown (zone D).  
Thus we (1) characterized the wetting profile under which trees (karité and néré) and 
associated crops were growing by monitoring soil water; (2) investigated HL in the same tree 
species in agroforestry parklands of dry savannas in West Africa. We monitored soil water 
using Diviner 2000, soil water potential (ψs) using Psychrometers and the source of water 
used by trees and crops by measuring the stable isotopic ratio of plant and source waters. The 
present article is presenting the results of all these investigations. 
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Influence of rhizobial and mycorrhizal symbioses on growth, 
nodulation and chemical composition of Acacia auriculiformis and 
Acacia mangium in salt stress conditions 
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E-mail address of main author: diegane.diouf@ird.sn 
In arid and semi-arid regions soil salinity is a problem  of grave concern because it adversely 
affects growth, establishment and prodcutivity of plants  in arid zone. A lot of rehabilitation 
programs have been attempted to restore sustainable ecosystems using Acacia species on the 
account of their positive impacts on environmental protection and in the local economies of 
dry and semi-arid tropical Africa [1]. 
Research was undertaken in grenhouse conditions on soils in Senegal in order to compare the 
effectiveness of controlled inocualtions with Bradyhizobium strains, AM fungi (Glomus 
intraradices) and one fungal strain of Pisolithus albus alone and in combination on growth 
and nutrient uptake of A. auriculiformis and A. mangium plants under a wide range of salinity 
conditions. 
Application of three NaCl concentrations (0, 0.05 and 0.1 mol L-1) started three weeks after 
inoculation to allow time for the symbioses to develop. All pots, nine replications per 
inoculation treatment, were watered to excess with approximately 250 mL d-1. The electrical 
conductivity of the leachate from representative pots was monitored regularly to ascertain 
actual NaCl concentrations within the rooting medium and pots were flushed weekly with 
deonised water to avoid any increase in salt concentrations, then immediately watered with 
the designated treatment solution. 
The dry weigth of both species decreased with increasing NaCl concentrations as compared 
with the controls but the effect of salt was more inhibitory on non-inoculated plants (Figure 
1). For inoculated seedlings, the reduction of aerial dry weigth in A. auriculiformis was less 
than that of A. mangium. For A. auriculiformis, all inoculation treatments clearly improved 
the biomass production of salt-treated seedlings. Inoculation with the three symbiots 
Bradyrhizobium, Glomus intraradices and Pisolithus albus (RVaEc) enhanced total biomass 
production further than other treatments. At 100 mM NaCl the aerial biomass was increased 
to 112% of the control, for plants inoculated with the three symbiots Bradyrhizobium, Glomus 
intraradices and Pisolithus albus (RVaEc).  
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Analysis of N, P and K content clearly showed that salinity induced changes in tissue 
concentrations of these elements in plants shoots. NaCl treatment induced an increase in leaf 
total N content. Total N content of the aerial parts was significantly greater for seedlings with 
triple incoculation (RVaEc). In this treatment, total N content increased 2.2 to 2.7-fold 
compared to the non-inoculated control seedlings for A. auriculiformis and A. mangium 
respectively. The highest P contents were found in plants inoculated with endomycorrhizas 
and significant interactions were recorded between inoculation and NaCl treatments. 
Proline, which is considered to have an osmoprotective role was detected in all plants. A. 
auriculiformis had the greatest proline concentration. In the present study, results indicate a 
positive correlation between the ability to accumulate proline and salinity stress tolerance for 
A. auriculiformis seedlings and not for A. mangium. 
In conclusion, salinity negatively affected the mycorrhizal and rhizobial symbiosis on A. 
mangium and A. auriculiformis seedlings in nursery conditions on non-sterile soil. However, 
the reduction of growth and physiological deterioration of the Acacia species induced by 
applied saline, were moderated by the presence of the microsymbionts. Plant growth, 
nodulation and mineral content were all significantly increased when both symbionts was 
inoculated together. This positive effect of multiple inoculation could be exploited in 
afforestation programs on degraded land to help decrease transplant mortality which is 
commonly observed during forest plantation establishment. 
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Figure 1. Effect of microbial inoculation and salt stress on growth of Acacia auriculiformis 
(A) and A. mangium (B) seedlings inoculated with Bradyrhizobium and/or mycorrhizal fungi 
and grown on unsterile soil for 4 months whilst exposed to a range of salt concentrations in 
the rooting medium (0, 50 and 100 mM). non-inoculated control (C); inoculated with 
Bradyrhizobium (R); inoculated with Glomus intraradices (Va); inoculated with Pisolithus 
albus (Ec); inoculated with Bradyrhizobium and Glomus intraradices (RVa); inoculated with 
Bradyrhizobium and Pisolithus albus (REc); inoculated with both Bradyrhizobium, Glomus 
intraradices and Pisolithus albus (RVaEc)  
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Use of fallout radionuclides to investigate soil erosion on agricultural 
fields in Morroco   

 
 M. Benmansoura, A. Nouiraa, H. Bouksirateb, A. Benkdada, M. Ibn Majaha 

a Centre National de l'Energie, des Sciences et des Techniques Nucléaires (CNESTEN), 
Rabat, Morocco 
b Institut National de la Recherche Agronomique (INRA), Rabat, Morocco 
E-mail address of main author: benmansour@cnesten.org.ma 

Soil erosion is a major environmental threat to the sustainability and productive capacity of 
agriculture in Morocco and causes a weighty economical loss for the country. Reliable data 
about soil erosion are  essential in order to evaluate the severity of  the problem and to 
optimize strategies for sustainable crop production.  
The radioactive  tracers  constitute an excellent tool in  soil erosion  investigations  and 
possess many  advantages compared to the traditional methods [1]. The aim of this study, 
under the contract research project - CRP D1.50.08 - supported by IAEA/FAO, is the use of 
environmental radionuclides; 137Cs, excess 210Pb (210Pbex) and 7Be; to estimate the soil 
erosion, over spatial and time scales, in one agricultural site “Merchouh” located in the 
“Bouregrag'” basin at 60 km south east of Rabat, and to assess  the effectiveness of soil 
conservation methods. Experimental plots have been installed in the study field and the “no-
till” practice with cereals has been used as soil conservation technique. The mean annual 
precipitation is about 405 mm, with high rainfall from  December to March period. The mean 
temperature is ranged between 10 and 23°C. The altitude is about  350 to 400 m. The mean 
slope and the length of the field are about 17 % and 100 m respectively .  
Fallout 137Cs  and 210Pbex allowed to obtain a retrospective assessment of long- term ( 45 and 
100 yr respectively) rates of soil redistribution while 7Be with short half-life (~53 days), was 
used to document short-term of soil erosion associated with individual event or short period. 
Thus, 7Be permitted to assess erosion on experimental plots under conventional cultivation 
and “no till” practices. Estimates of rates loss of erosion or deposition were derived from 
measurements of loss or gain in the radionuclide inventory relative to the local reference level 
that represents the radionuclide amount  at a stable site.  
Sampling campaigns were carried out by collecting, along several transects, both bulk soil 
cores and sectioned cores to measure 137Cs, 210Pbex and 7Be inventories  and to obtain their 
vertical distributions. Activities were measured by gamma spectrometry using 30% high -
resolution coaxial HPGe detectors . The 137Cs and 210Pbex profiles show a sharp declines of the 
radionuclide concentrations with depth for reference site, and uniform concentrations through 
the plough layer for the cultivated site. Due to its short half-life, 7Be concentration is found in 
the upper layers of the soil surface (< 5 mm) and declines exponentially with depth. 137Cs,  
210Pbex and 7Be reference inventories were found about 1444 Bq m-2, 4144 Bq m-2 and 120 Bq 
m-2 respectively. Eroding (A< Aref) and depositional areas (A < Aref)  were identified.    
Mass balance models for 137Cs [2], 210Pbex [3] and a simple model for 7Be [4] were used to 
estimate the soil erosion or deposition rates. In eroded area, the mean erosion rate obtained 
from 137Cs measurements is about 1.8 kg m-2 yr-1 (18 t ha-1 yr-1) while in the depositional area,  
the mean deposition rate is estimated to be 0.7 kg m-2 yr-1. The net erosion in the entire field 
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was found about 1.1 kg m-2 yr-1. In spite of the poor precision in the measurements provided 
by 210Pb, the results are comparable to those obtained by 137Cs technique (Table 1). 
From 7Be measurements, the  mean  erosion rate  related to a short event of heavy rainfall 
occurred in March 2004 period rainfall and obtained for the soil areas under  the “no-till” 
technique is estimated to be 1.2 kg m-2 while the net erosion rate is about  0.3 kg m-2. These 
values are lower than those obtained for the experimental plots under conventional cultivation 
whose the mean and net erosion rates were found about 1.6 and 0.8 kg m-2 respectively (Table 
1). It means that the “no-till” technique minimizes soil loss comparing to the traditional 
technique .   
The  preliminary investigation of the soil loss in the study field using environmental 
radionuclides; 7Be, 137Cs, and 210Pbex has demonstrated the potential of these methods to 
determine both short – and long term rates of soil erosion and deposition. Comparison of the 
results obtained from  7Be  and from 137Cs and 210Pbex measurements allowed to observe the 
difference between the short- and long term radionuclide methods and to understand the role 
of  the use of a new soil conservation method for  a sustainable crop production.  

Table 1. Rates of soil redistribution in “Merchouch” field from different fallout 
radionuclides. 

Measure from 137Cs from 210Pbex from 7Be 
   N.T.(1) C.C.(2) 

Mean erosion rate (kg m-2 yr-1) -1.8 -2.1 1.2 1.6 
Mean deposition rate (kg m-2 yr-1) 0.7 1.2 0.7 1.3 
Net soil erosion (kg m-2 yr-1) 1.1 0.7 0.3 0.8 
(1) No-tillage cultivation; (2) Conventional cultivation 
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