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INTRODUCTION

Fertilizers are one of the essential inputs which have to be used for

maintaining and/or increasing the soil fertility level in intensive agricul-

tural systems. The purpose of applying fertilizers is primarily to supply the

crop with essential plant nutrients. The major plant nutrients (N, P and K)

have to be applied regularly to compensate for the amounts exported from the

soil by the harvested plant parts. Other plant nutrients such as Ca, Mg, S

and the microelements also need to be added to maintain adequate levels of

these nutrients or to correct deficiencies (FAO, 1983a, 1983b, 1984 and 1985).

Fertilizers are applied to facilitate plant uptake of a particular

nutrient. Increased uptake can lead to a yield response if the nutrition is a

limiting factor. It is important though to note that the fertilizer is not

applied to obtain a yield response but to feed the plant. The yield response

is a consequence of the additional uptake of the nutrient when other

production factors are adequate (Broeshart, 1974; Fried, 1978b).

A combination of all the production factors and conditions in an

agricultural system results in a given yield and only if all factors are

optimized (fertilizer, soil, plant, water, pest control, etc.) will yield be

maximized. In fact the contribution of fertilizer to increased yield is

perhaps the greatest among the purchased inputs. Fertilizer, when used in

combination with the other adequate inputs such as high-yielding varieties and

irrigation water, can result in positive interaction thereby increasing

further its contribution to increased yield (Fried, 1978b).

FERTILIZER USE EFFICIENCY

What is fertilizer use efficiency?

Fertilizer use efficiency is a quantitative measure of the actual uptake

of fertilizer nutrient by the plant in relation to the amount of nutrient

added to the soil. A common form of expression of fertilizer use efficiency
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is plant recovery or % utilization of the added fertilizer. This is shown in

equation (1):

% utilization amount of nutrient in the plant (1)
of added = derived from the fertilizer x 100
fertilizer amount of nutrient applied as fertilizer

The concept of fertilizer use efficiency, however, is much broader. It

implies not only the maximum uptake of the applied nutrient by the crop but

also the availability of the applied nutrient under variable climatic and

edaphic conditions. Environmental aspects such as pollution resulting from

the fertilizer application are also considered. It is important to study the

efficient use of fertilizers because we are interested to obtain the highest

possible yield with a minimum fertilizer application.

The crop responds to the application of nutrients such as nitrogen and

phosphorus when the soil is deficient in such nutrients. It is the objective

to apply the fertilizer to the crop, not to the soil and to avoid that the

fertilizers become unavailable to the crop, i.e. fixed in the case of

phosphorus or lost as nitrate by leaching or as gaseous losses due to

denitrification and/or volatilization in the case of nitrogen.

It is therefore essential to ensure that the applied fertilizer is taken

up by the crop to the highest possible extent. This is done after assessing

the best fertilizer practices such as sources, timing, placement and their

interactions under different farming systems (FAO, 1980).

How to measure fertilizer use efficiency?

The best combination of fertilizer practices can be established for each

crop by carrying out field experiments under different environmental

conditions. When these experiments have been conducted with identical design

and layout, .it is possible to determine what generalization can be made with

respect to placement, timing and source of fertilizer that result in the

highest fertilizer uptake by the crop.

Therefore in practice we carry out a series of carefully designed field

experiments in several locations over a period of time for estimating the

effect of placement, timing and source on fertilizer nutrient uptake. Of

course for the farmer only the yield matters but it is equally important that

this yield is obtained with a minimum of fertilizer investment (minimum cost).
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The following methods can be utili7ed to assess the effect of fertilizer

practices:

a) The classical or conventional method measures the biological response or

the effect of increasing fertilizer rates on crop yield. Yield is

however dependent on a series of factors: some controllable, others

non-controllable ones. They all will influence to a variable extent the

yield's quantity and quality.

b) Methods based on the nutrient uptake.

1) Difference method: In this indirect method the nutrient uptake of

the crop from the control plot (without fertilizer application) is

substracted from that of the fertilized treatments.

It is assumed that the nutrient uptake of the control plot measures

the amount of nutrient available from the soil, whereas that of the

fertilized treatments, the amounts of nutrients available from soil

and fertilizer. This method furthermore assumes that all nutrient

transformations i.e. mineralization, immobilization and other

processes in the case of nitrogen, are the same for both fertilized

and unfertilized soils. Obviously, this is an erroneous assumption,

and can account for gross differences between recoveries calculated

by non-isotope and isotopic methods (Broeshart, 1974; Westerman and

Kurtz, 1974; Harmsen and Moraghan, 1988).

2) Isotopic method: The only direct means of measuring nutrient uptake

from the applied fertilizer is by the use of isotopes. Extensive

work has been conducted using N-fertilizers labelled with the stable

isotope N and P-fertilizers labelled with the radioactive
32 33

isotopes P or p. This does not mean that K and the other

plant nutrients are not important. However, for K there is no

suitable isotope available for field experimentation. Furthermore

by initiating work with N and P utilizing isotopic methods it was

envisaged that corresponding studies would essentially be conaucted

with the others, as researchers in developing countries became

experienced and confident with the methodology (Broeshart, 1974;

Fried, 1978b; IAEA, 1970a, 1970b, 1971, 1974, 1975, 1978a, 1980,

1983; FAO, 1980).

Table 1 contains the principal tracer isotopes used in soil-plant

relationships studies. The chemical elements have been grouped into

3 categories. The first two groups refer to the essential plant
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nutrients i.e. macro and micronutrients, respectively, while the

third one consists of a miscellaneous group of trace elements and

others used in soil-plant relationships and related studies.

It is often argued that the labelled fertilizers loose their identi-

ty in the soil since they became incorporated into the organic

matter, soil solution, ion exchange processes, etc. resulting in

just one pool of nutrients. The only basic assumption made when

utilizing isotopically labelled fertilizer is that the behaviour of

the isotope and the carrier is identical in the soil-plant system.

In other words there should not be any isotope effect.

The isotopic labelling of the fertilizer is best done during the

manufacturing process by specialized firms.

Text COM. on p. 73.
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Table 1: Principal tracer isotopes in soil-plant relationships studies

Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

I - HfiCRONDTRIENTS

Carbon 12C

Hydrogen

Oxygen 160

14C

3H
Tritium

160

180

R, T 1/2 = 20.5 m
6 emitter (1 MeV)

S< natural abundance = 98.892%

S, natural abundance = 1.108%
Detection of 13C/12C ratio
by MS

R, ? 1/2 = 5720 y

8 emitter (0.156 MeV)
Counting by LSC

2E S, natural abundance = 0.01492%
Deuterium Detection of 2H/^-H ratio

by MS

R, T 1/2 = 12.3 y

Very weak B emitter (0.0181 MeV)
Counting by LSC

Si natural abundance - 99.759%

S, natural abundance = 0.037%

S, natural abundance = 0.204%
Detection of the oxygen isotope
ratio by MS

Liaited because of short half-life.

C-12 enriched (C-13 depleted) mater
Organic reaction mechanisms work.

Soil organic matter studies in ecos
Photosynthesis, C translocation.

Photosynthesis and C translocation
Soil organic matter studies.
C balance studies.

Water movement, biochemical studies

Hater movement, metabolism.

Photosynthesis, respiration.
Soil organic matter studies.
Ecological studies. Hydrology.



Table 1: (cont.)

Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

Nitrogen 14*

Phosphorus 31P

Potassium 39K

13N

14M

ISK

32p

33p

40R

41K

42K

R, T 1/2 = 10 m

6 emitter (1.2 MeV) and

y (0.511 MeV)

S, natural abundance = 99.634%
Detection of 15N/14N ratio
by MS

S, natural abundance = 0.366%
Detection of 15N/14N ratio
either by MS or ES

R, T 1/2 = 14.3 d
S emitter (1.71 MeV)
GM, Cerenkov or LSC

R, T 1/2 = 25 d
5 emitter (0.248 MeV)
LS counting

R, T 1/2 = 1.3 x 109 y
6 (1.3 MeV) LSC, Cerenkov

Y (1.46 MeV) emitter Nal (Tl)
Natural Radioisotope, Natural
abundance = 0.0118*

S, natural abundance = 6.77%

R, T 1/2 = 12.4 h

B (3.5 and 2.C MeV) LSC, Cerenkov

Y (1.52 MeV) emitter Nal (Tl) 2"/3"

Limited because of short half-life.
Very short-term studies on N2 fixation,
denitrification

N-14 enriched (N-15 depleted) materials for
single season fertilizer use efficiency
studies

Fertilizer N use efficiency^ biological
nitrogen fixation, N balance, N transfor-
mation in soils, N availability from organic-
materials, animal nutrition studies

Fertilizer P use efficiency, residual P

fertilizer studies.
Exchangeable P in soils.
Root activity patterns of crops.
Root distribution in soils.
Agronomic evaluation of rock phosphates.
Residual P fertilizer availability.

Root autoradiography.

Diffusion in soil.
Double labelling for root activity patterns.
Fertilizer P use efficiency.

Exchangeable K in soils.

Potentially useful.

Ion uptake mechanisms. Limited because of

short half-life.



Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

Calcium 40,Ca

86Rb R, T 1/2 = 18.7 d
6 (1.8 and 0.7 MeV) Cerenkov, LSC

and y (1.08 MeV)
Counting by GM or LSC Nal (Tl) 2"/3"

C?. R, T 1/2 = 165 d
B emitter (0.252 MeV)
Counting by LSC

Sr Rr T 1/2 = 64 d

Y emitter (0.514 MeV)
Counting by LSC, Cerenkov

89Sr R, T 1/2 = 52.7 d

B emitter (1.463 MeV)
Counting by LSC, Cerenkov

45(

85

Substitute tracer for K. Only qualitative
studies like placement

Soil Ca (ion uptake, exchangeable Ca) and
plant Ca movement (root's autoradiography)

Cation exchange capacity of soil
Ion uptake mechanisms

Substitute tracer for Ca

Magnesium 24Mg 26Mg

Sulfur

S, natural abundance = 11.29%

R, T 1/2 = 21.3 h
B emitter (0.5 MeV) and also
Y emitter (0.03; 0.4; 0.95;
1.35 MeV)

S, natural abundance = 4.25%

R, T 1/2 = 87 d
B emitter (0.165 MeV)
Counting by LSC

Potentially useful. Environmental pollution.
Ecological and medical research

Movement in plants.

Potentially useful. Environmental pollution.
Ecological and medical research

Uptake from atmosphere (SOj).
Cycling in pastures.
Availability from soil.
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Table 1; (cont.)

Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

II- MICRONUTRIENTS

Iron 56Pe 55Fe

Copper 64Cu

65Cu

Manganese 55,Mn 52Mn

Zinc "zn 65Zn

R, T 1/2 = 2.6 y
Electron capture (EC)
Counting by LSC

R, T 1/2 = 45.6 d

6 emitter (0.475; 0.273 MeV) LSC
Y emitter (1.1; 1.29 MeV) Nal (Tl)
2"/3"

R, T 1/2 = 12.8 h

B emitter (0.6; 0.7 MeV) and

Y emitter (1.34 MeV)
from EC

S, natural abundance = 30.9%

R, T 1/2 = 5B.5 h
8 emitter (0.58; 0.48; 0.40,
0.091 MeV) and Y emitter (0.092;
0.184 MeV)

R, T 1/2 - 5.7 d
B emitter (0.6 MeV) and

Y emitter (1.43; 0.94; 0.74;
0.84 MeV)

R, T 1/2 = 314 d
Y emitter (0.835 MeV) and EC

R, T 1/2 = 245 d

B emitter (0.327 MeV) and

Y emitter (1.115 MeV) from EC

Fertility erosion

Soil and plant movement

Availability from soil

Complexing in soil solution.

Soil and plant movement.

Animal nutrition studies.
Potentially useful.

Complexing in soil solution.
Availability from soil.
Soil and plant movement.

Complexing in soil solution.

Availability from soil and fertilizer.

Soil and plant movement.



Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

Boron 13-B

Molybdenum 96Mo

10B S, natural abundance = 19.7%

99Mo R, T 1/2 = 66.7 h
6 emitter (1.2; 0.45 MeV) and
Y emitter (0.74; 0.18; 0.78;
0.37 and 0.041 MeV)

Foliar absorption. Neutron activation.
Neutron moderation (soil moisture studies).

Plant nutrition.

Ill- OTHER ELEMENTS

Chlorine

Iodine

Sodium

35,Cl

127,

23Na

36
C 1

37,Cl

125,

131,

22K

24K

S, natural abundance = 75.53%

R, T 1/2 = 3.08 x 105 y

B emitter (0.714; 0.115 MeV)
Counting by LSC

S, natural abundance = 24.47%
Detection of isotope ratio by MS

R, T 1/2 = 60 d
EC conv. el., LSC

Y (0.035 MeV), Nal (Tl) 2"
X-ray (0.027 MeV), MLSC

R, T 1/2 = 8.05 d
B emitter (0.61; 0.25; 0.81 MeV)

and Y emitter (0.36; 0.08; 0.72 MeV)

R, T 1/2 = 2.6 y

B emitter (0.5 MeV) LSC
Y (1.27 MeV) emitter Nal (Tl) 2"/3"

R, T 1/2 = 15 h

6 emitter (1.4 MeV) LSC, Cerenkov
Y (2.75; 1.35 MeV) emitter
Nal (Tl) 2"/3"

Solute movement in soils.

Herbicidal and insecticidal effects on life
forms, water, air and soil.



Table 1: (cont.)

Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

Cobalt 59,Co

Cesium 133Cs

Barium 13BBa

57Co R, T 1/2 = 270 d
EC conversion el. LSC
Y emitter (0.122; 0.014 MeV)
Nal (Tl) 2"/3"

5sCo R, T 1/2 = 71 d
5 emitter (0.48 MeV) LSC
Y emitter (0.61; 1.64 MeV)
Nal (Tl) 2"/3"

60Co R, T 1/2 = 5.3 y

6 emitter (0.31 MeV) and

Y emitter (1.33; 1.17 MeV)

134CS R, T 1/2 = 2.046 y
0 emitter (0.662; 0.089 MeV) and
Y emitter (0.57; 0.605; 0.796 MeV)

137Cs R, T 1/2 = 30 y
6 emitter (1.176; 0.514 MeV)
and Y emitter (0.662 MeV)

Ba R, T 1/2 = 11.6 d

EC and Y emitter (0.5; 0.122;
0.216 MeV)

133Ba R, T 1/2 = 7.5 y

EC and Y emitter (0.082; 0.36;
0.30; 0.80 MeV)

Ba R, T 1/2 = 12.8 d
6 emitter (1.02; 0.48 MeV) and
Y emitter (0.54; 0.16 MeV)

131

140

Soil fertility erosion.
(Spike for sediment's movement and
deposition)

Soil fertility erosion.
(Radioactive fallout)



Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

Selenium

Aluminium

Chromium

Bromine

75,

80Se

"AI

52,Cr

73As

76As

75Se

26A1

51
C r

R, T 1/2 = 76 d
Y emitter (0.054; 0.14 MeV)

R, T 1/2 = 17.5 d

B emitter (0.9; 1.36 MeV) and

Y emitter (0.06; 0.64; 2.53 MeV)

R, T 1/2 = 26.3 b
B emitter (2.97; 2.41 MeV) and
Y emitter (0.56; 1.21; 0.66 MeV)

R, T 1/2 = 120 d

EC and Y emitter (0.265; 0.136;
0.280; 0.024; 0.58 MeV)
LSC, Nal (Tl) 2"

R, T 1/2 = 7.4 x 105 y

B emitter (3.21; 1.16 MeV) and

Y emitter (1.83; 1.12 MeV)

R, T 1/2 = 27.8 d

EC and Y emitter (0.32 MeV)

LSC, Nal (Tl) 2"/3"

S, natural abundance = 5054%

S, natural abundance = 49.46%

R, T 1/2 = 35.7 h

B emitter (0.44 MeV), LSC
Y emitter (0.55; 1.47 MeV),
Nal (Tl) 2"/3"



Table 1; (cont.)

Element
Most abundant
isotope

Tracer
isotope Characteristics Typical Applications

Mercury

Nickel

200
Hg

203Hg R, T 1/2 = 47 d

Y emitter (0.3 MeV)

63Ni R, T 1/2 = 92 y

V emitter (0.067 MeV)

Description

E
S

T 1/2

S

t
EC
LSC
MLSC
GM
MS
ES
Mev

Radioactive isotope
Stable isotope
Half-life expressed in time units, e.g.,/ minutes (m), hour (h), day (d) and year (y)

Beta radiation
Gamma radiation
Electron capture
Liquid scintxllation counting
Metal-loaded liquid scintillation counting
Geiger Miiller
Mass spectrometry
Emission spectrometry
Maximum energy's intensity in Mega-electron volts



ISOTOPIC TECHNIQUES IN FERTILIZER USB EFFICIENCY STUDIES

In isotopic-aided fertilizer experiments, a labelled fertilizer is added

to the soil and the amount of fertilizer nutrient which a plant has taken up

is determined. In this way different fertilizer practices (placement, timing,

sources, etc.) can be studied.

The first parameter to be determined when studying the fertilizer uptake

by a crop by means of isotope techniques is the fraction of the nutrient in

the plant derived irrom the (labelled) fertilizer, i.e.: fdff.

Often this fraction is expressed as percentage, i.e.: % dff = fdff x 100 (2)

The procedure followed in the calculation of this fraction and other

derived parameters for nitrogen (stable isotope) and phosphorus (radioisotopes)

using isotopically labelled materials is given below:

Quantification of fertilizer N uptake

The nitrogen isotope composition, i.e. the N/total N ratio, of any

material can be expressed as atom % N (a) or simply % N abundance (see

Axmann and Zapata, this volume). This isotopic ratio or % N abundance of

a sample is measured directly in a single determination by optical emission or

mass spectrometry. Since the % N natural abundance (a ) is 0.336 atom %
15 15 °
N this figure has to be substracted from the % N abundance (a) of any

enriched material to obtain the % N atom excess (% N a.e. = a').

What is then Ndff? It is the fraction of N in the plant derived from the

N labelled fertilizer. From simple isotope dilution principle, the

following relationship may be written:

% N a.e. plant sample _ a' plant sample
15 . . .. , , ... a1 labelled fertilizer ( '

% N a.e. labelled fertilizer

or as a percentaye

% Ndff = ^ 5 N a.e. plant sample x 1QQ ( 4 )

% N a.e. labelled fertilizer

Therefore, for the calculation of % Ndff it is necessary to determine the

% N atom excess of the plant samples and of the fertilizer(s) used in the

experiment.
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For instance if Ndff = 0.25 this means that 1/4 of the nitrogen in the

plant came from the fertilizer. In case that soil and fertilizer were the

only sources of N available to the plant, then the remaining 3/4 of the

nitrogen in the plant came from the soil. If these fractions are expressed in

percentages the %Ndff = 25 * and %Ndfs = 75 %, where %Ndfs is % N derived from

soil.

Exercise 1

In a field experiment 80 kg N/ha in the form of N labelled urea was

applied to a maize crop. The maize was harvested at tasseling time with a dry

matter yield of 4 tons/ha and a plant sample had 0.67 % N abundance and 3

% total N. The applied fertilizer had 1.37 % X N abundance.

Questions:

1. What was the fraction of N in the plant/ which was derived from the

fertilizer or % Ndff?

2. What was the fraction of N in the plant) which was derived from the soil?

3. What was the total N yield of the crop?

4. What was the fertilizer N yield of the crop?

5. What was the fertilizer N utilization or recovery by the crop?

Calculations:

1. % N derived from the fertilizer

% DN atom excess plant = 0.67 - 0.37 = 0.30

% 15N atom excess fertilizer = 1.37 - 0.37 = 1.00

The fraction of fertilizer N in the plant corresponding to 0.30 % N

atom excess is calculated using equation 4:

% Ndff = Y^ x 100

% Ndff = 30 %
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2. % N derived from the soil

Since the crop had only two sources of nutrients the % N derived from the

soil is obtained by difference as follows:

% Ndfs = 100 - % Ndff

100 - 30 = 70 %

3. The nitrogen yield of the crop

The total amount of N contained in the crop during the experimental

period is obtained by recording the dry matter yield and multiplying it

by the % total N in the crop as follows:

N yield = 4000 x — - = 120 kg N/ha

4. The fertilizer N yield of the crop

The amount of fertilizer N taken up by the crop is calculated by

multiplying the total N yield by the fraction of Ndff:

Fertilizer N yield = j^- x 120 = 36 kg N/ha

5. Fertilizer N utilization or recovery by the crop

The fraction of the fertilizer nutrient taken up by the plant in relation

to the rate of fertilizer nutrient applied. It is commonly expressed as

percentage:

% Fertilizer N utilization = ~~ x 100 = 45 %

Exercise 2

In a field experiment, 60 kg N/ha as N labelled ammonium sulphate

were applied to hybrid sorghum. The N treated plots were harvested at the

grain milky stage of development. The harvest consisted of gathering all

above- ground plant material in the harvesting area of the isotope plots and

separating them into shoots and panicles. The fresh weight of each component

was recorded. Adequate subsamples were taken and chemical and isotopic

analyses were performed on each subsample separately.
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Question:

What is the fertilizer N utilization of sorghum in this experiment?

Calculations:

The basic primary data are listed in the following table 2:

Table 2: Experimental data

Plant DM yield Total N N yield Ndff Fert. N yield

part tons/ha % kg/ha % kg/ha

Shoots

Panicles

TOTAL

5

2

.0

.2

1

2

.2

.1

60

46

106

27

19

.4

.8

16

9

25

.4

.1

.5

1. As shown in the Table 2 N yield and fertilizer N yield of each plant part

has to be calculated. Add up these data to obtain total N yield and

total fertilizer N yield for the entire crop.

2. The next step is to calculate the weighed average % Ndff for the entire

crop.

% Ndff (weighted average) = ~|'-5 x 100 = 24
106

3. Finally the % fertilizer N utilization is calculated using the total

fertilizer N uptake as follows:

% Fert. N utilization = ~^~ x 100 = 42.5
ou

Measurements needed for experiments with N

In summary for all field and greenhouse experiments with N (or any

other stable isotope) labelled materials, the following basic primary data

need to be recorded for each plot:

1. Dry matter (D.M.) yield for the whole plant or sub-divided into plant

parts.
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2. Total N content (% N in dry matter) of the whole plant or plant parts as

in point 1> - This is done by chemical methods (Kjeldahl or another).

Plant % 15D

spectrometry.

3. Plant % N abundance, which is analysed by emission or mass

4. Fertilizer % N abundance.

5. N labelled fertilizer(s) used and N rate(s) of application.

Calculations for experiments with N

15 15

1. % N abundance is transformed into % N atom excess by substracting

the natural abundance (0.3663 atom % N) from the % N abundance of

the sample. Afterwards the following calculations can be made:

2. % Ndff = % [^ atOm eXCeSS Plant x 100 (5)
% N atom excess fertilizer

3. Dry matter yield per unit area:

DM yield (kg/ha, = FW(kg) x 1 0 0 Q° f ^ X
 S D W <^> (6)

area harvested (m ) SFW (kg)

Where FW = fresh weight per area harvested and SDW and SFW are subsample

dry and fresh weight, respectively.

4. N yield (kg/ha) = DM yield (kg/ha) x ^ (7)

5. Fertilizer N yield (kg/ha) = N yield (kg/ha) x % ^ . (8)

6. % fertilizer N utilization: = „ JSCtc ' "
 yif ;d : x 100 (9)

Rate of N application l '

Quantification of fertilizer P uptake

The phosphorus isotopic composition, i.e. the P/total P ratio, of any

material is called specific activity (S.A.). The determination of the

specific activity (S.A.) of a sample requires two independent measurements:

1) Determination of the activity (dpm or dps) of the radioisotope by radio-

assay techniques using appropriate detectors, i.e. proportional detector,

Geiger Muller (GM) detector, liquid scintillation counting, Cerenkov
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counting (for high-energy beta emitters) or sodium-iodide scintillation

detectors.

2) Determination of the total nutrient content by any conventional chemical

method, i.e. total P by spectrophotometric (methavanadate yellow) method.

It is customary to express the specific activities of plant samples and
32 32

fertilizer in dpm P/g P or dps P/mg P, at the time the samples were
counted.

It is important to note that the concept of specific activity (ratio
32 15
P/total P) for radioisotopes is identical to that of % N atom excess

(ratio N/total N) for stable isotopes.

What is Pdff? It is the fraction of £ in the plant derived f_rom the

or P labelled fei

dilution principle that:

32 33
P or P labelled fertilizer material. It also follows from the isotope

p,,f _ S.A. plant sample
S.A. labelled fertilizer l '

or as a percentage:

% Pdff = S.A. plant sample
S.A. labelled fertilizer

How is Pdff measured?

Both the activity and total P content in the plant and fertilizer samples

should be determined as shown by Buchtela (this volume).

Exercise 3

An aliquot of a plant sample containing 8 mg P gives an activity of 800

dpm. From above, we have to determine the amount of P (g or mg P) in the

plant derived from the fertilizer corresponding to 800 dpm. For this purpose

the activity of a known amount of P from the labelled fertilizer is determined.

If an aliquot of the dissolved P labelled fertilizer containing 10 mg P

gives an activity of 4000 dpm then the following relationship can be written:

4000 dpm 10 mg P in the fertilizer

800 dpm X mg P in the plant
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and X = = 2 mg P in the plant came from the fertilizer

The next step is to calculate the Pdff by relating the amount of P in the

plant which came from the fertilizer (2 mg P) to the total amount of P in the

plant sample (8 mg P). Thus 2 mg out of 8 mg was derived from the fertilizer

and:

Pdff = ~- - -~j~ = 0-25

or % Pdff = 25

From the above example, by combining the calculations made before it

follows that:

Pdff =

Pdff =

P d f f = 6 - 4000

Since by definiticn:

S.A. plant = 8°° dpl" = 100 dpm/mg P
o mg P

S.A. fertilizer = 40°° dP m
 = 4 0 0 dpnl/mg P

10 mg P

Therefore substituting the S.A. of plant and fertilizer in the previous

equation the following general equation may be written:

800 x
4000
8

800 x
4000 x

800

10

10
8

10

Pdff = S.A. plant x — ~ - .

r S.A. fertilizer

or

S.A. plant
Pdff =

S.A. fertilizer

Thus in the present example, Pdff = , • = 0.25
400

or %Pdff = 25%
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Exercise 4:

32

In a greenhouse experiment, 20 ppm P as P labelled single super-

phosphate were applied to pots containing 2 kg soil with barley as test crop.
2 months, the plant material was harvested and analysed for

32

32After
32

activity and total P content. The P labelled single superphosphate
(standard) used in this experiment was analysed in the same way.

Results:

Plant sample: 5 g dry matter yield

0.2 % total P

An aliquot containing 2 mg P gave 250
32

cpm P by

Cerenkov counting. Since the counting efficiency was 50*
32

the activity of the plant sample was 500 dpm P.

32
Thus the S.A. plant = or 250 dpm P/mg P.

Fertilizer: An aliquot containing 10 mg P counted by Cerenkov gave
32

6250 cpm P. Considering also 50% counting efficiency
3232

the activity of the fertilizer sample was 12500 dpm P.

Therefore S.A. fertilizer =
32

r or 1250 dpm P/mg P

Questions:

1. What was the fraction of P in the plant which was derived from the

fertilizer or % Pdff?

2. What was the fraction of P in the plant which was derived from the soil?

3. What was the total P yield of the crop?

4. What was the fertilizer P yield of the crop?

5. What was the fertilizer P utilization or recovery by the crop?

Calculations:

1. % P derived from the fertilizer:

% Pdff =
S.A.

250
1250

20%

fertilizer

x 100

x 100
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2. % P derived from the soil:

% Pdfs = 100 - % PdfP

= 100 - 20

= 80%

3. The P yield of the crop:

P yield = 5 (g) x -~^- = 0.01 g P/pot

0.2
= 5000 (mg) x = 10 ing P/pot

4. The fertilizer P yield of the crop:

20
Fertilizer P yield = 10 x

= 2 mg P/pot

5. Fertilizer P utilization or recovery by the crop: Since 20 ppm P or 20

mg P/kg soil were applied to each pot containing 2 kg soil, thus the P

rate was 40 mg P/pot and

% Fertilizer P utilization = —.— x 100 = 5 %
40

Exercise 5:

In a rice field, 20 kg P/ha as P-labelled single superphosphate were

applied at transplanting time. After about six weeks, plants samples were

harvested from these treated plots. The dry matter yield amounted to 2500

kg/ha with a total P content of 0.30 %.

A representative plant dry matter sample was ashed and extracted with a

known amount of 2N HC1. An aliquot of this extract containing 0.2 mg P was

counted by Cerenkov and was found to give a count rate of 320 cpm. At the
32

same time an aliquot of an acid extract of the P-labelled superphosphate

containing 0.3 mg P was counted and was found to have a count rate of 3450 cpm.

The counting efficiency was found to be 40 %.

Question:

What was the fertilizer P utilization?
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Calculations:

1. % Pdff is calculated as follows:

320
Plant sample activity = = 800 dpra

S.A. plant sample = = 4000 dpm/mg P

Fertilizer activity = — = 8625 dpm

S.A. fertilizer = - — - — = 28750 dpm/mg P
U • j

2. The P yield

P yield = 2500 x j

= 7.5 kg P/ha

3. The fertilizer P yield:

Fertilizer P yield = 7.5 x

= 1.04 kg P/ha

4. The fertilizer P utilization:

1 04
% Fertilizer P utilization = - — x 100

= 5.2%

32 33
Measurements needed for experiments with P or P

The following basic primary data need to be recorded for field and

greenhouse experiments with labelled P fertilizers:

1. Dry matter (D.M.) yield

2. Total nutrient content (% P in dry matter) - Analysed by conventional

chemical method

3. Plant specific activity (S.A. plant)

4. Fertilizer specific activity (S.A. fertilizer)

For the points 3 and 4, two independent measurements are required in each

aliquot, i.e. the determination of the P activity by Cerenkov

counting and the content of the element i.e. amount of P.

5. Radioisotopically-labelled fertilizer(s) used and the rate(s) of

application
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Calculations for experiments with P and/or P

The following calculations need to be made:

1. The S.A. of plant and fertilizer

2. %Pdff = f-A. P1*"*. x 100 (12)
S.A. fertilizer

3. Dry matter yield per unit area:

DM yield (kg/ha, = FW (kg) x 10,000 (m
2/ha)

x ( U )

area harvested (m ) SFW (kg)

4. P yield (kg/ha) = DM yield (kg/ha) x j~ (14)

5. Fertilizer P yield (kg/ha) = P yield (kg/ha) x * ^QQ (15)

6. % fertilizer P utilization = ̂ ^ T a p j S t i o n * 10°

ROOT ACTIVITY STUDIES USING ISOTOPE TECHNIQUES

Introduction

Root studies are becoming increasingly important component of crop

improvement and selection programmes. The roots are responsible for plant

water and nutrient uptake. Plant and microbes can also form associations at

the root level, which may significantly affect crop productivity in different

ways. There is a continuous development of new methods for studying root

systems. The suitability of one or another method depends basically on the

objective(s) of the study and the available resources. Most classical methods

(visual observations and/or physical separation of roots) are aiming at

determining rooting pattern of crops but do not provide information on root

activity, growth and physiological responses to environmental factors.

Isotope techniques are unique tools to provide information to many of these.

For example they offer a quick and reliable means for determining the

distribution pattern of active roots.
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Isotope tracer techniques for root activity studies

The tracer methodology consists basically of injecting a suitable isotope

either to the soil or to the plant. Two approaches have been adopted in the

development o£ these isotope tracer techniques, as follows:

a) An isotope such as P or Rb is injected into the plant stem and

the pattern of root distribution is determined by taking soil-root cores,

and measuring the radioactivity in them.

32
b) A P-labelled phosphate solution is injected into the soil at the

various positions (distances and depths) and by measuring the

radioactivity in the plant samples the root activity (patterns of root

activity) at the various positions is tested.

Both isotope tracer techniques have been applied extensively to field

crops. Part of this work has been done by the FAO/IAEA programme. A soil

injection technique for determining the root activity distribution of various

tree crops of economic importance to developing countries was developed within

the framework of a Co-ordinated Research Programme of the Joint FAO/IAEA

Division. The IAEA Laboratory at Seibersdorf was instrumental in the

improvement of the technique by working out the injection and sampling aspects

(IAEA, 1975).

Definitions

Root activity: Relative term used to compare various parts of a root

system. It is expressed in function of the amounts of nutrients taken up

from a common source of nutrient supply.

Root activity ratio: The relationship of the amount of nutrient taken up

by two different parts of a root system. The activity ratio may change

with time and space.

Root activity distribution pattern: It is the root activity ratio of any

part of the root system related to that of an arbitrary standard location.
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Applications

The injection technique for root activity studies may be used for the

following applications:

To study the effect of land preparation methods on root activity

(tillage/plowing techniques for seedbed preparation and erosion control).

To study the effect of cultivation and other methods for weed control.

Evaluating methods of fertilizer placement/timing for orchard and

plantation trees as well as wide-row planted annual crops.

Genotypic differences in response to environmental stresses, i.e. soybean

cultivars response to moisture stress.

Definition of crop rotation systems, i.e. combination of crops with

different root depth or compatibility of nitrogen fertilization of crops.

Root activity patterns of tree crops

Quantitative measurement of fertilizer practices using isotope techniques

cannot be readily applied to tree crops. The quantities of labelled

fertilizer required are much larger than those for annual crops and therefore/

high costs are involved in field experimentation of tree crop plantations.

Moreover it is not practical to harvest and sample whole trees. The approach

adopted has been to reduce costs through a careful selection of a small number

of treatments and replications. More recently further improvement has also

been achieved by reducing the amount of labelled fertilizer required to label

a tree through the use of advanced analytical equipment for isotopic

analysis. This has furthermore been possible by developing and applying a

soil injection technique for determining the root activity distribution of

various tree crops of economic importance to developing countries (IAEA, 1975).

Rationale

Application of fertilizer in close proximity to the zone of highest root

activity and at a time when the roots are most active can be expected to

result in a higher fertilizer nutrient uptake by the crop. Information on the

distribution pattern of root activity are therefore an essential prerequisite

for the formulation of sound fertilizer practices for tree crop plantations.
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Injection techniques:

A solution containing a suitable isotope readily translocated and

equilibrated with the pool of nutrient in the plant is being used. The
"52 flfi 1 5

measurement can be done by using single labelling: P, Rb, N
32 33

or double labelling: P and P (two different isotopes of the same

element).

Injection procedure:

Single trees are used as experimental units. Particular care must be

taken to ensure the selection of trees with uniform vegetative

characteristics (girth, height, foliage, fruiting capacity).

32

Each tree is treated with a given total P activity distributed in

equal aliquots of approximately 5ml containing 1000 ppm P solution.

These are inserted into 15-20 holes in a ring around the tree at a

specific depth and distance from the tree to be tested.

A wide variety of equipment and devices can be used for preparing the

holes and injecting the solution in the holes (injection points).

Plant sampling and analysis

i) Sampling is the main difference between annual (whole plants) and

perennial (leaves) crops. In the case of tree crops, two types of

leaf sampling may be considered:

Bulk sample: Representative sample obtained by systematic sampling

of leaves from the entire tree, i.e.: counting the leaves and

taking every fourth or tenth leaf (depending on the type and size

of tree) from every twig and branch.

Standard sample: Representative sample of leaves from a

well-defined morphological position. The sample recommended for

foliar diagnosis is also used for this purpose.

ii) Sampling time interval: Sufficient time (a few weeks) after the

injection should elapse so that the nutrient can be translocated

and redistributed uniformly throughout the entire canopy. This is

a condition for the method to be valid.
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iii) Sampling size: It is a function of the activity of the sample.

Since the counting rates are low, usually 5-10 g of oven-dry leaf

material is used for analysis.

iv) Analysis: The isotope ( P/ P) activity in ashed leaves

samples in HC1 extract is determined by counting using a liquid

scintillation counter.

v) Interpretation: For each experiment, the count rates are corrected

for decay to a pre-set time and the results are expressed in dpm/g

dry matter.

The activity of the sample is a measure of the root activity. A

qualitative comparison of the root activity at different locations (injection

treatments) can be made.

Sources of error

i) Soil (spatial) variability accross the plantation.

ii) Plant variability (genetic origin).

iii) Sampling factors (type, size, time, etc.). They are the main

source of experimental error. It can be reduced to some extent by

increasing the number of subsamples, particularly in the case of

"standard" sampling. In practice, bulk sampling results in a

significant reduction of the sampling variation.

iv) Injection factors. Unequal probability of contact between roots

and the applied isotope. This may occur if the number of injection

points are too small.

v) Eccentricity factor. Unequal probablity of contact between roots

and the applied isotope at different distances tested. This is the

case when the number of injection points per unit length of

circumference for distances close to the trunk is greater than that

tor circumferences further out from the trunk.
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Exercise 6: Single labelling technique

32
This exercise is to illustrate the single labelling technique. A P

labelled phosphate solution was injected in regular patterns into the soil.
32

The P activity in the leaves of the tree is a measure of the corresponding
32

root activity of the location where the P was injected into the soil.

Objective

To determine the area of highest root activity in a 3-year old oil palm

plantation.

Application treatments

1) Inside a clean weeded ring

2) At the crown's diameter

3) Outside the crown's diameter

1 palm = 1 experimental unit

3 treatments x 6 replications = 18 palms

Experimental procedure

32
Injection: About 320 uCi P/palm as 16 injections of 5 ml 1000 ppm

32
P solution containing 20 pCi P each were injected in rings around the

base of the [i<alm into the top 5 cm of the soil.

A bulk sample of leaves was taken by systematic sampling of the entire

crown. Bach branch was sampled systematically by taking every tenth leaf.

Midribs were removed and only centre 10 cm of each leaflet taken as

subsample. After quartering, the final subsample was weighed, oven-dried at

70°C, weighed again for dry matter determination, ashed and dissolved in 50 ml

2N HC1. The activity was determined by Cerenkov counting in a liquid
32

scintillation counter and the final results expressed in dpm P/g dry
matter are shown in Table 3.



Table 3: Results of Cerenkov counting of leaves from palm trees after
32

application of P into the soil by various treatments

32
Activity (dpm P/g DM)

Replications

Treatments

(1)

(2)

(3)

I

312

730

120

II

110

942

90

III

570

751

260

IV

480

1160

20

V

410

1012

213

VI

220

852

160

Conclusions:

i) The highest activity was found to be at the crown diameter

ii) Despite the high standard deviation, the differences among

treatments were highly significant.

Exercise 7: Double labelling technique

32 33
In this example the double labelling technique with P and P will

be illustrated.

Trees are individuals and despite the fact that all the trees in a

plantation block are of the same genetic origin, age, etc, the variability in

nutrient uptake among individual trees may be large. This cannot be solved by

improving sampling methods. It could be improved by drastically increasing

the number of replications for each treatment but this is usually too costly.

Therefore, benefiting of the availability of two radioisotopes for phosphorus,

a double labelling technique was developed.

32
This technique consists of injecting solutions labelled with P in one

location and P in another location around the same tree. The difference

between areas of root activity is measured in terms of the ratio of uptake
32 33

from P and P.
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Objective

To determine the root activity of oil-palm trees in six different

locations (combinations of distance and depth).

Experimental procedure

32
Injection: 16 injections of 5 ml 1000 ppm P P-labelled solution were

given in rings according to the experimental treatments. Similarly 16

injections of 5 ml 1000 ppm P P-labelled solution were applied in the same

"standard" location, as illustrated below:

Treatment P injections P injections

Distance (m) Depth (cm) Distance (m) Depth (cm)

(1) 1 10 1 10

(2) 2 10 1 10

(3) 3 10 1 10

(4) 1 20 1 10

(5) 2 20 1 10

(6) 3 20 1 10

For this experiment 6 treatments x 4 replications = 24 palms were used.

Sampling subsampling and analyses were done as indicated for exercise 6.

ting of

preparation.

32 33
Counting of dual labelled ( P and P) samples were done after sample
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32 33
Table 4: A c t i v i t i e s in samples from palm t rees af ter various P and P

treatments

Activity (dpm/g DM)

Treatment Isotope

Rep l i ca t e s

I I I I I IV

( 1 )

( 2 )

(3 )

(4 )

32P
33„

33,

(6)

32P
33.,

33,

33,

1050

350

3517

360

512

334

412

343

1103

370

0

35B

830

290

3210

330

780

520

81b

eeo

938

302

110

390

417

130

1509

140

309

190

1025

702

1269

470

50

260

610

215

2012

195

121

100

517

412

713

260

29

345

Calculations

In order to compare the root activity in the 6 locations, it was

necessary to determine the ratio corresponding to the actual amounts of

phosphorus taken up. For this purpose the P counts had to be transformed
32

into equivalent P counts. The following calculations were made:

33 32
The conversion factor to transform P counts intc equivalent P

counts was determined. Using the data of treatment 1 (standard) where the

32.

32 33
P and P injections were given in the same location. The activity of
P represent the same amount of phosphorus (carrier phosphate) taken up as

33 32

the activity of P. Thus in Treatment 1, replication I 1050 dpm P

represent the same uptake of carrier phosphate as 350 dpm P and

12
P 1050

the corresponding ratio is rr-
350

= 3
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32 33
In the same way the P/ P ratios for the other replications of

treatment 1 are calculated.

Replicate

I

II

III

IV

Ratio

1050/350 = 3.00

830/290 =2.86

417/130 = 3.20

610/215 = 2.84

Mean 2.98 (Average conversion factor)

33 32
The transformation of P counts into equivalent P counts and the

calculation of activity ratios for each treatment are shown in Table 5.

Table 5: Transformation of P counts into equivalent P counts by

multiplying the P counts by 2.98 and calculation of the ratio

for each treatment

TREATMENT

(dpm/g DM)

II III TV Mean

32

(1)

(2)

(3)

(4)

(5)

(6)

P
33p._>32p

Ratio

3 2P
3 3P-> 3 2P

Ratio

3 2P

33p__>32p

Ratio

32P
33P->32P

Ratio

32p

33P->32P

Ratio

32p

3 3 P - > 3 2 P

t-.atio

1050

1050

1

3517

1073

3.3

512

995

0.51

412

1022

0.40

1103

1103

1.0

0

1067

0

830

830

1

3210

983

3.3

780

1550

0.50

615

1967

0,41

938

900

1 .0

110

1162

o.oe

417

417

1

1509

417

3.6

309

566

0.55

1025

2092

0.49

1269

1401

0.9

50

2247

0.02

610

610

1

2012

581

3.5

121

298

0.41

517

1228

0.42

713

775

0.9

29

1028

0.03

3.4

0.5

0.4

1.0

0.05
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Summary of results

DISTANCE

1.0m. 2.0m. 3.0m.

10cm 1 3.4 0.5

DEPTH

20cm 0.4 1.0 0.05

Conclusions

i) The zone of highest root activities is located 2.0m. from the base

of the tree and at 10cm. depth.

ii) The root activity at 10cm depth is always higher than at 20cm depth.

iii) Variability of ratios is less than that of activities (dpm/g dry

matter).

QUANTIFICATION OF FERTILIZER UPTAKE WITHOUT PLANT-FERTILIZER INTERATIONS

Fertilizer management practices such as sources, timing, placement, etc.

may be studied in presence and absence of the effects of the fertilizer

treatments on plant development, root distribution and crop yield. The use of

a special design with isotope techniques allows the study of the fertilizer

uptake without plant-fertilizer interaction. (Single-treatment fertility

experiments/ Broeshart, 1974; Pried et̂  a_l., 1975).

Example 1:

Timing (T) of fertilizer N application (90 kg N/ha applied to maize at 3

different times).
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Design I: Fertilizer treatments with interaction

Treatment

90*

90*

90*

Design II: Fertilizer treatments without interaction

Treatment

la

lb

lc

30*

30

30

30

30*

30

30

30

30*

All fertilizer treatments (la, lb, lc) are identical with regard to the

total N rate (90 kg N/ha) and 3-split of 30 kg N/ha at all timing treatments.

Only the position of the labelled fertilizer changes, thus the effect of

timing would be measured in the absence of any plant-fertilizer interaction

effect. Therefore by utilizing design II, the partial fertilizer use

efficiency of the 30 kg N/ha applied at each timing and the total fertilizer

use efficiency of a 3-split application of 90 kg N/ha can be measured without

any interaction effect.

Example 2:

Fertilizer N placement. In this experiment 80 kg N/ha were applied to

sorghum in 2 different placements.
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Design I: Fertilizer treatments with interaction

Surface broadcast

over plot area

(S)

Band at 5 cm depth

in a furrow

(B)

80*

80*

Design II: Without interaction plant-fertilizer.

(S) (B)

la

lb

40*

40

40

40*

Example 3:

Fertilizer nutrient sources.

Nutrient ion uptake from a single fertilizer source

la

lb NO, *NH,
3 4

Interactions of nutrient uptake

Effect of N on P uptake

la N and P* separated (in different furrows)

lb N and P* mixed (in the same furrow)

Effect of P on N uptake

2a N* and P separated (in different furrows)

2b N* and P mixed (in the same furrow)

N* : ammonium - N source

P* : orthophosphate monovalent - P soluble source
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NUTRIENT UPTAKE FROM THE APPLIED FERTILIZER

When a commercial fertilizer is applied to the soil; the plant will take

up nutrient from both sources, the soil and the applied fertilizer. If in-

creasing fertilizer units are added to a given soil, a nutrient uptake

response curve can be obtained. This nutrient uptake curve is made up

utilizing a version of the Law of Diminishing Returns, i.e. continuous

curvilinear functions (quadratic, square root or logarithmic models), in which

equal additional increments of fertilizer result in steadily smaller responses.

Relative nutrient uptake (nutrient uptake expressed as percentage of maximum

uptake) rather than the amount of nutrient taken up is usually plotted in the

ordinate. At some point maximum uptake will be obtained after which no more

of the fertilizer nutrient applied will be taken up. At a higher level of

fertilizer application there may even be a decrease in uptake of the

nutrient. The curve is made up of both sources, i.e. uptake from the soil and

uptake from the fertilizer. There is no way of knowing from the curve how

much is taken up from the soil and how much from the fertilizer (Broeshart,

1974; Fried, 1978b a\d Vose, 1980).

The concept of available amounts of a nutrient

When comparing different nutrient sources, the term "available amount of

a nutrient" has first to be defined. Only the plant can judge what is

available since no chemical extraction can determine what is available to a

plant. However, if the plant is used to measure which source of nitrogen or

phosphorus is available and to which extent, one has to be able to

discriminate between the sources, which is conveniently done by labelling one

of the sources with an appropriate isotope.

Also when comparing nutrient sources one wants to know how much available

nitrogen or phosphorus in a given source the plant sees in comparison with

well-known fertilizers. Thus, if a rock phosphate is applied we want to know

what is the available amount of phosphorus in the rock phosphate in terms of

equivalent units of superphosphate or in other words how many kg of rock

phosphate supply the same amount of phosphorus to a crop as one kg of super-

phosphate. However, since the soil is a source of nutrients, the first

question which may be asked is: What is the available amount of phosphorus in

the soil in terms of equivalent units of superphosphate or what is the avail-

able amount of nitrogen in the soil in terms of equivalents units of ammonium

sulphate? Thus by utilizing a labelled fertilizer source it is possible to
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determine the plant available amount of nutrient in the soil and this amount

is expressed relative to the amount available in the Eertilizer source.

For example, if 100 kg N/ha as N labelled ammonium sulphate is added

to the soil and plant analysis gave %Ndff = 50*. Thus %Ndfs = 50%. It could

then be said that the soil had the same amount of available nitrogen as the

100 kg N/ha added as fertilizer or in other words the soil had an available

amount of 100 kg N/ha in terms of ammonium sulphate equivalent units.

What will be the consequence when 200 kg N/ha are added to the same

soil? Since the soil has an amount of available nitrogen equivalent to 100 kg

N/ha and the fertilizer 200 kg N/ha, the proportion taken up by the plant from

the soil will be one third and two thirds from the fertilizer.

What will be the consequence when 300 kg N/ha are added? The proportion

taken up from the soil will be one fourth and three fourths from the

fertilizer.

Thus the following assumption may be formulated: "When a plant is

confronted with two or more sources of a nutrient element, the nutrient uptake

from each of these sources is proportional to the amounts available in each

source" (Fried and Dean, 1952; Fried, 1964; Broeshart, 1974; Fried, 1978b and

Vose, 1980).

The above relationships which are also called fractional utilization

ratios can be expressed in the form of an equation. Thus, in a situation

where soil and fertilizer are the only sources of nutrient available to a

plant, the equation is as follows:

Total nutr. i plant _ Fert. nutr. in plant _ Soil nutr. in plant
Total nutr. supply Fert. nutr. supply Soil nutr. supply

Total nutr. in plant _ Fert. nutr. in plant + Soil nutr. in plant
Total nutr. supply Fert. nutr. supply + Soil nutr. supply

For nitrogen as an example,

Total N in plant _ Fertilizer N in plant _ Soil N in plant
Total N supply Fertiliztr N supply Soil N supply

Total N in plant _ Fertilizer N in plant + Soil N in plant
Total N supply Fertilizer N supply + Soil N supply
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The fertilizer N supply is equivalent to the rate of N applied as

fertilizer. The soil N supply corresponds to the amount of soil N in terms of

fertilizer units which is available to the plant during the growth period.

Both soil and fertilizer N, as well as total N supply are expressed in the

same way, i.e. as equivalent units of applied fertilizer, for example, in kg

N/ha of equivalent units of ammonium sulphate, if this was the fertilizer used.

The following exercises are given to illustrate the determination of the

available amount of a nutrient in the soil.

Exercise 8 (Greenhouse experiment)

32
A P labelled superphosphate was applied at a rate of 40 mg P/pot,

each containing 1 kg air-dried soil. Barley was used as test crop. After 5
32

weeks the plants were harvested and analysed for total P and P activity.

From the results of the specific activity of plants and fertilizer, it is

found that %Pdff = 20%. What was the available amount of soil P as measured

in superphosphate units?

%Pdfs = 100 - 20 = 80%

The following fractional utilization ratio may be written:

20% 80%
40 mg P as super X

80% x 40 mg P
20%

X = 160 mg P as superphosphate

Therefore it may be concluded that this soil has an available amount of

160 mg P/kg soil as superphosphate equivalent units.

Exercise 9 (Greenhouse experiment)

To determine the available amount of N in a soil, N labelled urea

(1 % N a.e.) was applied at a rate of 80 mg N/pot, each containing 1 kg

air-dried soil. Barley, was used as test crop but oat, ryegrass or any other

fast-growing plant could have been used.
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From the plant analysis it was found that a plant sample had 0.25% N

atom excess.

% Ndff = j ^ x 100 = 25 %

Therefore %Ndfs = 100 - 25 = 75%.

Thus the fractional utilization ratio is as follows:

25% 75%
80 mg N as urea X

75% x 80 mg N
25%

X = 240 mg N as urea

Therefore, this soil has an available amount of 240 mg N/kg soil as urea

equivalent units.

Exercise 10 (Field experiment)

100 kg N/ha as N labelled ammonium sulphate were applied to a sorghum

crop. After harvest, the plant and fertilizer samples were analysed for total

N and for nitrogen isotopic ratio. It was found that the sorghum crop had 120

kg N/ha total N yield and 40 kg N/ha fertilizer N yield.

Questions:

1. What was the available amount of N in the soil as ammonium sulphate

equivalent units?

2. What was the Ndff in the plant sample?

Calculations:

120 kg N/ha total (total N yield)

40 kg N/ha from fertilizer (fert. N yield)

80 kg N/ha from soil (soil N yield), by difference



Then the following relationship may be written:

40 kg N/ha (fert. ) _ 80 kg N/ha (soil)
100 kg N/ha as ammonium sulphate X

Therefore the available amount of N in the soil is 200 kg N/ha as

ammonium sulphate equivalent units.

120 3

Thus Ndfs = 1 - - j - = -y-

When the calculation is made with the Ndff values, the same result must

be obtained. The fractional utilization ratio is as follows:

1/3 _ 2/3
100 ~ X

Where X = available amount of N in the soil or 200 kg N/ha as ammonium

sulphate equivalent units.

It is obvious that the same result must be obtained since the first

relationship can be also written as follows:

-~- x 120 _ -~ x 120

100 200

The available amount of nutrient in the soil or the soil nutrient supply,

measured in equivalent units of the fertilizer standard has been referred to

as the "A-value" (Fried and Dean, 1954).

In a simplest case, when a plant is confronted with only two nutrient

sources, i.e. the native soil nutrient pool (ndfs) and the labelled fertilizer

nutrient (ndff) supplied at a given rate.

Thus:

% ndfs + % ndff = 100 (21)

and:

% ndfs = 100 - % ndff (22)
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As mentioned before, since the calculation is based on the fractional

relationship it follows that:

Fert. nutrient in plant _ Soil nutrient in plant
Available amount of fert. nut. Available amount of soil nutrient

() ()

Where:

Fertilizer and soil nutrient in the plant are the respective proportions

of nutrient taken up from each source. The percentage nutrient in the

plant derived from the fertilizer is experimentally determined using

isotopically labelled fertilizer.

The available amount of fertilizer nutrient (B) is the rate of nutrient

application as fertilizer standard. It should be noted that as far the

plant is concerned, one fertilizer unit is the same as any other

fertilizer unit. Thus for instance two fertilizer units contain twice as

much available nutrient as one fertilizer unit.

The available amount of soil nutrient or the A value of the soil for the

particular nutrient under study, is expressed in equivalent units of the

applied fertilizer.

Therefore the above equation (23) may be written as follows:

%ndff 100 - %ndff
_ _ = _ ( 2 4 )

And solving for A:

100 - % ndffA = — n z n — x B

In determining A values, it is important to note the following:

1) Since the available amount of nutrient in the soil is an inherent

property of the soil, it will be constant for any one set of experimental

conditions.

2) The A value is a yield-independent parameter. It is only necessary to

determine the respective proportions absorbed from each source, so as to

determine the A value of the soil. No yield dava need to be recorded.

The absolute amounts of nutrient taken up from either source do not

appear in the equation.
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3) The A value for a particular soil remains constant even at different

rates of application of the same fertilizer standard. In other words,

the available amount of nutrient in the soil is independent of the rate

of fertilizer applied. Thus, in soil fertility studies, it is sufficient

to use only one rate of application to assess the nutrient supply of a

soil and make relative comparisons of fertilizer treatments (Aleksic e_t

a!., 1968; Broeshart, 1974).

4) Any change in the set of experimental conditions will affect the

magnitude of the A value of the soil. For instance any change in the

application (nature, source, placement, timing, etc) of the labelled

fertilizer standard or in the growth conditions of the crop. Also

changes in harvesting times are important, since the plant samples the

nutrient isotopic composition of the soil from the seeding time until

harvesting time. These changes of the A value of a soil with time can be

easily observed in a time course study of nutrient uptake using labelled

fertilizers (Rennie, 1969; Smith and Legg, 1971; Broeshart, 1974; Zapata

?_t al., 1987).

5) The determination of the A value of the soil has a number of practical

applications, such as the quantitative evaluation of fertilizer practices,

in particular fertilizer sources, and the design of further isotope-aided

experiments (Rennie, 1969; Broeshart, 1974; Fried, 1978b; IAEA, 1983).

6) Extensive research work using A values has been done for most plant

nutrients, both macro-and micronutrients (Fried, 1954; IAEA, 1976; IAEA,

1980; Vose, 1980; IAEA, 1981; Wagner and Zapata, 1982).

Relation between soil and fertilizer nutrient uptake

If the proportion of a nutrient taken up from each source and the total

nutrient uptake is known, the actual amount taken up from each source can be

calculated. Also it is assumed that when a plant is confronted with two

sources of a nutrient it will take up nutrient from each source in direct

proportion ti- the available amounts of that nutrient in each source. This is

graphically represented in Fig. (1) by a theoretical nitrogen uptake curve of

a crop where the nitrogen yield has been plotted as a function of the nitrogen

supply. Abundant evidence obtained from experiments with labelled fertilizers

has confirmed the assumption made for Fig. 1. The curves for soil N = 100,

200, 300 and 400 represent the amounts taken up from the soil by the crop in

proportion to the different ratios of soil and fertilizer N.
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100 200 300 400

Total nitrogen supply (kg N/ha)

500

FIG. 1. Nitrogen yield of a crop as a function of the nitrogen supply.

The nutrient uptake from the soil is a function of the relative available

amounts of nutrient from the soil (soil nutrient supply) and fertilizer

(fertilizer nutrient supply).

It is evident that the nutrient uptake from the soil will change each

time the rate of fertilizer application (fertilizer nutrient supply) changes

even though the A value is constant. The change in nutrient uptake from soil

due to fertilizer application has been described as "priming". Furthermore it

is known that the actual amount of nutrient taken up from the soil in

fertilized treatments may be higher, the same or lower than the amount taken

up by a control treatment (Westerman and Kurtz, 1973; Fried and Broeshart,

1974).

The following series of exercises will illustrate the concepts mentioned

above:

Soil N supply

Fert N supply

Total N supply

Total N uptake

Uptake from fertilizer

Uptake from soil

Example

100

0

100

20

0

20

1

100

100

200

64

100

loo x 64 =
100

32

200
x 64 = 32

Example

300

0

300

98

0

98

100
400

300

2

X

X

300

100

400

116

116 =

116 =

29

87
400



From example 1: (Fig. 1)

The N uptake from the soil increased from 20 kg N/ha in the control

treatment to 32 kg N/ha in the fertilized treatment due to the fertilizer

application. This is called "positive priming". Generally this is only

the case when there is a pronounced increase in uptake from both soil and

fertilizer (N yield response) because the soil has a relative low

available amount of N.

From the example 2: (Fig. 1)

The opposite may be observed, where the N uptake from the soil decreased

from 98 kg N/ha in the control treatment to 87 kg N/ha in the fertilized

treatment as a result of the fertilizer application. This is known as

"negative priming". In this case there is no N yield response because

the soil has a high available amount of N.

Exercise 11:

Objective: To demonstrate the effect of rate of fertilizer application

on the uptake of nutrient from the soil.

A soil has an available amount of 150 kg N/ha as ammonium sulphate

equivalent units. The control treatment shows an uptake of 70 kg N/ha. What

will be the effect of the application of 100, 200 and 300 kg N/ha as ammonium

sulphate on the N uptake from the soil?

Soil N

Fert N

Total

Total

Uptake

Uptake

supply

supply

N supply

N uptake

from fertilizer

from soil

Control

treatment

150

0

150

70

0

70

100
250

150
250

Fertilized treatments

I

150

100

250

135

,135=54 §§§x

x 135=81 ±§2 x

11

150

200

350

168

168=96

168=72

300
450

150
450

III

150

300

450

184

x 184 =

x 184 =

= 123

=61
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200

300 Fortilizer N supply
450 Total N supply

kg N/ha as Ammonium sulphate equivalent units

FIG. 2. Nitrogen uptake by a plant as a function of fertilizer N application.

The results shown above are graphically represented in Fig. 2. The

following may be observed:

Treatment I: Due to the application of 100 kg N/ha the uptake of nutrient

from the soil increased over the control treatment. (Positive

priming).

Treatment II: When 200 kg N/ha was applied the amount of N taken up from the

soil was approximately equal to the amount taken up by the

control. (No priming).

Treatment III: When 300 kg N/ha was applied the amount of N taken up from the

soil was less than the amount of nutrient taken up by the

control treatment. (Negative priming).

Conclusions:

(1) The plant only takes up N from soil and fertilizer N in direct proportion

to the available amounts of N in each source. Abundant experimental

evidence confirms thii assumption (Fried, 1954; Aleksic, 1968; IAEA,

1970a, 1970b, 1971, 1974, 1978a, 1981, 1983).

(2) There is no effect of fertilizer N application on soil N supply or in

other words the A value of the soil is independent of the rate of

fertilizer N applied for any one set of experimental conditions.

(3) The N uptake from soil when fertilizer is added may be higher, the same

or lower than the N uptake from the control plot. This can happen even
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though the A value is constant. Thus the so-called "priming" effect is

only a reflection of the change in N uptake from soil due to the

mathercatical consequence of adding fertilizer to the system. No

mechanistic explanation is necessary for such an observation.

(4) It also follows that to assume that the amount of nutrient taken up from

the (soil is constant at different rates of fertilizer application is

inherently false. (Difference method).

(5) The so-called difference method for estimating fertilizer nutrient uptake

as the difference in nutrient uptake between the control and fertilized

treatments/ is based on the wrong assumption that the amount of N taken

up by the control treatment measures the amount of N taken up from the

soil in the fertilized treatments. Therefore this method has been found

to under-estimate or over-estimate largely the fertilizer nutrient uptake

by various crops (Aleksic et â L., 1968; Broeshart/ 1974; Westerman and

Kurtz, 1974; Harmsen and Moraghan, 1988).

(6) A direct and quantitative measurement of fertilizer nutrient uptake can

be made by using isotopically labelled fertilizers. Thus, the proportion

of nutrient in the plant derived from the fertilizer is experimentally

determined and that from the soil is subsequently calculated.

The available amount of nutrient in the soil can be quantitatively

expressed in terms of fertilizer standard equivalent units.

Knowing the proportions of nutrient taken up from each source and the

total nutrient uptake by the crop, the actual amounts of nutrient taken

up from each source can also be calculated.

QUANTITATIVE EVALUATION OF FERTILIZER PRACTICES

The following nutrient supply from several fertilizer management

practices can be quantitatively evaluated using isotope techniques:

1. Method of placement,

2. Timing of application,

3. Chemical and physical nature of sources, including symbiotic

nitrogen fixation,

4. Interaction among topics 1, 2 and 3, and of these with cultural

practices (irrigation/ mulching, tillage, etc.).

For instance one may ask how much is placement method A better than method B.

Also when comparing different fertilizer sources, one wants to know how much

available phosphorus or nitrogen the plant sees from a given nutrient source
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in comparison with well-known fertilizers. Thus, when rock phosphate is

applied one wants to know how many kg of rock supply the same available

amounts of phosphorus to a crop as one kg superphosphate.

The following series of examples illustrate the quantitative evaluation

of fertilizer practices with annual crops. It essentially consists of

equating the two comparisons with each other and is based on the principle

that the available amount of nutrient in the soili which is identical for all

treatments, is expressed in units of each fertilizer treatment. This enables

a direct comparison of fertilizer equivalent units among different treatments.

Method of fertilizer placement

A maize field experiment was carried out to compare a band placement to a

ce-t

sulphate.

surface-broadcasted application o£ 120 kg N/ha as N-labelled ammonium

Results:

Ndff

Fert. N util.

Band in

65

78

Surface broadcast

46

48

The farmer used to apply 120 kg N on the surface. If in the future he

decides to apply the fertilizer in a band, what should be the rate of N

application in order that the maize crop takes up the same amount of N

from banding as previously from surface application?

Principle:

The available amount of soil N seen by the maize crop is the same for

banding and surface treatments. Therefore we express the available

amount of soil N in equivalent banding and surface units, which will

enable us to calculate how many kg N given in a band supply the same

amount of N to the maize as 120 kg N on the surface.
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Banding treatment

%Ndff = 65% and %Ndfs = 35%.

From the fractional utilization relationship:

65 35
120 X

Thus X or the available amount of soil N is 65 kg N/ha in banding

equivalent units.

Surface treatment

%Ndff = 46% and %Ndfs = 54%

From the fractional utilization relationship:

_46_ _ 54
120 " X

Thus X or the available amount of soil N is 141 kg N/ha in surface

equivalent units.

The experimental soil has an available amount of N equivalent to 65 kg

N/ha as banding units or 141 kg N/ha as surface units. In other words, 65 kg

N/ha in a band supplies the same amount of N to the maize crop as 141 kg N/ha

on the surface.

65 kg N in a band = 141 kg N on the surface

X 1 kg N

X = • = 0.46 kg N in a band

Instead of the application of 120 kg N/ha on the surface, the farmer

should apply 0.46 x 120 = 55 kg N/ha in a band to get the same amount of

fertilizer taken up.

Timing of fertilizer application

A field experiment was carried out to compare the available amounts of N

in various N-labelled urea treatments on winter wheat. One single

application of 100 kg N/ha urea in the autumn was compared against a two-
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split application of 50 kg N/ha at tillering stage + 50 kg N/ha at heading

stage.

Results:

Single application Two-split application

% Ndff 37 44

A values 170 127

The two-split application was found to be superior to the single

application. By how much is the two-split application better than the

single application?

The soil has an available amount of N equivalent 170 kg N/ha as single

application units or 127 kg N/ha as two-split application units.

Therefore

170 kg N in a single application = 127 kg N in a two-split application.

1 kg N " " = X

1 kg N in a single application is equivalent to X = — — = 0.75 kg N in a

two-split application. Therefore the two-split application is or 33%

better than the single application.

Fertilizer nutrient sources

Fertilizer sources which can be labelled (Direct method)

A) Comparison of N sources i.e.: Two fertilizers N such as urea and

ammonium sulphate.

Treatments:

N-labelled urea, and N-labelled ammonium sulphate, both

applied a rate of 100 kg N/ha
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Results:

Urea treatment;

N yield = 120 kg N/ha

Plant sample = 1.2 % N atom excess

Fertilizer Sample = 2.0 % N atom excess

% Ndff = r^r x 100

= 60%

% Ndfs = 40%

From the fractional utilization relationship

60 _ 40
100 " X

X = available amount of soil N or 66.7 kg N/ha in urea equivalent

units.

Ammonium sulphate treatment:

N yield = 105 kg N/ha

Plant sample = 0.6 % N atom excess

Fertilizer Sample = 1.2 % N atom excess

% Ndff = Y~ x 100

= 50%

% Ndfs = 50%

From the fractional utilization relationship

50 _ 50
100 " X

X = available amount of soil N or 100 kg N/ha in ammonium sulphate

equivalent units.
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Quantitative comparison of urea and ammonium sulphate.

66.7 kg N as urea = 100 kg N as ammonium sulphate

X 1 kg N " "

66.7
1 kg N as ammonium sulphate is equivalent to = 0.67 kg N as urea

B) Comparison of P sources

32
Comparison of two P-labelled P fertilizers such as superphosphate

and nitro-phosphate. (Greenhouse experiment).

Treatments:

32
P-labelled superphosphate applied at a rate of 50 mg P/kg soil

32
P-labelled nitro phosphate applied at a rate of 50 mg P/kg soil

Results:

Superphosphate treatment:

% Pdff = 20%

and % Pdfs = 80%

From the fractional utilization relationship

20 _ 80
50 X

X = available amount of soil P or 200 mg P in superphosphate

equivalent units.

Nitro-phosphate treatment:

% Pdff = 10%

and % Pdfs = 90%

From the fractional utilization relationship

10 90
50 X

X = available amount of soil P or 450 mg P in nitro phosphate units.
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Quantitative comparison of superphosphate and nitro-phosphate.

200 mg P as superphosphate = 450 mg P as nitro-phosphate

1 kg P as superphosphate = X

450

1 kg P as superphosphate is equivalent to rrr = 2.25 kg P as nitro-

phosphate.

C) Comparison of two formulations of trip's superphosphate

The efficiency of triple superphosphate applied as powder was compared to

a granulated formulation of the fertilizer.

Treatments:

32
Powdered P-labelled triple superphosphate

32
Granulated P-labelled triple superphosphate

Rate of application : 40 kg P/ha for both formulations

Results:

Powdered P-labelled triple super (TSP)

% Pdff = 15*

and % Pdfs = 85%

From the fractional utilization relationship

15 _ 85
40 X

X = available amount of soil P or 227 kg P as powdered TSP units

Granulated 2P-labelled TSP

% Pdff = 20%

and % PdfS = 80%

From the fractional utilization relationship

20 _ 80
40 X

X = available amount of soil P or 160 kg P as granulated TSP units.
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Quantitative comparison of powdered and granulated TSP

227 kg P as powdered TSP = 160 kg P as granulated TSP

1 kg P as powdered TSP = X

1 kg P as powdered TSP is equivalent to -^rz = 0.70 kg as

granulated TSP.

If the application of 40 kg P/ha as powdered TSP was the farmer's

practice and he decides to change the formulation, the farmer should

now apply 28 kg P/ha as granulated TSP to get the same amount of

fertilizer taken up.

Fertilizer sources which cannot be labelled (Indirect method)

This methodology can be used in the following cases:

a. When it is impossible to label fertilizer sources such as natural

products (rock phosphates) and organic materials, ie: guano, green

and animal manures, compost, agricultural residues, etc.

b. When it is impractical to label nutrient sources such as the

atmospheric N which can be biologically fixed by field-grown

legume crops (see Hardarson and Danso, this volume).

c. When the cost of the required labelled fertilizers for the

experiment e.g. study of residual effect, is too high or simply the

required labelled fertilizers for a particular study are not

available.

The isotope dilution technique is used in this case. It essentially

consists of labelling the soil with an isotopically labelled

solution and use the plant to measure the isotopic ratio (% N

atom excess for nitrogen or specific activity for phosphorus) of the

N or P supplied by the labelled soil (soil + solution). This method

is usually referred to as "the isotope dilution technique", although

this is not an isotope dilution as defined in isotope chemistry.

The isotopic ratio in the fertilized treatment will decrease as a

result of the N or P supply from unlabelled source. A standard

treatment (without application of the unlabelled source) is also

required.
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Isotope solutions:

In case of P, a solution of KH PO or NaH PO. (at low P
32

concentration: 10-50 ppm P) labelled with P carrier free or a

high specific activity orthophosphate solution (available from

commercial firms) can be used. Rate of isotope application

(irrespective of the rate of application of P) should be about

7.4-18.5xlO6 Bq (200-500 uCi) 32P/m2 to field plots and
fi 32

about 3.7-7.4x10 Bq (100-200 uCi) P/kg soil in greenhouse
experiments.

In case of N, any solution of fertilizer N (NH or NO labelled
15

with N) can be used. Rate of isotope application (irrespective
15 2

of the rate of application of N) should be about 0.1 g N/m if
15 2

analysed by mass spectrometry or 0.2 g N/m if analysed by

optical emission spectrometry.

Experimental treatments: A pair of treatments is required to

measure the isotopic ratios of the N or P supplied by the "labelled

soil", in presence and absence of the unlabelled source.

Treatment I or standard (In absence of the unlabelled fertilizer

source): Labelled soil (soil + isotopically labelled solution).

Treatment II (In presence of the unlabelled source): Labelled

soil (soil + ioOtopically labelled solution) + unlabelled source.

In all cases the "labelling" procedure should be done first by

uniformly applying the labelled solution over the soil. Ensure a

thorough mixing of the soil with the solution and leave to reach

equilibrium. After about 1 week the unlabelled fertilizer source

should be applied.
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Example:

Agronomic evaluation of a rock phosphate i.e. quantitative comparison of

a rock phosphate with superphosphate (Fried, 1954; Zapata §_t al̂ . , 1986).

Treatments:

32
I : Soil + P-labelled solution

32
II : Soil + superphosphate ( 60 kg P/ha) + P-labelled solution

III : Soil + rock phosphate (200 kg P/ha) + P-labelled solution

Results:

Specific activities (S.A.) of the harvested plant material per treatment.

I : S.A. plant = 2000 dpm/mg P

II : S.A. plant = 1200 dpm/mg P
III : S.A. plant = 1400 dpm/mg P

Calculations:

% Pdff = e
 S-?- P1'1* ! a m P ^ . x 100 (26)
S.A. labelled fertilizer

% Pdfl = a f'
A: P l af ° a m p l e x 100 (27)

S.A. labelled source ( '

Since S.A. labelled source = S.A. labelled soil

,., S.A. plant sample

% Pdfl = — — — — , e. ,, ,—t!-rz x 100 (28)
S.A. labelled soil v '

and S.A. labelled soil = S.A. of the plant in treatment I.

Treatment II

= 60%

% Pdf. unl. fert. (super) = 100 - 60

= 40%
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From the fractional utilization relationship

40 _ 60
60 X

X = available amount of soil P or 90 kg P/ha as superphosphate

equivalent units.

Treatment III

= 70%

% Pdf unl. fert (rock phosphate) = 100 - 70

= 30%

From the fractional utilization relationship

30 _ 70
200 ~ X

X = available amount of soil P or 467 kg P/ha as rock phosphate

equivalent units.

Quantitative comparison of rock phosphate and superphosphate

90 kg P as superphosphate = 467 kg P as rock phosphate

1 kg P as superphosphate = X

1 kg P as superphosphate is equivalent to — — = 5.2 kg P as rock

phosphate.

Agronomic evaluation of guano materials

Objective: To assess the plant-available amounts of N in guano materials

from different origin.

Treatments:

Pots containing 2 kg air dried alcaline Seibersdorf soil were used for

the following treatments:

I N-labelled ammonium sulphate solution ( N-A.S. at 100 mg N/pot)

II N-A.S. + ammonium sulphate (A.S. at 200 mg N/pot)

III N-A.S. + guano (A) from Peru (GP at 390 mg N/pot)

IV 5N-A.S. + guano (B) from Zaire (GZ at 390 mg N/pot)
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Kxperiment il results:

135

187

247

224

29.4
17.8

11.3

13.5

Dry matter yield N yield Ndff

Treatments g/pot mg N/pot %

1 7.28

2 7.62

3 8.15

4 7.99

Calculations:

% Ndfl = * " " a'e- P l 3 n t S a m p l e x 100
» N a.e. labelled soil

% 16N a.e. labelled soil = % 15N a.e. plant in treatment I.

- % N a.e. plant sample-treatment unlabelled source

% N a.e. plant sample - treatment I

where unlabelled source = guano, and

% Ndfg = 100 - % Ndfl

or

Ndfg 1 -
% N a.e. plant sample-treatment unlabelled source

% N a.e. plant sample-treatment I
x 100

or the same:

( % Ndff - treatment unlabelled source
% Ndfg = { 1 - % N d f f _ t r e a t m e n t j

Treatment II

For the commercial ammonium sulphate (AS):

% Ndf AS = | 1 - ^g* | x 100

= 39.5%

117



From the fractional utilization relationship:

39.5 _ 60.5
200 = X

X = available amount of soil N or 306 mg N/pot as ammonium sulphate

equivalent anits.

Treatment III

For the guano of Peru (GP):

% Ndf GP = | 1 - - ^ - j x 100

From the fractional utilization relationship

61.6 _ 38.4
420 " X

X = available amount of soil N or 262 mg N/pot as guano of Peru equivalent

units

Treatment IV

For the guano of Zaire (GZ):

% Ndf GZ = t 1 - H'5. J x

= 54.1%

H-1

From the fractional utilization relationship

54.1 _ 54.9
390 = X

X = available amount of soil N or 330 mg N/pot as guano of Zaire

equivalent units.

Quantitative comparison of guano materials and ammonium sulphate,

a) In terms of nutrient N:

306 mg N as ammonium sulphate = 262 mg N as guano of Peru.

306 kg N " " " = 262 kg N

1 kg N as ammonium sulphate = X
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262
1 kg N as ammonium sulphate is equivalent to . . or

0.86 kg N as guano of Peru.

306 mg N as ammonium sulphate = 330 mg N as guano of Zaire

306 kg N " " " = 330 kg N " "

1 kg N as ammonium sulphate = X

1 kg N as ammonium sulphate is equivalent to or
JUb

330
is equivalent to

1.08 kg N as guano of Zaire,

b) In terms of product

1 kg N as A.S. = 0.86 kg N as guano of Peru

1 x -j^- kg A.S. = 0.86 x - ~ - kg GP

4.76 kg A.S. = 18.22 kg guano of Peru

1 kg ammonium sulphate = 3.8 kg guano of Peru

1 kg M as A.S. = 1.08 kg N as guano of Zaire

1 x —t- kg A.S. = 1,08 x ̂ Ji k9 G z

4.76 kg A.S. = 7.97 kg guano of Zaire

1 kg ammonium sulphate = 1.67 kg guano of Zaire

The "A value technique" may also be used to estimate the available

amounts of nutrient in fertilizer sources which cannot be labelled.

In this case the N(P) in the plant derived from a labelled fertilizer

must be determined in presence and absence of the unlabelled

fertilizer source. Similarly to the "isotope dilution technique",

the following treatments are required:

Treatment I or standard (In absence of the u'-labelled fertilizer

source): Soil + isotopically-labelled fertilizer. This treatment is

used to estimate the A value of the soil.

A value treatment I = A soil

Treatment II (In presence of the unlabelled fertilizer source):

Soil + unlabelled fertilizer source + isotopically-labelled

fertilizer. From this treatment the combined A value of the soil and

the unlabelled fertilizer source can be estimated.
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A value treatment II = A soil + A unl. fert. source

Finally the A value of the unlabelled fertilizer source is

obtained by difference:

A unl. fert. source = (A soil + A unl. fert. source) - (A soil)

Example:

Agronomic evaluation of a rock phosphate i.e. quantitative comparison of

a rock phosphate with ordinary superphosphate (OSP).

Treatments:

32
I : Soil+ P-OSP (50mg P/kg soil)

32
II: Soil+rock phosphate (500mg P/kg soil)+ P-OSP (50mg P/kg soil)

Results:

% Pdff in the harvested plant material is determined in each treatment.

Treatment _I

* Pdff = 30, and % Pdfs = 100-30

% Pdfs = 70%

From the fractional utilization relationship:

30 = 70
50 A soil

A soil = 117 mg P/kg soil as super equivalent units.

Treatment II

% Pdff = 20%, and 100-% PdfF = 80%

From the fractional utilization relationship:

_20_ 80
50 A soil + A rock

A soil + A rock = 200 mg P/kg soil as superphosphate equivalent

units.
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From treatments I and II:

A rock = (A soil + A rock) - (A soil)

A rock = 200 - 117

= 83 mg P/kg soil as superphosphate equivalent units

Quantitative comparison of rock phosphate and superphosphate:

500 mg P as rock phosphate = 83 rag P as superphosphate

500 kg P " " 83 kg P

X 1 kg P

1 kg P as superphosphate is equivalent to

phosphate.

500
83

= 6 kg P as rock

Availability of nitrogen in Azolla

Objective: To assess the plant-available amounts or N in Azolla applied

to flooded rice growing in the field (Kumarasinghe ejt aJL., 1986).

Treatments:

15
I - Soil + N-urea* (100 kg N/ha)

II- Soil + 15N-urea* (100 kg N/ha) + unlabelled Azolla (250 kg N/ha)

Experimental results:

Treatment

I

II

Plant parts

of rice

Straw

Spikes

Total

Straw

Spikes

Total

Dry Matter

Yield

ton/ha

7.5

4.5

12.0

13.3

8.2

21.5

Nitrogen

Yield

kg N/ha

45

62

107

136

122

258

Ndff

%

25.4

24.1

15.1

13.6
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Treatment I

% Ndff = <45 x 25.4/100) ^(62 x 24.1/100) x lQQ

11.43 + 14.94

= 24.6% (weighted average for the whole plant)

and %Ndfs = 100 - 24.6

%NdfS = 75.4%

From the fractional utilization relationship:

24.6 75.4
100 A soil

A soil = 307 kg N/ha as urea equivalent units.

Treatment II

% N d f f = (136 x 15.1/100) + (122 x 13.6/100)

20.54 • 16.5JL
258

= 14.4% (weighted average for the whole plant)

and %Ndfs = 100 - %Ndff = 85.6%

From the fractional utilization relationship

14.4 85.6
100 A soil + A Azolla

A soil + A Azolla = 594 kg N/ha as urea equivalent units.

From the treatments I and II it may be inferred that:

A Azolla = (A soil + A Azolla) - (A soil)

A Azolla = 594 - 307

= 287 kg N/ha as urea equivalent units.
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The fractional utilization relationship is as follows:

14.4 _ %Ndfs %Ndf Azolla
100 = 307 = 287

%Ndfs = 307 x ^ 4 = 44.2%

%Ndf Azolla = 287 x ^4'4 = 41.3%

and %Ndff = 14.4% (experimentally determined).

Since the total N yield = 258 kg N/ha

Azolla N yield = 258 x 4*'3 = 107 kg N/ha

44 2
Soil N yield = 258 x — • T T — = 114 kg N/ha

Fertilizer N yield = 258 x ^'4- = 37 kg N/ha

The % recovery of Azolla-N is calculated as follows:

Azolla N yield
% recovery = — ; Lr~.— — x 100

Azolla N applied rate

x 100
250

= 42.8%

Quantitative comparison of Azolla and urea:

250 kg N as Azolla = 287 kg N as Urea

X = 1 kg N as Urea

X = 0.87 kg N as Azolla

1 kg N as Urea = 0.87 kg N as Azolla

1 x — — — kg urea = 0.87 x — kg as Azolla

2.17 kg Urea = 19.6 kg Azolla

1 kg Urea = 9 kg Azolla

The use of the N methodology for the quantitative measurement of the

biological nitrogen fixation.
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The principle of the N methodology for quantitatively measuring

the symbiotic nitrogen fixation by field-grown legumes is similar to that

before-mentioned for rock phosphate or any other unlabelled fertilizer

source. This aspect is illustrated by Hardarson and Danso (this volume).
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