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TO OUR READERS 

As always, the first half of the year was a very busy period for all the colleagues in the Soil 
Fertility, Irrigation and Crop Production Section, and the Soil Science Unit of the FAO/IAEA 
Agriculture and Biotechnology Laboratory in Seibersdorf. 

An FAO/IAEA Regional Training Course for Asia and the Pacific on the "Use of isotope 
techniques in studies of soil/plant relationships with emphasis on crop production on acid soils" was 
held from 6 March to 7 April 1995 in Bangkok, Thailand. The course consisted of lectures, and 
laboratory, greenhouse and field practical sessions. Twenty participants from 15 IAEA Member 
States in the region attended the course. The training course, which, was very successful, was 
organized in co-operation with the Division of Agricultural Chemistry of the Department of 
Agriculture in Thailand. The contribution from the local organizers - Dr. P. Snitwongse and Dr. P. 
Chaiwanakupt - to the success of the course is highly appreciated. 

At the time of writing this, an FAO/IAEA Interregional Training Course on the "Use of 
isotopes and radiation techniques in studies on soil/plant relationships with emphasis on better 
nutrient utilization to improve crop production" is in progress at the IAEA Laboratories in 
Seibersdorf. Twenty-two participants from 22 countries in Africa, Asia, Europe, Latin America and 
Middle East are taking part in the Course which commenced on 29 May. This course will end on 
7 July. 

Three Research Co-ordination Meetings (RCM's) were held in the first half of 1995. The 
final RCM of the Co-ordinated Research Programme (CRP) on "The use of nuclear and related 
techniques in assessment of irrigation schedules of field crops to increase effective use of water in 
irrigation projects", hosted by Prof. M. Bazza from the Hassan II Agronomic and Veterinary Institute 
took place from 24 to 28 April 1995 in Rabat, Morocco. Fourteen out of the 15 research 
contract/agreement holders of this CRP attended the meeting. The participants presented the final 
reports under this CRP. Dr. Pierre Moutonnet is the Project Officer who also acted as the Scientific 
Secretary at the meeting. 

The second RCM on "The use of nuclear and related techniques for evaluating the agronomic 
effectiveness of phosphate fertilizers, in particular rock phosphates" was held from 24 to 28 April 
1995, in Montpellier, France. The meeting was hosted by Dr. Truong Binh from CIRAD. Sixteen 
participants from 14 countries attended the meeting. In general, implementation of the programme 
is proceeding as scheduled in the workplan of the CRP. Dr. F. Zapata is Project Officer and was the 
Scientific Secretary of the meeting . 

The third RCM of the FAO/IAEA CRP on "The use of nuclear and related techniques in the 
management of nitrogen fixation by trees for enhancing soil fertility and soil conservation in fragile 
tropical soils" was held from 8 to 12 May 1995 in Vienna, Austria. Twelve participants reported 
on the work performed since the second RCM held in 1993. Dr. S.K.A Danso, the Project Officer 
was the Scientific Secretary of the meeting. Excerpts from these RCM's can be found elsewhere 
in this issue of the Soils Newsletter. 

Preparations are well underway now for the first RCM of the FAO/IAEA CRP on "The use 
of irradiated sewage sludge to increase soil fertility and crop yields and to preserve the 
environment". The meeting is planned to be held at the Vienna International Centre in Vienna, 
Austria from 10 to 14 July 1995 with of 13 research contractors and four agreement holders as 
participants. The Project Officer Dr.Saliya Kumarasinghe will be the Scientific Secretary of the 
meeting. 

I am pleased to inform our readers that a Regional Technical Co-operation Project for Asia 
and the Pacific on nuclear techniques for the promotion of agroforestry systems was initiated in 
1995. The first Workshop of this Regional TC Project was held at the Khon Kaen University in Khon 
Kaen, Thailand from 13-17 March 1995 with participants from ten Member States: Bangladesh, 
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China, Indonesia, Malaysia, Myanmar, Pakistan, Philippines, Sri Lanka, Thailand and Viet Nam. The 
Technical Officer for this project is Dr. Saliya Kumarasinghe. During the workshop several problems 
related to agroforestry systems in the region were discussed and workplans for implementation of 
project activities were prepared. 

Taking Into consideration that in many parts of the world, especially in developing countries, 
soil fertility is decreasing rather than being sustained, the ultimate aim of all programmes of the Soils 
Section is to find ways to sustain and enhance soil fertility and increase crop productivity for food 
security without degrading the environment. The strategies for increased food production are being 
designed depending on the target area to be improved. 

Future priority areas in which the Soils Section plans to give a lead in the application of 
nuclear techniques include: soil organic matter as a key factor of soil fertility; development of 
integrated plant nutrition systems for target farming systems; development of soil and crop 
management practices to increase agricultural production in rainfed farming systems; further 
exploitation of the benefits of biological nitrogen fixation by inclusion of efficient N2 fixing annuals 
or perennials into agroforestry systems; to assess soil erosion as a basis of soil conservation using 
137C techniques; and development of management practices aimed at increasing and sustaining crop 
production and soil fertility in acid soils. Related consultants meetings will be organized towards 
the end of 1995 and beginning of 1996 in order to elaborate on the concrete tasks for the proposed 
Co-ordinated Research Programmes. 

Preparations for a few publications are underway. These include reports of the CRP's on salt 
affected soils, irrigation schedules, N2 fixation in grain legumes, and the one on phosphate and 
water use efficiency. 

I would like to inform our readers that Dr. James D. Dargie was appointed as the new 
Director of the Joint FAO/IAEA Division, from the beginning of February this year. Jim served for 
many years as a Section Head of the Animal Production and Health Section of the Joint FAO/IAEA 
Division. I warmly wish him all the best and every success in h's future endeavors. 

This issue of the Soils Newsletter was compiled and edited by Dr. Saliya Kumarasinghe and 
myself with contributions from our colleagues in the Soils Section at the IAEA Headquarters and the 
Soil Science Unit at the Seibersdorf Laboratory. The manuscript was typed by Ms. Daniela 
Panzenböck. 

We value very much the comments often received from our readers on the information 
disseminated through this Newsletter. I would like to express my thanks and gratitude lor your 
continued interest and we look forward to your futuro, contributions. 

Christian Hera 
Head, Soil Fertility, Irrigation and 
Crop Production Section 
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STAFF 

1. IAEA Headquarters, Joint FAO/IAEA Division of Nuclear Techniques in Food and 
Agriculture, Vienna International Centre, Wagramerstrasse 5. P.O.B. 100. A-1400 
Vienna, Austria. Fax: + 4 3 1 20607, Telephone: + 4 3 1 2060 

James D. D ARG IE Director - RIFA 
Manase P. SALEMA Deputy Director - RIFA 

Soil Fertility, Irrigation and Crop Production Section 

Christian HERA, Head of the Section 
Seth К .A. DANSO, First Officer 
Pierre MOUTONNET, First Officer 
K. Saliya KUMARASINGHE, Second Officer 

Secretarial staff: 

(Soil Fertility, Plant Nutrition) 
(Microbiology, Soil Fertility) 
(Soil Physics, Irrigation Management) 
(Plant Physiology, Soil Fertility) 

Ruth ROSSI 
Daniela PANZENBÖCK 

2. FAO/IAEA Agriculture and Biotechnology Laboratory, A-2444, Seibersdorf, Austria, 
Fax: (02254) 73951222, Telephone (02254) 72251 

John I. RICHARDS, Head, Agricultural Laboratory 

Soil Science Unit 

Felipe ZAPATA, Head of the Unit 
Gudni HARDARSON, Research Officer 
Helga AXMANN, Head Analyst 
K.OIufemi AWONAIKE, Soil Scientist 
Angela SESSITSCH, APO* 
Silke ECKERT, APO* 

* Associate Professional Officer 

(Soil Fertility, Plant Nutrition) 
(Soil Microbiology, Molecular Biology) 
(Analytical Chemistry) 
(Nitrogen Fixing Trees) 
(Molecular Biology) 
(Soil Physics) 

Martina AIGNER 
José Luis ARRILLAGA 
Leopold MAVR 
Stefan BOROVITS 
Gerhard ECKHARDT 
Christine FICKER 
Norbert JAGODITSCH 

(Laboratory Technician) 
( " ) 
( " ) 
(Laboratory Assistant) 
I " ) 
( " ) 
( " ) 

Secretarial Staff: Marie-Andrée ABLOSCHER 

3. Staff Changes 

In January this year Dr. Peter Salema, our Regional Expert for Africa was appointed as the 
Deputy Director of the Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, as 
announced in the December 1994 issue of the Soils Newsletter. Dr. Salema succeeded Dr. Waldy 
Klassen who resigned from the post late last year. We thank him for his contribution to the Soils 
Section and wish him all the best for the future. 

Ms. Martina Aigner from the Safeguards Analytical Laboratory in Seibersdorf rejoined the 
Soils Unit as a laboratory technician. Martina previously worked in the Soils Unit in the early 
eighties and made a significant contribution to the preliminary studies conducted on Azolla. Martina 
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was appointed to the post vacated by Aldo Sebastianeiii. We welcome Martina back and wish her 
every success for the future. 

Ms. Adriana Montañez who assisted in the back-up research conducted in support of the 
FAO/IAEA/SIDA CRP on the use of isotope studies on increasing and stabilizing plant productivity 
in low phosphate and semi-arid and sub-humid soils of the tropics and sub-tropics left the Soils Unit 
in December 1994. We wish Adriana all the best. 

CO-ORDINATED RESEARCH PROGRAMMES 

1. FAO/IAEA/OPEC CRP on The Use of Nuclear Techniques in the Management of Nitrogen 
Fixing Trees for Enhancing Soil Fertility and Soil Conservation (D1.40.05) 

Project Officer: Seth K.A. Danso 

The CRP still has about 2 years more to go, and at present has 13 participants. The third 
Research Co-ordination Meeting was recently held in Vienna from 8 - 1 2 May 1995. The CRP does 
not aim at only measuring N2 fixation in trees. A major objective is to use nitrogen fixation 
effectively for soil improvement. Thus nutrient release and soil organic matter studies were strongly 
recommended. It was suggested that to address the problems of rapid decomposition and non-
synchronized release of nutrient with crop demand, certain solutions would be needed. These 
include applying prunings in splits (any excess at any period could be used e.g. to feed animals) and 
mixing less readily decomposable litter ie.g. corn straw) with the legume litter. Details of 
experimental protocols were discussed at the RCM. These studies would provide initial results upon 
which the planned CRP on organic matter turnover could depend. Also, tree growth is expected to 
result in changes in various soil parameters. To assess the eventual balance, it was recommended 
that the most important ones, including soil pH, available soil N and available P be monitored 
periodically. As important as soil organic matter build-up is, the general consensus, that like total 
N, the net changes may not be experimentally detectable within the short periods involved in these 
studies. Fewer measurements were therefore recommended for these parameters. For those with 
capability for microbial biomass estimation, monitoring of changes in the quantity of total microbial 
biomass, using conventional techniques was suggested. 

2. FAC/IAEA CRP on The use of Nuclear Techniques for Optimizing Fertilizer Applications under 
Irrigated Wheat to Increase the Efficient Use of Fertilizers and Consequently Reduce 
Environmental Pollution (D1-40.07) 

Project Officer: Pierre Moutonnet 

This programme includes eighteen participants; six agreements holders: P. Cepuder 
(Austria), R. Rennie (Canada), G. Vachaud (France), R.A. Fisher (Mexico), W. Baethgen and J. 
Schepers (USA) and twelve contract holders: M.I. Khalil (Bangladesh), A.E. Boaretto (Brazil), I. Vidal 
(Chile), X. Wen (People's Republic of China), M.A.S. Abdel Monen (Egypt), M.S. Sachdev (India), 
X. Ovalle-Bueno (Mexico), J.M. Sanchez-Yañez (Mexico), M. Bazza (Morocco), G. Cioban (Romania), 
A. Arslan (Syria), Ç. Kirda (Turkey). The Consultants Meeting, held in Vienna from 29 November to 
2 December 1993, established the goals and objectives of this new CRP, initiated in co-operation 
with CIMMYT, Mexico, and IFDC, USA. The first RCM was held in Vienna from 3 to 6 October 
1994. The 15N labelled fertilizers as well as several technical documents to be used as a guideline 
during the 1994-1995 winter wheat cropping campaign have been sent to the contractors. The 
second RCM will be held in Spring 199G, possibly in Mexico. 

3. FAO/IAEA CRP on The Use of Nuclear and Related Techniques in Assessment of Irrigation 
Schedules of Field Crops to Increase Effective Use of Water in Irrigation Projects (D1-
20.05). 

Project Officer: Pierre Moutonnet 
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This programme includes sixteen participants: C. Angueira (Argentina), P.L. Libardi (Brazil), 
M. Qi (People's Republic of China), B.G. Pene (Côte d'Ivoire), M. Calvache (Ecuador), M. El-Haris 
(Egypt), G. Vachaud (France), T. Kovacs (Hungary), M. Tayaa (Morocco), M. Iqbal and R. Waheed 
(Pakistan), I. Craciun ¡Romania), F. Moreno (Spain), M.S. Anaç and Ç. Kirda (Turkey) and J. 
Hopmans (USA). The final RCM was held in Rabat, Morocco, 24-28 April, 1995. Results of this 
CRP is planned to be published as an IAEA TECDOC by the end of 1995. Excerpts from the final 
RCM are given elsewhere in this Newsletter. 

4. FAO/IAEA CRP on Enhancing Soil Fertility and Crop Production by Better Management of 
Rhizobium (D1-40.06) 

Project Officer: Gudni Hardarson 

A detailed report of this CRP was published in the December 1994 edition of the Soils 
Newsletter. At present there are 6 Agreement Holders from Germany. The Netherlands, Switzerland 
and the UK as well as eight contract holders from Brazil, Egypt, Mexico, Pakistan (2), Philippines, 
Romania and Thailand are participating in this programme. The next RCM of this Programme will 
be held in 1996. 

5. FAO/IAEA CRP on The Use of Nuclear and Related Techniques for Evaluating the Agronomic 
Effectiveness of Phosphate Fertilizers, in Particular Rock Phosphates (D1.50.03) 

Project Officer: Felipe Zapata 

Implementation is proceeding as scheduled in the workplan of this CRP. The Second 
Research Co-ordination Meeting was held at the "Centre de Coopération Internationale en Recherche 
Agronomique pour le Développement" (CIRAD), Montpellier, France from 24 to 28 April 1995. Dr. 
Truong Binh, a research agreement holder of this CRP was the local organizer of the meeting. 
Excerpts of presented reports are given elsewhere in this Newsletter. During the next phase of 
implementation, it is expected that the participants will gather relevant information in connection 
with the objectives of the CRP utilizing 32P isotopic techniques. The third meeting is planned to be 
held in February/March 1997 in Vienna, Austria. 

6. FAO/IAEA CRP on The Use of Irradiated Sewage Sludge to Increase Soil Fertility and 
Crop Yields, and to Preserve the Environment. (D1.50.04) 

Project Officer: Saliya Kumarasinghe 

This is a joint programme of the Joint FAO/IAEA Division of Nuclear Techniques in Food and 
Agriculture, and the Division of Physical and Chemical Sciences of the IAEA, initiated in 1995. 
Thirteen contractors and four Agreement Holders have been selected. They include the contract 
holders: C. Magnavacca (Argentina), S. Ahmed (Bangladesh), T. Jiang (People's Republic of China), 
R. El-Motaium (Egypt), T.J. D'Souza (India), M. Mitrosuhardjo (Indonesia), C.F. Ishak (Malaysia), J.F. 
Esparza-Garcia (Mexico), F. Azam (Pakistani, I.J. Manguiat (The Philippines), E.M. Ferreira (Portugal), 
M. Dumitru (Romania) and P. Chaiwanakupt (Thailand), and agreement holders: F. Koch (Austria), 
K. Kumazawa (Japan), A.C. Chang (U.S.A.) and S.P. McGrath (U.K.). The first RCM of this CRP 
is planned to be held from 10-14 July this year at the Vienna International Centre, Austria. 

NEW CRP's 

We wish to announce that plans are almost ready to initiate a CRP on the "Use of Isotopes 
and Nuclear Techniques in Studies on Organic Matter Turnover and Build-up in Soil". Interested 
scientists are advised to write for application forms. The address is : Head, Soil Fertility, Irrigation 
and Crop Production Section, Joint FAO/IAEA Division, P.O. Box 100, Wagramerstrasse 5, 1400 
Wien, Austria. 
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FAO/IAEA TRAINING COURSES 

On-going 

The FAO/IAEA Interregional Training Course on the Use of Isotope and Radiation Techniques 
in Studies of Soil/Piant Relationship with Emphasis on Better Nutrient Utilization to Improve 
Crop Production. 
29 May - 7 July 1995, Seibersdorf. Austria 

Technical Officer. Christian Hera 
Course Director: Felipe Zapata 

Following the implementation schedule of this training course, a Selection Panel met on 31 
March, 1995 to consider 101 official nominations received by the IAEA from 55 Member States of 
IAEA and FAO. Twenty two candidates have been selected to take part in the course which this 
year emphasizes on better nutrient utilization to improve crop production. In addition, six fellows 
presently on training in the Soil Science Unit. FAO/IAEA Agriculture and Biotechnology Laboratory 
at Seibersdorf are participating. The course has started when this Newsletter was written. More 
information on this training course will be provided in the next issue. 

Completed 

FAO/IAEA Regional Training Course on the Use of Isotopes and Radiation Techniques in 
Studiss of Soil/Plant Relationships with Emphasis on Crop Production on Acid Soils. 
6 March - 7 April 1995, Bangkok, Thailand 

Technical Officer: Saliya Kumarasinghe 
Course Director: Patoom Snitwongse 

The objective of the course was to train scientists in Asia and the Pacific region on the use 
of relevant isotope and radiation techniques in research, to find ways by which soil fertility, nutrient 
uptake and water use efficiency of crops could be increased, particularly on acid soils. The course 
provided both theoretical and practical knowledge on the use of radioactive and stable isotopes as 
well as radiation techniques in research on fertilizer and water use efficiency, plant nutrition, 
biological nitrogen fixation, carbon metabolism, soil chemistry and soil physics. Broad coverage of 
the techniques were given through lectures, laboratory sessions, field/greenhouse experiments, 
calculation exercises, films and discussion groups. 

Twenty participants from Bangladesh, Bhutan, China, India, Indonesia, Republic of Korea, 
Mongolia, Myanmar, Pakistan, The Philippines, Sri Lanka and Thailand participated in this training 
course. The local arrangements made by the course Director Dr. Patoom Snitwongse and her staff 
of the Division of Agricultural Chemistry were excellent. A course evaluation conducted during the 
last week revealed that the course was a great success. 

MEETINGS / WORKSHOPS 

1. FAO/IAEA Consultants Meeting on Radiation Processing of Sewage Sludge and its Use to 
Increase Crop Yields, and to Preserve the Environment (Jointly with RIPC, F.1.07), 5 - 9 
December 1994, Vienna, Austria 

Scientific Secretary: Saliya Kumarasinghe 

Rapid population growth and urbanization brings forth many problems and the problem of 
utilization and disposal of sewage sludge is a serious one in many cities particularly in developing 
countries. One of the applications of sewage sludge is in the area of agriculture. Sewage sludge 
has essential nutrients required for piant growth like N,P.K, micronutrients like Zn, Fe, Cu, Mn, other 
trace elements and considerable amounts of organic matter. However, they also contain pathogenic 
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organisms, heavy metals and toxic materials coming from industries. Because of these and the 
related possible health problems, application of sewage sludge to agricultural lands is at present, 
restricted in many countries. The information available on various aspects of sewage sludge with 
respect to its utility as a f "zer in crop production, phytotoxicity, pathogenic organisms, is limited. 
One of the ways to rrvî';-. the risk posed by pathogens and helminths in sewage sludge is by the 
use of irradiation a t , treatment. There is sufficient technical data available for gamma 
treatment of sludges, permitting its application on the demonstration or commercial scale. However, 
a few gaps in knowledge still exists especially in the practical application of electron beam 
technology and these are being addressed in the parallel programme implemented by RIPC. 

High levels of nitrogen, phosphorus and micronutrients found in municipal sewage sludges 
make it an excellent fertilizer. Land application of sewage sludge is being practiced throughout the 
world at different levels and their beneficial effects include increases in crop yields, soil organic 
matter, cation exchange capacity, water-holding capacity and fertility. However, sewage sludges 
applied to crop plants besides providing macro- and micronutrients also contain heavy metals such 
as Cd, Cr, Ni, Pb, Co and Hg in amounts beyond those normally encountered in soils, and selection 
of sewage sludges must therefore be carefully made so that heavy metals do not accumulate to 
toxic levels in plants and enter into food chain or accumulate in soil and enter groundwater. Hence, 
fertility benefits must be studied against the possible potential hazards of metal contamination 
through repeated applications of heavy dressings over long periods, particularly those coming from 
industrial areas containing large quantities of heavy metals. 

The organic matter content in a soil is an important component governing the fertility of a 
soil, affecting its physical, chemical and biological properties. The high organic matter levels present 
in sewage can make a distinct contribution to building up the soils which are otherwise poor in 
texture as well as in structure. 

At present, information on the availability of nutrients from sewage sludges to crops, its 
benefits as an organic amendment to soil, and the harmful effects of heavy metals on crop growth, 
is limited. Isotope and radiation techniques could provide a valuable tool in attempts to find answers 
to these questions. A Consultants Meeting on "Radiation Processing of Sewage Sludge and its Use 
to Increase Crop Yields, and to Preserve the Environment" was held in Vienna, Austria from 5 to 
9 December 1994. Consultants from Austria (F. Koch), Germany <A. Süss, H. Harms, T. Lessei), 
Indonesia (N. Hilmy), India (K. Raghu), Japan (K. Kumazawa) and The United Kingdom (S.P. 
McGrath) participated in this meeting. The Consultants recommended that a networked research 
programme with 10-12 contract holders from developing countries and 4-5 agreement holders from 
industrialized countries be initiated and co-ordinated by the Joint FAO/IAEA Division to assess the 
value of irradiated sewage sludge as a fertilizer and formulate management practices for its use so 
as to increase and sustain crop yields and soil fertility in an environmentally sound manner. A CRP 
has now been initiated on these lines and the first RCM is planned to be held in Vienna from 10-14 
July 1995. 

2. The First Workshop of the Regional Project for Asia and the Pacific on Nuclear Techniques 
for the Promotion of Agroforestry Systems (RAS/5/029) 

Scientific Secretary: Saliya Kumarasinghe 

The first workshop of the newly initiated regional project for Asia and the Pacific on nuclear 
techniques for the promotion of agroforestry systems (RAS/5/029) was held at the University of 
Khon Kaen in Khon Kaen, Thailand from 13-17 March 1995. The counterparts from the ten Member 
States who participated in this workshop included: S.U. Patwary (Bangladesh), E.L. Sisworo 
(Indonesia), W.R. Kadir in place of Z.A. Rahman (Malaysia), U.Hoke San (Myanmar), S.H.M. Naqvi 
(Pakistan) R.G. Palis (The Philippines) W.D.L. Gunaratne (Sri Lanka), S. Ruaysoongnern (Thailand) 
and Do Dinh San (Viet Nam). The first two days of the workshop was devoted to country 
presentations. During this session it became evident that agroforestry is an important area of study 
which needed urgent attention. The studies could assist Member States in their efforts to increase 
and sustain soil fertility and crop yields while at the same time contributing to Increasing production 
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of fuelwood and fodder, and combating erosion. The last 3 days were devoted to preparing the 
experimental guidelines and workplans for 1995/96. 

A core experiment was planned to identify potential tree species for agroforestry systems 
in each country based on the biomass production and N2 fixation potentials. Each country selected 
six N2 fixing tree species for these trials which included among others trees such as Acacia, 
Gliricidta, Leucaena, Erythrina, Caffiandra, Pterocarpus etc. Workplans also included the scientific 
visits and expert missions for 1995/96. The 2nd workshop of this regional project is planned for 
October 1996 and Pakistan has tentatively agreed to host this event. 

A network on Asia-Pacific Agroforestry supported by FAO and the UNDP is presently in 
progress in Asia and the Pacific region. This network would be a very valuable vehicle to transfer 
the research findings of the FAO/IAEA project to the end users, the farmers. Close collaboration 
is expected to be established between the two programmes. 

Excerpts from presented reports: 

S.U. Patwary 
Bangladesh Institute of Nuclear Agriculture, 
P.O. Box 4, Mymensingh, Bangladesh 

Agroforestry at the farmers level has long been practiced in Bangladesh in a scattered and 
unplanned way. Forest resources of Bangladesh has gone down to an alarming level. Although the 
classified forest land is about 2.44 million hectares which is about 17% of the total land area of 
Bangladesh but in reality the tree coverage is only 9%. However, the Science of agroforestry and 
its impact on the small farmers income generation capacity as well as supplementation of their 
various other needs of fuel, fodder etc. has recently been recognized. It is now generally accepted 
that agroforestry, mainly the homestead agroforestry is a potential means of alleviating rural poverty 
through sustainable increases in overall production. In the cultivated fields, suitable trees preferably 
the nitrogen fixing ones, may be raised with or without pruning. Along the borders of crop lands, 
annuals, biennials or perennial nitrogen fixing woody plants can also be grown. The basic constraint 
in the agroforestry programme is the knowledge and experience of the farmers in understanding the 
potentiality of growing forest plants in crop fields. Homesteads may be reorganized accordingly to 
maximize production through the adoption of efficient agroforestry landuse systems that can sustain 
on a continued basis. Bangladesh plans to examine the possibility of using tree species such as 
GHricidia, Calliandra, Acacia and Atbizia in agroforestry systems in order to find ways of increasing 
the productivity of economic crops such as cotton and rice while sustaining soil fertility. 

Zhongze Zhang 
Institute for Forestry and Soil Sciences 
Academia Sínica, P.O. Box 417, 
Shenyang, The People's Republic of China 

There are large areas with low soil fertility and low water resources in China. In these 
regions, crop yields are also low, fuelwood is in short supply and the economy is poor. One of the 
most effective ways to improve the situation is to establish suitable agroforestry systems. In China, 
there is possibility to adopt several systems. The common practice is to grow crops and trees 
(especially nitrogen fixation trees) in rows, as in alley cropping systems. This practice is common 
in lowland villages. In these systems tree species such as Robinia are common. However, in hilly 
areas, nitrogen fixing non-leguminous trees such as Hippophae are the preferred species. Trees 
could survive in these dry areas and grow well without and added nitrogen. Planting trees could 
help retain the limited resources of water in these areas, increase soil fertility, provide fuelwood, and 
fodder for livestock. Crops such as wheat or corn are the more popular agroforestry food crops in 
China. In villages where agroforestry systems have been established, production of crops as well 
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as ecological conditions have improved considerably- Economic returns to the farmers are high. 

E.L. Sisworo 

Centre for Application of Isotopes and Radiation (CAIR), 
Jl. Ciñere, Pasat Jumat 
Jakarta 12440, Indonesia 

Agroforestry is an age-old agricultural practice in Indonesia where the backyard gardens 
usually contain a mixture of trees and food crops together with livestock. However, these systems 
are not operated on a scientific basis and the yields are therefore generally low and cannot meet the 
present day needs which are caused by high population pressure. It is therefore important to 
develop these traditional agroforestry systems so as to increase their productivity in a sustainable 
manner. Through this Regional Project for Asia and the Pacific on agroforestry, Indonesia will 
examine the ways in which tree species such as GHricidia, Leucaena, CaMandra, Alblzia and 
Sesban/'a can be used to increase and sustain crop yields and soil fertility in agroforestry systems. 

Wan Rashida Kadir 
Forest Research Institute of Malaysia 
and 
Zaharah Abd. Rahman 
Department of Soil Science 
Faculty of Agriculture, Agriculture University of Malaysia 
Serdang, Selangor, Malaysia 

Agriculture and forestry are crucial for the economic development in Malaysia. Both sectors 
generate major income to the country with gross domestic products of more than RM 17 million. 
The integration of agriculture and forestry, or agroforestry, is not new to Malaysia. In fact, it is 
becoming more popular due to the increase in population density and restricted land for cultivation. 

The agroforestry systems which were widely practiced in Malaysia include; (1) planting of 
trees among agricultural crops, (2) combination of tree, shrub and animals and (3) home garden 
systems. The first system, involving the planting of rattan under mature rubber trees, is the most 
popular and well accepted system and has been established under commercial plantations. The 
early trial has reached harvesting stage and assessments made in 1992 showed a profitable 
business. Nowadays, efforts have been made to promote the planting of medang teja 
[Cinnamomumsp.) and medicinal and herbal plants under agroforestry systems. The second system 
which involves animal husbandry has been successfully implemented under rubber and oil palm 
plantations. One example is the integration of sheep into rubber plantations. This reduces weed 
problems, provide a ready source of organic manure and brings additional income to the owner. In 
the home garden system fruit trees are the most commonly planted. 

U. Hoke San 
and 
Thaung Tun Hlaln 
Land Use Division, Myanmar Agriculture Service, 
Insein P.O., Yangon, Myanmar 

Low crop yields, shortage of fuelwood, deforestation and erosion have severely affected the 
central Myanmar region which was once a rich green area. Modern agroforestry systems if 
established in these areas could contribute substantially to reversing this environmental degradation. 
In 1994/95, the Government of Myanmar laid down various plans for "greening" this area once 
again, under a three year project. The research findings of the present FAO/IAEA regional project 
for Asia and the Pacific on nuclear techniques for the promotion of agroforestry systems 
(RAS/5/029) could make a distinct contribution to these efforts. Home gardening, contour 
hedgerow growing along the line of slope, improving fallow land with trees and terracing are the 
recommended approaches according to the present landform policy. Using nitrogen fixing trees in 
the system can ensure restoration of soil fertility, increase crop production, in addition to increasing 

10 



fodder and fuelwood production. The FAO/IAEA agroforestry project will assist Myanmar in 
selecting the most efficient nitrogen fixing tree provenances from indigenous species and in 
identifying the best methods of utilization of these species in agroforestry systems. 

S.H.M. Naqvi 
Nuclear Institute for Agriculture and Biotechnology (NIAB) 
and the National Institute for Biotechnology and Genetic Engineering (N1BGE), 
P.O. Box 128, Jhang Road, Faisalabad, Pakistan 

A large area in Pakistan is located in semi-arid tropics. Pakistan also has a large network 
of irrigation canals taken out from reservoirs made on the Indus river system but millions of acres 
of land, which is otherwise arable is lying waste because of salinity and water-logging. Drought is 
another cause of wastage of land. 

The Nuclear Institute for Agriculture and Biology (NIAB) initiated work on selection of stress 
tolerant plant species, particularly salt tolerant ones, which could be introduced into the waste lands 
even when irrigated with saline groundwater (there is no sweet water available in these areas). As 
a result almost a dozen plant species including grasses, shrubs and trees have been selected and 
introduced on two demonstration stations. This work has involved studies on selection of salt 
tolerant plants, their introduction into saline lands, studies on the physical, chemical and biological 
parameters on the soil before introduction of the plants and after the growth of the plants. Detailed 
studies on parameters such as physical structure, permeability characteristics, chemical composition, 
leaching behaviour, biomass and its transformations, etc. have been undertaken. Studies have also 
been performed on the ecological aspects demonstrating the excellent impact of this low input 
technology on the improvement of the environment and arresting further wastage and desertification 
of the lands. Agroforestry systems could play a significant role in increasing productivity in salt 
affected areas in Pakistan. 

R. G. Palis 
Central Soil and Water Resources Station, 
Bureau of Soils and Water Management, 
Visayas Ave., Elliptical Road, Diliman, Quezon City, The Philippines 

Agroforestry has long been a tradition in the hilly areas of the northern and southern part 
of the Philippines, where trees, cash crops and livestock are exploited extensively to meet the daily 
food and energy requirement of upland settlers, and for soil and water conservation. As such, 
concerned agencies focused their research and development activities thrust to agroforestry with 
the Department of Environmental and Natural Resources and the Department of Agriculture leading 
the roles. The most important objective of the re-direction of their research activities is based on 
the need for developing a rational land use system. The areas of concern for agroforestry, based 
on the present land use pattern in the country include (1) the semi-arid areas (2) humid lowlands 
(3) hillsides, (4) agricultural areas and (5) forest plantations. The Integrated Soil Conservation 
Project of the Bureau of Soils and Water Management (BSWM), Department of Agriculture has 
established 16 field experiments on agroforestry systems. A total of 43 potential tree species sub-
divided into wood/nurse crops (17) and fruit (26) trees have been selected. Some of these tree 
species are already in use and few are newly introduced mainly for alley-cropping and tree orchard 
agroforestry schemes. 

Soil fertility issues associated with agroforestry range from soil erosion control, maintenance 
of soil organic matter, nutrient cycling and efficient use of nutrient resources, soil acidity, nitrogen 
fixation, root and mycorrhizal systems, and P availability. Approaches to solving these problems 
will be investigated. 

W.D. Lionel Gunaratne 
Research Station for Minor Export Crops, 
Department of Export Agriculture, 
Matale, Sri Lanka 
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Growing trees or shrubs with cash crops at the same time or in sequence is a common 
practice in Sri Lanka. Especially in small farm units, this practice provides food, timber, fuelwood, 
fodder and green manure in addition to the additional income that can be obtained by selling the 
commercial products. Cultivation of minor export crops such as cardamom, coffee, cocoa and black 
pepper are always in association with trees primarily to provide shade and/or support. Growing 
trees in tea plantations is also a common practice. Moreover intercropping of a variety of cash 
crops under coconut and rubber is a high priority area, when land utilization efficiency is considered. 

Declining soil productivity in most of the cultivable lands is a major problem and maintaining 
soil fertility with inorganic fertilizer alone is becoming more and more expensive. Use of lopping or 
litter of the trees species, mainly leguminous trees, is an important source of nutrient for the partial 
fulfillment of the nutrient requirement of cash crops. Field studies conducted in Sri Lanka have 
shown the beneficial effect of the green manure obtained from legumes grown in the same field for 
improving soil productivity. Cost of inorganic fertilizer for coffee could be cut down by 50% by this 
practice. 

Selecting trees for a given agrocïimat'ic condition and cropping system is a crucial factor. 
In Sri Lanka Gfiricidia sepium, Leucaena leucocephala. Erythrina subumbrance, Calliandra 
ca/othyrsus. Acacia mangium. Acacia auricuHformis and A/bizia moluccana are the most popular 
leguminous trees for agroforestry systems. 

Sawaeng Ruaysoongnern 
Department of Soil Science, 
Faculty of Agriculture, 
Khon Kaen University, Khon Kaen 40002, Thailand 

Agroforestry practices in Northeast Thailand are found both in degraded forests and existing 
agricultural lands. The farmers' practices in agroforestry covers both upland and lowland systems, 
utilizing native trees and/or planted trees species such as Pterocarpus, Afzelia xylocarpa, 
Dipterocarpus spp., Xy/ia xylocarpa, Samania saman, Tectona grandis and fruit trees such as 
Mangifera indica (mango), Tamarindus indicus. Trees could be either left or planted on suitable 
sites. These existing systems demonstrate high potential for agroforestry development in Thailand. 
Hence further evaluations or studies could be fruitful to identify problems and potentials of the 
existing systems. 

In order to expand agroforestry system concept in agricultural development, in-depth studies 
on roles of individual tree species, particularly some multipurpose tree species should be evaluated. 
Agroforestry could contribute substantially to both agricultural production and environmental 
conservation simultaneously. The present research needs Include studies on (1) evaluation of BNF 
capacity in trees, (2) nutrient availability from trees to associated crops such as rice and other 
upland crops, and (3) compatibility of tree crops in various agroecosystem. Compatibility includes 
introduction of food crops into existing tree plantations or planting trees on agricultural lands. 

Do Dinh Sam 
Forest Science Institute of Vietnam 
Chem - Tu Liem, Hanoi, Viet Nam 

Agroforestry is a traditional, indigenous form of land use which is fast becoming a new 
strategy for agriculture and forestry in Viet Nam. Shifting cultivation resulting in large scale 
deforestation is common. Agricultural land is becoming scarce and the available arable land has to 
be used judiciously both for the production of food crops as well as trees to provide the much 
needed food, fuelwood, timber and fodder for animals. At present multipurpose trees species are 
common in home gardens. Agroforestry systems in coastal sandy areas and sand dunes could 
include tree species such as Casuarina together with food crops such as rice, sweet potatoes, millet, 
etc. For the hilly regions, agroforestry systems could include tree species such as Acacia 
auriculiformis, A. mangium, and Dipterocarpussp. In these areas, the more common food crops are 
rice, cassava, maize, Soybean, tobacco, cotton, papaya, sesame and groundnut. Developing 
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agroforestry systems on a scientific basis could assist increasing and sustaining crop yields and soil 
fertility in Viet Nam which in turn will contribute to increased incomes and living standards of the 
end users, the farmers 

3. The Second Research Co-ordination Meeting of the FAO/IAEA CRP on "The use of Nuclear 
and Related Techniques for Evaluating the Agronomic Effectiveness of Phosphate Fertilizers, 
in Particular Rock Phosphates" (D1.50.03). 

Scientific Secretary: Felipe ZAPATA 

The Second Research Co-ordination Meeting of the FAO/IAEA Co-ordinated Research 
Programme (CRP) on "The use of Nuclear and Related Techniques for Evaluating the Agronomic 
Effectiveness of Phosphate Fertilizers, in Particular Rock Phosphates" was held at the "Centre de 
Coopération Internationale en Recherche Agronomique pour le Développement" (CIRAD), 
Montpellier, France, from 24-28 April, 1995. Truong Binh, an Agreement holder in the above 
programme, was the local organizer of the Meeting. 

The meeting was attended by 25 participants: 10 contractors, 6 research agreement 
holders; 4 from CIRAD, one from the "Commissariat à l'Energie Atomique" (CEA), one from the 
French Ministry of Foreign Affairs, 2 from the World Phosphate Institute and one from the 
Experimental Station El Zaidin (CSIC), Granada, Spain. 

The programme of the meeting included two days of presentation by all participants who 
conducted research during 1994, a visit to the Soil and Fertilizer Laboratory at CIRAD, a field trip 
to the Research Centre at Cadarache, CEA, 3 workshops and planning sessions of future research. 

At the meeting, the participants benefited from 3 workshops on the following topics: i) The 
32P isotope exchange method to assess bioavailable soil P and a demonstration given by J.C. 
Fardeau in his laboratory at the Cadarache Research Centre; ii) Preparation of phosphate rock-based 
formulations and a visit to the Soil and Fertilizer Laboratories at CIRAD, guided by Truong Binh. 
Also S.H. Chien, a Research Agreement holder, made a presentation on the chemical, mineralogical 
and solubility characteristics of phosphate rock for direct applications; and iii) F. Zapata made a 
presentation on the use of isotope methods for evaluating the agronomic effectiveness of P 
fertilizers with emphasis on the practical aspects and operational procedures based on the 
experiments already performed at the FAO/IAEA Agriculture and Biotechnology Laboratory, 
Seibersdorf. 

In addition to the general recommendations on the need to focus the research work on the 
objectives of the CRP and to utilize the nuclear techniques recommended for these types of studies, 
three main issues were highlighted and adopted as recommendations: 
a) The need for a "standard" characterization of the soil and phosphate rocks utilized by the 

participants in the network. 
b) The environmental issue of heavy metals in particular as a result of P fertilizer (rock 

phosphates) application, in particular Cadmium is becoming a high priority issue. 
c) To make a substantial contribution for testing the P submodel incorporated into the DSSAT 

family of crop models by collecting the minimum data set when conducting field 
experiments. 

Excerpts from presented reports: 

Studies of the dynamics of soil phosphorus status and agronomic effectiveness of some phosphate 
fertilizers, in particular rock phosphates in representative soil types of South Viet Nam 

Cong Doan Sat, Nguyen Dang Nghia, Hoang Van Tam (IAS) 
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Le Dac Lieu, Luong Thu Tra (CNT.VN) 
Viet Name 

Many agronomie studies conducted in Viet Nam clearly indicated that phosphorus deficiency 
is one of the main nutrient limiting factors of crop yields in all soil types of the country, especially 
in the southern part - the most important crop producing area. In this region the four main 
cultivated soil types are: Alluvial, Acid Sulfate (AS), Red Latosols and Gray Podzolic soils. Thus, 
the studies on bioavailable phosphorus status in these soil types are essential and play a key role 
in developing a sustainable agriculture in the country. 

A preliminary experiment was conducted to determine the P available status parameters and 
to evaluate the effectiveness of some fertilizers, including local rock phosphates (PR), using the 
isotopic exchange kinetic- method, at the Laboratory DPVE, CEA, Cadarache, France by J.C. 
Fardeau. The results showed that there are significant differences among these three soil types in 
all P status parameters. In the treatment with addition 50 mg P /kg soil of fertilizer as SSP or TSP 
without incubation, the most important parameters as Intensity factor (C0) and Quantity factor (E,) 
are slightly higher that critical P soil limiting values (Cp = 0.02 mg P/l and Et = 5 mg P/kg soil). 
Cp values were 0.025 mg P/l, 0.029 mg P/l and 0.038 mg P/l; while E values 8,8 mg P/kg 14,8 
mg P/kg and 7,2 mg P/kg in Gray Pozdolic, Red Latosol and A.S. soils respectively. However, after 
one month incubation these values strongly decreased in all soil types. The Cp and E, values 
significantly decreased. They ranged from 0.075 mg P/l to 0.013 mg P/I and E values - from 2,1 
mg P/kg to 7,4 mg P/kg. Significant changes occurred in the high P fixing and capacity factors. 
In Red Latosol and A.S. soils CP values decreased 4 and 4.5 times, E values decreased 2 and 3.5 
times respectively. In the treatment with one month incubation at high P level (50 mg P/kg soil) of 
different P fertilizers, P available status parameters were better than the control, and despite their 
different behaviour in the various soils, still their effectiveness was low. Except SSP and TSP which 
increased CP and E values in three soil types, all rock phosphates tested had low and sometimes 
negative effects. 

A second greenhouse experiment, using 32P isotope dilution method and rice (Oriza sativa 
L.) as test crop was carried out at the Institute of Agricultural Science of South Vietnam (IAS) to 
estimate the plant P uptake and L values in these soil types. Significant differences among four soil 
types were found for all parameters such as DMW, % P, P uptake, % PdfF and L values in three 
treatments: carrier-free and addition 100 mg P/kg soil as KH2P04 and TSP. There is no correlation 
between the P uptake, % P and L values. These parameters strongly depend on the test crop and 
harvest time. The P uptake at 25 days after sowing varied from 1,14 mg Р/ pot to 7.9 mg P/pot 
in the control and from 5,72 mg P/pot to 13,8 mg P/pot in both treatments with added P. At 50 
days after sowing the P uptake varied from 0.86 mg P/pot to 31.04 mg P/pot in the control and in 
the treatment with P addition ranged from 21.45 mg P/pot to 45 mg P/pot. The L values in these 
soil types ranged from 40 mg P/kg soil in high P fixing soil as A.S. to maximum 146 mg P/kg in 
alluvial soil. In the treatments with P addition these L values increased respectively to 143,6 mg 
P/kg and 262,9 mg P/kg. There is no correlation between E, L and P uptake values neither for 
absolute values not for the ratios in each soil type. Thus for these Vietnamese soil types strategic 
approaches to be followed are to improve P fertilizer technology and management practices as well 
as to identify crop genotypes that would be most suitable for each soil type. 

Development of soil tests for assessing P availability in soils fertilized with water-soluble and rock 
phosphates 

Mike McLaughlin, Paul Lancaster, Paul Simpson and Peter Sale 
CSIRO Division of Soils, Adelaide and School of Agriculture, La Trobe University 
Australia 

These studies were carried out in a glasshouse experiment and in a national series of field 
trials evaluating various RPR fertilizers and triple superphosphate as fertilizers for pastures in a range 
of environments and soils. Soils from these trials were analysed by various methods to evaluate 
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the most effective soil test procedure to determine response of pasture plants to both water-soluble 
and RPR fertilizers. Methods being evaluated were water-extractable P, 0.01 M CaCI2-extractable 
P, Bray-1 P, Colwell-P (0.5M NaHC03), isotopically exchangeable P, P desorbed to iron-oxide 
impregnated filter paper, mixed resin extractaba P, exchangeable Ca, and pH buffer capacity. 

In the glasshouse trial, soil (pHc, 4.0) was incubated for 8 weeks with five P sources varying 
in water solubility. Plant-available P was assessed using subterranean clover. P was extracted from 
soil using resin, water, 0. 0 1 M CaCI2, Bray No. 1 and Colwell methods. Compared to other 
extraction methods, the resin method was unique in that a single calibration effectively described 
the relationship between extracted P and the P application rate of the different fertilizers in the 
glasshouse experiment. P extracted by resin membranes was more closely correlated to plant P 
uptake than other methods, accounting for 60 % of the variation in total P uptake. In the field 
trials, pasture response to added triple superphosphate (TSP) was compared to P extracted by 
various procedures, including isotopically exchangeable P. Results from the field trials indicate that 
Bray-1 test was the most useful predictive test (r2 =0.5) across the range of environments used. 
Values obtained by isotopic exchange procedures were only moderately correlated with resin-
extractable P (r2 =0.48) and both isotopic and resin procedures gave similar correlations with plant 
response to P fertilizer (r2 = 0.30-0.35). Preliminary data from the RPR treated soils indicate that 
Bray P was again the most useful test, although all tests were poorly correlated with plant response. 

Phosphate studies in some tropical soils of Brazil 

T. Muraoka, A.E. 3oaretto, E.C. Brasil, R. Rossetto 
CENA, USP, Sao Paulo 
Brazil 

One experiment was carried out with the objective of evaluating the effect of incubation 
periods (0, 1, 30, 60, 150 and 300 days) on the P availability of Patos PR (0, 50, 100 and 500 ppm 
P), compared with triple superphosphate (50 and 100 ppm P) and Yoorin thermophosphate (50 and 
100 ppm P), to rice plants. There was a clear decrease in the Bray 1 extractable P with increasing 
period of incubation, in the soil fertilized with water soluble P fertilizer (TSP). The increase in soil-PR 
contact, i.e., incubation time, did not increase dissolution of PR phosphorus, or, if it did to occur, 
the solubilized P was also fixed or transformed to insoluble form. Probably the reverse reaction is 
a more intensive process than the dissolution process, as in the two lower rates of P (50 and 100 
ppm P) there were slight decreases in dry matter yield and P absorption with increasing incubation 
period. The Patos PR produced only a slight increase in dry matter yield, even with 500 ppm P. 
The effect of highest rate of this PR was less than that obtained with 50 ppm P of TSP or Yoorin. 
The difference between 500 ppm P of Patos PR and control treatment was not statistically 
significant. The thermophosphate Yoorin, probably due to its alkaline nature and as it contains Mg 
and Si, which reduce P fixing process, behaved better in the soil, maintaining the same Bray 1 
extractable P content during the incubation periods. The Bray 1 extractant, although correlated well 
with dry matter yield and absorbed P, apparently underestimated soil P availability, as a slight 
increase in dry matter yield that occurred with increasing incubation time, was not detected by this 
extractant. The effect of Yoorin was similar to that of TSP, at both P rates in the two initial 
incubation periods , i.e. 0 and 1 day. As the incubation period increased, the effect of 50 ppm P 
of thermophosphate surpassed that of the 100 ppm of TSP, which occurred at 30 days. 

Another experiment was carried out with the objective of evaluating the P availability in five 
Amazonian soil samples (3 Yellow Latosols and 2 Red-yellow Podzols), amended with P fertilizers 
with different solubilities, and to evaluate the efficiency of these phosphates. Four P sources (triple 
superphosphate-TSP, fine Yoorin thermophosphate-YF, granular Yoorin thermophosphate-YG and 
North Carolina phosphate rock-NCPR) at three rates (40, 80 and 120 fjg P/g soil). Cowpea and rice 
plants (residual effect) were utilized as test-plants. Four methods were evaluated: anionic 
exchangeable resin, Mehlich 1, Mehlich 3 and Bray 1. For rice plants, iron oxide impregnated filter 
paper (Pi) method was also evaluated. The TSP was the best P source for the 1sl crop (cowpea), 
followed by YF > YG > NCPR, while all the phosphates were similar for the rice cultivation. The 
Mehlich-1 extractant extracted the highest amount of P, in the treatment with NCPR. Irrespective 
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to the P source utilized, the Mehlich-3 extractant presented better correlation with the responses 
of cowpea and rice plants, showing to be more suitable in predicting the soil P availability in 
different soil conditions and P sources. Further experiments using isotope techniques are in 
progress. 

Appraisal of methods to measure available P and P sorption parameters in soil with different levels 
of P fertilization in volcanic soils "Los Lagos Region Chile 

Inés Pino, Walter Luzio, Ana Maria Parade. 
Comisión Chilena de Energía Nuclear, Fac. Cs. Agrarias y Forestales Universidad de Chile 
Chile 

An evaluation of the P sorption capacity in eight soils from "Los Lagos Region", Chile was 
carried out. Three methods were used to obtain the sorption parameters in the soils amended with 
different levels P fertilization. Olsen and North Carolina extraction methods were utilized to obtain 
available P. At the same time a greenhouse trial with 12 wheat genotypes was carried out to 
determine their response to triple superphosphate (TSP) and phosphoric rock (PR). The results 
confirm the high P sorption capacity of volcanic ash soils showing three categories of soils 
according to their P retention; a) Recent volcanic soils with little or no development and fresh 
volcanic ash incorporated, show low P sorption; b) Well developed soils from volcanic materials 
(or volcanic ash incorporated to the soils) with high amount of crystalline clay minerals like some 
Paleudults and Palehumults show high P sorption, and c) Soils dominated by short-range order 

inerals like allophane, imogolite and ferrhydrite such as Hapludands and Placaquands show very 
high P sorption. 

Fertilizers de not modify P sorption capacity particularly in Andisols. In Ultisols there is a light 
decrease in P sorption capacity when high rates of fertilizers are used. The available P in soils with 
different levels of fertilization was highly correlated for both extraction methods. In the greenhouse 
trials with wheat a very low efficiency of PR was found, which behaved mostly as an amendment 
through the Ca+ + released to soil solution. Thus the use of PR as fertilizers depend on soil 
characteristics and the kind of cultivars as well. It is concluded that a large application of P will not 
produce significant ctnnges over sorption parameters. The Ca+ + is considered as the most relevant 
cation able to influence the physico-chemical components involved in P sorption processes. 

Isotope techniques to evaluate the interaction of soluble phosphate fertilizer and a less reactive rock 
phosphate 

L.M. Xiong, Z.G. Zhou and R.K. Lu 
Institute of Soil Science, Nanjing, 
People's Republic of China 

A pot experiment was conducted to evaluate the interaction of 32P-labelled single 
superphosphate (SSP) and a less reactive rock phosphate (RP) from Jinxiang mine, Hubei, China. 
In the experiment, SSP and RP were applied to two acidic red soils in a manner that would favour 
or diminish their interaction either by mixing the two P sources thoroughly with all the soil in the pot 
or by separating them with each being mixed only with one half of the soil. The reference 
treatments of SSP and RP were arranged in similar manner. Two successive harvests of ryegrass 
were made during the two month period. Data concerning plant dry matter weight, 32P radioactivity, 
content of P and other elements were collected. The sources of plant absorbed P were calculated. 
Results indicated that SSP and RP when both were mixed with all the soil significantly increased 
plant growth and enhanced plant utilization of SSP - P. P recovery was almost doubled compared 
with treatment where the two sources were separated in space. The data of plant PdfL% (P derived 
from labelled SSP), which indicated that most of plant P was derived from SSP, however, failed to 
support the idea that soluble P had increased plant utilization of RP. Alternatively, it is considered 
that the low grade rock phosphate had increased plant utilization of SSP. Calcium and Mg in plant 
for treatments of SSP and RP when mixed were also obviously higher than other treatments. At 
the end of the experiment, P from the RP under study was still not significantly released even the 
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soils were very acidic. Further studies are still in progress. 

Studies on alternative phosphorus fertilizer sources for cropping systems grown on red ferrallitic 
soils using nuclear techniques. 

J.A. Herrera Altuve, R. Rodriguez Guzmán, J.L. Herrera Cárdenas, A. Hernández Garcia 
Agricultural High Institute, Ciego de Avila 
Cuba 

During the first year of work a red ferrallitic soil (Orthic Ferralsol) from Ciego de Avila, Cuba, 
was characterized as low in bioavailable phosphate (E value = 2.4 mg/kg) and having a high P fixing 
capacity. The P concentration in the soil solution was 0,014 mg/l and the capacity factor 171 1/kg. 
These soils have good contents of К and Na in solution. The determination of isotopic data in this 
soil was very difficult because of its high clay and Fe oxides content making the soil very hard to 
filtrate. The main Cuban phosphate rock deposits contain a material poor in P and of low reactivity, 
with more than 15% of calcium, generally in form of carbonate. Rock phosphates from North 
Carolina (USA) and Baja California (Mexico) had better behaviour but due to the soil pH (near to 
neutrality), chemical, physical and biological améliorants should be studied for their potential 
utilization. Riecito rock phosphate (Venezuela) cogranulated, partially acidulated or without 
treatment, did not give good results to increase the soil fertility as measured with conventional 
chemical analysis. The Oniani soil P test (Sulfuric acid 0. 1 N), whose use is generalized in Cuba 
was not suitable in soils that have previously received rock phosphate, but it also happens in the 
rest of the soils amended with other fertilizers. Both the total rate and the method of application 
of phosphate fertilizers (single superphosphate) influenced the main chemical P indexes. The best 
results were obtained with the systematic application of fresh P, though if analyzed from the 
economic point of view greater outputs were received with long-term applications. 

Effect of phosphate rock application on available soil P: analysis using isotopic methods 

J.C. Fardeau 
DPVE-DSV, CEA Cadarache, 
France 

Available soil P has been described using three factors: intensity, quantity and capacity. 
These factors were determined using the method of isotopic exchange of phosphate ions carried out 
in soil-water (1:10) suspension systems with carrier-free 32P labelled ions. This method was applied 
to determine the P derived from the P fertilizer (Pdff %) in soil solution in order to predict the Pdff % 
in plants growing on soil-amended with P fertilizers. More than 100 soils, collected from tropical 
regions, covering all the range of the P adsorption capacity, were analyzed using this experimental 
procedure. About 20 phosphate rocks (PR) representing all types of PR encountered in deposits, 
and generally triple superphosphate (TSP), were applied to these soils. The rates of application were 
0 or 50 mg P kg"1. The determinations were made at the beginning and after one month of 
incubation in wet conditions. It is concluded that: (i) PR of any origin, do not increase available soil 
P if the soil pH is higher than 6.0, whatever the soil type; (ii) the relative agronomic effectiveness 
of PR depends on the soil P fertility status and the type of PR in a given soil, but the classification 
of the PR do not vary; (iii) the availability of P applied at a rate higher than the P uptake by crops 
decreases as the time of contact between soil and P fertilizer increases, whatever the P fertilizer. 
A pluri-compartment analysis of bioavailable P can be made by using isotopic tracers. 

Preparation of phosphate rock-based formulations. A review of CIRAD experience. 

Truong Binh 
CIRAD, Montpellier 
France 

Phosphate rock utilization has greatly expanded due to economic but also to agronomic 
reasons. There are however two main factors limiting their use for direct application: (1 ) the powder 

17 



form making it difficult to transport and handle the products and hazardous to spread them, 
especially in windy areas; (2) though the slow release of P from PR prevents its fixation by the soil, 
sometimes its low agronomic effectiveness for annual food crops does not meet the expectation of 
the farmers in the year of application. This situation occurs when the quality of PR, soil conditions 
and water supply are not adequate. In order to overcome these constraints many attempts have 
been made to improve the physical appearance of PR products (agglomeration, granulation, blending 
with other nutrients to produce complex fertilizers) and their short-term agronomic effectiveness 
(mixing with organic matter, sulphur containing products or inducing a starter effect by partial 
acidulation). 

Use of nuclear and related techniques for evaluating the agronomic effectiveness of Phcsphate 
fertilizers, in particular, rock phosphates in Ghana 

E. Owusu-Bennoah, 
University of Ghana, Accra, 
Ghana 

The naturally occurring acid soils in Ghana are found mostly in the western region of the 
country where the annual rainfall is between 1270 to 2200 mm. Phosphorus constitutes one of the 
most important nutrient limitations in these soils. As farming is intensified on these soils the need 
for accurate and reliable laboratory methods to assess soil P status becomes important. The use 
of nuclear and related techniques for evaluating both the available P and agronomic effectiveness 
of phosphate fertilizer is new in Ghana. The objective of this paper therefore was to assess soil P 
availability of some Ghanaian soils using conventional and isotopic techniques. The conventional 
extraction methods used for the study were Bray II, Bray I, Mehlich I, CER/AER, Fe oxide strip and 
AER membrane. Phosphate sorption characteristics were also determined for the five acid soils. 
The amount of P extracted by the various methods decreased in the following order: Bray II > Bray 
I > Mehlich I > CER/AER > Fe oxide > AER. In general the chemical extractants appeared to have 
dissolved more P from the soils and this gave overestimated available soil P values than the non-
chemical extractants. Good correlations were found between all the extraction methods, but the 
best relationship was obtained between Mehlich I and Fe oxide strip (0 .994** * ) . The phosphate 
adsorption maximum was highest (400 ppm) in Boi soil series and lowest (190 ppm) in Tikobo 
series. Based on the Isotupic exchange kinetics technique, Tikobo soil series appeared to have n 
value close to 0.2 and r, /R > 0.4 confirming the low sorption capacity or the buffer power of the 
soil. Simple correlation coefficient between P sorption maximum and soil properties showed that 
the former correlated highly significantly with soil pH (- 0 . 9 3 5 * * * ) and oxalate extractable iron (r 
= 0 .904* * * ) ; the relationship with dithionite iron did not attain any significance. 

Use of isotopic techniques to determine the availability of P from phosphate rock and TSP to food 
crops 

Elsje L. Sisworo, Havid Rasjid, Widjang H. Sisworo, Harynato 
National Atomic Energy Agency, Centre for the Application of Isotopes and Radiation, Jakarta 
Indonesia 

New P-fertilizers need to be explored besides TSP, with the purpose of having efficient and 
cheaper P-fertllizers available to farmers. These studies were conducted to determine whether P 
from phosphate rock (P-Pr) could be as available as P from TSP (P-Tsp) to food crops. Four 
greenhouse experiments, using 2 lowland rice and 2 soybean varieties and applying carrier free 
KH2

32P04 solution and 32P-labelled TSP were carried out for this purpose. Data from these 
experiments in an alluvial and Red yellow Podzolic soil shows that, for lowland rice, plant dry matter 
yield was higher by 38% and 35% than the control plants (0 P) when Pr or Tsp were applied. For 
the P-total yield of soybean plants the increase over the control plants was 32% for Pr and 30% 
for Tsp. The increase/ over the control plants for Pr and 17% for Tsp. For the P-total yield of plants 
the increase was 27% for Pr and 30% for Tsp. Apparently residues of P-Pr and P-Tsp has only a 
small effect on plant dry matter yield and total P-yield of piants. To determine the P-availability of 
Pr and Tsp, 32P-labelled TSP was used satisfactorily. Using isotopic techniques it was found that 
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the P derived from Pr was about 63% in soybean and only about 37% in lowland rice, while forTsp 
it was about 75% and 31% for soybean and lowland rice respectively. The data from the 
experiments show that P-Pr was as available as P-Tsp to food crops. 

Evaluation of availability and uptake of P from rock phosphate (RP) by agroforestry trees grown in 
an acid soil of Kenya 

*N.K. Karanja and **K.A. Mwendwa 
* Department of Soil Science, University of Nairobi, Nairobi 
*'Department of Forestry, Moi University, Eldoret 
Kenya 

Increasing over-exploitation of woody vegetation for timber and/or fuelwood and declining 
soil fertility of cultivated land now characterizes over 40 of the 50 tropical African countries. The 
establishment of low-input sustainable land use systems especially for resource poor small scale 
farmers has therefore become a priority to meet these demands in the developing countries. In 
Kenya great emphasis has been paid to short rotation multipurpose trees such as E grandis, G. 
robusta, С. siamer/ and nitrogen fixing legumes L. leucocephala and G. sepium. Their establishment 
in acid soils in Western and Eastern Kenya is nonetheless poor. Aluminium toxicity and P deficiency 
have been identified as probable factors inhibiting growth of these trees in acid soils. In legumes 
an adequate supply of phosphorus is necessary, for their optimum growth, survival of the rhizobia 
in the soil, nodule formation as well as N2 fixation. 

A greenhouse experiment was established to evaluate the availability and uptake of P from 
locally available Mijingu Rock Phosphate (MPR) and Triple Superphosphate (TSP) to six tree species 
namely; Leucena leucocephala. Cassia siamea, Grevillea robusta. Eucalyptus grandis, Sesbania 
sesban and Gliricidia sepium grown on an acid ACRISOL collected from Kakamega District in Kenya 
using the 32P isotope dilution technique. Response to P application in terms of biomass and P 
uptake of the six agroforestry tree species at 3 MAT is reported. Minjingu RP gave higher increases 
in P uptake and growth than both TSP and control for all tree species except for G. robusta. An 
increase of up to 300 % growth and P uptake occurred with those treatments which received P 
fertilizer compared to the control. S. sesban gave the highest growth and P uptake compared to 
the other tree species. Available soil P in P-source fertilizer equivalent units (A„) indicated that 
L.leucocephala, G. sepium and C.siamea were more efficient in utilizing P from Minjingu RP than 
from TSP in Kakamega soil. The demand for P by the above mentioned three species (added as 
either Minjingu RP or TSP) was high as indicated by Pdff values. However G. robusta had low 
demand whereas E. grandis had a medium demand for added P. The relative availability of RP as 
determined by isotope dilution (RAID) to L. leucocephala, G. sepium and C. siamea was higher 
compared to G. robusta and E. grantis. This supports the higher P utilization from Minjingu RP by 
these three tree species qualifying the mijingy RP as a possible cheap substitute to the soluble 
inorganic P fertilizers for some (legume) agroforestry trees in Kakamega soils. However, RP was 
50-63% as effective as TSP to G. robusta and E. grandis. Further studies are in progress. 

Current and residual effects of reactive and unreactive natural phosphate rocks on oil palm seedlings 
grown on a highly weathered acid soil of Malaysia. 

Zaharah, A.R., Zulkifli, H. and Sharifuddin H. A. Hamid 
Universiti Pertanian Malaysia, Selangor, 
Malaysia. 

A greenhouse experiment was conducted where 3 month old oil palm seedlings were planted 
in 15 kg Rengam series soil (Typic Paleudult), containers and 6 g of P/kg soil as triple 
superphosphate (TSP), North Carolina phosphate rock (NCPR), Gafsa phosphate rock (GPR), Jordan 
phosphate rock (JPR), Morocco phosphate rock (MPR), Christmas Island phosphate rock (CIPR), and 
China phosphate rock (CPR) were added. Four sets of each treatment, with each set having four 
replicates of each treatment were made. The first set was treated with 250pC\ 32P at the beginning 
of the experiment. P, К and Mg were also provided to these palms. After three months the first 
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set that was labelled with j 2P solution was harvested. 32P activity and inorganic P present in the 
palms were analysed. The second set of palms were then labelled with згР solution and harvested 
at 6 months. The third set was labelled and harvested at 9 months. The final set has been labelled 
and awaiting to be harvested at 12 months after planting. Soil samples from the unlabelled pots 
were sampled at 1, 3, 6 , 9 and 12 months after the P fertilizers were added to the soil. These were 
air dried, ground and sieved through a 2 mm size sieve. The soils were analysed for extractable P 
by 0.5 M NaOH solution and Pi-strip. Exchangeable Ca present in the soil was also measured using 
NH4OAc solution at pH 7.0. 

The results showed that the highest P utilization was from the TSP treated palms- All the 
PR tested were highly available at 6 months after application. In this case there seemed to be no 
difference between the PR sources used. This may be due to the high amounts of P used in this 
experiment. Only at 9 months after P application, there seemed to be a trend where the reactive 
PR is exhibiting to be more available than unreactive PR. 0.5M NaOH solution seemed to be 
effective in indicating the transformations of PR in the soil. Pi-strip extractable P and exchangeable 
Ca showed poor relationship to PR transformations in the soil. 

Greenhouse studies on the agronomic effectiveness of some phosphate rocks as sources of P. 

Z. Borlan, 
Research Institute of Soil Science and Agrochemsitry, Bucharest 
Romania 

A pot experiment using 32P was carried out in 1994 on 4 soils with annual raygrass (Lolium 
muitifiorum Lam.) to study the effectiveness of some phosphate rocks as sources of P as compared 
with Contracted Superphosphate (CSP). Based on the results of this experiment a research 
programme was initiated for developing ways and means of predicting the agronomic effectiveness 
of phosphate rocks as sources of P for dressing of base-unsaturated low phosphate acid soils. 32P 
isotope methodology proved to be invaluable in these studies. The results obtained so far within 
this IAEA/RISSA research contract may be summarized as follows: (i) for an accurate prediction of 
PR agronomical effectiveness one should consider simultaneously both PR and soil chemical 
properties having relevance to PR-P mobilization into the soil; (ii) PR and soil chemical properties 
relevant to PR-P mobilization into the soil proved to be promising; (iii) 32P isotope parameters (Pdf 
PR as % from total plant P; Pdf PR as mg of P per pot; the relative efficiency of PR to CSP), were 
found to be statistically superior to non-isotope ones. Non-isotope parameters, evaluated by old 
difference methods proved to be, in many instances, misleading; (iv) the equivalence of PR with 
water soluble P fertilizers may be evaluated based on 32P isotope regression with different synthetic 
indices. 

Development of microcosm-based bioassays to ascertain the role of mycorrhizas and phosphate 
solubilizing rhizobacteria to improve the agronomic effectiveness of rock phosphate in neutral soils. 

Toro, M., Azcón, R. and Barea, J.M. 
Departamento de Microbiología, del Suelo y Sistemas Simbióticos, Estación Experimental del Zaidin, 
CSIC, Granada, 
Spain 

The agronomic efficiency of three rock phosphates i.e. Spanish (PN-brut 22,46% P205), 
North Carolina (30% P206) and Venezuelan "Riecito" (28.9% P205) was tested in comparison with 
triple superphosphate, using Agrostis tenuis as host plant under microcosm conditions. Mycorrhizas 
and P-solubilizing bacteria were added in order to corroborate if these microorganisms could improve 
reek utilization by the plant. Our results show that the best rock improving plant yield was North 
Carolina, in all the microbial combinations. Specific activity showed the lowest values in mycorrhizal 
treatments and the combination with bacteria, indicating that the mycorhiza and/or its combination 
with bacteria could be using P sources that are less available to non-inoculated plants. This fact is 
influenced by the natural microflora present in the rhizospheric system that could be carrying out 
other activities releasing P-forms that the plant can then use. It was also shown that the bioassay 
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used is suitable to check the agronomic effectiveness of rock phosphates and how this could be 
affected by microorganisms. 

With the aim to corroborate if three bacteria and mycorrhizal fungi efficiently operate in P-
nutrition and how the bacteria inoculated maintain their population in the rhizosphere under non 
sterile conditions we set another experiment with Allium сера. Of the three isolates inoculated only 
an Enterobacter sp, combined with G. desert/cola showed a yield production similar to that plants 
fertilized with TSP. Bacterial isolates did not colonize the root surface, but maintained a population 
of 10*cfu/g soil, in the rhizosphere- Specific activity values corroborate that Enterobacter sp. was 
the most effective solubilizing rock phosphate. 

Effectivity of mycorrhizal mycelium taking up P ions released from rock particles by the P-
solubilizing bacteria (PSB) in zones far from the rhizosphere was tested in Medicago sativa with two 
mycorrhizal fungi and two PSB. Both fungi-bacteria combinations showed a significant increase on 
yield and P content over controls. Specific activity values were significantly lower in all cases with 
rnycorrhiza alone and/or coinoculated with PSB, indicating the importance of mycorhizal plants to 
reach P from microsites far from the rhizosphere. The persistence of bacterial isolates in the soil 
was highly related with the presence of mycorrhizal hyphae (hyphosphere). 

Assessment of the relative agronomic effectiveness of phosphate rock materials in a maize-soybean 
crop rotation using isotope techniques. 

Jittiwan Mahisarakul 
Ministry of Agriculture and Co-operatives, Chatuchak, Bangkok 10900, 
Thailand 

Seven acid soils from different benchmark sites; Rangsit soil (Sulfic Tropaquepts) (two acid 
sulfate soils), Pakchong soil (Oxic Paleustults) Korat soil (Oxic Paleustults), Warin soil (Oxic 
Paleustults), Mae Taeng soil (Typic Paleustults) and Boundary grey soil and two Thai phosphate 
rocks (PR) (Lamphun PR and Ratchaburi PR) had been characterized in the laboratory by isotope 
techniques (E, value Part 1 ). Triplesuperphosphate (TSP) was used as a standard fertilizer. RP and 
TSP with 50 mgP kg"1 soil were incubated for 30 days to examine the fixing capacity of the acid 
soils. The results showed that Rangsit soil which is acid sulfate had high fixing capacity. Pakchong 
soil retained higher P fixation ability than Korat and Warin soil series. The highest P fixation 
capacity among 7 acid soils were Grey Soil and Mae Taeng soil series. The solubility of TSP was 
decreased when incorporated with soil after incubated for 30 days. PR from Ratchaburi showed 
higher effectiveness than Lamphun PR. 

Pot experiments for screening of suitable genotypes of maize and soybean were conducted 
using vermiculite as solid substrate. (Part 2 and 3) The experimental design was a factorial in RCB 
with 4 replications. A Hoagland solution with various P concentration was used: 5, 10, 15, 20, 25, 
30 and 35 ppmP, with 35 ppmP considered as control treatment. Five maize cultivars (3264,3256, 
3248, 3504 and Suwan 5) were the testing crops. Plants were harvested after some cultivars 
showed P deficiency symptom. It was 35 days-after germination. The results showed that at low 
P level (5 ppmP) the tolerant maize cultivar was hybrid 3264. 

For screening of soybean genotypes, the experimental design was similar to the maize 
experiment. The P concentrations of the Hoagland solution were 0, 1, 10 and 100 ppmP. There 
were 7 cultivars (Sukhothai 1, SJ.5, Line SSR-8502-2-2, Nakhon Sawan 1, SJ.4, Changmai 60 and 
Line 8734-B-6) used as testing plants. The plant were harvested at podding stage (45 days.after 
seed germination) for total P analysis and dry matter measurement. The results indicated that 
Nakhon Suwan 1 was the tolerant variety to low P condition (O and 1 ppmP) while line SSR-8502-2-
2 showed response to the higher P rate of applications. 

Estimation of phosphorus availability to maize and cowpea from phosphate rock as enhanced by 



water-soluble phosphorus 

S.H. Chien, R.G. Menon and K.S. Billingham 
International Fertilizer Development Centre (IFDC), Alabama, 
U.S.A. 

It has been reported that the addition of water-soluble P fertilizers, such as triple 
superphosphate (TSP) can enhance the effectiveness of phosphate rocks (PR) that have low or 
medium reactivity and thus are not suitable for direct application. Quantitative estimation of this 
enhancement effect, however, has not been reported. The objective of this study was to use 
radioactive 32P as a tracer to distinguish P availability from soil, PR, and TSP so that the P uptake 
by crops from PR in the presence of TSP could be estimated. Three sets of 4-kg soil samples of an 
acid Hartsells silt loam (Ultisol, pH 4.8) were mixed with the following treatments: (1) 32P solution 
and central Florida PR (CFPR), (2) ^P-tagged TSP, and (3) 32P-tagged TSP and CFPR at a P ratio of 
50:50. The rates of P applied were 0. 12.5, 25, 50, 100 and 200 mg P/kg. For treatment (3) an 
additional rate of 400 mg P/kg was also prepared so that it contained 200 mg P/kg as 32P-tagged 
and 200 mg P/kg as CFPR for comparison with treatments (1) and (2). Maize and cowpea crops 
were planted and were harvested 42 days after planting for maize and 45 days after planting for 
cowpea. Th« effectiveness of P sources followed the order of TSP > {CFPR + TSP) > CFPR for 
maize and TSP = (CFPR + TSP) > CFPR for cowpea. Based on the isotopic dilution method, the 
amounts of P uptake by crops from soil, CFPR, and TSP were calculated. P uptake from CFPR in 
the presence of TSP was significantly higher than P uptake from CFPR applied alone, indicating an 
enhancement effect of TSP on the effectiveness of CFPR. The increase in P uptake from CFPR due 
to TSP influence, across all the PR rates applied, was 3.48 mg P/pot for maize and 1.38 mg P/pot 
for cowpea. With respect to P uptake from CFPR applied alone, the corresponding relative increase 
in P uptake from CFPR due to TSP influence was 165% for maize and 71.7% for cowpea. 

Performance of phosphate rock and fertilizer tree tablets in reclaiming acidic, denuded land in Copper 
Basin, Tennessee 

F.J. Sikora, J.M. Soileau, J.J. Maddox, J.J. Kelsoe 
TVA Environmental Research Centre, 
U.S.A. 

Open smelting of copper ore about 100 years ago resulted in approximately 9,300 ha of 
severely eroded acidic soils at Copper Basin, Tennessee, USA. A field study was initiated in 1992 
to compare revegetation from surface application of North Carolina phosphate rock (PR) and triple 
super phosphate (TSP) at 20, 59 and 295 kg P ha-1, and determine benefits of starter NPK tree 
tablets. Measurements included survivability and growth of transplanted pine seedlings, ground 
cover from an aerially seeded grass/legume mixture and soil acidity. Tree survivability was high 
from all treatments. Through the third year, tree height and diameter increased with increasing P 
to 59 kg P ha"\ without fertilizer tablets. There was no difference between PR and TSP with 
respect to growth of loblolly pine. Weeping lovegrass provided the most ground cover and was 
stimulated with tree tablets and P. Fescue, lespedeza and locust responded more to PR than to 
TSP. Soil pH increased and 0.01-M SrCI2 extractable AI decreased with increasing rate of PR. With 
amelioration of soil acidity and increased diversity of ground cover effects, PR may have potential 
for aerial application in reclaiming acidic, steep, gullied land. 

The use of nuclear and related techniques for evaluating the agronomic effectiveness of phosphate 
fertilizers in Venezuela 

Ana M. Salas and Eduardo Casanova 
Instituto de Edafología, Facultad de Agronomía, Universidad Central de Venezuela, Maracay, 
Venezuela 

Venezuela is participating in this Programme with the objectives of assessing the initial 
"available" P status of the soils, and its evolution with time and to quantify the uptake and use of 
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P fertilizers by the crops under a variety of soil and climatic conditions. In order to study the 
agronomic effectiveness of Venezuelan Rock Phosphates and their suitability for direct application, 
32P was used as a tool for assessing the bioavailability of P and the use of P efficiency in Rock 
Phosphate materials applied in tropical soils. Incubation and greenhouse studies were carried out 
to measure 1) the soil P parameters Intensity 0), Quantity (Q) and Capacity (CI; and 2) the crop 
responses through the quantification of the amount of P derived from the soil (Pdfs) and from the 
fertilizer (Pdff). Soils and Rock Phosphate characterization were performed by J.C. Fardeau 
(France) and Rhizosphere studies were conducted by J.M. Barea (Spain). This paper presents the 
main features of Venezuelan agriculture, the soil data for simulating soil P dynamics according to 
the 1BSNAT crop models and the results from using the isotopic and related techniques in 0 Pao Soil 
(Aquic Paleustult) during 1994. Venezuela has used simple and complex P fertilizers in the 
agriculture within a ratio of 20/80 %, respectively, and Rock Phosphate began its marketing in 
1991. There is an estimated Rock Phosphate reserve of 2.7G0 (MtxIOOO) which could satisfy 
Venezuelan P requirements for many years. Annual and permanent crops are grown in the tropical 
conditions and their P requirements in 1994 were calculated in 110.000 and 95.000 MT, 
respectively. 

The results showed that fixation index for El Pao soil was 0.2 which classifies the soil as 
medium P fixing capacity (0.2-0.6), increasing significantly the recovery M P applied to the soil as 
the amount of P added is increased. The fixing capacity values were highly correlated with the 
Kmax Lagmuir constant. The bioavailable P after 60 days of incubation and a P rats of 100 mg/kg 
of Riecito Rock Phosphate was 0.2 and with Riecito Rock Phosphate acidulated 40 and 60% was 
0.45 and 0.47, respectively, higher than the critical limit (0.2). The greenhouse experiment using 
natural Riecito Rock Phosphate (0-150 mg P/kg) increased sorghum dry matter production (18-22.5 
mg/pot), P uptake by the plant (33-75 mg P/pot) and the A value (11-100 ppm). As expected Pdfs 
remained constant (11 mg P/pot) and Pdff increased (5-42 mg P/pot). The coefficient of utilization 
increased (3-9%) and the relative efficiency ratio decreased (5-1.5). When 40% and 60% 
acidulated Riecito Rock Phosphate was applied at a constant rate of 100 ppm of P the 40% 
acidulation produced similar values for dry matter production (22 g/pot), P uptake (69 mg/pot), A 
value (65 ppm), Pdff (31 mg P/pot), coefficient of utilization (11 %) and relative efficiency ratio (1.5) 
indicating that 40% acidulation appears to be enough for the sorghum plant. A!! these values were 
higher than the ones obtained with the same rate of the natural Riecito Rock Phosphate. 

4. The Final FAO/IAEA Research Co-ordination Meeting on the "Use of Nuclear and Related 
Techniques in Assessment of Irrigation Schedules of Field Crops to Increase Effective Use 
of Water in Irrigation Projects" (RC.491.3) 
24-28 April 1995, Rabat Morocco 

Scientific Secretary: Pierre Moutonnet 

This was the final RCM organized under this CRP [D1.20.05] hosted by the Hassan II 
Agronomic and Veterinary Institute. Mohamed Bazza was the local organizer. Fourteen Scientists 
from 12 countries, including contractors and agreement holders, participated in this meeting. The 
FAO was represented by its Representative in Morocco, and a Senior Scientist from AGLW/Rome. 
The FAO Associate Professional Officer from Seibersdorf also participated. Results of the final 
phase of this programme, as well as a synthesis of those already obtained along the previous years, 
were discussed. 

Excerpts from published reports: 

Optimum irrigation schedules for cotton under deficit irrigation conditions 

M.S. Anaç, M. Ali Ul, I.H. Tüzel, D. Anaç, В. Okur, Hakerlerler 
University of Cukurova, Faculty of Agriculture, Adana 01330 
Turkey 
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The study was aimed at determining the following: water consumptions; irrigation water 
requirements of new cotton variety N84; specific growth stages of cotton which are less sensitive 
to stress so that the irrigation could be avoided without significant yield decrease; and interactions 
between deficit irrigation and nitrogen fertilizer use. The experiment was set up with 6 irrigation 
and three nitrogen fertilizer (0, 60, 120 kg/ha ') treatments. The irrigation treatments employed 
single stress at vegetative, flowering and boll formation stages, in addition to full irrigation, 
continuous stress and the traditional practice. In stress conditions available soil water depleted to 
75-80%, whereas in normal irrigation the depletion was 40% in 0.90 m of root zone. In full 
irrigation treatment 8 irrigations were applied, whereas 3 or 4 irrigations were needed in continuous 
stress conditions. The number of irrigations were 6 or 7 for other stress treatments. Irrigation 
water applications varied from 424 to 751 mm. Seasonal ET were ranged between 659 and 899 
mm. The highest monthly ET was in August for all of the treatments. Daily ET were found to vary 
from 2.2 to 12.1 mm.day"1. The seed cotton yields, ky values and yield -N indices have indicated 
that the vegetative stage was more sensitive to water stress. The stress at boil formation stage had 
slight effects on these parameters. Under limited water resource conditions, vegetative growth 
period of cotton should be given preference for irrigation, followed by flowering period. Omitting 
irrigation in boll formation period wou'd result in 4.3 to 9 Л % water savings. Yield changes with 
respect to N rates showed that high N doses are accompanied by high yields. Nitrogen recoveries 
either from fertilizers or soil revealed high uptakes in full irrigation conditions. Nitrogen use 
efficiencies were also high in these conditions. Nitrogen use efficiencies were also high in these 
conditions. Average of three years showed that 19% of N in stress conditions and 29% in full 
irrigation were efficient. The distribution of N uptake in different plant parts showed that seeds are 
the first superiority order. 

The response of winter wheat to water stress and fertilizer use efficiency 

Wang Fujun, Qi Mengwen, Wang Huaguo, Zhou Changjiu 
Laboratory for Application of Nuclear Techniques, Beijing Agricultural University, Beijing 100094 
People's Republic of China 

The response of winter wheat to water stress imposed at u erent crop growth stages by 
deficit irrigation and fertilizer use efficiency under several methods of irrigation were evaluated on 
fine sandy soil and sand loam soil. The results showed that according to crop yield response factor 
Ky, the order of sensitive stages of winter wheat to water stress in decreasing sequence were 
booting to flowering (Ky = 0.90), winter afterward to booting (Ky = 0.69), flowering to milking 
(Ky = 0. 44), winter forward (Ky = 0.40) and milking to ripening (Ky = 0.25). Field water 
efficiency was16.7 kg/mm/ha when there was no water stress in growth period, and when water 
stress had occurred in some growth stages, the value of it decreased by 5-20%. It was also found 
that high fertilizer rate without split application would not significantly attribute to the yield on fine 
sandy soil, but scheduling of irrigation affected the translocation of nitrogen in the crop. When 
water stress occurred in later growth stages, the ratio of NUE In grain to straw decreased, and 
fertilizer was available for crop only about one month after fertilizer application, excessive fertilizer 
rate would result in a decrease of NUE by leaching of fertilizer in sandy soil. Total recovery of 
fertilizer at harvest was less than half the amount of application. 

Studies on pre-planned controlled soil moisture irrigation scheduling of field crops 

R.A. Waheed, M.H. Naqvi, R. Bilal, G.R. Tahir, S.H.M. Naqvi 
Nuclear Institute for Agriculture and Biology (NIAB) 
P.O. Box 128, Faisalabad 
Pakistan 

Moisture deficit irrigation studies were carried out on a preselected wheat genotype for a 
period of three years. They showed that the first irrigation at tillering stage was most effective to 
yield components and following irrigation at flowering was least effective. The research work 
extended to three wheat and two cotton genotypes which showed varied response to moisture 
deficit at critical plant growth stages. The water use efficiency of some wheat varieties was 

24 



unaffected by increased moisture deficit at flowering stage in general showing that at least at this 
stage water inputs can be saved. A new irrigation approach 'Controlled Soil Moisture (CSM)' for 
optimum crop yield production was worked out on the basis of capability of a crop to extract soil 
water under low moisture supply conditions. Twenty six wheat genotypes grown under three 
prefixed rnaximum soil matric potentials showed varied response of soil moisture deficit to yield 
formation parameters. Preliminary Irrigation Scheduling for these wheat genotypes was proposed 
on the basis of sensitivity to moisture deficit and tested for the selected wheat varieties next year. 
In spite of relatively unfavourable weather conditions the yield components were comparable to 
conventional flood irrigations with saving of irrigation inputs. However, these Irrigation Schedules 
need further investigations before general recommendations. 

Water deficit imposed by partial irrigation at different plant growth stages of common Bean 
(Phaseolus vulgaris L) 

Marcelo Calvache Klaus Reichardt 
Ecuadorian Atomic Energy Commission CENA/USP 
P.O. Box 2517 P.O. Box 96, 13.416-970 
Quio Piracicaba 
Ecuador Brazil 

The purpose of this study was to identify specific growth stages of common bean crop, at 
which the plant is less sensitive to water stress so that irrigation can be omitted without significant 
decrease in biological nitrogen fixation and final yield. Two field experiments were conducted at 
"La Tola" University Experiment station, Tumbaco, Pichincha, Ecuador, on a sandy loam soil (Typic 
durustoll). The climate is warm and dry (mean air temperature 16 °C and mean relative humidity 
74%) during the cropping season and rainfall of 123 mm was recorded during the cropping period 
(July to October, 1992 and 1994). The treatments consisted of combinations of 7 irrigation regimes 
(11 =s all normal watering; I2 = all stress; 13 = traditional practice; 14 = single stress at vegetation; 
15 flowering; 16 = yield formation and 17 = ripening stages) and 2 levels of applied N (20 and 
80 kg/ha). These 14 treatment combinations were arranged and analysed in a split-plot design with 
4 replications. The plot size was 33.6 rn2 (8 rows, 7 m long) and a plant population of 120,000 
pl/ha was maintained. Differential irrigation was started after 3 uniform irrigations for germination 
and crop establishment. Soil moisture was monitored with a neutron probe down to 0.60 m depth, 
before and 24 h after each irrigation. The actual évapotranspiration (ETa) of the crop was estimated 
by the water-balance technique. Field water efficiency (Ef,kg/m3) and crop water use efficiency 
(Ec.kg/nn3) were calculated by dividing actual grain yield (10% seed humidity) by irrigation and by 
ETa, respectively. Biological Nitrogen Fixation was calculated using the 15N methodology in the 20 
Kg N/ha treatment. From the yield data, it can be concluded that treatments which had irrigation 
deficit had lower yield than those that had supplementary irrigation (1 % probability) . The flowering 
stage was the most sensitive to moisture stress. Nitrogen fertilization significantly increased the 
number of pods and grain yield. Biological Nitrogen Fixation was significantly affected by water 
stress at flowering and yield formation stages. The crop water use efficiency was the lowest at 
flowering period and the yield response factor (Ky) was higher in treatments I2 (all stress) and I5 
(stress at flowering). Comparing with traditional practice by farmers of the region, only treatments 
11 and 17 had respectively 13 and 10% higher crop water use efficiency. 

Water stress effect on different growing stages for cotton and its Influence on yield reduction 

D. Prieto; С. Anguaira and G. Angella 
EEA.SE - iNTA, C.C. No. 268 - Jujuy 850, 4200 Santiago del Estero 
Argentina 

An experiment was conducted during 5 growing seasons ( 1990 to 1994) at the INTA-EEASE 
(Instituto Nacional de Tecnolologia Agropecuaria-Estacion Experimental Agropecuaria Santiago del 
Estero) in Argentine with the objectives of i) to determine the response of cotton to water stress 
at different growth stages, ii) define practical recommendations for water management and iii) to 
check the values of the crop coefficient (Kc), the crop response factor (Ky) and the water use 
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efficiency (WUE) under local conditions. The experiment consisted of eight treatments:(T1 ) without 
water stress; (T2) with water stress on vegetative period and early bud formation; (T3) with water 
stress during flowering stage; (T4) with water stress in ripening; (T5) non irrigated; (T6) with water 
stress during late ripening and traditional practices in the агег: one irrigation during peak flowering 
(T7) or in the early ripening period (T8). Precipitation during the growing seasons ranged from 249 
to 594 mm covering the normal variation in the region, while the range of measured Actual 
Evapotranspiration was from to 649 to 914 mm. Results proved that the vegetative-bud formation 
period is the more sensitive growing stage (Ky = 0.75) while the ripening period is the lowest (Ky 
= 0 . 2 0 ) . Stress during flowering was intermediate (Ky=0.48) and ме response coefficient for the 
entire cycle was found to be the highest (Ky = 1.02). The highest ETa lead to a yield reduction, 
due to an excessive vegetative growth and unfavorable conditions for fruit ripening in the bottom 
part of the plants. Due this effect the ETa-Yield curve apart from the straight line and was found 
to be Y = 8602 + 43.571 ETa - 0,0341 ETa*. The recommended water management for the highest 
yield and WUE would be to maintain soil moisture content at good level (50% in our case) during 
vegetative and flowering periods and to stop irrigation at 90-95. If one irrigation is practiced 
(traditional rnethod) it has to be done at bud formation. Ky (for the whole period) and the WUE 
were greater than those reported by FAO 33 while Kc were similar. 

Crop yield response to deficit irrigation imposed at different plant growth stages 

T. Kovacs, G. Kovacs; J. Szito 
Irrigation Research Institute, Szarvas, Szabasag u.2. 
Hungary 

A series of field experiments were conducted between 1991-1994 using 7 irrigation 
treatments at two fertilizer levels. Nitrogen fertilizers used was labelled with the 15N stable isotopes 
to examine The effect of irrigation on the fertilizer N use efficiency by using isotope techniques. 
Irrigation was maintained at four different growth stages of maize, soybean and potato (vegetative, 
flowering, yield formation and ripening) in 4 repetitions. The aim of the study was to compare 
deficit irrigation (i.e. the water stress imposed, during one growth stage) with normal irrigation 
practices including the traditional one. Two watering regimes were established: ( 1 ) normal watering 
when available water was within the range of 60-90 %, and (2) deficit irrigation, when the AW was 
at 30 to 60 %. Neutron probes were used for measuring the soil water status and evaporation data 
were recorded to determine the irrigation water demand. Reference évapotranspiration (ETo) was 
calculated according to Penman-Monteith. Crop water requirement (ETm) were determined in every 
year. Actual évapotranspiration (ETa) was computed using CROPWAT; FAO computer program for 
irrigation planning and management (1992). Every irrigation treatment was equipped with neutron 
access tubes in two replicas at a depth between 10 and 130 cm. Tensiometers were installed at 
depths of 30, 50, 60 and 80 cm in one replica of treatments and were measured on a daily basis 
while neutron probe measurements at least weekly, before and after each irrigation. Well 
constructions were used to monitor the soil water table fluctuations. The irrigation method used 
was a special type of low pressure drop irrigation. The amount of rainfall with irrigation water 
supplied was measured and the soil moisture distribution profiles were drawn for the different 
treatments. Relationships between relative yield decrease and relative évapotranspiration and 
also between the crop yield and water use were determined. 

The main conclusions of the experiments are: (i) neutron probe was found to be a suitable 
measuring equipment to monitor the soil moisture status for the experiments; (ii) tensiometer 
recordings were not enough to follow the moisture content change at the installed depths; (iii) 
according to the determined K0 hydraulic conductivity, the values in our case are very low 
because the high clay content and sodic soil layers from 60 cm of soil profile; (iv) except of the first 
1991 experimental season with unusual amount of precipitation and insufficient neutron probe 
measurements (the probe went out of order) it is supposed that no drainage occurred considering 
the irrigation- method used and the low K(® measured; - traditional irrigation practice was not good 
compared to the stress treatment because of the high price of irrigation water and equipment for 
irrigation. The Hungarian farmers have now been advised on this new irrigation strategy where 
water could be saved. 

26 



Sugarcane yield response to deficit irrigation at two growth stages 

C.B.G. Pene, G.K. Ed¡ 
IDESSA, B.P. 633, Bouake 01 
Ivory Coast 

A field study of sugarcane (Saccharum officinarum L.) yield response to deficit irrigation 
during both tillering and stem elongation stages, in order to increase crop water use efficiency, was 
carried out at the Institut des Savanes (IDESSA) experimental station of Ferkessédougou, in northern 
Ivory Coast. The cane crop tested was Co 449, an early-maturing genotype of indian origin. This 
experiment has been conducted for three consecutive years as virgin crop (from November, 1991 
to December 1992), first ratoon crop (from December 1992 to January 1994) and as second ratoon 
crop (from January 1994 to January 1995). The experimental design was a randomized complete 
block with 10 irrigation treatments in 4 replicates of 54 mz sized plots. Water was applied through 
an improved furrow irrigation system. Crop water consumption was estimated using the water 
balance approach based on neutron probe and tensiometer measurements. This field water balance 
method required the determination of soil hydraulic conductivity as a function of water content and 
the neutron calibration curve. Data presented are related to the two ratoon crops for which field 
water balance measurements were investigated. It has been shown in the study that sugarcane 
growth and yield decline due to water deficit is significantly high during stem elongation as 
compared to tillering. As a result, the sugarcane crop tested was much more sensitive to water 
stress at stem elongation than at tillering. Therefore, deficit irrigation practices for increasing crop 
water use efficiency might be recommended at tillering rather than stem elongation. The water 
management strategy to be suggested here may consist of omitting irrigation during tillering 
(assuming that the crop is successfully established), for the benefit of stem elongation. As far as 
stem elongation is concerned, a moderate water deficit of about 25% with respect to the full 
irrigation regime appears to increase crop water use efficiency. 

Water and nitrogen use efficiency under limited water supply for maize to increase land productivity 

I. Craciun, M. Craciun 
Research Institute for Cereals and Industrial Crops, 8264 Fundulea Jud.Cälärasi 
Romania 

As drought is the main environmental factor limiting productivity, the study of plant 
response to water deficit has been one of the major research topics. The increasing of maize ET 
does not always mean the increase of efficiency because, the highest ET value does not always 
mean the highest grain yield value, as a result of the mechanisms relating to the grain yield and ET 
which are far from simple. The amount of rainfall and distribution during the reproductive stage is 
the main meteorological factor influencing yield. The high soil moisture content determines a 
reduction of maize grain yield in the wet years (1991 experiment), due to excess of water under 
irrigation conditions which normally limits root development as a result of insufficient oxygen for 
respiration and lack of nitrate formation. The yield response to water deficit of different hybrids is 
of major importance in production planning. The available water supply would be directed towards 
fully meeting the water requirements of the hybrids with the higher Ky over the restricted area and 
for the hybrids with a lower Ky, the overall production will increase by extending the area under 
irrigation, without fully meeting water requirements, provided water deficit does not exceed critical 
values. 

Crop yield response to water stress imposed at different growth stages 

Mohamed Bazza 
Institut Agronomique et Veterinaire, Hassan II, Departement de l'Equipement et de l'Hydraulique, 
B.P. 6202 Rabat - Instituts 
Morocco 

The study aimed at identifying irrigation management practices which could result in water 
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savings through water deficit irrigation. Two field experiments, one on wheat and the other on 
sugar beet, were conducted and consisted of refraining from supplying water during specific stages 
of the cycle so as to identify the period(s) during which water deficit would have a limited effect 
on crop production. The year was exceptionally dry with a climatic deficit throughout the growing 
season. In the case of wheat, high water deficit occurred during the early stages and irrigation 
during these stages was the most beneficial for the crop. However, one water application during 
the tillering stage allowed the yield to be lower only to that of the treatment with three irrigations. 
Irrigation during the stage of grain filling caused the kernel weight to be as high as under three 
irrigations. However, this advantage could not make up for the loss with respect to the other yield 
components which were higher under good watering conditions during the stage of tillering. The 
highest water-use efficiency value was obtained with one irrigation during the tillering stage, 
although it was not very different from that of the treatment with three irrigations. The lowest 
value corresponded to the treatment with one irrigation during grain filling and that under rainfed 
conditions. For sugar beet, when water stress was applied early in the crop cycle, its effect could 
be almost entirely recovered with adequate watering during the rest of the growing season. On the 
opposite, good watering early in the cycle, followed by a stress, resulted in the second lowest yield. 
Water delimit during the maturity stage also had a limited effect on yield. The most crucial periods 
for adequate watering were those which correspond to late foliar development and root growth 
which coincided with the highest water requirement period. Resuming irrigation late in the season, 
after a long period of stress caused the formation of new leaves at the expense of the sugar already 
stored in the roots. Stress throughout the crop cycle resulted in the highest yield reduction per unit 
of water deficit. Nevertheless, for the same amount of water savings through deficit irrigation, it 
was better to partition the stress throughout the cycle than during the critical stages of the crop. 

From the economists standpoint, maximum profit for farmers was obtained with the 
fulfillment of the entire crop requirements. However, at the national level, it would have been more 
important to practice deficit irrigation and increase the irrigated area. For both crops, high yields 
as well as high water-use efficiency values could have been obtained provided the right choice of 
the period of water application is made. Under the condition of the growing season, appropriate 
irrigation management practices would have allowed for the area cropped by wheat to be doubled 
and that of sugar beet to be increased by at least 30% with no decrease in yield. With a limited 
yield reduction, the area cropped by sugar beet could have been also doubled, with a substantial 
increase in returns. 

Water balance and nitrate leaching in an irrigated maize crop in SW Spain 

F. Moreno, J.A. Cayuela, J.E. Fernandez, E. Fernandez-Boy, J.M. Murillow, F. Cabrera 
Instituto de Recursos Naturales y Agrobiología de Sevilla (CSIC), P.O. Box 1052, 41080 Sevilla 
Spain 

During three consecutive years (1991-1993) a field experiment was conducted in an 
intensive irrigated agricultural soil in SW Spain. The main objective of this study was to determine 
the water flow and nitrate leaching below the root zone under an irrigated maize crop and after the 
growing season (bare soil and rainy period). The experiment was carried out on a furrow irrigated 
maize crop using one of the highest nitrogen fertilization rates traditionally used by farmers in the 
region (about 500 kg N ha"1 yr'1) and on other that represents one third of the former ( 170 kg N ha"1 

yr"1), to provide data that can be used to propose modifications of nitrogen fertilization to maintain 
crop yield and to prevent the degradation of the environment. The terms of water balance (crop 
évapotranspiration, drainage and soil water storage), and the nitrate leaching were determined by 
an intensive field monitoring of the soil water content, soil water potential and extracting the soil 
solution by the combination of a neutron probe, tensiometers and ceramic suction cups. Nitrogen 
uptake by the plant and N03-N produced by mineralization were also determined. The results 
showed that, in terms of water balance, crop évapotranspiration was similar with both N-f ertilization 
rates used. During the irrigation period drainage below the root zone was limited. Only in 1992 the 
occurrence of rainfalls during the early growing period, when the soil was wet from previous 
irrigation, caused a considerable drainage. Nitrate leaching during the whole experimental period 
amounted to 150 and 43 kg ha'1 in the treatments with high and low N-fertllization respectively. 
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This mainly occurred during the bare soil and rainy periods, except in 1992 when a considerable 
nitrate leaching was observed during the crop season due to the high drainage. Nitrate leaching was 
not so high during the bare soil period as could be expected because of the drought during the 
experimental period. A reduction of N-fertilization decreased nitrate leaching strongly without 
decreasing yield. 

Yield response of cotton, maize, soybean, sugarbeet, sunflower and wheat to deficit irrigation 

C. Kirda, R. Kanber K. Tülücü, H. Güngör 
University of Çukurova Rural Affairs Research Institute 
Faculty of Agriculture Eskisehir 
Adana Turkey 
Turkey 

Results of several field experiments on deficit irrigation programmes in Turkey are discussed. 
Deficit irrigation of sugarbeet with water stress imposed (i.e., irrigation omitted) during ripening 
stage saved nearly 22% water, yet with no significant yield decrease. An experiment conducted 
in the Trakya Region, the European part of Turkey, aimed at studying water production functions 
of sunflower (i.e. yield vs water consumption), revealed that water stress imposed at either head 
forming or seed filling stages influence yield the least, and 40% savings of irrigation water supply, 
compared with traditional practices in the region, can be achieved without significant yield 
reduction. Water stress imposed at vegetative and flowering stages of maize hindered the yield 
most significantly. The results showed that deficit irrigation can be a feasible option under limited 
supply of irrigation if stress occurs during yield formation stage. A four year field experiment aimed 
at developing deficit irrigation strategies for soybean showed that soybean was the most sensitive 
to water stress during flowering and pod filling stages, and irrigation during these stages would 
ensure high yields. Results of experiments on cotton showed that irrigations omitted during 
flowering and yield formation stage did not significantly hinder the yield. Similarly wheat give good 
yield response if irrigated at booting, heading and milking stages, depending on weather conditions. 
In areas where rainfall at planting is limited supplementary irrigation during this period can ensure 
good establishment of the wheat crop. 

Crop yield response to water stress imposed at different growth stages 

M. Mohsin Iqbal, S. Mahmood Shah, W. Mohammad, H. Nawaz 
Nuclear Institute for Food and Agriculture - Tarnab, P.O. Box 446, Peshawar 
Pakistan 

Potato has attained great importance in Pakistan during the past decade. The crop requires 
sufficient soil moisture and fertilization to produce high yields but the present water resources are 
limited compared to the cultivable land. Field experiments were conducted from 1991 to 1995 to 
study the relationship between yield and crop water use as a function of water stress imposed at 
different growth stages in order to make best use of scarce water resources. The experiments were 
factorial combinations of 7 irrigation and 2 fertilizer treatments. The irrigation treatments involved 
application of full and stress waterings selectively at four growth stages: establishment; flowering; 
tuber formation; ripening. In full watering, full water requirements of the crop were met, i.e. 
ET, = ETm whereas in stress watering about half the amount of full watering was applied, i.e., 
ETa<ETm. Changes in moisture content of the soil profiles after irrigation were monitored with the 
help of neutron moisture probes in order to compute ETa by the water balance method. 

The results obtained showed that the highest tuber yield was produced by full watering (T1 ) 
and the lowest by continuous stress watering (T2). The relative reduction in yield over T1 ranged 
between 4 to 54% in different treatments in different growing seasons. A plot of relative yield 
against relative évapotranspiration deficit revealed that ripening was the least sensitive, whereas 
early development, followed by flowering, the most sensitive stage to water stress. The crop water 
use efficiencies were generally higher in the treatments where a combination of normal and stress 
watering was applied compared to where all normal waterings were applied. The water thus saved 
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could be used to bring additional areas under cultivation. The traditional irrigation practice was not 
efficient; it resulted in wasteful water application with relatively lower yields, hence the results 
from this project will have high value for the farming community to get higher yields with scarce 
water resources. The studies with labelled fertilizer showed that planting and earthing-up were 
equally important growth stages of potato for applying fertilizer for its efficient utilization. Similar 
studies were conducted with rapeseed and wheat. 

Nuciear techniques to evaluate the water use for field crops irrigated in different stages of their 
cycles 

P.L. Libardi1; S.O. Moraes1; A.NI. Saad2; Q. de Jong van Lier1; О. Vieira1; R.L. Tuon1 

University of Slo Paulo (USP): Escola Superior de Agricultura "Luiz de Queiroz" (ESALQ) and 
Centre for Nuclear Energy in Agriculture (CENA), Piracicaba (SP), Brazil. 

instituto de Pesquisas Tecnológicas ОРТ). Sao Paulo (SP), Brazil. 

Experiments were developed in a field site of the county of Guaira, SP, Brazil, located 495 
m above sea level at a latitude of 20°27'37" S and a longitude of 48°19'30" W. According to the 
American classification, the soil is a Typic Hapludox having a deep homogeneous profile. In order 
to investigate the relationship between crop yields and the effective crop water use as a function 
of water stress, the measurement of actual évapotranspiration (ETa) is necessary and, in order to 
estimate ETa, the soil water balance method was used. Measurements of the soil water balance 
components were carried out in all experimental plots of bean and corn crops. The bean crop was 
established in 2.0 by 5.4 m plots in a randomized complete block design containing б treatments 
(0000, Olli, I0II, HOI, lltO and llll) with four replications. For plants of the treatment llll, available soil 
water has not been limited in any of the four selected development stages. The plants of the 
treatment 0000 were irrigated on the same days with 50% of the irrigation depth applied to the 
treatment llll. In the treatments Olli, ЮН, 1101 and IIIO, only during one development stage water 
stress was allowed. The corn crop was established in 7.2 by 10.0 m plots also in a randomized 
complete block design with four replications. The number of treatments, however, was only three 
(III, 0I0 and 000). As in the bean case, treatment 0 also corresponded to 50% of the irrigation 
depth applied to treatment I. Therefore, in both crops (bean and corn) two irrigation regimes were 
established: normal irrigation so that the actually évapotranspiration should be equal the maximum 
évapotranspiration (ETm = ETa) and irrigation with deficit, that is ETm>ETa. It has been decided 
to make the water balance of a soil layer of 0.45 m depth in the bean crop and of 0.90 m in the 
corn crop. So, each experimental plot was instrumented with tensiometers and neutron probe 
access tube. According to the results, the following could be concluded: (i) The neutron probe 
proved to be sensitive to control the irrigation water in the studied soil; (ii) the used irrigation 
control, in the region, gave bean and corn grain yields much higher than the national mean by 
irrigating with 50% of the necessary amount of water to obtain the maximum actual 
evapotranispiration and the maximum yield; (in) in both bean and corn crops, field water use 
efficiency and crop water use efficiency values were similar for each water treatment and the 
highest value of them occurred in the continuous stress treatment; (iv) water stress during the 
second stage (flowering period) and water stress during the third stage (yield formation) had the 
highest effect on the bean grain yield. 

Estimating soil hydraulic properties from neutron meter field observations and State-space statistical 
analyses 

R. Nielsen, 
University of California, 1004 Pine Lane, Davis CA95616 
USA 

Emerging state space formulations now can combine a deterministically based physical 
equation with a statistically based observation equation to simultaneously examine: (i) alternative 
formulations of the differential equation to describe the soil process; (ii) alternative functions for 
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soil parameters contained in the equation; (iii) alternative frequencies of spatial and temporal 
measurements to match the theoretical considerations; and (iv) the adequacy of accepting different 
levels of uncertainty always inherent in observation instruments and their calibration including 
humans errors. For example, the description of infiltration and drainage in unsaturated soils is 
generally complicated by uncertainties in estimating K(0). Regardless of the instrument or field 
sampling technique used to observe a soil physical process, most measurements represent some 
sort of depth-averaged value. Hence, it is not only convenient but more correct to use equations 
that describe depth-averaged phenomena. A large array of combinations of state and observation 
variables together with different functions for parameter estimation provides attractive opportunities 
to enhance the maturation of our field technology in soil hydrology. 

SYMPOSIA and SEMINARS 

An FAO/IAEA Regional Seminar on Nuclear Techniques for Optimizing the Use of Nutrients 
and Water for Maximizing Plant Productivity and Environmental Preservation is planned to be held 
in Africa in 1997. More details of this seminar including the venue etc. will be notified through the 
forthcoming Newsletters. 

The proceedings of the FAO/IAEA International Symposium on Nuclear and Related 
Techniques in Soil/Plant Studies of Sustainable Agriculture and Environmental Preservation held in 
Vienna, Austria from 17-21 October 1994 was published in May 1995 in the Symposium 
proceedings series as ISSN 0074-1884 (STI/PUB/947). Kindly contact the Scientific Secretary, 
Christian Hera, for more details. 

The proceedings of the FAO/IAEA Regional Seminar for Asia and the Pacific on Nuclear 
Methods in Soil/Plant Aspects of Sustainable Agriculture held in Colombo, Sri Lanka from 5 - 9 April 
1993 was published in January 1995 as an IAEA-TECDOC-785. A few extra copies are now 
available after a second print which will be distributed on a first come first served basis. Kindly 
contact the Scientific Secretary Saliya Kumarasinghe, if interested. 

FROM OUR READERS 

An International Symposium entitled "Sustainable Agriculture for the Tropics: The Role of 
Biological Nitrogen fixation" is planned to be held In Angro dos Reis, close to Rio de Janeiro, Brazil 
from 26 November to 1 December 1996. The Symposium is in commemoration of the 71s' birthday 
of Johanna Dobereiner who has made a very significant contribution to research on biological 
nitrogen fixation in the tropics for more than 4 decades. For more details, kindly contact Avilio A. 
Franco President/Organizing Committee or Robert M. Boddey, Secretary/Organizing Committee, 
EMBRAPA, Seropedica, 23851-970, Rio de Janeiro, Brazil. Fax: (021) 682-1230. 
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