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INTRODUCTION

Isotopic-aided studies involve the application of isotopically labelled

fertilizer as tracers for the quantitative and precise determination of the

fate of specific nutrient elements in the soil/plant system. The planning of

isotopic-aided studies requires a different approach from that followed in the

design of normal fertilizer trials because of the cost and supply of

isotopically labelled materials, the use of highly specialized equipment and

the need for skilfull trained staff in the use of isotope techniques both in

the field/greenhouse and the laboratory.

This section is intended to highlight the main points to be considered

while applying those techniques in the field or greenhouse.

It has been well established that nuclear techniques are a powerful tool

in agricultural research. One should take advantage of the use of such

techniques if the following criteria are met:

1) The isotope method is the only way to solve a particular question or

to obtain a specific piece of information.

2) There are other methods available for such a purpose but the nuclear

method provides a direct and quick means to obtain the needed

information resulting in higher economic return.

Since nuclear techniques are normally complementary to conventional or

classical techniques in agricultural experimentation, the research team should

ideally consist of scientists not only trainsd in the use of nuclear

techniques but also specialized in the research topic under study. Experience

in developing countries through IAEA technical co-operation projects (TCP) has

demonstrated that the best results are obtained when co-operation agreements

are established between specialized groups of Agricultural Research

Institutes/Universities and the nuclear experts from Atomic Energy Commissions.
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There is a logical sequence in the application of nuclear techniques in

agricultural research. The main steps to be considered are the following:

1) Definition of the main research topic to be studied.

2) Compilation of all available background information on this topic.

3) Elaboration of a research work plan, including the identification of

the specific topics or particular questions to be solved using

nuclear techniques.

During the planning of the isotopic-aided experiments the objectives will

be defined in relation to the particular questions being asked.

A general rule: Design simple experiments with concrete and well-defined

objectives. Experience from past Co-ordinated Research Programmes (CRP)

showed that the required information can be better obtained through a series

of simple experiments than through a single complicated experiment.

THE RESEARCH PROJECT CYCLE

The detailed planning of an isotopic-aided experiment should always

involve the writing of an experimental guideline which can be improved after

review by the members of the research team. The final version should be

prepared by the chief investigator responsible for the research work.

The following list includes the points normally considered in the

experimental guidelines.

1. Introduction

The author should provide in a clear and concise way the basic information

on the research topic being studied and the role of the isotope technique(s)

in the study.

2. Objectives

Each experiment should only have one or two clearly stated objectives.

3. Treatments and experimental design

The experimental treatments should be defined in direct relation to the

objectives.
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The number of treatments and replications per treatment are a function of

each experiment. The decision on the total number of experimental units

should be based on technical and economic considerations. Do not plan

experiments based only on economic considerations/ i.e: availability of

isotopically-labelled fertilizer.

Basic principles of statistical analyses should be considered in selecting

the appropriate experimental design. Past experimental plans of CRP on

fertilizer use efficiency included a core of 4 to 6 treatments (common to all

researchers participating in the CRP) and 2 to 4 optional treatments (left up

to the decision of each researcher). Randomized block arrangement with 4 to 6

replications per treatment was the most commonly used statistical design.

Also split-plot design was often used in several fertilizer uptake experiments.

The preparation of diagrams illustrating the plot and field layout is

essential for the research team during field observations as well as for the

field staff during sowing, maintenance and harvesting operations. The

establishment of the plot layout depends on the plant species and the cropping

system. In addition a clear distinction should be made between yield and

isotope plots. The isotope plots are usually microplots covering the smallest

possible area required to obtain a representative sample for a good estimate

of the isotopic parameter. The isotopically labelled fertilizer is applied to

these small plots. Microplot size may vary from about lm (pastures, small
2

grain cereals) to about 10m (widely-spaced row crops). In our experience a

representative plant sample would consist of at least 20 plants to be obtained

from the harvested area of the microplots. The yield plots cover a
2

relatively larger (10-15 m ) area, their objective being to obtain a precise

estimate of biomass production, economic crop (grain, tuber, etc.) yield and

total nutrient uptake. In these plots, it is also possible to get any

additional information; e.g.: crop growth measurements, physiological

parameters, water measurements, nodule observations in case of nodulated

plants, etc. The experimental field layout or the spatial arrangement of

plots (yield and isotope) depends to a large extent on the objective of the

experiment.

4. Isotopically labelled fertilizer

In isotope-aided field experiments on fertilizer practices only one single

fertilizer rate of application is needed, namely that one normally recommended

for optimum yield. In case of split application, a single rate of application
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for instance 100 kg N/ha can be divided into two (50 and 50 kg N/ha), three

(33, 33 and 33 kg N/ha) or four (25, 25, 25 and 25 kg N/ha) equal fractions to

be applied at different times throughout the growth cycle.

In principle a control or check treatment (without fertilizer application)

is not needed in isotope-aided field experiments, because fertilizer nutrient

uptake is measured directly using labelled fertilizer.

Stable isotopes: N application

The rate of N application must be sufficient to be traced in the whole

or part of the soil/plant system, at the time of harvest. The amount of N

applied depends on both the rate of N application and the enrichment (% N

atom excess) of the N-labelled fertilizer used. This amount is determined

by several factors such as purpose of the study, type of crops, duration of

the experiment, and isotopic ratio determination equipment. Based on past

experience, as a rule of thumb, 1 kg N/ha (if nitrogen isotopic ratios are

determined by mass spectrometry) or 2 kg N/ha (if optical emission

spectrometry is used) are required for annual crops in plant fertilizer N

recovery studies. In case of fertilizer N balance (plant and soil fertilizer

N recovery) studies, about 10 kg N/ha or 20 kg N/ha would be required

depending on the measurement equipment available. In special studies such as

downward movement of N-labelled fertilizer, leaching/runoff losses, N

incorporation in soil N fractions, ammonia volatilization, etc. at least 50 kg

N/ha would be required. In all cases, the amount of N to be applied

for the experiments must be tested by the researchers themselves. After some

years of experience they must be able to select the adequate amounts of N

to be used in their own experiments.

32
Radioisotopes: P application

32
The amount of P to be applied must be just high enough for an accurate

determination of the radioisotope (counting rate) with the available detection

equipment in the harvested plant material at the end of th<= experiment. A

counting rate of 30-35 cps or about 2000 cpm is considered optimum for most

soil-plant experiments. Three major factors will determine the specific

activity of the labelled fertilizer to be used: (a) the efficiency of the

counting system, (b) the extent of chemical and biological dilution, and (c)

the length of the growing period in relation to the decay of radioactivity and

some other specific properties of the isotope. Specific activities of 20 MBq
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32 33
(0.5 mCi) P/g P or 2 MBq (0.05 mCi) P/g P are frequently used in field
studies.

The planning of experiments with radioisotopes requires the preparation of

a detailed schedule of all activities and the conduct of dummy trials. Please

consider carefully safety regulations before initiating experiment using

radioisotopes.

The total amount of activity (some hundreds of mCi) required for a field

experiment depends on the rate of P and specific activity of the P fertilizer

applied as well as the size of experiment.

The exercise No. 10 (see Axmann and Zapata, this volume) illustrates the

calculation utilized to estimate the required amount of P fertilizer, its

specific activity and the total amount of activity.

Calculations of isotopically labelled fertilizer

Following the guidelines mentioned above, the total fertilizer

requirements for an experiment are calculated as follows:

i) The amount required per row (one lot) for a given treatment.

ii) The amount required per replication or plot, (X lots, where X =

number of rows) for a given treatment.

iii) The amount required per experiment (Y lots, where Y = number of rows

x number of replications) for a given treatment.

iv) Total fertilizer requirements for all treatments of the experiment.

v) Finally it is possible to make a cost estimate of the labelled

fertilizer requirements, based on recent bid quotations from

commercial suppliers.

Fertilizer application

In order to draw direct conclusions about fertilizer nutrient (N or P)

uptake and utilization, the isotopically labelled fertilizers should be

chemically (carrier) and physically (form) identical to the commercial

fertilizers.
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Most fertilizers are applied in solid! dry form. The fertilizer's lots,

are weighed out and applied as homogenously as possible, on a row basis.

Chemical source, physical form (crystal, powder, prilled, granulated, etc.)

time and methods of application are factors left up to the decision of the

research team for the development of fertilizer management practices.

5. Harvest and preparation of plant samples

It should always be kept in mind that the primary objective of the

microplots (in isotopic-aided studies) is to obtain a precise estimate of the

isotopic parameter. This determination will serve as a basis for the

quantitative comparison of fertilizer treatments. Therefore the time for

harvesting should be set for collecting the biomass produced and the total

amount of nutrient (N or P) taken up during the length of the experiment.

Sometimes several harvests are made throughout the duration of the experiment

to study time course of nutrient uptake. The final harvest time should not be

later than physiological maturity to avoid leaf shedding, seed shattering,

etc. and other physiological phenomena of advanced maturity, which could

greatly increase the overall experimental error. If exact yield (grain,

tuber) data are required, this measurement should be done on the yield plots

at full maturity.

The harvested area of the isotope plots (microplots) normally comprises

the middle of the labelled plot (middle length of 2-3 central rows) leaving

the remaining plot area (extreme ends of the central rows and outer rows) as

border.

Harvesting procedure consists of gathering all above-ground plant material

(and exceptionally roots) in the harvested area of an isotope plot and

treating it as a sample. Avoid contamination of plant samples with treated

soil. Roots have to be washed very carefully if harvested.

The harvested plant samples, duly identified are transported from the

field to a sample's preparation area (covered area with facilities for

weighing, chopping and drying the plant material). All the sample preparation

procedures are made on the plant samples carefully organized per treatment and

replication. The ultimate goal being to obtain a representative sample for

isotope analyses.

40


