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1. INTRODUCTION 

In developing countries low soil resources and fragile soils are the major limitation 
to crop production. This project addresses two of the most common and serious soil 
limitations to agricultural productivity in the developing world, i.e., low soil moisture and 
low soil nutrients, especially phosphorus and nitrogen. For economic reasons, these 
problems can rarely be solved in developing countries by expensive soil inputs. A more 
effective approach would be to identify genotypes (of commonly used species) which are 
highly effective in the use of the soil resources for plant productivity and to integrate these 
with minimum inputs of fertilizers where necessary. Relatively simple isotope and nuclear 
related methods are extremely important in identifying such efficient genotypes. 

The project focused on Africa (but not necessarily exclusively) and on food crops as 
well as on fuel wood trees. Many African countries are in a fuel wood crisis which will get 
worse. Integrating fuelwood trees into agricultural/pastoral practices will not only help 
alleviate this crisis in the agricultural community but will form a component part in 
stabilizing fragile soils against erosion and desertification. 

The project was primarily institution building in nature and provided training, 
equipment and expert services to participating institutes and through these direct recipients, 
the project aimed at reaching the target beneficiaries who are basically farmers and other 
agriculturalists. The final goal was to develop agricultural practices that would contribute 
to increasing and sustaining crop productivity in soils of low water and low phosphate levels. 

2. BACKGROUND OF THE PROGRAMME 

Population growth has overtaken food production in 35 out of 44 sub-Saharan 
countries and by the year 2000, the per capita arable land will be reduced by nearly one half. 
Food and fuelwood production must be increased and sustained against a background of 
limiting resources, indeed a background of reducing soil nutrients. Some 65% of tropical 
soils are fragile. Because of intensive cropping, shorter fallow periods and the removal of 
nutrients in the produce, yields are often reduced to one third within one to two years. 

In Africa, semi-arid soils with an average rainfall of 400 to 600 mm rain and dry 
sub-humid soils (rainfall 600-1000 mm) occupy some 30 percent of the land surface and 
much of these soils are in relatively highly populated areas. They are always at risk of water 
deficit for crop production. In drier areas, overgrazing (and harvesting of trees for 
fuelwood) has been a major factor responsible for reduced productivity, increased soil 
erosion and desertification. Recent reports indicate that desertification occurs at a rate of 6 
million ha per annum. Together with this, large parts of the developing world have acute 
deficiencies of fuelwood, a major source of energy and largely irreplaceable by other 
sources. This serious situation win increase, and World Bank figures suggest that by the 
year 2000, approximately 3 million people will be living in areas where fuelwood is acutely 
scarce or has to be obtained from elsewhere. 

Phosphorus, an essential element for plant growth, is grossly deficient in more than 
60 % of African soils. Many soils also fix phosphorus in forms unavailable to plants. 
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AFRICAN COUNTRIES PARTICIPATED IN THE PROGRAMME 

Egypt, Kenya, Ghana, Morocco, Nigeria, Senegal, Sierra Leone, 
Sudan, Tanzania, Tunisia and Zaire 
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Extensive, particularly in the humid areas, are the soils of tropical lowlands, with their 
associated problems of acidity, low nutrient retention capacity, aluminium toxicity, and low 
initial phosphate and potassium contents. Little response is obtained to small applications so 
that massive basal doses may be required to permit plants to benefit. Addition of 
superphosphate fertilizers is one answer to the problem but this is often beyond the reach of 
small farmers. In such situations the efficiency and sustainability of yield depends on having 
cultivars yielding well on low soil resources (e.g. low soil phosphate) and using small 
amounts of added fertilizer (where necessary and where possible) with maximum 
effectiveness. 

Differences between plant genotypes (or cultivars) within a species has been 
demonstrated frequently with regard to soil water use and uptake of several nutrients. This 
project aims at finding plants that would fit into the existing soil conditions rather than to 
tailor the soil to suit the plants. 

3. SCIENTIFIC BASIS 

Both with respect to water and nutrients, a sharp distinction must be drawn between 
(i) acquisition of the resources and (ii) effective use of the resources after absorption. The 
first parameter (acquisition of the resource) is very much a matter of root properties, (growth 
driven by photosynthesis), root distribution in space and time, and root absorptive properties. 
The second parameter (use of the absorbed resource) is determined by the plant's physiology. 
Frequently, this important distinction is ignored and the net result has been lumped as water 
use efficiency (yield as a function of water use) or as nutrient use efficiency (yield as a 
function of nutrient content). 

(i) Water Use Efficiency 

a) Acquisition 

In many semi-arid regions, deep percolation is a significant component of the water 
balance and water frequently remains in the soil profile at the end of crop growth. For 
example, during the monsoon season at ICRISAT up to 10% of rainfall may be lost as 
drainage (depending on the amount and distribution of rainfall, ICRISAT, 1978) and 
substantial amounts of water may remain in the soil profile after harvest of the monsoon 
season crop. These reserves of water might be exploited in two ways. First, by effectively 
extending the period of growth by planting another crop that extends the period of water 
extraction. This is achieved by relay cropping, intercropping and agroforestry although there 
are few published examples quantifying the amounts of water utilized by each component of 
these typically mixed cropping systems. The secOnd way is to have plants with deep root 
systems. Many trees of savanna regions have deep root systems that allow the exploitation 
of deep water reserves during the season. 

In crop plants, greater rooting density and deeper rooting depths would increase the 
amount of soil water that is extractable. Variation in rooting depth is known for several 
species including millet, sorghum and rice so that improvements in root systems might be 
possible. However, in cereals most of this additional rooting would have to be achieved 
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before anthesis after which carbohydrates are primarily used to fill the grain. 

There are several examples in the literature of genotypic differences within species 
in water uptake. Significant differences have been demonstrated between upland rice 
varieties in the removal of soil water from subsoil, as a function of rooting concentration at 
depths. Studies with 53 cultivars of sunflower, have shown that late season cultivars could 
extract water to 270 cm but short season cultivars (potentially lower yielding) used water to 
only 180 cm. Genotypic differences in the rate of root production will affect the rate of soil 
water use and its efficiency in productivity. 

Quantitative genetic differences occur within tree species in their rooting habits and 
this would be expected to be important not only for growth of the species itself but also in 
its compatibility with associated crop plants, especially with regard to the surface 50 cm, 
where the majority of roots of crops are to be found. 

b) Use of Absorbed Water 

Genotypic differences within species in factors with a direct bearing on water loss 
from plants have been described for a number of plants of economic importance. Such 
observations are usually on numbers of stomata or stomatal behaviour, expressed in various 
ways, but these have often not been studied for their impacts on productivity. That is, large 
genotypic differences in water use (and water loss) almost certainly exist. 

A recent development (Farquhar and Richards, 1984) is that water use efficiency 
between genotypes of wheat plants (C-3 type plants) was correlated with 13C/I4C ratios of the 
plant carbon. The basis of this is physiological. Although factors such as nutrition affect 
water use efficiency, a more intensive study of 13C/14C ratios may be an extremely important 
way to screen several genotypes of plant species of interest to developing countries for water 
use efficiency. More study of this promising approach is certainly needed and this is of 
particular interest to the Joint FAO/IAEA Division. Several studies have now been 
conducted through this programme to test the hypothesis using nuclear techniques, the results 
of which are reported elsewhere (see section 5. (v)) in this report. 

(ii) Nutrient use efficiency 

As for water, the effective use of soil resources for productivity is dependent on 
nutrient acquisition and on efficiency of use of that acquired nutrient. 

Several nutrient/soil conditions are of particular interest in tropical soils, especially 
nitrogen deficiency, phosphate deficiency, high soil acidity and aluminium toxicity. Large 
genotypic differences within species have been shown with respect to each of these. There 
are some examples which illustrate genotypes differences (%) in concentrations of nutrients 
in maize (36%), soybean (18%), oat (75%) and sorghum (56%). Although the projected 
studies in this CRP focus on phosphate, where appropriate studies will include efficiency of 
nitrogen uptake, but principally nitrogen studies will focus on nitrogen fixation by legumes. 

A good deal of the work on varietal differences in phosphorus nutrition has not 
satisfactorily established whether the causal effect is basically metabolic or whether it is due 



6 

to differences in size and type of roots and rooting patterns. This applies to many elements 
but it is particularly relevant to P where root interception and contact, plus diffusion, are the 
important mechanisms of supply. It has been found that the P efficiency is directly related 
to the high ratio of secondary to primary roots. In perennial ryegrass, uptake of "P by 
branched roots can be as much as 30 % greater than by unbranched roots. Other reports 
indicate that P-acquisition in maize can be increased by development and selection of hybrids 
with more fibrous root systems. 

Investigations of root systems as a contributory factor in varietal differences in 
nutritional response have not received as much attention as their importance warrants, 
although an extensive rooting system can be valuable to take advantage of the largest possible 
volume of soil both for nutrients and water. This emphasizes the importance of root systems 
and the opportunity for genetic selection for increased phosphate uptake. There are also 
large genotypes differences in phosphate physiology and the transformation of phosphate 
absorbed into yield. 

Mycorrhizal symbioses have been shown to increase phosphate absorption from soil 
considerably. However, the practical introduction of mycorrhizal fungi into crop plants is 
a long way off because the fungus cannot be grown in laboratory media and cannot be 
produced on plants in large enough quantity for large scale inoculation. Therefore, 
involvement of scientists in developing countries in mycorrhiza programmes for crop plants 
is not advisable. However, because of the ability to manipulate inoculum in nurseries 
providing trees for planting, this may well be a rewarding and important subsidiary area of 
research in tree studies with large practical impact. Increased uptake of phosphate from low 
P soils, by selection of plant root genotypes (or mycorrhiza) win greatly increase nitrogen 
fixed by trees or grain legumes. 

4. PROJECT OBJECTIVES 

(i) Overall Objectives 

a) The primary objective was to make a substantial contribution to increase productivity 
of food crops and of fuelwood with minimum (expensive) inputs in a framework of 
sustainable integrated farming systems. The approach in this project is to identify 
genotypes of important economic crop and tree species to optimize production in 
lower rainfall areas and in low soil phosphate areas with minimum (if any) input, and 
to identify the plant factors which breeders should be selecting for. 

b) A second objective was to commence and encourage studies on tree species which, 
in semi-arid areas particularly, will stabilize soil against erosion and desertification. 

c) The third objective was to assist in institutional building through provision of training, 
equipment and expert services to research groups in recipient countries (direct 
recipients) to develop expertise to the stage where they can effectively pursue studies 
for optimizing soil productivity. 
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d) The fourth objective was to assist the target beneficiaries (farmers and other 
agriculturists), through the direct recipients, in their efforts to increase the 
socioeconomic levels to the benefit of the nation and region as production of foods 
and other products increase. 

(ii) Operational modes 

In order to attain the objectives above: 

a) Support to national institutions - The project selected groups (see list of participants) 
in national research institutes and universities which have a good background and 
infrastructure capable of developing effective research in the topics of the 
investigation. In some countries the project called for collaboration between basic 
research groups and more applied groups leading to stronger national collaboration, 
a phenomena not well developed in many countries. 

b) The major focus was on crop plants (cereals and legumes) and on fuelwood trees of 
acceptance to the farming community and with potential to produce on low moisture 
and/or low phosphate soils. The main target areas were semi-arid and dry sub-humid 
and humid so"s both for water use efficiency and phosphate use efficiency studies. 
The major focus was on Africa, but this did not exclude able groups in other regions. 
For instance, Asia and the Pacific region was included through the participation of 
Viet Nam. 

(iii) Regional Co-operation 

An important by-product of the studies was the enhancement of regional and 
interregional activities in this area of research and strengthening regional cooperation. 
The vehicle for strengthening regional cooperation was the uniform methodology and 
research strategy that was employed in this Co-ordinated Research Programme and the 
frequent exchange of results via the Research Coordination Meetings (see section on RCM's 
for more details). In these activities the Joint FAO/IAEA Division and associated scientists 
from developed countries formed effective catalysts. 

5. PLAN OF WORK 

(i) General Approach 

This project was operated as a Coordinated Research Programme (CRP), developed 
around well defined research and development topics on which soil/plant research institutes 
and universities collaborated with the staff of the Soil Fertility, Irrigation and Crop 
Production Section of the Joint FAO/IAEA Division and the Soils Unit of the IAEA 
Laboratory. A CRP was formed from research teams from an average of 10-12 countries 
and comprised of contract holders and agreement holders. The programme lasted 5 years 
from October 1989 to October 1994. The Joint FAO/IAEA Division of Nuclear Techniques 
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in Food and Agriculture currently runs some 40 odd CRP's of this nature, each devoted to 
address particular problems which need to be solved to improve the yield or quality of the 
food produced from crops or to develop sustainable agricultural practices for feeding the 
human populations in developing countries. Isotope and Nuclear Techniques form a common 
denominator in all these programmes. 

(ii) Research Contracts and Research Agreements 

On the basis of technically-sound proposals, collaborating national institutes were 
awarded Research Contracts for an initial period of 1 year. These contracts were renewed 
annually for a total period of 5 years subject to satisfactory progress. Some contracts, 
however, were terminated prematurely due to various reasons. Research Contracts provided 
modest (US$ 6000 per annum) financial support to follow an agreed work plan, and were 
awarded on a cost-sharing basis, i.e., the institutes concerned also provided support to 
achieve the project's objectives. 

In addition to Research Contracts, Research Agreements were awarded to research 
institutes (in developed countries) with special expertise in aspects of the programme not 
covered in-depth by the contractors or the IAEA staff. Research Agreements did not provide 
financial support but agreement holders participated in exchange of information and were 
invited to attend Research Coordination Meetings to assist contract holders in preparing work 
plans, solving methodological problems, analysing data, etc. Agreement holders were 
selected on the basis of their technical ability and preeminence in the respective areas of 
study. 

(iii) Research Coordination Meetings 

Four Research Coordination Meetings (RCM's) were held, one each at the beginning 
and the end of the programme and two inbetween. Such meetings had the effect of 
encouraging close contact and provided a forum for information exchange between the 
scientists and institutes involved, as well as providing a uniform approach both to the 
development and the practical utilization of appropriate techniques. 

(a) First Research Co-ordination Meeting - IAEA Headquarters, Vienna, Austria, 
16-25 October 1989. 
Scientific Secretary: Saliya Kumarasinghe. 

Seven contract holders from Kenya (D. Nyamai), Nigeria (N. Afolabi), Sierra Leone 
(D. Amara), Sudan (A. Mustafa), Tanzania (L. Lulandala), Tunisia (M. Mechergui) and 
Zaire (R. Masozera) and three agreement holders from Sweden (K. Johanson and P. 
Hogberg) and France (G. Vachaud) participated in this inaugural meeting. Two main core 
experiments were planned (a) to screen for genotypes with a high phosphate use efficiency 
and (b) to screen for high water use efficiency. The participants were requested to complete 
these preliminary screening studies before the next Research Coordination Meeting. 
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The meeting was followed by a Workshop on the use of isotope and Nuclear 
Techniques in Studies in Soil/Plant studies conducted at the IAEA Laboratories in 
Seibersdorf, Austria. The staff of the Soil Fertility, Irrigation and Crop Production Section 
(Drs. G.D. Bowen, S.K.A. Danso, C. Kirda and K.S. Kumarasinghe) and the Soils Unit 
of the Seibersdorf Laboratory (Drs. F. Zapata, G. Hardarson and Ms. H. Axmann) assisted 
in this workshop. 

(b) Second Research Coordination Meeting - Kenya Forestry Research 
Institute, Nairobi, Kenya, 18-22 March 1991. 
Scientific Secretary: Saliya Kumarasinghe 
Local Organizer: Daniel Nyamai. 

This meeting was attended by contractors from Ghana (I. Ofori), Kenya (D. 
Nyamai), Morocco (M. Bazza). Nigeria (B.A. Ogunbodede substituting for N. Afolabi), 
Sierra Leone (D. Amara), and Tunisia (M. Mechergui) and agreement holders from 
Germany (W. Horst), New Zealand (A. Haystead), Nigeria (N. Sanginga), and Sweden (K. 
Johanson and P. Hogberg). 

The preliminary results indicated that there is considerable genotypic variation in 
water and P use efficiency of the crops tested. The elite cultivars were then selected for 
detailed studies aimed at finding reasons, both physiological and morphological, for their 
superiority in water and P use efficiency. 

(c) Third Research Co-ordination Meeting - Institut National Agronomique De 
Tunis, Tunis, Tunisia, 5-9 October 1992. 
Scientific Secretary: Saliya Kumarasinghe 
Local Organizer: M. Mechergui 

(iv) Some excerpts from presented reports: 

MOROCCO 
M. Bazza 
Institute Agronomique et Veterinaire Hassan II 
Rabat 

Twenty-four genotypes of wheat were tested under field conditions with and without 
P addition and with and without irrigation. The soil moisture content was monitored with 
a neutron probe. The results show that the genotypes in which the water use efficiency was 
high under irrigated conditions were not necessarily the same under non-irrigated conditions. 
High straw dry matter yield was not always correlated with high grain yield and therefore 
selection for maximum grain or straw yield was considered separately. The genotypes Massa 
and Sarif have been identified as superior in grain water use efficiency, genotypes - Zeramek 
as superior in straw water use efficiency, and the genotypes Kyperouada and Saada as 
superior in both grain and straw water use efficiency. These genotypes will now be used in 
follow-up detailed studies. Plant samples have also been analyzed to examine the correction 
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between 13c/12c discrimination and water use efficiency and these results will be reported 
later. Fig. I shows the range in genotypic differences in water use efficiency in the wheat 
cultivars in this experiment. 

NIGERIA 
B.A. Ogunbodede (for N. Afolabi) 
Institute of Agricultural Research and Training 
Obafemi Awolowo University, lbadan 

Twenty-six genotypes of cowpea with varying yield capacities and local acceptance 
have been tested for P use efficiency under low P (below 5 ppm) and high P (50 kg P205/ha) 
conditions. The experiment has been established in Illorin in the typical cowpea growing 
region of nothern Nigeria. The plant samples are now being analyzed. 

SIERRA LEONE 
D. Amara 
University of Sierra Leone 
Freetown 

Eleven genotypes of cowpea and twenty-one of maize were screened for high 
phosphorus use efficiency (PUE) at two levels of phosphorus (P-1 = 0 kg P/ha and P-2 = 
15 kg P/ha) on the Njala soil series in Sierra Leone. The range in genotypic differences in 
phosphate use efficiency in cowpea are shown Fig. 2. The higher P level is the recommended 
rate for both crops. For cowpea genotypes, grain yield ranged from 135-455 kg/ha (P-l) and 
232-455 kg/ha (P-2); dry matter yield ranged from 144-350 kg/ha (P- 1) and 13 8-435 kg/ha 
P-2); phosphorus yield ranged from 0. 17-0.52 kg/ha (P-l) and 0.24-0.83 kg/ha (P-2). 
Phosphorus use efficiency ranged from 101-236 kg dry matter/kg P (P-l) and 70-243 kg dry 
matter/kg P (P-2). These results indicate that there are significant genotypic differences at 
both P levels and for all the parameters evaluated. For maize genotypes, phosphorus use 
efficiency ranged from 0.42-2. tons dry matter/kg P (P-l) and 0.46-1.94 tons dry matter/kg 
P (P-2). For all the parameters measured, there were genotypic differences at each P level 
but most of the genotypes did not respond to P application. It is therefore probable that the 
P status of the soil used is adequate for maize production. 

TUNISIA 
M. Mechergui 
Institute National Agronomique de Tunis 
Tunis 

Durum wheat is an important cereal in Tunisia. Sixteen durum wheat cultivars were 
tested for water use efficiency under irrigated and non-irrigated conditions. Total water use 
efficiency ranged from 23-54 kg/ha. mm and the grain water use efficiency ranged from 4-18 
kg/ha.mm (Fig. 3). The cultivars Mahoundi, 122 Chen 11511/altar 84, Hamira AC1, 
Razzak and Briskri glabre RP2 have been found to be superior in total water use efficiency 
while the cultivars Hamira AC 1 and Razzak were superior in grain water use efficiency. 
The superior cultivars will now be used in follow-up studies. Plant samples have also been 
analyzed to investigate the correlation between 13C/14C discrimination and water use 
efficiency. 
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SWEDEN 
P. Hogberg 
Swedish University of Agricultural Sciences 
Umea 

In a preliminary study, the nitrogenase activity (acetylene reduction activity, ARA) 
was measured in intact potted seedlings of Acacia albida, Leucaena leucocephala and 
Prosopis chilensis during a single drying and rewetting cycle. In general ARA declined to 
zero within 2-6 days. However, the ARA recovered in P. chilensis, despite a water potential 
of -4.9 Mpa, as compared to -1.8 and -2.4 MPa in A. albida and L. leucocephala, 
respectively. In a larger but not yet completed study, a slower drying is used on A. albida, 
L. leucocephala and Casuarina equisitifolia. The ARA is measured and compared with data 
on N dilution. So far only ARA data are available and they show that a zero ARA was 
reached after 23-28 days of drying. 

SWEDEN 
E. Haak 
Swedish University of Agricultural Sciences 
Uppsala 

Two tracer methods, one involving soil injection and the other on plant injection were 
presented. The soil injection method consists of homogeneously labelling the plough layer 
with a tracer, radioactive or stable, in a standard treatment without connection with the 
subsoil, and in an experimental treatment where the subsoil is freely available for root 
penetration. By comparing the specific activities or isotopic ratios in shoot samples of both 
treatments, the integrated nutrient uptake from the plough layer and subsoil can be quantified 
in the experimental treatment at any desired growth stage. The plant injection method 
consists of injecting a small volume of a 75Se solution at the stem base of the plant, allowing 
for distribution within the root system, and recording the radioactivity by a gamma probe 
lowered to desired depths in the soil. A direct correlation between the measured activity and 
the root bioactivity is assumed to exist. In the field work, a direct scanning of the 75Se 
activity is performed by means of a digital depth control unit. The dimension of the probe 
can be fit to allow for simultaneous measurement of water content in the soil profile by 
neutron moisture meter. 

GERMANY 
W. Horst 
University of Hannover 
Hannover 

In an attempt to evaluate whether breeding and selection for high yielding capacity 
did change the phosphate (P) requirement of modem wheat varieties, the response of two 
wheat varieties towards different levels of P supply was investigated. A low yielding 
traditional variety ("Peragis") with long stems, and high yielding modem short variety 
("Cosir") were cultivated at two P levels in pot culture until maturity. At low P supply, 
plant development was retarded. Grain yield at suboptimum P supply was reduced mainly 
because of lower number of tillers/pot. Number of grains/ear and 100 grain weight was 
hardly affected. The relative reduction of dry matter accumulation at low P supply was 
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comparable for both varieties. However, the grain yield of the modem variety was much 
higher than that of the traditional variety. The modem wheat variety, therefore, can be 
considered as more efficient in the utilization of the P supply. 

It is concluded that the main factors contributing to the higher P efficiency of the 
modem variety are (i) efficient P uptake by small root diameter and longer root hairs, (ii) 
efficient remobilization of P from vegetative plant organs to the grains, and (iii) lower P 
requirement for grain yield formation. 

NIGERIA 
N. Sanginga 
International Institute of Tropical Agriculture (IITA) 
lbadan 

Several provenances of Gliricidia, Leucaena and Prosopis are being tested in the field 
for nitrogen fixation and P use efficiency. Preliminary results indicate that there is 
considerable genetic diversity in the above parameters. Plant samples have also been 
analyzed for "C/"C discrimination, to examine if there are variations. 

(d) Final Research Co-ordination Meeting of the FAO/IAEA/SIDA Co-ordinated 
Research Programme on The Use of Isotopic Studies on Increasing and 
Stabilizing Plant Productivity in Low Phosphate and Semi-arid and Sub-humid 
Soils of the Tropics and Sub-tropics . 
10 -14 October, 1994, Vienna, Austria 
Scientific Secretary: Saliya Kumarasinghe 

This final meeting brought together all the contarctors and agreement holders of this 
CRP from Egypt, Germany, Kenya, Morocco, New Zealand, Nigeria, Sierra Leone, Sudan, 
Sweden, Tunisia and Viet Nam where the final reports of this five year programme were 
presented. The reports highlighted the findings with respect to genotypic differences 
phosphate and water use efficiency of some food crops as well as tree species. 

Excerpts from presented reports: 

EGYPT 
M. Abdou 
Department of Soil and Water 
Faculty of Agriculture 
Suez Canal University, Ismailia 

In an attempt to evaluate whether breeding and selection for high yielding capacity 
did change the P requirement of modern wheat cultivars, the response of two wheat cultivars 
to different levels of P supply was investigated. A fractional cultivar ('Peragis') and a 
modern cultivar ('Cosir') were cultivated in a C-loess low in available P and high in CaCo3 

in 120cm high PVC tubes. In addition, and for comparison, nutrient solution experiments 
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were conducted. Shoot growth, root growth, P uptake, P translocation and P distribution, 
within the shoot at different developmental stages were compared. 

The grain yield of the modern cultivar 'Cosir' was high at limiting and non-limiting 
P supply and, therefore, this cultivar can be considered as more P-efficient than the 
traditional cultivar. Grain yield reduction at low P supply was mainly due to an inhibition 
of tillering and thus lower number of ears per plant, whereas the number of grains per ear 
were hardly affected. Reduced tillering at low P supply could not be related to P 
concentrations in the shoot meristematic tissues which were generally much higher than in 
other plant tissues and kept at an elevated level even at limiting P supply. Also root 
branching (1. order laterals) was reduced at limiting P supply in 'Cosir' but not in 'Peragis' 
which, generally, had lower numbers of laterals at the beginning of tillering. 

From the results, it can be concluded that the main factors contributing to the higher 
P efficiency of the modern cultivar 'Cosir' are; (i) efficient use of assimilates for root-
growth characteristics which enhance P acquisition: enhanced root branching and thus smaller 
mean root diameter and longer root hairs; (ii) efficient P uptake system; (iii) efficient 
remobilization of P from vegetative plant organs to the grains, and most important; (iv) 
lower P requirement for grain yield formation because of lower ear number per plant but 
higher grain number per ear. 

GERMANY 
WJ. Horst, F. Wiesler 
Institute for Plant Nutrition 
University of Hannover 
Herrenhauser Strafle 2 
D-30419 Hannover 

The modern wheat cultivar "Cosir" can be considered as more efficient in the 
utilization of the P supply of the soil than the traditional cultivar "Peragis". 3 factors 
contribute to the high P efficiency of "Cosir"; (i) efficient P uptake system; (ii) efficient P 
uptake through smaller root diameter and longer root hairs and (iii) more efficient internal 
use of P for grain yield formation. However, the most important characteristic confering P 
efficiency to "Cosir", appeared to be yield structure. The cultivar "Peragis" appeared to be 
more sensitive to low P supply because of the yield component number of ears/area which 
is reduced most sensitively at limiting P supply, is more important than for "Cosir" with its 
much higher grain number per ear. 

In a nutrient solution experiment the higher P uptake efficiency of cultivar "Cosir" 
and its lower sensitivity of tiller formation at liming P supply could be confirmed. P is 
preferentially transported into the merestematic tissue in the basal stem section and P 
concentration in this tissue is much less affected by P supply than in other plant organs. 
Reduced tiller formation can not be explained on the basis of reduced P concentrations in the 
merestematic tissue. 

Cultivar "Cosir" produced much higher numbers of first order laterals than "Peragis". 
In agreement with lower tiller formation, the number of laterals was clearly reduced at low 
P supply in "Cosir". However, lateral root formation could not, consistently, explain the 
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differences in tiller formation between all P supplies and especially between the cultivars. 

In a pot experiment with low P soil, cultivar "Cosir" responded in grain yield more 
to increasing P supply than a "uniculm" cultivar from Australia. This confirms the high 
sensitivity of the yield component number of ears per plant to low P supply. 

KENYA 
D. O. Nyamai 
Agroforestry Research Programme 
Kenya Forestry Research Institute (KEFRI) 
P. O. Box 20412 
Nairobi 

Acacia tortilis, Prosopis juliflora and Casuarina equisetifolia provenances were 
screened to determine their potential for adaptability under P limiting conditions as a strategy 
to exploit genotypic differences interms of utilization and uptake efficiencies. The experiment 
was conducted in the greenhouse at the Kenya Forestry Research Institute using soils taken 
from the field which are critically low in available P. The experimental treatments comprised 
of P application at 0 and 60 Kg P205/ha for 11 provenances of Acacia, 6 Prosopis and 4 
Casuarina spp. Trait for adaptability to P deficiency was determined by measuring the 
growth performance, P uptake and utilization efficiencies at zero and moderate application 
of P. 

The results indicated considerable differences in the growth performance and 
Phosphorus Use Efficiency (PUE). Acacia provenances showed the highest PUE compared 
with Prosopis and Casuarina spp although this was not reflected in the total dry matter yield. 
However, it was observed that P application resulted in an increase in shoot dry matter, 
height, root collar diameter and root dry matter in the case of Casuarina. Similarly, the 
highest total P uptake was obtained in Casuarina and Prosopis spp. The results further 
indicated that P application probably contributed to the reduction in root dry matter and 
root: shoot ratios of Acacia and Prosopis but not Casuarina spp. 

MOROCCO 
M. Bazza 
Institut Agronomique et Veterinaire Hassan II, 
B.P. 6202 Rabat-Institut,Rabat, 

During four consecutive years, 20 durum wheat (Triticum durum Desf) and bread 
wheat (Triticum aestrivum L.) genotypes were grown under rain-fed conditions and 
supplementary irrigation with the objective of assessing the possibility of using 13C 
discrimination (A) as a criterion to screen for wheat genotypes that produce high yields and 
have a better water use efficiency under water deficit conditions. In all four growing 
seasons, both treatments were subjected to some water stress which was higher under rain-fed 
conditions and varied according to the intensity and time of rainfall. During the first 
growing season, and despite the small differences between the two treatments in terms of the 
amounts of water used, the grain and straw yields as well as A were significantly higher in 
treatments which received an irrigation at installation than in the one without irrigation. 
There was substantial genotypic variation in A. When both treatments were considered, the 
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total aboveground dry matter yield and grain yield were positively correlated with A although 
the correlation coefficient of grain yield versus A was not high (< 0.45"). Moreover, the 
A value was also correlated positively with water use efficiency. This is in contrast to 
greenhouse experiments with wheat where plant water use efficiency and A were negatively 
correlated. The data suggest that high A values can be used as a criterion for selecting 
genotypes of wheat that have a relatively higher grain yield potential and high water use 
efficiency under water deficit conditions. Eleven genotypes were identified using this 
technique. During the second growing season, the grain yield and A were similar to that of 
the previous season. Their linear relationship was loose, but significant (r = 0.34"); this 
became more evident when straw (r = 0.41") or the total dry matter (0.49***) was used. 
From this second season study, 13 genotypes were selected as potentially suitable candidates 
for water deficit conditions on the basis of their high yield and A values. All the genotypes 
selected during the first season were also among this second selection. During the last 2 
years of the 4 year experiment, grain yield data were used to validate the selection performed 
during the first two seasons. However, a very high inconsistency was noted between the 
genotype performances in terms of A during the first two seasons and the yield during the 
last two seasons. Of the genotypes tested, only three were among the best in terms of grain 
yield during the last two seasons. Three genotypes produced non-competitive yields 
thereafter. Four genotypes only produced a good yield in one of the last 2 seasons. Three 
genotypes that were not selected also produced high yields during at least one of the last two 
seasons. The data suggest that while a high A value may be used as a criterion for selection 
of genotypes of wheat with potential for high yield and high water use efficiency in wheat 
under field conditions, caution must be exercised in the selection process as the size of the 
canopy and the changes in environmental factors mainly soil water content, can result in 
changes in A and the yield of a cultivar. However, A of a genotype can also provide 
valuable information with respect to plant parameters responsible for the control of A and 
this information can be usefully employed in breeding programmes aimed at developing 
wheat cultivars high in yield and high in water use efficiency, and suitable for cultivation in 
arid and semi-arid regions of the tropics and sub-tropics. 

NIGERIA 
N.Sanginga 
International Institute of Tropical Agriculture (IITA) 
Oyo Road, PMB 5320 Ibadan 
Nigeria, 
S.K.A. Danso, F. Zapata 
International Atomic Energy Agency 
Wagramerstrasse A-1400, P.O. Box 100 
Vienna, Austria 
G.D. Bowen 
Division of Soils, CSIRO 
Glen Osmond 5064, Australia, 

Low soils P and N are common in moist savanna zone establishments and growing 
hedgerow trees in alley cropping systems might require addition of N and P fertilizers. This 
is not possible for small scale farmers who have limited access to fertilizers and therefore 
depends only on no input cropping systems. Exploiting genetic differences in P use 
efficiency and selecting hedgerow trees with high N2 fixing capacity can improve tree 
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establishment and growth on N and P-poor soils and preserve soil from degradation. 

Field experiments carried out at Fashola (moist savanna) have shown that large 
differences in growth and P use occurred between N2 fixing trees such as Gliricidia sepium 
and no N2 fixing trees such as Senna siamea and Senna spectabilis. Provenances or isoline 
differences in P also occurred within species and varied depending on level of P application 
and period of growth. Differences between species and provenances to P uptake and growth 
were largely related to differences in physiological P-use efficiency (PPUE), root length and 
VAM infection rate, especially at low P. 

In general, nodulation was improved by P application, but varied amongst 
provenances. For example, G. Sepium fixed about 61 % of its N from atmospheric N2 in the 
pot experiment and 40% in the field. The percentage of N fixed was effected by the low rate 
of P application, i.e., 20 kg P ha"1 and, at high rates of P, no further increase in % N2 fixed 
occurred. Differences in P and N accumulation and use was also influenced by management 
practices such as pruning. Distribution of total P followed the same trend as that of dry 
matter yield, while no significant correlations were found between partitioninning of dry 
matter and total N. Uncut and cut G. sepium derived 35% and 54% respectively of their N 
from atmospheric N2. About 54% of fixed N2 was partitioned to shoots and roots and this 
was not attributed to the size of these organs in relation to others. 

SIERRA LEONE 
D. Amara, 
Njala University College 

Department of Soil Science 
PMB, Freetown 

The cowpea genotypes IT86d-1010 and IT 86-719 identified combined high dry matter 
and grain yields with high total and grain phosphorus use efficiency. These genotypes had 
higher root dry weight, root length and root fitness than the inefficient genotypes with which 
they were compared, under low and high P. The capacity of these genotypes to use P 
efficiently could be attributed to their rooting characteristics. There is a high, and positive, 
correlation between yield and nitrogen fixation parameters and phosphorus use efficiency. 
Phosphorus efficiency is therefore an important estimate of yield and nitrogen fixation of 
these genotypes. Multilocational testing has shown that the genotypes selected cannot do well 
in areas with low rainfall in Sierra Leone. 

SUDAN 
K.H. Elamin 
Forestry Research Section 
Agriculture Research Corporation 
Wad Medain 

Two experiments were conducted to screen Acacia Senegal provenances collected from 
within the natural gum belt which possibly combine high Phosphorus efficiency (PUE) and 
water use efficiency (WUE). A preliminary screening was done in phase 1 of this 
programme, from which 4 provenances and 6 provenances were further subjected to 
screening, for PUE and WUE respectively. The study revealed that provenance 11 
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(from around Elobeid) is significantly different from the others in total biomass production. 
However the application of P did not influence the biomass production. Provenance 11 had 
the higher PUE and intermediated RLD. The WUE the study revealed that provenance 7, 
3 and 11 were the best amongst the provenances tested, in biomass production, water use 
efficiency as well as RLD. These results conclude that provenance 1, which is collected 
from the centre of the gum belt is the most promising one to be adopted to restock the vast 
degraded hashab habitats. 

SWEDEN 
Enok Haak 
Department of Radioecology 
Swedish University of Agricultural Sciences 
Box 7031, Uppsala 

Two soil injection methods were presented. The first method consisted of 
homogeneously labelling the whole plough layer with carrier free tracers. This was done in 
two treatments, in a reference treatment without connection with the subsoil and in an 
experimental treatment where the subsoil is freely available for root penetration. The second 
method, which is now under development, consisted of u21sing labelled fertilizers instead 
of carrier free tracers. 

By application of the A-value concept it is possible, by the first method to quantify 
the plant uptake of nutrients from plough layer and subsoil, and by the second method from 
newly applied fertilizer as well. Based on tracer field experimentation and soil survey of the 
specific field site, a fertilizer strategy is discussed. It is illustrated for phosphorus. 

SWEDEN 
Anita Sellstedt2', Lena Stahl1, Ulrika Mattsson2, Kerstin Jonsson1 and Peter Hogberg1 

1 Department of Forest Ecology 
Swedish University of Agricultural Sciences 
S-901 83 Umea 

2Plant Molecular Biology 
Department of Plant Physiology 
University of Umea 

These methods were used to study N2 fixation and effects of water deficit on N2: C2H2 

reduction assay (ARA),15 N dilution technique and accumulated N content. In addition, 15N 
dilution was calculated both in a traditional way and in a modified way, which takes into 
consideration N and 15N content for the plants before the experiment started. The three 
methods were applied on the following Khizobium-symbioses: Acacia albida Del 
(Faidherbia albida (Del) A. Chev.) and Leucaena leucocephala (Lam) de With., and the 
Franfcza-symbiosis Casuarina equiserifolis L. The plants were about 4 months old when they 
were harvested. 

Nitrogen derived from N2 fixation in control plants of Acacia albida was 54.2 mg as 
measured with ARA, while it was 28.5 mg as measured with the 15N dilution technique, 
compared to 30.7 mg calculated as accumulated N. In comparison, L. leucocephala fixed 
41.6 mg N (ARA), 53.5 mg N (15N dilution technique) and 56.3 mg N (accumulated N). 
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The Frankia-symbiosis had fixed 27.4 mg N as measured by ARA, 8.1 mg N as measured 
by 15N dilution technique and 12.3 mg N as accumulated N. There were no differences 
between the estimates based on traditional and modified ways of calculating 15N dilution. 

The immediate effect of water deficit treatment on N2 fixation was continuously 
measured in all species with ARA, which started to decrease approximately 10 days after the 
initiation of the treatment, and declined to less than 5% of the initial level after 21-28 days. 
The decrease in the amount of N derived from N2 fixation was studied in L. leucocephala 
during the period of treatment. There was a 26% decrease in amount of N derived from N2 

fixation as a result of water deficit (as measured with ARA), while the decrease was 23% 
when measured with both the 15N dilution method and as accumulated N. The three different 
methods for measuring N2 fixation and effects of water deficit on N2 fixation were discussed. 

Note: This work was published in the Journal of Experimental Botany, Vol. 44, 
No. 269, pp. 1749-1755, December 1993. 

TUNISIA 
Mechergui, M. and Snane, M. H. 
Institut National Agronomique de Tunisie 
Departement de Genie Rural et des Eaux et Forets 
43, Avenue Charles Nicolle, 1080, Tunis 

The 13C isotope discrimination method and the water balance model using a neutron 
moisture probe were used in this field to rank durum wheat genotypes for water use 
efficiency. The results presented focus on the first two years of a five-year study. Eighteen 
durum wheat cultivars were used in the first experiment. The 13C/12C ratio was measured to 
examine the correlation between this ratio and the water use efficiency. Total water 
consumption was calculated and the grain and straw yields and other parameters were also 
recorded. The results show differences between cultivars with respect to water use 
efficiency, 13C discrimination and grain yield. From this experiment, four cultivars were 
selected for a detailed study in the second year. The data from this study show that there is 
a positive correlation between grain water use efficiency and A. Thus, it may be possible 
to use A as a tool for screening out water use efficient cultivars in semi-arid regions. 

VIETNAM 
Ke Dae Lieu, Luong Thu Tra, Mai Thanh Son, Nguyen Dang Nghia, Do Tung Binh. 
Centre of Nuclear Techniques of Hochiminh City 
217 Nguyen Trai Qi, Hochiminh City 

This study, conducted from 1992 to 1994, to examine wetland rice genotypic 
differences in phosphate uptake and use, to select a genotypes which grow well on low soil 
resources (low soil phosphate) and Using small amount of added fertilizer with maximum 
effectiveness. 

In the first experiment, twenty four genotypes of rice (oriza sativa. L) were screened 
under field conditions at low P (O P added) and high P (90kg P205/ha) in grey soil of South 
Vietnam during a dry season from July to November, 1992 for genotypic selecting in 
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phosphate use efficiency (PUE). Significant genotypic differences were found in grain yield, 
ranging from 0.245 to 0.511, 0.271 to 0.534, total P range from 1.27 to 1.83 and 1.35 to 
1.83, PUE ranged from 0.181 to 0.322 at 0 and 90 kg P205/ha supplied. The results 
indicated that there were significant genotypic differences at both P levels. Grain yield was 
high correlated with PUE (r=0.85) but no correlated with total P uptake (r=0.53). A wide 
range of grain yield, PUE of all genotypes was allowed to be separated into three groups 
which differ in the uptake and use of phosphate: low, high and medium PUE. 

In the second experiment, four genotypes differ in PUE selecting from first 
experiment, continued to study for detailed investigated the possibility of their superiority in 
phosphate use efficiency. Plants were grown in greenhouse conditions for four weeks, 
supplied P at 0, 30, 90 ppmP. High P efficiency rice genotypes were grown well at all P 
levels, but inefficient genotypes - at high P only. Dry weight of shoot no response to P 
levels, but dry of root increase with increasing P in soil. The efficient genotypes had root 
grown well, increased 18, 11, 19% at 0, 60, 90 ppmP, respectively compared with low yield 
genotypes. A great significant difference of genotypes was found in root/shoot ratio 
parameter, and increased 19% at 90 ppmP. The data shows that root dry weight, R/S/ 
ration, was considered as important factors in P uptake and use. 

In the third experiment, five genotypes, selected from the first experiment, were 
studied at five phosphate rates in the field to maturity, during the raining season from March 
to July 1993. For all genotypes there were marked genotypic differences in shoot growth, 
plant dry weight, P content in shoot and grain, grain yield and phosphate use efficiency of 
grain (kg grain yield/g P uptake). Grain yield of P - efficiency genotypes reached about 55 % 
higher than P-inefficiency genotypes. At high P supplied, no significant difference in dry 
matter yields, total P uptake in shoot and plant and grain yield. P-efficient genotype got high 
value in grain yield, PUE at low P supplied as 30, 60kgP205/ha, but P-inefficient genotypes 
- at high P as 90, 120 kgP205/ha. The %N derived from fertilizer and the % N recovery 
were effected by the phosphate supplied. High value of all N parameter reached at low P 
as 30, 60 kgP205/ha. this data shows that the ratio of N:P for high yield genotypes in grey 
soil recommended as 60P205120N. 

(v) Dissemination of results 

a) The data obtained from each participating institute were reported orally and in written 
form at each of the Research Coordination Meetings. A final report on the results 
obtained during the project is under preparation for publication by the IAEA. This 
report will be distributed to all Member States of FAO and IAEA and to other 
interested parties. 

b) Publications in international scientific journals. 



24 

(vi) Publications 

Papers Published/in press 

1. Kumarasinghe, K.S., Kirda, C , Mohamed, A.R.A.G., Zapata, F. and Danso, 
S.K..A. (1992). 13C isotope discrimination correlates with biological nitrogen fixation 
m soybean (Glycine max (L.) merril)- Plant and Soil 139: 145-147. 

2. Kirda, c , Mohamed, A.R.A.G., Kumarasinghe, K.S., Montenegro, A. and Zapata, 
F. (1992). Carbon isotope discrimination at vegetative stage as an indicator of yield 
and water use efficiency of spring wheat (Ttiticum turgidum L. var. durum). Plant 
and Soil (in press) 

3. Awonaike, K.O., Kirda, C , Kumarasinghe, K.S. and Zapata, F. (1993). Carbon 
isotope discrimination as a tool for screening trees (Gliricidia sepium)for high water 
use efficiency and high biomass. 

4 Bazza, M and Kumarasinghe, K.S. (1994). Carbon-13 discrimination as a criterion 
for identifying high water use efficiency wheat genotypes under water deficit 
conditions. In Proceedings of the International Symposium on Nuclear and Related 
Techniques in Soil/Plant Studies on Sustainable Agriculture and Environmental 
Preservation, 17-21 October, IAEA, Vienna, Austria, (in press) 

5 Mechergui, M., Snane, M.H. and Daaloul, A. (1994). Identification of durum 
wheat genotypes with efficiency on the uptake and use of water using carbon-13 
discrimination and neutron moisture meter. In Proceedings of the International 
Symposium on Nuclear and Related Techniques in Soil/Plant Studies on Sustainable 
Agriculture and Environmental Preservation, 17-21 October, IAEA, Vienna, Austria, 
(in press) 

6 Sellstedt, A. •, Stahl, L., Mattsson, U., Jonsson, Kand Hdgberg, P. (1993). Can 
the N-15 dilution technique be used to study N2 fixation in tropical tree symbiosis 
affected by water deficit. Journal of Experimental Botany, Vol. 44, No.269, pp. 
1749-1755, 

(vii) Project monitoring 

The budget had an allocation for field visits by the project officer and agreement holders for 
project monitoring. Dr. N. Sanginga from ETA assisted the counterparts in Kenya in 1991 
and Dr. C. Hera assisted the counterparts in Egypt in 1992. Dr. V. Middelboe visited 
Morocco, Tunisia and Kenya in 1992 in a review mission during which he also monitored 
the progress of the work. The project officer K.S. Kumarasinghe advised the counterparts 
in Kenya and Tunisia in 1992 and 1993 respectively during visits connected with the RCM's. 
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(viii) Fellowships and training 

Training was an important component of the programme. This took place in two forms: 

a) Fellowships 

These were accommodated in the core research activates at the Seibersdorf 
Laboratory, viz. (i) nitrogen fixation studies and (id) The use of soil resources including P 
studies and root biology. 

The following have received IAEA Fellowship training up to now: 

D. Amara (Sierra Leone) - January 1991 to December 1991. 

F. K. Kumaga (Ghana) - October 1990 to October 1991. 

D.S. Daramola (Nigeria) - January to September 1992 

b) Training Courses 

In addition to fellowship training, special training courses were given to 
members/collaborators of the CRP in conjunction with the Research Coordination Meetings. 
Places were also awarded for training in FAO/IAEA Regional and Interregional Training 
Courses on the Use of Isotope and Nuclear Techniques in Studies of Soil/Plant Relationships. 
Because of the particular expertise and experience of the FAO/IAEA Soils Section staff in 
these areas, and the unique value of isotopic and nuclear related techniques in such studies, 
the IAEA made a unique and important contribution to research and development in these 
fields. 

Training course/workshop participants: 

1989: Workshop, Seibersdorf, Austria: Kenya (D. Nyamai), Nigeria (N. Afolabi), Sierra 
Leone (D. Amara), Sudan (A. Mustafa), Tanzania (L. Lulandala), Tunisia (M. 
Mechergui) and Zaire (R. Masozera) 

1990: Interregional training course, Seibersdorf, Austria: S.G.K. Adiku (Ghana), P.A. 
Sawyer (Sierra Leone) and (S.E.H. Ahmed (Sudan). 

1991: Interregional training course, Seibersdorf, Austria: M. Abdou (Egypt), Margaret 
Yonga (Kenya), Lena Stahl (Sweden) and T. Than Lap (Viet Nam). 

1991: Regional training course, IITA, Ibadan, Nigeria: T.M. Moharam (Egypt), A.A. 
Addo-Quaye (Ghana) and D.S. Daramola (Nigeria) 

1992: Interregional training course, Seibersdorf, Austria: M. Gueye (Senegal) and M.lah 
Son (Viet Nam) 
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1993: Interregional Training course, Seibersdorf, Austria: K. Barhmi (Morocco); M. S. 
Tejan-Kella (Sierra Leone) M.M. Ahmed (Sudan) 

(ix) Back-up support at the IAEA Laboratory, Seibersdorf, Austria. 

One of the main functions of the Soils Unit of the Seibersdorf laboratory is to provide 
back-up support for Coordinated Research Programmes executed by the Soil Fertility, 
Irrigation and Crop Production section. This involves research, training and analytical 
services. Training provided have already been discussed and listed in section 5. (viii) of this 
report. With respect to analytical support, a large number of samples generated from field 
studies in Nigeria and Kenya have been analysed for 15N/14N ratios. These analyses were 
done under the supervision of Ms. H. Axmann. However, plant samples for delta I3C were 
sent to the Waikato Stable Isotope Unit, Hamilton, New Zealand, for analysis under the 
responsibility of Dr. A. Haystead. Plans are underway and hopefully facilities for 13C 
analysis will soon be available at the Seibersdorf laboratory. The IAEA Laboratories at 
Seibersdorf has now developed facilities for l3C analysis with a mass spectrometer of its own 
for this purpose and this can be regarded as a direct outcome of this programme. 

The back-up research conducted at Seibersdorf primarily looked at correlations 
between carbon isotope discrimination (delta), and water use efficiency, and other Parameters 
such as dry matter yield especially at different stages of growth. There is clear evidence that 
carbon isotope discrimination is highly correlated with water use efficiency of all the crops 
examined so far. Thus, this may be a useful tool in the initial screening process for 
genotypes with a high water use efficiency. The data from one experiment conducted at 
Seibersdorf are shown in Fig. 4. Recent work at Seibersdorf also shows that the delta 
measured at an early stage in the growth of a plant may be a good indicator of its capacity 
for biomass yield when the plant is mature (Fig. 5). There are several advantages of using 
the delta of young plants as an index of long-term dry matter accumulation and water use 
efficiency. Unlike measurements of photosynthesis which are instantaneous in nature, delta 
is an integrated value which takes into account the diurnal and seasonal changes in the gas 
exchange parameters and photosynthesis. Further, in field experiments involving a large 
number of cultivars, the necessity to continue the experiment to maturity could be avoided 
if the delta determined at an early stage in the growth of the plant could predict the final 
yield and the water use efficiency. Thus, the method would provide a valuable tool 
especially in preliminary screening of cultivars of crop species for yield and water use 
efficiency under field conditions, saving valuable time and labour. The method if proved 
applicable to trees would be especially attractive, since a tree could take several years before 
it could yield sufficient biomass or begin to bear fruits. 

Other studies at Seibersdorf include those with cowpea and Gliricidia for genotypic 
differences in phosphate use efficiency. Some work has also been carried out to study the 
genotypic differences in phosphate use efficiency and water use efficiency of some tuber 
crops (cassava and sweet potato) of importance to Africa and Asia. The back-up research 
was conducted mainly by the Associate Professional Officer Ms. Eva Holmgren, Ms. Anita 
Herndl-Silmbrod and Ms. Adriana Montanez supervised by the Project Officer 
K.S.Kumarasinghe, and F. Zapata, Head, Soils Unit at Seibersdorf. In addition other staff 
of the Soil Fertility, Irrigation and Crop Production Section at the IAEA headquarters and 
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Figure 6. Correlation between l3C isotope discrimination and water useefficiency in 
soybean genotypes - IAEA Laboiatory, Seibersdorf, Austria 
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DAP) as an indicator of the capacity for dry matter yield of spring wheat 
(Triticwn turgidum L. var. durum) at ripening (105 DAP). 
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those of the Soils Unit at Seibersdorf also assisted in this work in different ways. 

6. REVIEWS OF THE PROGRAMME 

(i) Annual review 

The programme reviewed annually by a team from the funding agency SID A. 
Recommendations for extension were made at this meeting subject to satisfactory progress 
of the programme. 

(ii) Mid-term review 

A mid-term review of this programme was conducted by Dr. V. Middelboe of the 
Department of Mathematics and Physics, Royal Veterinary and Agricultural University, 
Fredereiksberg, Denmark from 5-20 December 1991. The mission concluded that the 
progress of the programme was satisfactory. Based on this, SIDA extended the funding of 
this programme for another 2 years bringing the total to five years. 

7. SUMMARY AND CONCLUSIONS 

In general, about 40% of the work carried out in this programme has been on water 
use efficiency and the balance 60% on phosphate use efficiency. Egypt, Morocco and 
Tunisia focused on wheat, while Ghana, Nigeria and Sierra Leone focused on grain legumes 
(such as cowpea and soybean), Kenya, Sudan and Tanzania on nitrogen fixing trees (such as 
Prosopis, Acacia and Gliricidia), and Viet Nam on rice, their staple food. Screening 
experiments conducted in the field during the first phase of this programme have shown that 
there is a wealth of genetic diversity among the genotypes of crop and tree species in their 
capacity for uptake and use of phosphorus and water from soils limited in resources. Several 
elite genotypes/provinances were identified which are highly efficient in water or phosphate 
use. In Kenya, Prosopis tree provinances were identified which are highly efficient in the 
uptake and use of phosphorus and water. In Sudan, provinances of the gum arabic tree 
Acacia Senegal were discoverd which exhibited a high tolerance to drought conditions. These 
Acacia provinances will be eminently suitable for restocking the gum-belt in Sudan which in 
recent years has been badly affected by drought. However, these superior characteristics 
with respect to phosphate or water us; were not always translated into high yield. In a few 
cases though (Morocco), both the high water use efficiency and high grain yield features 
were seen in one and the same genotype. During the latter stages of the programme these 
promising genotypes were put to test in the field in different agro-climatic locations to 
evaluate their suitability for release among farmers. Follow-up experiments carried out 
during the third phase of the programme investigated the morphological and/or physiological 
parameters responsible for making some genotypes of crops or provinances of tree species 
superior in their capacity for uptake and use of phosphate and water from the soil so that 
they could be handed over to plant breeders for use in their breeding programmes aimed at 
developing improved cultivars. The general conclusion from detailed studies is that the root 
length density of the plant plays a crucial role in determining the efficiency of uptake of 
phosphorus or water from the soil. 
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The participants concluded that the CRP was a great success and that the findings 
should be published by the IAEA in a form that would be easily accessible to a large 
majority of the scientists in developing countries. In addition, they also recommended that 
the results should be made to reach the target beneficiaries, the farmers. 
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