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AND BY BACILLUS SP. ISOLATED FROM SOIL
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Department of Agronomy, Agricultural College, Yangzhou University, Yangzhou 225009, People's
Republic of China

D. CHEN & R. EDIS
Institute of Land and Food Resources, the University of Melbourne, Victoria 3052, Australia

Introduction:
Nitrate (Ж3з~) can be either a nutrient available to plants or a source of contamination in the

environment. Under O2 depleted conditions NO3~ can be reduced to gaseous forms of nitrogen (N2 + N2O)
(denitrification), which is one of the main causes for the low efficiency (c. 30-50%) of fertiliser N for
irrigated crops. Denitrification is often presented as the only dissimilatory pathway for bacterial NCV
reduction. However, NO3~ can also be reduced to ammonium (NH4+) rapidly in soils under reduced
conditions by the process of dissimilatory nitrate reduction to ammonium (DNRA) [1], [2]. The
objectives of this study are, by using 15N labelling technique: (1) to compare the capacity for DNRA in
typical Chinese and Australian paddy soils; (2) to evaluate the effect on NO3" reduction and DNRA of
varying Eh, and; (3) to study DNRA by Bacillus sp from a Chinese paddy soil.

Materials and Methods:
Two paddy soils were used in the experiment. Wurmamurra clay was collected from Griffith, New

South Wales, Australia and Yangzhou loam from Jiangsu, China. Both soils were submerged when
sampled and descriptions are given in [2], [3]. Fresh soil (5 g oven-dry basis) was placed into a 210 ml
bottle with 15N-labelled KNO3 and non-labelled (NH4)2SO4 were added (100 mg N kg"1 soil), and
incubated at 28 °C anaerobically (N2:Ar ratio of 24.5:75.5). Two reducing agents (0.05% sodium
thioglycollate and 0.025% L-cysteine) were used to lower the Eh to -100 and -225 mV, respectively. After
4.5 days 15NH4+-N, 15NO3"-N, 15NO2'-N and 15N-organic were analysed.

A bacterium isolated from the Chinese paddy soils was purified and preliminarily classified as
Bacillus, a numerically dominant organism with capacity for both denitrification and DNRA [3].
Bacillus was incubated with a medium consisting of (per L) 3.904 g Na2HPO4, 2.721 g KH2PO4, 30 mg
MgSO4.7H2O, 1 g KNO3 (replaced by 0.4 g 15NH4NO3 for 15N experiments), 1 ml of SL-10 trace element
solution and 10 g glucose under the same conditions as the soil incubation. Optical density of the cell
suspensions was measured at 530 nm. Concentrations and I5N contents of inorganic N, total N and 15N in
cell-N were measured. N2O was measured by GC.

Results and Discussions:
Reduction of 1 5N labelled NO3~ in soils: After 4.5 days there were significant amounts (4 to 14%)

of labelled NO3~ recovered in the NH/ and organic pools in both soils (Table 1). This was attributed to
DNRA since high concentrations of N H / in the system would have inhibited NO 3" assimilation. The
small amount of 1 5N recovered in organic pools was attributed to immobilisation of 15NH4+ newly formed
by DNRA. The Australian soil showed a strong capacity of DNRA compared to the Chinese soil, with
14.4% of added NO3" reduced to N H / plus organic-N. This is comparable to DNRA reported in [2] for
this soil. The addition of L-cysteine significantly enhanced DNRA, especially in the Australian soil (Table
1), indicating that DNRA is favoured by more reduced environment.

Characterisation of nitrate reduction by Bacillus sp: When the bacterium was incubated in an
NH4+-free medium with 10 g/L glucose, NFC excess to cell growth appeared after 18h (Fig. 1).
However, when grown in the medium with 1 g/L glucose, very little N H / was produced. These data
indicate that the Bacillus sp studied was similar to enteric bacteria [1], in terms of energy requirement for



DNRA process. Lower cell growth and relatively higher sustained NO3 and NO2 concentrations in the
lower glucose treatment confirmed that the NO3~ reduction was limited by the energy supply.

When the medium was supplemented with 5 mmol L"1 of 15NH4NO3 (10.09 atm % excess), 15N
abundance of cell-N reached 6.7% after 6h (Fig. 2), while 15N abundance of the medium decreased to
8.5%. These data indicate that the bacterium can reduce NO3' to N H / at an early growth stage if
sufficient NHLt+ is present for cell synthesis. These data also confirmed that N H / produced from NO3"
was through a dissimilatory pathway rather than an assimilatory one.

Conclusions:
DNRA is a very significant process in flooded soils, especially Griffith soil, and accounted for up to

14% of added NO3\ The lower Eh and higher С supply enhanced the DNRA process. The Bacillus sp
isolated from paddy soils was similar to enteric bacteria in terms of energy requirement, and was capable
of carrying out DNRA rapidly.
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Table 1: Distribution of labelled nitrate in soils incubated aiiaerobically for 4.5 days at 28 °C with
and without reducing agent (nG N G"1 soil)".
Soil

Yangzhou 1

Griffith с

Treatment

Control
0.5g/L Sodium thioglycollate
0.25g/l cysteine
Control

0.5g/L Sodium thioglycollate
0.25g/l cysteine

NO3- + NO2-

71.0(71)
7.22 (7)

0.00

0.00
0.00
0.00

NH/

3.84 (3.8)
3.88 (3.9)
4.08(4.1)
12.4 (12)

14.8 (14)
27.0 (27)

Organic-N

0.843 (0.84)
0.783 (0.78)

1.28 (1.2)
1.94(1.9)

2.56 (2.6)
12.4 (12)

aData are means of three replicates and data in parentheses are ЧЯ recoveries expressed as percentages of nitrate
added.

Fig. 1. Nitrate reduction by Bacillus sp in NH/-free medium with lOg (left) and 1 g (right) glucose/L.
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ISOTOPIC STUDIES ON THE FERTILIZER VALUE OF
SEWAGE SLUDGE FOR INCREASED CROP YIELD AND XAOO^fiOfi?
TO PRESERVE THE ENVIRONMENT

SULTANA AHMED, S.M. RAHMAN, M.B. HOSSAIN
Bangladesh Institute of Nuclear Agriculture, Mymensingh-2200, Bangladesh

Sewage sludge has a high nutrient value, recycling of such renewable waste as a natural source of
essential plant nutrients and also as soil conditioner has received considerable attention. Proper
management of it is important from the aspect of economic and environmental implications. Thus field
and greenhouse experiments using 15N and 3 2P were conducted to investigate the effect of application of
non-irradiated and irradiated sewage sludge on wheat yield as a source of N and P fertilizer, on dark grey
floodplain soil (Haplaquept) of Bangladesh. The chemical and microbiological analysis of sewage sludge
was initially performed. Specific amount of sun dried sewage sludge was irradiated at 5 kGy in Co-60
gamma irradiator. The field experiment consisted of 10 treatments such as: Ti -100 kg N ha'1 from urea,
T2-20 kg N h a } from urea, T3-100 kg N equivalent (eqv.) of non-irradiated sludge (NIS), T5-300 kg N
eqv. NIS ha"1, T6-400 kg N eqv. NIS ha"1 and irradiated sewage sludge (IRS), Т7-ЮО kg N eqv./ ha"1, T8-
200 kg N eqv. ha"1, T9-300 kg N eqv. ha"1 and Тю-400 N eqv. ha" 1 1 SN labelled urea was applied at the rate
of 20 kg N ha"1 (10% a.e.) in all treatments except Ti where 1% a.e. was used. Unit plot size was 4m x 3m
out of which lm x lm was separated out as isotope subplot. The experimental design was RCB with 4
replications.

A greenhouse experiment with wheat as the test crop on the contribution of on different N
equivalent rates of sludge using 3 2P was also carried out. 3 kg soil was taken in each pot and labelled with
8.4 I ci 3 2 P carrier free orthophosphate at the rate of 40 kg P ha"1. There were ten treatments and with each
four replications. The experiment was laid out in RCBD. The treatments were, T r N o P, T2-100 kg N ha"1

urea+40 kg P ha 1 . The treatments T3-10 were same as those of the field experiment plus 40 kg P ha"1.

It was observed that gamma-irradiation (5 kGy) of sewage sludge proved effective in reducing the
total bacterial counts and also eliminating the hazardous pathogenic bacteria. Irradiation is reported as an
efficient method to reduce numbers of micro-organisms in sewage sludge (1). The result obtained on total
drymatter yield and N uptake is presented in Table 1.

Table 1: Effect of non-irradiated and irradiated sewage sludge application on wheat yield and N
uptake.

Treat-
ments

T,
T2

Тз
T4

T5

T6

T7

T8

T9

T,o

LSD
(P=0.05)

Total dry-
matter yield

kg ha"1

7116
2400
3608
4609
5635
6989
4004
4461
6004
7126

244.4

Total N
yield

kg ha"1

78.34
24.91
41.78
50.33
62.59
76.06
39.85
50.39
6.98

82.48

8.4

Ndff
%

66.36
8.19
6.29
8.17
8.52
7.53
8.08
7.82
7.63
8.33

4.9

Fert.N
yield

kg ha"1

51.99
2.05
2.63
4.11
5.33
5.73
3.22
3.94
5.19
6.87

NdfSS
%

-
10.3
11.7
13.5
13.1
11.7
11.7
12.3
13.2

NS

Sludge N
yield

kg ha J

_

-
4.30
5.91
4.48
9.93
4.68
5.89
8.34
10.89

1.4

N
Recovery

%

52.0
10.3
13.2
20.6
26.7
28.7
16.1
19.7
26.0
34.4

NdfSS = N derived from sewage sludge



Highest wheat yield was obtained by application 400 kg N equivalent ha"1 of irradiated sludge
which was comparable to the yield recorded from 100 kg N ha*1 from chemical fertilizer (urea). It is
reported that enhanced crop yield by application of irradiated sewage sludge was affected due to
inactivation of growth inhibitors in sludge by irradiation treatment (2). The highest sludge N yield of 10.9
kg ha"1 was recorded from the treatment Т ш receiving 400 kg N equiv. of irradiated sludge. Almost the
sludge treated plots the highest per cent N recovery (34.4) by wheat was also observed in the same
treatment (Тю).

The data on total drymatter yield of wheat and uptake shows that highest drymatter yield was
recorded from T 6 receiving 400 kgN equiv. of non-irradiated sludge (Table 2).

Table 2: Effect of non-irradiated and irradiated sewage sludge application on wheat yield and P
uptake.

Treat-
ments

T,
T2

T3

т 4T5

T6

T7

T8

T9

T,o

LSD
(P=0.05)

Total dry-
matter
g pot"1

9.6
10.1
12.5
13.0
12.3
14.2
11.6
13.6
12.4
13.6

2.3

Total P
yield

mg pot"1

13.9
15.9
20.0
21.0
19.9
22.1
17.1
21.8
19.5
24.3

5.3

Pdff
%

15.3
8.6
8.9
8.8
9.7
8.9
8.6
9.0
9.2

1.1

Fert. P
yield

mg pot"1

2.4
1.7
1.9
1.7
2.1
1.6
1.9
1.8
2.2

0.46

PdfSS
%

-
44.0
39.7
42.6
36.7
42.5
40.2
41.6
44.3

NS

Sludge P
yield

mg pot"1

-
.8

8.4
8.3
8.3
7.6
8.8
8.1
10.8

1.2

P
Recovery

%

4.1
2.9
3.1
2.9
3.5
2.6
3.1
2.9
3.7

0.78

* PdfSS = P derived from sewage sludge

Significantly highest sludge P yield of 10.8 mg pot1 was recorded from the treatment which
received 400 kg N equiv. of irradiated sewage sludge and the per cent P recovery was also higher under
the same treatment (Тю) compared to different sludge treatments. 1 5N and 3 2 P isotopic studies helped
quantifying the amount of N and P contributed from sewage sludge and utilization by wheat thus
confirming the potential value of sewage sludge as fertilizer. The use of isotopic techniques were
considered reliable for precise estimation of nutrients utilization by crop from any applied source. The
trace metal contents were quite low and indicated no immediate possibility of contamination in crops and
soils, thus suggesting safe use of sewage sludge as organic fertilizer which also ensures environmental
preservation.
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EVALUATION OF THE AGRONOMIC EFFICIENCY
OF ROCK PHOSPHATE PRODUCTS USING XA0056064
RADIOISOTOPE TECHNIQUES'
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Belarusian Research Institute for Soil Science and Agrochemistry (BRISSA), Minsk, Belarus
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The soil P fertility status has seriously declined in the agricultural lands of Belarus as the
result of the strong decrease in the fertilizer consumption during the transitional period to the market
economy. The application of water-soluble P fertilizers such as monoammonium phosphate (MAP)
is commonly recommended for most crops growing on sod-podzolic soils. The direct application of
finely ground rock phosphates (RP) from local deposits and imported from Russia (Bryansk) was
suggested as an alternative to the more expensive water-soluble P fertilizers. Pot experiments were
carried out at BRISSA in cooperation with the IAEA during 1997-1998 to evaluate the agronomic
efficiency of RP in comparison with MAP in acid sod-podzolic and peat soils using the 32P-isotope
dilution technique [1,2].

In a pot experiment it was found that RP was equally efficient as water-soluble P fertilizers
for yellow lupine (Lupinus luteus) grown in acid sod-podzolic silty clay soils (рНщо<6.0). The Pdff
value, i.e. the fractions of P in the plants derived from the applied RP and MAP were 7.4 and 8.4%,
respectively and P fertilizer recovery values - about 1% for both fertilizers. On another hand the
water-soluble P fertilizers were more efficient for rye grass (Lolium multifloru Lam.
westerwoldicum) grown in acid peat soil (рНШо <5.0). The Pdff values were made 14.9% for RP
and 22.1% for MAP. These differences may be attributed to the abilities of these plant species to
access P from the soil. However, considering that the cost of one ton P in form of RP is 1.6 fold
cheaper than one ton P in form of MAP, RP application to acid peat soils may be reasonable.

In addition to evaluate the effectiveness of RP for direct application to increase the yields of
crops grown in the main soils of Belarus, these studies also focused on the use of RP as potential
countermeasure to decrease the radionuclide transfer from soil to plants. In pot experiments it was
found that the RP application significantly reduced (on the average 16-27%) the root uptake of 137Cs
by yellow lupine and rye grass from sod-podzolic and peat contaminated soils [3]. The MAP
application reduced to a lesser extent (7-8%) the plant 137Cs activity. Therefore the direct application
of finely ground RP may be one of the effective countermeasures to decrease the 137Cs transfer from
contaminated acid soils to the food chain through agricultural crop production.

These studies demonstrate that the direct application of RP offers good agronomic potential
for utilization in acid sod-podzolic and peat soils, which occupy less the 30% of the total of
agricultural land in Belarus. To further increase the agronomic efficiency of the RP as fertilizer for
crops growing in mineral soils with pH mo >6.0, RP was treated with acidifying amendments and
applied to oil radish (Raphanus sativus var. oleifera) in a pot experiment in 1999. Preliminary data
show that the agronomic efficiency of the modified RP's was close to the one obtained with
application of MAP (Fig. 1.). The shoot yield was increased up to 28-33 % in comparison with RP
treatment without acidifying treatment. Therefor, the development of new forms of acidifying RP
may be important to increase the crop yields at a level close to that with MAP.

1 Work performed within the framework of the IAEA Coordinated Research Programme on the use of
nuclear and related techniques for evaluating the agronomic effectiveness of P fertilizers, in particular rock
phosphate; RC No 9447.
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Fig. 1. The influence of modified RP's on shoot yield of oil radish in comparison with
treatments ofRP without additives and of MAP.
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NITROGEN RECOVERY FROM MUCUNA RESIDUES
AND INORGANIC N BY MAIZE IN THE DERIVED
SAVANNA IN SOUTHERN BENIN USING ISN
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VAN CLEEMPUT, O.
University of Ghent, Faculty of Agricultural and Applied Biological Sciences, Coupure
653; B-9000, Ghent, Belgium

In previous study carried out in the derived savanna (DS) zone, the average maize
yield and the fertilizer-N use efficiency were found to be significantly higher with
mucuna residue than without it. However, no study on the amount of fertilizer-N applied
in the rotation mucuna/maize that was recovered by the maize from residue and mineral
fertilizer was done in the same zone. The objective of this paper was to estimate the
proportion and amount of N derived from the residue and N-fertilizer by combining in a
microplot experiment Mucuna pruriens residues with inorganic N (ammonium sulphate)
using 1 5N labelling techniques. Results show that even whether the labelled mucuna
residues applied at 90 kg N ha*1 gave the highest total maize yield, the proportion of
labelled N from the residues was too low. The highest recovery of N by maize from
mucuna residues was obtained when 45 kg N ha"1 of labelled mucuna was combined with
the same rate of unlabelled mucuna residue.

1. Introduction:
The combined use of mineral and organic sources of nutrients has been a major

emphasis of the research within Soil Fertility Network (Kumwenda et al. 1996) and has
been proposed as a more attractive management option to solve problem of N deficiency
in degraded soils (McCown and Jones 1992). Previous work by Houngnandan et al.
(2000) in the DS confirmed these findings and indicated that the use of mucuna residues
together with urea-N had positive effects on maize yields and N use efficiency. These
effects were highly significant when mucuna residues were incorporated into the soil and
low when the residues were applied on surface.

A microplots experiment study was established on station to evaluate the effects of
supplementing mucuna residue N with fertilizer N on N recovery and maize yield.
Techniques involving the stable isotope of nitrogen, 1 5N offer direct and reliable means
for estimating the relative contribution of soil N, residue N and fertilizer N to maize.

2. Used Methodology:
2.1. Site description

The site and soil type were described as well as the rainfall distribution.



2.2. Experimental details
The conditions of production of the labelled organic material, the natural

abundance of the used labelled organic and inorganic fertilizer were indicated. Field
layout was shown with treatments and replications and also the establisment of the
experimentation.

2.3. Data analysis
A value method using consecutive equations were followed to estimate the

contribution of each source. When there are only two sources of N available to the plant,
soil (S) and a labelled source (L), the proportion of N in the plant derived from these
sources is calculated as follows:
NdfL = 1 5N atom excess plant/ 1 5N atom excess labelled source (1)
NdfLMb = Ndfsoil/A, (2)
NdfL + Ndfsoil = 1 and Ndfsoil = 1 - NdfL (3)
or % Ndfsoil = 100 - %NdfL and As can then be calculated, where Ndfsoil is the
proportion of N in the plant derived from the soil, Аъ is the amount of N applied as
fertilizer, and As is the amount of N in the soil expressed in terms of equivalent
availability to the N in the labelled source (Zapata and Axmann 1995).

However, in the presence of three sources, residue N, fertilizer N and soil N, the
following relationships can be used:
NdfFert/^Fert = Ndfsoil/As = NdfRes/ARes (4)

In the first experiment, the following calculations were made:
NdfFert/^Fert = (1 - NdfRes)/A + ARes (5)
where NdfFert/^Fert is the proportion of N in the plant derived from non-labelled
fertilizer, А?еЛ is the rate of non-labelled fertilizer applied, (1 - NdfRes) is the fraction of
N in the plant derived from the soil and labelled residue, and As +^4Res is the sum of the
available amounts of N in the residue and soil. As is obtained using Eq. 2.
When the value of A% is replaced in Eq. 5, the percentage of Ndfsoii, the percentage of
Ndfres and the percentage of Ndf^ could be deducted.

The field data were analysed with GLM Procedure of SAS (1996) to compare
treatment means using the least significant difference (LSD) at the 0.05 level.

3. Results:

Table 1: Total dry matter and N yields and amount of N derived from N sources of maize grown at
Niaouli.
Treatment

F90*
M90*
M45* F45
M45 F45*
F 45* F45
M45* M45
LSD (0.05)

Total
DM yield
(kg ha 1)

2887
4716
4715
4082
3146
3866
1464

Total
N yield
(kgNha 1 )

41.8
61.0
59.0
51.1
42.5
48.0
16.4

Amount of N derived from N sources using A value
method (kg N ha'1)
Mucuna residue
Labeled
.
3.8
12.5

20.7

Unlabeled
-

3
-
1.7

Fertilizer
Labeled
6.8

32.3
20.8
-

Unlabeled

2.9
.
3.5
-

Soil

35.0
57.2
43.6
15.8
18.2
25.6
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USING 3 2 P METHODOLOGY TO ELUCIDATE ROOT
DISTRIBUTION AND COMPETITION FOR NUTRIENTS
IN INTERCROPPED PLANT COMMUNITIES
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Plant Biology and Biochemistry Department, Riso National Laboratory, Denmark

E.S. JENSEN
Department of Agricultural Sciences, The Royal Veterinary and Agricultural University, Denmark

Intercropping involves the simultaneous growing of several plant species in the same field and
the cropping strategy is known to improve the use of plant growth resources in space and time.
Technical difficulties in determining belowground competition complicate improvements in the
understanding and management of competitive interactions among species. The present work
evaluates a method (modified from [1]) for the study of root distribution.

A field study was carried out in 1999 at Rise National Laboratory Denmark (55°41'N, 12°
05°'E) on a sandy loam with 11% clay. Field pea and spring barley was grown as sole crops and
intercrops using a replacement design. The experimental plots (6 m x 3.4 m) were laid out in a
complete one-factorial randomised design including three replicates. In the laboratory 0.45 mL 32P(>4-
solution (0.22 mCi mL 1) were dispensed into gelatine capsules arranged in copper trays placed over
dry ice. In four microplots (50 cm x 50 cm) of each main plot the frozen capsules were introduced via
16 individual PVC-tubes (12 mm diam.) installed in four depths: 12.5, 37.5, 62.5 and 87.5 cm to
simulate root distribution in the 0-25, 25-50, 50-75 and 75-100 cm soil layer, respectively. Holes were
drilled using a 10 mm auger prior to installation of the PVC-tubes by means of push rods fitted inside
the tubes. After introducing the capsules the tubes were filled and compressed with washed sand. The
tubes were kept in the soil throughout the experiment. The second highest fully developed leaf from
25 individual plants in each microplot was collected for each sampling - samples were taken
continuously starting 25 days after germination. Measured radioactivity (cpm mg"1 dried leaf biomass)
was used as qualitative measures of root distribution using scintillation counter in Cerenkov mode.
Sampling inside and in the rows next to the microplot was representing vertical and horizontal root
distribution, respectively.

Data show that about 95% of the vertical pea root system were distributed in the upper 12.5 cm
soil layer compared to barley distributing about 25-30% of its vertical root system from 12.5 to 62.5
cm (Fig. 1). The barley root system is fully established in the 0 to 12.5 cm soil layer 25 days after
germination, while this occurred 10 days later for pea (data not shown). Pea shows no differences in
the rate of vertical root growth comparing sole cropping and intercropping whereas intercropped
barley distributes a significant higher proportion of the vertical root system in 37.5 to 62.5 cm
compared to sole cropped barley (Fig.l). Data also show a more rapid horizontal root development in
the intercrop than the sole crop for both species, and more rapid for barley than for pea. However, late
in the season the horizontal root pattern is more ambiguous.



100 12.5 cm
37.5 cm
62.5 cm
87.5 cm

SC 1С SC 1С
Pea Barley

Fig. 1. 32P uptake from four depths: 12.5, 37.5, 62.5 and 87.5 cm as percentage of total32P activity in harvested biomass.
1С = intercropping andSC = sole cropping.

By using the present method it was found that barley had a fester distribution of its root system
compared to pea, which may be one of the explanations for barley being the stronger competitor in the
intercrop. Another important finding was that intercropping compared to pure stand cropping induce a
deeper growing barley root system and a faster horizontal root development by both species indicating
a potential improvement in the search of natural nutrient sources. Other data from the present study
using 15N technique show that it is possible to increase the input of biological nitrogen fixation into
temperate agroecosystems using pea-barley intercropping without compromising N use-efficiency,
yield level and stability, as discussed by [2].

The modified method shows some obvious advantages:
- Preparation of the radioactive 3 2P solution/capsules is done in the laboratory where all

appropriate precautions for contamination can be taken.
- Accurate amounts of radioactive tracers are precisely placed at specific soil depths without

any contamination hazards of the soil layers around the deposition.
- It is easy to differentiate between root distribution of simultaneous growing intercropped

plant species taking individual leaf samples.
- Compared to [1] this modified method minimises changes of soil structure and compression

of soil material caused by preparing an access hole for the capsules. In addition, the 2-mm
difference between auger and PVC-tubes avoid air gaps along the soil-tube interface.
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The transfer of P ions between soil and solution, which can be determined by an isotopic
technique, is a major process involved in plant P availability, P sources evaluation and P release from
sediments to surface waters. This study highlighted recent advances on P sources evaluation and
management based on the determination and description of the amount (Qr) of P which can be
released from soil solid phase to solution as a function of soil solution P (Cp) and time.

Introduction:
Plant roots absorb phosphate (P) ions in solution. But, since only about 1 % of the P taken up by

roots is in solution, more or less 99 % of P derived from the soil solid phase. Therefore, the rate at
which soil P is released to the solution (dQT/df) is the main factor controlling soil P availability. A
methodology based on isotopic labeling of P ions in solution of soil suspension has been proposed and
developed [1]. This study highlighted recent advances on P sources evaluation and management.

GROSS RATE OF RELEASE OF P IONS FROM SOIL TO SOLUTION
Theory and Calculations:

The isotopic labeling of P ions in solution is achieved by introducing a known amount of P ions
labeled with radioactive isotopes of phosphorus in the solution of soil suspension. The isotopic tracer
is uniformly and instantaneously dispersed in this soil solution. The rate, at which the isotopic tracer is
diluted, is the result of both the influx rate of unlabelled P soil released to the solution and the out-
flux rate of labeled P ions in solution leaving solution for soil. When 32PO4 (R ) carrier-free solution (R
is generally 10"5 fold smaller than the amount (<2w) of P ions in solution) is introduced in pre-
equilibrated soil suspensions, <2W remains constant with time for few to several days depending on soil
type, P fertilization history and control of soil microbial activity. In such a situation, the influx rate of
3 PO4 is equaled to the out-flux rate of 31PO4 and the amount of unlabelled soil P newly transferred to
solution is determined by measuring changes in the isotopic composition (1С), i.e. labeled P per unit of
unlabeled P, of P ions in solution. Total amount (£) of P ions isotopically exchanged includes both g w

and <2r is defined as P ions having the same 1С value than that P ions in solution which gives:

R/E = r/Qw (1)

where R1E and r/Q-w are the 1С of Е and Q-w, respectively and r, the radioactivity remaining in
solution at time t. Е and QT are calculated as followed:

Е = Qw/(r/R) and QT = E-QW (2)

Experimental Determination and Soil Samples:
Detailed presentation of the experimental conditions and R, r and £?w determinations are in [1].

Soil samples were taken up from a 15-y-old field experiment cropped continuously with maize. The
soil is a loamy textured (53% silt) typic Luvisol from the south-west of France. The experimental
design is a completely randomized block with 4 replicates. Soluble P fertilizer was applied as
TripleSuperPhosphate (45% P2O5) at 4 rates: 0 (P0), 26.2 every year (PIA), 52.4 every two years
(P1B) and 78.6 every year (P3) kg P • ha*1. All soil samples were air-dried and 2 mm sieved before P
determination.
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Results and Discussion:
Typical experimental data depicting Qr values after 1,10 and 100 minutes are presented in the

Fig. I LEFT for the 16 soil samples (4 blocks * 4 rates of P fertilization). Experimental Qr values
increased both with time (t) and with P concentration ion solution (Cp). The following extended
kinetic Freundlich equation closely fitted the 48 experimental values:

QT = 4.84xCP

uoy* Г , rM),99 (3)

Previous studies have shown that in cultivated soils from temperate area this equation is valid for
periods up to, few weeks [2]. Assuming constancy of Cp with t, the gross rate, dQrldt (mg P • kg"1 •
min'1), of unlabelled soil P transferred to solution is calculated by the first-order derivative (dQrldt) of
Eq. (4) to time:

dQxldt•= 1.34xCP°-
69V-724 (4)

The time-course of the dQxldt values is depicted (Fig. 1 RIGHT) in logio-logio scales over one week
for Cp range encountered in agricultural soils, i.e. 0.05, 0.1, 0.5, 1 and 5 mg P • L'1. For a given Cp
value, dQTldt decreased with time whereas dQrldt increased with Cp for a given time. For instance, at
Cp = 0.5 mg P • L"1, the dQT Idt value at t - 1 min is almost 800 times higher than after 1 week. The
ratio of dQrldt value at 5 mg P • L"1 to that at 0.05 mg P • L"1 is constant for all t.

The proposed procedure to describe P ions transfer between soil an solution as a function of t
and Cp is rapid, simple, reliable and valid for CP range encountered in arable soils and for periods
relevant with P absorption by growing roots. Several agronomic operational results on evaluation and
management of natural and manufactured nutrient P sources will be presented.

Qr (mg P kg"1)
30 -i

2 0 -

10

100 min

•
10 min

1 min

Cp (mgPLT1)
P0 'P1A P1B P3

Rate of Qr (mgP min"1 kg
1 0 . 0 0 0 ^

1.OOO =

0.100 =

0.O10 -

1 )

0.0O1 -I

CP

10 100 1000 10OO0

Time (min)
0.05 W O . 1 O «-* 0.50
1.00 «—• 5.00

Fig. 1. LEFT: Experimental and calculated amounts {Qr) of P ions transferred from soil to solution as
a function of time and soil solution P (Cp) in 16 soil samples taken up from a 15-y-old field
experiment. PO, P1A, P1B and P3 are fertilization treatments. RIGHT: Calculated values of Qr gross
rate (dQTldt) for periods up to 10000 min, i.e. about 1 week, and for different CP levels encountered in
arable soils, i.e. 0.05 to 5 mg P • L"1.
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Coffee is one of the important beverage crops grown in Sri Lanka covering over 15,500ha.
National annual average productivity (156kg/ha) is far below the potential yield (1000kg/ha)[l].
Fertilizer is the main material input but most of the growers do not apply adequate fertilizer due
to high cost. This situation compels us to find alternatives for inputs and conservation of the
resources [2,3,4]. Gliricidia sepium is commonly grown with coffee as a shade tree and leaves
and tender stems of Gliricidia is rich in as well as other essential plant nutrients [5].

Effect of field application of different rates of green manure from Gliricidia sepium on
growth and yield of coffee, N contribution from green manure (GM) to coffee plant and effect on
soil chemical properties were investigated under field condition on Typic Rhodudalfs in mid
country of Sri Lanka. Coffee variety Catimor was field planted at 1.2m * 1.2m spacing and four
rates of green manure (0,10,15 & 20kg fresh material/plant/yr) were applied as four split
applications as a mulch at the base of coffee. Two coffee plants at the center of the plots were
used as 15N isotope sub plots, lined with thick black polythene sheets burred to 75cm depth.
Commencing from 3rd month after planting (map), 10.39atom% ammonium sulfate was applied at
the rate of 20kg/ha in four split applications in 3months intervals. All the treatments arranged in
RCBD with 4 replicates. Growth measurements collected at ^and 15th map and the end of the 2nd

year, coffee plants from the isotope sub plots were cut at 3cm above ground level, separated for
leaves, trunk, twigs and berries. Dry weights of them were recorded and sub samples were used to
determine N content and 15N atom excess.

During the first year, all the other growth parameters, except the number of twigs per plant,
were significantly (P=0.05) higher for GM treatments and other than plant height for 10GM
treatment over the control. However, at the 15map, all the growth parameters, including number
of twigs, were significantly higher in green manure treated plants over the control.

Plant dry weight recorded at the end of the 2nd year indicated a significant (P=0.05)
difference between GM treatments and the control for leaf and berry dry weights (Table 2).
Significant response for trunk and twig weights could be observed for 15GM treatment only.

Percent N content and N yields of different plant parts are given in table 2. No significant
(P=0.05) difference was observed for N% among the treatments. Except for trunk and twigs, N
yield of the leaves and berries for GM treatments were significantly higher than the control. This
is due to high leaf and berry yields and values reflect the vigor of the GM treated plants. Values
for 15Na.e. in all the plant parts of the GM plots were significantly(P=0.05j lower than the control
(Table 3). Percentage of N derived from GM (PNDFGM) calculated for GM treatments using the
following equation.

% N from GM= l-(15Na.e.in GM treated plants/ 15Na.e. in control plants) * 100
GM- green manure

There is a significant (P=0.05) difference in PNDFGM values among different GM levels
for leaf and berries but not for stems and twigs. With 15GM, 63.70% of leaf N and with 20GM,
63.82% of berry N were found to be derived from green manure. Performances of 20GM
treatment is not superior to the lower rates of GM and the values are not significantly different in
al the occasions. However, in the case of berries, 20GM treatment scored highest PNDFGM. In
average, all the green manure treatments have obtained 48.35-63.82% of plant N requirement
from green manure but the values vary among the plant parts(Table 3). Total plant N content is
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considered, 56.8, 58.8 and 55.4% of plant N requirements have been full filled by application of
10,15 and 20kg of Gliricidia lopping/plant, respectively. The values equivalent to 11.551, 13.496
and 11.243 gN/plant forlO, 15 and 20kg treatments, respectively (ТаЫеЗ). Cadisch et al.,(1998)
reported recovery of 53-63% of residue N by maize from Gliricidia and Leucaena prunings. As
explained by Jayasundara et al.(1997), Setaria sphacelata could recover only about 21% of fixed
N from Gliricidia. Rate of recovery and total accumulation depend on various factors such as rate
of decomposition, root activity of the crop, soil moisture availability and synchrony between crop
N demand and N release[7,8].

Coffee berry yields for last five harvests indicated the same trend giving
significantly(P=0.05) low yields under the control but not among the different rates of green
manure(table 4). Highest coffee yields were observed in the second crop for all the treatments
and declined after that and again picked up at the 5th harvest. This trend is common for coffee var.
catimor and rate of decline is critical than this under normal cultivation systems [9]. Application
of green manure could maintain canopy vigor arresting defoliation under stress conditions by
improving soil physical properties in addition to supply of adequate plant nutrients. Higher yield
levels with green manure are attributed to mulching effect in addition the supply of plant
nutrients.

Green manure improved all the soil chemical properties tested (Table 5). Increase in total
N, exchangeable K, Mg and Zen, soil pH and organic matter content was observed even at lower
soil profiles. The results indicate the application of Gliricidia as a source of green manure is a
viable and economical though it requires more labor than mineral fertilizer application. However,
cost of fertilizer and other beneficial effects are considered this practice could be considered to be
sustainable over high input practices.

Table 1; Effect of different rates of green manure on growth parameters of coffee.
Treatment Plant height(cm) Lateral spread(cm)

9map 15map 9map 15map
No. of laterals/plant No. of leaves/plant
9map 15map 9map 15map

Control
10kg Gliricidia
15kg Gliricidia
20kg Gliricidia

LSD(P=ftO5)
CV%

50.88
54.83
56.46
52.29
***
5.59
4.79

75.38
94.38
92.31
89.96
***

11.65
8.27

40.42
50.35
52.03
45.98
***
6.97
5.26

66.84
95.48
92.77
90.31
***

14.23
10.30

10.66
12.37
12.69
11.60
NS
8.21
1.55

20.34
26.78
26.19
25.21

**
2.88
7.32

106
159
156
131
**

9.34
20.60

242
483
459
448
***

101.9
15.62

Table 2: Dry weight(g), percent N content(N%) and total N yield(g/plant) of the different
parts of the coffee plants.

Treatment Leaves Trunk Twigs Berries Total
Weight N% N Weight N% N

(g) vield (g) vield

Weight N% N

(g)

Weight N% N

(g)

Control

lOkgGlirici.

15kgGlirici

20kgGlirici

LSD P=0.05

CV%

181.37

429.32

471.70

425.99

**

122.97

20.38

NS-Not Significant

2.29

2.49

2.48

2.42

NS

0.60

13.72

4.00

9.59

10.38

9.58

*•*

1.82

17.60

86.25 0.49 0.55

157.27 0.66 1.05

186.40 0.71 0.94

150.89 0.56 0.89

NS NS NS

99.98 0.27 0.71

43.05 27.5151.61

ND- Not determined

82.94

192.70

205.06

177.23

NS

108.79

41.35

0.99

1.09

1.22

1.20

NS

0.30

0.79

2.24

1.78

2.13

NS

1.38

18.15 49.92

279.00

610.98

634.25

539.72

***

163.65

19.83 :

1.35

1.36

1.38

1.39

NS

0.51

23.08

3.86

8.32

8.47

7.49

**

3.35

29.82

629.56

1390.27

1497.41

1293.83

ND

9.20

21.20

21.57

20.09

ND
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Table 3:1SN a.e., percentage of N derived from green manure(PND) and total ammount of
N (in g/plant)derived from green manure(TN) in different parts of the coffee plant.
Treatment Leaves

l5Na.e. PND TN
Trunk

15Na.e. PND TN
Twigs

15Na.e. PND TN
Berries

15Na.e. PND TN
Control

10kg Gliricidia

15kg Gliricidia

20kg Gliricidia

LSD(P=0.05)

CV%

0.5807

0.2529 62.15 5.929

0.2529 63.70 6.609

0.2688 53.50 4.922
*** ** ***

0.1024 8.02 0.893

18.93 7.75 8.86

0.5703

0.2468 60.35 0.466

0.2569 55.18 0.519

0.2734 53.48 0.474

*** NS NS

0.0949 10.17 0.552

17.60 10.43 65.54

0.5257

0.2287 56.37

0.2449 53.37

0.2613 50.80

*** NS

0.0695 12.40

13.78 13.37

0.6095 -

1.277 0.3081 48.35 3.879

0.936 0.2332 62.97 5.432

1.083 0.2198 63.82 4.764

NS *** *** NS

1.079 0.0596 7.58 2.372

56.81 10.96 7.51 29.22

Table 4: Effect of different rates of green manure on coffee yield(kg/ha/yr).
Treatment 1st Crop 2nd Crop 3rd Crop 4* Crop 5th Crop

Control
10kg Gliricidia
15kg Gliricidia
20kg Gliricidia

LSD(P=0.05)

cv%

824.20
2034.60
2112.10
1797.30

**
599.15
22.15

1079.00
4549.00
5881.00
5139.00

**
2421.90
36.38

973.30
3284.60
3249.30
3646.10

**
1431.4
31.96

998.10
2057.00
2505.40
2190.30

**
871.91
28.13

1078.05
3933.04
5437.52
5380.76

**
1127.6
29.21

Table 5: Long term effect of different rates of Gliricidia green manure on soil chemical
properties.
Treatment Depth pH

(1:5H2O)

N% O.C
%

P

ppm

K% Mg% Cu

ppm

Zn

ppm

Control

10kg
Gliricidia

15kg
Gliricidia

20kg
Gliricidia

0-10cm
10-20cm
20-30cm

0-10cm
10-20cm
20-30cm

0-10cm
10-20cm
20-3 0cm

0-10cm
10-20cm
20-30cm

4.04
4.00
4.00

4.37
4.18
4.16

4.36
4.15
4.19

4.77
4.45
4.27

0.603
0.031
0.024

0.120
0.140
0.180

0.227
0.072
0.034

0.301
0.179
0.027

1.40
2.00
1.33

2.61
2.52
1.50

3.53
2.20
1.47

3.54
2.20
2.07

20
30
20

20
10
10

30
20
20

20
20
20

0.004
0.002
0.004

0.016
0.007
0.004

0.024
0.014
0.007

0.030
0.020
0.014

0.023
0.021
0.021

0.034
0.028
0.039

0.033
0.036
0.035

0.046
0.036
0.036

19.5
19.1
18.0

19.0
19.3
19.2

16.6
17.8
16.6

20.0
20.8
19.1

2.4
1.75
1.83

3.1
2.4
2.1

2.5
3.1
3.8

3.5
2.1
2.1
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R E L A T I O N S H I P BETWEEN PHOSPHORUS STATUS,
SOH. P R O P E R T I E S AND L VALUE AS ASSESSED BY
T W O M O D E L PLANTS*
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Institute of Plant Sciences, (ETHZ), Group of Plant Nutrition, Eschikon 33, CH-8315
Lindau, Switzerland

Isotope dilution analysis is a valuable tool for studying the natural nutrient sources in soil,
which are or may be made available to the plants during their period of growth. The aim of the present
work was to evaluate phosphorus nutrient availability in a series of Swiss agricultural soils. Samples
taken from the surface horizon of 12 soils having different physico-chemical properties and
containing a priori different P forms in various amounts were labeled with carrier free 3 3PO4. L values
were measured in these soils using two model plants {Lolium perenne and Trifolium repens). The L
values measured after 4.5 months of growth in the presence of white clover tended to be higher than
those measured with ray grass. The differences between L values for both plants were correlated to
the P status and the physico-chemical properties of the studied soils.

Introduction:

The applications of phosphate (P) fertilisers in excess of crops needs during the last 40 years
resulted in many industrialised countries in the build up of large amounts of P in the upper horizon of
agricultural soils, leading in some cases to P losses to water and eutrophication. If these losses are to
be minimised, practices of excessive fertilisation have to be stopped. To reach this aim, the amount
and kinetics of soil P that can be released from the solid phase of the soil to its soil solution and which
can be taken up by a crop during a growing season has to be fully taken into account before adding
fertilisers.

Isotope dilution analysis is a valuable tool to quantify the amount of soil phosphate available
to plants. Using this approach it is possible to study the rate of isotopic exchange of P ions between
the solid phase of the soil and its solution in soil-water suspensions at a steady state for P, i.e. to
determine the so-called E(t)-value (Fardeau, 1996). Another procedure for assessing the quantity of
isotopically exchangeable soil phosphate, the L value, is based on the measurement of the isotopic
composition of plants grown on soils labeled with carrier free 3 2PO4 ions (Larsen, 1952). Both isotopic
approaches allow a precise evaluation of the fraction of soil P available to plants during plant growth
(Fardeau, 1996).

The present work was to evaluate P availability in a series of Swiss agricultural soils using
two model plants on 12 samples taken from the surface horizons of agricultural soils having different
physico-chemical properties and containing a priori different P forms in various amounts.

Materials and Methods:

The surface horizons (0-20cm) of 6 agricultural Swiss soils, fertilized continuously or not
with superphosphate since 10 years were taken from long term P fertility trials in Switzerland. The
rate of fertilization was equivalent to amount of P exported by the crop out of the field. The samples
were noted from 1 to 6 according to their origins, and the suffix OP or IP was added to the sample
number for the non fertilized and the fertilized treatments, respectively.

The studied samples presented a wide range in P availability and in chemical and physical
properties (mineralogy, specific surface area, texture, pH, organic matter, carbonates and Fe and Al
oxides content).

Two plants {Lolium perenne and Trifolium repens) were grown for 4.5 months on soil
samples labeled with carrier free 33PO4. Plant tops were harvested after 36d, 54d, 73d, 103d and 135d

*Work performed within the framework of Ph.D. on assessment of phosphorus transfer from soil solid phase to
its solution.
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of growth for ryegrass and after 68d, 93 d, 122d and 145d of growth for white clover. After each cut
the harvested dry matter was weighted, the 3 1P and 3 3P contents in tops were measured and than the L
values were deduced from these data for each plant and each soil sample.

Results:

The L values measured after 4.5 months of plant growth on soil samples which have received
fertilizer P every year (IP) were significantly higher than those measured on the samples which have
not been fertilizer with P since 10 years (OP) (fig. 1). Although the L values measured after 4.5 months
of growth in the presence of white clover tended to be higher than those measured with ray grass,
statistically different results were only observed in the samples LIP, 4.IP and 6.OP. We foresee for
the original paper to relate the L values obtained with both plants to the P status and the physico-
chemical properties of the studied soils.

Fig. 1. L values measured for Lolium perenne and Trifolium repens after 4.5 months of growth.

OP: Soils, which have not received fertilizer P since 10 years.
IP: Soils, which have received fertilizer P every year since 10 years to compensate P output by the
preceding crop.
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SOIL OF MEKONG DELTA, VIETNAM
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In the Mekong Delta, the most important rice-producing area of Vietnam, more than 60% of land
is covered by acid sulphate soil (app. 1,347,946 ha). Average rice yield in this area is about half or one
third of that obtained in alluvial soils (Vu Cao Thai, 1995). The main soils constraints to crop production
are: very high acidity (pH 3 to 4), low available P, low levels of organic matter and toxicity of Al3+, Fe3+.
For intensive rice production in these acid sulphate soils, nitrogen and phosphorus inputs are required
(Nguyen DangNghia, 1995). There is little quantitative information on the fate and efficiency of N and P
fertilizers applied to rice grown in these acid soils. The present experiments were, therefore conducted to
evaluate the rice response to increasing N and P fertilization rates and to study the effect of N and P
fertilizer rates on the recovery of the applied 15N labelled fertilizer N.

A field experiment was carried out at Cuchi, Hochiminh City during the 1998 winter- spring
season using the rice cultivar IR66. The fertilizer treatments consisted of a factorial combination of four
nitrogen rates (0, 60, 90,120 kgN ha1) and three phosphorus rates (0, 60,120 kg РгСЫи"1) arranged in a
randomized block design with 4 replications. The 15N labelled fertilizer used was urea 1.5% atom I5N
excess and the P fertilizer was super phosphate Longthanh 16%P2O5. The results from Table 1 and 2
show the response in total dry matter, grain and straw yield to increasing rates of nitrogen and
phosphorus fertilizer application respectively. N and P fertilization increased significantly total dry
matter yield of rice over the control without fertilizer application. For the N fertilization (Table 1) the
highest grain yield increase was obtained with the first rate of 60 kg N ha"1, thereafter decreased at 90 and
120 kg N ha'1. The reverse was observed for straw yields, which increased with N rate until 120 kg N ha"1.
For the P fertilization, straw and grain yield increases were obtained until the highest rate of 120 kg P 2 O5

ha"1 The nitrogen x phosphorus interaction was not significant.

Table I: Effect of nitrogen rates on dry matter yield of straw and grain of rice cultivar IR66.
N rates

(kgN ha"1)

0
60
90
120

CV%
LSD 5%

Table II: Effect of phosphorus
P rates

(kgPaOsha1)
0

60
120

CV%
LSD 5%

Dry matter yield (ton ha"1)
Straw

2.389
2.439
2.729
2.779
12.67
0.283

rates on dry matter

Grain

3.256
4.347
4.003
3.495
8.75

0.291

yield of straw and
Dry matter yield (ton ha"1)

Straw
2.476
2.559
2.912
12.67
0.283

Grain
3.606
3.579
3.941
8.75

0.291

% Increase
over control

100
133.4
122.9
107.2

grain of rice cultivar IR66.
% Increase
over control

100
99.3
109.3

The influence of the applied N and P fertilizer rates on the parameters of nitrogen use efficiency
by rice cultivar IR66 are given in Tables 3 and 4 respectively. Straw and grain total N increased with the
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rate of fertilizer N. Significant increases in % Ndff values of straw and grain were observed. I5N fertilizer
recovery by the rice plant ranged from 26.1 to 32.2 %, the highest value being for the 90 kg N ha"1 rate.
These values agree with those reported by Diekmann (1993). P fertilization rates increased the straw and
grain total N but not the % Ndff. I 5N fertilizer recovery by the rice plants was the lowest (27.3%) for the
control, without P fertilizer application and increased with P fertilization up to 32.1% for the 120 kgP2Os
ha"1

Table III: Effect of nitrogen rates on total N, %Ndff and %N recovery by rice cultivar IR66.
N rates

(kgNha 1)
60
90
120

CV%
LSD 5%

Total N
Straw
27.4
29.7
32.0
10.11
2.53

(kgNha 1)
Grain
46.6
48.8
56.3
9.08
3.87

Table IV: Effect of phosphorus rates on total N,
P rates

(kgP2O5 ha 1)
0

60
120

CV%
LSD 5%

Total N
Straw
28.1
30.9
33.0
10.11
2.53

(kgNha 1)
Grain
45.8
46.0
53.7
9.08
3.87

%Ndff
Straw
26.61
33.13
37.68

7.0
1.915

Grain
27.96
35.90
40.75
6.73
1.977

%Ndff and %N recovery by
%Ndff

Straw
31.66
32.54
33.23

7.0
ns

Grain
33.75
35.06
35.80
6.73
ns

%N recovery
by plant

30.5
32.2
26.1
5.77
1.4

rice cultivar IR66.
%N recovery

by plant
27.3
29.4
32.1
5.77
1.4

Based on the above results on total and grain dry matter yield, and nitrogen recovery as affected
by N and P fertilization, the recommended rates of N, P fertilizer for optimum rice production under the
experimental conditions would be 90 kg N ha"1 and 120 kg РгСЬпа'1. Further trials are needed to confirm
these results and to gather data for socio-economic analyses of N and P fertilization of rice in this area.
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EFFECT OF TILLAGE SYSTEMS ON GROSS MINERALIZATION
RATES OF TYPIC ARGIUDOLL SOIL (ARGENTINA)

A. PAZOS, С VIDELA, H. ECHEVERRIA, G. STUDDERT
Facultad Ciencias Agrarias, UNMdP, Balcarce, Argentina

P.C. TRTVELIN
CENA - USP, Piracicaba, Brazil

South eastern Buenos Aires province (Argentina) agricultural soils present high
organic matter content (40-80 g kg'1), notwithstanding, crops show high response to N
fertilization. Tillage systems modify N transformation processes in soil and use efficiency by
crops. Net change of mineral N has been frequently used to measure in situ soil N
availability. However, studies using 1 5N techniques have demonstrated that gross
immobilization and mineralization which determine the N availability, are often important
and partially independent (Nishio et al., 1985). The 1 5N isotope-dilution technique is the only
tool for independent estimation of gross mineralization and immobilization, and has been
intensively used in the last years. Briefly it is based on the isotope dilution of the NHT^ pool,
initially labelled with 1 5N, and the 1 5N enrichment of the organic or biomass N pool.

In order to determine the effect of different tillage systems on gross mineralization
(GMR) and nitrification rates (GMR), a greenhouse experiment was carried out. The soil
used was a surface Typic Argiudoll under a) conventional tillage for 23 yr. (CT), b) no tillage
for 6 yr. (NT), and c) pasture for 4 yr. (P). Gross fluxes were measured with the 1 5N dilution
technique on PVC columns filled with 100 g soil and injected at 0, 7, 21 and 35 days with 3.5
mL of (NH4)2SO4 (10% 1 5N at.exc). The injection rate was 10 (j,g N g'1 soil. Calculations
were performed using Barraclough (1991) equations. Twenty-four and 48 h after injections,
columns were destructively sampled and analysed for water content, inorganic nitrogen, and
the 15N-enrichment of inorganic-N pools. Extracts were prepared for 1 5 N analysis by micro-
diffusion (Brooks et al., 1989). Yielded ammonia was trapped in glass microfibre discs
acidified with 10 uL of 2.5 M KHSO4 and the 15N/14N isotope ratios of discs were determined
with a mass spectrometer Europa Sc. ANCA-NT.

Pasture GMR was higher than those of agricultural management treatments (Table
1) were. Initial GMR of NT was high, but decreased rapidly, and CT presented low GMR
over time. Pasture GMR showed two peaks: a higher initial one, and another one at day 35.
This could indicate the presence of two mineralizing pools.

Pasture soil presented 0.25 and 0.35 organic С percent points higher than NT and CT,
respectively, although that difference was not statistically significant. Curtin and Wen (1999)
demonstrated that No is better correlated with light-fraction organic matter than with total
organic matter. Monhagan and Barraclough (1995) demonstrated that the macro organic
matter (component of light-fraction organic matter in grassland soils) could be a significant
source of mineralized N, and, it may also act as a significant sink of mineral N. Taking into
account our results, we may hypothesize that P, and possibly NT too, increased the light-
organic matter fraction respect to CT, since this fraction is highly labile and can change
rapidly in response to tillage (Janzen et al., 1992). Conservation treatments (P and NT) could
be associated to higher mineralization rates.
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Table 1: Gross mineralization and nitrification rates of a Typic Argiudoll soil under
conventional tillage(CT), no tillage(NT) and pasture(P) management systems.

Management T , „. ,
, Incubation days

system J

0 7 21 35
Gross mineralization rate (mg kg'M'1)

p

CT

NT

P
CT
NT

•(Standard

1.93(0.75)*

0.70(0.45)

1.53(0.34)

1.04(0.43)

0.25(0.58)
0.72(0.28)

0.26(0.31)

0.13(0.21)

0.22(0.58)

Gross nitrification rate (mg kg'1 d"1)
0.56(0.16)
0.52(0.11)
0.33(0.10)

Deviations)

0.44(0.17)
0.37(0.11)
0.27(0.13)

0.13(0.11)
0.29(0.12)
0.28(0.17)

0.

0.

0.

0.
0.
0.

97(0.24)

18(0.24)

15(0.13)

14(0.06)
12(0.07)
09(0.04)

Gross nitrification rates were lower than GMR (Table 1) showing that nitrifiers
could be in competence with another ammonium consumers. Using aerobic incubation
methodology, Navarro et ah, (1980) concluded that nitrification rate was dependent of
ammonium production rate from organic matter in the same Balcarce soil. Present results
shows that in fact, ammonium production didn't was the limitant step to nitrification
process. Conventional tillage treatment GNR were higher than those of NT at first injection
time, but decreased up to the same levels after 35 days.

Conclusions: Gross nitrification rate was lower than GMR, showing an active ammonium
competence, which limits the nitrate production. Conservation management would allow
higher N GMR than conventional tillages.
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USE OF NATURAL ABUNDANCE MEASUREMENTS
OF 1 5N Ш RESIDUAL NITRATE ASSESSING
DENTTRIFICATION IN BUFFER STRIPS

K. DHONDT, P. BOECKX, O. VAN CLEEMPUT AND G. HOFMAN
Department of Applied Analytical and Physical Chemistry, Department of Soil Management
and Soil Care, Faculty of Agricultural and Applied Biological Sciences, Ghent University,
Belgium

The restoration or construction of riparian buffer strips could be an effective option to
reduce diffuse pollutant input (especially NO3") into small streams caused by nutrient loss
from agriculture. Nitrate removal and its relation to 1 5N isotopic fractionation were evaluated
in a riparian buffer strip in Velzeke-Ruddershove (Belgium).

In this study groundwater was sampled at the beginning of April. Several transects with
piezometers were installed parallel to the slope of the topography of the buffer strip. Analyses
of NO3" concentrations indicated that NO3' was lost extremely rapid from shallow
groundwater that passed through the buffer zone. Nitrate concentrations decreased
approximately 100% over a distance of 6 m.

Isotopic analysis of the NO3' samples was conducted using an ANCA-TGII coupled to
an Isotope Ratio Mass Spectrometer (20-20, PDZ Europa) after conversion of NO3* to nitrous
oxide (N2O) by cadmium reduction. As NO3" concentrations in the shallow groundwater (< 2
m) decreased during its flow through the riparian buffer zone, progressive enrichment in 1 5N-
NO3" and consequently increased delta values (515N) were observed (see Fig. 1). This trend
suggests that denitrification was, at least, partly responsible for NO3" removal. Plant uptake
was still limited during this period of the year and it is assumed that no 1 5N enrichment is
associated with NO3" uptake [1].

At the input side of the buffer strip 815N values of+157oo were measured, indicating
that mainly animal manure, applied on adjacent agricultural fields was the source of N03' in
the groundwater. This result is in accordance with a fertiliser use survey.
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Fig. 1. Relationship between nitrate concentrations in shallow

ground water and $5N values.
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In order to define the specific isotopic enrichment due to denitrification in the riparian
zone the following laboratory experiment was set up. Surface soil (0 - 10 cm, 585 g) was
placed in a 2 L flask. A solution of 1 L containing 28 mg NO3' -N was added to the soil.
Nitrapyrin was used as nitrification inhibitor at a rate of 120 mg kg"1 dry soil. To promote
denitrification 20 g finely ground wheat straw was added as carbon source. The bottle was
sealed with a rubber stopper having holes fitted with glass stopcocks and continuously
flushed with He. The soil suspension was incubated at 25°C and continuously stirred.
Samples were taken at regular time intervals and analysed forNCV and 615№-Ж>з".

A clear enrichment of 1 5N was observed as the NO3" concentrations in the soil slurry
decreased. This increase in 515N values corresponded to a denitrification enrichment factor
(s) of-647OO. This value is higher than those reported until now (-17 to -29700) [1] [2]. To
assess the NO3* losses attributed to denitrification in the riparian zone, additional field
sampling (see Fig. 1) should be carried out. This is necessary to determine reliable е values
under field conditions. In the future it will also be investigated whether declining NO3"
concentrations aren't due to dilution by deeper ground water. Therefore, measurements of
NCV/Cl" ratios will be conducted.

REFERENCES

[1] LUND, L.J., HORNE, A.J. & WILLIAMS, A.E. Estimating denitrification in a large
constructed wetland using stable nitrogen isotope ratios. Ecological Engineering 14
(2000) 67-76.

[2] MARIOTTI, A., GERMON, J.C., HUBERT, P., KAISER, P., LETOLLE, R,
TARDIEUX, A. & TARDIEUX, P. Experimental determination of nitrogen kinetic
isotope fractionation: some principles; illustration for the denitrification and nitrification
processes. Plant and Soil 62 (1981) 413-430.

24



ХА0056073

IAEA-SM-363/12

SOYBEAN BENEFIT TO A SUBSEQUENT WHEAT CROP
IN A CROPPING SYSTEM UNDER ZERO TILLAGE
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Embrapa Agrobiologia, 23 851-970, Seropedica - RJ, P.O. Box 74505, Brazil

In Brazil the area cropped under the zero tillage (ZT) system has been increasing very
rapidly since 1995 and in the southern region it is now utilised in over 50% of the area under
crop production [1]. In order to optimise the N economy in ZT, the amount and quality of
biomass are also considered in the choice of crops for the rotation. Biological nitrogen fixation
(BNF) represents a free source of N and any legume is considered to introduce N through crop
residues. Soybean is the most common summer legume crop planted in the South of Brazil and it
is usually followed by a wheat crop. The magnitude and nature of the soybean contribution to N
availability for the succeeding crop remains uncertain [2]. Data presented here sought to quantify
the soybean-derived-BNF contribution to the system and the resulting effect of the soybean crop
on soil N availability and wheat yield response.

This study was conducted in the region of Londrina, Parana State, South of Brazil, and
focused on the soybean-wheat crop sequence under zero tillage (ZT) and conventional tillage
(CT). Grain yield and the accumulation of dry matter and N, were measured for soybean and
wheat, and the contribution of biological nitrogen fixation (BNF) to the legume was also
evaluated using the 15N natural abundance technique [3]. Weeds (excepted legumes) growing in
the soybean plots were used as reference plants for the estimates of BNF. The decomposition of
the harvest residues of soybean was monitored during wheat development by weighing the
amount of residues present in an area of 0.25 square metres. The 'A' value technique [4] was
employed to evaluate the effect of the soybean residues on the availability of soil N to wheat. In
this case the control plots were kept fallow during the summer and seeded to wheat.

The mean grain yield of soybean was 2.9 Mg ha"1 under ZT and 3.0 Mg ha*1 under CT,
with an accumulation in the grain of 175 kg N ha"1 under ZT and 182 under CT (Table 1). In
soybean the BNF contributed with 82 % of entire plant N under ZT and 72 % under CT. In the N
balance for soybean the difference between the BNF input and the N exported in grains was
negative, estimated as being -6 and - 23 kg N ha"1 for ZT and CT, respectively.

Table 1: Grain yield, residue dry matter and N accumulation and BNF contribution to the
soybean crop under zero tillage (ZT) and conventional tillage (CT). Means of 4 replicates.

Tillage
system

CT
ZT

t-Test
CV(%)

Grain Residues1

yield
Mg ha"1

3.03 3.93
2.91 3.92

ns ns
35.5 20.5

Grain N

181.8
174.6

ns
32.7

Residue N

38.1
31.4
ns

14.8

Plant
total N
kg ha"1

219.5
206.0

ns
30.1

BNF

158.4
168.9

*

N
balance2

-23.4
-5.7

*

1 Except grain, all plant dry matter including roots.
2 N derived from BNF (whole plant) minus total N in grain.

The amount of N in the soybean residues decreased by half in less than 15 days, which
represented a transfer of near 15 kg N ha'1 to the soil just before wheat planting. In the treatment
were wheat followed soybean, its grain yield reached 2.4 Mg ha"1 under both ZT and CT, which
was approximately 30 % greater than when wheat followed a summer fallow (Table 2). Since the
N balance of soybean was almost nil or negative, it could be deduced that the easy mineralisation
of the N of soybean residues favoured wheat growth by increasing soil N availability. The 'A'
value technique indicated that the increase in N availability to the wheat crop after soybean
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(around 29 kg N ha"1) was very close to the amount of N existing in senesced leaves of soybean
(20 to 26 kg N ha"1) plus the residues of this crop left after harvest (8 to 11 kg N ha"1).

Comparing ZT and CT it can be concluded that there were no marked differences in grain
yields or N accumulation by the crops, but BNF was higher in the soybean under ZT. Although
for both tillage systems the BNF contribution to soybean was over 170 kg N ha"1, the benefit to
the subsequent crop was due to the release of N from the extremely labile soybean residues of
low C:N ratio and not because of a net gain of N from BNF.

Table 2: Grain yield,
previously planted with

Condition of wheat
crop

With residues
Residues

incorporated
Surface residues

removed

With residues
Surface residues

removed
C.V. (%)

N accumulation and increase in
soybean or left in fallow during the

Grain
yield

Mgha 1

Total N
Grain

kg ha 1

plant N availability of the soil
summer. Means of 4 replicates.

Shoot

Area previously planted with soybean
2.46 a2

2.31a

2.22 abc

1.77 be

1.85 be

16.3

56.7 a

55.4 a

52.2 a

Fallow area
41.0 b

46.0 b

14.9

30.0 ab

22.6 b

37.2 a

36.8 a

35.2 a

20.3

Increase in soil
available N1

kg ha 1

29.7 a

30.2 a

23.5 a

4.3 b

0.0 b

7.4
1 Estimated by the difference in 'A' value of the soil in the area previously planted with soybean and the
area under fallow. Ammonium sulphate (1 atm %15N xs) was applied at a rate of 40 kg N ha"1.
2 Means followed by the same letter in a same column are not significantly different (l.s.d. test, p<0.05).
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A 1 5N POOL-DILUTION APPROACH TO MEASURE
FIELD GROSS N TRANSFORMATIONS FOLLOWING
APPLICATIONS OF DOMESTIC SLUDGE AND COMPOST
ON TO SOILS
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Ris0 National Laboratory, Roskilde, Denmark

E.S. JENSEN
The Royal Veterinary and Agricultural University, Tastrup, Denmark

Gross N turnover rates were followed during one year using the 1 5N pool dilution in a
field experiment with controlled application of sewage sludge. Recycling of industrial and
domestic organic wastes onto soils as a means to introduce sustainable plant nutrient
management and reduce the use of chemical fertilizers has gained increasingly interest. In
Denmark about 50% of the sludge from sewage treatment plants is consumed for agricultural
purposes in order to improve soil quality and fertility by acting on the soil organic matter and
nitrogen (N) contents.

The initial fertilizer value of waste material is directed by the initial inorganic N
content, however, subsequent decomposition processes will influence the availability of N in
either positive or negative direction. Assessing gross N turnover requires application of 1 5 N
stable isotopes and subsequent analysis of the iSi and 1 5 N pool sizes. Such approaches are
relatively resource demanding and has been undertaken in only a limited number of field
experiments.

In this study gross N turnover rates were followed during one year using the 1 5N pool
dilution in a field experiment with controlled application of anaerobically treated sewage
sludge (424 g DM m"2; 2.9 % N) and composted household waste (1784 g DM m'2; 1.7 % N).
The waste materials were mixed into the soil in field microplots confined by open-end 10 cm
diam. PVC-rings. Gross mineralization and immobilization rates were measured at seven
occasions at weekly- to monthly intervals. The top 15 cm soil in sextuple sets of microplots
was uniformly labelled with a l5NEt415NO3 (50:50 10% 1 5N excess) solution and the change in
1 5 N enrichment and total inorganic N (Nj) measured over a 48 hrs incubation period. Gross N
mineralization rates were calculated using the equations given by [1]. Soil samples were
rinsed carefully with KC1 in order to achieve 1 5N immobilized in the organic fraction [2].

Gross N mineralization showed a distinct seasonal pattern for all the treatments with
maximum rates during the summer (Fig. 1), possibly associated with high soil temperatures.
In the initial period during spring with both waste materials and during summer and early
autumn with compost waste, gross N mineralization tended to be higher than in the control
soil. However, neither of the waste treatments were statistically significant on a time-point
basis due to great variability among the replicate microplots. Soil Nj availability increased
markedly with the sludge and compost treatments. The increase was most pronounced with
sludge in which Nj remained 113% higher than in control soil throughout the summer.
Although the N addition with compost was 2.5 times greater than with sludge, compost
additions showed only an initial transient increase in soil Nj (day 0 and day 14), and after four
weeks of incubation there was no further detectable effect on Nj.
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Fig. 1. Gross N mineralization in field microplots
treated with domestic sewage sludge and composted
waste. Numbers are means ofn=3 replicate ± 1SE.

The results indicate that anaerobically treated sewage sludge has a relatively high
fertilizer value which extends over a growing season, despite minor effect on the soil gross N
mineralization. Household compost, on the other hand, has relatively little fertilzer value
although it tended to increase N mineralization more than sludge. The contrasting results with
respect to mineralization and Ni release may results from different responses in the gross N
immobilization following the waste applications as a result of different substrate qualities.
This statement needs further verification pending data analysis from the field experiment and
chemical analysis of the waste materials.
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MICROBIAL ASSIMILATION OF ORGANIC N FROM
ECOMPOSING CROP RESIDUES DETERMINED USING 15N
POOL DILUTION AND MIRROR IMAGING

E.S. JENSEN
The Royal Veterinary and Agricultural University, Taastrup and Ris0 National Laboratory,
Roskilde, Denmark

Crop residues are important resources for maintaining soil fertility in agro-
ecosystems, due to the recycling of nutrients and their role in soil organic matter formation.
Furthermore, the residue carbon is an important factor in controlling microbial activity in
soil.
* Following soil incorporation of crop residues significant amounts of residue N may be
found in the soil microbial biomass within hours-days. There is evidence that the microbial
biomass assimilates soluble low molecular weight organic substances, e.g. amino acids, (the
direct route, j Fig.l, [1]), and that surplus N is subsequently released from the cells into the
soil NHU-pool (r). A second route, the MIT pathway [2], of immobilisation is via the
inorganic N pool (i), following deamination by exocellular enzymes of soluble organic
substances (s).

У
Biomass N г

\

Substrate N

s
r

• NH4-N -a-»> NO3-N
к

m

Soil organic N

Fig. 1. Simplified schematic presentation of processes andN-pools during the initial decomposition of
a substrate, m: min. of soil organic N, s: min. of substrate N by exocellular enzymes, i: immobilisation
of ammonium N, r: release of ammonium from microbial cells, j : direct assimilation of residue
organic N, n: nitrification and h: humification of microbial biomass N.

The aim of the study was to determine the relative roles of the MIT (i) and direct
route (j) in the immobilisation of residue N during initial decomposition of field pea (Pisum
sativum L.) straw in a sandy loam soil. The 1 5N pool dilution technique was used in
combination with 15N-labelled and non-labelled residues (mirror imaging).

Field pea residues (straw) were produced in pots with and without 1 5N labelling, dried
and ground (< 1 mm). Residues were either at natural abundance or with c.3 atom % 1 5N
excess. Total N was 1.8% of DM (C/N: 23). Soluble N and С were 0.65 and 7.97%,
respectively. There was three treatments (T): Tl) (15NH4)2SO4 - Ю.2 atom % 1 5 N excess -10
ц g NH4-N g 1 dry soil; T2) (NH4)2SO4 -10 u-NKU-N g"1 dry soil + 1 5 N labelled residues - 5 g
DM kg'1 dry soil); T3) (l5NH4)2SO4 - 10.2 atom % 1 5 N excess -10 ц g NH4-N g"1 dry soil +
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non-labelled residues - 5 g DM kg"1 dry soil). Soil with and without residues were incubated
at 55% WHC and 20°C in four replicates per sampling. Soil was sampled for analysis after 0,
2, 4 and 7 days of incubation. Soil was extracted with KC1 for determination of NH4 and
NO3, soil microbial biomass was determined by fumigation-extraction (кы: 2.22) and soil
organic N after repeated washings with KC1. The 1 5N enrichment of each pool was
determined by continuous flow IRMS.

Data from incubations 0 to 2 days were used to calculate the contributions from the
direct and the MIT routes to the immobilisation of residue derived N using the data for the
soil microbial biomass. It was estimated that about 90% of the residue N immobilisation
occurred via the direct route during the initial 2 days of decomposition. This observation is in
agreement with results from amino acid experiment [1,3]. The complete dataset can be used
for determining the relative roles of the direct and MIT routes during the subsequent periods
e.g. by using a calculation model such as FLUAZ [4].
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Experiments were conducted using enriched (14C) and natural carbon (13C) isotope tracers to
study the dynamics of soil organic matter as influenced by tillage and crop management systems
(continuous corn-under no till, continuous corn-under conventional till, and adjacent forest as control).
Soils from three field experiments involving long-term corn cropping in Eastern Canada viz., Delhi (Fox-
sandy loam), Elora (Woolwich-silty loam) and Harrow (Brookston-clay loam) were used. For the
incubation experiment, undisturbed soil cores (0-5 cm) were taken from forest and no till plots and the
samples taken from conventional tilled plots were well mixed to simulate the management effects. The
soils were pre-incubated for 3 weeks in 1-L jars and amended with UC labelled corn leaves (2 mm size) at
a rate of 1 mg С g"1 soil. The jars containing soil-substrates were incubated for 220 days at 21°C under
controlled laboratory conditions to provide information on rates of transformation of labelled residue
carbon to carbon dioxide and to soil organic carbon stabilized in active microbial fractions.

The results indicated that, the proportion of the residue carbon evolved as carbon dioxide was not
affected by tillage treatments, that is whether the residue was left on the soil surface or incorporated into
the soil. However, mineralization of residue carbon was significantly lower in the forest soils compared to
the cropped soils, suggesting that the presence of litter organic matter has an important role in the
transformations and stabilization of added crop residues (Fig.l). Soil texture had no significant effect on
mineralization of residue carbon during this incubation study. The residue carbon mineralization was
closely related to growth and turnover of microbial biomass and its substrate use efficiency. Under
tropical agricultural ecosystems, С stocks, storage profiles and microbial properties were also greatly
influenced by different crop management systems [1,2].

Fig. 1. Residual l4C in soils from Harrow (% of14 С input) at different days of incubation.

In the second experiment, natural 13C abundance [3] was used as a tool to study the dynamics of
soil organic matter in long-term field experiments. Measurements of 813C in surface and subsurface soil
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samples collected from the above mentioned tillage and crop management systems provided information
on incorporation of plant residue С into various components of soil organic matter i.e., soil microbial
biomass [4], light fraction [5] and humic fractions [6].

The data indicated that losses of SOM-C due to cropping ranged from 30-40%; relative losses
were greatest in surface soils. Adoption of reduced tillage for 10 to 14 years, though altered the
distribution of С in the surface soil, was not effective in restoring the lost carbon. Reduced tillage method
did not affect the amount of corn-derived carbon (C4-C) in soil, however, the decay of the original soil
carbon was slightly lowered compared to that under conventional tillage. The study revealed that
conservation tillage has no significant impact on soil microbial biomass. High proportion of substrates
available to the microbial biomass during the season is derived from the native soil carbon (C3),
indicating the utilization of carbon in the intermediate and slow pools of soil organic matter. No-tillage
decreased the light fraction carbon in soils and also the total quantity of C4-C in that fraction.

The 513C of humic fractions revealed information on the chemical nature and the turnover of
these fractions. The humin fraction was the most depleted in 13C whereas the fulvic acid fraction was the
most enriched. The observations reflect the dynamics of these fractions; fulvic acids being more active
and receiving inputs of residues and microbial products; humic fractions being more stable and only
slowly accumulating products of residue decay. This research confirms the potential of using 5 t3C
techniques for tracing the flow of crop residue carbon into soil humic substances in the field.
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Soil organic matter is a key component of soil quality as it is a primary source of, and temporary
sink for, plant nutrients such as N, P and S. The solid component of soil consists of 90-95% mineral
particles (sand, silt and clay) and 5-10% soil organic matter. It is composed of various fractions and is
typically measured as soil organic С or N. It is comprised of 70-90% stable humus material and 10-
30% labile organic matter. The labile soil organic matter consists of both living (20-40%) and
nonliving (60-80%) components. Long periods of low-input cropping in the non-irrigated areas of
Pakistan and Australia have resulted in declining soil organic matter levels which has led to reduction
in yield of the major crops through poor nutrient availability especially the primary nutrient elements.
The solution for reversing the decline in soil organic fertility and improving the productivity and
sustainability of cereal-based cropping systems require a combination of fertilizer N inputs with
rotations utilizing legumes for improving soil structure and to increase the nutrient supply and
availability.

The value of N2-fixing legumes in cereal production systems could be substantially
underestimated because the nitrogen (N) associated with the nodulated roots has generally been
ignored when calculating N-budgets for crop rotations. Various approaches were used to assess the
relative importance of below-ground N (BGN) to the N-economies of two commonly-grown pulse
crops, faba bean (Vicia faba) and chickpea (Cicer arietinuni), in a series of glasshouse studies
undertaken at CSIRO Plant Industry in Canberra, Australia, and in a subsequent field experiment at
the Breeza long-term experimental site in the northern grains belt of New South Wales, Australia.

The methods used to estimate BGN included:
(a) The physical recovery of roots from the growth medium - glasshouse only.
(b) Growing inoculated plants in 15N-enriched soil (following the incorporation of 6 atom% 1 5N lupin,

Lupinus albus, shoot residues) and calculating the below-ground contributions of fixed N based
on the 'dilution' of soil 15N relative to an unplanted or non-legume control [1]- glasshouse only.

(c) Determinations of the N mass balance derived from N analyses of collected shoot, root and soil
material - glasshouse only.
Using in situ 15N shoot-labeling techniques (98 atom% 15N as urea). This approach assumed that
all 15N excess detected in the soil originated from 15N enriched root material and that the specific
enrichment of recovered root material (ie mg 15N/g root N) was representative of the unrecovered
root-derived N remaining in the soil [2,3]. However, much of the root recovered from soil tended
to be derived from the nodulated crown. Since experimentation had determined that nodules were
generally depleted in 15N relative to roots using shoot-labeling methodologies, there was some
concern that errors may be introduced into the calculations if the unrecovered roots were
predominantly unnodulated. Therefore, the 15N data were adjusted to account for differences in
the enrichments of unnodulated root and nodulated root (experimentally determined enrichment
ratios were 1.12 for fababean and 1.56 for chickpea) and BGN estimates recalculated - both
glasshouse and field.

(d) Calculations of the above- and below-ground distribution of 1 5N. This assumed uniform
translocation and partitioning of both labeled and unlabelled N to all plant parts - both glasshouse
and field.
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Table 1: Estimates of below-ground N (BGN) as a percentage of total plant N for both
glasshouse- and field-grown faba bean and chickpea using various methods.
Species

Fababean

Chickpea

Study

Glasshouse
Field
Glasshouse
Field

Physical
recovery

10

9

Soil ISN
dilution

11

52

Method
MassN
balance

30

52

|:>N shoot
labeling

39
25
53
77

Adjusted
15N shoot
labeling

37
24
42
68

balance

33
29
43
60

It appears from Table 1 that the most error-prone and inaccurate method for estimating BGN is
the physical recovery of roots. This should be expected since even if it were possible to completely
recover intact root systems such measures would not include N derived from the turnover of nodules
and roots or root exudations that occur during growth, and so will underestimate contributions of
BGN. The values obtained with physical recovery (9-10% of whole plant N) were only 20-30% of the
values obtained using the other methodologies (Table 1). With the exception of the soil 15N dilution
method for fababean, most techniques used in the glasshouse studies gave reasonably similar
determinations of BGN (Table 1). Average across all estimates (other than physical recovery), BGN
of glasshouse grown plants represented 30% of total plant N for fababean and 48% for chickpea.

Although the methods subsequently used in the field study have questionable assumptions with
built-in errors, the fact that all three calculations provided estimates that were similar to each other
(24-29% and 26% mean for fababean, 60-77% and 68% mean for chickpea), and comparable to those
obtained under very different conditions in the glasshouse was reassuring (Table 1). However, it is
unlikely that there is a single value for BGN for a species, and it might be reasonable to expect the
rootshoot ratio to be influenced by growth conditions or stress and for species to respond in different
ways. This presumably explains why estimates of BGN for chickpea in the field were slightly higher
than detected in the glasshouse (Table 1).
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Isotopes of carbon (13C, 14C) proved to be a useful tool in studying the global carbon cycle.
They provide additional constraints for currently used models of the carbon cycle and help to
characterise sources and sinks of carbon, both on regional and global scale [1,2]. Oxygen-18 isotopic
composition of atmospheric CO2 provides additional information about fluxes of this gas between the
continental biosphere (soils and plant cover) and the atmosphere [3]. Whereas the monitoring
networks for studying isotopic variability of atmospheric CO2 are relatively well developed, the
relevant data for soil CO2 flux, which constitutes an important component of the carbon cycle on
continents, are still fragmentary. In Europe, this type of studies focusing on 1 3C and 14C composition
of soil CO2 were carried out in the eighties in Germany [4,5]. A comprehensive characterisation of the
seasonal variability of both soil CO2 flux entering the atmosphere and its isotopic composition (5I3C,
8 t 8O, 514C) has not been attempted so far.

The flux and isotopic composition of soil CO2 has been monitored at three sites located in the
southern Poland. They represent typical ecosystems appearing in central Europe: (i) mixed forest; (ii)
cultivated agricultural field, and (iii) grassland. To monitor the flux of soil CO2 and its isotopic
composition, a method based on inverted cup principle was used in two different versions: (i) the
closed-system version, allowing collection of monthly composite samples of soil CO2 at a given site
for 14C and ! 3 C determinations, and (ii) the in-growth version allowing the apparent values of the CO2

flux and its isotopic composition (813C, 818O) to be determined. In addition, depth profiles of the soil
air were regularly collected to determine the CO2 concentration and its isotopic composition (813C,
818O, S14C).
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Fig. 1. Seasonal changes of soil CO2 equilibrium concentration measured at three sites in southern
Poland: (a) mixed forest, (b) agricultural field, and (c) grassland.

Fig.l demonstrates the observed seasonal variability of the equilibrium soil CO2 concentration
at three investigated sites. The highest concentrations were recorded at agricultural field. The flux of
soil CO2 , which is linked to the equilibrium soil CO2 concentration, also reveals distinct seasonal
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fluctuations, with maximum values up to ca. 30 mmol/m2>h during summer months and around ten
times lower values during winter time (Table 1). The measured CO2 flux densities at the soil-
atmosphere interface using in-growth method are in agreement with similar measurements performed
in Germany [5] and in Switzerland [6].

Isotope characteristics of soil CO2 flux at three investigated sites are summarised in Table 1.
Carbon-13 content of the soil CO2 reveals little seasonal variability, with 51 3C values essentially
reflecting the isotopic composition of the soil organic matter and the vegetation type. The carbon-14
content of soil CO2 flux at the grass site was remarkably lower than at the forest site and lower than
the present atmospheric value. The oxygen-18 isotopic composition of the soil CO2 flux turned out to
be controlled by the 18O isotopic composition of the soil moisture and the temperature of the soil.

Table 1: Isotope characteristics of the soil CO
three representative sites in southern Poland in

Characteristics of the soil CO2 flux
Into the atmosphere

Flux density at the surface (mmol/m2-h)i;i

Carbon-13 content (613CV-PDB) [°M 1}

Carbon-14 content (514C) [%o]

Soil CO2 at depth (40 cm)
CO2 concentration (ppmv)

Carbon-13 content (51 3CV-PDB) [%O]

Oxygen-18 content (51 8OV-PDB) [%O]

Carbon-14 content (514C) [%o]

SJ)

W:3)

S:
W:

S:
W:

S:
W:

S:
W:

S:
W:

S:
W:

>2 flux entering the atmosphere, as
the period January 1998 - January

Mixed forest
22,0

-28,6
-28,0
163
144

5610
1430
-21,7
-19,5

-6,1
-7,5
150
105

Investigated site
Agricultural field

15,2
1,4

-28,6
-27,0
148
97

37420
8860
-26,1
-25,6
-10,3
-5,2
-2

-31

measured at
2000.

Grassland
11,8
1,5

-28,8

158
144

17055
5110
-25,3

-8,0
-8,1
71

-60
1) - derived using in-growth method
2) - summer
3) - winter
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The 13C natural abundance (613C) of soil can be used as an in situ labeling technique for
soil organic matter (SOM) studies under field conditions. This technique has been mainly used to
determine whole soil carbon dynamics after a shift in vegetation from Сз to C4 or vice versa.
However, due to increasing concerns on soil quality and sustainable management, C4 crops are
commonly grown in rotation with Сз crops. Up to now, only very few studies have reported on
using 813C technique in studying SOM dynamics in mixed C3 and C4 systems. These few studies
have used contrasting approaches and more research is required to evaluate the adaptability of
513C technique to study SOM dynamics under mixed C3 and C4 systems.

Soil samples for this research study were taken to 50 cm, from three treatments
(continuous corn, corn-alfalfa, and corn-bromegrass), of a corn (C4)-forage (Сз) rotation
experiment and a nearby forest (C3). Soil samples were analyzed for total С and stable carbon
isotope ratio using a Tracemass® Isotope Ratio Mass Spectrometer. The fraction of carbon
originating from corn in SOM was calculated from a two end-member mixing model [1]. The
quantity of forage-derived (alfalfa or bromegrass) carbon in soil was estimated using two
independent methods for comparison.

In the first method (a subtraction method), the quantities of Сз-С in corn and corn-forage
soils were first obtained by estimating the quantity of corn-derived С and subtracting it from
TOC in soil. Forage derived Сз-С was then determined by subtraction of native Сз-С in
continuous corn plots from the total Сз-С of forage plots. The second method (a modified two
end-member mixing model) was based on the principle that SOM of corn-forage rotation plots is
a mixture of carbon from alfalfa or bromegrass (Сз) and corn (C4) plus original or native Сз-С
present in the soil prior to the introduction of corn plants. Therefore, when alfalfa or bromegrass
is introduced to a continuous corn field as a rotation, the resulting SOM can be divided into two
pools, forage and non-forage derived (corn plus original C3-C). The continuous corn plots in this
situation are considered as the background or control (similar to a forest soil in determining C4-C
in soil). This model is proposed for situations where there is a considerable difference between
513C of control soil and plant materials and it can be applied to soil organic matter fractions with
an isotopic composition very different than that of the vegetation itself [2]. The model is
applicable to the corn-forage rotation plots since the 513C of soil and plant materials of
continuous corn plots are widely different. It should be noted that, to estimate the quantity of
forage-derived С in a mixed corn-forage soil, the presence of a control plot with continuous corn
is essential for both methods used.

The inclusion of forages as a rotation crop with corn did not cause any major impact on
the soil organic С content and of the two forage species, bromegrass resulted in the highest soil С
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levels. The introduction of forages has changed the 513C of soil as shown by the Table 1. The
two methods used to estimate the forage-derived С in soil yielded contrasting results. The main
assumption in both methods was that there is no differential decomposition and stabilization of
soil С under monoculture and rotations. The present study site had been cropped for several
decades and dynamics of original or native C3-C would not be affected by present crop
management practices; labile fractions which are susceptible to management or cropping
changes would have been lost by the first few years after forest clearing. Therefore, the longer
the period of transition from forest/native vegetation to cropland, the better the assumption may
hold. The subtraction method, which assumed a similar quantity of original Сз-С in all plots,
estimated higher quantities of forage-derived С in soil compared to the other method. Since the
subtraction method is based on С quantities in soil, spatial variability of С in soil can cause
problems in estimations. The method based on the modified two end-member mixing estimated
lower quantities of forage-derived С compared to the subtraction method. In this method, all
estimations were based on 813C of SOM of corn-forage and continuous corn plots.

Estimations of the forage-derived С remaining in the soil by the mixing model were
lower than those of the subtraction method by 55 to 65%. The continuous corn cropping resulted
in the lowest amount of original Сз-С in soil compared to corn-forage rotation plots, however,
these differences were statistically not significant. It seems that some of the forage-derived С
accounted for by the subtraction method may have been estimated as original C3-C by the mixing
model method. The observed differences in forage-derived С estimated by two methods may be
largely due to spatial variability of soil С in the study site used. More research is required before
selecting the best approach. The results of the present study suggest that 813C techniques can be
used in mixed C3-C4 systems to quantify contributing С inputs to SOM. With proper field layout
and crop selection, the 613C technique can be expanded to study SOM dynamics under a range of
crop types and management conditions.

Table 1: 5 С of soil from the corn-forage experiment and forest.
Soil depth (cm)

0-5
5-10
10-15
15-20
20-25
25-30

Corn

-22.63
-22.91
-22.73
-22.81
-23.13
-23.61

Corn-alfalfa

-24.82
-24.83
-24.79
-24.26
-24.27
-24.52

Corn-bromegrass
^ /̂OOy - - — —

-24.69
-24.28
-24.19
-24.13
-24.35
-24.24

Forest

-26.66
-26.62
-26.48
-26.66
-26.88
-27.12
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A simple and effective chamber made of ethyl vinyl alcohol film with a commercial
air conditioner inside to maintain temperature and circulate air has been successfully used to
label plant material with 1 3C, and 1 4C. Additions of 1 5N and 3 5S were made by injection into
the potting medium. The labelled residues were added to the top layer of soil in pots ant the
movement of the labels into the plant and down the soil column and into leachate was
followed. Greater leaching losses of C, N, and S were recorded from Medicago truncatula
than from Flemingia macrophylla.

Production of 1 4C Labelled Plant Materials:
Isotope-labelled plant materials have been widely used to study decomposition rates

[1], nutrient release patterns [2] and transformation in soils of plant-derived nutrients. Early
decomposition studies made use of 14C-labelled plant materials produced by growing plants in
an atmosphere enriched with 1 4CO2 [3].. However, due to health and environmental hazards
associated with the use of radioactive materials, the use of the stable carbon isotope 1 3C has
become more popular. Numerous designs of carbon isotope labelling chambers have been
published [4], ranging from simple enclosures consisting of a polyethylene tent that can be
punctured and sealed, to rigid chambers with sophisticated control equipment. Plants can be
continuously exposed to the labelled CO2 or to a single pulse, depending on the needs and
resources.

Triple labelled (14C, 1 5N, 3 5S and 13C, 14C, 15N) flemingia (Flemingia macrophylla),
medic (Medicago truncatula) and rice (Oryza sativa) plant materials were produced. The
labelling chamber was 2.5 m long, 1.3 m wide and lm high, large enough to accommodate 28
pots which was sufficient to produce large quantities of plant tissue needed in decomposition
studies. The frame was made from aluminum and PVC pipes and the top and sides from clear
multi-layered gas proof film (ethyl vinyl alcohol film). A commercial air-conditioning unit,
set in recycling mode, was used to regulate the temperature inside the chamber to about 25 °C
and, at the same time, mix the air. The CO2 concentration inside the chamber was monitored
by an infra red gas analyser (ADC Type 225 Mk3 CO2 analyser).

1 4C was generated from Na2

I 4CO3. For dual labelling with 1 4C and 1 3C, varying
amounts (0.5, 1.0 and 1.9 g) of Na2 13CO3 (99%) were weighed into the labelling container
and mixed with 1.5 ml Na2

1 4CO3 solution. The 1 4CO2 and 1 3CO2 were generated from the
reaction with lactic acid (85%), injected through a thin plastic tube that ran through the side of
the labelling chamber. The CO2 concentration inside the chamber was allowed to drop from
350 to 300 ppm before the 1 4CO2 pulse was introduced. When the CO2 concentration became
steady (about 180 ppm), 1 2CO2 was introduced into the chamber from a gas cylinder to bring
the concentration back to 350 ppm.

Although 2.5MBq of labelled С was administered each time, the frequency of
labelling increased from once a week, to four times a week as the plant biomass increased.
1 5N and 3 5S labelling were accomplished by adding 98.94 atom% 15NH4C1 and carrier-free 3 5S
to the surface of the pot with a syringe before watering.
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A total of 155 g of 14C, 15N, 3 5S- labelled medic hay and 185 g of flemingia leaves
were produced from the fist labelling. 14C analysis revealed average specific activities of
38.29 KBq 14C/g С for flemingia and 39.62 KBq 14C/g С for medic.

The plant materials produced in the second labelling experiment were less enriched
with 14C (7.33 to 13.09 KBq 14C/g C) and highly enriched with 1 3C (613C 86.4 TO 117.0 %o).

Tracing the Fate of N, С and S added in Residues:
A glasshouse experiment was conducted to trace the fate of C, N and S released from

the decomposition of labelled flemingia leaves and medic hay. Polyvinyl chloride (PVC)
cylinders (30 cm x 15-cm inner diameter) were divided into thee 9-cm layers, each filled with
2.1 kg soil, and referred to as top, middle and bottom. The labelled plant materials were dried
at 50°C, cut into 2-3 cm length and incorporated on the top 5 cm layer. Three replicates of
each residue, including a control treatment with no residue, were laid out in a randomized
complete block design. Six Japanese millet plants were maintained in each pot, pruned at 31
days after residue application (DAA) and harvested 41, and 71 DAA. Another crop of millet
was established and harvested after a further 37 days (108DAA). The soil was destructively
sampled 41, 71 and 108 DAA. Leaching commenced 31 DAA, then weekly thereafter for 11
weeks. Leachate was collected one day after watering each pot 25% above field capacity.

The amount of 1 4C recovered in the topsoil layer was higher from the flemingia
treatment at all sampling times. The amount recovered from both treatments declined with
time as decomposition progressed. After 41 days, almost half of the residue 1 4C had been
released suggesting that medic contained relatively higher proportions of easily decomposable
1 4C compounds than flemingia.

Addition of medic hay resulted in significantly higher residue N and S in the tops of
the first millet crop. Medic contained higher concentration of N and S than flemingia, which
resulted in higher amounts of N, and S released during decomposition. The reverse occurred
in the second crop of millet, with higher N and S uptake in the flemingia treatment. The N and
S released during the rapid decomposition of medic was immediately available for uptake
while the slower breakdown of flemingia resulted to slower N and S release and consequently
to higher N recovery in the soil.

About half of the 1 5N from the medic residue application remained in the top layer
while 71-77% of the 1 5N from the flemingia was recovered in this layer. The amount
recovered on the top layer declined with time for both treatments, as N uptake increased. 1 5N
recovery in the middle and bottom layers increased with time as N was leached. A smaller
amount of 1 5 N was lost through leaching from the flemingia treatment than from the medic.

Medic contributed higher amount of extractable S in the top soil layers at 41 days with
no significant differences in other layers or at other times. Higher leaching losses of 3 5S
occurred with the medic treatment.
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Better management is needed to improve fertilizer nitrogen use efficiency in
Thailand lowland rice cropping systems. Improved N use should increase soil fertility
and productivity for long-term sustainability to meet agronomic, economic and
environmental goals. To do so, a thorough understanding of N dynamics and balance
as influenced by the combined use of N fertilizer and crop residue management
practices is needed. To help met this need, two field experiments were conducted in a
rice-fallow-rice cropping sequence during consecutive dry and wet seasons of 1997.
The studies were conducted in Central Thailand on a clay soil (Fluvic Tropaquept) to
determine the fate and efficiency of broadcast urea in combination with three residue
management practices (no residue, burned residue and untreated rice crop residue).
Four replicate field plots (4m by 4m) were fertilized with 70 kg urea N ha'1.
Microplots (1.2m by 1.2m) were established in the main plots and fertilized with the
same rate of urea-Nthat contained 10.1 atom % excess 1 5N.

Dry season ammonia volatilization losses of N were quantified by a bulk
aerodynamic method during 11 d after urea was broadcast into the floodwater.
Maximum emission rates were observed 2-4 d after fertilization. The cumulative
amounts of N lost as NH3 were 7, 12 and 8% of fertilizer N applied from no residue,
burned residue and residue treated plots, respectively. During this time emissions of
N2 + N2O were measured from 20 cm diameter microplots that were fertilized with
urea containing 60 atom % excess 1 5N. From day 3 to 12 after fertilization, N2 + N2O
emission rates averaged 290, 110 and less than 10 u,g N m"2 h"1 from no residue,
burned residue and residue treated plots, respectively. During a 70 d fallow period
prior to flooding the soil for wet season rice, emissions of N2O, measured at weekly
intervals from no residue, burned residue and residue treatments ranged from 25 to
128, 19 to 59 and 24 to 75 ug N m'2 h'1, respectively.

The 1 5N balance study showed that fertilizer N recovered by the rice plant
(grain, straw and roots) at maturity of the dry season crop did not show significant
differences among residue treatments. Fertilizer N recovery by the grain was low,
only 9 to 11 % of the N applied. Fifty to 52% of the applied 1 5N remained in the soil
after rice harvest, mainly in the upper 0-5 cm layer. The unaccounted for 1 5N was
probably lost by gaseous N emissions which ranged from 27 to 33% of the applied N
and was unaffected by residue treatments. Only 4 to 5 % of the initial 1 5 N - labeled
urea applied to the dry season rice crop was taken up by the succeeding rice crop to
which no additional N fertilizer was applied. Grain yield and N uptake were
significantly increased (P-0.05) by N application in the dry season but not
significantly affected by residue treatments in either season.
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Table 1: Recovery of applied 1SN - lebeled urea in the rice plant and soil at harvest
(1997 dry season) and recovery of initially applied 15N by the second rice
crop at harvest (1997 wet season).

Treatment

No residue
Burned residue
Residue

Grain

10.68
9.37
8.92

a
a
a

Dry

Straw

11.13 a
7.49 a
8.77 a

I5N recovery (% N applied)

season

Roots

0.21a
0.17 a
0.15 a

Soil

51.00 a
49.74 a
53.04 a

Grain

2.38
2.63
2.72

a
a
a

Wet season

Straw

1.83 a
2.68 a
2.18 a

Roots

0.03
0.04
0.04

a
a
a

Values in a column followed by a common letter are not significantly different at the 5% level
by DMRT.
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Many dryland fanning systems in temperate Australia drain more water beyond the root zone
than natural ecosystems. This is a problem because groundwater dissipation in the Australian
landscape is slow and the change from native vegetation to annual cropping has been associated with
rising water tables and the mobilisation of salt. It is ironic that in Australia, both water and nutrients
limit agriculture, yet it is the loss of both beyond the root-zone of annual crops and pastures that is the
fundamental cause of salinity and acidification [1].

New farming systems that are more productive and reduce drainage must be introduced. This
challenge is to satisfy future food and fibre demands without degrading the natural resource base
critical to future generations. Farmers are being challenged to implement new 'sustainable' systems
of land use. It is essential that mistakes of the past are not repeated and that the environmental
impacts of the proposed changes are understood before being implemented. For these reasons, it is
essential to understand their soil water and chemical dynamics, and assess the findings against the
resilience of the landscape to undergo change.

This paper summarises findings of studies from several sites near Wagga Wagga, NSW, on
annual crop/luceme rotations. The water balance of different cropping systems in five paddocks was
monitored and compared with that under a native white-cypress forest. Measurement and modelling
approaches have been used to investigate the water balance. In one paddock, two weighing lysimeters
(1.8 m deep) provide estimates of evapotranspiration {Et) and drainage (D). Rainfall is measured with
an automatic weather station and changes in soil water storage are monitored in the paddock using
neutron moisture meter and time domain reflectometry [2]. At other paddocks, continuous water
balance measurements were limited to rainfall and changes in soil water contents, although Bowen
ratio measurements of Et were made from time to time in some of the paddocks. Crop sequences
have included cereals (wheat or triticale), canola and lucerne.

Cumulative Et for the triticale, wheat and lucerne in its second year exceeded rainfall between
23 March 99 and 13 December 99, indicating that these crops used soil water that had been stored
from the previous summer (Fig. 1). Of the crops and lucerne, canola was the poorest water user,
using less water than rainfall and resulting in a net storage of water in the soil profile. The lower
water use by canola during the period from sowing to harvest of the cereal crops is consistent with
previous findings. However, lucerne undersown in the canola can make up this difference.

Second year lucerne used more water than rainfall, whereas lucerne planted in July 99 was still
getting established and its water use was about the same as rainfall (Fig. 1). Wheat had the highest
cumulative Et, and the highest excess of Et over rainfall. This is possibly because it followed a canola
crop, which leave excess water behind in the soil profile, which is readily available to the following
crop.

Water use in the forest was less than rainfall, for the period shown (Fig. 1). However, after a
full 12 months, water use in the forest was slightly greater than rainfall. In the forest, more water
moved to depths greater than 1.2 m (the effective rooting depth of annual crops) in winter than under
the crops, but more water from below 1.2 m was used when required in summer. Lucerne behaved
more like native vegetation and used water throughout the year, at high rates in summer if water was
available. It is a high water use alternative to be grown in rotation with annual crops because it can
root to a depth of at least 3 m and effectively scavenges plant available water from below the root
zone of annual crops. The extraction of soil water below the rooting depth of annual crops, built up
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from several years of cropping, reduces the likelihood of deep drainage in the subsequent winter by
creating a buffer for water storage.
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Fig. 1. Water use of annual crops, lucerne and native vegetation as a function of seasonal rainfall (23 March 99
to 13 December 99).

Variation of rainfall from year to year makes it difficult to get an accurate picture of the effect
of different cropping systems on water and chemical dynamics. Simulation modelling provides a
means to explore these interactions, provided the models incorporate important processes adequately
and can be shown to reproduce field behaviour within the bounds of experimental error. Simulations
using APSIM (Agricultural Production Systems Simulator [3,1]) run on historical weather data (1957
to 1997) confirmed the potential of lucerne to keep the soil drier and reduce drainage in a rotation.
After removing the lucerne, soil water storage gradually increased under wheat, and was similar to
that under continuous wheat after 2-3 years. The refilling of the buffer depends on the timing and
amount of rainfall as well as soil type and crop rooting depth. For the scenario simulated the wheat
phase should probably not exceed 2-3 years. Furthermore, the simulations show that drying out under
lucerne happens rapidly and often within the first summer/autumn of the lucerne phase, with little
difference in water use between lucerne and wheat during the winter/spring. These results suggest
that the lucerne phase should be a minimum of 1 year.
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In Austria as in many other European countries groundwater is polluted by nitrate.
Agriculture is accused to be one of the main contributor of this pollution by using to much
fertilizer and liquid manure. Therefore in a long term field study on nitrogen leaching in Lower
Austria within a two year crop-rotation with winter wheat, cover crop and corn, the fertilizer
uptake by plants, the storage of the applied nitrogen in the soil and the nutrient assimilation by
subsequent-plants were monitored. 15N labeled mineral fertilizer and liquid manure were used.
The field trial consists of six plots. Each plot is 10 to 5 m. The soil is a chernozium (sandy
loam, 2.5 % organic matter) with a total of about 21500 kg/ha nitrogen in the soil profile up to
the depth of 105 cm. Average annual precipitation is 590 mm and average annual temperature
is 9.8°C.

Three treatments of fertilizer applications were chosen, which means that two plots
always got the same fertilization. The first treatment was mineral fertilization. The second and
third treatment were application of cattle liquid manure, whereas the second treatment got
manure in autumn and in spring, due to the low storage capacity of many liquid manure tanks
in our rural regions. This treatment is also called „disposal". The third treatment only got the
amount of manure in fall or spring, which corresponds to the nitrogen uptake of winter wheat
or corn. During the first year the mineral fertilizer plots (1, 2) were fertilized with 116 kg N/ha
in three applications. Plots 3 to 6 got fertilization in autumn with 30 mVha of liquid manure.
This quantity corresponds to 130 kg/ha total nitrogen or 44 kg/ha immediately plant available
ammonium. In early spring 32 kg N/ha mineral fertilizer was applied to all liquid manure plots.
And plots 3 and 4 ("disposal") got additionally 30 mVha liquid manure (124 kg N/ha, 73 kg
NBU-N/ha). Plots 5 and 6 got a second mineral fertilizer application of 42 kg N/ha . In total
plots 3 and 4 got 286 kg/ha and plots 5 and 6 204 kg/ha total nitrogen. In 1999 corn was
fertilized with 120 kg N/ha in plots 1 and 2, plots 3 and 4 got 75 m3 liquid manure (302 kg
N/ha) and plots 5 and 6 45 m3 liquid manure (188 kg N/ha), respectively.

In each plot three micro plots were installed for the 15N investigations. The labeled
fertilization was only done to winter wheat in fall 1997 and in spring 1998. For corn in 1999 no
labeled fertilizer was used. 10% labeled ammonium sulfate (NEL^SC^ was used in the mineral
fertilized micro plots. The liquid-manure was enriched with high concentrated ammonium
sulfate (0.5g 98.2% 15N per liter). Therefore the nitrogen quantity did not rise very much (3%)
and the 1SN concentration was about 2.5% (Recous et al.,1988; Paul and Beauchamp, 1994;
Lippold and Nebe, 1994).

At the end of July 1998 winter wheat was harvested. The yield varied between 4.0 t/ha
and 5.0 t/ha dry matter. The nitrogen uptake of the total plant reached values from 117 to 178
kg/ha. Nitrogen derived from fertilizer in the plants was 37 to 59 kg/ha, the percentage in plot
1 and 2 was 24% to 27%, in plots 3 and 4 28% and in plots 5 and 6 39% to 42%. The majority
of the assimilated nitrogen derived from nitrogen pool of soil, namely 68 kg/ha to 136 kg/ha.

Between harvest of wheat and winter 1998/99 mustard was planted as cover crop to
catch the plant available nitrogen. In total 47 to 135 kg/ha nitrogen were assimilated by cover
crop. The part that derives from fertilizer ranges from 4 to 11 kg/ha. The cover crop was
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incorporated in soil in November 1998, that means that the gathered nitrogen remained in the
field and was able to be consumed by the following crops.

The nitrogen uptake of Corn 1999 ranges from 162 to 240 kg/ha. The part of the
applied fertilizer to winter wheat reached amounts from 3 to 9 kg/ha. The fertilizer efficiency,
that means the relation of fertilizer uptake by plant and the total fertilizer quantity reached from
15% to 36%. Regarding that straw and roots remained at the field the actual efficiency was
11% to 29%. The use of mineral fertilizer was more efficient with than the use of liquid
manure.

15ц
Table 1: Nitrogen uptake [kgN/ha] and Nitrogen fertilizer uptake [kg N/ha] by plants,

Nitrogen Fertilizer [kg 15N/ha] immobilized in soil.

Plot

1

2

3

4

5

6

Winter wheat

Plant
N t o t

137±2

188±13

165±17

156±12

117±13

150±18

Plant
1 5 N

38+4

42+3

46+2

44±6

49±8

59±7

Soil
1 5 N

58

31

98

142

129

67

Cover Crop

Plant
N ^

66±6

100±16

107±5

135±28

46±3

95±5

Plant
1 5 N

5±3

6±2

9±2

11±2

4±1

6±1

Soil
1 5 N

57

41

89

115

70

68

Corn

Plant

Ntot

195±15

204±7

240±16

219±24

162±7

216±18

Plant
1 5 N

3+1

4±0

9±1

9±1

6±0

6iO

Soil
1 5 N

49

38

80

122

59

65

1 and 2: Mineral Fertilizer, 3 and 4: Liquid Manure "Disposal", 5 and 6: Liquid Manure

Between 31 and 142 kg 15N/ha fertilizer nitrogen was measured in soil, the majority in
the upper soil layer. The recovering rate, that means the relation of applied and recovered
amount of fertilizer, was between 27% and 63%.

At the harvest of winter wheat a total of 50% to 82% of the applied 1 5 N fertilizer was
recovered in plants and soil. At this time there were no decisive losses of nitrogen taken into
account. The missing amounts of nitrogen could be lost by volatilization (Thompson, 1989).
Small lysimeters delivers percolation and nitrogen leaching. In 1998 percolation was only in
early spring, therefore most of leaching was measured 1999. In average most percolation was
measured in plot 1 and 2 with 106 mm. Plot 3 and 4 delivered 81 mm and plot 5 and 6 100
mm. The leached nitrogen was 6 kg/ha for plot 1,2 and 4,5. In the small lysimeters of plot 3
and 4 10 kg/ha were measured. Though the leached nitrogen that derived from fertilizer was
generally very low, the highest amounts were determined in plots 4 and 5 (0.5 kg/ha).
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Rainfed wheat field experiments were conducted in the southern part of the Chinese Loess
Plateau from September 1998 to June 1999. The soil has a pH of 8.3, a total Nitrogen (N) content of
0.7 g/kg and a bulk density of 1.3 g/cm3. Two experiments were carried out, each one had 4 treatments
with Latin square design. Phosphate at a rate of 75 kg/ha of P2O5 was applied to all treatments.
Nitrogen, phosphorous and organic fertilizers were applied as basal dressing. One experiment included
4 treatments: CK (without N), N1 (100 kg N/ha as urea), N10 (100 kg N/ha as urea and 50 kg N/ha as
organic manure) and N2 (150 kg N/ha as urea). A 15N study was carried out in the 3 treatments of N1,
N10 and N2. The other experiment was set up for the study of soil management. Soil water contents
were measured by oven dry method and monitored by a Neutron Moisture Meter.

Results (Table 1) show that grain yield was significantly increased by application of N fertilizer.
The yield was 2.77 t/ha in treatment CK, and increased to 3.99, 4.3 and 3.73 t/ha for treatments N1,
N 1 0 and N2, respectively. The efficiency of urea at the rate of 100 kg N/ha was much better with
Productivity Index of 12.1 kg grain/kg N, than at the rate of 150 kg N/ha with Productivity fodex of 6.4
kg grain/kg N, indicating the rate of 150 kg N /ha as urea was too high in that dry year. The highest
grain yield was obtained from treatment N10 showing the benefit of combined use of organic and
inorganic N fertilizers.

Table 1: Wheat response to nutrient application.

Treatment

CK

N1

N10

N2

Grain yield
(t/ha)

2.77ba

3.99a

4.30a

3.73a

%of
increase

43.7

54.9

34.6

Productivity fodex
(kg grain /kg N)

12.1

10.2

6.4

Straw weight (t/ha)

5.64b

6.17ab

6.24ab

7.33a

% of increase

9.4

10.6

30.0

The difference between the figures followed by the same letter is not significant at 5% level.
15N study (Table 2) showed that plant recoveries were in the range of 36.6%j«38.4%; N

remaining in 0j«40 cm soil ranged in 29.2%j«33.6% and decreased rapidly with increasing soil depth.
Thus the proportion of N unaccounted for was 29.5-34.2%. The results from present 15N study with
rainfed winter wheat are comparable with those from irrigated winter wheat experiments in China [1].

Table 2: Fate of labeled
Treatmem

N1
N10
N2

t Plant
recovery

38.4aa

36.9a
36.6a

urea N (% of applied N).

0-10cm
22
22.1
20.7

Recovery in soil
10-20cm 20-40cm

5.2 4.6
6.6 4.9
4.2 4.3

0-40cm
31.8a
33.6a
29.2a

Total
recovery

70.2a
70.5a
65.8a

Unaccounted
for

29.8
29.5
34.2

' The difference between the figures followed by the same letter is not significant at 5% level.
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Crop yield was greatly affected by annual rainfall in the region. For example, the average wheat
yield at Changwu county was 2.38 t/ha in 1994 with a normal rainfall (576 mm) and 2.86 t/ha in 1991
with a higher rainfall (666 mm), but only 0.65 t/ha in 1995 with a lower rainfall (318 mm).

The rainfall during the wheat-cropping season in the experiment was 242 mm, lower than the
average (288 mm) for a number of years. Soil water content at sowing ranged in 0.2- 0.26 cm3/cm3, and
it decreased to 0.14-0.16 cmVcm3 at harvesting. Consumption of soil water during the period was in the
range of 124-175 mm (Table 3). Water use efficiency (WUE) for CK was the lowest (7.6 kg/ha/mm),
and it increased to 9.7-11.7 kg/ha/mm for the fertilized treatments. Previous studies showed that WUE
was rather low (3-7 kg/ha/mm) without fertilization and could reach up to 13 kg/ha/mm with best
fertilizer management [2]. Table 3 also shows that wheat was more supported by soil water in 1-2 m
depth (47-60% of total soil water consumption in 0-3 m) than by soil water in 0-1 m (33-40% of total
soil water consumption in 0-3 m).

Table 3; Water use efficiency.

Treatment
Consumption 0-lm
of soil water

(mm)
l-2m
2-3m
0-3m

Total water consumption (mm)
Grain yield (kg/ha)
WUE (kg/ha/mm)

CK
41.3

74.5
8.6
124
366
2775
7.6

N1
65.0

77.5
23.1
166
392
3986
10.2

N10
59.9

76.6
13.7
150
408
4299
10.5

N2
52.5

70.2
22.0
145
387
3734
9.7

WM1
51.4

79.0
17.2
148
390
4562
11.7

WM2
62.4

78.7
21.1
162
404
3995
9.9

WT
66.7

84.2
23.9
175
417
4247
10.2

The experiment for the study of soil management showed that grain yields of treatment W
(traditional planting), WM1 (Mulching with plastic film and seeds were sowed between the films),
WM2 (Mulching with plastic film and seeds were sowed under the film) and WT (No-tillage after
harvesting and the soil mulched with wheat straw in fallow season) were 4.21, 4.56, 4.0 and 4.25 t/ha,
respectively. The grain yield of treatment WM1 was a little higher than that of treatment W. The WM1
treatment also had the highest water use efficiency (11.7 kg/ha/mm). Mulching is a management
practice for improving water infiltration and reducing soil water evaporation, which is very successful
for maize production in the region. Thus the effect of mulching on wheat yield should be further tested.
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Farmers are applying very high amounts of N fertilizer ( sometimes more than 900 kg
N/ha ), commonly ammonium sulphate, to irrigated potato crop ( Solarium tuberosum, L. )
grown on sandy-textured soils in the Cappadocia region of Turkey. To obtain information on
potato yield, N uptake, N fertilizer residue in the soil and the portion of N fertilizer leached
below 200 cm of soil depth, 9 field experiments were conducted at three different locations in
1992, 1993 and 1994 with soil textures ranging from sandy to silty loam; pH from 6.2 to 7.2;
organic matter from 0.29 % to 0.92 % and extractable P2O5 from 19.2 kg/ha to 249.3 kg/ha.
Typical continental climate prevails in the region with an average rainfall of 360 mm.

In all experiments ammonium sulphate was used at six increasing rates ( 0, 200, 400,
600, 800 and 1000 kg N/ha ) in a completely randomized block design with 3 replications.
The fate of the applied fertilizer N was determined only for the 400 and 1000 kg N/ha rates by

using 5 % and 2 % 15N atom excess (15N a. e.) ammonium sulphate fertilizer, respectively.
Irrigation water was applied with sprinklers weekly. First irrigation started just after hilling
which was done at mid June. Irrigation times changed from 11 to 17 depending on year and
location. At harvest, marketable and dry tuber yield was determined for all N rates. Dry tuber
and leaf plus vine yields were determined for the isotope microplots and they were analyzed
for the % N and % 1 5N a.e. The percent N derived from fertilizer (% Ndff ) and N use

efficiency ( % NUE ) were calculated for the plant samples. The ' ̂ -labelled residue left in 0
- 200 cm soil was also determined by sampling the soil profile with 20 cm increments and
analyzing the samples for 15N a. e. The amount of N fertilizer leached beyond 200 cm soil
depth was also calculated.

The response curve as marketable tuber yield to increasing rates of fertilizer N
application is shown in Fig.l.

NITROGEN RATEOtg N/h.)

Fig. 1. Relationship between marketable potato tuber yield and N
fertilization.

Regression analysis was performed in order to find the N - marketable tuber yield

relationship and the curve obtained can be described by the equation Y = 3329.9 + 101.7 X -

0.747 X2 where Y is the yield and X is the N rate. For dry tuber yields Y = 585.16 + 14.62 X -

0.12 X2 relationship was found. From these two equations, the necessary amount of N
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fertilizer that should be applied for the optimum potato tuber yields under our experimental
conditions was found to be around 600 kg N/ha. Similar yield results were obtained by Karaca
and Demir 1994 at the same region.

Tuber N uptake was increased slightly, while leaf plus vine N uptakes increased
considerably as the N rate was increased from 400 to 1000 kg N/ha (Table 1). We obtained
low % NUE values, which could be expected under irrigated sandy soils [2,3]. The percent
NUE values decreased nearly by half and the amount of N fertilizer in the 0 - 200 cm soil
layer increased more than 3 times when the N rate was increased from 400 to 1000 kg N/ha.
Nearly half of the applied fertilizer N (45.6 % ) at 400 kg N/ha and more than half of the
applied fertilizer N (60.8 %) at 1000 kg N/ha was still in 0 - 200 cm soil depth after harvest.

Four times more N fertilizer was leached beyond 200 cm soil depth when 1000 kg
N/ha nitrogen was applied instead of 400 kg N/ha rate. Our results also indicate that the
potential of contamination of the groundwaters do exist due to leaching of the applied N
fertilizer.

Table 1. Fertilizer N effects on dry matter yield, N uptake, Ndff ( as % and kg N/ha ) , total N
in the 0-200 cm (before planting and after harvest) and fertilizer N residue in the 0-200 cm,
fertilizer N leached below the 200 cm soil depth at different N rates averaged over years and locations.

Nhrogen Fertilizer Rate ( kg N/ha )
0 400 1000

Dry matter (kg /ha)
Tuber
Leaf+Vine
Total

N uptake (kgN/ha)
Tuber
Leaf+Vine
Total

Ndff

% NUE

kg N/ha

5184(789)
2447 ( 411)
7631(1147)

70.5(11.2)
40.0 ( 6.0)

110.0(15.2)

10423 (1586)
4511(758)
14934(2245)

201.3(17.4)
89.0 (10.7)
290.3 (24.6)

59.9 (2.7)
173.9 (8.6)

9024 (1308)
4642 (733)

13666 (2023)

207.0 (16.2)
106.4(11.3)
313.4(25.8)

67.2 (3.0)
210.6 (9.8)

Fertilizer N residue in
0 - 200 cm soil
depth ( kg N/ha )

Fertilizer N leached
below 200 cm soil
depth ( kg N/ha)

42.0(14.0)

182(16.8)

44

20.8 (7.4)

608(21.2)

181

Each value is average of three replications and the values in paranthesis are the standard deviations.
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Water is a scarce resource in Mediterranean Countries. The optimal water requirement
per capita is estimated to be around 1,700 mVyear; however, in many countries in West Asia,
the available water was less than 500 m3/capita/year (Table I). The situation will deteriorate
further during the next two decades as populations increase. Agriculture is the biggest user
with about 80% of the renewable water resources used for irrigation. Usually, traditional
irrigation methods are highly inefficient: with only one-third of the applied water being
transpired by the crops (Moore, 1988). Clearly, there is great scope for improved irrigation
management.

Recognising the potential use of nuclear techniques in fertigation studies, the IAEA
implemented a Regional Technical-Cooperation Project during the period 1995-1998 with
eight participating countries from Europe and the Middle East: Cyprus, Iran, Jordan, Lebanon,
Saudi Arabia, Syria, Turkey, and United Arab Emirates. The main objective was to establish
water balance and fertigation practices, using nuclear techniques which included soil moisture
neutron probe and 15N-labelled fertilizers, with a view to improving crop production in arid and
semi-arid zones. The objectives of this project are: 1) to compare the conventional fertilization
method with fertigation, 2) to evaluate the recovery of N-fertilizer applied with the
conventional method or fertigation, 3) to evaluate water use efficiency and estimate crop water
requirements under conventional fertilization and N-fertigation, 4) to evaluate potential nitrate
pollution with the conventional method and fertigation. To achieve the above objectives, field
experiments were carried out including the following treatments: 1) N s = N applied on soil
surface at locally recommended rate and furrow irrigation, 2) No = control, no N application
and drip irrigation, 3) Ni = N applied by means of fertigation at 50% locally recommended
rate, 4) N2 = N applied by means of fertigation at 100% locally recommended rate, 5) N3 = N
applied by means of fertigation at 150% locally recommended rate.

At least four sets of experimental data were collected for each of the countries involved.
Crops included: tomatoes, pepper, potatoes, cotton, lettuce, garlic and cucumber. Results
clearly showed the efficiency of fertigation in terms of water use, N fertilizer recovery and crop
yields. Data summarized in Table II show that fertigation is a very efficient technique for
conserving both water and N fertilizer and increasing crop production. On average: 1) 42% of
irrigation water saved under drip irrigation, 2) 42% increase in yield for fertigation compared
with traditional fertilizer and water management practices, 3) 79% increase for irrigation water
use efficiency based on crop yield.
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Table I: Water availability
Africa region (adapted from

Algeria
Egypt
Israel
Jordan
Lebanon
Libya
Morocco
Saudi Arabia
Syria
Tunisia
U.A.E.

Renewable
(m3/year)
year 1990
737

1,112
467

224

1,407
154

1,185
156

439

532

189

and withdrawal in some
F21).

resources per capita

year 2025
354

645
311
91

809

55
651

49

161

319

113

countries of the West Asia-North

Share of withdrawals (%)

Domestic
22
7
16
29
11
15
6

6

7

13

11

Agriculture
74
88

79
65

85

75

91

91

83

80

80

Table П: Yield and water use efficiency increase under fertigation compared to
traditional method.

water saved under drip
irrigation compared to
traditional method (%
yield increase (%)
water use efficiency
increase (%)

Iran,

tomato
furrow

50
150

300

Jordan,

tomato
drip

n.a.
20

20

Jordan,

garlic
drip

n.a.
30

30

Lebanon,

potato
sprinkler

40
40

100

Saudi
Arabia,
cucumber
drip

n.a.
30

30

Syria,

cotton
furrow

35
20

60

Turkey,

tomato
drip

n.a.
10

10

n.a. = not applicable
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The Taklamakan desert in western China is the climatically most extrem desert in
Central Asia. Cold winters (-15°C), hot summers (40°C), frequent sand storms, an annual
precipitation of 35 mm and a high water vapor deficit throughout the year represent a
harsh environment for plant life and survival. However, at the southern rim of the
Taklamakan along the ancient silk route a blooming plant life can be observed. Snow and
glacier melt in the near by Kunlun mountains are causing frequent floods in the summer
month and enable an irrigation oasis agriculture. The indigenous vegetation surrounding
the oasis is important because it prevents sand dune movement and provides fuel, fodder
and timber for local people and livestock. Due to increasing population pressure and
demand of the users the natural vegetation has been overused in many oasis resulting in
desertification and destruction of arable land.

To give recomendations for a sustainable use of the desert vegetation the ecology
of the indiginous vegetation have to be understood in more detail. Observations of local
researchers and farmers lead to the conclusion that summer floods might be a beneficial
prerequisite for plant survival in the oasis foreland. To investigate the plant adaptations to
the environment and their tolerance mechanisms to drought as an environmental stress
factor a comprehensive irrigation experiment at natural sites near Qira oasis was
conducted with three important indigenous perennial plant species. Field sites of the salt
tolerant salt cedar Tamarix ramosissima, the C-4 rod-bush Calligonum caput-medusae,
and the poplar tree Populus diversifolia were established. One plot of each species was
flooded in summer 1999, a control plot was not irrigated and leaf material for carbon
isotope determination was collected from early spring in April 1999 to autum in October
1999 every four weeks.

A stable isotope approach was used to investigate the long term water relations of
the plants. The natural abundance of I3C (513C, expressed as parts per thousand) in leaf
tissue of most C3 plants is related to whole plant water use efficiency (WUE). The reason
for this is a higher discrimination against 13C relative to 1 2C during photosynthesis and
respiration in water sufficient plants compared to drought stressed plants. Thus increases
in 513C values (more positive values) of leaves would suggest that higher WUE resulted
primarily from stomatal control of water loss to maintain plant water status in times of
water restriction. Therefore 813C values of plants can be used as an integrated long term
measure of water stress and -restriction.

The leaves of all plant species of the first harvest in April 1999 had significantly
more positive 513C values compared to those of the remaining vegetation period (Fig. 1).
It is likely that the bulk of carbon in these young and recently produced leaves was
derived from reserve carbohydrate pools in the roots and that these pools might had a
more positive 13C signature due to metabolic conversions. During the other month of the
invetigation period (May-Oct 1999) the 813C values of leaf tissue of the four investigated
plants species decreased to more negative values, indicating no stomatal limitation of
photosynthesis, a good water supply and no drought stress.
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Fig. 1. Annual variation of 83C values of irrigated and non-irrigated perennial Chinese
desert plants near Qira Research Station, China; irrigated plots were flooded with river
water in early August.

No differences were observed in 513C values between plants from the irrigated and
the control plots of Populus and Calligonum at any time. Only Tamarix plants of the dry
plot had continuously higher 813C values than the plants of the irrigated plot, but an
irrigation effect was not observed. The dry Tamarix plants grew at the top of a sand dune
compared to the control plants that grew in a dune valley. The constantly larger water
transport and conductivity resistance in the dry plants may have let to a suboptimal water
supply of the leaves and can thus explain the more positive 613C values.

It is interesting to note, that the irrigation treatment had no effect on the carbon
isotope composition of the leaves of all investigated species. These results are in line with
the water relations-, transpiration-, and sap-flow data, indicating that all plant species are
well water supplied throughout the year. Moreover, the data reinforce the assumption that
all four species have constantly contact to belowground water resources and are therefore
of phreatophytic nature.

Despite the fact that they are growing in a very arid and dry environment, water is
obviously not a limiting factor for all of this plant species as they have groundwater
contact. Consequently, flooding events have no beneficial effect in terms of water
relations but may play an important role for establishment of the plant species. Seedlings
need to develop a deep root system and deep water infiltration of the pure silty soil body
might guarantee water supply during the establishing phase of the plants.

The authors would like to thank the European Commission/BBSRC for funding the
research (contract ERB IC18-CT98-0275).
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Since 20 years natural abundance levels of carbon isotopes are used to assess water-use
efficiency of plants based on the effects of stomatal limitation on carbon isotope discrimination by
Rubisco [1]. The approach was used, with varying success, in screening crops for enhanced biomass
production and water-use efficiency. However, this method can neither be used to assess the response
of plants to short-term water deficit situations nor to study stress recovery, although these parameters
are probably more relevant for the selection of drought tolerant and highly productive crops [2].

Therefore the present study aimed at developing a method for assaying short-term stress
responses by fractionating bulk leaf carbon into lipids, soluble sugars, starch and cellulose and
analysing their 513C values. The method relies on the non-equilibrium of carbon isotope abundance in
carbon fractions of different turn-over time. Cellulose and cell wall carbon show the slowest turn-over
and (due to the fact that it constitutes most of the leaf carbon) often mask short-term changes in carbon
fractions, such as soluble sugars and starch, that undergo rapid synthesis and breakdown. The time-
course of 813C values of different leaf carbon fractions of adzuki bean (Vigna angularis) during a 7-
day drought period are presented.

3 * 5 6 7

time (days)

1 2 3 4 s е 7

time (days)

Fig. 1. Droughtstress experiment with Vigna angularis.

The soil water content declined significantly after 3 days. As expected, a fast and significant I 3C
enrichment was only found in soluble sugars and starch in response to water deficit, but not in
cellulose and lipids. Thus, fractionating leaf carbon and measuring its isotopic composition is a
sensitive tool for studying short-term water deficit of plants.
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Beside this, a simple "field"-method based on the comparison of carbon isotope signatures of
bulk leaf carbon and tissue sap, the latter representing a more active metabolic pool (i.e. soluble
carbohydrates), was developed. The method was applied to a study of the stress response of a drought
and salt tolerant tomatoe {Lycopersicon esculentum) cultivar.
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Fig. 2. Stressexperiment with Lycopersicon esculentum.

After three days of withholding water (drought treatment) or exposing the plants to 250 mM
NaCl (salinity treatment) the 513C value of the bulk leaf material was not significantly different from
that of control plants. However, the difference between bulk leaf and tissue sap carbon isotope
composition (Д513С = 513Cbuik - 513CsaP) was only 0.40%o in controls, while it was -0.95%o and -2.24%o
in salt and drought stressed leaves, respectively. The differences in A613C between controls and both
treatments were highly significant (P<0.001), thus proofing the suitability and sensitivity of the
method for assessing short-term stress responses.
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Tropical legumes play a vital role in maintaining soil fertility of tropical fanning systems (1). This is due to
their capacity to biologically fix atmospheric nitrogen through the Rhizobium - Legume symbiosis and their
inherently high nitrogen content in the biomass. In the tropics, a principal factor affecting the process of biological
nitrogen fixation (BNF) which helps these plants accumulate nitrogen is water stress (2). This is due to the wide
variations in rainfall and irrigation facilities in these regions. Most food legumes in the tropics are cultivated under
rainfed conditions and hence their susceptibility to water stress is greater. However, comparative studies have not
clearly reported the impact of soil moisture deficits on BNF of tropical legumes grown under similar conditions.
Thus, a field study was carried out over the dry seasons of two consecutive years to determine the effect of soil
moisture on nodulation and BNF of 10 common tropical food and fodder legumes.

The field study was conducted on two separate sites over the dry seasons (May - August) in 1994 and
1995 at the experimental station of the University of Peradeniya, Sri Lanka. The mean rainfall and pan evaporation
in this period was 514 mm and 625 mm respectively, thus subjecting all crops grown under rainfed conditions to soil
moisture deficits. The mean temperature was 29.6°C with a humidity of 68%. The legume species used were
Sesbania rostrata (Sesbania), Vigna radiata (Mungbean), Phaseolus vulgaris (Common beans), Vigna unguiculata
(Cowpea), Psophocarpus tetragonolobus (Winged bean) Arachis hypogea (Ground nut), Crotolaria juncea
(Crotolaria), Cajanus cajan (Pigeon pea), Desmodium ovalifolium (Desmodium) and Stylosanthes gracilis (Stylo),
with Elucine coracana (Finger millet) as the test crop. The soil moisture regimes imposed onto separate plots were
the supply of water (30 liters per plot at three day intervals - Irrgated) or the absence of supplementary water (Non
Irrigated). Thus the experiment which had 20 treatments was replicated four times within a randomized block design
in each season.

The species were planted in well prepared plots of dimensions 4 x 4 m, having isotope microplots of
dimensions 1 x 2 m. Nitrogen fertilizer (Ammonium sulphate) having a 15N atom excess of 10% was applied to the
microplots just prior to planting at a rate equivalent to 40 Kg N per ha. The other areas of the plots received the
same quantum of nonlabelled Ammonium sulphate. All plots were supplied with 60 Kg P and 50 kg K2O at the same
time and the crops were managed as per recommendations available in Sri Lanka.

At the V8/R1 growth stages of each crop, 6 plants of each species were carefully uprooted from the
microplots, roots carefully washed and numbers of nodules counted. Thereafter, these plants were dried at 80°c for
48 hours and weighed. Subsamples of plants were ground and analyzed for total nitrogen and 15% enrichment by
mass spectrometry. The soil moisture of each plot upto a depth of 40 cm was also determined gravimetrically at five
day intervals from the day of planting until the sampling and mean value determined.

The data of the two seasons were pooled due to their similarity, and was subject to appropriate statistical
analysis to determine the significance of observed differences and the presence of interactions.

The mean soil moisture contents of irrigated and non irrigated plots were between 75 - 90% of field
capacity and below 50% of field capacity respectively. Thus plants grown in the non irrigated plots were subjected
to soil moisture deficits during their growth period.

Nodule numbers of all species declined in non irrigated plots (Table 1), with no interaction between species
and soil moisture. The reduction was less than 10% in all species with the exception of common bean, a poor
nodulating species (28%) and in Desmodium. Thus the process of nodulation does not seem to be affected
significantly by soil moisture deficits in these species, grown under field conditions.
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Table 1: Nodulation and nitrogen dynamics of tropical legumes as affected by soil moisture.

Species Sou Moisture Nodulation

Sesbania

Mungbean

Commonbean

Cowpea

Wingedbean

Groundnut

Crotalaria

Pigeonpea

Desmodium

Stylosanthes

(per plant)

Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated
Irrigated
Non Irrigated

84
78(7%)
126
115(8%)
49
35(28%)
145
131(9%)
96
89(7%)
127
116(8%)
174
160(8%)
105
97(7%)
47
42(18%)
85
81(4%)

NdfF

41.6
51.2(24%)
28.5
36.4(28%)
85.4
101.818%)
105.8
139.0(32%)
185.6
232.5(25%)
112.5
149.4(32%)
135.8
169.4(25%)
114.8
154.9(36%)
128.4
161.9(25%)
95.4
124.0(30%)

NdfA
— mo >J/Plant

275.4
215.4(21%)
164.5
126.5(23%)
127.8
62.5(51%)
426.5
358.2(15%)
458.6
305.6(33%)
182.4
146.5(19%)
242.5
195.2(19%)
385.9
352.4((8%)
194.5
249.5(28%)
285.2
231.9(18%)

NdfS

37.2
46.5(24%)
24.6
31.5(29%)
62.5
96.2(54%)
34.1
42.5(23%)
42.8
58.4(38%)
46.4
64.8(26%)
40.8
52.6(30%)
50.8
59.5(18%)
45.9
59.0(31%)
60.5
76.1(26%)

Probability Species 0.038 0.029 0.004 0.017
Irrigation 0.001 0.031 0.002 0.040
Interaction 0.514 0.009 0.016 0.022

•Data in parenthesis indicate percentage increase (NdfF and NdfS) and decrease (Nodulation and NdfA) in measured parameters when compared
to irrigated plants within a species.

The lack of adequate soil moisture had a significant influence on the N dynamics of all species (Table 1).
The response of different species varied due to the adaptability of the crops to lower soil moisture. In all species, N
derived from fertilizer (NdfF) increased under low soil moisture. The most significant increase was in pigeon pea,
Cowpea and Stylosanthes, which are well adapted to dry conditions. The lowest increments were in common beans,
followed by Sesbania, Crotolaria and Winged bean. The increments in NdfF of all other species lay in-between these
values. This showed that under dry conditions, drought tolerant species have the capacity to exploit fertilizer N
more efficiently.

The lack of soil moisture reduced BNF (NdfA) of all species, while increasing N derived from soil (NdfS).
The most significant reduction in BNF was in common bean, a drought susceptible and poor N fixing species.
Again, the lowest reduction in BNF in non-irrigated plots was in pigeon pea and Cowpea, which are adapted to dry
conditions. Furthermore, the ranking of species on the basis of the reduction in BNF due to soil moisture deficit was
Common bean>Wingedbean>Desmodium>Mungbean>Sesbania>
Groundnut/Crotolaria>Stylo>Cowpea>Pigeonpea. This clearly illustrated the response of BNF in common tropical
legumes to soil moisture deficits.

The declining BNF of all species was associated with an increase in NdfS. The highest uptake of soil N
was in common bean, followed by winged bean, both species adapted to moist conditions. The lowest increment in
NdfS was in pigeon pea, which is drought tolerant. An analysis of NdfF and NdfS illustrated a negative relationship
(Y = 10зл4.Х" r2 = 0.641) thus indicating the greater use of soil N by species not adapted to dry conditions, due to
lower utilization of fertilizer N under moisture stress.

The overall analysis of the data clearly suggests that nodulation per se is not significantly affected by soil
moisture stress. The species thus seem to reduce nodule activity rather than numbers under dry conditions as
indicated by the lower BNF. In addition, the species adapted to dry conditions increase the uptake of applied N, to
maintain nitrogen balances in the plant rather than exploit the soil N. In contrast, species such as common bean,
Winged bean and Sesbania, which require adequate soil moisture tend to lower BNF significantly, while increasing
the uptake of soil N rather than applied fertilizer. This would remove significant quantities of N from the soil,
leading to the loss of sustainability of the ecosystem. Thus, farmers who plant legumes in the dry season under
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rainfed conditions for food or fodder should be encouraged to grow species that are adapted to lower soil moisture
conditions to mmimize the loss of nitrogen from the ecosystem and maintain biological nitrogen fixation. If species
such as common bean are grown in dry seasons, they need to be provided with supplementary irrigation to prevent
the reduction of N from the rhizosphere.
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The Republic of Bulgaria is a country affected by uranium mining in the
period from 1958 to 1994. In this paper the Radioecological status of environment in the
region of village Elechnitza is shown.

Elechnitza is a settlement with nearly
3000 people. It is situated in a district
where underground and open-air
uranium mining was being made. There
the second uranium milling plant was
situated, as well. It worked from 1966
to 1994. It is characteristic for
Elechnitza region the presence of
numerous small by size ore materials
with not high content of uranium,
situated in a small depth of the earth. A
few uranium pits had been established

and two of them were near the village. Zlataritza river flows trough the village. Close to the
settlement there is a water mirror of the tailing pile which draining waters are flowing directly
in the Mesta river without passing trough Elechnitza. Part of the effluents collected in the
Dunberishko and Gensko dulls. Elechnitza is clasifficated as a region with high radioecological
risk. The maximum value of the average of effective population dose is 15.0 mSv/y.

The aim of this study is to present an assessment of environmental and
food-chain contamination level by uranium and radium-226 contents in waters, soils and
sediments and total beta activity in waters are discussed. Results from the analyses carried out
in the period from 1991 to 1999 are presented. Waters from Zlataritza river, Dunberishko and
Gensko dulls, draining waters from the wall of the tailing pile, mineral and drinking waters
from the village, soils from and near Eleshnitza village and sediments were investigated.

The analyses were carried out by the regulated Bulgarian State Standard
methods as follows:
1. Naturally occurring uranium - by luminescent method
2. Radium-226 - by measuring of daughter product radon-222 activity
3. Total beta activity - by beta counting of dry residue activity.
Published results from other researches were used in the conclusions of the paper, too.

The obtained results show that the contents of uranium and radium-226
in surface waters, except those from draining waters below the tailing pile, are in the normal
limits. Drinking and mineral waters from the settlement by their radioecological indexes are in
the limits regulated by Bulgarian State Standards, too. The maximum content of natural
uranium is 6.0-10"4 gU/1; of radium-226 is 0.15 Bq/1 according to Bulgarian State Standards.

60



The results obtained concerning soils and sediments in the region of
Eleshnitza show from 3 to 5 times higher concentration of uranium in comparison to the
average contents in the regions which lack uranium in the soil.

It is interesting to note the fact that the uranium and radium contents in
plant and animal products from Eleshnitza are statistically close to the average measured
values in Bulgaria due to the transfer coefficients which are less than 1.

The investigation gave one radioecological assessment of the region
around Eleshnitza. It was comprised researches about health status of people leaving in the
region.

The conclusion is, that there is not a correlation between oncological
illnesses, children mortality and environment parameters.

Summing up the things which we have already said, the radiation
situation around uranium milling plant is almost the same as other industrial regions and does
not endanger the population health.
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In organic farming systems, biological nitrogen fixation is the main source of nitrogen.
Since livestock husbandry plays a rather minor role in the pannonic region of eastern Austria,
green fallows with mulching of plant material is practice in organic farming as well as
conventional farming systems. Nitrogen mineralised from this material may increase
inorganic nitrogen contents in the soil. High concentrations of nitrogen can limit nitrogen
fixation. Under the pannonical climate conditions, legume growth and biological nitrogen
fixation can also be limited by draught during the growing season. In this investigation the
performance of different fodder legume species and legume-grass mixtures (under different
forms of utilisation) is compared in the context of the plant-available water supply. Lucerne
is expected to perform best biomass production, biological nitrogen fixation and water use
efficiency.

Introduction:
The overall aim of this project was to optimise fodder-legume dominated crop rotations

in organic farming systems in the pannonic region of eastern Austria. Legume-grass-mixtures
and monocultures are going to be compared in a system with cutting for fodder (alfalfa,
alfalfa-grass, red clover, white sweet clover) and in a stockless mulching system (alfalfa)
with respect to:

• dry matter yield (above ground plant biomass and root biomass) and N-yield

• capacity of biological N fixation (BNF)

• water use and water use efficiency

• N balances

• Dynamics of inorganic N in soil (0 - 90 cm)

• Water use and water use efficiency

It shall be tested if N-balances are higher under a mulching regime than under a cutting
regime, in turn of reducing BNF.

Methodology:
In a two-year experiment (2000, 2001), monocultures (alfalfa, red clover, white sweet

clover) and mixtures (alfalfa-grass-mixture, grass-mixture as reference crop) have been
grown on a Chernozem with an average sum of precipitation of 554 mm and a mean annual
temperature of 9.8 °C at the Gross-Enzersdorf research farm, University of Agricultural
Sciences, Vienna. The experimental plots were established in four replicates (randomised
complete block design). Fertiliser labelled with 1 5N (potassium nitrate) was applied on micro-
plots (2.25 m2) within the legume- and reference plant-plots at sowing-time at a rate of 0.1 kg

5N ha"1 and is going to be re-applied after each cutting to estimate biological nitrogen
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fixation by the 15N dilution method. Plant and N yields are going to be determined for every
cutting. Soil water contents and mineral N contents are going to be monitored. N balances,
evapo-transpiration and water use efficiency will be calculated.

Results and Discussion:
Methodological aspects of estimating biological N fixation by the 15N dilution method

in a mulching system will be discussed and first results are presented.
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An investigation was carried out to determine iodine-131 uptake and transfer factor in rice (IR
20) under potculture with three soils of different texture viz., a sandy clay loam, a sandy loam and a
sandy soil. The soils were contaminated with four factitious levels of 1 3 1I @ 20, 40, 60 and 80 kBq kg'1

of soil and replicated twice in a factorial completely randomised design. The results indicated that soil
texture greatly influenced the biomass yield, 1 3 1I uptake and TF in rice. The effect of levels of 1 3 1I was
significant only in case of grain. In case of straw, both the 1 3 1I content and uptake were not influenced
by either of the variables in the experiment. The 1 3 1I uptake by grain appeared to increase with the
level of 1 3 1I contamination. The highest uptake was at the highest level of 1 3 1I contamination and in
the sandy loam soil. The TF values in all the three plant parts decreased significantly with the 1 3 1I
contamination levels and were lowest, quite interestingly, in the sandy clay loam soil for root and in
the sandy soil for grain. The TF followed the order: root > straw > grain.

Introduction:
Iodine-131, 90Sr and 137Cs are considered by far the serious pollutants in the general

environment from the fall out and as atomic wastes. Though 1 3 1I has short half-life (8.04 days), it is
graded as a serious pollutant because of its high yield during fission, weapons testing and reactor
accidents [1].

Iodine-131 can enter into food chain through two major pathways. First is through consumption
of grains / kernels of food crops grown on the soil which is heavily contaminated. Other is through
grass and hay-cow-milk pathway. This investigation was carried out to study the effect of four levels
of I 3 1 I contamination of soil on the uptake and soil to crop transfer factor (TF) of 1 3 1I in different parts
of rice.

Methodology:
We determined iodine-131 uptake and transfer factor in rice (IR 20) in a pot experiment with

three soils of different texture viz., a sandy clay loam (Typic Haplustert), a sandy loam (Mixed Typic
Ustipsamment) and a sandy soil (Typic Ustropept).

Twelve kg of 2mm-sieved soil was placed in ceramic pots of diameter 30cm and height 30cm.
The soils in the pots were brought to a puddled condition and contaminated with 1 3 1 I, as carrier-free
sodium iodide in dilute sodium thiosulphate medium, at four different levels of 20, 40, 60 and 80 kBq
kg"1 of soil. The treatments were replicated twice in a factorial completely randomized design.
Common basal applications of N (@60 kg N ha"1 as urea), P (@26.22 kg P ha"1 as super phosphate)
and К (@49.80 kg К ha"1 as potassium chloride) were made to the pots.

Rice seedlings (21 day old) were then transplanted in the pots @ 6 plants per pot in three hills.
A month after transplanting, a top dressing with urea (@30 kg N ha" j was given, followed a month
later by another dose of 30 kg N ha 1 . The crop was harvested at maturity as root, straw and grain.
The oven dry weights of the samples were recorded. The samples were analyzed for 1 3 1I activity using
a Nal (Tl) gamma ray spectrometer. From the radioassay data, the 1 3 I I content, uptake, and transfer
factor (TF) were computed [2].

Results:
1. Biomass yield of rice

The different levels of 1 3 1I had a significant influence only in case of rice grain. As the level of
1 3 1I contamination was increased, the biomass of rice grain was also found to increase, culminating in
the highest biomass at the highest level of 1 3 1I (Table I). This indicated the positive influence of 1 3 1I on
rice grain biomass. Of the three soils, the biomass yield of both grain and straw in the sandy loam soil
was the highest. This was obviously due to the inherent fertility status of the soil.
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2. Iodine-131 uptake in rice
The nature of soils and the levels of 1 3 1I contamination had a significant effect on the 1 3 1I uptake

only in respect of grain (Table II). Since the grain biomass of rice was influenced by the soils, so was
the uptake. Likewise, the I content in grain was also influenced by the levels of I and soils. Hence
the observed trend.

Among the soils, by virtue of having recorded a comparatively higher 1 3 1I content and biomass
of grain than the other two soils, the sandy loam soil recorded the highest I 3 1 I uptake values.
Interestingly, higher values of 1 3 1I uptake in grain at higher levels of contamination was due to its
effect on increase in biomass of grain and on 1 3 II content in grain.
3. Soil to crop transfer factor of iodine-131 in rice

Absorption of a radionuclide from soil to crop is quantified in terms of transfer or concentration
factor, which is defined as the ratio of the radioactivity per unit dry weight of the plant (or individual
organ and the activity per unit dry weight of the soil in the root zone.

The soils to crop transfer factors are predominantly a function of soil type. This was well
brought particularly in case of rice root and gram. The sandy soil recorded the highest TF values in
root and in case of grain, it was the sandy loam soil. The lowest sorption of 1 3 1I in these soils due to
their light texture had evidently resulted in the high TF values.

The levels of I 3 I I had significantly influenced the TF values in individual parts of rice. The
levels of I 3 1 I and TF values had an inverse relationship. Decreasing 1 3 1I TF with increasing
contamination levels in soil might be attributed to the non-linear relationships between the ion-uptake
by plant roots and ion concentration in the rooting medium. The TF in rice followed the following
order: root > straw > grain. Lower TF values in grain, as compared to straw and roots, have also been
reported earlier [3,4].

Conclusions:
The results of our study indicated that soil texture greatly influenced the biomass yield, I 3 1 I

uptake and TF in rice. The effect of levels of t 3 1 I was significant only in case of grain. In case of
straw, both the 1 3 1I content and uptake were not influenced by either of the variables in the experiment.
The 1 3 1I uptake by grain appeared to increase with the level of 1 3 1I contamination. The highest uptake
was at the highest level of I contamination and in the sandy loam soil.

The TF values in all the three plant parts decreased significantly with the 1 3 1I contamination
levels and were lowest, quite interestingly, in the sandy clay loam soil for root and in the sandy soil for
grain. The TF followed the order: root > straw > grain.

Table I : Effect of levels of I on the biomass yield of rice grain.
LEVELS OF 1 3 1 I
(KBQ KG'1 OF SOIL)

20
40
60
80
MEAN

Table II: Effect of levels
LEVELS OF 1 3 1 I
(KBQ KG"1 OF SOIL)

Sandy clay
soil
10.60
8.45

11.35
13.00
10.85B

of 1 3 1 lonthe

Sandy clay
soil

Biomass yield (g pot"1)
loam Sandy loam soil

11.50
15.40
17.25
18.85
15.75A

Ш 1 uptake by rice grain.
k'l uptake (kBq pot"1)

loam Sandy loam soil

Sandy soil

9.90
10.35
10.55
11.50
10.58B

Sandy soil

MEAN

10.67B
11.40B
13.05AB
14.45A

MEAN

20
40
60

_80
Mean

3.89
8.48
5.07

7.87
6.33B

7.98
10.60
11.29

10.93
10.20A

2.43
7.77
6.55

9.58
6.58B

4.77B
8.95A
7.64A

9.46A
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Table III: Effect of levels of *I on the soil to crop TF of 131I in rice grain.
LEVELS OF I3'I

(KBQKG"!OFSOIL)

20
40
60
80
MEAN

Sandy clay loam
soil
18.33
25.17
7.49
7.60
14.65B

Transfer factor
Sandy loam soil

35.10
17.25
10.84
7.23
17.61A

Sandy soil

12.25
18.93
10.08
10.45
12.93B

MEAN

21.89A
20.45A
9.47B
8.43B

Means within a column or row followed by different letters are significantly different at P = 0.05.
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Soil erosion is the main degradation process in tropical agroecosystems. Erosion rates
should be considered in land evaluation and conservation planning assessment. The methods
available for erosion prediction are not sufficiently calibrated or validated for tropical soils,
climates and crops. Thus, differences in estimated soil erosion values may be expected, even
if considering the same input data. Three soil erosion estimation methods (Universal Soil Loss
Equation (USLE) [1], Water Erosion Prediction Project (WEPP) [2] and 1 3 7Cs fallout
redistribution analysis [3]) were applied to the same watershed cultivated with sugarcane in
Southeastern Brazil near Piracicaba (S 22°38'54" and W 47°45'40"). An interface program
was used to georeference the erosion prediction models and allow its application using
Geographic Information System tools (TNTmips Micro Images® version 6.2).

The absolute erosion rate values and the differences in the spatial distribution were
evaluated. The differences or residues for all model combination (137Cs minus USLE,
1 3 7Cs minus WEPP and USLE minus WEPP) were calculated by subtraction of individual
pixel values. The overall results (Table 1 and 2) suggested that there are important differences
in soil loss estimated by the three methods. The differences occurred in both, mean values and
geographic locations. The sequence of mean soil loss values was USLE» 1 3 7Cs>WEPP and
standard deviation values USLE>WEPP>137Cs, indicating that USLE predicted the highest
erosion values and spread out over the widest range. The poor geographical coincidence of the
results is evidence that the values resulting from none calibrated soil erosion methods should
be considered only as qualitative indications. The method selection should consider local
variability in relation to known sensitive method factors.

The basic assumptions of the erosion prediction method had a significant influence on
both, mean erosion or deposition rates and geographic distribution patterns. The election of
the method to predict erosion can influence significantly the final interpretation of erosion
associated impacts.

* The work reported was undertaken as part of a FAO/IAEA Coordinated Research Project funded by
the International Atomic Energy Agency (IAEA) BRA-8898 and a partially sponsored by FAPESP.
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Table 1: General statistics, differences between methods (subtraction) and erosion/deposition
frequencies.

Method
137Cs

USLE

WEPP

137CS-USLE
137CS-WEPP

USLE-WEPP

Minimum

-86

0

-831

-405

-120

-6

Maximum

Mg

59

435

146

53

860

831

Mean

ha'1 year"1

]

28

52

13

Standard Deviation Erosion or (+)

Predicted soil erosion

16

39

20

Difference between methods

-24

16

39

41

26

36

93.4

100.0

83.7

30.9

76.8

99.6

Deposition or (-)

%

6.6

0.0

16.3

69.1

23.2

0.4

Table 2: Frequencies of estimated soil erosion classes and method subtraction classes.
Class in Mg ha"1 year"1

>90 60 to 90 30 to 60 15 to 30 0tol5 Oto-15 -15 to-30 -30 to-60 <-60

Method
137Cs

USLE

WEPP

0

13

0

0

24

0

57

28

6

26

19

48

%

10

16

29

5

0

10

1

0

4

1

0

2

0

0

1

Class in Mg ha"1 year"1

>36 36 to 12 12 to 6 6 to-6 -6 to-12 -12 to-36 <-36

'"'Cs-USLE
137CS-WEPP

USLE-WEPP

3

20

44

18

33

32

5

15

10

9

16

14

5

6

0

26

8

0

34

2

0
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137Cs , which was derived from the past atmospheric testing of nuclear weapons (from
the 1950s to 1970s), is a useful radionuclide for obtaining estimates of soil loss caused by
erosion over a relatively long period (about 35 years). The measurement of the inventory (total
activity per unity area in Bq m'2) allows rates of soil erosion and deposition to be determined.
In this work, the 137Cs technique is applied in Morocco to some fields in the Zitouna basin (
area : ~ 6 km2 ) located about 50 km west of El Hoceima (in the north). The site was selected
with the collaboration of the Administration des Eaux et Forets et de la Conservation des Sols
(Ministry of Agriculture). The results obtained have confirmed the potential for using the 137Cs
technique in Morocco but they have also identified some limitations and constraints associated
with the local conditions.

The sampling strategy was based essentially on the selection of fields (Cl, C2, C3) on
slopes of different steepness (20%, 10% and 7% respectively) and the identification of at least
one suitable reference site (undisturbed site) in order to establish the reference inventory. For
optimising the number of collected samples the slope transect approach was adopted which
consists of a sequence of a samples along the axis of greatest slope from the upslope to the
downslope boundary ( 1 transect for Cl and C3 fields and 2 transects for C2 field). The
stoniness of soil rendered the sampling density limited. A motorised cylindrical tube ( ca. 67
cm2) inserted to a depth of 30 cm was used to collect samples. All soil cores were dried ( ~
100°C ), lightly ground and sieved ( < 2 mm). The 137Cs activity was determined by gamma
spectrometry ( g peak at 662 keV) using an HpGe detector. For obtaining the 137Cs profile, the
cores were sectioned into 1-2 cm.

The nature of soil (undisturbed or cultivated) has been confirmed by the 137Cs profiles
(fig. 1, 2). The reference inventory determined from 10 sampling points is 1021± 169 Bq.m"2.
On the cultivated fields ( C l , C2, C3 ), the 137Cs inventories obtained are generally lower than
the reference inventory, particularly those of the upslope boundaries, indicating the loss of soil.
On the contrary, the soil deposition areas corresponding to high 137Cs inventories with regards
to the reference, are observed nearly to the downslope boundaries. Generally the 137Cs
inventories, in the eroding zones, are comprised between 300 and 1000 Bq.m'2.
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Fig.1: Cs-137 profile associated
with the reference site

Cs-137 (Bq/kq)

Fig.2: Cs-137 profile associated
with cultivated site (C2)
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To derive quantitative estimates of the rates of soil erosion and deposition from Cs
measurements in the cultivated soils, two models has been applied : proportional [1,2] and
simplified mass balance [3]. An indication of the soil redistribution along one transect of the
C2 field using the two first models is given in the figure (3) ( soil erosion preceded by sign - ) .
The same soil redistribution trend is obtained for the two models, the difference appears for
the high soil erosion rate. However the mass balance model was used for the final
interpretation of the results because it takes into account the dilution of 137Cs concentrations
in the soil within the plough layer due to incorporation of soil from below the original plough
depth after surface lowering by erosion. For the Cl field (high slope angle, -20%) , the
eroding length represents about 83% of the total length (220 m ) of the transect and the
erosion rates vary from 12 to 40 t.ha'1. yr"1 . These variations reflect a complex topography
of this field. Taking account of total length of the transect, the gross erosion rate is about 18.6
t.ha"1. yr*1 and the gross deposition rate is 2.0 t.ha"1. yr"1. The net erosion rate which
represents the amount of soil leaving the field is about 16.6 t.ha"1. yr"1. It corresponds to 76.5
% of sediment delivery ratio. For the C2 field (middle slope angle, ~ 10%), the soil movements
in the two transects are approximately the same confirming the validity of the lateral uniform
137Cs distribution hypothesis and the slope transect approach. The gross erosion rate (mean
from the two transects) is about 11.9 t.ha'1. yr"1, lower than the value obtained for С1
field with high slope ( ~ 20 %). The net erosion rate is 5.4 t.ha"1. yr'1 corresponding to only
50% ratio of sediment delivered.

Concerning the C3 field with low slope angle (~ 7%), the gross and net erosion
soil rates are 7.2 and 6.3 t.ha"1. yr'1 respectively corresponding to practically the totality of
exported soil ( ~ 90%) from this cultivated site. The summary of results for the 3 fields is
reported in table 1.

The study has allowed to obtain information about the potential for using the 137Cs
technique in Morocco to assess the rates of soil erosion and deposition . The main problems
encountered in the investigated region were the identification of appropriate undisturbed
reference sites, the stoniness associated with the soil heterogeneity for the cultivated sites.
However the preliminary results obtained, even if the sampling points were limited, provide
indication about the soil degradation on the Zitouna basin in relation to slope steepness and
the net soil export from the fields which can contribute to the sedimentation in reservoirs.
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Fig.3: Soil redistribution on one cultivated site
(C2T2)
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Downslope (m)

T 150

—•— Mass balance model
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Altitude

Field
Cl

C2-T1
C2-T2

C3

Erosion
rate (tha" V"')

Mean
22.3
19.2
17.6
11.9

Gross
18.6
12.0
11.8
7.2

Deposition
rate (tha'V')

Mean
11.7
22.9
12.9
2.1

Gross
2.0
8.8
4.3
0.8

Net erosion rate
( tha 'yr1)

16.6
3.4
7.4
6.3

Sediment delivery
(%)

76.5
28.1
77.0
88.0

Table 1: Soil redistribution rate in the selected fields.
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Hydrological connectivity between rivers and their adjacent floodplains influences the
quality and quantity of organic matter, organism recruitment and the productivity within the
water column. Dynamic exchange patterns lead to alternating situations dominated by
particulate matter produced or retained in a sidearm or by particles imported from the main
channel. In most temperate rivers, a drastic anthropogenic influence on the riverine wetlands
has been exerted by damming due to river regulation. The River Danube downstream Vienna
still represents a floodplain-system with the basic hydrological exchange patterns, where
different floodplain segments exhibit gradients of connectivity according to river distance and
inflow areas. Particulate organic matter (POM) separated by filtration through a glass-fibre
filter, comprises up to 50 % of the total organic carbon in connected floodplains of the River
Danube. The dynamics of POM are mainly controlled by the hydrological regime of the river
(Fig. 1) and follow the dynamic change of autochthonous and allochthonous sources of POM.
Elemental composition and stable isotope-signatures can be used as a tool to investigate the
composition quality and POM. Mean 813C signatures and C:N ratios of autochthonous POM
were significantly lower (-31.8 ± 0.6%o; 6.6 ± 0.2) than riverine POM (-23.1 ± 0.9%0; 9.4 ±
0.6). The hydrological connectivity expressed as retention time was strongly related to 513C
values (1^= 0.52) and to C:TSf ratios ( r ^ 0.56).

1999 2000
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Fig. 1: Water level of the River Danube (simple line), S13C-signatures
(•) and 815N-signatures (o) of POM in the floodplain throughout the
investigation period.
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Further proof for the applicability of this method was found in significant relationships
between 613C values and C:N ratios (r2 = 0.93) (Fig. 2 A) as well as POC:Chl-a ratios (r2 =
0.6) (Fig. 2 B). Similar trends were found between C:N ratios and 51 5N signatures, POC:Chl-a
and 515N and POC:Chl-a and C:N ratios.
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Fig. 2: Correlations between elemental parameters and 813 С-signatures in
different sampling locations (PI, P2, P4, P6).

Based on these findings, conclusions about the biological relevance of POM can be
drawn. Microbial colonisation and utilisation of particles is strongly dependent on their
composition and on their state of degradation, pointing to the important role of POM in river
floodplain systems.
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The nitrogen isotopic ratio (5N-15) has been used extensively as an indicator of the source of
nitrate in the hydrosphere and as a measure of the degree of isotopic fractionation caused by chemical
transformation such as denitrification [1]. However, those applications sometimes can be limited by
the lack of discrimination or by local variations in the sources, sinks, and isotopic fractionation
factors. The 50-18 value of nitrate has the potential to resolve some of the ambiguities presented by
6N-15 data because some sources of oxygen in nitrate are isotopically distinctive and because
fractionation of the О isotopes is proportional to that of the N isotopes during common
transformations such as denitrification [2,3]. Therefore, simple, precise and automated methods were
developed and well established to analyse both 8N-15 and 50-18 of nitrate in environmental samples
[4,5]

However, if investigating 50-18 values in natural salt samples one important but often
neglected problem still remains. This is sample clean up of nitrate from environmental water samples
containing complex matrices with dissolved organic matter and other О-bearing salts in
concentrations of the same order as nitrate. Fulvic acids, which are regularly found in ground water
and surface water samples, contain a certain amount of carbon bound oxygen. The oxygen of the
dissolved organic matter will also be converted to C02 by combustion and thus can bias the results of
the isotopic measurements. Therefore, dissolved organic matter must be quantitatively removed
before further combustion of the sample to CO2 and 50-18 isotopic measurements of nitrate can be
undertaken. Therefore, we developed a new clean up technique for the isolation of nitrate from natural
water samples [6]. A new and efficient clean up strategy based on cation exchange, adsorption of
interfering compounds onto polyvinylpyrrolidone and precipitation of sulphate with BaC12 was
developed for the quantitative elimination of non NO3"-O-containing substances. The development
and the application of this technique will be presented in this paper. Precipitation, surface water and
soil water samples were collected in a forest stand in Tyrol/Austria.

The clean up techniques investigated consist of three main steps: cation exchange, adsorption
of organic compounds onto solid adsorbents and precipitation of sulphates with BaC12 after pH
adjustment (Fig. 1). Evaporation to dryness yielded the purified samples, which were analysed for
total nitrogen and total oxygen. These results were compared to the N 0 3 " - nitrogen and N 0 3 " -
oxygen content of the original samples. Polyvinylpyrrolidone, activated carbon and С18 material were
investigated as adsorbents for organic compounds in method А, В and C, respectively. The recovery
of nitrogen in the control samples was 90 - 100% for methods A and C, and was about 40 % for
method B. Thus, in case of method В more than 50% of the nitrate was adsorbed onto the activated
carbon.

The application of method A to С for samples with a complex matrix (forest soil water
samples) resulted as follows: Method С (clean up with cation exchange, adsorption onto C18 and
precipitation of sulphate with BaC12) led to a recovery of 55% of N and contamination with 0. Up to
96% of the oxygen detected in the extract therefore does not originates from N03". The low recovery
of nitrogen in comparison to the control samples may be due to matrix induced N03" - adsorption on
the C18 material. Method В (cation exchange, adsorption onto activated carbon, precipitation of
sulphate with BaC12) gave similar results (recoveries: 46% of N and 147% of O).
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Fig. 1. Scheme of clean up methods А, В and C.

By the introduction of polyvinylpyrrolidone non N03" - oxygen could be removed almost
quantitatively. The recovery of nitrogen and oxygen was higher than 90%. Ion chromatographic
determination of the N03" concentrations in the treated samples proved that nearly 100% of the total
nitrogen and total oxygen originate from nitrate. This method was applied to a set of soil water and
precipitation water samples, which were collected in a forest stand in Tyrol/Austria.

While 6N-15 - nitrate values were determined in all water samples, 50-18 measurements
were only conducted in a selected set of samples. The stable isotope values were used to estimate the
nitrate dynamic in the forest soil. High variations in 5N-15 - nitrate values of the rainfall indicate that
nitrate of different sources is deposited at that site. A significant correlation between the 8 N-15 -
nitrate values of the surface water and soil water were obtained, while no significant correlation
between the 5N-15 - nitrate values of any precipitation sample with the surface water could be found.
The 60-18 measurements supported these findings.
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MATERIALS BY NEUTRON ACTIVATION ANALYSIS

T. SHINONAGA, M.H. GERZABEK, K. MUCK, J. CASTA
Austrian Research Centers, A-2444 Seibersdorf, Austria

Iodine is an essential nutrient whose metabolic function appears to be due entirely to its
presence in the thyroid hormones. Adequate iodine levels in food and feed plants are required in
animal nutrition and in human diet [1]. On the other hand, release of the long-lived radionuclide 1 2 9I
(Ti/2= 1.6 x 107 y) from the plants of nuclear fuel cycle results in a small fraction of environmental
iodine 1 2 9 I. Iodine-129 is expected to behave in the environment in a similar way as stable iodine over
a long time scale [2]. Therefore, in both contexts the estimation of iodine concentrations in an
important foodstuff is quite important. However the information on iodine contents in cereal grains is
very limited, mainly due to the difficulty of determination of trace amount of iodine in plant samples.
Neutron activation analysis has been frequently used being the most sensitive analytical technique for
trace amounts of iodine. With very low levels, radiochemical separation techniques were additionally
applied to the instrumental neutron activation analysis. Isotope dilution mass spectrometry has also
been used for the measurement of trace amounts of iodine since the 1980th [3]. Due to recent
developments of instruments and analytical techniques, the inductively coupled plasma mass
spectrometry (ICP-MS) can be mentioned [4]. The advantage of ICP-MS analysis is a simultaneous
determination of chlorine, bromine and iodine.

In this study, the low concentrations of iodine in cereal grains cultivated in Austrian agricultural
area and in the four standard reference materials for plants and rock were determined by RNAA and
INAA. Iodine in the cereal grain samples cultivated in Austria was determined for the first time in this
study. The samples were dissolved in an alkaline and acidic solution and iodine was separated from
the solution as palladium iodine. For the acidic dissolution, the mixed solution of three different ratios
of HNO3, HC1, and НСЮ4 was examined to find out the suitable solution to dissolve the sample.
Rapid and simple dissolution procedure with acidic solution was demonstrated in this study. The
decontamination factors, detection limits for each method, and the standard deviations were estimated,
and the precision and the accuracy of presented methods were discussed.

The cereal grain samples analyzed in this study were collected in different agricultural regions
in Austria. They are classified in winter wheat, spring wheat, wheat, and winter rye. Standard
reference materials, wheat flour (SRM 1567a), orchard leaves (SRM 1571), and apple leaves (SRM
1515) processed and distributed by the National Institute of Standards & Technology, and the rock-
standard reference material (JF-1: mixture of orthoclases and albite) processed and distributed by the
Geological Survey of Japan were analyzed.

The samples were irradiated in the boron carbide (B4C) irradiation facility (thermal neutron
flux: 5xlO12 n cm'2 s'2 epithermal/thermal neutron: -30) of ASTRA reactor at the Austrian Research
Center Seibersdorf for 5 m and at the TRIGA reactor (thermal neutron flux: 2.5xlO12 n cm"2 s"2 epi-
thermal/thermal neutron: ~12) at the Atomic Institute of Universities in Austria for 20-25 m. After
the irradiation of samples, two different chemical procedures were performed by alkaline and acidic
dissolution to confirm the analytical methods and to obtain reliable results. The chemical procedure
of alkaline dissolution was mainly followed by that described Takagi et al [5]. For the acidic
dissolution, three different ratios of HNO3, HC1 and HC1O3 (1:3:3,1:1:1 and 1:0:1) was examined to
find out the suitable solution to dissolve the sample. The iodine was finally precipitated as PdL,.
Gamma ray of 1 2 8 I was measured by high-resolution gamma-spectroscopy on Ge(Li)-detectors at
442.9 keV for about 20 min. Chemical yield was determined using 1 2 5I measured with a low energy
photon counter (Li-intrinsic-detector) at 0.0355 keV for about 5 min. The determined values were
corrected with the chemical yield.

Among three different ratios of acids in the solution, significantly high yield of Pdl2 was obtained
only from the solution of HNO3, HC1, and HC1O4 (1:3:3). The chemical yields were typically 80-
90% and no significant differences between values obtained by alkaline and acidic dissolution
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procedures were found. The analytical values in the cereal grain as well as in the standard reference
materials obtained by the different dissolution procedures were in good agreement within one
standard deviation. The iodine contents in cereal grains and the standard reference materials ranged
from 0.002 to 0.03 (j.g g"1 and 0.0009 to 0.30 ug g"!, respectively. The arithmetic mean of iodine in
cereal grains was 0.0061 ug g"1. A part of analytical values are shown in Table 1.

Tablel: Analytical results of iodine determination.
Sample

SRM 1567a

SRM 1571

SRM 1515

JF-1

Austrian cereal
WW-1

2
3

WR- 1
2

Type

Wheat flour

Orchard leaves

Apple leaves

Volcanic rockJ)

grain
Winter wheat

Winter rye

Dissolution^

Ald)

Ace)

Total0

Ref.* [6]
Al
Ac
Total
Ref. [7]
Ac
Nd5

Total
Ref. [8]
Ac
Ref. [9]

Al
Ac
Total
Ac
Al
Al
Ac/Al

10
3

12

2
7
9

9
4
13

3

3
5
8
3
3
3
2

Mean(ngg'')

0.0017
0.0009
0.0015
<0.0009>h)

0.17/0.23
0.18
0.18
<0.17>
0.32
0.29
0.30
<0.30>
0.0118
<0.009>

0.0049
0.0059
0.0055
0.0035
0.0092
0.0040
0.004/0.005

0.0006
0.0002
0.0006

0.02
0.03

0.03
0.02
0.03

0.0004
<0.004>

0.0002
0.0006
0.0007
0.0001
0.0011
0.0004

a): Type of dissolution, b): Number of analysis, c): Standard deviation, d): Alkaline dissolution,
e): Acidic dissolution (HNO3:HC1:HC1O4=1:3:3), f): All data, g): See the references, h): < > Non-certified
value, i): Non-destructive analysis, j): Mixture of orthoclases and albite.
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A method was developed to measure the 6 I3C in water soluble organic carbon
(WSOC). Measurement of the 13C in the soluble carbon was made by connecting the
total organic carbon analyser (TOC) to the mass spectrometer. In principle the
inorganic carbon in the samples was purged and vented to waste and the organic
carbon was oxidised by UV and peroxide, breaking down all the organic carbon to
CO2. The CO2 was measured using an infra-red gas analyser. It was then possible to
cryofocus the carbon dioxide vented from the outflow pipe and determine the 13C/12C
ratios of WSOC using mass spectrometry.

The composition of dissolved organic matter (DOM) from a particular soil
profile reflects biological production, biological and chemical decomposition,
chemical and physical adsorption and transport processes in the soil, all of which are
sensitive to management. Water-soluble organic carbon (WSOC) is also reported to be
the immediate organic substrate for soil microorganisms. Thus in the first experiment
the replenishment mechanisms of WSOC were studied using the difference in 13/12C
stable isotope ratios of maize (a C4 plant) to native C3 vegetation. This was used to
determine whether rhizodepostion was a significant source of WSOC. In the second
experiment l 3C values of WSOC were used to study the long-term effect of nitrogen
and water management on carbon mineralisation.

Experiment 1 was conducted in Austria on a calcareous clay loam, Typic
Eurocrepts (FAO). Immediately after harvest, soil cores were taken from single season
maize (Zea mays) plots (previously sown to ryegrass (Lolium perenne)), which had
received 200 kg N ha-1 in the form of soybean residues, urea or sewage sludge. Zero
N plots were also sampled in addition to bare soil outside the maize growing area
(inter-plot (mid) and 1.5 m from the maize plot (out)). WSOC was measured in all
soils by H2O extraction-centrifugation (McGill et al., 1986).
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Figure 1
The results from the first experiment
suggested that rhizodeposition was not
a significant source of WSOC
replenishment (Figure 1) and that the
most likely source of WSOC was
native organic matter.

Experiment 2 was sited on the
grassland steer grazed one-hectare
lysimeter plots of the Rowden Moor
drainage experiment. The soil is clayey

and non-calcareous (Dystic Gleysol, FAO). Four 20 cm soil cores were taken from
each of the treatment plots described in Table 1, these were cut in to 5 cm sections
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Results from the second experiment suggested that the effects of long-term
management could be detected the from the WSOC 13C signal (Figure 2). The most
probable source of WSOC was native organic matter as there was significant
correlation between б 13C signal of the WSOC and 6 13C of total organic matter.
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Experiments were carried out to estimate and compare nutrient uptake from irradiated
sewage sludge and from two chemical fertilizers (triple superphosphate and ammonium
sulphate). The sewage sludge was provided by the sewage sludge treatment plant in Tucuman,
Argentina and it was treated by y-irradiation (dose: 3 kGy). The sewage sludge was added to
three soils from Tucuman, which pH were between 6,43 and 6,63. Soil I and soil Ш had similar
organic matter content (2,25 and 2,63 %) and extractable P Bray (3,44 and 3,40 ug.ml"1).
Organic matter in Soil II was 3,79 % and extractable P was 12,10 ng.mT\

Some properties of sewage sludge
pH
6,6

Organic matter (%)
22,39

Total N(%)
1,0

Total P (%)
0,7

C/N
13

Rye-grass was grown under greenhouse conditions, in pots containing 1 kg of soil.
Three levels of sewage sludge were added to soil. Two treatments of unlabelled superphosphate
(TSP) and ammonium sulphate(AS) were included to assess the agronomic effectiveness of
sewage sludge.

Treatments:
Rate(mg/pot) P

N
Field rate(kg.ha-l)

С
0
0
0

SSI
11,45
15,38
3000

SS2
23,08
30,77
6000

SS3
34,62
46,15
9000

TSP
23,08

225

AS

30,77

Three harvests were done, at 40,81 and 125 days from seeding.
The availability of P and N from the sewage sludge was studied by isotope dilution

methods, using labelled 32P-superphosphate and 15N ammonium sulphate. Solid labelled
fertilizers were added to pots with and without sewage sludge. The N and P uptake was
calculated from the comparison of 15N abundance or 3 2P specific activity in plants grown in
control (C*) and sewage sludge (SS) treatments.

All treatments were replicated three times.
Accumulated dry weight increased with the addition of sewage sludge (Fig.l ). The

medium rate of sewage sludge produced a higher increase than the other additions of sewage
sludge. However, when all soils were considered, there was no significant difference between
fertilized treatments, except ammonium sulphate (AS) (Table 1).

Soil I
Soil II

SSI SS2 SS3 TSP AS

2,0

1.5

1,0

°*
0,0

l - j
Й

2.5 •

Г 2.0 •

; 1 . 0 •

' 0.5 1 i -I-

1" harvest Q 2nd harvest

SS1 SS2 SS3 TSP AS

harvest

Fig. J. Dry weight in rye grass plants.
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The comparison of treatments which received the same amount of P as sewage sludge or
triple superphosphate (SS2 and TSP) showed similar yield.

Table 1: Comparison between averages of yield (g dry matter.pot"1) in soils and treatments.
SOILS

I
1.793a

II
2.021b

III
2.206c

TREATMENTS
С

1.841a
SSI

2.048b
SS2

2.100b
SS3

2.006b
TSP

2.060b
AS

2.300c
Letras diferentes indican diferencia significativa (P>0.05).

N and P uptake was always higher when ammonium sulphate was applied.
In all soils, P concentration and P yield in sewage sludge treatments were higher than in

control, without fertilizer. The percentages of P derived from sewage sludge treatment SS2
(Pdfss) were: 16,1; 17,5 and 25 % in soils I, П and III, respectively.

There was only one soil (soil Г) where the addition of sewage sludge produced a
simultaneous and consistent increase in N and P plant content during the first and second
growing period.

The uptake of N in soils П and III could not be explained so easily. In soil П there was
no significant difference in total N content between treatments except ammonium sulphate. In
soil III, there was a different pattern for N uptake during the growing periods. The plants which
were harvested first, showed a N content inversely related to the rate of sewage sludge applied.
During the second growing period the N content in plant increased as the amount of sewage
sludge increased, but it was less than the N content in control plants. This behaviour is related to
the changes in availability of soil N due to inmobilization and mineralization processes affected
by the the addition of sewage sludge. N from sewage sludge was scarcely available for plants
and the uptake of soil N was reduced in some cases. As a consequence, the application of
isotopic methodologies to estimate the recovery of N showed some difficulties. In soil I the
percentage of N derived from sewage sludge (Ndfss) applied in treatment SS2 was 5 %. Ndfss
in the other two soils was also low, as it was expected because of the low uptake of total N. But
it was not possible to calculate this value for all the replications of each treatments. Some
problems related to the use of I 5N techniques when an inorganic N source and organic residues
are simultaneously added to soils have been related by Hood et al, 1999.

We can conclude that the medium rate of sewage sludge (6000 kg.ha-1) was as effective
as TSP to increase plant growth. Probably better availability of both N and P from sewage
sludge can be achieved in longer growing periods, but the effect is specially strong on N uptake.
New approaches for evaluating organic residues are needed.

We are now studying the accumulation of heavy metal and micronutrients in the studied
soils to complete the evaluation of the sewage sludge addition to these soils.
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The agriculture re-use of sewage sludge produced in wastewater treatment
plants, to increase crop yields and soil fertility is widely known. The limitation is
based on the presence of pathogenic microorganisms, heavy metals and toxic
chemicals in the sludges. The irradiation treatment of sludges for pathogens
inactivation has been succesfully developed. Nevertheless, commercial scale projects
are still not promoted due to economic or public criteria reasons.

In this paper some additional effects of gamma irradiation process are jointly
shown, which favour the radiation treatment respect to other methods to disinfect
sludges like compost, or biological treatments in general. These advantages, listed
below, are demonstrated with the radiation absorbed dose used for disinfection.
a) decomposition of pesticides included in the sludge,
b) release of Nitrogen mineral forms, thus increasing N availability for plants,
c) inhibition of seeds that might cause unexpected weeds,
d) viscosity decrease that helps during sludge circulation into the pipework for

management and application.
Anaerobically digested sewage sludges produced at the Wastewater Treatment

Plant of Tucuman City were used for the experiments; they were irradiated with 6 0Co
gamma sources at the Semilndustrial Irradiation Plant in the Ezeiza Atomic Center.
The absorbed irradiation doses were within the range of 3.5 kGy for liquid sludges
and 6.5 kGy for dried sludges, the same as the recommended doses for disinfection.

a) Decomposition of pesticides included in sludges. Many papers describe the
decomposition effect by ionizing radiation on organic molecules that means
hazardous pollution in surface or drinking water, most of them with electron beam
accelerators (1). A few experiences were reported on sludge-borne chemicals
decomposition using gamma radiation.

It is showm the list of organic toxics detected in Tucuman's municipal sludges
throughout a year, (Chlorpyrifos, Heptachlor, Lindane, Phenoxiacids) and the
decomposition effect by gamma radiation in one of those substances. The analyses
were made with a gas cromatographer-mass spectrometer on sludge and artificially
polluted water extractions. Although the effectiveness of radiation is lower in sludge
than in aqueous solution, the irradiation treatment surely accelerates the toxic
substance decomposition.

b) Release of mineral form of Nitrogen. The ammonium-N and nitrate-N was
analyzed by Bremner method in irradiated and non-irradiated sludges. The ammonium
released by irradiation was 2.6% of total N, both in liquid as in dried sludge samples.

The 15N-dilution technique in a greenhouse experiment with ryegrass was used
to compare N uptake from irradiated sludge respect to non-irradiated sludge. The N
uptake as well as the biomass yield were higher with irradiated sludges, that is in
agreement with other papers at least for N dependent crops, non inhibited by
ammonium (2).
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Treatment %Ndff* N% Nyield %fertUizer
(mg/pot) utilized

Control 22.50
Urea (WOmg/kg) 10.01
S. S. (lOOmg/kg) 18.65
I.S.S. (lOOmg/kg) 18.06

4.83+0.09
4.84+0.07
4.81+0.07
4.99+0.09

43.35
45.55
34.06
47.38

-
5.7
1.3
2.1

H-WH4 and Н-ЫОЗ
concentration

1200

1000

c) Inhibition of seed germination. Four species from the most commonly
found seeds in the sludges (tomato, melon, calabash, squash) were irradiated with
increasing doses. The germination capability in percentage of germinated seeds
respect to the total sowed was tested. The inactivation effect by irradiation process is
verifyed with lower absorbed radiation doses than the applied doses for disinfection.
The effect fits an exponencial function of percentage of germinated seeds vs. radiation
dose, with proper parameters for each specie, according to their characteristic
radioresistance (3).
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d) Viscosity, settling velocity and specific filtration resistance decrease.
Viscosity was measured with "Brookfield" viscometer in non-irradiated and irradiated
samples with increasing absorbed doses. It is verified that irradiation causes a
viscosity decrease (30% lower) with the dose applied for disinfection. The settling
velocity as well as the specific filtration resistance are diminished as far as viscosity
does (4). These facts implies a positive change helping to avoid the material to be
sticked within the pipeworks of the installations.
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Three greenhouse experiments were carried out to measure gross mineralization (GM),
inorganic N dynamics, and plant-N uptake from soybean residues and fertiliser N/residue interactions.
The soil was a sandy loam from Krumbach region Austria (ОС: 9.9 g kg1, Total-N: 1.11 g kg"1, CEC:
7.53 cmol(+) kg"1, pH(1:2.5 water) 7.6, Ohlsen-P: 12.4 \xggx).

Gross mineralization was measured using 1 5N dilution and cross labelling techniques. Soil
was mixed with 1 5N labelled or unlabelled soybean residues and packed into PVC columns, wich were
injected with 20 mg N kg"1 soil, in the form of either labelled (10 atom % 1 5N excess.) or unlabelled
NH4NO3, 11, 15 and 22 days after residue incorporation according treatments in Table 1. Columns
were sampled 2 and 4 days after injection, and analysed for water content, inorganic nitrogen, and the
15N-enrichment of inorganic-N pools. Extracts were prepared for 15N analysis using micro-diffusion
(Brooks et al., 1989) and measured using a C-N analyser Carlo Erba Strumentazione(Milan, Italy)
linked to an isotope ratio mass-spectrometer (IRMS) Optima Micromass system (Micromass UK,
Wythenshaw). The GMR were calculated using Barraclough et al., (1985) equations and the
proportion of GM derived from residues (a) with Watkins and Barraclough (1996) equations.

Inorganic N dynamics experiment. One kg pots of soil were prepared incorporating labelled
soybean residues at rate of treatments 1-4 (Table 1). The soils were sampled 7, 14, 21 and 28 days
after residue incorporation to determine the inorganic N.

Plant N uptake experiment. Two kg soil pots were prepared incorporating labelled residues
at rate of 1-4 treatment and sown with 0.5 g ryegrass (Lolium perenne L)seeds. After 28 days sowing
shoots and roots were harvested, Dry matter, %N and ' ̂ -enrichment determined.

Table 1: Treatments description.

Treatment number and description Gross mineralization
experiment form of label

injected.

1 Soil only (ON) "NH4NO3
2 Soil + 1 J N residues (100N)* 1 4NH4NO3

3 Soil + 1 5 N residues (200N) 1 4NH4NO3

4 Soil + 1 5 N residues (300N) 1 4NH4NO3

5 Soil+ 1 4 N residues (100N) 1 5NH4NO3

6 Soil + 1 4 N residues (200N) 1 5NH4NO3

7 Soil + 1 4 N residues (300N) ^ Ы В Д О з
8 Soil only (ON) NH4 l s NO 3

GM experiment. Treatment 1 show a linear increase in GM rate over time (Table 2). Data
from the first and second injections shows that the GM rates increased linearly with increasing N
residue incorporation rate (R2=0.94) this is also reflected in the a values (R2=0.98). In all the residue
treatments GM rates were maximal at the second injection, however a was minimal. In the last
injection GM decreased linearly with increasing residue addition (R2=0.93); the 300N treatment
showing the lowest GMR. These results suggest preliminary utilisation of a labile N pool or soluble
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carbon source supplied by the residue, followed by a reduced GM rate due to residues. The beauty of
the GM and a measurements is that they a temporal study of dynamics of residue breakdown.

In the inorganic N experiment, the dominant N pool was nitrate, suggesting a rapidly
nitrifying soil. The Ndfr data show that residues addition increased initially the inorganic-N pool from
mineralisation of residues. The results show a rapid mineralization of residues over the first 7 days
again suggesting an easily decomposable labile N pool.

In the plant N uptake experiment, plant-N uptake from the residue increased with increasing
residue addition (Figure 1). Figure 1 suggest that total plant-N uptake was lowest in the 300N
treatment, and that Ndfsoil decreased with increasing residue addition, however care must be taken
when interpreting such data due to errors associated with pool substitution.

Table 2; Average gross mineralization rate and proportion gross mineralization from residues (a).
Treatment

Only soil

100N

200N

300N

Injection

1
2
3
1
2
3
1
2
3
1
2
3

Gross min. Rate

jig N g"1 day'1

0.690(0.030)*
1.486(0.076)
1.989(0.107)
0.808(0.303)
1.543(0.364)
1.544(0.530)
1.151(0.150)
2.298(0.200)
1.416(0.105)
1.616(0.344)
1.956(0.059)
1.211(0.268)

a
%

20.01(5.632)
6.467(0.551)
9.310(3.001)
34.53(2.938)
14.23(0.269)
17.78(1.128)
38.97(5.435)
24.42(1.734)
32.56(3.137)

* (Standard deviations)

EjNdfRes

• Ndfsoil

''•:?, '••' е W -гоо 3&0

",, Rate of S residues incorporation (kg ha

Fig. 1. Nitrogen derived from residue (Ndfres) or soil (Ndfsoil) per pot.

Conclusions:
The a increased with increasing residue addition as expected. Temporal changes in

GM were detectable and showed that large additions of residue may lead to initial flushes of
GM followed by a reduction in GM soil organic matter.
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DIVINER 2000 ® A NEW PORTABLE HAND-HELD DEPTH
RECOGNIZING SOIL MOISTURE CAPACITANCE PROBE
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The performance of a new portable hand-held capacitance probe capable of
conducting very rapid multi-depth measurements of soil water content was investigated
and compared to the neutron thermalization method and other soil water content
monitoring methods.

Diviner 2000 ® consists of a hand-held, portable data logger with a liquid crystal
display screen, connected by a cable to a depth-scaling probe rod with an attached
capacitance sensor as shown in Fig.l.

The portable probe measures soil water content at preset depth intervals of 10 cm
down through the soil profile to a maximum depth of 1.6 m by swiping the sensor head
down and up, without stopping, within a PVC access tube installed in the soil. The sphere
of influence of the sensor penetrates through the wall of a PVC access tube to record soil
water content within 2-3 seconds at multiple depth levels. Soil water profile data can be
collected from an array of up to 99 access tubes at selected sites.

Initial investigations of the core sensor technology (1) using stationary (non-
mobile sensors) yielded a regression of volumetric soil water content on SF (Scaled
Frequency = normalized sensor counts) for a Mattapex silt loam soil resulting in a highly
significant (r2 = 0.992, RMSE= .009 cm3 cm"3, n = 15), nonlinear relationship 9V=
0.490SF21674 as shown in Fig 2.

Instrument Calibration of Diviner 2000 ® and the CPN 503 DR Hydroprobe®
using a sand and a clay loam texture yielded highly significant relationships between the
soil volumetric water content and instrument reading. These calibration results were
achieved using the Diviner's ability to automatically take a reading in the soil every 10
cm over a depth of 1 meter within 2.5 seconds as compared to measurement of the same
profile with the neutron probe in more than 1 minute (4 to 16 seconds measurement time
per depth level). The effect of using different swipe speeds of measurement (Diviner) and
different count rate sampling times (neutron probe) on the precision on the calibration
equations for both instruments is discussed.

Diviner 2000 ® offers a precise, rapid and labor saving instrument alternative that
takes large numbers of soil water content measurements. Such data have been used for
irrigation scheduling and calculation of crop water use, excess water losses based on soil
water mass balance approach (2).
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Fig. 1. The Diviner 2000 ® portable hand-held depth-recognizing capacitance soil moisture
probe; left: probe rod with sensor head; right: hand-held infield data display unit.
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Fig. 2. Volumetric soil water content (ft,) vs. scaled frequency (SF) on aMattapex silt loam soil
at Beltsville, MD. Regression relationship represented as a solid line.
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Pasture production in Australia is traditionally based on annual legume and grass species
that mature in early summer and regenerate from seed in mid to late autumn. In the absence of
plants in summer and autumn nitrate may accumulate in soil and subsequently leach, acidifying the
soil. Over time this process has resulted in extensively degraded pastures. Summer-active
perennial species can reduce the rate of acidification occurring by this process by removing soil
nitrate and water, however their impact on N fixation by the legume in the pasture in different
environments is unknown.

Trials were established in 1995 at two sites with average annual rainfall: Junee (534 mm)
and Ardlethan (445 mm). Subterranean clover was sown alone and with each of two perennial
grasses, Phalaris spp. and Danthonia spp.. The grasses were sown to give initial densities of
7.5,15,30,60 and 120 plants / m2 (Note: Eragrostis also invaded plots at Ardlethan) The effect of
the perennial species and density on clover N fixation was measured over a period of 4 weeks
during spring of the following year, 1996. The percentage (Pfix) of clover N derived from N
fixation was measured using the N-15 isotope dilution method, involving soil enrichment with N-
15 labelled KNO3 and ryegrass as the reference plant, and converted to amounts of fixed N using
clover dry matter and its N concentration.

At Junee, Vfix varied between 75 and 80% over most treatments, but reached 94% with
the highest density of Danthonia. There was little effect of Danthonia on amounts of fixed N
(Fig. 1) up to 40 plants / m2. Phalaris had a significantly (PO.05) greater effect in reducing fixed
N particularly at densities exceeding 30 plants / m2. Variation in fixed N was largely accounted for
by the variation in clover dry matter (R2 = 0.90) that resulted from the grass treatment effects.

At Ardlethan Vfix ranged from 60 to 88%, being generally greater in clover associated
with the grasses, but much less N was fixed than at Junee. At similar plant densities the grasses
had a greater relative effect on fixed N than at Junee. Fixed N was markedly reduced by Phalaris
at all densities, and by Danthonia-Eragrostis at densities > 25 plants / m2 (Fig.2). Variation in
fixed N was primarily due to variation in clover dry matter (R2 = 0.89) but the reduction in fixed
N caused by Phalaris also involved a significant reduction in the total N concentration in clover.
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at Ardlethan.

This work is providing information on the more suitable perennial species to coexist with
subterranean clover. In the drier zones Phalaris is not suitable and Danthonia is suitable only at
low densities. With increasing rainfall higher densities of Danthonia may be used, or low
densities of Phalaris. The inclusion of grasses, nevertheless, represents a compromise between
maximal N fixation and a more sustainable pasture with a more even distribution of forage
throughout the year.
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The perennial legume shrub Alhagi sparsifolia is an substantial member of the
natural vegetation that surrounds river oasis in the Chinese Taklamakan desert. On the
one hand it functions as a wind breaker and helps to prevent sand dune movement. On the
other hand it is the most important source for fresh and storage fodder for livestock of the
local people. Although Alhagi displayes potential for regeneration after harvest its stands
are widely destroyed due to overuse and heavy grazing and recommendations for a
sustainable use are strongly needed.

To date the ecological adaptations of the plant species to its arid environment are
poorly understood. Water and nitrogen are likely to be the two major ressources that are
limiting plant growth and production in a super arid environment like the Taklamakan
desert (35 mm annual precipitation). Plants must have special adaptations to avoid lethal
water deficits. Moreover the supply of inorganic nitrogen sources like nitrate and
ammonium might be restricted due to a diminished mineralization. Therefore nitrogen
fixation may play an important role in the nutrient metabolism of this legume. To give
recommendations for a sustainable use of Alhagi a I3C and 1 5N natural abundance stable
isotope study was conducted in the foreland of Qira oasis at the southern rim of the
Taklamakan desert.

Alhagi bushes were sampled monthly during 1999 and carbon isotope composition
of leaves and leave solutes were investigated as a measure for long-term and short-term
water restrictions, respectively. Preliminary investigations in 1998 of Alhagi plants lead
to the assumption that individuals growing near the fields of the oasis assimilated
inorganic nitrogen forms such as >ТОз' or N H / (5I5N values of 5-8), whereas individuals
growing near to the desert used N2-fixation as their main nitrogen source (5 l5N values
near zero). Therefore Alhagi plants were sampled along a gradient from the oasis into the
desert.

The carbon isotope data revealed that all Alhagi species are well water supplied
throughout the season. 5I3C values of leaves and solutes were constantly negative
indicating no long or short term drought stress at any time and this was supported by
other water relations data. Thus, Alhagi plants seem to have groundwater contact and a
very efficient water conductance system - water is not a limiting source!

The 515N values of Alhagi leaves along a 5 km gradient from the Qira Research
Station into the desert showed no significant trend (Fig 1.). Some plants were obviously
nitrogen fixers, most of the other investigated plants non-fixing plants and the overall
pattern had a clustered character. It is unclear what are the factors controlling the nitrogen
fixation of Alhagi. Data of xylem sap investigations indicate that partly high NO3
concentraions are abundant in the transpiration stream of Alhagi plants. Moreover, in all
investigated belowground water resources we found high NO3 concentrations (15-30
mg/1). But Alhagi plants with 615N values close to zero in their leaves had lower xylem
sap NO3 concentrations compared to those with more positive 515N values.
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Fig. 1. S>5N values (bars) and nitrogen content (symbols) of Alhagi sparsifolia
leaves along a desert gradient at Qira Research Station, China.

However, the small error bars of the measured 515N values indicated that all plant
individuals at one sampling site followed the same strategy. Investigations of the root
system provided an explanation for this patchy pattern. A large root excarvation (3 m
depth) of Alhagi individuals in August 1999 revealed that all five aboveground bushed
were connected to the same root system and are thus clones of the same individual. It was
also observed that Alhagi plants showed the ability to regenerate from both lateral and tap
root suckers. It is likely that Alhagi produces many of these clones - some are nitrogen
fixing and some are not. Notwithstanding this, the vegetative reproduction of Alhagi
seems to be an important adaptation to an environment, where establishment of young
plants is probably the major limiting factor for plant propagation and it explaines why
Alhagi can grow in large stands in the oasis foreland.

However, if a Alhagi plant is fixing nitrogen or not had obviously no effect on the
nitrogen supply of an individual in terms of nitrogen content. All investigated plants
displayed a high nitrogen content in their leaves (2-3%) irrespectively of the nitrogen
source (Fig 1).

This investigation proved that neither water nor nitrogen are limiting factors for
plant growth in Alhagi sparsifolia. Nitrogen fixation plays only a minor role in most
Alhagi individuals and is not a beneficial adaptation in this ecosystem. For a re-
establishment of Alhagi in the foreland it seems to be crucial to supply the plants with
water until they reached groundwater sources. But further studies are needed to prove this
assumtion and they might concentrate on the prerequisites for natural plant establishment
in Alhagi at this site - hardly any seedlings have been found in the oasis foreland.

The authors would like to thank the European Commission/BBSRC for funding the
research (contract ERBIC18-CT98-0275).

92



ХА0056105

IAEA-SM-363/46P

FRACTIONATIONS AND MIGRATION OF Cs-134
RADIONUCLIDE IN NATURAL SEDIMENT IN EGYPT
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Contamination of soils and sediment by chemicals and radioactive materials has received
a widespread media and caused much public hazardous effect. The main aim of our work is to
study; (1) the effect of sequential extraction techniques on the release of Cs-134 nuclide from
the four natural sediment samples of the three grain size distribution of; > 315-90 u,m, > 90-
63 urn, and , > 36 |im, (2) the mechanism of sorption of Cs-134 nuclide with natural
sediment samples. The sediment samples in this work were brought from four sites near to the
Atomic Energy Authority in Egypt. Five sequential extraction procedures were used to
estimate the type of associations between the nuclide and particular sediment material, various
chemical reagents were used for the following [1]: (a) leaching with distilled water, and
ammonium acetate at pH 7 for the (exchangeable metals), (b) leaching with 1 mol L'1 of
sodium acetate and acetic acid at pH 5 for (metals bound to carbonate), (c) leaching with 0.04
mol L"1 hydroxylamin hydrochloride and acetic acid for the (metals bound to Fe-Mn oxides),
(d) leaching with hydrogen peroxide for the (metals bound to organic matter) and (e)
leaching with a mixture of nitric acid and perchloric acid for the (residual metals). The
mechanisms of sorption - desorption of Cs-134 nuclide with the sediment samples at cesium
carrier concentrations of, 10'7 mol L"1 to 10*2 mol L'1 were investigated. Mineralogical
investigations of the natural sediment samples were found to consist of, 64% to 95% sand
fractions, 5% to 36 % clay fractions mixed with silt fractions, the pH of sediment in water was
initially 7.4 and 7.6, the organic matters was found between 4 % to 8 % . Table 1 gives the
principal chemical constituents of the natural investigated samples.

Table 1: The principal chemical constituents of the natural sediment samples.
Natural
sample
Sediment 1

Sediment 2
Sediment 3
Sediment 4

SiO2

%
75.5

74.0
62.5
64.5

СаСОз
%
3.9
3.1
4.5
4.0

MnO
%

Nil
Nil
Nil
Nil

FeA
%
6
5
4.2
4.5

Organic
matters %
2.2
2.1
4.3
4.0

The soluble cations and the CEC were found between, 3 to 5 meq 100 g"1, and between
5 to 11 meq 100 g'1 respectively. The results of the relative nuclide released in the aqueous
phases (E) from the five sequential extractions was calculated from measuring concentrations
of the nuclide desorbed in the aqueous phases after each extraction ( С ) and concentrations
of the nuclide sorbed on the solid phase (Co) before the next extraction. The relative of
cesium ions released (E) calculated by the following equation; Е = (C/Co) V/m (1).
Where, С is the concentration of nuclide dissolved in the aqueous phase (Bq mL"1), Co is the
concentration of the radionuclide on the solid sample (Bq g"1), V is the volume of the aqueous
sample (mL), and m is the weight of the sample (g).

The relative of the nuclide released from the samples were found to have the following
sequences of order; Residual metals > metals bound to iron > metals bound to carbonate
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groups > exchangeable cations > organic matters. The reaction of the nuclide with the
sediment samples was found to be reversible at the initial cesium carrier concentrations of 10"6

mol L"1 to 10"* mol L*1. The kinetic data could be interpreted by assuming that cesium ion
diffused into the clay particles of the sediment particles, diffusion coefficient of cesium with
the sediment of the size fractions > 36 um was calculated [2] as

Rd(t)IRd(<x>) = 1 - 4 - Z " A (2)

where, r is the mean radius of particles (m), D is the apparent diffusion coefficient (m2/s), D =
Dp/R, Dp is the pore diffusion, Rd is the distribution coefficient (ml/g), е is the porosity of the
sediment, R is the retardation factor, R = 1 + (Rd (t, oo p)/e, p is the density (g/cm3), Rd is the
distribution coefficient (ml/g), е is the porosity of the sediment, n = 1, 2, 3, ..., t is the contact
time (second).

Fig. 1 gives the relationship between the relative distribution coefficient at the steady
state condition, Rd(t)/Rd(oo), as a function of contact time, t(h). Diffusion coefficient of
cesium nuclide was calculated at the initial cesium concentrations between 10"7 mol L"1 to 10"4

mol L"1, and was found between 5.0 .10"15 m2/s to 2.5 . 10'13 m2/s., for the sediment of the
particle diameter s 36 um, particle density 2.6. and the relative porosity 0.4. The pore
diffusion coefficients (Dp) were calculated and was found between 6.4 .10"11 m2/s and 1.1. 10'
10 m2/s.
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FIG. 1. The relative equilibrium sorption coefficient of cesium radionuclide as a

function of contact time at different cesium concentrations for the sediment

sample of the size fraction > 36 um.
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Rainforests are among the most important terrestrial CO2 sinks and are key components of
the global carbon cycle. The global carbon cycle is highly complex and linked to many other
nutrient cycles such as the nitrogen cycle.

Forest canopies constitute an underestimated component of the nitrogen cycle of lowland
rainforests. A remarkable amount of living and dead biomass accumulates in tree canopies and
functions as a nutrient buffer between the atmosphere and the rest of the ecosystem. Nitrogen
stored in the epiphytic biomass makes up to 10.5% of total ecosystem nitrogen in montane
rainforests representing almost twice the amount of that in leaves of terrestrial plants[4]. Soils of
rainforests are often infertile and low in nutrients making fast recycling of nutrients essential. The
so-called autochthonous sources originate within the system and are derived mainly from
litterfall, bark decompostion and leachates, whereas allochthonous sources i.e. wet or dry
deposition and biological nitrogen fixation originate from the atmosphere. Atmospheric
deposition was reported to supply up to 15% of the epiphytic nitrogen requirements [3] and the
nitrogen input from precipitation has been found to be in the range from 11 to 22kg N ha1 a 1 for
various tropical rainforests [1][2]. Besides dry and wet deposition, N2 fixation in the phyllosphere
is considered a possible nitrogen source for tropical rainforests [5].

The present study aims at identifying the importance of various canopy components to the
nitrogen cycle in the Esquinas Rainforest (Corcovado National Park, Seccion Piedras Blancas) in
Costa Rica.

2
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Fig. 1. 8*N signatures and nitrogen content of canopy components compared to ground soil.

Figure 1 gives an overview of 6!5N values and nitrogen contents of these components.
Ground and canopy soils differed only slightly in their 515N value, as they largely depended on
the same nitrogen source, litterfall from the phorophytes and other terrestrial plants. Litter
samples of both soil types were pooled since they were not significantly different. The epiphytes
as well as all hemiepiphytes were depleted in I5N in comparison to the canopy soil. On one side
this could partly be explained by the discrimination during plant nutrient uptake, on the other
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hand it could indicate access to other nitrogen sources with a different 515N signature. The right

box of figure 1 shows literature data of 5I5N values of NO3 and N H / in rain. A few analyses of

NO3" in rain samples ofthe Esquinas forest gave a mean 515N value of -4%o. Since atmospheric

NH4

+ is even more depleted than NO3~, it can be assumed that the sum of the nitrogen input

through the atmosphere was even more 15N depleted.

Rain

Throughfall,
higher canopy

Throughfall,
lower canopy

Branchflow

Stemflow

at-TH

аЬИ_Н ^

Outer
Canopy

Inner
Canopy

Stem
above middle

Stem
below middle

6 8 10 12 14 16 18

umol N L"1

-5,0 -4,5 -4,0 -3,5 -3,0 -2,5 -2,0

815N(%oVs.at-air)

Fig. 2. Nitrogen concentrations of precipitation during passage Fig. 3. <?W values of epiphytes, mosses and lichens in different
through the canopy. ANOVA (Scheffe-Test,p<0.01, n=4-14). canopy strata. ANOVA (Scheffe, p<0.01, n=19-89.)

We measured the input of NH4

+ and NO/ through the rain and the changes ofthe contents
in throughfall, branch leaching and stemflow (Fig.2). The decline of nitrogen concentrations of
rain during its passage through the canopy might be due to foliar uptake by the phorophyte,
epiphytes, and epiphylls. On the other hand we observed an increase of NH 4

+ and N O / contents
in the branch- and stemflow resulting from leaching processes (Fig. 2). Since the plants largely
reflect the isotopic signature of their sources we compared the 615N of epiphytes including
mosses and lichens in the different canopy strata ofthe phorophytes. The results in figure 3 show
a significant increase in the 615N from the outer, exposed canopy to the lower, mostly shaded
stem area. This was most probably the result from a shift in reliance on allochthonous sources
(atmosphere) of exposed epiphytes to dependence on autochthonous sources (canopy soil) of
epiphytes growing in lower canopy strata and on stems. Further analyses of 615N signatures of
NOj- and NH4

+ in rain and intercepted samples along the throughfall path might add information
on nitrogen use and nitrogen isotopic exchange in tropical rainforest canopies.
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Beer-Lambert's attenuation law is used to analyze the structure of an empirical calibration
equation employed by surface gamma-neutron gauges for density measurements. The surface
gamma-neutron gauge used in this study is a CPN model MC-3, having at the tip of the probe a 10
mCi Cs-137 gamma-ray source (Fig la). The gauge permits density measurements from the surface
to a maximum depth z of 0.30 m, in Az increments of 0.025 m.

la) lb) Gamma
detector

(solid angle)
ч
\ \

Sample
surface

T Depht V
*

Gamma
source

Fig. 1. a) Schematic representation of the gauge; b) solid angle determined by gamma detector.

A well accepted empirical calibration equation [1] and [2] which relates the transmitted and
scattered photon count ratio R(z)=I(z)/Is to the density D of an investigated material, at a depth z, is
of the form:

D(z) = B(z) ln{A(z) / [R(z) - C(z) ] } U>

Where A(z), B(z), and C(z) are depth dependent calibration parameters.

The detected count ratio R(z) after the interaction of the gamma rays with a material layer of
thickness x(z) (Fig. 1) associated with this calibration allows the measurement of the average
density of the material laying between the source and the detector. From the definition of R it is
possible to rewrite eq. 1 to obtain the intensity of the gamma beam that reaches the detector:

= IsC(z) + A(z)Is exp [-D / B(z) ( 2 :

Considering that transmitted and scattered radiation reach the gamma detector and using
Beer-Lambert attenuation law, a third equation can be written as follows:

= I

s c t (
z ) + loto exp[-Dux(z) ] (3)

where the first term of the right hand side of eq. 3 is the intensity due to scattered radiation and the
second represents Beer-Lambert's law for a material of density D, thickness x, attenuation
coefficient JJ,, and for a gamma intensity Цг).
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Using geometric considerations it can be seen that:

Io(z) = ( I e f f dQ)/4 : r (4)

where dO is the solid angle determined by the gamma detector (fig. lb) of the equipment and Ljr the
effective intensity that is emitted from the Cesium source located at the tip of the gauge.

For the case of a poor scattering and attenuating medium (Isct«0 and u«0) as for example air,
eq.3 yields I a l r (z) = (1в„сЮ) / 4тс = Io(z).

Figure 2a presents the theoretical gamma radiation intensity according to eq. 4 in
comparison to experimental gamma radiation intensities obtained when the gauge tip is surrounded
by air. From the combination of equations (2), (3), and (4), eq. (5) is obtained, which is the
expression of Beer-Lambert's law of attenuation applied to measurements made by the gauge.
Through the use of eq. 6 is possible to obtain the product uD of any material under investigation.

x(z) - IsC(z)

Equation (5) for several attenuation media, yields data is shown in Fig. 2b.
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Fig. 2. a) Calculated and experimental gamma radiation intensities ;b) Beer-Lambert's law applied to
investigated materials.

The results presented figs. 2a and 2b show that the structure of the empirical calibration
equation can be related to Beer-Lambert's attenuation law applied in this situation.
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Although the nitrogen concentration of corn stover is relatively low, it is
considerable in term of quantity, varying from 30 to 150 kg N ha"1 depending on the
grain yield. The utilization of this N by a subsequent crop, however, will depend on its
mineralization rate. Information on the subject is scarce in Brazil.

Corn plants were grown in a soil fertilized with urea labelled with 1 5N (10 atom
% excess), to obtain residues (after ear removal) enriched in 1 5N (4.913 atom % excess)
(Table 1).

Portions of dried residues (10 g) were incorporated into 3 kg soil (Oxisol) in
plastic pots, and incubated for periods of: 0 - 15 - 30 - 45 - 60 - 90 - 150 - 180 - 240
and 360 days. The incubation was initiated in sequence, with the longest treatment first,
so that all treatments finished simultaneously. Common bean (Phaseolus vulgaris L.)
seeds (2 pot"1) were sown after soil samples were taken for analysis of acid hydrolysable
N (6 M HC1), organic N and 1 5N (1). A control treatment (soil without corn residues,
incubated for 360 days) was also included. Bean plants were harvested 30 days after
emergence and analysed for total N and 1 5N content.

Table 1: Isotopic and chemical composition of corn residues.
I 5N N P К Са Mg S С Си Fe Mn Zn C/N

-g Kg \Xg g

% ex.

4.913 7.1 2.1 16.2 4.4 2.2 1.2 331 4 85 97 28 47

The data (Table 2) show that plant growth was affected by short incubation
periods (0 and 15 days), probably due to N immobilization, as the corn residue had a
high C/N ratio (47/1). Only the plants grown in the following treatment (30 days)
produced the same amount of dry matter as the control treatment. According to
Stevenson (2) net immobilization can occur up to 2 months after incorporation of poor
quality crop residues. The bean dry matter increased with prior incubation time up to 90
days, stabilizing with increasing incubation period up to 240 days. The plant N uptake
also increased up to the same incubation treatment. The effect was probably due to
continuing mineralization of residue nitrogen with time.

The maximum utilization of residue nitrogen occurred in the 240 day treatment,
with 14.7 % of applied residue N, slightly superior to that of 180 days (14.4 %). A
longer period seems to decrease the availability of corn residue N, probably by
volatilization loss. Scivittaro (3) reported higher N utilization (24. 3 %), as the material
used was a legume green manure (velvet bean) with a much lower C/N ratio (17/1).
The maximum N utilization occurred earlier (90 days) than with the corn residues of the
present study.

Only 1.3 % of the nitrogen from corn residue was utilized by bean plants when
they were sown immediately after residue incorporation. Even after 45 days incubation,
the residue N utilization was still low (4.9 %).
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Acid hydrolysable ammonia-N was the only form of N which increased during
incubation, varying from 10.9 % (0 incubation) to 25.2 % (longest period) of total N.

The study suggests that the seeding of a subsequent crop should not start before
30 days after corn harvest. The longer the interval, the better the potential for nitrogen
utilization, but the maximum is reached at around 180-240 days. However, 60 days
would be adequate, when the N utilization starts increasing considerably, and this is not
unrealistic for farmers.

Table 2: Effect of incubation period on bean dry matter yield (DM) and corn residue N utilization.
Incubation

Period

Days

0
15
30
45
60
90
120
180
240
360

Control

cv%

DM

gpof1

1.12"
1.22*
2.32*"
2.54'
3.12'
3.72d

3.65"*
3.62"*
3.55"*
3.60"*
2.3 lb '

12.30

Cn

gkg 1

17.42a

19.85"
17.56"
17.71"
18.66"
19.73"

23.80bo

25.39b

27.5 l b

25.61b

17.62"

7.01

Plant Nitrogen

ntent

mg pot"1

19.51a
24.22"
40.73b

44.98bc

58.22й*
73.39de

86.87ef

91.90f

97.66f

92.20f

40.69b

11.44

%

4.77"
5.45"
7.88b

7.87b

9.31*"
8.09b

9.53*"
11.15°
10.69°
9.50°

-

17.46

*„

mg

O.93a

1.32a

3.21b

3.54b

5.42'
5.94'
8.28d

10.25'
10.44е

8.76de

-

15.13

Residue N
Utilization

O/

1.31*
1.85"
4.52b

4.98b

7.63'
8.37'
11.66d

14.44'
14.70'
12.34d

-

17.73

Nsdcr**

a

10.9"
14.4*
13.5*
12.5*
14.5*"
18.0"*
21.5de

22.6""
24.6ef

25.2f

-

15.31

Values in each column followed by same letter are not significantly different at the 5% probability
level.

* Npdcr = Nitrogen in the bean plants derived from the com residue N
**Nsdcr = Acid hydrolysable ammonia-N derived from corn residue N (% of total)
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A study was carried out in Divo, Cote d'lvoire to develop an agroforestry system
involving the association of coffee tree to legume trees. This study was initiated within the
IAEA project n° IVC/5022 and IVC/5025.

It is reported that the inorganic N fertilizer, used at 100 kg N ha" 1 on fairly unsaturated
ferralitic soils, gave a yield increase of 40% more than the untreated control. However,
because fertilizers are too costly for small scale farmers, this technique has not been widely
adopted. On the other hand, studies have shown that legume trees contribute to soil
improvement (Bouharmont, 1979 ; Bornemisza, 1982 ; Snoeck, 1995 ; Beer et al. 1998 ).

The trial was conducted using a randomized block design with 6 treatments and 5
replicates. Coffee was intercroped with two atmospheric nitrogen fixing trees, Gliricidia
septum and Albizzia guachepele, in order to improve the nitrogen nutrition of the coffee trees
and minimize fertilizer application. The treatments were as follows :

• Tl = Coffee trees without legume trees and fertilizer (control)
• T2 = Coffee trees with Gliricidia sepium, without fertilizer
• T3 = Coffee trees with Albizzia guachepele, without fertilizer
• T4 = Coffee trees with Urea at the rate of 100 kg N ha"1

• T5 = Coffee trees with Gliricidia sepium, with Urea at 50 kg N ha l

• T6 = Coffee trees with Albizzia guachepele, with Urea at 50 kg N ha 1

The legume trees were planted in the coffee interrows. Coffee and legume were planted
at a density of 1333 trees ha 'with a spacing of 3 m x 2,5 m. Annual rainfall in Divo was about
1400 mm and was characterized by two rainy seasons (Mars-June and September-November)
and two dry seasons (December-February and July-August). Physical and chemical
characteristics of the soil were as follows : clay + fine loam=28%; C%=1,19 ; N%=0,12 ;
Kmeq/100=0,30 ; Cameq/100=3,20 ; Mgmeq/100=0,86 ; pH (H2O)=5,9.

One year after planting, the legume trees were cut at 1,5 m above ground. Every 3 to 4
months, the trees were pruned and the prunings were used as mulch around the coffee trees.

Biomass of legume trees: from 1996 to 1999, the biomass produced by Gliricidia
sepium was 1,3 times higher than that produced by Albizzia guachepele. During this period, G.
sepium and A. guachepele supplied respectively the equivalence of 180 and 140 N ha * year l

on an average.
Effect on coffee growth and yield: During the first two years, measurement on coffee

growth parameters showed that trees in the untreated control were significantly (P<0,05)
shorter than trees in the other treatments. The number of fruiting nodes on the coffee trees was
significantly higher in the Urea treatment than in all the others. The average coffee yield from
1997 to 1999 confirmed the lead of the Urea treatment (Figure 1).

It is also interesting to note that mulching with G. sepium and A. guachepele allowed
good growth of the coffee trees and gave a yield increase of about 850 kg ha l more than the
untreated control although differences were not significant. These results indicate that the use
of legume tree pranings to mulch coffee trees could help to minimize fertilizer application.
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In order to establish, by means of the isotopic method (15N) [1], the N recycling in
a potato - maize -potato sequence were made a series of experiments in pot and field
lysimeter conditions, and also validation in crop production conditions.
The results obtained, by the isotopic method, in the maize, showed the existence of a
considerable amount of residual N preceding crop (potato, first year). This N,
accumulated in the system, can be used in an optimum way by the maize, in dependency
of the dose of N applied to this crop. [2]

Table 1: Results obtained by the isoto]

Treatments
POTATO -
MAIZE-
POTATO

SEQUENCE

Corn fertilization
30 kg N.ha"1*

100 kg N.ha1*

pic method. Crop

N yield
(Kg N.ha1)

75.42

85.80

: maize.

Ndff

(%)
15.05

8.5

N fertilizer
yield

(KgN.ha1)
11.35

7.29

N fertilizer
utilization

(%)
37.83

7.29

Fertilization's potato crop = 180 kg N.ha"1 *urea 10% 15N

The application of 100kg N.ha"1 to the maize together with the N proceeding from
previous fertilization, decreased the fertilizer utilization and increased the concentration
of nitrate in the water, the yield of the maize crop did not justify, in such conditions, the
application of N in levels over 30 kg N.ha'1. The influence of the management of the
previous cultivation over the actual cultivation is showed in table 2. It was kept a greater
availability of N (which was not taken in consideration for the fertilization of potato)
which leads to a diminution in the fertilizer uptake by the potato crop and to the
augment of the concentration of nitrate in the system; there was a remarkable increment
of the nitrate concentrations in the tubers.

Table 2: Results Obtained By The Isotopic Method. Crop: Potato (Second Year).
Fertilization of the previous

cultivation
Maize30kgN.ha"'*

Maize 100 kg N.ha1*

N fertilizer utilization (%)
44.50

35.20

Nitrate tuber
(mg.kg1)

150

250
Fertilization of the potato crop = 180 kg N.ha
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Those results were corroborated in maize-potato production fields in 7 Enterprises
of Havana province, the table 3 showed that the fields, where the previous maize was
fertilized (100kg N.ha'1), had high N availability. In those conditions were found higher
nitrate concentration in the potato tubers and lower potato yields.

Table 3: Results obtained in potato production fields belong to Crop Enterprises of
Havana Province.

Enterprises

Batabano
Melena
19 Abril
Giiira
Guines

Fields

C-l
C-4
C-23
C-24
C-23

Precedent
conditions

2
2
1
1
1

Availability
kg N.ha1

139.2
145.5
53.2
89.6
57

Yield
(t.ha l)

15.8
15.8
19.4
23.0
19.4

Tuber Nitrate
(mgN.kg l)

325
350
185
210
177

1.- corn fertilization = 30 kg N.ha"
2,- corn fertilization = 100 kg N.ha"1

Those results lead to reduce, in these conditions, the N fertilizer application to the
maize crop. This also reduces the nitrate pollution of the environment.

This work was carried out with the collaboration of the International Atomic
Energy Agency through the project ARCAL ХХП.
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The experiments were carried out in laboratory, glasshouse and field in a Rhodic ferralsols soil. In all
experiments the treatments were a Cuban rock phosphate (RP), Cuban RP partially solubilised at 50 % with
H2SO4 (PSRP), triple super phosphate (TSP) and a control.
The Isotopic Exchangeable Kinetic (ШК) method showed that all P treatments increased the P in soil-solution
(Cp), determined by the green malachite method, the isotopically exchangeable P (Ei) and the values of kinetic
indexes according to the degree of solubilisation of each P source (Table 1).

Table 1: Results of Ш К experiment

Treatments

Control
RP
PSRP
TSP

r,/R

0,044
0,049
0,059
0,060

Cp
jig P. ml"'

0,020
0,025
0,036
0,042

E,

4,6
5,1
6,1
7,0

n

0,394
0,351
0,391
0,349

Km
min'1

1092,7
1892,1
544,2
1906,2

Tm
min

9,2. lO"4

5,3.10"4

1,8. Iff3

9,0. lO"4

Fm

VigP.(g.min)-
l

218
473
196
465

The pot experiment carried out using the Isotopic Dilution (ID) method [1], showed that TSP and PSRP were
better than RP in dry matter and P yields and in fertilizer use efficiency (FUE).
The P fraction derived from fertilizers were calculated from the ТЕК experiment using the Fardeau's formulas:
% PdfiF = 100 [E ] F - EIC]/EIF and % PdfF = 100 [Cp1F - CpiC]/Cp1F [2] and related by linear regression with
those obtained from the Ш experiment (Table 2).

Table 2: Results of regression analysis.

Cuts
First

Second

Equation
% PdfFm = -14,7 + 3,48 % PCUTEKEI

% PdfFn, = -37,5 + 2,63 % PdfFffiKCp
% PdfFm = -2,6 + 2,83 % PdfFiEKBi
% PdfFro = -20,6 + 2,12 % PdfF Шк а,

R2

0,92
0,98
0,94
0,99

The FUE were calculated from the regressions equations and the values of P yields obtained from the ID
experiment (Table 3).

Table 3: Fertilizer Use Efficiency (FUE, %) calculated from the values of % PdfF
obtained by different methods.

Trait.

RP
PSRP
TSP

First cut
Ш

0,2
3,3
5,0

ШК
Е,
0,3
2,7
5,2

ШК
Cp
0,2
3,0
5,2

Second cut
Ш

0,7
4,8
7,4

ШК
Ei
0,8
4,2
7,9

ШК
Cp
0,7
4,6
7,6

Total
Ш

0,9
8,1
12,4

ШК
Е,

1,1
6,9
13,1

ШК
Cp
0,9
7,6
12,8

The FUE calculated by Ш method and from Fardeau's indexes were closely related by linear regression, where
the independent term were near zero and the regression coefficient were near 1, indicating the possibility for
estimating the P-FUE from the ШК method or simply by the accurate determination of P in soil-solution.
All P fertilizers increased their efficiency with time but RP even reach 1% due to the soil pH value (neutral).
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In field experiment BAT 477 genotype of common bean and CIAT 899 rhizobia strain were used. The
experimental results ( means of two years) and the economic evaluation are in agreement with those of ШК
and ID experiments where TSP > PSRP > RP > Control (Fig. 1).

Fig. 1. Grain yields, economic profit and Value/Cost ratio of P
fertilizers experiment (grain yields values on bars).
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A second field experiment was carried out in order to validate the new phosphatic fertiliser based in partially
solubilised RP. The treatments were conformed with two common bean genotypes (BAT 477 and DOR 364)
and two rhizobia strains (CIAT 899 and 6ЬШ). The P source in all treatments was PSRP so the common
treatment (PSRP and AI treatments respectively) in both field experiments make to be able to establish
comparisons between them. The experimental results ( means of two years) and the economic evaluation are
showed in Fig. 2.

Fig. 2. Grain yields, economic profit and Value/Cost ratio: validation experiment
of a new P fertilizer based in partially solubilised RP (grain yields values on bars).
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L: DOR 364; A: BAT 477; T: Control; N: N fertilizer; С: 6ЫП; I: CIAT 899.
In terms of economic benefits the new P fertilizer (PSRP) is less expensive that imported TSP, it is produced
with local RP and its use can produce a financial return between 9842 and 13689 pesos/ha
according to the common bean genotype used. The technology for producing the Cuban PSRP was a result of
researches carried out with nuclear techniques and the financial support of the IAEA (Project CUB/5/015).
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Irradiated sewage sludge has proven to be a useful organic fertilizer for sandy soil
(Badawy and El-Motaium, 1999). Evaluation of irradiated sewage sludge as an organic fertilizer
for growing fennel (Foeniculum vulgare L.) plants in sandy soil was investigated in this study.
Sewage sludge used in this study was collected from El Gabal ElAsfar Farm drying beds, where
sewage water of Cairo city has been continuously used for irrigation. Irradiated sewage sludge
received 6 KGy gamma radiation dose. The objective of this study is to compare the response of
fennel plants to different fertilizer regiemes, organic (irradiated and non-irradiated sewage
sludge) vs. chemical fertilizers. Li this regard, a field experiment was conducted using four rates
of irradiated and non-irradiated sewage sludge (20, 40, 60 and 80 ton/ha) in addition to the
control treatment (chemical fertilizer) and a check treatment (neither sewage sludge nor chemical
fertilizer).

Samples analysis included biomass production at vegetative and flowering stages,
chlorophyll content, total and reducing sugars, seed production, oil content, oil constituents and
heavy metals in shoots and seeds.

Fennel biomass production has increased dramatically as a result of sludge application to
sandy soil comparing with the chemical fertilizer. However, at all application rates, the increase
in biomass was significantly higher in plants grown under irradiated sewage sludge than the ones
grown under non-irradiated sewage sludge. At the vegetative stage, the biomass values ranged
from 3.1 g/plant for the control to 10.2 and 34.1 g/plant at 80 t/ha of non-irradiated and irradiated
sewage sludge, respectively. Whereas, at the flowering stage the values ranged from 9.8 g/plant
for the control to 23.9 and 65.1 g/plant at 80 t/ha of non-irradiated and irradiated sewage sludge,
respectively (Fig 1). Under similar condition it was concluded that, the biomass production of
peppermint, grown on a municipal sludge-amended soil, was not affected by the presence of
metals (Scora and Chang, 1997).

Total sugars, reducing sugars, non-reducing sugars and chlorophyll content increased as a
result of sludge application. Reducing sugars are low in the control plants, 14.5 mg/g DW at the
vegetative stage and 18.8 mg/g DW at the flowering stage. Whereas at 80 t/ha of irradiated
sludge application rate, content is 29.4 mg/g DW at the vegetative stage and 37.9 mg/g DW at
the flowering stage. Shoots heavy metals (Zn, Fe, Cu, Pb, Cd, Ni) content was determined.

Sewage sludge has a promising effect on fennel seed yield. A linear gradual increase in
seed yield was observed as the sludge application rate increased. Irradiated sewage sludge
treatments showed higher fennel seed yield than non-irradiated sewage sludge treatments. Seed
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production increased by 41 % to 308 % over the control at 80 t/ha application rate, for both non-
irradiated and irradiated sewage sludge treatments, respectively.

Volatile oil percent exhibited no observable variation due to the use of sewage sludge.
Only a few and limited fluctuations was observed. The magnitude of increase in volatile oil
production (oil yield) in response to the sewage sludge application was parallel to the increase in
seeds yield. Total oil content (cc/plot) increased due to the increase in seed yield. Some
variations in fennel volatile oil constituents, between irradiated and non-irradiated treatments
was observed. The GLC measurements of the fennel volatile oil reveal that, the t-anethole is the
predominent fraction. Fenchone was detected in relatively moderate concentration. Seeds heavy
metals (Zn, Fe, Cu, Pb, Cd, Ni) content was determined.

Fig (1). Effect of irradiated and non-irradiated sewage sludge amended to sandy soil on
Fennel biomass production.

ШVegetative stage non-irr

•Vegetative stage irr.

••Flowering stage n on-irr.

•Flowering stage irr.

20 40 60
Sewage Sludge Application Rate (t/ha)

80

ACKNOWLEDGEMENT

This work was supported in part by IAEA-TC Project on "Irradiated Sewage Sludge for
Increased Crop Production". The authors wish to thank IAEA for the technical assistance.

REFERENCES

[1] Badawy, S.H. and El-Motaium, R.A. (1999). Effect of irradiated and non-irradiated sewage
sludge application on some nutrients heavy metals content of soils and tomato plants.
Proceedings of the 1st Congress on "Recent Technology in Agriculture" Special Edition,
Vol. IV (Soil & water, Economics) p.728-744.

[2] Scora, R.W. and Chang AC. (1997). Essential oil quality and heavy metal concentrations
of peppermint grown on a municipal sludge-amended soil. Journal of Environmental
Quality 26: 4, 975-979.

108



IAEA-SM-363/56P

MODIFICATIONS OF PHOSPHATE IONS TRANSFER IN
A COLOMBIAN OXISOL UNDER CROPPING AND
P FERTILIZATION *

C. MOREL
INRA-Agronomie, BP 81, Fr-33883 Villenave d'Omon cedex, FRANCE

P. GADO SABO
IRI, BP 10727, Niamey, NIGER

D. FRIESEN
CIMMYT, P.O. Box 25171, Nairobi, KENYA

The transfer of P ions between soil and solution is often a limiting factor of plant production in
Colombian Oxisol of native Savanna. Changes in this transfer due to P fertilisation and cropping was
determined using an isotopic dilution technique. For a given P addition, cropping and fertilisation
decrease significantly the affinity of soil solid phase to react with P ions in solution giving a greater
soil solution P ions and P replenishment in cropped soils.

Introduction:
The ability of soil solid phase to react with phosphate (P) ions in solution is of prime importance

to characterise soil P availability and P fertiliser efficiency, especially in P-deficient Oxisol. Changes
in P ions transfer between liquid and soil solid phases were analysed in a cropped and P fertilised
Colombian Oxisol using an isotopic dilution method.

Material and Methods:
Soil samples were taken in 1997 from a long-term field P experiment established in 1991 at the

ICA-CIAT, Carimagua Research Station (Meta, Columbia). The experimental design is a completely
randomised block experiment of 16 treatments in four replications. Only the three following
treatments were studied: i) unfertilised (Tl); ii) 50 kg P-TSP ha'1 applied every year from 1991 to
1995 (Tl 1); iii) 200 kg P ha"1 soluble phosphate fertiliser (TSP) applied once only at the beginning of
the experiment (T16).The soil is an Oxisol (tropeptic haplustox, isohyperthermic) with a silty clay
loam texture. All soil samples were air-dried and 2 mm sieved before P determination. All soil
samples were P-enriched by adding 40, 100, 150, 200, 250, 300 mg P-KH2PO4 • g"1 soil in soil
suspensions (lg:10ml) to obtain after 40 h of incubation soil solution P (Cp) ranged from about 0.05 to
5 mg P • L'1. In all P-enriched soil samples, isotopically exchanged P (E) were determined by labelling
P ions in solution 32PO4 and applying isotopic dilution principle, i.e. the isotopic compositions of P
ions in solution equals the isotopic composition of Е [1]:

R/E= r/Qw (1)
where R is 32PO4 introduced in solution at t=0, r, remaining in solution after the time t and Qv/ the
amount of P ions in solution, i.e. Cp multiplied by the volume to mass ratio.

Results and Discussion:
Fig. 1 described Cp values as a function of added P for all treatments and blocks. For all

laboratory P additions, Cp values of the Tl treatment are significantly smaller than those of the T i l
and T16. For instance, the (T11-T1)/T1 is about 50% for the 40 mg P • kg'1 addition. As a
consequence, added P sorbed on soil solid phase is significantly greater for the Tl treatment. The
reactivity of the Tl soil solid phase decreased after P fertilisation. This decrease is partly explained by
the increase in Cp which reduces reactions of P ions in solution with soil solid phase. It might also be
due partly attributed to modifications in the intrinsic properties of transfer of P ions between solution
and soil. This change was analysed by determining Е as a function of both time and Cp {Fig. 1):

For Tl : £=32.9xCP
0-531 °255" °037LN(Cp), 24 obs., R^O.997 (2)

For Tl 1: £=30.6xCP°621 °™-<>™™(c?\ 24 obs., R^O.998 (3)

For T16: £=29.8xCP
0611 0253-0045LN(CP>5 24 obs., R*=0.998 (4)

This work received the support of the fellowship C6/NER/98012R from IAEA.
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The E description for Tl is significantly different from the two others whereas there is not
significant differences between the T i l and T16 descriptions. Differences in Е values between
fertilised and unfertilised treatments changes with time and Cp. At 0.001 mg P L"1, the Е values
calculated with Tl description are 0.8, 2.7, 8.6 and 33,5 mg P kg"1 after 1, 10, 100 and 1440 min,
respectively. Using the T i l description, these Е values are 0.4, 1.6, 6.0 and 28.5 mg P kg"1 showing a
relative (Tl 1-T1)/T1 decrease in P transfer comprised between -50% after 1 min to -15% after 1 day.
As already observed in grass-legume pastures [2], this decrease is likely due to the greater content of
organic carbon in fertilised soils due to the increase in root biomass and shoot return to soil. Organic
compounds competing with P ions for reactions sites reduce soil P sorption. In conclusion, cultivation
and fertilisation of one savannah Oxisol decrease significantly the affinity of soil solid phase to react
with P ions in solution.

Fig. 1. UPPER LEFT: Relationships between soil solution P (CP) and added P in unfertilised (Tl),
fertilised with 50 kg P ha"1 • yr"1 for 5 years (Til) and fertilized with 200 kg • ha"1 once at the start
(T16) soils. UPPER RIGHT AND LOWER: Isotopically exchangeable P as a function of time and soil
solution P ions for Tl, T i l and T16 soils. For a given soil, the different superimposed data set
corresponds to 1, 10 and 100 minutes of isotopic exchange. Symbols: experimental data. Lines:
equations (2), (3) and (4) of the text.
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Introduction:
Uranium contamination of the environment may occur naturally, but can also occur

from the use of phosphorous fertilizers, or in military areas from deployment of depleted
uranium rounds. Depleted uranium contamination can occur as a result of testing and
training of these munitions, as well as "colateral damage" from use of uranium rounds in
combat situations. Though the radioactive hazards are low, depleted uranium can also have
toxic effects on biochemical processes. The aim of the presented study was to monitor the
bio-availability of uranium (in this particular case in form of depleted uranium deriving from
a military proving ground) for grasses.

Material and Methods:
The pot experiment was carried out by Meyer et al. [1] with the following grass

species: Aristidapurpurea, Buchloe dactyloides and Schizachyrium scoparium.
Growth substrate was a clean local sand to which depleted uranium (DU) from a

military testing site was added. Ground DU material was mixed into the upper layer (6 cm of
36 cm deep pots) of the substrate with the following concentration: [mg/kg]: 0, 50, 500, 5000,
25000. The resultant 'per pot' uranium concentrations were calculated as 0, 10.5, 105, 1050,
and 5250 mg/kg.

Three water regimes were applied during the growth period of 82 days. Thegrass
samples were harvested and separated in above ground and belowground material. The yields
of biomass were determined.

Digestion was performed on 50 to 100 mg sample material in closed teflon-vessels
with 4 ml HNO3 and 1 ml H2O2 in a microwave furnace and afterwards brought to a volume
of 10 ml with bi-distilled water. The U measurements were carried out by means of an
Inductively- Coupled-Plasma Mass Spectrometer (Plasmaquad 3, Unicam).
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Table 1: The mean aboveground plant tissue concentration (dry weight) is listed
for each species, water level, and uranium treatment combination. Uranium
treatment and water level differences were analyzed using ANOVA. Population
comparisons were made using Tukey's W procedure.

Water/Species

Low
A. purpurea
B. dactyloides
S. scoparium

Moderate
A. purpurea
B. dactyloides
S. scoparium

High
A. purpurea
B. dactyloides
S. scoparium

Totals

0

4.7
2.2
1.9

4.1
1.5
2.2

3.6
3.9
2.0

2.9

Soil
10.5

3.0
3.3
2.0

3.0
2.8
1.9

3.7
5.0
2.3

3.0

depleted uranium, mg kg'1

105

8.9
4.7
9.8

2.8
7.8
9.1

2.6
6.5
28.3

8.9

1050
-mg kg"1

6.8
60.6
12.1

13.9
31.3
33.7

58.4
36.2
131.2

42.7

5250

34.0
57.0
125.0

34.5
81.3
47.8

417.0
187.8
136.5

124.5**

Totals

22.4

18.5

68.3*

*High water is significant (P= 0.05) from other water levels.
**5250 mg kg-1 level significant (P< 0.0001) from other uranium treatment levels.

Results and Discussion:
In table 1 the results are summarized for the U concentrations in the aboveground

tissues. Uranium was taken up by the plants at all concentration treatments. The uptake into
the roots was quite significant, while the uptake into the aboveground portion of plants was
quite low. Expressed as Concentration Ratios (CR; [U in tissue]/[U in soil]), all of mean
aboveground CRs for each treatment are less than 0.3. The mean root CRs, however, are as
high as 2.3, indicating that uranium may be concentrated in root tissue. This suggests that
uranium, as supplied as munition-based DU, is available to plants and thus may enter the food
chain as a potential hazard to humans and animals.

REFERENCE

[1] Meyer, M.C., McLendon, T. and Price, D., "Evidence of Depleted Uranium-Induced
Hormesis and Differential Plant Response in Three Grasses", J. Plant Nutr. 21 (1998)
2475-2484.

112



ХА0056115

IAEA-SM-363/58P

UTILIZATION OF NITROGEN BY TWO
RICE VARIETIES AT VARIOUS NPK LEVELS

M.B. ONCSIK
Irrigation Research Institute, Szarvas, Hungary, H-5540

F. KOROSI
Szent Istvan University, Godollo, Hungary, H-2100 , email: fkorosi@hotmail.com

In the plant nutrition of rice to assess the efficiency of utilisation of nitrogen, i. e.,
basal dressing, top dressing and their joint application vs. genotypes is of paramount
importance and a controversial one [1].

For this рифове and also to determine an optimal pot size for condunting rice studies
1 5N labelling were applied [2].

In the presented pot experiments the effect of NPK levels as defined at ppm levels,
basal and split N dressings as well as genotypes exerted on the 1 5 N fertilization recovery in
the straw and grains have been studied. The following treatments were applied: 1. NoPoKo; 2.
N0P300K300; 3. N300P300K300; 4. N600P300K300; 5. N900P300K900; 6. N600P600K900; 7. N900P900K900;

1 5 N (mg/dm)
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Fig. I. Effect of NPK levels and N-dressings on N recovery by
Aguszta rice variety.

8. N300+300P600K900 (the N top dressing was performed at tillering); 9. N300+300+300P900K900 (the

N top dressing was performed at tillering and panicle initiation).
To estimate the genotype effect two varieties, e. g., Sandora and Aguszta, were

involved. The 1 5 N accumulation derived from (15NH4)2SO4 10 atom % nitrogenous form was
measured using Fisons NA 1500 C/N analyser coupled to a GC-MS (Fisons 8000 GC +
MD800 quadruple MS) measuring unit. For the data evaluation the estimated values with
their standard errors (SE), and principal component analysis were applied. In the 1 5N-
accumulation both genotype, NPK level, and their interaction (genotype x NPK level) effects
were revealed. At the average of applied 9 NPK level the Aguszta variety recovered by 74
mg/gdry matter more 1 5N from the ammonium sulfate than Sandora. The labelled nitrogen
uptake noted for Aguszta was the same, within the SE, at the basal dressing of N300P300K300
and that of N300+300P600K900 (Fig. l).This did not hold for Sandora variety (Fig. 2). From the
point of view of basal dressing vs splitted one, it is important to note, for both variety, that the

113



I S N ( m B ' t a )

240

7.00

160

120

80

10

0

N»IPM«KM« -r

i NNWMK9II ••

NCUPtMiaH

Г N«eP3««an T ~

T ~ NM»+18»+Л01ЧИКИ1 .

1 N3№ ЗИР«МЮИ7

_ пшшш. _

№P3tOK3«

: I I :
1 2 3 4 5 6 7 8 V

Fig. 2. Effect ofNPK levels and N-dressings on N recovery by
Sandora rice variety.

-3.6
Component 1

Fig. 3. Biplot demonstration of the connection between labeled and
total nitrogen contents as well as seed and straw weights.

1 5N-uptake from N300+300+300P900K900 has not significantly surpassed that originated from
N600P600K900 treatment. In the case of Sandora that was even higher (cf. Fig. 1. and 2.).
The highest 15N-corporation for both varieties was noted at N900P300K900 and N900P900K900
levels.

The biplot (component weights and eigen vectors) demonstration principal component
analysis in a six dimensional sample space revealed a close connection (Fig. 3) between seed
weight and total seed N-content (TN), with no connection being appeared for the straw
weight.

According to the results obtained the influence of the top dressing did not appear to be
as effective as that of basally applied nitrogen.
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Meghalaya, a hill state of North-Eastern India has rice as its major crop. Its altitude range from
80m to 1850m above msl with the average rainfall of 2000 to 3000 mm received annually. It is found that
for top yields and profits, due importance to micronutrients should be given along with major plant
nutrients.

Few micronutrients viz. Mn, Fe, Cu, Zn, V, Co, Ni, B, Al, Mo, Cr, Se and Cd, have been
estimated to find their status in rice soils and plants. Among those estimated so far, Zn and Cu are found
to be of low content which ultimately show their deficiency in rice plant growing soils under submerged
condition. The findings show that major portion (65%) of the added Zn and Cu gets converted into
relatively difficult available form and small portion only remains in readily available forms for absorption
by plants. Soil properties like pH, organic carbon, CEC and clay content of soils influenced the plant
availability of added Zn and Cu in soils. Also, acid soils can also fix Zn and Cu to the extend of 50-75
percent when solution containing Zn and Cu are allowed to react with the soil.

The adsorption of Zn (labelled with 65Zn) and its subsequent desorption in the soils growing rice
of varying pH, organic carbon, cation exchange was studied in the laboratory. The method adopted was as
follows:

Five surface soil samples (0-20cm) were collected from different rice growing zones of the state.
lOg air dried (<2mm) soil in polypropylene centrifuge tube was equilibrated with 20ml of supporting
electrolyte(0.01M CaCl2) containing graded levels of 0, 2, 5, 10, 15, 20 and 25 mg Zn ml"1 tagged with
65Zn (l.OmCi g"1 Zn) at 25 °C for 24h. Soil suspension was centrifuged followed by filtration of the
supernatant to remove particulates. The radioactivity of 65Zn was measured in the filtrate using a well
type solid scintillation counter (Nucleonix-GR611M). The amount of Zn adsorbed was computed from
difference in the initial and final radioactivity of 65Zn in the filtrate from each soil. To interpret the
adsorption of Zn in soils, the Langmuir adsorption equation given below was employed.

C/x/m = 1/kb+C/b

where С = equilibrium concentration of Zn in soil solution (ug mL' ! )
x/m = amount of Zn adsorbed (ug g 1 soil),
b = adsorption maxima (ng g"1 soil),
к = bonding energy constant (mL м-g"1)
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Desorption of Zn was studied by shaking soil residues as obtained from adsorption study with
20ml of supporting electrolyte (0.0Ш СаСЬ) solution for 18h and centrifuged and filtered. This process
was performed twice. The soil residues were subsequently shaken with 20ml of complexing agent (1%
Na2 -EDTA ) for six hours and centrifuged and filtered. The remaining soil residues were extracted with
20ml of 0.1M HC1 by shaking for six hours, hi each of the four extracts, radioactivity of 65Zn was
measured in a well type solid scintillation counter with NaI(Tl) detector. All the measurements were made
in duplicate.

The data on adsorption of Zinc in different soils reveals that the amount of Zn adsorbed by
different soils increased with concentration of added Zn. But on an average, adsorption of Zn greatly
decreased from 94.7 to 62.5 per cent with the increasing concentration of Zn in the equilibrium solution.
The value of adsorbed Zn also depends on physico-chemical properties of the soil as the value of
adsorbed Zn increased as the pH of the soils increased. Regarding desorption of Zn by different
extractants, the data indicated that as the concentration of added Zn increased the percent desorption of
Zn also increased. At lower concentrations of added Zn, per cent Zn desorbed was much less as compared
to that desorbed at higher concentrations.

From our experiment, we conclude that wet land rice soils of this state with DTPA-extractable
Zn<1.2mg kg"1 and DTPA-extractable Cu < 0.7mg kg"1 and rice plant with Zn concentration < 35.9 mg
kg'1 and Cu -concentration < 7.0 mg kg'1 will need Zn and Cu fertilization to meet the Zn and Cu
requirement of rice crop. It has been observed that there was positive effects of Zn and Cu application on
rice yield. The increase in paddy yield due to Zn application was up to 40 percent and due to Cu
application was up to 29 percent. Hence Zn and Cu deficiency will not allow the high yielding varieties to
do their best only with NPK. Moreover, the results indicate that an application of Zn @ 5.0 kg ha"1 and Cu
@ 2.5 kg ha"1 to be the most economical rate and may be applied to die soil at the time of puddling.
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A field experiment with onion as test crop was conducted to study the effect of two levels
(3.7 and 7.4 MBq m'2) of !37Cs and four countermeasures (application of farmyard manure @
12.5 t ha"1, application of 100% extra dose of potassium over the dose recommended for onion,
deep ploughing with a mold board plough and a control). All the treatments were replicated thrice
in a randomised blocks design and onion variety Rampur was sown in the plots with a spacing of
45 x 10cm. The crop was harvested at maturity and separated into bulb and sheath and analysed
for 137Cs activity using a Nal (Tl) gamma ray spectrometer. The levels of 137Cs significantly
influenced the transfer factor (TF) in onion bulb and sheath. The levels of 137Cs and the TF were
inversely related. The countermeasures tried had a significant influence on the TF of I37Cs from
soil to onion and the values ranged from 0.0009 to 0.0025 m2kg"1. The TF was highest at control
and the three countermeasures had significantly reduced the TF as compared to control.
Application of FYM was the most effective of the countermeasures. The other two
countermeasures, viz., potassium fertilisation and deep ploughing were on par. The agricultural
countermeasures greatly reduced the TF in onion sheath also. The three countermeasures were on
par, but recorded significantly lower values than control.

Introduction:
Caesium-137 has drawn great attention because of its long half-life (30 years) and its threat

to the ecosystem through food chain owing to its chemical similarity to K. Much attention should,
hence, be paid to the consequences, for agriculture and food production, of 137Cs fallouts from
weapons testing and/or nuclear reactor accidents, both in the short term and long term
perspectives. Therefore, the present investigation was carried out with the objective of studying
the effect of 137Cs contamination of soil and the effect of different agricultural countermeasures
on the transfer of !37Cs from soil to onion crop under field conditions.

Methodology:
The experiment was conducted at Tamil Nadu Agricultural University farms, Coimbatore,

India, on a clay loam soil. Microplots (1 x lm) were made out in the centre of the larger plots (5 x
5m) after field preparation. The microplots were contaminated with two levels of 137Cs (3.7 and
7.4 MBq m"2) by uniformly spraying a carrier-free solution of caesium nitrate with a hand
sprayer. Then four treatments were imposed as countermeasures on the plots, viz., application of
farm yard manure (FYM) @ 12.5 tonnes ha'1, application of 100% extra dose of potassium over
the dose recommended for onion, deep ploughing with a mold board plough and a control.

Common basal applications of nitrogen (@ 50 kg N ha'1 as urea) and phosphorus (@ 50 kg
P2O5 ha"1 as super phosphate) were made to all the plots. The dose of potassium applied was 100
kg K2O ha"1 against the recommended dose of 50 kg K2O ha"1 for onion as muriate of potash.
After imposing these treatments, onion variety Rampur was sown in the plots with a spacing of
45 x 10cm. All the treatments were replicated thrice in a randomised blocks design.
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The crop was harvested at maturity and separated into bulb and sheath and analysed for
137Cs activity using a Nal (Tl) gamma ray spectrometer by differential counting. From the
radioassay data, the transfer factor (TF) of13 Cs was computed as follows:

137Cs activity in plant sample (MBq kg'1)
TF (m2 kg1) =

137Cs activity deposited on soil (MBq m2)

Results:
1. Effect of treatments on onion bulb

The TF of 137Cs from soil to onion bulb was found to be significantly influenced by the
various countermeasures tried and the values ranged from 0.0009 to 0.0025 m2kg^ (Table I). The
TF was highest at control and the three countermeasures had significantly reduced the TF as
compared to control. Application of FYM was the most effective of the countermeasures. The
other two countermeasures, viz., potassium fertilisation and deep ploughing were on par. Though
the TF tended to decrease with the increase in the level of 137Cs contamination, the descrease was
not significant.
2. Effect of treatments on onion sheath

In contrast to the bulb, the levels of I37Cs significantly influenced the TF in onion sheath
(Table II). The TF and the 137Cs levels were inversely related, probably due to the reduction in
molar fraction of Cs in the alkali metal pool when increasing quantity was added to the soil [1].

The agricultural countermeasures imposed greatly reduced the TF in onion sheath also. The
three countermeasures were on par, but recorded significantly lower values than control. The TF
in FYM plots was the lowest which could be attributed to the adsorption of 137Cs by organic
substances [2, 3]. It was evident from our studies that potassium application and deep ploughing
could also be effective measures for reducing the 137Cs contamination. The antagonism between
К and Cs is well known. Deep ploughing ensures removal of 137Cs far below active root zone.

Conclusions:
The TF constitutes the key to predicting the amounts of radionuclides that may reach the

human population. In the event of a radioactive release of 137Cs, action may be directed towards
limiting the dose caused by contamination of agricultural land through such practices like direct
application of organic manures, potassium sources and deep ploughing. In the present
investigation all the three countermeasures tried had significantly reduced the TF in both the bulb
and sheath of onion. The TF and 137Cs contamination level appeared to be inversely related,
though this relationship was significant only in case of sheath.

Table I: Effect of levels of Caesium-137 and agricultural countermeasures on the soil to
crop TF of Caesium-137 (m2 kg"1) in onion bulb.
Countermeasures

Control
FYM application
К fertilisation
Deep ploughing
Mean

3.7 (MBq m2)
0.0023
0.0010
0.0018
0.0021
0.0018a

Levels of u 'Cs
7.4 (MBq m')
0.0027
0.0008
0.0014
0.0012
0.0015a

Mean

0.0025a
0.0009c
0.0016b
0.0017b
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Table II: Effect of levels of Caesium-137 and agricultural countermeasure on the soil to
crop ТГ (m2 kg'1) in onion sheath.
Countermeasures

Control
FYM application
К fertilisation
Deep ploughing
Mean

3.7 (MBq m"')
0.0032
0.0020
0.0016
0.0021
0.0022a

Levels of U /Cs
7.4 (MBq m2)
0.0017
0.0010
0.0008
0.0012
0.0012b

Mean

0.0024a
0.0016b
0.0012b
0.0016b

Means within a column or row followed by different letters are significantly different at P = 0.05.
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Effect of varying levels of moong residues (0 to 200 per cent) on rice crop was evaluated
using N-15 urea over two seasons (1997-98 and 1998-99). The moong crop was sown in field in
April immediately after the harvest of wheat crop in main block 14C of the Indian Agricultural
Research Institute farm in which 24 main plots of the size 4.0 m x 5.0 m were made. Microplots
of 1.0 m x 1.0 m (1 m2) size for 1SN urea application were made in eight main plots (4 plots for
moong and 4 plots for reference crop of maize) for determining the amount of nitrogen fixed by
moong crop by 'A' value technique. In 20 plots moong crop and in 4 plots maize as a reference
crop was planted. The moong and maize crops were fertilized with NPK at the rate of 20, 40, 40
and 120, 40, 40 kg N, P2O5 and K2O ha"1, respectively. After the harvest of moong pods, the
residue (moong stover) was incorporated in to soil at the rate of (i) 0 %, with preceding crop
maize, (ii) 0%, with preceding crop moong, (iii) 50%, (iv) 100%, (v) 150%, by adding from
treatment No. iii, and (vi) 200%, by adding from treatment No. ii. The moong stover was
incorporated eight days before rice transplanting. Simultaneously, there was a reduction in
fertilizer N application to rice, which was adjusted, to 100, 87.5, 75, 62.5 and 50 per cent of the
120 kg N ha"1. Also a check with fallow, that is no moong crop prior to rice with 100 percent N
applied, as urea at 120 kg N ha'1 was included. The basis for reducing the fertilizer N application
in moong residue added treatments was that in the 100 % residue incorporated treatment the
nitrogen added through residue was about 60 kg ha"1 and as such 50 % of this amount was
reduced in the fertilizer level. To measure the fertilizer N use efficiency in rice as influenced by
varying levels of moong residues (0 to 200 per cent), N-15 urea labeled with 5.032 % atom
excess 1 5N in 1997 and 10.021 % atom excess 1 5N in 1998 was applied in microplots of 1 m2

made in each of the main plot. Thus the treatments tested were as:

(i) 0% residue with preceding crop maize + 120 kg N ha"1

(ii) 0% residue with preceding crop moong + 120 kg N ha'1

(iii) 50% residue with preceding crop moong + 105 kg N ha"1

(iv) 100% residue with preceding crop moong + 90 kg N ha"1

(v) 150% residue with preceding crop moong + 75 kg N ha"1

(vi) 200% residue with preceding crop moong + 60 kg N ha"1

The results showed that in both the seasons, the highest paddy yield of 5.57 and 5.61 Mg
ha"1, respectively, was obtained with application of 100 % moong residues and 75 % of the urea N
(90 kg N ha"1). Urea alone, with or without previous moong crop gave similar paddy grain yield
of about 5.1 Mg ha"1. Lowest grain yield was obtained when 200 % moong residues and 50 % N
as urea (60 kg N ha"1) was applied. However, this resulted in highest fertilizer N use efficiency.
The residual fertilizer nitrogen in soil traced after the harvest of the rice crop revealed that there
was a positive effect of moong residues incorporation on retaining more of the fertilizer N in soil.
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Table 1: Effect of Moong Residue Incorporation and Fertilizer
Nitrogen on Paddy Grain Yield, Fertilizer N Uptake
and Percentage Utilization.

Crop Residue
Incorporated

Check
0%

50%
100 %
150 %
200 %

Fert. N
[kg/ha]

120
120
105
90
75
60

Decrease in
Fertilizer N
Level (%)

0
0

12.5
25.0
37.5
50.0

SEm (±)
CD. at 5 %

Grain
Yield
(Q/ha)

1997

50.9
52.8
54.0
55.7
51.5
46.4
0.46
1.40

1998

48.5
51.2
54.8
56.1
50.2
46.7
0.73
2.20

Fert. N
Uptake
(kg/ha)

1997

41.05
42.30
45.22
43.61
42.46
38.75

0.59
1.79

1998

40.27
41.74
46.08
43.91
41.87
39.24

0.59
1.77

% Utilization
of Fert. N

1997

34.21
35.25
43.07
48.46
56.61
64.58
0.64
1.94

1998

33.56
34.78
43.89
48.79
55.83
65.40
0.64
1.92

The total loss of fertilizer N without any residues incorporation was nearly 37 %, but in
moong residues incorporated treatments this ranged from 11 to 17 % only. It implies that nearly
89 % of the fertilizer N could be recovered in soil-plant system when 200 % moong residues were
added and only 63 % could be found in plant and soil when urea alone was applied to rice. The
moong residues, result in the availability of 10 to 58 kg ha'1 of additional available N in soil and
out of this, 3.8 to 21.1 kg ha"1 is taken up by the rice crop.

After the harvest of rice, wheat crop was taken in the same layout with uniform
application of 120 kg N ha"1 in all the 24 plots during the winter (Rabi) season. The highest grain
yield of wheat of 5.27 to 5.64 Mg ha"1 was obtained in the treatment where 100 per cent moong
residues were incorporated before paddy with 25 per cent less fertilizer N application to paddy.

The data reveal that nearly 25 per cent fertilizer N in rice can be saved with application of
moong residues with added advantage of more yield of paddy as well as following wheat crops
and bonus yield of moong in summer in rice-wheat-moong rotatioa
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The total application of N-fertilizer for crops production is much greater
than P or К all over the world. Hence, there is a non-renewable component of N-
fertilizer row material such as H2 gas. Therefore, it is a big problem in increasing
production of N-fertilizer. Utilization of biological nitrogen fixing crop, such as
legume crop, as green manure is promising agent alternative N-fertilizer to
substitute commercial N-fertilizer. However, there is no such research reported
about the amount of nitrogen contribution from green manure, especially for corn
production on Ultisols. Therefore, this research is needed. The objective of this
research was to measure nitrogen derived from green manure by corn on Ultisols,
and choose the best species of legume green manure as an alternative of N-
fertilizer.

Four species of legume such as Acassia mangium,a.nd Parasereanthes
falcataria (tree legume), Cassia mimosoides, and Crotalaria anagiroides (shurb
legumes) were planted and labelled with 1 5N as sources of nitrogen for growing
corn. Pruning of green manure were used to grow corn for 60 days period.
Percentage of 1 5N a.e. in green manure and corn measured by Emission
Spectrometer.

Result of soil sample analysis showed that Ultisols at the Experiment
Station is very acid, very high Al-saturation, poor in organic matter and plant
nutrient, particularly N and P. After liming and applying green manure, pH
increase to 4.80, Al saturation decrease to 20 %, soil organic matter and total
nitrogen increase. This soil chemical properties will be better for supporting a
good growth of corn, since corn is able to grow well on Ultisols, when Al-
saturation under 40% ( 1 ) .

Nitrogen content, total nitrogen amount, and % 15Na.e. of green manure
shown in Table 1. Rates of green manure used were the same, that was 10 ton.ha"
of fresh weigh, or equal to 3.3 ton dry weigh. Nurhajati Hakim and Helal ( 2 )
reported that Cassia mimosoides species is able to fix N atmosphere as much as
91.42%, whereas Acacia mangium as much as 80.02%.

Table 2 showed that dry matter of corn 60 days after planting (DAP), total
N content, and N yield of com were not significant influenced by different species
of green manure. Until 60 DAP, total N uptake by corn on Ultisols around 65 to
91 kg N.ha"1, about 17 to 80 % derived from green manure (Table 3).

Results showed that Cassia mimosoides was the best green manure crop as
an alternative of N fertilizer, because around 80 % of N uptake by corn (72kg
ha'1), derived from Cassia mimosoides.
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Table 1: Nitrogen content, total nitrogen amount, and %15Na.e.of green manure
crops, that used for corn on Ultisols. Padang, Indonesia.

Species of Legume Crops
as N resources for corn

1. Acacia mangium
2. Paraserianthes falcataria

4. Cassia mimucuides
5 .Crotalaria anagyroides

N in green manure
% total N

5.00
5.45

4.76
4.95

kgN.ha-1

165.00
179.85

157.08
163.35

%15Na.e.

0.756
0.517

0.332
0.364

Table 2: Dry weigh and N yield of corn 60 DAP which influenced four species of
green manure as N source, on Ultisols, Padang, Indonesia.

Species of legume crops

As N resources for corn

1. Acacia mangium
2. Parasereanthes falcataria

4. Cassia mimucuides
5 .Crotalaria anagyroides

Dry weigh and % total-N of corn

ton.ha"'

3.912 a
4.366 a
4.460 a
3.382 a

% total N

1.92 a
2.04 a
2.04 a
1.92 a

N yield

kg.ha'*

75.11a
89.07 a
90.98 a
64.93 a

•Number in the same column followed the same letters is not significant different ( HSD 5%)

Table 3: Nitrogen contribution of 4 species green manure crops to corn 60
days after planting time, on Ultisols, Padang, Indonesia.

Species of legume crops

as N resources for corn

1. Acacia mangium
2. Paraserianthes falcataria
4. Cassia mimucuides
5.Crotalaria anagyroides

N green manure absorbed by corn

"Na.e (%)

0.129 a
0.139 a
0.265 b
0.161a

N-dfgm
(%)

17.06 a
26.88 a
79.82 b
44.23 a

N-dfgm
kg.ha-1

12.81 a
23.94 a
72.62 b
28.72 a

N-Green
manure use
efficiency

(%)

7.76 a
13.31a
46.23 b
17.58 a

•Number in the same column followed the same letters is not significant different (HSD 5%)
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Better efficiency use of fertilizer has attracted a great deal of interest in oil palm estates because
of the increasing fertilizer prices.
It is assumed that if higher efficiency use of fertilizers for estate crops including oil palm could be
achieved a tremendous fertilizer cost could be saved and environmental pollution could be decreased. One
way to enhance fertilizer efficiency use in oil palm is by applying them in places where the most active
roots are located.

From previous work it was possible to determine the most active root area of tea and chinchona
by using 3 2P (1,2, 3,4). In this experiment 32P was used too, to determine the most active root locations of
oil palm trees. The oil palm trees were 8 years old having an average height of a 2.5 m, 25 cm stem
diameter and 25 leaves. 3 2P in the form of KH2PO4 carrier free solution was injected in 20 holes around
the trees, with each tree receiving a total of 100 ml KH2PO4 with a total activity of 24.5 mCi. 32P was
injected at location as shown below:

Distance from stem
(m)
1.5
2.5

soil depth
(cm)

5 and 15
5 and 15

hi this experiment three replication were used. Leaves of oil palm trees were harvested 2 and 3 weeks
after 3 2P application respectively. The data reported here is from the last harvest. To determine the active
root location 2 leaves were taken at each harvest, namely the 17 * and 19 * leaves. Dpm values were
analyzed in 2 g samples.
The location of 3 2P injection around the trees and the parts of each leaf to be analyzed for their dpm are
shown in Figure 1.

Leaflet
U

a = 1.5 m from stem
b = 2.5 m from stem
1 = 5 cm soil depth

\ 2 = 15 cm soil depth

i
Holes for 3 2 ? Injection

Fig. 1. Location ofS2P injection and leaf parts analyzed for dpm.
Results obtained expressed in dpm are shown in Figure 2.

Leaf rib

U=upper part of leaf
C=center part of leaf
B=bottom part of leaf

Only the leaflets were analyses
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•9th leaf

В 17th leaf

U С В а Ь 1 2

Fig. 2. Dpm values in samples of oil palm leaves.

Data obtained show that the dpm of 9th leaf was higher then the 17th leaf. The dpm from the upper parts of
the leaves showed the highest dpm values too.
The most active roots expressed in dpm apparently are located at a 1.5 m distance from the tree and at a 5
cm soil depth.

Using these data the efficiency of urea was tested applied at 1.5 m from the tree stem and at a 5
cm soil depth.
The treatments applied to test the efficiency of urea use by oil palm trees are as follows:

No
N1
N2
N3

Iй

Urea
(g)
0

1000
500
400

application
15N-AS

(g)
20
20
20
20

2
Urea

(g)
0
0

500
300

application
I5N-AS

(g)
20
20
20
20

Urea
(g)
0
0
0

300

application
"N-AS

(g)
40
40
40
40

The 2nd and 3 r d application were applied 4 week after each previous applications, making each tree
received a 1000 g of urea. Harvest were done for the 9th and 17th leaves as in the 3 2P experiment.
Two harvest were done which were 4 and 8 week after the last application. 15N labeled Ammonium
Sulfate (AS) with a 10.12 % 15N was used. The 1SN was analyzed using 1 g sample of the total leaflets.
15N was analyzed using the NOI-6 PC ! 5N analyzer. The N-partitioning calculation were done as shown
by ZAP ATA (5). Results obtained are presented in Figure 3.

Fig. 3. N-partitioning in samples of soil palm leaves.

From figure 3, it could be said that the highest urea efficiency use was obtained when it was applied in
two splits showing the highest N-derived from urea.
Here too it could be shown that the N-derived from 15N-AS were quitte small but still detectable and
used as tracer and not as an N-source.

This work shows clearly that 32P and 15N which could be detected in small samples, could be use
to determine the most active roots location and to determine the fertilizer efficiency of urea.
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The selection of appropriate practices for salinity control under saline irrigation
water requires the quantification of the movement of salts and water in the soil. The
objective of present work was to (i) construct leaching curves of Na and Cl in a field
soil irrigated with saline water (ii) describe transport under field conditions with
convection-dispersion model (CDM), and (iii) measure hydraulic conductivity K(9) of
field soil using neutron meter and tensiometers.

A field experiment of one hectare was conducted at the Cukurova University
Experimental Station in Adana, south of Turkey. Selected plots were assigned to the
investigation under consideration. An access tubes were installed in the center of the
plots. Series of tensiometers and suction cups were installed at depths of 15, 30, 45,
60 and 75 cm and 15, 30 and 45 cm, respectively. The plots were pounded with fresh
water to saturate soil to a depth of about 60 to 70 cm. After percolation of the applied
water, the soil surface was covered with a plastic layer to prevent evaporation. Soil
water content was monitored for the 0.1 - 1.1 m depth every 0.1 m using neutron
moisture meter. Unsaturated hydraulic conductivity, K(9), was estimated following the
procedure described by Hillel et al. [1].

After the application of fresh water, a saline water (EC = 7.0 dS/m, Na = 63.1
and Cl = 113 mmol/L) was pounded with 7 intermittent portions. Samples of soil
solution were collected periodically and measured for Na and Cl. The transport model
(CDM) was fitted to experimental Na and Cl breakthrough curves [2].

Results showed that the shape and position of breakthrough curves (BTC) of Na
and Cl differed based on soil depth and type of ion. The BTC of Na were displaced to
the right and showed less relative concentration (C/Co) for a given pore volumes of
water. The model provided good fit to the BTC of both solutes. It was able to describe
the BTC of both solutes under saline irrigation of the field soil. It gave calculated
dispersion coefficient (D) ranged between 120 to 237 cm2/d (Table 1). The lower
values of Peclet number (P) showed that connective transport was low in comparison
with dispersive transport.

The fitted exponential curve of K(0) showed in general a decrease in magnitude
with the use of saline water (Fig. 1). This may be attributed to the migration of clay
particles and sealing of soil pores by dispersed clay colloids.
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Table 1: Transport parameters estimated by convection-dispersion model.
Soil depth D P Correlation No. of points

cm cm2/d coefficient*

Na
15
30
45

15
30
45

237.6
177.6
120.0

177.6
177.6
177.6

2.0
2.0
2.0
Cl
1.5
2.0
3.0

0.941
0.933
0.877

0.983
0.986
0.947

8
8
8

8
8
8

* correlation coefficient between measured and predicted relative concentration as a function of pore
volumes based on convection -dispersion model.

** All r-values are significant at the 0.01 level of probability
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Fig. 1. Effect of salinization on unsaturated hydraulic conductivity.
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Potato a major spring and summer crop in the Bekaa valley, is known to have high
requirements for nitrogen and potassium. Farmers practice consists of soil application of 450-500
kg N/ha for an average yield of 20-25 t/ha of fresh tubers. Consequently, water quality is
threatened as confirmed by an annual increase in nitrates concentrations in the underground water.
Thus for a sustainable management one of the tools is the implementation of a combined
application of water and fertilizers (fertigation) by drip irrigation. In this work nitrogen
requirements by fertigation were studied by a comparison of four levels of nitrogen. In 1997 these
were: zero, 240, 360 and 480 kg N/ha and according to the previous results, the levels were
reduced for 1998 to zero, 120, 240 and 360 kg N/ha. The control consisted of soil application at a
level equal to 360 kg N/ha in 1997 and 240 kg N/ha in 1998. Nitrogen fertilizer use efficiency
was obtained by the isotope dilution technique in microplots receiving ammonium sulfate
enriched with the heavy isotope 15N (1.5% a.e.). Nitrogen balance was evaluated with an emphasis
on the crop fertilizer recovery by the difference method and the isotope dilution technique.

Nitrogen fertilizer use efficiency varied between seasons, but it presented a steady
increase with nitrogen input (Table 1). Fertigated treatment was comparable to the soil application
in 1997 [1], which agrees with a result from the Jordan valley [2]. This was explained by a high
volatilization or an important retention of ammonium on the clay particles. During the second
season, the smallest nitrogen level (120 kg N/ha) had the highest use efficiency: 90% by both
tubers and shoots (Table 1).

For both seasons, no significant differences were obtained in commercial yield. The
absence of nitrogen did not lead to significant losses in tubers production due to the availability of
nitrates in the irrigation water (Table 1). The remaining nitrogen originated from the soil: mineral
nitrogen and the mineralization of soil organic N. Soil nitrate-nitrogen increased in the 0-20 cms
between the beginning and the end of the experiment but decreased slightly in the 20-60 cms. The
overall build-up in the soil (bulk density: 1.29) was +19 kg N/ha in 1997 and +41 kg N/ha in

Table 1: Nitrogen yield in potato at physiological maturity and its origin (kg N/ha) based on
the isotope dilution technique in treatments receiving 4 levels of nitrogen.

XA0056122

Season

1997

1998

Treatment

Zero
240 kg N/ha
360 kg N/ha
480 kg N/ha
Control - soil

Zero
120 kg N/ha
240 kg N/ha
360 kg N/ha
Control - soil

Origin of nitrogen in crop
(kg N/ha)

Fertilizer

-
64
110
103
134
-

108
133
150
63

Irrigation
water

38
38
38
38
38
55
55
55
55
55

Soil
nitrogen

118
88
76
28
64
90
34
58
46
111

N yield
(kg
N/ha)

156
190
224
169
236
145
197
246
251
229

Fertilizer :
input-uptake
(kg N/ha)

-
176
250
377
226

-
12
107
210
177
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1998. Mineralized organic N contributed significantly to the balance in this treatment. Assuming
a seasonal rate of mineralization of 1.5%, mineral N (N: 0.147%) reaches 114 kg N/ha in 0-40
cms. These values meet closely the calculated soil nitrogen contribution (Table 1).

Nitrogen fertilizer contribution based on the difference and isotope dilution methods did
not give comparable results (Table 2) nor was the ranking maintained between treatments which
confirms other observations [3] and disagrees with others [2]. The higher recovery from fertilizers
in the isotope dilution method resulted from the large nitrogen pool in water and soil. In soil-
application the results were not consistent between the 2 seasons which suggest the role of
climatic parameters in the fertilizers availability and their interception by crop roots. In fact, roots
distribution in the soil could be another source of difference between the zero-N and the fertilized
treatments. Although potato is known to have shallow roots in the absence of nitrogen the volume
occupied by roots increased, as indicated by readings with the neutron probe [1]. Also, the soil
nitrogen contribution increased (Table 1). The soil-applied fertilizer presented similar nitrogen
yields with the corresponding fertigated treatment but the fate of N fertilizer was quite different.
Thus, the fertigation technique allows a greater availability of the fertilizer and a more efficient
crop removal. Soil N build-up, as a sum of mineralized N and fertilizer N, was more important in
1997 and ranged from 200 kg N/ha (in N1) to 460 kg N/ha (in N3). A moderate level such as N1
in 1998 is recommended as the N build-up was smallest.

Table 2: Contribution of fertilizers according to the difference and isotope dilution

letnoas to nitro

1997

1998

jen yieia in potato

Treatment

ZeroN
240 kg N/ha
360 kg N/ha
480 kg N/ha
Control - soil

ZeroN
120 kg N/ha
240 kg N/ha
360 kg N/ha
Control - soil

receiving <* lev

N yield
(kg N/ha)

156
190
224
169
236
145
197
246
251
229

eis ot nitrogen.
N Fertilizer contribution

(ke N/ha)
Difference

-
34
68
13
80
-

52
101
106
84

Isotope dilution

-
64
110
103
134

-
108
133
150
63
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To investigate the contribution of crop residues to the N-economy of a maize-
groundnut rotation system, a long-term field experiment was established in February 1997.
The experiment consisted of four treatments: (i) Ti - recommended rate of chemical fertiliser
with residues, (ii) T2 - recommended rate of chemical fertiliser without residues and (iii) T3 -
combination of organic fertiliser (chicken dung),chemical fertiliser and residue application.
In order to investigate the N contribution first crop (maize) residue to subsequent crops, the
first maize crop was labelled with 1 5N in the Ti and T2 treatments. The first crop was sown in
March 1997 and 15N-labelled N fertiliser (ammonium sulphate, 9.9% 1 5 N a.e.) was applied at
60 kgN ha"1 to the Tj and T2 treatments, in a microplot (4m x 4m) within the yield plot (20m
x 8m), to generate labelled maize residues. At the same time 90 kgN ha"1 unlabelled N
fertiliser was applied to supplement the recommended N rate for maize of 150 kgN ha'1.
Treatment T3 was included for comparison of yields and effects on soil properties. After the
first crop was harvested the labelled aboveground residues in Ti were applied in another
microplot so that the fate of the labelled residue-N could be followed in subsequent crops.
Subsequently, groundnut and maize were grown in rotation and after each harvest the labelled
aboveground residues in the microplots of Ti and T2 were removed and unlabelled residues
were added to Ti.

Because variability between replicates was high in the T2 treatment, the average
economic yields in treatment plots with residues, Ti and T3, those in the 2nd and 3 r d crop
cycles were not significantly different than of plots without residues, Ti (Fig. 1). Comparing
the maize yields in the 1st and 2nd year, the yields in Ti and T3 were sustained.

•2

• TI ИТ2 ШТЗ

I s ( 1 2nd (G) 3 r d i M) 4th (G) 5th (M)
1 s t Year 2 n d Year 3 r d Year

Crop c y c l e

Fig. 1. Economic yields of 4 crop cycles (the 4th crop failed due to damage by
wild boars). Yields of treatments with the same small letters do not differ (P <
0.05) andns means no significant difference between treatments.

However, there was a decrease in maize yield in the T2 plots in the 2n d year. No significant
difference between treatments in yield of groundnut (2nd crop) was observed presumably
because of dequate N supply through N-fixation. Yields of the 4 l crop (groundnut) could not
be measured due to serious damage by wild boars. The 5th crop also did not show significant
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difference in yield between the Ti and T2 plots but T3 plots, with combination of chemical
fertilizer, chicken dung and residues, gave significantly (P<0.05) higher yield than Ti and T2.

Recovery of applied fertiliser 15N in the first crop was only 19.3% while 43.8%
remained in the top 50 cm of the Ti plots (Fig. 2). In the 2n d crop cycle, the 1 5N recovery by
the crops was 5.1% while 30.1% remained in the soil; a recovery totalling 35.2% compared to
29.7% in the T2 plots. In general, most of the I 5 N recovered in the soil seemed to be in stable
forms as indicated by the substantial amounts still remaining in the soil after the 4th crop
cycle, i.e., 25.5% and 19.0% of applied fertiliser 15N in Ti and T2 plots, respectively. In the
5th crop (maize), the % 1 5N a.e. values in the crop and soil were already too low to give
reliable results. Results of the soil chemical analyses at the end of the 2n d year do not show
significant effects of the treatments on the soil total N and organic С contents. The CEC of
the soil was slightly higher in the T3 (7.63 cmol kg') than in Ti and T2 (6.19 and 6.20 cmol kg'
\ respectively), presumably due to the application of organic manure. Although residue N
seemed to be retained in the soil in subsequent crops but results show that an insignificant
amount was taken up by the crops. This probably indicate that there was no synchrony
between N released during decomposition of residues and crop uptake due to long fallow
periods (2- 3 months). Decomposition of maize residues was found to be rather rapid in the
humid tropical climate, with 50% dry matter weight loss in 7 - 8 weeks and 40 - 50% of
residue-N was released in 2 weeks [1].
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Malaysia produces about 5 mill, m3 of domestic sludge per year (wet wt. basis) and
this is expected to increase to 7 mill, m3 in the year 2020 [1]. Thus, pressure exist for useful
or beneficial utilization of this waste. Although the sludge is domestic in nature, it can have
high concentrations of Cu and Zn [2]. A field experiment was established to investigate the
potential application of the sludge in agricultural land. The soil at the experimental site was
well-drained and classified as clayey kaolinitic, isohyperthermic Typic Paleudult; soil pH of
4.7, 0.06% N, and 0.97% organic С The treatments were: control, inorganic N fertiliser
(ammonium sulfate) at 140 kgN/ha, and irradiated (Ш) and non-irradiated (NTR) sludge
application at rates of 0, 150, 300, 450 and 600% of recommended fertilizer N rate of 140
kgN/ha in the 1 s t corn cycle. No sludge was applied during the 2n d corn cycle so as to
observe the residual effects of the previously applied sludge. In the 3rd, 4 th and 5th corn
cycles, the sludge rates were reduced to 100, 200, 300 and 400% of the recommended
fertilizer N rate. The plot size was 4m by 6m, and the treatments were laid-out with 4
replications. To quantify the availability of N in sludge to crop uptake, the indirect method
of 1 5N isotopic dilution technique was used. An amount of 20 kg15N/ha (10% of a.e.) was
added to the control and sludge treatment plots in the 1st crop cycle. However, the method
failed as sludge derived-N in crop could not be calculated. This could be because the added
1 5 N was not in equilibrium with soil N when sludge was added and the amount added was
substantial to cause an interaction between the labeled fertilizer 1 5N and the sludge. Later, in
the 5th crop, the 15N isotope technique was applied again using 5 kg15N/ha at (20% a.e.) in
all sludge treatment plots and 140 kg15N/ha at 3% a.e. in inorganic N fertilizer plot.

For all the cycles, there were no significant differences in the yields between different
sludge rates as well as between the Ш. and NIR sludge due to high variability between
replicates in the dry matter yield. In general, it could be observed that sludge applied at
200% N equivalent of inorganic fertilizer recommended rate was sufficient to give optimum
total dry matter yield and economic yield (Fig.l) as inorganic fertilizer.
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Fig. 1. Mean Economic Yield of 5 crop cycle (Tl: Recommended inorganic fertilizer, T2:
Control, T3, T4, T5 and T6: TR sludge at 0, 150, 300, and 600% recommended rates
respectively in the 1st crop cycles and 0, 100, 200, 300, and 400% in the 3rd, 4th and 5thh
crop cycles, T7, T8, T9 and T10: NIR sludge at the same rates as the IR sludge.
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There was also no significant difference in the concentration of Cu and Zn in the corn
grain between IR and NIR sludge treatments for the five cycles and no accumulative uptake
of metals in the grain. There was, however, an increase in the accumulation of Cu and Zn in
the soil. In the 4 th and 5th crop cycles it could be observed, that in general, N uptake
increased with sludge rate application up to 300% recommended inorganic fertilizer N rate
and N uptake decreased considerably with the higher rate. This indicates an inhibitive effect
possibly due to net N immobilisation with higher organic matter addition. Figure 2 shows
the total N and N derived from sludge that had been added up to the 5th crop. The soil
supplied about 55.86 kgN/ha to the crop in the 5th cycle. There was also 62.2 - 76.9%
recovery of applied chemical fertilizer 15N.
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Fig. 2. Total nitrogen uptake and nitrogen derived from irradiated (T3, T4, T5
& T6) and total non-irradiated sewage sludge (T7, T8, T9 & T10) in the 5lh

crop.
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An experiment was initiated to screen different nitrogen fixing trees for their
biomass production and nitrogen fixing ability to be used as hedge row trees and their
leaves as a source of nutrients for food crop production on acid tropical soils. Four plots
of lOmx 10m were prepared and the center бгахбга area was isolated by digging a 1
m trench all around and lined with thick plastic sheet. The trench was then filled with the
dug-up soil to prevent the roots of trees in the plot moving out of the treated area. The
soil in 36 m2 isolated area was evenly applied with 4 g N m-1 as ammonium sulpahte
with 10% N-15 atom excess and planted with 6 leguminous tree species (Gliricidia
sepium, Parkia speciosa, Azadirachta excelsa, Paraserianthes falcataria, Acacia
mangium and Leucaena leucocephald) and two non-nitrogen fixing trees {Hopea odorata
and Khaya ivorensis) were randomly planted in the plot at 1 m x lm. Growth
measurements were made at 4, 6, 12 and 30 months after planting. The trees were
harvested at 30 months and analysed for total N content and N-15 enrichment in the
leaves, stem and roots. N fixation was calculated using the isotope dilution method [1].
P. falcataria was found to be the fastest growing and the highest N2-fixing ability.

The potential of its green leaves as a soil ameliorant in acid tropical soil was
studied using polyvinyl leaching tubes [2] with an anion-cation resin bag placed at the
bottom end. The leaching tube used was 8 cm diameter and 25 cm length. The tubes
were inserted into the soil and immediately taken out. A resin bag containing 25 g of
mixed cation-anion resin was placed at the lower end of the tube and the tube was
immediately reinserted into the soiL Fresh leaves (25 g) was placed either on the soil
surface (as mulch) or incorporated into the top 20 cm of the soil. Four tubes were
sampled randomly at 3, 5, 10, 20, 30, 40, 50, 60 and 70 days after treatment. The soil
was divided into the top 10 cm and the bottom 10-20 cm and the resin bag was also
sampled and analysed for mineral N, exchangeable bases and exchangeable Al.

Mineral N build-up in the soil was higher in incorporated than mulch treatment.
Mulching resulted in a greater build-up of exchangeable Ca and was effective in reducing
exchangeable Al saturation (93%) with the subsequent increase in soil pH in the top soil.
Leaching of nitrates was more pronounced in mulched treatment than incorporated, while
losses of Ca was more pronounced in incorporated treatment.

135



60 -|

50 -

40 -

£ 30 •

20 i
10 -

0 -

-10 -

т
—•— NH4-N
-®~NO3-N

A
/
f

10 20 30 40 50 60 70 80
Sampling Time (days)

(A) (B)

7. NH4-Nand NO3-N in top 0-10 cm when P. falcataria leaves were incorporated
(A) and mulched (B) to the soil with time.

REFERENCES

[1] Danso S.K.A., Bowen, G.D. and Sanginga, N. 1992. Biological nitrogen fixation in
trees in agro-ecosystems. Plant and Soil 141:177-196.

[2] Subler, S., Parmelee, W. and Allen, M.F. 1995. Comparison of buried bag and PVC
core methods for in-situ measurements of nitrogen mineralisation rates in an
agricultural soil. Commun. Soil Sci. Plant Anal. 26:2369-2381.

136



IAEA-SM-363/70P

i 15

XA0056126

USE OF I 3 N AND NEUTRON PROBE IN EVALUATING
SOIL ORGANIC MATTER TURNOVER AND WATER
MANAGEMENT ЕЧ WHEAT CROP

M. ISMAILI
Faculte des Sciences BP 4010, Beni Mhamed, Meknes, Morocco

A. ICHIR
Faculte des Sciences et Techniques, Errachidia, Morocco

An experiment was conducted in the experimental station of the Regional Office of
Agricultural Development in South Morocco (Errachidia). The was sandy loam, the average
rainfall was 50 mm/year. Temperatures are low in winter (- 3°C) and high in summer
(45°C).The Ph was 8.4. The soil was poor with 0.069%N, 0.97% O.M., 5 ppm exchangeable
K, 8.8ppm available P, and 0.25 exchange capacity.

Wheat ( variety Massa) was grown on a soil which was previously amended by N, P,
К (42, 84, 42 Kg/На). Three irrigation treatments were used: 20% HCC (Humidity at 20% of
Field Capacity), 40% HCC (Humidity at 40% of Field Capacity), and 60% HCC(Humidity at
60% of Field Capacity). Water treatments were maintained by measurement of soil humidity
by a neutron probe. Within each watering system, two N treatments were used: 1-835 g/m2
of wheat residues enriched with 1.711 % atom excess 15N (105 mg 15N/m2), at seeding, and
4.10 g N/m2, as ammonium sulfate, a month after seeding, 2- 4.10gN/m2 ammonium sulfate,
enriched with 9.96 % atom excess 15N was added after seeding and another 4.10 gN/m2
enriched with 15N (9.96%) a month after (836 mg 15N/m2).

The hydroprobe was calibrated under dry and humid soil conditions. Soil samples
were taken at different depths (50 cm from the access tubes) to determine soil humidity, by
drying the soil samples at 105°C for 24 hours. Soil apparent density was determined to
calculate soil volumic hu;idity at the same depths by the method of cylinders. Then volumic
humidity was correlated with the hydroprobe count ratio (direct count/standard count).

Table 1: Calibration curves of the hydroprobe.

Depth (cm)
0-15
15-30
30-45
45-60
60-75
75-90

Calibration curves
HV1 =-3.760+23.126 Rl
HV2=-7.549+24.113 R2
HV3 =-3.238+ 20.430R3
HV4 =-0.516+18.437 R4
HV5 = -0.669 + 18.381 R5
HV6 = -1.006 + 17.461 R6

Correlation Coefficient
R2= 0.98
R2=0.93
R2= 0.99
R2=0.95
R2= 0.98
R2= 0.97

Table 2: Volumic Humidity and corresponding count ratio necessary for each irrigation
treatments.

Soil depths

0-15
15-30
30-45
45-60
60-75
75-90

Dry
V.H.

8.38
10.19
10.74
10.16
8.25
7.15

Soil
C.R

0.50
0.68
0.68
0.56
0.48
0.46

20% HCC
V. H. C. R
16.85
18.48
19.09
18.48
19.48
17.73

0.87
1.18
1.12
1.14
1.15
1.13

40% HCC
V. H. С R
17.88
20.61
20.35
20.54
21.11
18.58

0.95
1.23
1.18
1.14
1.18
1.14

60% HCC
V. H. С R
19.73
24.30
22.06
21.81
21.82
22.20

1.09
1.32
1.19
1.18
1.24
1.23

Soil
V.H.

31.91
30.46
24.75
24.70
23.05
21.39

at HCC
C.R
1.50
1.47
1.37
1.31
1.23
1.31
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Results: Yield and Percent 15N of seeds, residues and roots were determined in all
treatments. Soil nitrogen and 15N was determined at 4 different depths to determine the fate
of residue 15N and fertilizer 15N added to the soil at different depths. The results are
summarized in Table 3. A simple mathematical model allowed us to calculate all parameters
needed to understand soil water relationship with nitrogen cycle. The use of the neutron probe
allowed to maintain the watering treatments at the wanted level at different depths.

Table 3: Yield, residues and root dry weight, total N and % atom excess 15N. Soil % atom excess
15N. % atom excess 15N recovered by plants at different irriggation and nitrogen treatments.

Nitrogen treatment 1. With wheat residues (835g/m2)

Watering
Treat.

20%HCC
40%HCC
60%HCC
LSD

Yield
Kg/ha

1842
3925
5440
207

Resid.
Kg/Ha

2486
5840
7697
373

Roots
(Kg/Ha)

219
333
550
38

Plant
T.N
Kg/Ha
84.30
147.07
193.47
15.6

Seed
%15N
exc.
0.042
0.049
0.025

Resid.
%15N
exc.
0.032
0.051
0.021

Root
%15N
exc.
0.042
0.070
0.036

Plant
T. 15N
mg/m2
3.36
7.34
4.60
ns

Soil
15N
mg/m2
60.5
40.7
78.4

Non
account
Mg/m2
41.8
57.6
22.7

15N
recovery
%
3.2
6.9
4.4

Nitrogen treatment 2. With nitrogen fertilizer (8.4gN/m2)

Watering
Treat

20%HCC
40%HCC
60%HCC
LSD

Yield
Kg/ha

1492
4569
6384
260

Resid.
Kg/Ha

1988
6092
8940
299

Roots
(Kg/Ha)

246
392
907
24

Plant
T.N
Kg/Ha
75.88
192.33
214.33
20.4

Seed
%15N
exc.
2.015
1.504
1.194

Resid.
%15N
exc.
2.17
1.228
1.47

Root
%15N
exc.
1.862
1.658
1.388

Plant
T. 15N
mg/m2
156.40
272.11
274.93
44.2

Soil
15N
mg/m2
138.7
148.23
107.7

Non
account
Mg/m2
64.73
49.76
54.62

15N
recovery
%
18.69
32.53
32.86

Water deficit affects wheat yield, and residues production. One irrigation, every 15
days, during the growing season double the yield and residues production. Higher yields were
reached by keeping soil humidity at 60%HCC (one irrigation/week). Under 20% HCC
irrigation, Yield and Total nitrogen were higher when wheat residues were added to soil than
when fertilizer N was added to soil, but, under 40% HCC, fertilizer N and residues treatments
were similar. Under 60% HCC fertilizer N allowed more yield than wheat residues. The effect
of wheat residues on 15N nitrogen accumulation (3.2 to 6.9% recovery) by wheat was low as
compared to that from fertilizer 15N (18.7 to 33% recovery), but the effect on yield was
similar in both treatments. The results of this experiment are a model for a number of
experiments conducted on long term effect of organic matter addition to soil, on different
crops in different regions of Morocco.
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A green house pot experiment was conducted at the biternaional Rice Research Institute to
examine the effect of exogenous supply of N, P and its interaction with genotypes for biological nitrogen
fixation associated with rice. The sieved soil (2-mm) in a cement container (6.5-m length x 2-m width x
0.25-m depth) was labelled with (15NH4)2SO4 a t the rate of 6.3 kg N ha1 containing 99.5 atom % excess
15N- The soil was then mixed thoroughly with a hand-powered tiller. Subsequent mixing was done three
times a week for 30-minutes each time over a period of 6 wk to minimize vertical changes in enrichment
[1], and to achieve homogeneous labeling of 15N in soil. The soil was kept submerged with a 3-5 cm water
layer throughout the 6 wk. A three factor experiment (nitrogen: 0, 60 and 120 kg ha"1; phosphorus: 0 and
60 kg ha"1; and genotypes: BG380-2, Pankaj, Gogo Putih, OR142-99, Oking Seroni and Murungakayan
302) was conducted in a Randomized Complete Block Design with four replications. Atom % I5N excess
of plant sample was determined at maturity stage.

The exogenous supply of all the levels of nitrogenous fertilizer to lowland rice significantly
reduced atom % 1 5N excess of whole plant in all six genotypes studied. The mean atom % 15N excess of
0.2212 at 0 kg N ha"1 was decreased to 0.1593 and 0.1202 with increasing level of N at 60 and 120 kg ha
', respectively (Table 1). Similar observation was also made by Hardarson et al. [2]. This decrease in
atom % 15N excess at high N level might be because of increase in N uptake which diluted the isotopic
enrichment of the plant resulting decrease in atom % excess. Atom % 15N excess of whole plant is
significantly negatively correlated with N uptake (1^=0.948**).

Table 1. Effect of nitrogen on atom % 1 5 N excess of rice (average over 2 phosphorus levels and 4
replications).

Genotype

BG 382-2

Pankaj

Gogo Putih

OR 142-99

Oking Seroni

Murungakayan

НЙ-ШЖи ""'"

Atom %

OkgNha"1

0.2242 b

0.2277 ab

0.2231 b

0.2400 a

0.2071 с

0.2050 с
. _ _ „ .

1SN excess at three N-levels

60 kg N ha 1

0.1629 a

0.1597 a

0.1585 a

0.1608 a

0.1531 a

0.1606 a

Щ593Т

120 kg N ha1

0.1228 a

0.1201 a

0.1214 a

0.1219 a

0.1171 a

0.1181 a

ЬдмвГсГ

a column, mean followed by a common small alphabetical letter; and in a row, mean followed by a common
capital letter are not significantly different at the 5% level by DMRT.
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Phosphorus fertilizer did not affect atom % 15N excess significantly but a slight decrease in atom % 15N
excess was observed with the application of P fertilizer (Table 2). Similar observation was also made by
Pongsakul and Jensen in soybean [3].

Table 2. Effect of different level of P-fertilizer on atom % 1SN excess of 6 rice genotypes (average
over'3N-levels'and4 replications)

j | | | | | | | |o |p | | | | | | |

BG 382-2

Pankaj

Gogo Putih

OR 142-99

Oking Seroni

Murungakayan

P-MEAN

шшштшш1шшшшшштшттшш ;

0.1693 ab 0.1707 ab

0.1763 a 0.1620 abc

0.1674 ab 0.1680 abc

0.1735 ab 0.1750 a

0.1604 b 0.1578 be

0.1654 ab 0.1570 с

;|1Р1111|МЩН Ш П Н 1

0.170 ab

0.1691 ab

0.1677 abc

0.1742 a

0.1591 с

0.1612 be

ШШШШмжшшшшшштШШтшшшш: 1 о.ш9
In a column, mean followed by a common small alphabetical letter; and in a row, mean followed by a common
capital letter are not significantly different at the 5% level by DMRT.

Significant genotypic differences in atom % 15N excess were observed when N-fertilizer was not
applied (Table 2). Oking Seroni has the lowest atom % 15N excess and was consistent with earlier study
[4]. Interestingly, clear genotypic differences observed at 0 level of N was disappeared with the
application of N fertilizer (Table 1). Phosphorus fertilizer application did not suppress the genotypic
differences in atom % 15N excess (Table 2).

Inhibitory effect of exogenous supply of N fertilizer indicates limited potential of associative N2

fixation to significantly benefit agriculture. Undoubtedly nonsymbiotic N 2 fixation in the soil system and
symbiotic N 2 fixation by legumes rotation in lowland rice will continue to play crucial role in sustaining
soil-N status under low and high production systems. But considering the low levels and narrow range of
genetic differences in assoicative N2 fixation, particularly in soils with high N and high G X Е
interaction, a selection and breeding strategy is not feasible [5].
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Introduction:
An accurate recommendation for nitrogen fertilization of grapevine (Vitis vinifera L.) cultivated on

sands is essential for an optimum growth and to prevent ground water pollution. Previous researches based on
the 1 5N utilization emphasized that the singular spring application of the total rate of nitrogen facilitated its
strong leaching and an intense polution of the ground water with nitrates by far over the allowed limits [3]. For
this reason, a split application of the nitrogen fertilizers in 2-3 times, respectively in autumn and spring, may
be a way to increase the fertilizer use efficiency and to prevent the pollution with nitrates [2]. The aim of our
experiment was to determine the fertilizer N-use efficiency and the nitrogen distribution in the annual and
perennial organs of the grapevine according to the time of application, by using labelled fertilizers.

Materials and Methods:
The experiment was conducted in a 7 year-old vineyard on sands with RosioarS cultivar fertilized with

a total amount of 120 kg N/ha (28 g N/vine) as ammonium nitrate, applied in three equal rates of 40 kg N/ha at
three different times: in autumn (end of November), in February and in the first half of May. Each time, only
one of the three experimental microplots (represented by 5 vines) received the fertilizer nitrogen as labelled
ammonium nitrate (I5NEL|15NO3), the other microplots receiving the same amount of nitrogen as non-labelled
ammonium nitrate. The % 1 5N at. excess of the labelled fertilizer was 9.90% for November application, 5.25%
for February and 4.90% for May application. This isotopic procedure is the only way allowing to determine the
nitrogen use efficiency for each of the three times of nitrogen application. There is no other method suitable for
estimating the contribution of each time of the nitrogen application to the total uptake of the nitrogen by the
grapevine.

In autumn, at the maturity of the grapes, 3 whole plants from each experimental microplot were
sampled for their chemical and isotopic analyses (dry matter content, chemical nitrogen and 1 5 N excess). Total
N determination was made by using the Kjeldahl method and the 1 5N excess of the samples was determined by
mass-spectrometry upon Rittenberg procedure [1]. Besides the determination of nitrogen utilization
coefficients, the experimental data obtained allowed to establish the distribution of the total and labelled
nitrogen in the annual and perennial organs of grapevine.

In order to estimate the quantity of nitrogen taken up from soil and fertilizer by a whole grapevine
plant only during the growing season the nitrogen accumulation during the dormance period was determined.
In this respect 3 vines near the experimental microplots were pulled off from the soil before the bud burst, their
anatomical perennial organs being segmented and analysed for their total nitrogen and dry matter content. It is
worth mentioning that those 3 vines were fertilized in autumn with 40 kg N/ha as unlabelled ammonium
nitrate.

Results and Discussion:
The experimental data obtained showed that from the total ammount of 28.8 g N accumulated in a

whole grapevine plant from bud burst to harvesting time the most important quantity was accumulated in
roots, followed by leaves and trunk (Table I), while the nitrogen derived from fertilizer was preferentially
accumulated in leaves, a phenomenon which may be easily understood because the leaves play an important
role in the synthesis of proteins and enzymes (Table II).
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Table I: Total nitro
Grapevine

organs

Leaves
Grapes
1 year wood
2 years wood
Perennial wood
Trunk
Old roots
Young roots

Total N / vine

e;en quantity (G)

Autumn

5.82
1.62
3.02
0.74
0.89
7.38
5.04
4.42

28.93

accumulated in different
1 5N application

February

5.89
1.06
2.60
0.43
0.86
4.94
3.56
3.20

22.54

organs of grapevine.

May

9.27
2.24
4.26
0.99
0.66
5.84
6.23
5.43

34.92

General
mean

6.99
1.66
3.29
0.72
0.80
6.05
4.94
4.35

28.80

Table П: Nitrogen taken
time of application.

Grapevine
organs

Leaves
Grapes
1 year wood

2 years wood
Perennial wood
Trunk
Old roots

Young roots

Total 1 5 N / vine

up from

Autumn

731
169
234

50
33

242
225
191

1875

fertilizer (mg N) by different organs of grapevine according to the

I 5 N application
February

955

158
412

37
60

376
308
291

2597

May
525
135
156

18
10

160
173
228

1405

Nitrogen taken up from
fertilizer (mg)

2211

462
802

105
103
778
706
710

5877

About the same amount of 1 5N was found out in roots and trunk at the moment of harvesting time,
these organs being the organs where the nitrogen is mostly stocked, especially during the autumn. This amount
would have been doubtless greater if the leaves had been harvested after their senescence time. We suppose that
at least 1/3 to 1/2 of the amount of nitrogen found in leaves at the begining of October had to be transfered in
roots and trunk in order to be stored for the next growing season.

The quantity of nitrogen accumulated in a grapevine during the dormance period was of 7.97g (Table
III); this means that the total amount of soil and fertilizer nitrogen accumulated in a grapevine during the
growing season was of only 20.82 g.

Table Ш: Dry matter amount (g) and total nitrogen (g) accumulated by different organs of grapevine
before bud burst.

Grapevine
organs

1 year wood
2 years wood
Perennial wood
Trunk

Old roots
Young roots

Total D.M.and total N/vine

Dry matter

g

95.6
90.3
168.0
566.0

251.0
336.0

1506.9

N
%

0.51
0.63
0.57

0.50
0.52
0.55

N

g

0.48
0.57
0.96
2.80
1.31
1.85

7.97
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From this amount, 5.9 g come from all the 3 times of fertilizer application (see Table П), resulting that
the overall efficiency of the fertilizer use was of only 28.3%. A fraction of 32% (1.88 g N) from this one comes
from the first nitrogen application (in autumn), a second and third fraction of 44% (2.59g N), and 24% (1.41g
N), respectively, coming from the other two spring N-applications (i.e. those in February and May).

It seems that by using a late autumn and early spring N-application, the fertilizer nitrogen efficiency in
the vineyards cultivated on sands would be probably higher, provided that the climate in autumn shouldn't be
very rainy, preventing thus the high leaching of the applied nitrogen fertilizer.
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The radiocarbon method was developed in immediate post-second-world-war years by a
team of scientifists of the University of Chichago, led by the late Professor Willard F. Libby. The
14C technique has been used in many different fields including palaeoclimatology, archaeology,
geology, hydrology, biogeochemistry and palaeopedology and allowed to determine the age of
different material. 14C-analyses of soil organic matter (SOM) in burial soil can be used for
paleoclimatic and paleogeographical reconstructions, because the composition and the properties of
SOM reflect the trend and intensity of soil formation processes and isolated from the biologically
active medium neither the composition of humus nor the properties of SOM of paleosols are
affected by second alteration (Chichagova, 1995). At the same time, attempt to establish the age of
modern soils is not correct, because there is an exchange of soil carbon with CO2 of atmosphere,
and therefore only rate of soil carbon renovation can be determined.

Formerly, in order to define renovation rate of organic carbon in soils there was offered the
coefficient of renovation (Kr), which is the integral index of organic carbon renovation as a result
both of biochemical reactions of mineralization and of its migration in the soil profile (Cherkinskiy,
Brovkin, 1993).

The use of 1 4C technique to determine the age of burial soil or to determine the renovation
rate of carbon in modern soils include in general the following steps: 1) pretreatment of soil
material with 10% HC1 to remove absorbed carbonates; 2) boiling of sample in 5% NaOH to
produce two main fractions of soil organic matter: humic acids (an acid unsoluble fraction) and
fulvic acids (an acid soluble fraction); 3) carbonization of extracted organic material; 4) interaction
of coal with molten lithium to form lithium carbide (1Л2С2), 5) hydrolisation to acetylene (C2H2); 6)
catalytical trimerisation to benzene (CeHs); 7) measurement the activity of 1 4C in benzene; 8)
calculation of radiocarbon age of sample.

In order to determine radiocarbon age (or to define the carbon renovation rate) in soil sample
it is nesessary to find there the amount of radiocarbon. This measurement can made either by
measuting the radioactivity of the sample (the conventional #eta-counting method) or by directly
counting the radiocarbon atoms using a method called Accelerator Mass Apectrometry (AMS).

In AMS the radiocarbon atoms are directly detected instead of waiting for them to decay. A
scheme of AMS-action is shown on the Fig. 1.
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The main advantages of AMS over the conventional beta-counting method are the much
greater sensitivity of the measurement. In common with other kinds of mass spectrometry, AMS is
performed by converting the atoms in the sample into a beam of fast moving ions (charged atoms).
The mass of these ions is then measured by the application of magnetic and electric fields.

The application of 14C dating of resent and fossil soils allow to clear up soil genesis and
evolution, humus formation and organic matter methamorphosis (Chichagova & Cherkinskiy,
1993). Besides, the use of 14C technique to determine the age of „dating" (oldest) fractions of soil
organic matter can give a most precise information about time of formation of modern soils.

REFERENCES

[1] Cherkinskiy A.E., Brovkin V.A. (1993). Dynamics of radiocarbon in soils. Radiocarbon, Vol.
35, No. 3, P. 363-367.

[2] Chichagova O.A., Cherkinskiy A.E. (1993). Problems in radiocarbon dating of soils.
Radiocarbon, Vol. 35, No. 3, P. 351.

[3] Chichagova O. A. (1995). Composition, properties and radiocarbon age of humus in paleosols.
GeoJornal, 36.2/3, P.208.

145



ХА0056130

IAEA-SM-363/74P

ORGANIC MATTER AFFECTS THE RETENTION OF
APPLIED NITROGEN FERTILIZERS

U.R. SANGAKKARA, C.S. KANDAPOLA
Faculty of Agriculture, University of Peradeniya, Sri Lanka

Soil organic matter is considered a very important component in tropical cropping systems for
maintaining sustainability (1). Studies on rice (2) highlight this factor effectively. However, similar studies on the
impact of organic matter, especially crop residues, on the availability of added fertilizer are not well defined. Most
studies concentrate on the impact of green manures on yields and soil fertility (3). As nitrogen (N) is the most
abundant nutrient added to tropical crops (1) and is lost easily from the rhizosphere, a long-term field experiment
was carried out to determine the impact of organic matter on the availability of 15N enriched fertilizer.

The study carried out within a Coordinated Research Program of the International Atomic Energy
Agency; Austria, is located at the University of Peradeniya, Sri Lanka. A cereal based crop rotation consisting of
con (Zea mays L) and mungbean (Vigna radiata L Wilkzec) was used to evaluate the impact of crop residue in
enhancing the long-term availability of added N to the first crop with concurrent impact on yields.

The experiment carried out over four seasons consisted of two crops of com and mungbean was laid out
in a randomized bock design with 4 replicates. The treatments included two plots (8 x 6m) with subplots (3 x 3m) to
which labeled fertilizer was applied and one without to supply the unlabelled residue.

At the onset of the first season (April 1997) corn was planted in all plots. The N fertilizer was applied at a
rate equivalent to 60 Kg/ha, in the form of NH4SO4. The subplots received the same quantum of N in the form of
10% enriched NH4SO4, and the crop managed as per local recommendations.

At the end of the first season, seed and residue yields were determined and subsamples from subplots kept
for analysis. Soon after harvest, unlabelled residue from the plot that did not receive 15N was added to the labeled
subplot at a rate equivalent to that removed and incorporated. Organic matter as not added to the second labeled
subplot Thus the main treatments developed after the first season were plots which received 15Nand either supplied
with unlabelled residue or maintained with crop residues. In the second season, mungbean was planted and at
maturity, seed and residue yields determined, along with 15N enrichment. Thereafter unlabelled residue from the
plot that did not receive 15n was added to the plot that received organic residue at the end of season 1. The other
labeled subplot did not receive crop residue. Corn and mungbean were planted in seasons 3 and 4 and the same
method adopted. The seed and residue yields were measured in all seasons and the 15N enrichment determined from
subsamples obtained from the subplots.

Application of fertilizer produced similar yields of seeds and residue in corn in season 1 (Table 1). The
yields in treatments (Tl - organic matter added) and (T4 organic mater removed) were similar, thus illustrating the
lack of any differences between treatments at the inception of the study, in season 1.

The incorporation or removal of corn residue had no significant impact on the percentage N in mungbean
seeds or residue. In contrast, seed and residue yields of mungbean were enhanced by the incorporation of residues.
More importantly, the availability of applied N fertilizer in the previous season as denoted by % NdfF and %
Recovery was also significantly improved by the application of residue (Tl). This showed the benefits of applying
crop residues soon after harvest to retain the applied nitrogen of a season and make it available to the next crop. A
similar trend was also observed in season 3 in com with the incorporation of mungbean residue after harvest. Seed
and residue yields were greater with the addition of organic matter. Again the more important factor was the very
high quantity of enriched N in the seeds, derived from applied fertilizer two seasons ago, especially in the seed. This
was not very evident in the residue of com both in terms of NdfF and % recovery of enriched N. This indicated that
the residual fertilizer is stored in the seed rather than in the residue, and this phenomenon warrants further study.

Seed and residue yields of mungbean in season 4 were also increased by the incorporation of organic
matter. A comparison of yields in season 2 and 4 indicated the benefits of continued supply of organic matter in
increasing yields of mungbean. This clearly showed the importance of adding organic matter to sustain yields and to
enhance productivity of tropical crops. Again, the N derived from 15N fertilizer supplied 3 seasons earlier was
observed in small quantities. The 15N derived from the applied fertilizer was again higher in seeds of mungbean in
Tl, where crop residues were added. In contrast, the NdfF in both treatments was similar in the residue. This again
suggested that the addition of organic matter enhanced the availability of applied N fertilizer, especially that left in
fields after cropping. This N derived from the applied fertilizer was more in seed than in the residue.
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Table 1: Impact of organic matter on the availability of fertilizer nitrogen.

Season and Crop

Season 1
Corn

Season 2
Mung

Season 3
Com

Season 4

Seed

Residue

Seed

Residue

Seed

Residue

Seed

Residue

Treatment

Tl
T4

Tl
T4

Tl
T4

Tl
T4

Tl
T4

Tl
T4

Tl
T4

Tl
T4

Sx

Sx

Sx

Sx

% N

1.76
1.76

1.10
1.02
0.04

4.47
4.52

1.12
1.18
0.03

1.76
1.66

0.78
0.87
0.02

4.54
4.70

2.27
2.52
0.15

Yield

4276
4108

14610
14481

1422

2642
2104

5180
4599

158

4015
2699

14115
14028

88

3258
2541

4985
4014

447

NdfF % N Recovery
""TvErr lu"""""""" 1 ™""""""""""""""""""

13.89 23.15
14.09 23.49

30.24 50.40
29.51 49.18
2.15 3.58

1.85 3.09
1.29 2.15

1.17 1.95
0.83 1.38
0.11 0.24

0.56 0.93
0.33 0.56

0.47 0.78
0.45 0.75
0.04 0.33

0.44 0.74
0.82 0.46

0.11 0.18
0.18 0.31
0.09 0.14

Tl and T4 represent plots with and without organic matter from Season 2.

Nitrogen and organic matter contents have a significant impact on the sustainability of tropical soils and is
if significant importance in modern smallholder production units in these regions. The results of this study, using
15N clearly illustrates that the application of organic matter in the form of crop residues, which are either burnt or
thrown away could have a significant impact on the retention of applied N fertilizer. This in turn increases
productivity of subsequent crops. Thus, farmers should be encouraged to use the crop residues as organic matter,
which should be added after harvest to retain added N fertilizer, which is easily leached within the soil. This process
would then increase productivity maintain sustainability and bring a better return to the investment made by the
smallholder farmer.
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Food legumes are an important component in agricultural systems in the developing countries (1). They
are cultivated in a wide range of environments where soil moisture could be generally considered limiting for
optimum growth and yield (2). The impact of reduced soil moisture is observed in terms of vegetative and
reproductive growth.

In terms of vegetative growth, root systems of plants adapt to extract the limited moisture from dry soils.
However, fertilizer potassium (K) helps plants mitigate soil moisture stress (3). Studies (4) also report the benefits of
K+ in reducing soil moisture stress. However, the role of K+ in mitigating soil moisture stress has not been
evaluated on a comparative basis in food legumes. Thus a study was carried out under controlled conditions to
determine the role of K+ in the movement of labeled carbon in three tropical food legumes having different optimal
soil moisture requirements. The legumes common bean (Phaseolus vulgaris), Mungbean (Vigna radiata) and
Cowpea (Vigna unguiculata) were grown at two moisture regimes with three levels of K+(01, 1.0 and З.ОтМ К).

Uniform seedlings of the three specie were planted in pots containing quartz sand, maintained at two soil
moisture regimes (High - below 25% depletion; Low - over 50% depletion of available soil moisture), by weighing
at three day intervals and adding the required water or nutrient solution to maintain these regimes. The modified
nutrient solutions had 0.1, 1.0 or 3.0 mM K+ with 1.5mM N. The plants were kept in a growth chamber (ETH
Zurich), maintained at 25°/18°C day/night temperatures, 16 hour photoperiod and 60% humidity. At the V4 growth
stage of each species, four plants of each species were selected randomly, and approximately 1 cm2 of the upper
surface of the youngest fully opened leaf abraded with carborandum powder. Thereafter, 5 ul of 14C contained in a
5mM solution of sucrose (148 KBq) was applied on the abraded spot. Another 10 ul of unlabelled sucrose was
applied to the same spot 10 minutes later and plants placed within the growth chambers. After 24 hours, the plants
were carefully removed, roots washed, dried and weighed. Thereafter, the samples were ground, digested and
labeled С determined by liquid scintillation.

Cowpea, the species most adapted to soil moisture stress had the highest root weights, in contrast to
common bean, which is a drought susceptible species. The root weight of mungbean, which also requires moderate
soil moisture, was in between that of the other species.

Table 1: Root dry weights (mg) of food legumes as affected by soil moisture and fertilizer potassium.

Species

Common bean

Mungbean

Cowpea

Soil moisture

High
Low
Sx

High
Low
Sx

High
Low
Sx

Root dry
O.lmMK

104
165
13.4

116
194
41.2

149
192
22.9

weight (mg/plant)
1.0 mM К З.ОтЬ

145
171
20.8

167
210
18.0

178
221

34.1

169
211

9.7

230
224

28.6

229
301

40.5

CV% 10.7 8.5 15.9

High and low soil moisture denote less that 25% depletion and over 50% depletion of available moisture respectively.

All plants grown under a low soil moisture regime had heavy roots (Table 1), due to extensive branching
(data not presented). Thus the lower availability of moisture led to the expansion of roots, which in turn increased
dry weights. The heaviest roots were in cowpea and mungbean plants grown under a low soil moisture regime.
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The supply of K + increased root dry weights. The most significant impact was in cowpea, grown under a
low soil moisture regime. The application of 3.0 m M К increased root dry weights of cowpea by 7 7 % and 5 1 %
under low and high soil moisture, when compared to values at 0.1 m M K. In mungbean, the increase in root dry
weights was in the region of 32 - 34% in both soil moisture regime. In common beans, the impact of 3.0 m M К was
greater at a high soil moisture regime (58%) than at the lower regime (47%). This suggested that potassium fertilizer
helps develop a heavier root system in cowpea, a drought resistant species to a greater extent under moisture stress
conditions.

The causal phenomenon of the above observations are evident in the 14C movements (Table 2).

Table 2 : Partitioning of 1 4 C to roots of food legumes in relation to soil moisture and fertilizer potassium.

Species

Common bean

M u n g bean

Cowpea

Soil moisture

High
L o w
Sx

High
Low
Sx

High
Low
Sx

M C
O . l m M K

861 (0.58)
110(0.07)

14.4

852 (0.57)
877 (0.59)

21.7

1151(0.77)
601 (0.40)
199.2

Counts in roots at V
l.OmMK

1064 (1.46)
957 (0.64)

35.7

2160(1.46)
2430(1.64)

210.4

1677(1.13)
2874(1.94)
350.9

4 growth stage
З.ОгаМК

6512(4.45)
3356 (2.26)

88.4

3464 (2.34)
6834 (4.61)
1544.0

3979 (2.68)
3167(2.13)

582.1

Figures in parentheses denote percentage of U C in roots in relation to that supplied to leaf.
High and low soil moisture denote less that 25% depletion and over 50% depletion of available moisture respectively

The movement of 14C into roots is higher under a lower soil moisture regime in cowpea and mungbean,
which are more adapted to dry conditions. This phenomenon is very clear at 0.1 and 1.0 mM К in these species. In
contrast, the movement of 14C is greater at a high soil moisture regime in common bean, a crop that requires moist
conditions. The movement of 14C into roots was also enhanced by K+. This again is clearly seen at a low soil
moisture regime, in cowpea and mungbean. In cowpea, the most significant increment in 14C movement was with
the supply of 1.0 mM K+ while in mungbean it was with the supply of 3.0 mM K+, both under a low soil moisture
regime. In common bean, this phenomenon was evident under a high soil moisture regime with 3.0 mM K+. Thus a
clear relationship could be established between root growth and 14C movement in all species, in relation to soil
moisture and K+.

The study also signifies the impact of K+ in mitigating soil moisture stress of three food legumes, which
are grown extensively in the tropics. As shown by the data, the supply of K+ would help develop an extensive (data
not shown) and heavier root system by enhancing carbon movement, to enable the species to expand and extract soil
moisture. This phenomenon is most evident in drought resistant species such as cowpea and mungbean. In contrast,
K+ helps develop a more extensive root system in common bean, a species not adapted to dry conditions, when
grown under a high soil moisture regime. Thus the study clearly suggests the role of potassium in helping food
legumes, especially those grown widely under dry conditions to mitigate soil moisture stress by facilitating carbon
movement from leaves to roots.
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Most Swiss agricultural soils present large reserves of phosphorus in their upper
horizons. Excessive P content can lead to losses to surface and ground water and to
eutrophication. Long-term field experiments allow for determining the optimum level of soil
available P to be reached for a sustainable crop production.

The objective of this work was to measure, using different analytical methods, the
changes in phosphorus availability of soil samples coming from two long-term field
experiments testing different P input regimes in relation with crop yield and P uptake.

Two field trials with field crop rotations established since 1989 at Cadenazzo (canton
of Ticino, Switzerland) and Ellighausen (canton of Thurgau, Switzerland) were studied. The
trials include the following 3 superphosphate treatments: Control (no P applied since 1989);
Pnorm (P input about identical to P output by crop) and 5/3 Pnorm. N and К are applied also
according to the norm concept (input about identical to output by crop).

Topsoil (0-20cm) samples from each of the four replicates in 1989, 1993 and 1998
were analyzed for soil P availability using 3 methods: extraction by СОг-saturated water [1],
extraction by acetate-NEL^-EDTA mixture [2] and the isotopic exchange kinetics method [3].
Results of isotopic exchange kinetics were analyzed by a pluricompartimental model which
quantifies the phosphate ions present in compartments of differing mobility: the pool of P
isotopically exchangeable within 1 minute (the quantity of P immediately available to roots,
Eimin); the pool of P isotopically exchangeable between 1 minute and 24 hours (Eimm-24h); the
pool of P isotopically exchangeable between 24 hours and 3 months (E24h-3m) and the pool of P
which can not be isotopically exchanged within 3 months (E>3months)- The amount of P present
in these pools was calculated according to the method proposed by Fardeau [3].

The amount of P exported by the harvested parts of the crops was also measured in
order to calculate P balances.

In this abstract, only the results of the treatment control-OP and 5/3 Pnorm for the
Cadenazzo field trial are reported.

After 10 years of field trial the results show that the P balance (fig.l) in the treatment
OP was negative (-88 mg P kg soil'1) and positive for the 5/3 Pnorm treatment (+70 mg P kg
soil"1). Yield (data not shown) and P uptake (fig.2) was the same for both treatments despite
these important differences in P balance. The high P uptake observed in both treatments was
explained by the high concentrations of P in the pool of free ions (Eimb) observed during the
entire duration of the trial which remained well above the critical limit of 3-4 mg P kg soil"1

reported for winter wheat [4].
The quantity of P present in the pool of free ions decreased in both treatments with

time (table 1), although more strongly in the treatment OP than in the treatment 5/3Pnorm. In
the OP treatment, E>3months decreased significantly and the P mobilized from this pool was
redistributed in the pools of P exchangeable on the medium term (Eimin-24h, Е24ь-зш)- In the 5/3
Pnorm treatment an excess of 60 mg P kg soil"1 added in a water soluble form was
redistributed into the pools of P exchangeable on the medium term (Eimin-24h,
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As observed for Eimh values, the quantity of P extracted by СОг-saturated water and
by the acetate-N&t-EDTA mixture decreased with time both in the OP and the 5/3Pnorm
treatments (fig.3 and fig.4).

Ten years without fertilization did not affect plant yield nor P uptake. The isotopic
exchange kinetic method is useful to correctly assess the soil P availability and predict the
efficiency of P fertilizers as they affect crop yields over years. Results obtained with the two
mentioned extraction methods showed the same variations with time than those observed with
the amount of P isotopically exchangeable within one minute.

FIGURES

Fig. 1. Cadenazzo P balance in 1998.
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Fig. 3. Extractable P by the Dirb-Scheffer
method.

Fig. 2. P uptake of wheat in 1998
at Cadenazzo.
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Fig. 4. Extractable P by the Cottenie method.

Treatment Years
(mgP/kg soil)

Elmin-24h

(mgP/kg soil) (mgP/kg soil)
E>3months

(mgP/kg soil)
OP

5/3P

1989
1998

1989
1998

11
5

12
9

44
47

43
54

87
135

79
129

808
722

822
804

Table 1: Isotopically exchangeable P in 1989 and 1998 for the OP and 5/3P treatments at Cadenazzo.
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The fixation of atmospheric N2 by two legumes was assessed in a field experiment on
an alfisol in the semi-dry midlands of Sri Lanka, which aimed at determining the effects of
green manuring in tropical rainfed maize cropping systems.

Crotalaria juncea L. was grown as a monocrop and intercropped with maize (cv.
Ruwan), Phaseolus vulgaris L. (cv. RIK-692) only intercropped with maize. The trial was
carried out in a randomised complete block design at three sites. Each site had two
replications. In the monocrop of C. juncea, 29.7 plants/rn2 were established in rows of 30 cm.
In the intercrops, 13.9 plants/m2 of C. juncea and 18.6 plants/m2 of P. vulgaris were
established between the rows of maize (5.5 plants/m2 in rows of 60 cm). To the rows of
maize, 25 kg N/ha were applied as basal dressing and 45 kg N/ha as top dressing. An amount
of 20 kg N/ha was applied to monocropped C. juncea. Fertilisation of P and К was as
recommended for maize.

In microplots of 1 m2, 20 kg N/ha of the basal dressing were substituted by an equal
amount of N-15 labelled ammoniumsulfate (10% N-15 enrichment). At the flowering of P.
vulgaris (five weeks after sowing) and at the silking stage of maize (ten weeks after sowing),
plants were sampled. The samples were dried and the contents of Ntot and N-15 were
determined. The proportion of N derived from fixation was calculated by the formula
%N from N2 fixation = (1 - N-15 excess legume /N-15 excess maize) * 100%, where the N-
15-excess is the concentration of N-15 in the plant minus the natural abundance of N-15
(0.3663%). The intercropped maize was used as the reference plant. The biomass production
of the crops was determined ten weeks after sowing.

Five weeks after sowing, the content of N and the rate of N2 fixation were in the order
of intercropped C. juncea > monocropped С juncea > intercropped P. vulgaris (Tab. 1). Ten
weeks after sowing, the content of N, the rate of N2 fixation and the fixed amounts of N per
plant and m2 were in the order of monocropped C. juncea > intercropped С juncea >
intercropped P. vulgaris. P. vulgaris had the highest plant weight and monocropped С
juncea produced the greatest biomass of the treatments (Tab. 2).

Our study confirmed that the green manure legume С juncea fixes considerably more
N than the vegetable legume P. vulgaris. However, the N2 fixation of both species was
comparatively low. This may be attributed to the nitrogen applied to maize, which was to
some extent also available to the intercropped legumes. Higher N2 fixation rates of P.
vulgaris were detected in studies with less or no N fertilisation [1], [2]. This explains also the

152



differences between monocropped and intercropped С juncea. At an early stage, the
competition by maize enhanced the N2 fixation of the intercropped legumes. Later, caused by
ageing and the top dressing to maize, P. vulgaris fixed very little N. The N2 fixation of inter-
cropped C. juncea was the same at both stages, whereas it increased at the later stage when
monocropped. The lack of data on the effects of low to moderate N fertilisation on N2
fixation was recently emphasised [3]. However, drought and scarcity of nutrients other than
N may also have affected N2 fixation.

Intercropping with maize reduced the plant weight and the biomass of С juncea to a
greater extent than just expected by the plant density. The amounts of N fixed by
intercropped С juncea were only 27% of that of the monocrop. Field trials showed that
monocropping green manure legumes may be more productive than intercropping them with
food crops [4].We conclude that green manure legumes may potentially bring more N into
tropical maize cropping systems when monocropped than when intercropped.

Table 1: Influence of intercropped maize on shoot N contents and N2 fixation of Crotalana
juncea and Phaseolus vulgaris at the flowering stage of P. vulgaris (five weeks after sowing).

N content
Legume
Monocropped C. juncea
Intercropped C. juncea
Intercropped P. vulgaris

mg/g
35.0 a
39.6 a
25.6 b

%Ndfa
20.8% a
25.5% a
18.4% a

% Ndfe = Proportion of N2 derived from the atmosphere determined using the N-15 dilution method.
Mean separation in columns by Fisher's LSD test (P<0.05).

Table 2: Influence of intercropped maize on shoot N contents, N2 fixation and biomass
production of Crotalaria juncea and Phaseolus vulgaris at the silking stage of maize (ten weeks
after sowing).

Legume
Monocropped С.
juncea
Intercropped C.
juncea
Intercropped P.
vulgaris

Neon-
tent mg/g

27.0 a

26.8 a

18.2 b

%Ndfa
40 a

25 ab

10 b

mg fixed
N/plant

64.6 a

37.6 ab

9.7 b

mg fixed
N/m2

2480 a

686 b

233 b

g bio-
ass/
plant

5.4 ab

4.8 a

6.5 b

g bio-
ass/
m2
211a

82 b

116 b

% Ndfa = Proportion of N2 derived from the atmosphere determined using the N-15 dilution method.
Biomass of intercropped P.vulgaris includes the harvested green pods.
Mean separation in columns by Fisher's LSD test (PO.05).
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Drip fertigation experiments were carried out in 1999 at the research station to
endorse previous study and at farmer's field to testify the validity of this relatively new
irrigation method. Two irrigation methods, surface and drip fertigation, with five nitrogen
rates; (N1=60, N2=120, N3= 180, N4=240, N5=300 Kg N/ ha) were tested in each location.
Nitrogen fertilizer, as urea, was broadcasted for the surface-irrigated cotton in four unequally
split applications as recommended by Ministry of Agriculture and Agrarian Reform [1].
While, nitrogen fertilizer, as urea 46%, was injected through the drip system in eight equally
split applications. Labeled 1 5 N subplots were established for both drip-fertigated and surface-
irrigated treatments. The neutron probe and tensionics were used to monitor soil moisture
status, nitrate movemement, and to provide feedback data for irrigation scheduling.
Treatments were arranged in Randomized Block Design with six replicates; this setup
allowed the comparison of both fertigation and surface irrigation simultaneously. Nuclear
techniques such as neutron probe and 15 N labeled urea were employed in this study to
precisely determine when to irrigate and establish an irrigation schedule for drip fertigation
technique. Further, feedback data from the labeled subplots were utilized to assess N
recovery [2] by cotton grown under drip fertigation and surface irrigation.

Results revealed that, under research station and farmer's field, irrigation water saving
due to the employment of drip fertigation was relatively high and exceeded 30 % at the
farmer level and 37 % at research station level compared to surface irrigation. Field water-
use efficiency ( E f ) was highly improved due to the introduction of drip fertigation. The
magnitude of the improvement exceeded 90 % in most cases ( Figure 1). This result indicates
that a large amount of irrigation water was applied regardless of the need to the surface-
irrigated cotton in both locations, and with good management the wasted water could be
saved. The increase in seed cotton yield at the end-user level for the drip-fertigated
treatments were 55, 0, 32, and 43 % in comparison with the corresponding surface-irrigated
treatments N1, N2, N3, and N4 respectively (data not shown). On the other hand, at the
research station level, seed cotton yields of the fertigated-treatments were increased by 38,
22, 30, 32, and 31 % relative to the corresponding surface-irrigated treatments, while N
recovery by both drip fertigated and surface irrigated-cotton was relatively lower than the
expected values Table 1. We experienced this phenomenon in the previous years and were
related to the lateral movement of 1 5ЖЬ and 14NO3" from the labeled subplots to the adjacent
unlabeled subplots and vice-versa. Field germination percentage of cottonseeds was
significantly increasd by adoptation of drip fertigation, the increases in FGP exceded 40% in
some cases (Table 2).

The author would like to thank the SAEC and IAEA for their valuable support. This project is part of
an IAEA TC regional project (RAW/5/007) funded by the TC section of the IAEA and the SAEC.
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Figure 1. Field water use efficiency in relation to irrigation method and nitrogen level, 1999.

Table 1: Nitrogen rates and irrigation methods in relation to earliness and cotton yield.

Tmts [ N1 [ N2 J N3 j N4 j N5
Fertigation (kg ha"1)

1st picking
2 nd picking
Earliness %
Total yield
N recovery %

2596 a
1133 a
70 a

3729 a
35

2711a
1239 a
69 a

3950 a
50

2553 a
1208 a
67 a

3761a
35

2298 a
1257 a
65 a

3555 a
41

2674 a
1365 a
66 a

4037 a
26

Surface (kg ha"1)
1st picking
2 nd picking
Earliness %
Total yield
N recovery %

1644 a
1043 a
61a

2696 a
35.5

1463 a
1771a
47a

3241a
32

1531a
1363 a
54 a

2893 a
24.6

1536 a
1044 a
58 a

2696 a
22

1550 a
1544 a
52 a

3094 a
21

Means followed by the same letter within a row are not statistically different at a = 0.05 according to DMRT.
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Table 2: Irrigation method and nitrogen rates in relation to germination percentage of

FGP % Fertigation

FGP % Surface irrigation

FGP % Fertigation

FGP % Surface irrigation

Наша
N1

88.0 a

68.0 a

N2

92.0 a

68.0 a

ЛЗ

89.0 a

70.0 a

N4

85.0 a

67.0 a
Der EL Hajar

N1

92.0 a

57.0 a

N2

92.0 a

51.0a

N3

85.0 a

52.0 a

N4

88.0 a

59.0 a

N5

80.0 a

51.0 a

Means followed by the same letter within a row are not statistically different at о = 0.05 according to DMRT.
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Wheat crop N fertiliser recovery, residual N remained in the soil and its
recovery by second crop maize following wheat were measured, utilising 1 5N labelled
fertilisers, in a four year experiment carried out from 1994/95 to 1997/98. Nitrogen
fertiliser in different rates from 0 to 240 kg N ha^was applied in two split parts, 1/3
near planting at emergence and remaining two thirds at tillering. The four year results
showed that wheat benefited the least from the fertiliser applied near planting.
Nitrogen fertiliser recovery was higher from the fertiliser applied during tillering
stage at Zadoks scale of 2.2 - 3.0, compared with earlier application near planting, at
emergence. The experimental results suggest that less than one-third of the total N
rate can be applied at planting (current practice) and higher proportion be left for
application at tillering to increase overall N fertiliser recovery and to minimise its
leaching risks. Late application of N fertiliser ensures having relatively higher mineral
N content in soil at late plant growth stages when high N uptake rates take place [1,
2].

Recovery of fertiliser N by wheat crop, measured through analysing of plant
samples collected at physiological maturity for 15N/14N ratio, was 50-60 %, indicating
that significant amount of N fertiliser (40-50%) applied to wheat remained unused in
the soil. Residual fertiliser N left in soil after wheat harvest was proportional to N
application rates used for wheat, and proportionally higher residual N left in the soil
from the earlier 1/3-split application (Fig. 1). Yield of second-crop maize, succeeding
wheat crop, showed therefore a good yield response to the preceding N treatments
applied to wheat. Recovery of residual N by maize was over 30 %, which was about
10 to 15 % fertiliser N applied to the preceding crop, wheat.

N FERT. RESIDUE, mg N.m 2cm *

0 50 100 150 200 250

2/3 N, Tillering

1/3 N, Planting
160 kg N.ha"1

Fig. 1. Fertiliser N residue, assesed through utilising 15N labelled fertilisers, remained in the
soil after wheat harvest in 1996/97.
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Between 78.2 to 97.2 % of total fertiliser application to wheat could be
accounted for in wheat crop or soil after harvest at the 240 kg N ha"1 rate during the
four year period. 15N labelled fertiliser remaining in the soil after wheat harvest was
mainly confined to the upper 40 to 60 cm depth (Fig. 1). The results suggest that
volatilisation and leaching losses of fertiliser were not very likely during wheat
growing season. Thus, the risks of nitrate leaching below plant rooting zone («90 cm)
was essentially nil for rainfed wheat grown on heavy textured soils (Palexerollic
Chromoxeret) of the Mediterranean Region. Further work is needed however to
examine transformations, like immobilisation and mineralisation, of fertiliser N
remaining within the soil profile, which may be leached during subsequent years.
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Seeds of eight genotypes of grain sorghum (Criollo-1, Criollo-8, Sefloarca-7, Sefloarca-10,
Himeca-101, Himeca-303, Pioneer YSB-83, and Wac 8228-Br) were placed to germinate on
vermiculite moistened with a 1/104M solution of calcium sulfate (CaS04). Seedlings were kept for
10 days in the solution of Johnson et al. (1957) diluted five-fold. Afterwards the young plants were
transferred to the full strength solution modified in order to supply three P concentrations, 0, 0.5,
and 1.0 шМ, wherein they were grown during three weeks until the growth, leaf [P] and uptake of
3 2P were evaluated. Immediately after harvesting, the uptake of 3 2P was assayed by Harrison &
Helliwell's method (1979). Afterwards the roots were washed three times with distilled water,
dried at 70 °C, and a nitric (ЮТОз)-регсЫопс (НСЮ4) acids extracts was prepared according to
Malavolta et al. (1997). Total P was analyzed by the metavanadate method (Malavolta et al., 1997).

Table 1 shows the effect of phosphorus on the dry matter production. As expected, except for
Criollo-8, increasing [P] in the nutrient solution decreased the RDM, but tDM and TDM had the
opposite effects. Himeca-101 showed a consistently high root, top and total dry matter yield in the -
P treatment. These results verify preliminary findings, confirming that Himeca-101 can benefit from
low concentrations of P in the growth substrate, contributing to economize P (Camacho &
Malavolta, 2000). On the other hand, there were no variations in the dry matter among genotypes at
highest [P]. For all genotypes, except Sefloarca-10, increasing P concentrations above 5 mM had
negative effect on tDM.

Table 1: Effect of three P levels (mM) on root, top and total dry matter yield eight grain
sorghum genotypes.

Hybrid1

C-l
C-8
S-7
S-10
H-101
H-303
p

w

0

0.57b+

0.37c
0.59b
0.45b
0.92a
0.64b
0.42b
0.60b

RDM, g plant"1

0.5 1.0

0.39b 0.42a
0.57b 0.40a
0.41b 0.29a
0.33c 0.32a
0.81a 0.46a
0.43b 0.39a
0.27d 0.24a
0.52b 0.47a

sig

**
**
**
*

* •

* *

* *

* *

<

0

0.90b
0.77c
1.48a
0.96b
1.88a
1.34a
1.05b
1.37a

SDM, g plant'1

0.5

2.28a
2.32a
2.19a
1.79b
2.77a
1.98b
1.68b
2:03b

1.0

1.89a
2.04a
1.73a
1.86a
1.91ab
1.71a
1.50a
1.87a

sig

**
**
**
•*

* *

•*

* *

* *

0

1.47b
1.14c
2.07a
1.41b
2.79a
1.98a
1.46b
1.97a

TDM, g plant'1

0.5

2.65b
2.89a
2.60b
2.12b
3.58a
2.42b
1.98c
2.55b

1.0

2.31a
2.44a
2.01a
2.18a
2.37a
2.10a
1.74a
2.33a

sig

**
**
**
**
•*

NS
NS
**

TC, Criollo; S, Sefloarca; H, Himeca;
+Values within a column followed
probability according to Tukey test.
NS: no significant.

P, Pioner YSB-83; W, Wac 8228-Br,
by a common letter are not significantly different at the 0.05 level
* and **: significant at the 0.05 and 0.01 probability levels, respectively;
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There were no variations in foliar P concentrations when P was not added, but differences
among genotypes were greatest at highest solution [P] (Table 2). hi this way, it has been pointed out
that variations in foliar P are least when substrate P is low and greatest when substrate P is high
(Nelson, 1980). On the other hand, leaf [P] was strongly enhanced by increasing solution [P] up to
0.5 m.M, with little variations among genotypes, but enhancing P from 0.5 to 1.0 mMhad negative
effect in six hybrids (Table 2). Since in our work increases [P] in the nutrient solution from 0.5 to
1.0 mMwere accompanied by decreased tDM (Table 1) and leaf [P] (Table 2), we can speculate on
the possible toxic effect of P.

As expected, radiophosphorus uptake from the test solution by excised roots was highest in
absence of P, but an increase of P levels in the culture solution decreased phosphorus influx (Table
2). These results confirm preliminary findings (Camacho & Malavolta, 1999).
Irrespective of P levels in the nutrient solution, Himeca-101 showed lowest uptake rates of 3 2P
(Table 2) and one of the highest yields of dry matter (Table 1), while Pioneer showed the opposite
effect. On the contrary, in Himeca-101, P uptake remains very low, at about 0.08 mol.g'1 DM.15
min"1, in the range from 0.5 to 1.0 mMl The performance showed by Himeca-101 gives a clear
evidence of its capacity to stop or to reduce P uptake when grown at elevated concentrations of P,
avoiding, therefore, the appearence of toxicity symptoms

Table 2: Effect of three F levels (mAf) in the nutrient solution on total leaf P and uptake of M P in eight
genotypes of grain sorghum.

Genotype*
C-l
C-2
S-7
S-10
H-101
H-303
p

w

0
1.90a+

1.63a
2.47a
1.93 a
2.07a
2.03a
2.07a
2.00a

Total - P ,

0.5
14.60a
15.80a
14.30a
12.70b
15.80a
15.10a
13.90a
15.30a

gkg 1

1.0
14.23b
17.80a
13.17b
12.40c
14.70b
15.60a
13.50b
14.60b

Sig
**
**
**
**
**
**
**
**

* P ,

0
0.62bc
0.83ab
0.84ab
0.88ab
0.25c
О.бЗЬс
1.08a
0.97bc

umolg' lKDM15min"1

0.5
0.19b
0.14b
0.32ab
0.26ab
0.08b
0.22b
0.61a
0.21b

1.0
0.17b
0.13b
0.41 ab
0.24ab
0.07b
0.20b
0.51a
0.19b

Sig
**
**
**
**
**
**
**
**

T: C, Criollo; S, Sefloarca; H, Himeca; P, Pioneer YSB-83; W, Wac 8228-BR.
r: Values within a column followed by a common letter are not significant diferent at the 0.05 level
probability according to Tukey test. **: Significant at the 0.01 probability level.
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137Cs inventories in undisturbed surface soils of Vietnam, a 320,000 km2 territory
extending from 9°N to 23°N along the West coast of Pacific (Fig. 1), were measured in
order to establish a data base for the applications of I37Cs tracer in erosion and
sedimentation studies as well as for environmental radioactivity assessment purposes.
More than 300 soil samples to 30-cm depth were collected at most likely undisturbed
terrains across the territory (which can be regarded as potential reference sites in soil
erosion studies). Sample preparation, radionuclide analysis and measurements of
physico-chemical characteristics of soils (pH, organic matter, cation-exchange capacity
and soil texture) were performed according to the IAEA and FAO guidelines. The 137Cs
inventory density increases with latitude and mean annual rainfall and ranges from 100 to
3300 Bq m'2 with mean = 710 Bq m'2 and median = 530 Bq m"2.

The stepwise multiple linear regression was applied to identify those
characteristics of the sampling locations that are most important in explaining the
variation of 137Cs inventories (I, Bq m"2) across the territory. At 0.01 statistical
significance level only latitude (L, °N) and the mean annual rainfall (AR, m) were
revealed as explanatory variables, and the regression model can be written as

Ln(I) = 3.76 ±0.12 +(0.088 ±0.005)xL +(0.50 ±0.04)xAR+s, (R2 = 0.58) (1)

Model (1) provides the 137Cs deposition density (inventory at reference sites in
erosion studies), while the error term s (s = 0) containing 42% of the total variance of
Ln(I) represents the effects of redistribution processes such as runoff and flooding, soil
erosion and deposition, which cause either loss ( s < 0) or gain ( s > 0) of 137Cs. The
fluctuations associated with redistribution processes are expected to be smoothed out by
averaging the measured inventories over a large number of neighbouring sampling
locations. For example, if Ln(I) and characteristics of the sampling locations were

averaged over each half-degree latitude band, the regression model for Ln{I) and the
regression coefficients would remain almost similar to (1), namely

Ln(I) = (3.85 ±0.14)+ (0.083 ±0.006)xL + (0.49 ±0.05)xAR + £' (Rz = 0.92) (2)

but only 8% of the variance of Ln(I) were left in the error term e\ Figure 1 shows a
good agreement between the measured and regressed values of Ln{I). Also shown is the
UNSCEAR trend [1], which is somewhat lower than the measured values in the region
between 15°N and 19°N, where the annual rainfall is generally highest in Vietnam.
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In the. above regression models soil characteristics did not appear as explanatory
variables. However, in the regression models for different geographical regions in which
the variations in latitude and annual rainfall are not significant, several soil
characteristics, particularly the content of soil organic matter, would appear to partly
explain the variations of 137Cs inventories associated with the redistribution processes.
The paper also presents the theoretical validation of models (1, 2).
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Fig.l. Latitudinal distribution of Ln(I).
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Increasingly studies of interactions between nutrients, rather than single nutrient studies are
becoming important as production intensifies and a wider range of nutrients are added to agricultural
systems. As research moves into more complex areas of nutrient cycling, and the pressures on nutrient
turnover rates increase, it will become increasingly necessary to study multi-nutrient interactions.
Examples have been presented where multiple use of stable and/or radioactive isotopes have been uses
to study nutrient pool sizes and turnover rates and nutrient interactions.

1. Introduction:
As a consequence of decreasing crop yields resulting from soil organic matter decline, there is

increasing interest in using plant residues, animal and human excreta, and other organic materials to
improve productivity of agricultural systems. Maximising the return of crop residues is clearly
important as it both reduces the removal of nutrients and returns organic matter.

2. Innovations:
2.1. Multiple direct labelling with stable and/or radioactive isotopes and/or utilising natural
abundance

Fertilisers, organic residues and animal excreta can be multi-labelled with radioactive and/or
stable isotopes. 15N, 3 2P, 35S and 14C labelled plants have been produced and the fate of these nutrients
followed in a pot experiment [4].

C-4 plant residues labelled with 35S and with a 813C values ranging from-24.91 to-26.32%o
were incorporated into a soil with a 5I3C of -14.35%o and followed the time course of mineralisation,
and С and S movement down the soil in the pot, and in leachate [2]. The difference in 5I3C between the
plant residue and the soil was sufficient to be able to identify the source of С in the leachate.

An increasing number of studies are appearing in the literature which utilise natural
discrimination between 12C and 13C and these range from water use efficiency studies to organic matter
turnover studies. Similarly S^S is being used to ascertain the source of S in rainfall and water.

The short half-lives of P isotopes has stimulated research on the use of surrogate measures to
trace P through systems. 18O has been used in some studied but problems exist with some of the
assumptions used to interpret the results.

2.2. Reverse dilution
The use of specifically labelled materials is the best way to evaluate particular pool sizes,

pathways and process rates. However, for reasons such as an inappropriate nuclide half-life or the
impossibility of producing a suitably labelled material, this approach may not be possible. An
alternative approach is 'Reverse Dilution1 where the system being studied is labelled with an appropriate
tracer, and the effect of the particular unlabelled material is observed by measuring changes in the
isotopic abundance (radioactive and/or stable) in key components of the system.

An example of the use of this technique is its use to compare the nutrient supplying capacity of
diverse materials such as various minerals, organic matter, 'waste products', and commercial fertilisers.
This approach is versatile and powerful but has the problem that in complex systems such as crop and

* Present address: Soil Science Unit, Agric. Lab., Agency's Laboratories, IAEA, P.O. Box 100, A-1400
Vienna, Austria
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pasture production steady state conditions rarely, if ever, exist and any disturbance may change the
relative interactions between the system components. In the worst case this means that we cannot get
absolute results but can get valid comparisons by using a range of treatment levels for each material
being studied. For example, in the system studied by [3] it was shown that, irrespective of any changes
within system components, the contribution to plant S from elemental S was the same for 0.1mm
particles applied at 32 Kg/ha as from 0.4mm particles applied at 240 Kg/ha.
2.3. Combination of direct labelling and reverse dilution

Equilibration of soil with 3 2P and the addition of 3 3P labelled plant material has been
successfully used to determine the relative contributions to soil and plant P from soil and incorporated
organic residues [1]. The rates of transfer of P from plant residues added to an acid soil into various soil
P pools, and the rates of transfer of inorganic P from soil solution into other soil P pool were studied by
simultaneous use of 3 2P labelled plant matter and 3 3P labelled soil in the presence and absence of
growing plants. Cropping only marginally slowed rates of transfer of inorganic and released residue P
into non-labile pools. Cropping had no effect on the rates of release of P from crop residues.

Changes in soil solution concentration, and the time course of P and К uptake by cotton when
subjected to short term inundation has been followed by multi-labelling with 3 2P, 3 3P and 86Rb. In this
study 3 2P fertiliser was applied to soil and the time course of P uptake by the plant and soil solution
specific activity monitored prior to flooding. Immediately prior to flooding 3 3P and 86Rb were applied.
This allowed the separation of P uptake between the equilibrated soil pools and that in the soil solution
at the time of flooding.

A similar procedure has been used to monitor the effect of Fe treated biosolids on the
availability of P from the biosolids, soil and added fertiliser. A solution of orthophosphoric, labelled
with 3 2P, was added to moist soil and left to incubate for one week. After this time the biosolids from a
Sydney sewerage treatment works were mixed into the soil at application rates equivalent to 0, 7.5, 15,
30 and 60 dry t/ha. Fertiliser was added as KH2

3 3P04and mixed with the biosolids and soil mixtures and
maize sown. As the biosolids application rate increased there was more P in the maize tops derived from
the biosolids and less from both the soil and the fertiliser.
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At the end of World War П, the understanding of nuclear physics had increased
tremendously, in particular the interactions of neutrons with atoms, which knowledge was
essential to the development of the atomic bomb and fission reactors. There was a concerted
effort to turn this knowledge to productive and peaceful uses. In 1950, the US Civil
Aeronautics Administration published Technical Report 127, describing a method for
measuring soil moisture based on neutron scattering [1]. Independently, Wilford Gardner and
Don Kirkham developed essentially the same method, which was published in Soil Science [2].
Oddly, the invention was probably aided by a lack of technology - specifically the difficulty of
building a detector of fast (~5 million electron volts, MeV) neutrons, and the relative ease of
building an efficient detector of thermal neutrons (~0.025 eV). Early detectors were often
based on 3He, which has a large cross-section for the (n,p) interaction in which an alpha
particle (+1 charge) is ejected and detected electronically. The method is based on two facts.
First, of the elements common in soils, hydrogen is by far the most effective in converting fast
neutrons to thermal neutrons through collisions. Second, of the hydrogen bearing soil
constituents, water is usually the most plentiful and the only one that changes rapidly to an
important extent. Commercial neutron moisture meters (NMMs) soon followed and began to
be used in agricultural and hydrological research. A recent search for research that used the
NMM turned up over 1100 papers published since 1970 that mentioned the ISIMM in the
abstract. Certainly, many more research papers have been published that depended on the
NMM as a routine and reliable method for soil water content measurement.
The NMM has strongly influenced many important areas of investigation including:

Crop water use determination,
Irrigation efficiency determination,
Irrigation scheduling,
Root water uptake patterns/soil effects,
Partitioning of rainfall and irrigation to runoff and infiltration,
Temporal and spatial variability of soil water content,
Measurement of soil hydraulic conductivity,
Wetting front movement studies,
Species and cultivar adaptation to water deficit stress,

to name only a few.
It would be difficult to overestimate the importance of the neutron scattering method in

soil science and hydrological research and development over the last fifty years. It was the first
useful, nondestructive method of repeatedly sampling the moisture content of soil profiles
throughout and below the root zone. It led to the widespread measurement of crop water use
values that are essential to irrigation management and the planning of large scale irrigation
developments. In 1998, a panel of scientists, expert in soil water measurement using time
domain reflectometry (TDR), capacitance, and neutron scattering methods, convened by the
International Atomic Energy Agency, recommended that the neutron scattering method not be
replaced in the agency's research and training programs [3]. Three reasons were given: i) the
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method measures a relatively large volume of soil compared with TDR and capacitance
instruments and so integrates across small-scale variability of soil properties and reduces the
number of measurements needed, as well as reducing the sensitivity of the method to soil
disturbance caused by installation, ii) the method is reliable and easy to use compared with
others, and iii) the technology is mature, which brings to bear a large knowledge base of
proven solutions to particular problems of use. To this I would add that the large volume of
measurement makes field calibration much easier than it is for TDR and capacitance probes.

Of less practical importance, but still a valuable research tool, the gamma ray
attenutation method has been widely used for studies of soil bulk density and water content
[4]. Before the introduction of TDR, the gamma ray method was the best and practically the
only way to obtain water content data for thin layers of soil. Many column studies have been
done using the method, but field applications are relatively infrequent, except in soils
engineering where the moisture/density gauge is commonly used to assess compaction of fill
materials. Other important uses of nuclear techniques include the use of radioactive fallout
products from nuclear bomb testing as tracers for groundwater recharge studies - another
example of the continuing effort of people of good will from around the world to beat swords
into plowshares.
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Recent advances that facilitate the accurate activity analysis of radionuclides as
either single or multiple isotope tracers are presented with some focus on applications in
the agricultural and biological sciences [1]. The advances comprise both experimental and
instrumental techniques and these are described in the following topics:

1. Liquid Scintillation Analysis via a Quench Indicating Parameter. This method is
described as the most popular, and it should continue to be used for years to come because
of it's versatility and accuracy for the analysis of isotopes at low-level activity (near
background radioactivity) and samples of high activity where background is insignificant.
Applications of this technique are described as the most broad among current analytical
methods, as all alpha-, beta- and atomic electron-emitting radionuclides are measured with
optimum detection efficiencies. Modern advances in the technique are discussed.

2. Direct PPM Methods. Modern liquid scintillation analyzers are described as
equipped with computer programs that permit the activity analysis of radioisotopes
without quench correction curves. Such routines referred to as Direct DPM methods are
described. When background radiation is insignificant these methods are demonstrated as
acceptable and used to determine the disintegration rates of alpha- and beta-emitting
radionuclides without interference from gamma emissions. Two methods gaining
popularity are described, namely the Efficiency Tracing DPM (ET-DPM) method and the
newly developed Modified Integral Counting Method (MICM). The ET-DPM method in
conjunction with Cherenkov counting is described for the analysis of mixtures of 3 3 P, 86Rb
and 3 5S as isotope labels for P, K, and S. Applications of the stable isotope 1 5 N
simultaneously with the above radioisotopes are proposed.

3. Low-level Liquid Scintillation Analysis via TR-LSC. Anti-coincidence
counting and extensive passive lead shielding are demonstrated to be no longer
requirements for low-background counting. Modern advances are described, which
include the employment of a bismuth germanate (BGO) solid scintillation detector guard
in a liquid scintillation analyzer in conjunction with time-resolved liquid scintillation
counting (TR-LSC) to reject background pulses. Achievable liquid scintillation counting
backgrounds for С and H analysis of the order of magnitude of 0.20 and 1.00 count per
minute (CPM), respectively are reported. Consequently, modern liquid scintillation
analyzers can be used without difficulty for 14C-dating of soil organic matter and studies
of soil water flux via measurements of environmental 3H.

4. Cherenkov Counting. Advances in Cherenkov counting are described. It is
demonstrated that Cherenkov counting of 3 2 P can yield higher figures of merit (FOMs) and
lower limits of detection (LLDs) than liquid scintillation analysis. Other advantages of the
Cherenkov counting technique for 3 2 P are presented. Applications of this analytical
technique are described as numerous including 3 2P tracer studies in soil phosphorus
dynamics, fertilizer use efficiency, and biological research in general.

5. Microplate Scintillation Analysis. Modern microplate scintillation analysis
instrumentation and techniques are reviewed. With a microplate scintillation analyzer
multiple detector system, microplate multiple sample wells, and automatic sample
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processing it is demonstrated that over a thousand samples can be analyzed daily for
alpha-, beta-, or atomic electron-emitting radionuclides at reduced cost of consumable
materials and waste disposal. Large-scale experimentation, which may require the rapid
analysis of thousands of samples weekly, in the biological sciences and agriculture
including large-scale fertilizer use efficiency studies, would profit from this modern
technique.

6. Multiple Radionuclide Analysis. The conventional dual- and triple-channel
liquid scintillation analysis technique for the measurement of two- or three radioisotopes
in the same sample is reviewed. Disadvantages of this technique are presented. A
relatively new Full-Spectrum DPM (FS-DPM) method is described that permits the facile
activity analysis of mixtures of two beta-emitting radioisotopes with optimum detection
efficiencies. Recent studies are described that demonstrate the solving of multiple
simultaneous equations to determine the activities of as many as six different beta-emitting
radionuclides (e.g. 3H, 63Ni, 14C, 45Ca, 36C1 and 3 2P) in the same sample. Radioisotope
tracer studies in the agricultural and biological sciences are no longer limited to a
maximum of three radioisotopes.

7. Solid Scintillation Analysis. Advances in solid scintillation analysis of
radioisotopes, which are mainly focused on instrumental design and automation, are
reviewed. The automatic solid scintillation analysis of radionuclides such as those used in
micronutrient, enzyme studies, and tests used in the biological sciences, which require
radioisotope tracers (e.g. 65Zn, 54Mn, 59Fe, 99Mo, MCr, n \ 1 2 9 I, 137Cs, 141Ce, etc.) is
discussed. High detection efficiencies of plastic scintillator-coated microplates
(LumaPlate) with multidetectors are reported for 3H, 14C, 3 2P, 5 1Cr and 1 2 5 I . The
advantages of this technique in terms of reduced consumable cost and high sample
throughput are illustrated. Advances in scintillation proximity assay (SPA) with
scintillation glass or plastic microspheres for the analysis of binding reactions, commonly
studied in the field of agricultural biochemistry are described.

8. Radionuclide Standardization. One of the greatest advances in modern
radioisotope analysis is described, which permits the use of a conventional liquid
scintillation analyzer and personal computer to standardize radionuclide samples [2]. The
CIEMAT/NIST method is described in conjunction with a new calibration method
recently proposed to provide a universal and facile application of the method.

9. Instrument Performance Assessment TIP A). Modern instruments equipped with
automated instrument performance assessment are described. A brief review of the current
tests to provide proof that deviations in instrument performance do not affect analytical
results is presented.

10. 'Replay'. The use of computers in modern liquid scintillation instrumentation
to store on hard disk thousands of pulse height spectra of assayed samples is described.
Applications of these stored pulse height spectra are illustrated in 'Replay', which permits
the modification of a sample assay to generate new count rate (CPM) results of samples
counted without the need to recount the samples.
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The evolution of continuous flow-IRMS methodology has led to significant evolution
in sample preparation hardware for the determination of 13C, 1 5N, 1 8 0 , 3 4 S and D of organic
and inorganic samples. The samples to be analyzed include all manner of solids, liquids and
gases, in which the concentration of the analyte of interest varies over a very large dynamic
range. IRMS practice still dictates that the analyte be converted into a clean and pure gas prior
to introduction into the ion source of the isotope ratio mass spectrometer, but nowadays, this
'clean' gas is often a trace component in a stream of helium gas (>50 % of new IRMS are
without a dual viscous flow inlet system). Different approaches (FIG. 1) have been
developed:

Oxidation of organic and inorganic Q N and S to CO2, N2 and SO2 by combustion in
an elemental analyzer (EA) (for analysis of 1 3C, 1 5N of bulk organic matter and 3 4S in
organic/inorganic materials), chemical oxidation of Dissolved Organic Carbon (DOC) (for
analysis of 3C of DOC), or combustion in a microreactor connected to the output of a
capillary GC (for compound specific analysis for 1 3C or 1 5N m). Practical minimum sample
sizes are >1 jig С (bulk analysis) and >1 ng С (compound specific isotope analysis).

Quantitative pyrofytic or thermochemolytic decomposition of organic and inorganic О
and H to CO and H2 for both bulk and compound specific analysis ' I Sample sizes for О
measurements are similar to those in combustion mode but, because of the lower abundance
of D and lower ionization efficiency of H2, about 10 times more sample is required for D/H
measurements. Sample sizes of 0.5 JJ.1 H2O result in precision of 0.3 %o for 1 8O and 3 %o for D.

Headspace sampling, followed by GC separation of the molecular species of interest.
This technique is routinely applied to determination of 18O and D of H2O by equilibration,
determination of 1 8O and 3C in carbonates following acidification, and determination of 1 3C
on Dissolved Inorganic Carbon (DIC), with samples sizes of 0.5 ml of aqueous samples, 100
Hg СаСОз and 10 ml НгО[31. This technique is also used for direct analysis of major and
minor gas species in air or dissolved in water (O2, N2, CO2) and, in conjunction with
cryotrapping and cryofocusing, of trace gases in air and water (N2O, CH4, CO). Sample
preparation techniques which required 70 1 of air to obtain a precision of 0.2 %o for СБЦ (13C)
and N2O (15N, 18O) have now been supplanted by techniques which can achieve this precision
using 100 ml of air.

Cryofocusing of volatile gases produced from decomposition of non-volatile
materials^, including laser-aided combustion of organics, laser-aided calcination of
carbonates.
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F;g. 7. Different approaches used for high precision isotope ratio determination.

Summary:

Oxidation of organic and inorganic C, N and S is a mature technique with a worldwide
installed base of >500 EA and >350 GC systems.

Quantitative pyrolytic or thermochemolytic decomposition of organic and inorganic О
allows measurements hitherto difficult or impossible and thus offers considerable room for
exploitation H. The installed base is about 50 GC and 50 EA.

Headspace sampling, followed by GC separation and cryofocusing of volatile gases
produced from decomposition of non-volatile materials, offers considerable potential for the
development of new methods of sample preparation in the coming years.
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Since decades, nuclear techniques are used widespread for several purposes in agricultural and
environmental sciences. In the first mentioned field nutrient use and turnover studies besides plant
physiological experiments contributed significantly to the present state of knowledge. Environmental
sciences perhaps even more need the great advantages of radioactive or stable tracers and nuclear
analytical techniques as neutron activation analysis: low detection limits allow smallest traces to be
quantified and therefore, pool sizes and fluxes between pools can be evaluated. Especially the latter is
increasingly needed for the assessment of the medium- and long-term behaviour of environmental
pollutants. The main nuclear techniques used in environmental research are [1, 2, 3]:
• tracer techniques (stable and radioactive isotopes, natural and artificial tracers)
• radiochemical techniques (neutron activation analysis (NAA), isotope dilution methods, radiorelease

and -displacement methods,..)
• radiometric methods (absorption and scattering of ionizing radiation, X-ray fluorescence, particle-

induced X-ray emission,...)
• trace gas analysis by ionization detectors

In this paper we try to examplify the potential of the above methods by presenting concrete
applications of various approaches in different fields.

Use of NAA for iodine analysis in soil and plant material: I is widespread in the environment and
exhibits quite low concentrations in different compartments (earth crust: 0.30 mg kg"1, hydrosphere: 0.06
mg kg'1, biosphere: 0.05 mg kg'1; summarized in [4]). Environmental risks are arising especially from the
long-lived radioactive isotope 1 2 9I, which is released from nuclear facilities and shows increasing
concentrations in the environment. We used ICP-MS for analyses of 40 Austrian agricultural soils and
observed a range of 1.1 to 5.6 mg I kg"1 soil for stable iodine [5]. We used radiochemical NAA to be able
to meet the needed low detection limits for cereal samples being much lower in I than soil (0.7 ng for
plant samples versus 0.5 ng ml"1 using ICP-MS). Iodine concentrations in cereal grains ranged from 0.002
to 0.03 ug g"1 DM. Transfer factors (TF, calculated as concentration ratios on a DW basis) were between
0.0004 and 0.02. The IAEA-handbook [6] reports best estimates for TF of 0.0034 for grass and 0.02 for
not specified plants. Iodine transfer was negatively correlated with the soil organic matter and clay
contents of soils, while they where independent of the pH-values.

NAA for estimation of soil contamination on plant surfaces: Contaminated soil adhering to plant
surfaces may be a potential risk through human ingestion. Due to known differences of mobility of
pollutants contained in plant tissues or fixed to soil particles and the resulting uptake in the human gut, it
is important to know the respective massloading of plant surfaces. Direct measurement is not easy and
subject to various uncertainties. Scandium is geologically ubiquitous in soils but scarcly absorbed by
plant roots and not mobile within plant tissues. Therefore, Sc was chosen as a tracer for soil mass loading
and a ^Sc NAA was established. A detection limit of 0.05 mg soil per g dry plant biomass was obtained
[7]. In a combined greenhouse and field experiment it was possible to differentiate between the wind
erosion and rainsplash effect. Soil retained on plant surfaces under field conditions was 5.77 mg soil g"1

DW for ryegrass and 9.51 mg g'1 DW for broad bean. The estimated contribution of soil splash and wind
erosion was 68% and 32% for broadbean and 47% and 53% for ryegrass, respectively. It was shown that
the contribution of mass loading to the 137Cs contamination of cereal samples could reach 23%. A similar
significance for other immobile pollutants (POP's, heavy metals,...) can be envisaged.

Application of isotope dilution: Radioactive tracers can be used to study the exchangeability of
cationic pollutants, especially heavy metals using the isotope exchange kinetics (IEK) approach. This
approach was recently used by [8, 9] to derive adsorption isoterms for Zn and Cd. The IEK approach
proved to be more suitable than the traditional analytical methods.
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14C labelling to follow the fete of pesticides in the environment: ! 4C labelling is a very powerful
method to elucidate the fete of persistent organic pollutants in the soil-water-plant system and is widely
used in laboratory, windtunnel and lysimeter experiments [10]. We conducted a lysimeter study with I 4C-
labelled MCPA, which was applied on two lysimeters containing sandy soil with low organic matter
content. Within one month after application of the pesticide traces of radioactivity were detected in the
leachate of the lysimeters and in crops. During the first year of the study show that 40% of the applied
radioactivity remained in the top 20 cm of the soil after harvest of the first crop. In the second year only
24% could be detected in the whole soil profile. In an aerobic degradation experiment we studied the
possible effects of elevated ozone concentration in air on the behaviour of 14C-dichlorprop [11]. Acontrol
soil and an ozone exposed soil (80 nL ozone I/1) were kept under same conditions. Half lives of
dichlorprop of both treatments were found to be approximately 6 days. After 32 days most of the residues
in soil remained in the non extractable fraction. Significant differences were obtained for the behaviour of
the nonextractable residues and of the release of carbon dioxide, which were higher for control soil in
comparison to the ozone treatment.

15N and 18O in nitrogen dynamics studies: Stable isotope analysis of natural abundances of
1 5N 1 8O 3 was used to investigate the nitrate dynamic and potential groundwater pollution in a forest stand
in Tirol/Austria. High variations in 815N - nitrate values of the rainfall indicate that nitrate of different
sources is deposited at that site. A significant correlation between the 515N - nitrate values of the surface
water and soil water were obtained, while no significant correlation between the 515N - nitrate values of
any precipitation sample with the surface water could be found. The 18O measurements strongly
supported these findings. This suggests that the main source of nitrate in soil water originates from
microbiological activity such as nitrification reactions and less from nitrate input by deposition. In an
additional lysimeter experiment 15N - labelled nitrate was applied to study nitrate transport in soil. After
130 days and the collection of 300 L leachate a total of 52 % of the applied nitrate was leached through
the soil profile. The rest remained in the profile due to adsorption, immobilisation and biochemical
reactions.
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The use of stables isotopes such as 13C and 1 5N are unique tools to investigate the cycling
of soil organic matter and trace the fate of nutrients in agro-ecosystems. In the present paper
we first demonstrate how С and N interact during decomposition of organic matter, and how
these interactions are fundamental to the understanding of С and N cycling, even considered
separately. Then are developed, in the second and third parts respectively, major advances in
the concepts and results on the quantification of N fluxes associated to the decomposition of
organic matter and the С turnover in soil in relation with spatial location of organic matter,
soil micro-organisms and soil architecture.

Carbon and nitrogen interactions during the decomposition of organic matter

During the decomposition of organic matter, simultaneous assimilation of С and N by the
soil heterotrophic soil microflora, causes the mineralisation-immobilisation turnover of N in
soil to be linked to the cycling of C. Conversely, the availability of nitrogen in soil also controls
the decomposition and dynamics of С in soil on both the short- and long-terms. It is therefore
essential to analyse jointly the dynamics of С and N in soil, particularly to predict the effect of
factors such as crop residues quality and location in soil [1]. Here we examine (1) the effect of
carbon addition (amount and quality) on the dynamics of soil N, (2) the effect of N availability
on the rates of decomposition of organic matter and on the C-N relationships during
decomposition and, (3) the proposed functions for describing this control of С dynamics by N
availability in existing models. We discuss to what extent and in which situations С
decomposition is controlled by N availability, and how this is influenced by management
practices (particularly crop residues quality and management).

Nbiotransformations associated to the decomposition of crop residues

There are much research that aims at predicting either the N dynamics during the
decomposition of organic matter to synchronise crop N demand with soil N supply, or to
predict net effect of organic N inputs on soil fertility. 15N tracing methods have been central to
understand the mechanisms involved and to quantify the net N fluxes. In the past years, the
quantification of gross N mineralisation, immobilisation (Mineralisation-Immobilisation
Turnover) and nitrification with methods based on the isotope dilution/enrichment techniques
have received considerable attention [2].
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We describe first the various methods used to quantify the net effect of residue on soil
inorganic N and the net availability of residue-N . They involve N balances and the use of the
15N tracer (labelling of the crop residues, labelling of the soil N, "paired" labelled treatments,
pre-labelling of the soil organic N). We also describe the theoretical basis and methodologies
for estimating gross N fluxes. We analyse and discuss with examples from the literature, the
information given by the various methods, their bias and limits, possibly their combined use
with modelling [3]. We illustrate the interest of developing the quantification of gross N fluxes,
that is essential to the evaluation of C-N biotransformation models, but also to assess
accurately and easily the effect of various factors on the M.I.T. (e.g. soil disturbance, soil re-
moistening, soil temperature).

Carbon dynamics, sequestration and stabilisation in soil

Carbon evolution can be measured precisely in long-term experiments and the method
of isotopic tracing of natural 13C based on the difference in 13C/12C ratio between C3 and C4
plants has proved to be particularly suitable for identifying the origin of the carbon [4]. This
method has been used successfully to quantify the contribution from different crops to the
SOM dynamics, the changes in land use and their consequence for the sequestration of carbon.
In parallel the techniques used in radio-isotope 14C studies have increasingly being applied to
13C studies to trace the added С in various pools, using labelled sources such as crop residues.

One of the main challenge at present is to unravel the influence of organic С on soil
structure, the complex relationships between distribution of soil organic matter relative to soil
architecture, and to understand the processes of physical and chemical С stabilisation in soil.
Therefore 1 3C (and 15N) tracing techniques have been combined to soil physical fractionation
procedures (soil aggregates or soil particles) using treatments that disrupt the soil structure at
different degrees and thereby select units of different physical stability. Soil organic matter
(SOM) may also be physically separated on the basis of its degree of association with minerals
using differences in density [5]. Functional pools of soil organic matter and their turnover time
have been proposed. They support the development of conceptual models that describe the
role of soil structure in protecting SOM from decomposition, the formation and stabilisation of
aggregates in soil where OM is the major binding agent, the structure of the microbial
community and the subsequent heterogeneity in the location of derived-C and soil micro-
organisms within soil matrix [6].
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Although recent concern for the global environment has tended to highlight the threats posed by
global warming and climate change, soil erosion and associated land degradation undoubtedly remain
serious problems. For example, it has recently been estimated that about 80 percent of the world's
agricultural land currently suffers from moderate to severe erosion and that world-wide about 12 x 106

ha of arable land are destroyed or abandoned annually as a result of non-sustainable fanning practices
[1]. On-site damage is frequently coupled with serious off-site impacts related to the increased
mobilisation of sediment and its delivery to river systems. These impacts include water pollution,
reservoir sedimentation, the degradation of aquatic habitats and the increased cost of water treatment.
Globally, the current economic cost of the on-site and off-site impacts of erosion of agricultural land
has been estimated to amount to ca. $400 billion per year [1]. Current concern for both on-site and of-
site problems associated with accelerated soil loss is generating an increasing need for reliable
information concerning rates of soil loss. Traditional approaches to documenting erosion rates possess
a number of important limitations and the potential for using environmental radionuclides, particularly
bomb-derived 137Cs, as a means of quantifying soil erosion rates has attracted increasing interest [2].

The I 3 7Cs technique affords a means of assembling retrospective spatially distributed
information on medium-term rates of soil redistribution, based on a single site visit. It has now been
successfully tested and used in many areas of the world. The approach was first employed in the early
1970s and since that time it has been refined and its application has become increasingly standardised.
Important developments in recent years include:

a) Use of improved procedures for establishing reference inventories, which take account of the
inherent variability of the inventories measured at such sites.

b) Refinement, testing and validation of the calibration models employed to convert measurements of
the loss or gain in the 137Cs inventory at a measuring point to an estimate of the soil redistribution
rate.

c) Recognition of the role of tillage translocation in influencing patterns of 137Cs redistribution on
cultivated land.

d) Application of the approach in areas that received significant inputs of Chernobyl-derived 137Cs
fallout.

e) Successful implementation of two IAEA Co-ordinated Research Programmes (CRPs) aimed at
consolidating and standardising procedures for using 137Cs in soil erosion and sedimentation
investigations.

Refinement and standardisation of the I37Cs technique have also been coupled with an
expansion in the scope of its application beyond the basic quantification of rates and patterns of
medium-term rates of soil redistribution. Two examples of such applications are, firstly, the coupling
of erosion rate data provided by ! 3 7Cs measurements with information on crop productivity and soil
properties and fertility to elucidate erosion / crop productivity relationships, and secondly, the use of
the spatially distributed information on rates of soil redistribution provided by the technique as a basis
for validating and calibrating distributed soil erosion and sediment delivery models. In the first case, the
ability of the 137Cs technique to generate spatially distributed information on soil redistribution rates
offers the potential to couple such data with the results provided by the new generation of in-field
automated crop yield mapping systems, utilising harvesting equipment equipped with GPS-interfaced
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yield recording devices. In the second case, recent work on the development of distributed soil erosion
and sediment delivery models has highlighted a situation where the ability to produce and refine such
models has outstripped the capability to validate and test them. Traditional monitoring techniques are
unable to provide the distributed data on soil redistribution rates required for validation and, in
consequence, validation has frequently been restricted to comparing measured and simulated outputs,
rather than rates of sediment mobilisation and redistribution within the modelled area. The 137Cs
technique provides a means of overcoming this problem by providing the spatially distributed
information required for such internal validation.

Recent years have also seen an extension of the I37Cs technique to make use of other
environmental radionuclides, and more particularly 210Pb and 7Be. The principles remain essentially the
same, since both radionuclides reach the soil as fallout and their post-fallout redistribution takes place
in association with soil and sediment particles. However, there are significant differences, which in turn
increase the overall potential of the approach. Key contrasts with m C s include different half- lives and
the pattern of fallout input, which because of its natural origin is essentially constant through time.
Lead-210 has a half-life of 22.2 years, and, in view of its essentially constant input, can be used to
obtain estimates of erosion rates operating over the past 100 years. In addition to complementing 137Cs,
by extending the timeframe of erosion estimates, 210Pb also offers potential for use in combination with
137Cs, for example as a means of distinguishing the impact of recent erosional activity, and as an
alternative to 137Cs in areas of the world where 137Cs fallout inventories are very low or complicated by
Chernobyl-derived inputs. Beryllium-7 has a very much shorter half-life (53 days) and therefore offers
the potential to study erosion and soil redistribution associated with individual events and specific land
use actions. Furthermore, the short timescale involved offers a means of eliminating the complicating
effects of tillage translocation, when estimating rates of soil redistribution by water erosion.

It is now almost 30 years since 137Cs measurements were first used to estimate soil erosion
rates. The technique has subsequently been developed and refined and to an extent standardised and it
has now been successfully employed in many different areas of the world. Its application has recently
been broadened to include the assessment of erosion / productivity relationships and the validation of
erosion and sediment delivery models. The approach has also been extended by making use of other
environmental radionuclides, including 210Pb and 7Be, which can provide information relating to both
shorter and longer timescales.
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Water and temperature may be the more important of the numerous factors causing a stressed
environment for plant survival and growth. In this address we will dwell mainly with water stressed
environment and its ramifications on a macro and micro level, and will look into some possibilities of
helping the plant itself to fight the stress.

Although water covers more of the surface of the globe than does land, it is mainly the saline sea
water. Of all surface waters 97% lies in the oceans, 2% is held up in ice caps and only 1% is fresh water
originating from precipitation and snowmelt and is present in the lakes, rivers and biological systems. [1].
Of the 1% fresh water a fraction is harnessed for agricultural, industrial and domestic purposes, with
agriculture consuming 70%. Fresh water is a scarce commodity and also has an uneven geographical and
seasonal distribution leaving vast areas arid and semi-arid. The worst affected are, perhaps, areas located
in the northern and southern sub-tropics Added to the natural distribution are man made causes that are
affecting large areas and also have global implications.

Plants are still the most economical and easy source of harnessing solar energy. Over millenia they
have evolved and adapted to survive under varied environmental conditions; they grow on mountains, in the
plains, in deserts, submerged in water and even in the sea. Right from the capture of the photon in the
photosynthetic process to its storage as chemical energy in the plant, different reactions take place with
varied efficiencies in different plant species under varied environmental conditions. [2]. Similarly, in the
manner of uptake of water and other nutrients and in the utilisation of these inputs, the plants have a vast
variability, most of it still grossly under-utilised.

Aridity is widespread but in a number of countries saline groundwater is present in certain areas.
This water could be utilised to help specific plant species to not only survive under these conditions but
also thrive to produce biomass that could be used as food, forage, wood, manure, or as industrial feedstock
(biosaline agriculture). There is no doubt in that halophytes and other salt tolerant varieties of certain
species could be grown using saline water. [3]. However, the extent of sustainability will depend on
controlling salt build-up on the surface of the irrigated soil and by having estimates of the groundwater
reservoir, its dynamics and qualitative and quantitative changes over time. [4]. The use of nuclear
techniques could provide useful, rather critical, information on these issues. The IAEA started a Model
Project to demonstrate the feasibility and extent of sustainability of bio-saline agriculture in 8 countries
located in North Africa, West Asia and South Asia. The project has four main activities/thrusts:
(a) Introduction of salt tolerant plant species on at least a 10 hectare Demonstration Site and selection of

those having a comparative advantage under the given socio-economic conditions of the respective
participating countries.

(b) Good irrigation management with the help of a neutron moisture gauge and supplementary
techniques to ensure that salt is not built up on the soil surface.
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(c) Regular monitoring (chemical and isotopic) of groundwaters in the area to estimate quality, quantity
and sources of recharge to ascertain the extent of sustainability of agricultural activity with it.

(d) Passing on the technology to the end user.
Several locally available and exotic salt tolerant perennial and annual plant species, most of them

nitrogen fixing, have been introduced on about 10 hectare sites selected in arid wastelands in Morocco,
Tunisia, Egypt, Syria, Iran and Pakistan. Some known salt tolerant trees, bushes and grasses such as
species of Acacia, Prosopis, Casuarina, Tamarix, Eucalyptus, Olea, Pistacchio, Date palm, Atriplex,
Kochia, Hordeum, Leptochloa, Sporobolus, Sesbania, Brassica, Cactus, and a few others, have been
successfully grown using medium to high salinity groundwater. The saline irrigation is being managed
using NMG and regular analyses of the soil. The groundwater(s) in a radius of a few kilometers and more
around the site are monitored for chemical and isotopic (mainly isotopes of H, O, and C) analyses to obtain
information on the quality, quantity and possible sources of its recharge. Results of some aspects of the
project work will be presented.

The project aimed at utilising saline water to help some of the selected plants thrive rather than just
survive. It also aimed at using the plant itself to be the initiator and sustainer of processes that will improve
the environment. At least one participating country has clearly shown the beneficial effects of plant growth
on the semi-arid environment in general and on the soil in particular; the surface salinity decreased, soil
structure improved, the fertility increased. The experience on the successful cultivation of some of the
introduced plant species has already been passed on to the end users for economic benefit in two countries.
[5].

Concluding Remarks
With increasing pressures on limited water resources, drought and salt tolerant plant species on the

one hand, and moisture conservation techniques on the other, will have increasing roles in agriculture and in
restoration and improvement of degraded environments. Non-destructive isotopic techniques, particularly
those based on stable isotopes, to select for salt and drought-tolerant, water use efficient (ie better utilisers
of solar energy), nitrogen fixing, plants need to be fully developed for easy application. [4].

Some results will be presented to indicate that the existing genetic variability in plants can be
fruitfully exploited to live with, and improve, stress environment. However, developments in nuclear and
molecular techniques also need to be employed to tailor plants for specific situations. [6].
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Soil structural and soil organic matter decline is a world wide problem and the return of plant
residues to the soil is being used in many areas to attempt to increase soil C, which can lead to an
improvement in soil structure. Studying the impact of residue incorporation on soil С can be difficult
because of the large background of residual С in the soil. The use of isotope labelled plant material
allows for the investigation of the effects of newly incorporated residue plant material on the С
dynamics within the soil. An experiment was conducted to evaluate the effect of plant residues with
differing breakdown rates, incubated at different temperatures and for different time periods on the
incorporation of С into the soil and the stability of the soil aggregates to wetting. No increase in Total
С within the soil aggregates was found, however there were large increases in soil aggregate stability.
The rate of incorporation of the С from the added residues differed between plant materials.

Introduction:
Grain production is of major agricultural importance in Australia where much of the land has

been developed from forest or natural grassland. Agricultural development of native lands has lead to
a marked decline in soil organic matter (SOM) throughout the world. This contributes both to global
warming via CO2 evolution from the soil as the SOM mineralizes and to a decline in both physical and
chemical fertility of the soil.

A survey carried out by the Soil Conservation Service of NSW in 1987-88 showed that 18.3%
of the state of NSW, Australia suffered from soil structural decline [1]. Soil structural decline and
aggregate breakdown can result in surface sealing, hardsetting, compaction, reduced water infiltration
and increased surface runoff and soil erosion. Plant growth can be affected by structural decline. The
most obvious effect is on root growth. If the soil is compacted, with few pores for roots to pass
through, root growth can be severely reduced. The development of surface seals through aggregate
breakdown can pose considerable mechanical impedance to seedling emergence. Improvement in soil
structure can result in increased yields through improved plant growth, better sou" water relations,
higher infiltration and reduced run-off and erosion risk. This has the potential to reduce the possibility
of pesticide and herbicide residues and soil and nutrients leaving the farm and entering waterways and
thus lessening the environmental impact of agriculture. This is becoming increasingly important in
today's society.

Materials and Methods:
Plant material, which was grown in an atmosphere enriched in carbon isotopes (13C/MC) and

which received 1 5N enriched fertiliser was incorporated into an Aquic haplustalf soil at the rate of 5
t/ha. Plant residues with a range of breakdown rates (flemingia (Flemingia macrophylla), medic
(Medicago trunculatd) and rice (Oryzct sativa) straw), along with no residue return control, were used.

Prior to the commencement of this study the soil was incubated at field capacity for 20 days at
25 °C day (18 hours) and 15 °C night (6 hours). The soil was then mixed and sub-sampled into vials
and incubated at a moisture content of 75% of field capacity, at temperatures resembling tropical

* Present address: Department of Environmental Research Austrian Research Centre Seibesdorf A-2444
Seibesdorf, Austria.
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(30°C day/20°C night (12 hours)) and temperate (20°C day/10°C night (12 hours)) conditions for up to
six months. Sample vials were removed from the incubation chambers at 3 and 6 months and the soil
air-dried. At each sampling time and at the commencement of this study Total С (CT) and N and 13C
and 15N were determined on an Automated Carbon and Nitrogen Analyser/Mass Spectrometer. A wet
sieving technique was used to determine aggregate stability (expressed as mean weight diameter,
MWD). The soil was gently crushed by rolling to pass through a 4 mm sieve before determination of
aggregate stability. Prior to all С measurements and determination of aggregate stability all visible
plant material not within soil aggregates was removed. Preliminary investigations were conducted
using a Secondary Ion Mass Spectrometry (SIMS) to locate the 13C labelled organic matter within the
soil aggregates. In addition to the SIMS, an autoradiography technique and an Electron Microprobe
are being used to determine the position of the 14C labelled organic matter within the same soil
aggregates.

Results and Discussion:
Neither temperature nor residue had any significant effect on soil aggregate Ст over the 6 month

period. However during this time the amount of soil aggregate Ст derived from the added residues
increased by 8% with flemingia, and 6% with rice and decreased by 28% with medic.

Mean weight diameter (MWD) increased by 73.1 %, 48.6 % and 27.4% respectively for the
medic, rice and flemingia treatments and there was a decrease of 11.6 % in the control, when
compared to the MWD of the soil prior to the first incubation period. MWD (meaned over all residues
and the control) increased by 42.1 % at the higher temperature compared to an increase of 26.6% at
the lower temperature.

Preliminary results from the SIMS scans showed the presence of 13C within the soil aggregates
in the medic and rice treatments. No 13C was detected in the flemingia treatment

The decline in the amount of CT derived from the medic residue relates to the fast breakdown
rate of this plant material [2] which most likely resulted in the release of more labile С compounds,
which improved the stability of soil aggregates [3] by providing important binding agents. Following
wet sieving of the flemingia treatment a large amount of leaf material was visible on the top sieve,
compared to the medic and rice treatments, even though all visible material had been removed prior to
wet sieving. This indicated that there was a considerable amount of undecomposed leaf material in the
aggregates, which became apparent when they slaked during sieving. This undecomposed material
would not be involved in the binding of the aggregates against the forces of the water. However over a
longer time this may decompose and become effective in stabilising the soil aggregates.

The correct management and incorporation of plant residues can improve aggregate stability
and assist in reducing the decline in soil structure. Residues with fast breakdown rates provide short-
term responses in stabilising soil aggregates but over the longer term residues with slower breakdown
rates may be necessary to provide continued improvement in soil structure. To develop sustainable
agricultural systems and to reduce the decline in soil structure it is necessary to incorporate plant
residues with breakdown rates, which suit the environment and provide both short and long-term
stabilisation of soil aggregates.

REFERENCES

[1] GRETTON, P., SALMA, U. Land degradation and the Australian agricultural industry. Staff
Information Paper; Report for the Industry Commission (1996).

[2] LEFROY, R.D.B., KONBOON, Y., BLAIR, G.J. An in vitro perfusion method to estimate rates
of plant residue breakdown and associated nutrient release. Aust. J. of Ag. Res. 46 (1995) 1467-
1476.

[3] BLAIR, N., CROCKER G.J. (2000) Crop rotation effects on soil carbon and physical fertility of
two Australian soils. Aust. J. of Soil Res. 38 (2000) 71-84.

180



IAEA-SM-363/92P

MICROCOSMS FOR EVALUATION OF DEGRADATION
OF C-14 LABELLED XENOBIOTICS IN SOIL

С INDERWIESCHE
Institute of Plant Nutrition and Soil Science, FAL, Bundesallee 50, 38116 Braunschweig,
Germany

F. ZADRAZIL
Institute of Plant Nutrition and Soil Science, FAL, Bundesallee 50, 38116 Braunschweig,
Germany

R. MARTENS
Institute of Agroecology, FAL, Bundesallee 50, 38116 Braunschweig, Germany

The estimation of degradation of xenobiotics in soil (e.g. pollutants that derive
from industrial activity) is of great concern for further use of the soil [1]. The best evidence
that a microbial community has the ability to mineralize an organic compound undoubtedly
is the conversion of 14C-labelled compounds to 14СОг [2].

The objective of this study was to investigate the mineralization of polycyclic
aromatic hydrocarbons (PAH) in soil by white-rot fungi, that grow from a lignocellulose
substrate into the soil, using microcosms easy to handle and simulating natural conditions.
The soil was artificially contaminated with a 14C-labelled compound and inoculated with
straw colonized by the fungi in tube reactors [3]. These reactors were connected to an
aeration train and continually flushed with СОг-й"ее, moistened and sterile air. The
liberated CO2 was trapped in a vessel containing of 2N NaOH solution. The absorption
solution was changed in regular intervals and radioactivity of the solution was estimated in
a liquid scintillation counter. A scheme of the experimental design is shown in Fig. 1.

XA0056147

Fig. 1. Scheme of the experimental design. 1: sterilizing filter, 2: tube reactor, 3: chopped wheat
straw inoculated with a fungus, 4: soil contaminated with uC-labelled compounds, 5: capillary
tubing, 6: test tube for prevention of return flow, 7: test tube with 25 ml 2 M NaOH (COTtrap),
8: syringe needle as outlet.
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Different kinds of bioreactors with different arrangements of straw and soil
compartment were used in order to approach optimum conditions for bioremediation of
РАН-polluted soil using white-rot fungi in an on-site treatment. In addition the aeration
was modified in different treatments. It was found that mineralization of 14C-PAH in soil
by white-rot fungi and indigenous microorganisms decreased with increasing distance from
the straw-fungal compartment. As a conclusion fungal substrate and soil should be mixed
carefully to ensure short contact distances. The distance between the single substrate
agglomerates that are mixed into the soil should not exceed 5 to 8 cm. Besides the results
indicate that active aeration of the straw-soil piles will significantly increase PAH-
mineralization by white-rot fungi and by indigenous soil microorganisms.
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Introduction:
Stable carbon isotope determinations provide time-integrated measures of plant

physiological activities and plant interaction with the environment. In these experiments
the effect of soil salinity on the plant carbon isotope discrimination was studied.

The classical selection of wheat cultivars based on yield performance under saline
conditions has been largely unsuccessful. Although physiological traits such as DM (dry
matter), WUE (water use efficiency), Ш (harvest index) have been used as an alternative
to screening for yield. Carbon 13C isotope discrimination (?) is an integrated measure of
the response of photosynthetic gas exchange to environmental variables such as water
availability, light, humidity and salinity [1] and has been shown to be a useful tool in the
selection of cultivars for drought tollerence.

Despite some of the similarities between the effect of water and salt stress on plant
growth, few attempts have been made to quantify the effect of salinity on ?, and its
potential as a breeding selection characteristic, aimed at increasing grain yield under saline
conditions.

The objectives of this experiment were to study the effect of soil salinity on ? in salt
and drought tolerant wheat cultivars under well watered and water limiting conditions, and
to evaluate the relationship between ?, DM, WUE and Ш under the two watering
regimes.

Materials and Methods:
The experiment was set up in a factorial design, with two watering regimes (35%

and 75% plant available water (PAW)), four salinity levels (0, 8, 12, 16 dS/m) and four
cultivars; Two salt tolerant (Karchia CWI10990, Shorawaki BW20313) and two drought
tolerant (Pastor CM85836, Baviacora BW18103) wheat cultivars.

The experiments were conducted in the glass house at the FAO ЯАЕА Seibersdorf
Laboratories. Micro-porous cup samplers were installed in each pot and soil salinity was
periodically measured using a conductivity meter. Plants were harvested at maturity, dried
at 70 °C and DM, WUE (dry matter/ total water applied) and Ш (grain yield/ above
ground dry matter) were determined. Leaf disks were also collected using a hole puncher
from flag leaves and dried at 70 °C. Carbon isotope ratios were measured using mass
spectrometry (Micromass, Optima).
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Carbon isotope discrimination (?) was calculated according to [1] assuming an
isotope composition of ambient air of -8.0 %o. Statistical analysis was carried out using
ANOVA.

Results:
Carbon isotope discrimination (?) varied significantly (P < 0.001) among cultivars

under both the watering regimes. Soil salinity produced a linear and significant (P <
0.001) decrease in ? in all the cultivars under wet and dry conditions (Figs 1 and 2). Under
well-watered conditions ? had a range of 2.14 %o and the range was narrower 1.76 %o
under water stressed conditions. The cultivar X salinity interaction was significant for ?.
The interaction between cultivar X salinity observed for Ш was also significant (P<0.05)
indicating strong genotypic difference in response to salt treatment.
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Fig 1. Л of wheat grown without moisture limiting
conditions.

Fig 2. Л of wheat grown in moisture limiting
conditions.

Conclusions:
The positive phenotypic correlation between A and Ш of salt tolerant cultivars

suggest that high A may be used to indirectly select for a higher grain yield in wheat under
well watered conditions.

Variation in A observed for the cultivars under salt stress were probably due to the
variation in photosynthetic capacity rather than stomatal conductance alone as indicated by
the negative relationship between Д and biomass under moisture deficit conditions.

In wheat the phenotypic correlation between A, DM and WUE varied according to
the pattern of stress. These correlation were negative under dry conditions and became
positive under well watered conditions.
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Treatment of sewage water can vary due to the type and level of technology applied. As a
result, sewage sludge can highly differ in its composition. In Western Europe, a combination of
mechanical-, biological-, and chemical treatment is the most commonly applied technique. The
biological treatment of sewage water, also called activated sludge process, means that carbon and
nitrogen present in waste water is removed through immobilization in microbes. This is achieved
by strong aeration of wastewater whereby energy-rich substrates and nutrients present in
wastewater are assimilated by aerobic microbes and a large microbial biomass is produced. The
biomass produced during aeration consists mainly of living microbial cells, components of dying
and dead cells but also of colloid particles and metal ions bound on the surfaces of microbial cells.
The organic matter produced during aeration of wastewater - the biological sludge - is removed
from the wastewater after settlement. The biological treatment of waste water was the starting
point for the labelling procedure of sewage sludge.

Labelling of waste products with stable tracer isotopes can be done in two ways: (i)
labelling of the original material from which wastes are generated, e.g. labelling of the diet, which
is fed to animals [1, 2]; and (ii) labelling during the biological turnover through addition of
nitrogen or carbon compounds to wastes [3]. In this study, tracers were added to wastewater
during the biological treatment.

Waste water was sampled from the activated sludge process at the sewage plant
'Kungsangenverk' in Uppsala and transferred to the laboratory. The samples consisting of both
water and suspended sludge had high concentrations of carbon, nitrogen and phosphorus.
Quantities of about 10 litres of waste water were used for the labelling experiments. By adding
labelled ammonium sulfate, the ammonium part of the wastewater was enriched. The rate used
was 1.25 g ammonium sulfate (99% 15N) L"1. Three treatments were tested: (i) addition of
ammonium sulfate only; (ii) addition of ammonium sulfate and glucose; (iii) addition of
ammonium sulfate and split application of glucose. Glucose is an additional energy source for the
micro flora in wastewater and was added at a rate of 30 g L"1 in total. In the split application, the
rate was 10 g glucose L'1, which was added three times during the experiment. The glucose-
enriched wastewater was aerated at a high flow rate of about 1L min"1 at a constant temperature
of 20 °C for 7 days to maintain aerobic conditions and mimic an activation process. Thereafter the
suspension was allowed to settle and the water phase was removed. The sludge was dried at 30 °C
and analysed.

Significant differences between treatments with and without glucose addition were
observed. Any glucose addition, whether applied through split or full application, resulted in the
formation of a different micro flora as compared to the ammonium sulfate treatment only.
Although the micro flora was not investigated as such, the very different smell, colour and the
intensive foaming of wastewater upon glucose addition showed that С labelling through glucose
addition will not be representative. The biological sludge recovered as the end of the experimental
period had a much higher C/N ratio, 24.7, the С content was significantly higher, 58.1%, and the
total amount sludge produced was 20% less than in the ammonium sulfate treatment (Table 1). It
was concluded that glucose addition is not a suitable way to produce 13C labelled sewage sludge.
At this stage, no suggestion for a more suitable С compound can be given.
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Table I: Mean analysis values of labelled sewage sludge produced through addition of 15N
labelled ammonium sulfate added to biological sludge before aeration.

Addition Organic С Total N C/N 15N Recovery of 15N
(atom%)

Ammonium sulfate 19.90 3.65 5.4 3.630 2.0

Ammonium sulfate 58.10 2.35 24.7 5.401 1.6
+ glucose

Samples of sewage sludge with ammonium sulfate addition had a C/N ratio of 5.4, an N content
of 3.65% and а С content of 19.90%, which is very similar values obtained in unlabelled sewage
sludge. Although the analyses are promising, the recovery of added 1 5N was low, on average
about 2% (Table 1). This means, that the intensive turnover during aeration caused high losses of
nitrogen probably both through nitrification/denitrification and ammonia volatilization.
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Wheat is a major cereal however, in many countries yields fluctuate when grown under rainfed
conditions. Irrigation helps to increase yield, however, the zeal for higher yields has led to inefficient use of
water, nutrients, and pesticides.

Recognising the importance and seriousness of the problem in developing countries, the Joint
FAO/IAEA Division implemented a Co-ordinated Research Project (CRP) on "The use of nuclear
techniques for optimizing fertilizer application under irrigated wheat to increase the efficient use of
nitrogen fertilizer and consequently reduce environmental pollution", to investigate fertilizer N uptake
efficiency of wheat crops under irrigation using 15N and the soil-moisture neutron probe, to determine the
fate of applied N, to increase the nitrogen and water-use efficiency in wheat cropping systems and reduce
environmental pollution. Database was developed from the data and CERES-wheat within the decision
support system of DSSAT (Decision Support System of Agrotechnology Transfer) was used to formulate
specific management strategies and fertilizer N-rate recommendation for the various production conditions.

The project was carried out between 1994 and 1998 through the technical co-ordination of the Soil
and Water Management and Crop Nutrition Section of the Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture. Fourteen Member States of the IAEA and FAO participated. This
paper presents some of the experimental results of this study.

The participating countries are: Bangladesh, Brazil, Chile, China, Egypt, India, Mexico, Morocco,
Romania, Syria and Turkey. The experiments were mainly set up in research stations except for a few
carried out in farmers farms. In general, the N fertilizer rates chosen represent 0%, 50% and 150% of the
regional recommended application rate. The timing of fertilizer application was also studied.

The texture of the soil of the participating countries varies from very sandy soils in Bangladesh,
China, Egypt (in the newly reclaimed soil), India, Mexico and Morocco, to clayey soils in Brazil, Egypt (in
the old irrigated clay soil of the Nile Valley) and Turkey. This difference has tremendous influence on the
water holding capacity and consequently the potential for leaching of nutrients. The organic matter content
ranges from very high (7.9%) in Chile because of volcanic ash soil to very low in India and Syria (less than
1%).

Results and Discussion:
Vast differences in rainfalls distribution exist between seasons and countries over the 4-year period.

A few countries such as Bangladesh, China and India received large quantity of rainfall, with amount
between 1000-2500 mm recorded in Bangladesh. However, much of this rain occurred outside the wheat-
growing season (Bangladesh and India), consequently irrigation is needed. In the case of Morocco, while
there was plenty of rain in the growing season, it occurs mostly during the early development of the crop
when the requirement for water is small. On the other hand, near zero annual rainfall was recorded in
Egypt. In general, most countries received rainfall less than 500 mm and consequently supplemental
irrigation was needed for adequate crop growth. Further details are given in (1).

Various amounts of irrigation and pre-season irrigation were being applied in each country. Brazil,
China and Egypt applied the most irrigation (over 450 mm/year) while only 75 mm was applied in
Bangladesh. Some countries such as India and Mexico applied pre-season irrigation, between 200-220 mm
was being applied in Mexico. Seven out of the twelve countries use surface irrigation: Bangladesh, China,
Egypt, India, Mexico 1, Mexico2 and Morocco. The irrigation method, amount and frequency of
application, together with the type of soil, determine the efficiency of the applied water.

The amount of fertilizer recovered in grain and straw from the 15N applied is shown in Fig.l. The
fertilizer N recovery values for most countries are high (more than 60%), countries with low fertilizer N
recovery are: Bangladesh, Chile, China and sometimes in Romania and Syria, depending on the season. The
low recovery was due to losses mainly through leaching on sandy soils. Interestingly, both Chile and China
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were the two countries achieving grain yields of 6 to 8 t ha"1. In general, the two-third split application
(applied at end of tillering) recovered more efficiently than the first one-third split application of N fertilizer
(applied at planting).

Fig. 1. Fertilizer N recovery value for the various countries.
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Fig. 2. The observed grain yield and that simulated using CERES-Wheat.

CERES-Wheat Modelling:
The dataset was used to test CERES-Wheat Model. Figure 2 shows good agreements between

observed and predicted grain yield. Good agreement was also observed for other parameters. The ability of
the model to predict these parameters implies that it is possible to use this as a tool in facilitating the
screening of cultivars for selecting those that are best adapted to specific target environments. This can
help in optimizing the use of resources and quantifying risks associated with plant, soil and weather
variation.

Conclusions:
1. The first one-third split application of N fertilizer (applied at planting) was usually recovered less

efficiently than the second two-thirds split application (applied at the end of tillering); this observation
was consistently made in seven countries during the 1995-98 period (Bangladesh, Brazil, India,
Morocco, Romania, Syria, Turkey); therefore, the relative amount applied in the second split may be
increased.

2. Losses of irrigation water and N-fertilizer were observed in a few countries (Egypt and China on
sandy soils, India); on the other hand, well scheduled sprinkler irrigation promoted fertilizer-N
recovery (Syria).

3. The Ceres-Wheat growth-simulation model predicted rather closely the progress of dry-matter
production, leaf area index, seasonal evapotranspiration, phenological development and of many other
plant-growth attributes (Turkey, Syria, Morocco, Brazil, Romania, India).
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Introduction:
Several isotope techniques have been used to measure N transfer from legumes to

non-legumes including the x N isotope dilution, 15N2 labeling, split root 1 5N labeling and
leaf or stem 1 5N feeding. Most of these methods have shown very little or no direct
transfer of N from legumes to non-legumes when grown in mixed cropping systems.
However, some studies have been able to quantify N rhizodeposition by legumes and the
N transfer when the root system of a leguminous plant is decomposing, e.g. during or
after cutting or stress.

The present study investigated the time course of N transfer from soybean (Glycine
max (L.) Merr.) and common bean (Phaseolus vulgaris L.) to associated wheat (Triticum
aestivum) plants using the stem 15N feeding technique under greenhouse conditions. The
objective was to measure if any N transfer occurred during the various growth stages of
the legumes.

Material and methods:
A greenhouse experiment was conducted at the Seibersdorf Laboratory with pots
containing four kg of Seibersdorf soil: quartz sand mixture (1:1). The pots were

sown with one inoculated soybean (cv. Clay) or common bean (cv. Red Kidney) plant
with five adjacent wheat (cv. Capo) plants grown around the legume plants as shown in
Fig 1. The stem 13N labeling technique of McNeil (1) was used to label the leguminous
plants. Two ml of 0.075M urea (-20 % 15N atom excess) solution was taken up by each
legumes plant as shown in Fig. 2. The leguminous plants were labeled 14, 19, 26 or 32
days after planting (DAP) (only the data from 14 DAP labeling is shown). A single wheat
plant was harvested at weekly intervals and dry matter yield, total N and % 1 5 N atom
excess were determined. After 6 weeks, the leguminous plants where cut and the 1SN
labeled roots left in the soil. The wheat plants were allowed to regrow to investigate the
N uptake from decomposing roots.
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Fig. 1. Experimental set-up.

Fig. 2. iJNstem labeling.

1 5N stem feeding technique was successful in labeling the leguminous plants

Results:
r-ftj

e & •~̂ *"«M"»' " " ouwcssiui ш moeiing me leguminous plants
(soybean: 0.5 % and common bean: 0.9 % 15N atom excess). Hardly any transfer of 15N
from soybean to the adjacent wheat plants was observed (Fig 3, weeks 2 to 6) whereas
significant amount of 1 5N was transferred from the common bean plants to the wheat
through the whole growing period. Significant amount of 15N was taken up by the wheat
plants from the decomposing soybean and common bean roots (Fig 3, weeks 9 to 13)
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The growth stage of the legumes did not have much influence on the rate of 1 5N
transfer from the legume to the non-legume. However there was a significant difference
between the legume species. The adjacent wheat benefited more from N derived from
common bean as compared to soybean from which hardly any N was transferred during
the growing period. Percent N in wheat derived from common bean was approximately 3
% during the growing period of the legume compared to approximately 7 % after the
legume had been cut. Further studies are warranted to compare the ability of other
cultivars or legume to supply N to adjacent crops.
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The technique of interfacing an Elemental Analyser (EA) to a stable isotope ratio mass spectrometer
has since its inception in 1983 [1] proved a remarkably versatile analytical tool for the measurement of
carbon and nitrogen isotopes across a wide application base. By 1994, sulphur isotopes had been added to
the list [2] and more recently those of oxygen and hydrogen. The analysis of oxygen and hydrogen involved
a departure from the normal flash combustion mode of operation to one of pyrolytic thermal decomposition
of the sample [3].

This paper describes a new EA technique for the measurement of hydrogen isotopes in water, in a
continuous flow carrier stream of helium. The system is totally carbon free and is based on the use of
chromium (patented) as the active reactor material. Water injected into this system is reduced resulting in
the quantitative release of hydrogen gas, which is then carried by the helium to the mass spectrometer and
analysed for deuterium concentration. This technique exhibits remarkably low memory effects, excellent
precision and accuracy and addresses very small sample sizes down to 50 nano litres. In addition, it allows
a very high sample throughput with individual sample analysis time of 3 minutes.

A EuroVector EA was configured with a chromium-packed reactor at a temperature of 1050 °C and
fitted with a 1.5m molecular sieve packed GC column. Samples were dispensed into 1.5 ml septa-sealed
vials and placed on the carousel of an automated liquid autosampler device (EuroVector LAS2000). A
sequence of 3 wash cycles was carried out on each sample prior to injection into the reactor through a
heated septa-sealed injector port. A sample size of 0.5 ul of water was chosen for the analysis. The liquid
autosampler has the ability to measure up to 110 individual samples; each sample can be analysed up to 144
times. Hydrogen generated in the reactor is passed through the GC column and transported via an open split
capillary into the source of a Micromass IsoPrime stable isotope ratio mass spectrometer.

A memory/accuracy/precision test was conducted on this system using a suite of standards including
the primary standards SMOW and SLAP, secondary standard GISP, two laboratory standards from an
external source (SSRW and INV1) and two in house waters previously measured using this technique (HS
and AS). Figure 1 shows the data in the order that the standard groups were run. Table 1 shows the
corrected values obtained for each group and the standard deviation for each standard.

Fig. 1. Analysis no versus 3D value for each sample.
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Table 1: Standards data.
Sample

SMOW
HS
SSRW
GISP
INV1
AS
SLAP
AS
INV1
GISP
SSRW
HS
SMOW
HS
SSRW
GISP
INV1
AS
SLAP

Expected

0
-29.8
-131
-190
-219
-326
-428
-326
-219
-190
-131
-29.8

0
-29.8
-131
-190
-219
-326
-428

SDSMOW %o

-0.3
-29.3

-130.3
-189.9
-218.6
-325.9
-427.9
-326.8
-219.5
-190.0
-131.2
-29.9
-0.6

-30.5
-131.1
-190.4
-219.1
-326.4
-428.1

mean

A true-
measured

0.3
-0.5
-0.7
-0.1
-0.4
-0.1
-0.1
0.8
0.5
0.0
0.2
0.1
0.6
0.7
0.1
0.4
0.1
0.4
0.1

0.14

Std Dev

0.8
0.4
0.6
0.9
0.5
0.4
0.5
0.5
0.7
0.4
0.4
0.8
0.5
0.2
0.5
0.5
0.2
0.6
0.4

0.53

n

18
9
9
9
9
9
18
9
9
9
9
9
18
9
9
9
9
9
9

Here the measurements represent both natural abundance variability and a run order that minimises
memory effects. The smallest transition in delta is approximately 28 %o while the largest is 107 %o. A total
of 198 individual sample analyses are contained in Table 1. There are no outliers in this data set. Total
analysis time was 10 hours each analysis taking approximately 3 minutes.

This new technique has also been applied to the measurement of hydrogen isotopes in chlorinated
hydrocarbons such as tri-chloroethane and tri-chloroethylene [4]. In addition, we will demonstrate О
analyses of both organic and inorganic samples using a range of reactor configurations and temperatures.
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