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The annual meeting in Wye Coil M ~ C7
attended. Iaeswre presented orally (25) or as posters (17) by scientists originating from 15

The first part of the sessions dealt with recent developments in terrestrial radioecology, addressing both
agricultural and semi-natural environments (12 oral presentations, 2 posters). Mitchell (U.K.) reported on the
present status of the fluxdatabase of UIR, which, due to its 17000 entries provides an excellent basis for
applying or testing new model approaches. One paper was presented on the upward movement of mobile
(Na, Cl) and less mobile (Cs) radionuclides in soil columns (Wadey/UK). Skarlou/Greece and
Goncharova/Byelorussia highlighted important impact factors on soil-plant transfer of Cs and Sr as soil pH and
ageing of contaminants/hot particles. Two presentations (Kirchner/Germany, Konopleva/Russia) focussed on
successful soil scientific approaches to describe plant uptake of Cs and Sr taking into account ion competition
in soil. KlemtlGermany presented an interesting model to estimate Cs-transfer to roe deer and highlighted the
importance of mushroom in this respect The important role of fungi for Cs-dynamics in forest soil was
confirmed by the data of Nikolova/Bulgaria. Spiridonov/Russia presented a radioecological model describing
Cs-dynamics in forest ecosystems. The FORESTLAND/FORTREE model is parameterized for both deciduous
and coniferous forests. A set of three papers (Tkachenko/Ukraine, Goncharova/Byelorussia, Oncsik/Hungary)
focussed on countermeasures. It became quite evident that the effect of applications of macro- and

0micronutrients, clay minerals and zeolithes on radionuclide soil-plant transfer is highly site specific and needs
consideration of soil properties. Two papers described the long-term impact of radionuclide contamination on
the collective dose of the population (Kravets/Ukraine, GoncharovalByelorussia).
The contribution in the field of soil and plant sciences covered a broad range of topics. Influencing soil
physical properties by applying soil conditioners (ShetalLibya) was addressed as well as the impact of scots
pine originating from different countries on soil microbial activity (Kieliszewska-Rokicka/Poland) and the
consequences of slash and burn agriculture on soil fertility in Indonesia (Ketterings/USA). The impact of heavy
metal contaminations of soil was addressed by various papers (Kov~czIHungary, Shumik/Ukraine,
Roxana/Romania, Bujtas/Hungary). The last mentioned author presented an interesting approach using
mobile heavy metal fractions to predict heavy metal plant uptake. The impact of P fertilizers on trace element
uptake through alternation of soil pH was demonstrated by the paper of Osztoics/Hungary. Stanica/Romania
presented interesting results on heavy metal contamination of apple trees with varying distances to a highway.
N dynamics in the soillplant system again was one of the main topics of this meeting. Gerzabek (Austria)
evaluated the possibilities to use natural abundance of 'IN to quantify N-turnover from organic manures.
Hejnak (Czech Republic) used 'N applications to quantify the impact of soil pH on N-utilisation. Another ten
papers focussed on the efficient use of N-fertilizers or other macronutrients (Nankova/Bulgaria,

OGbkmaniTurkey, Budoi/Romania) including the impact of cereal varieties and the description of interesting
models to optimize fertilizer applications.
One session focussed on economical aspects of fertilizer application in Turkey. The series of four oral
presentations and 3 posters elaborated both on specific questions related to crops grown in Tokat province
(AkcalTurkey) and general topics of global input-output analysis in the fertilizer sector or the suitability of
organic farming for less developed countries (Karkacier/Turkey, EsengOn/Turkey, Kizilaslan/Turkey,
Akcay/Turkey).
Summing up we can conclude that we had a highly interesting meeting with lifely discussions in all sessions
and we enjoyed the environment provided by our host institution.The proceedings contain the majority of the
presented papers and hopefully will find your interest
The XXth annual meeting of ESNA will be held in Keszthely/H-ungary between 2611 and 30h August 1999
(information: Prof. A. Szabo, e-mail: H9623MED@ELLA.HU)

Martin H. Gerzabek (martin.gerzabek~arcs.ac.at) COJ 

Chairman working group 3 4c v
Soil-plant relationships CAtiCV
Seibersdorf, October 1999
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NITROGEN BALANCE AND '5 N ABIYNDANCE IN A LONG-TERM ORGANIC

MATTER EXPERIMENT Cg-pPS

M.H. GERZABEK, H. KIRCHMANN*, G. HABERHAUER & F. PICHALMAYER

Austrian Research Centers, 2444 Seibersdorf, Austria, and * Swedish University of

Agricultural Sciences, Department of Soil Sciences, Box 7014, 750 07 Uppsala, Sweden

Summary 2?.J

In a long-term field experiment on a clay loam soil at Uppsala, Sweden, changes of

nitrogen contents and the natural abundance of 15N in the topsoils receiving various

organic amendments at the rate of 2000 kg C ha71 y'1 and different rates of nitrogen were

studied. Cropping resulted in clearly lower N-losses from the topsoil (0-20cm) compared

to the bare fallow plots. Green manure, animal manure and sewage sludge increased the

N,-inventory significantly and 5N abundances were clearly affected by N-input differing

in isotopic signature introduced through the amendments. A N-balance and half-lives of

the introduced nitrogen were calculated.

1. Introduction

Nitrogen is one of the most important plant nutrients. The major sources of N-supply to plants

are (i) the mineralisation of the soil nitrogen, (ii) the application of mineral or organic

fertilizers, (iii) the wet and dry deposition of N-compounds and (iv) the release of nitrogen

from residues, of N-fixing plants. The mineralisation of soil nitrogen is influenced by the same

factors which govern soil organic matter built-up and turnover. Thus, climate, soil texture, the

application of fertilizers and manures (Prasad and Power, 1997) and different management

practices (Ellert and Bettany, 1995) are the important factors in this respect. Quantification

of N-release from manures and the soil-N pool remains to be difficult although isotopic

methods offer some interesting options (Gerzabek, 1998). The Ultuuna organic matter

experiment, started in 1956,,was designed to study soil organic matter and structural changes

in soils under a range of manurial treatments and inorganic fertilizers. In it the same amount

of carbon (on average 2000 kg C ha-' yi'l) has been applied through a range of organic

amendments. The experiment therefore enables us to compare changes in both amount and

composition of soil humus as a result of application of different organic manures. In this
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paper, changes' in the nitrogen contents of topsoils due to long-term application of different

manures and their effect on the natural abundance of 15N. are described.

2. Materials and methods

The field experiment is in central Sweden, Uppsala, on a Eutric Cambisol (FAO) with

37% clay and 41% silt. The parent material consists of postglacial clay with illite as the

main clay mineral. A complete documentation of the experiment and compilation of data

can be found in (Kirchmann et al., 1994). In 1956 the soil (0-20 cm depth) had 15 g kg-1 of

organic carbon, 1.7 g kg' of nitrogen and a pH of 6.6. The experimental design consists of

fourteen treatments, laid out in duplicate in a randomised block design. The individual

plots (2 m x 2 in), were separated by pressure-treated wooden frames. The application of

organic amendments, analysed before use, was based on equal amounts of ash-free

organic matter amounting to 2000 kg C ha-' yr - on average. Organic matter was added in

1956, 1960, 1963 and thereafter every second year by hand. Cereals (70 %), rape crops

(25 %) and fodder beet (5 %) were grown alternately. No N-fixing plant was included in

the crop rotation. Total nitrogen, and 315N were measured in soil samples (1956, 1967,

1975, 1977, 1979, 1981, 1983, 1985, 1987, 1989, 1991, 1993, 1994), and in the green

manure, animal manure, peat (1975, 1979) and sping wheat or rye (1987, 1989, 1991)

using an elemental analyser coupled to a mass spectrometer as described by Pichlmayer

and Blochberger (1988). The relative abundance of the stable isotopes of nitrogen (14N,

1.5N) was measured against the air as standard. The results were calculated in -values.

Nitrogen concentrations in the soil were converted to soil N amounts taking into account bulk

density changes. The nitrogen balance was calculated using the following formula:

NI Nf + Nd + Nb - AN. - Np,(1

where NI is the annual loss of nitrogen from the topsoil (kg ha), Nf is the fertilizer-N input

(kg had' y'), Nd is the annual wet and dy deposition (kg ha), Nb is the nonsymbiotic;

biologically fixed N (kg ha-' yr'1), AN, is the annual change of the nitrogen inventory in the

topsoil (kg ha)1) and Np is the plant uptake (kg ha)). Nb was obtained using data on the

relative potential N-fixing activity of the respective treatments elated to the maximum

activity observed in the animal manure treatment To describe turnover rates of nitrogen in the

experimental plots a simple first order kinetic model was applied:

=dN ,% Nr (2)
dt
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where Nr is the remaining nitrogen in soil of the yearly N-input (N = Nf + Nd + Nb).

Integration of equation 2 gives the exponential rate of decomposition for a single fertilizer

application, where X is 1n2 divided by the turnover half-life. By integration turnover half-

lives for continuous applications were derived. Both, equilibrium and non-equilibium

situation was calculated. The nitrogen content of the fertiliser in soil derived from isotopic

data was calculated adopting the procedure described by Puget et al. (1995).

3. Results and discussions

3. 1. Nitrogen in topsoils and N-balance

Soil characteristics in the experimental plots were distinctly altered by the different

treatments. The application of peat sewage sludge and amonium sulfate resulted in a

significant decrease of the pH-values. Both organic carbon and Nt contents were clearly

affected by the fertilizer and manure applications ( Figure 1). The bare fallow plot exhibited a

remarkable decrease of nitrogen contents as compared wth the year 1956 (0.16% N) ending

up with 0. 11% in the year 1994. Statistical analysis indicated that the highly significant

decrease follows a linear regression (Nt = -0.00 14 yr + 2. 8081; R2 = 0.969 ***), equilibrium

between N-mineralisation of the soil-N pool and N-deposition has,

Table 1. Mean composition of the organic amendments and mineral fertilizers

Total N C/N N
/g kg' /

Green manure 18.3 ±5.6 22.6 3.17±+ 1.38
Animal manure 17.6 ± 3.0 22.4 7.63 ±- 1.37
Peat 7.7 =t 1.4 69.6 -1.03±f_0.92
Sewage sludge 32.9 ± 2.3 9.2 4.45 ± 0.21
Ca(N0 3)2 171 - 1.4
(NH.14)2SO~ 212 -- 1.8

Data for organic amendments are mean values from different years (n = 2 to 6).

therefore, not been reached yet in the bare fallow plots. The same result was obtained for the

No-N plots, although the N-content of the topsoil remained on a higher level as compared to

the fallow plots (Nt = -0.0008 yr + 1.79 14; R2 = 0.809 1 ***), despite the significant removal

of N with the harvest (Table 2). Green manure treated plots did not show any significant

changes of Nt-contents in the topsoil. Peat animal manure and sewage sludge increased the

Nt-contents of topsoils significantly (Figure 1). The effect of peat - due to the small amount of



4

Fig. 1: Average I4,-contents of topsoils (0-20 cm) of the Ultuna long-term field experiment

during the first 38 years (treatments: fallow; no-N; green manure; animal manure; peat)
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Table 2: N-balance of the Ultuna long-term organic matter experiment (basis: year 1991)

fertilizer deposition* biologically Asoil§ plants losses in:
fixed N

kgha~yr' kgha~yr'1 kgha-ly(' kgha 1yr1 kgha-lyr1 kgha'yr-' # % of N-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _in p u t

Fallow 0 1 0 4 -51 0 65
No-N 0 10 7 -34 44 7
Peat 31 1 0 10 -7 41 17 33
Green manure 106 1 0 1 1 5 85 37 29
Animal manure 89 10 14 26 67 20 18
Sewage slugde 204 10 0 77 123 14 7
Ca(N0 3 2 80 1 0 1 1 -18 90 29 29
(Nir42S0 4 80 1 0 0 -20 86 24 27
* depostion was taken from Lovblad et al. 1992
§ annual change of total N in topsoil (basis: mineral soil mass in 0-20 cm in the year 1956)
# according to equation (1)

N introduced through peat amendments - was quite small. None of the five intensively

investigated treatments - except green manure, where no trend was observed - showed a

nonlinear trend of N-contents in the topsoil. This indicates that a much longer time-period is

needed for equilibration than an observation period of 35 to 38 years. The mineral fertilizers,

Ca(N0 3)2 and (N1H4 2S0 4 maintained the N, concentrations in topsoils, but not the total N-

inventory when taking into account soil bulk density changes. In general, only green manure,

animal manure and sewage sludge applications resulted in an increase of total nitrogen present

in the mineral soil mass (-20 cm) on the basis of the year 1956. The highest N-losses were
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recorded in the bare fallow plots. N-losses were smallest for the No-N treated plots. N-losses

from the other treatments showed the following ranking: green manure > calcium nitrate >

ammonium sulfate > animal manure > peat > sewage sludge. Considering again the No-N

treatment as reference, it was feasible to estimate the average fertilisation effect of the

different treatments (Nf + Nb) on agricultural crops and removed with the harvest. Leaving

out peat, which had a negative effect on N-removal by plants, the following ranking was

observed: ammonium sulfate (57%) > calcium nitrate (55%) > sewage sludge (40%) >

green manure (3 7%) > animal manure (24%).

3.2. 5N abundances

The natural abundance of 1-N varied distinctly with time (Figure 2), changes seemed to

have a general pattern and were followed by most treatments. Compared with the 15N4

values at the

Fig. 2: Average 8'5N-values (%o) of soil organic matter of the topsoils of the Ultuna long-
term field experiment during the first 38 years (treatments: fallow; no-N; green manure;
animal manure; peat)
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beginning of the experiment in 1956 (8.4 - 8.996o) there was a clear change, which could

be related to the amendments. All mineral fertilisers and organic materials except animal

manure exhibited signiflcafitly smaller 8 15N-values than the initial soil N pool (Table 1).

It was possible to estimate the contribution of fertiliser-N to Nt in the topsoil for peat and

green manure using the natural 1"N abundance of the No-N treatment as reference. The

calculated N-portion from green manure or peat can be considered as an already stable N-
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fraction. The slile N-input of green manure was approximately 22 kg ha' -1yrf (versus 39

kg N ha-1 yr'1 according to the difference method), which is 20% of the total N-input

through this treatment. The respective values for peat were 31 kg ha-l yr-1 (versus 27 kg N

ha-' yr1) and 102%. The latter result indicated that N contained in peat was just stored in

the soil and did not contribute to the plant uptake or the losses.

3.3. Turnover half-lives

It was possible to use the difference between reference plots and treatments to estimate

the turnover half-lives of the additional N-input through treatments (mainly applied

fertiliser-N). The shortest half-lives (I.) were derived for the mineral fertilisers (5 yrs),

the longest HI. for the hardly decomposable organic substance peat (equilibrium: 19 yrs,

non-equilibrium: 51 yrs). Green manure exhibited the shortest half-life of nitrogen input

amongst all organic amendments (9 yrs). In some cases (peat, animal manure, sewage

sludge) a distinct difference between the iterative calculation of the HIL and the method

assuming equilibrium occurred, the latter values being shorter than the first. This is a

strong indication that equilibrium has not been reached yet for these treatments. A very

large difference was obtained for peat-N, which leads to the conclusion that especially the

peat treated plots are far from equilibrium. Taking into account the isotopic changes in the

peat and green manure plots led to deviating results concerning half-lives. In case of the

peat we observed an even longer half-life (> 75 yrs) than with the difference method. This

matches with the fact that peat-N was not lost at all during the experimental period. The

green manure-N behaved just the other way round. The isotopic method showed a

considerably shorter HI. of green manure nitrogen being already in equilibrium (5 yrs).

This implies that the observed positive difference in the N-inventory in the green manure

treated plots compared to the No-N reference plots is only partly due to input of stable

green manure - N. In addition it seems that applying green manure decreased the

mineralisation of the original soil-N considerably. A similar effect can be assumed for the

mineral fertiliser nitrogen because the half-life values obtained by the difference method

for these treatments seem to be too high.
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HE SOIL ACIDITY AS RESTRICTIVE FACTOR OF THE

USE OF NITROGEN FERTILIZER BY SPRING BARLEY

V. HEJNAK1 , H. LIPPOLD 2 e d;a

Czech University of Agriculture Prague, Department of Botany and Plant Physiology,
165 21 Prague - Suchdol, Czech Republic bz

2Saxon Provincial Institute for Agriculture, Gustav -Kuhfn - Str.8, 04159 Leipzig,
Germany ) 

Summtro - year micro - plot trials was studied the effect of soil pH value (pH > 6,5 and pH < 4,5)

and application of ammonium sulphate (25 atm . % '5N in first year and no enriched in second year,
rates of 0, 85, 170 and 255 mg N per pot. i.e. 0, 30, 60 and 90 kg N.ha-1) on the spring barley
productivity and on the use of nitrogen fertilizer by plants in the application year of 5N and in the
following year.

The productivity of spring barley is significantly higher in neutral soil than in acid soil. The
gradated rates of nitrogen fertilization increased this difference. The total nitrogen uptake by plants was
higher in neutral soil. The share of the nitrogen from ,,the old soil's supply" in the total uptake by the
harvest ranges from 95 to 82 % and is practically identical in studied soils. ,Priming effect" was higher
in soil with better fertility (153 - 186 mg N per pot) than in acid soil (to 49 mg N per pot only). The
gradated rates of ammnonium sulphate increased the uptake nitrogen from fertilizer by harvest of spring
barley in the application year of l-N from 39 mg N to 107 mng N per pot in neutral soil and from 26 mng
N to 83 mng N per pot in acid soil and in the following year from 3,05 mg N to 8,15 mg N per pot in
neutral soil and from 1,76 mg N to 3,37 mg N per pot in acid soil. The total balance of fertilizer
nitrogen ( 5N) in soil - crop system in two years from application showed that in neutral soil 46% used
by spring barley (42% in the application year and 4 % in he following year), 16% rested in soil and loss
was 38% and in acid soil 35% used by harvest (33% in first year and 2% second year), 12% rested in
soil and loss was 53%.

spring barley, acid sail, neutral soil, nitrogen fertilizer, soil nitrogen, nitrogen balance

1. Introduction
The use and the balance of nitrogen in system soil - plant with respect for

conservation of life environment and economical use of fertilizer ntrogen is a very
important problem in agrochemical and physiological research.

The productivity of agricultural plants is influenced by soil fertility, which is
represented e.g. by humus content in soil, contents of available nutrients and, of course,
soil pH value. The effect of soil pH level on processes in soil is in tight correlation with
capability of soil to provide plants with mineral elements. That is why for better and
effective application of nitrogen fertilization is very important to observe the influence of
soil acidity on the use of fertilizer and soil nitrogen by plants.

We tacked this questions:
1. The effect of soil acidity and gradated nitrogen rates on the spring barley

productivity;
2. The uptake nitrogen from fertilizer and soil nitrogen by the harvest and their role in

productivity of spring barley in neutral soil and in acid soil;
3. The effect of soil pH level on the use of nitrogen fertilizer by spring barley in the

application year and in the following year;,
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4. The balance of fertilizer nitrogen in the application year and in the following year on
neutral soil and on acid soil.

2. Material and Methods
In the years 1997 and 1998 was studied the effect of soil pH value and gradated

rates of nitrogen fertilizer on spring barley productivity and on the use of nitrogen
fertilizer by harvest in the application year and in the following year. Spring barley,
Jubilant variety, was grown in small - plot field trials in pots (area 1/35 m 2 and 3 0 cm
high) without bottom recessed in soil profile at the experimental station in Polabska
lowland in central Bohemia. It was by 15 plants per pot. Two experimental soils had
medium humus content, medium contents of available phosphorus, potassium and
magnesium and distinct pH level: neutral soil had pH > 6,5 and acidic soil had pH < 4,5.

The experiment included four variations, each repeated five times. The control set
of plants was fertilised only with phosphorus (255 mg per pot) and potassium (320 mg
per pot) in the form of potassium dihydrogenphosphate. The other three variations
contained in addition to increasing supplies of nitrogen fertilization in the form
ammnonium sulphate ( rates of 85, 170 and 255 mg N per pot, i.e. 30, 60 and 90 kg N ha-
'1) Ammonium sulphate was enriched 25 % by stable isotope 5N in 1997 year and no
enriched in 1998 year. All fertilizers were applied in the form of a solution mixed with
the whole volume of the soil prior to filling the pots.

After harvest, the grain, straw and soils were analysed for percentic contents of
total nitrogen using the Kjeldahl method and for isotope composition was using of
spectral emission method on NOI - 6 in Saxon Provincial Institute for Agriculture in
Leipzig.

3.Results and Discussion
It follows fl-om the results in Tables and II that the productivity of spring barley

(the grain and straw yields) is significantly higher in neutral soil than in acid soil.
Depresive function of low pH level didn't eliminate supply of nitrogen fertilizer because
their gradated rates increased this difference.

Tab. I The effect of soil pH value and gradated nitrogen rates on the yield of spring barley grain
(in grammes per pot)

Soil Variants Yield of grain Average values
of trial 1997 1998 for two years

Neutral soil Control 22,0 20,2 21,1
N 85 28,8 23,8 26,3
N 170 32,8 32,4 32,6

N 255 36,2 37,3 36,8

Acid soil Control 15,0 16,5 15,8
N 85 19,0 20,4 19,7
N 170 18,8 22,7 20,8
N 255 18,0 17,3 17,7
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Tab. H1: The effect of soil pH value and gradated nitrogen rates on the yield of spring barley straw
(in grammes per pot)

soil Variants Yield of straw Average values
of trial 1997 1998 for two years

Neutral soil Control 24,2 26,4 25,3
N 85 35,6 29,8 32,7
N 170 36,4 37,3 36,9
N 255 36,2 40.8 38,5

Acid soil Control 20,4 19,6 20,0
N 85 25,6 24,0 24,8
N 170 25,8 28,8 27,3
N 255 23,0 22,0 22,5

While in the case on control variant in neutral soil a two years average yield of
grain was 21,1 g per pot and nitrogen fertilization increased the yields on 26,3 g' with
rate of 85 mg N, 32,6 g with rate of 170 mg N and 36,8 gof grain with rate of 255 mg N
per pot, the yield of grain in acid soil was 15,8 g per pot on control variant and 19,7 g
20,8 and 17,7 g per pot with nitrogen fertilization. The most efficient in neutral soil are a
rates of 30 and 60 kg N.ha-', but statistically significantly efficient is a rate 90 kg N.ha-',
also. Statistically significantly efficient in acid soil is a rate of 30 kg N.ha-1, only. The
variability of yield didn't significantly influenced by the years. The similar results was
reached in the yield of straw.

Significantly the greatest part from the variability of the total nitrogen uptake by
harvest of spring barley (Tab. II) had the soil pH1 value and years. The effect of fertilizer
nitrogen rates was significant on neutral soil and statistically non significant on acid soil.

Tab. mII: The total nitrogen uptake by harvest of spring barley (in mg per pot)

Soil Variants Total N uptake by harvest Average values
of trial 1997 1998 for two years

Neutral soil Control 666 452 559
N 85 925 594 760
N 170 949 691 820
N 255 1073 581 827

Acid soil Control 631 441 536
N 85 666 539 603
N 170 656 638 647
N 255 597 347 472

The results of our experiment in Table IV showed, that the role of the nitrogen
from ,,the old soil's supply" in production of spring barley yield is a very high. The share
of this nitrogen in the total uptake by the harvest of spring barley ranges from 95 to 82%
and is practically identical in studied soils. With growing rates of nitrogen fertilization the
share of nitrogen from soil's supply decreases. Nitrogen fertilization leads to increased
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uptake of soil nitrogen by plants. This so - called ,,piming effect is higher in soils with
better fertility and it reached 153 - 186 mng N per pot inneutral soil and to 49 mng N per
pot only in acid soil.

Tab. V: The uptake of fertilizer and soii nitrogen by harvest of spring barley
(in mu per pot)

Soil Variants Average N uptake from fertilizer N uptake Share of "Priming
values of from soil

of trial total N in the in the total "the old N () effect"
uptake for application following soil's

____ ____ ~two year year year __ _ Supply" _ _

Neutral Control 559 - - - 559 100 -

soil
N 85 760 39,0 3,05 42 718 94 159

N 170 820 70,0 5,40 75 745 91 186

N 255 827 107,0 8,15 115 712 86 153

Acid soil Control 536 - - - 536 100 -

N 85 603 26,0 1,76 28 575 95 39

N 170 647 59,0 2,72 62 585 90 49

N 255 472 83,0 3,37 86 386 82 -

The use of nitrogen from fertilizer by spring barley is higher in soil with neutral
pH level compared with the soil of low p level and the gradated rates of ammonium
sulphate increased the uptake nitrogen from fertilizer (N) by harvest of spring barley in
the application year from 39 mg N to 107 mg N per pot in neutral soil and from 26 mng N
to 83 mng N per pot in acid soil and in the following year after application of '5N from
3,05 mng N to 8,15 mng N per pot in neutral soil and from 1,76 mng N to 3,37 mng N per
pot in acid soil.

Tab. V The remainder of fertilizer nitrogen in soil after harvest of spring barley
(in mg per pot)

Soil Variants In the application In the following

of trial year year

Neutral soil Control 

N 85 22 15

N 170 44 27

N 255 61 37

Acid soil Control 

N 85 14 11

N 170 27 22

N 255 35 29

The balance of fertilizer nitrogen (N) in soil - crop system in the application
year (Tab. VI and Fig. 1) show that in neutral soil average 42% of 'N used by spring
barley, 25% rested in soil and loss was 33%. The similar results obtained also Khalil et
al. (1997) in balance of 'N in a sandy loamn soil spring wheat system. The results
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confirmed al so the conclusions of our previous work in balance of nitrogen fertilizer in
system spring barley! soils with neutral pH value and various humus content (Hejmn et
al., 1997, HejnAi, Lippold, 1998). The balance in acid soil show that 33% used by
harvest, 15% rested in soil and loss was 52% and this results correspond with our
previous experiment on this acid soil (Hejnhk, Lippold, 1998).

Tab. VI : The balance of fertilizer nitrogen (5N) in soil - crop system in the application year on
soils of various pH value (in % of supplied nitrogen)

Soil Variants Intake by Rest in Not
of trial plants soil found

Neutral soil N 85 46 26 28
N 170 41 26 33

N 255 42 24 34

Acid soil N 85 3 1 16 53

N 170 35 16 49

9 I~N 255 33 14 53 

In field trials of Timmons and Cruse (1991) the soil profile was sampled
periodically to measure residual '5N in the organic and inorganic pools. One year after
application 16 - 27% of 15N was found in the organic N pool and only 1% as inorganic
N(NH-4 , N0 2 - and NO3 _). After four seasons, residual 'N in the organic N pool ranged
from 13 to 24%. Less than 0,5% remained as inorganic N. In our experiment the balance
of fertilizer nitrogen ("5 N) in soil - crop system in the following year in % from remainder
of '5N in soil after first year (Tab. VII and Fig. 2) show that average in neutral soil 13 %
used by spring barley, 62% rested in soil and logs was 25% and in acid soil 10% used by
spring barley, 8 1% rested in soil and loss was 9% only. The high value of the rest, the
low value of the use and the low value of the loss in acid soil in the following year
showed on a low microbial activity of this soil.

Tab. VII : The balance of fertilizer nitrogen ('5N) in soil - crop system in the following year on
soils of various pH value (in % from remainder of 15N in soil after first year)

Soil Variants Intake by Rest in Not

of trial plants soil found
Neutral soil N 85 14 68 18

N 170 12 61 27
N 255 13 6 1 26

Acid soil N 85 13 78 9

N 170 10 81 9
N 255 10 83 7

The total balance of fertilizer nitrogen in soil crop system in two years from
application (Tab. VIII and Fig. 3) show that average in neutral soil 46% of supplied
nitrogen used by spring barley (42% in the application year and 4% in the following
year), 16% rested in soil and loss was 38% and in acid soil 35% used by harvest (33% in
first year and 2% second year), 12% rested in soil and loss was 53%. The similar results
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Fig 1: The balance of fertilizer nitrogen ('5N) in soil - crop system in the application year on soils of
various pH valuc (avcragc value from various nitrogen fertilizer rates in /o of supplied nitrogen)

Not foundInak y otfon
........ planats

Intake b ...... ....... ....... .......

62%

Neutral soil Acid soilud ............

Total intake~ ~ ~ ~ ~ ~ ~~~~~es i si

Rn stond soilcon

INeutral soil Acid soil
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Tab. VIII : The total balance of fertilizer nitrogen (15N) in soil - crop system in two years following
application of 'N on soils of various pH value (in % of supplied nitrogen)

Soil Variants Intake by plants .Rest in Not
of trial in the application in the following total soil after harvest found

year year in second year

Neutral soil N 85 46 4 50 18 32
N 170 41 3 44 16 40
N 255 42 3 45 15 40

Acid soil N 85 31 2 33 13 54
N 170 35 2 37 13 50
N 255 33 1 34 11 55

obtained also Bradbury et al. (1993) in modelling the fate of nitrogen in crop and soil in
the years following application of 5N - labelled fertilizer to winter wheat.

4. Conclusions
1 .The productivity of spring barley is significantly higher in neutral soil than in acid soil.
2. The gradated rates of nitrogen fertilization increased this difference. Statistically

significantly efficient are in neutral soil a rates of 30 - 90 kg N. ha-', in acid soil a rate
of 30 kg N. ha' only.

3 .The share of the nitrogen from ,,the old soil's supply" in the total nitrogen uptake by
the harvest of spring barley was between 95 - 82% and was practically identical in
studied soils.

4. The nitrogen fertilization increased uptake of soil nitrogen by plants. ,Priming effect"
was higher in soil with better fertility.

5. The use of nitrogen from fertilizer by spring barley was higher and loss was lower in
neutral soil than in acid soil in two years following application of "5N.
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Summary

The paper presents the differential equations used to compute the daily amounts of N

denitrifled and to compute the amount of N denitrified in a given period of time. It shows also

the equations which compute the correction factors of the maximum denitrification rate as a

function of soil temperature (FJ, moisture (~) and pH (Fpgd), original equations used by

NICROS - Nitrogen CR~p Simulation model to describe the influence of these abiotic factors.

The temperature factor, Ftd The optimum temperature for denitrification is between 25-

3 7 C. The process is slow at temperatures below 1 0 C, there is an increased inhibition below 5

'C and stop completely at 0 'C. The maximum temperature for denitrification is practically that

which limits the soil microbiological activity, generally 75 C. The following relations are used

to compute the Ftd factor:

Ftd = I( + e034 m+49 ifm~ < 7 = 1 (~37)I38 if 75> tmd>37;

Fd= 0 if t .. Ž 75, where tmed is the average daily soil temperature.

The moisture factor, Fd. The denitrification. has maximum intensity at soil water

saturation, Usat, and stop below 8 0 % from Usa.t. Fd = 0 if soil moisture U, < O, 8,Uat, and F,,d=

(Us - 0, 8.Usat)/(Uat - 0, 8Uat) if U, > 0, 8,Uat.

The pH factor, FpHd. Denitrification takes place at pH between 4-9 and is maximum at

pH between 7-8. The relations used to compute the FpHd factor are:

FpHd = 1(1 + e-32 pH + 18.87) if pH < 8; FpHd = (9 - pH) when pH is between 8-9, and-FpHd = 0 if

pH >9.

1. Introduction

The N losses by denitrification can reach 20 % from the nitrogen applied as

fertilizers (Janson, 1963; Stefanson and Greenland, 1970). After Waldendorp (1968),

cited by Borlan and Hera 1980), on sowed meadows the losses can vary between 1 1-3 5

%on sandy soils and 16-31 % on clayey soils. The mineral N losses by denitrification

rise with clay content and soil organic matter. Elaboration of the equations that can

describe the way in which the abiotic factors influence this process, as well as of the
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relations that 'can evaluate the N losses by denitrification is of great importance, because

these can be used in software models that simulate the nitrogen dynamic in soil-plant-

fertilizer system. The original mathematical relations presented in this paper are already

used in the model NICROS - NItrogen CR~p Simulation.

2. Materials and methods

In order to elaborate the relations that describe the influence of the abiotic

factors on the denitrification rate it was used heterogeneous information and data from

the literature in the area; some of the regression equations have been established using

the Cohort-software. Others are the result of some logical conceptual developments.

NICROS model, which uses the modeling results, is written in SEMoLa - Stata Easy

Modeling Language (anuso, 1995).

3. Results and discussion

The amount of nitrogen denitified, Deni As Stanford et al. (1 975) specifies, at

the usual values of soil nitrogen, the denitrifi cation process follows a 1 -st order kinetics,

after which the denitrification is proportional with the nitrates concentration, as long as

this does not exceed 100 ppm N, 220 kg N/ha respectively, on the 15 cm depth. The

differential equation, which describes the denitrification, is:

d~en = RDeni'N0 3

dt

By integration it obtains the equation by which the cumulated nitrogen amount

denitrified can be computed until the t time:

Deni, kg N-ha' in tdays= N03 1 (1 - e-RDent)

where:

Deni = N-NO3 amount denitrified in time t, kg Nhal;

NO3 = present amount of N-NO3 (at t - dt), kg N-ha71;

NO3 i = the initial amount of N-NO3 at time to, kg N-ha'l;

dt = time simulation step, in days (1 day in NICROS model);

t = time, in days;

RDeni = denitrification rate, day-'; is computed using the relation:

RDeni = RDenimaxFtdFud Fp~

RDeni,,,,, the process's speed constant or the maximum denitrification

rate in optimal conditions of soil temperature, moisture (at

saturation) and pH, in day-';
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Ftd =temperature correction factor of the maximum denitrification

rate as a function of the soil temperature, with values between

0 - 1

Fud =correction factor as a function of the soil moisture (0 - 1);

FpHd = correction factor as a function of the soil pH (0 - 1).

The quantity of nitrogen daily denitrified, Deni, N.hcf'21y, is evaluated by the

relation:

Deni, kg N*1a7 day' NO 3 ( - -RDeni)

in which NO3 is the present quantity of N-NO3 available for denitrification, kg N-ha1.

In SEkioLa language, the state equation which compute the quantity of nitrogen

denitrified during the simulation time step, di (1 day) is:

Deni=Rfleni*N0 3

and the cumulated amount of nitrogen denitrified, NDeni, in kg Nha', is obtained by

the summation of the daily denitrified amounts using the state equation:

NDeni=NDeni+dt*Deni

in which NDeni from the right hand of the equation represent the cumulated amount

until the - dt time, respectively t - 1.

The temperature factor, Ftd (fig. 1). The optimum temperature for

denitrification lays between 25-3 70 (25-350C from Borlan and Hera, 1980),

temperatures that exist in the soils of Romania during the summer; the losses of the N

by denitrification can take place only during the warm season, especially in the summer

after heavy rains which saturate the soil with water. The denitrification process is slow

at temperatures below 1IO0 when the activity of the denitrifi cation microorganisms is

reduced, and it cannot be followed by the soil nitrogen losses (Borlan and Hera, 1980).

After Bailey and Beauchamp (1978) in anaerobic condition the denitrification suffer an

accentuated inhibition at 5 0C; the process is interrupted if the temperature-.decrease

under 5 0C, after Bailey (1976), under 2T0 after Bremner and Shaw (1958) and at 0 0

after Smid and Beauchamp (1 976) and Tate (1 995).

Gego (1993) mention that denitrification can be maintained or can be intensified

slowly until 65-70 C because of some soil termofile microorganisms (Bacillus

thermodenitrifians); Matzel and Lippold (1980) also specifies that denitrification can

take place at 50-60 C too, a fact supporting the idea that there are some termiofile

denitrificating microorganisms. Tate (1995) considers that maximum temperature for

denitrification is actually those that limits the soil microbiological activity, generally 75

"C; after the same author, the optimum temperature for denitrification is between 60-70
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"C, meaning miuch over the temperatures met in soil. The same author mentions that the

Qio factor which describes the relationship between the denitrification rate and the

temperature is around 2. Bailey (1976) and Stanford et al. (1975), cited by G3ego (1993),

have observed that the intensity of denitrification rise between 1 0 and 3 5 C from 150 %

to 350 % for each 10 C rising of the temperature, but by others this progression is

noticeble only between 10 and 25 "C. Matzel and Lippold (1980), cited by Hera et al.

(1 984), show that at temperatures below 1 0 "C, in soil with excessive moisture, it losses

yearly only 5 kg Nha:1 , but at 25 C the losses are in the range of 20-30 kg N'ia-1 at

the same fertilizer's rate. The NICROS model use the following relations to

compute the temperature factor (Budoi, 1997):

1~ 

0,6 1 - -- - Ftd =----------- ---- if tmed <37
Z0,4 -0.~~~ -1 e 3 347

tmned + 4.99

0,2- -

0..~ ~~Fd -tmed - top - tmed -37

Soi tepeatuetme, C .a,- t 75- 37

Fig. 1 -Variation of the Ftd correcting factor if 75 tmed > 37

of the denitrification rate as a function of soil Ftd = 0 if tmed > 75

average temperature, tmed (NCROS model) where:

tmed = daily average soil temperature, C;

t~t = the upper limit of the optimum range of the temperature, C;

tmx =the limit over the rising of the temperature inhibit completely the

denitrification process, 0C.

The moisture factor, Fud (fig. 2 Denitrification has the maximum intensity in

conditions of soil saturation with water and it is considered that it does not take place at

moisture below 80 % from maximum
Fud-{Us-0,8Usat)I(tsst.0,SUsat)

1 ________-capacity of the soil for water (moisture at

0,6 001 ~~~saturation). The correction factor of the
0,4 _ - __ - denitrification rate as a function of the soil

0,2 - _ _ _ - _ _ _

0 ~ ~ - moisture is computed with the relations

(Budoi, 1997):
Soil moisture, Us, % or mm Fud = 0 if Us < 0. 8Usat

Fig. 2 - Variation of the Fud correcting factor Fud= (Us - 0. 8 Usat) if Us > 0.8Usat

of the maximum denitrification rate as a (Usat - 0. 8. Usat)

function of soil moisture, Us (NICROS model)
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where:

Us = actual soil moisture, % or mm;

Usat = soil moisture at saturation, % or mm.

The pH factor, FpHd (fig. 3). The optimum soil pH for denitrification lies

between 7 and 8, the denitrification taking place at p1H between 3.9 and 9 (Tate, 1995).

Guianm and Gambrell (1978) consider that a pH around 4.5 doesn't represent a serious

limitation, but after Gasser (1969), cited by Borlan and Hera (1980), the denitriflyg

bacteria are sensible at slow pH, the process being inhibited at pH1 below 6 and finishing

at N 20, and at pH below 4.5 and over 10 the denitrification is totally suppressed.

Tisdale and coorkers (1 993) consider that at pH below 5 the denitrification is negligible,

between 5 and 6-6.5 prevails N2 0 (representing over 50 % from the losses of N), and at

high p values the prevailing losses as N2 . In the NICROS model, it's using the

following computing relations for FpHd (Budoi, 1997):

1,4 1

1,2. Fp Hd-=1/1(1+e" ") FpHd-9 F ------- -- fp 

- - pd ----- fp-
0. 8 , +-e-3-923 pH-+-1I.+

IL0,6 ----- -- -- FpHd =9 -pH if 9 >PHH20> 8
0,4 - - - - -

0,2 ----- FpHdO if pHizo >9.

Soil pH4

Fig. 3 - Variation of the FpHd correcting factor
of the maximum deitrification rate, as a
function of soil pH1 (NICROS model)
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Summary
As a result from a 30-year fertilization with nitrogen, phosphorus and potassium applied
with different norms and rates, the nutrition regime of slightly leached chernozems was
considerably altered. A significant increase of mineral nitrogen, especially of its nitrate
form, was observed down the profile (140-200 cm) when applying nitrogen norms of 120
and 180 kg/ha. A high correlation between yield and nitrate nitrogen content was
registered under these conditions. During the period of fertilization mentioned above,
phosphorus available in soil changed from low to moderate to good and very good
depending to the phosphorus fertilization norm. A considerable enrichment of the root-
deep layer with available phosphorus was established. A similar tendency was registered
for water-soluble and available potassium content in the surface layer in accordance with
the potassium dressing.
The correlation and path-coefficients calculated for the period of study show a strong
relation between yield and the autumn-winter moisture reserve, rainfalls in May and in
April-June; these are considered to guarantee the efficiency of mineral fertilization on
yield.

1.Introduction

Wheat is a main crop in the Dobroudja region and production of wheat grain is of
decisive economic importance for our country. The specific environmental conditions of
the region characterised by predominant comparatively rich soils and dry climate impose
the necessity to systematically and thoroughly study the effect of mineral fertilization on
this crop (Petrova, 1984).
The systematic fertilization with nitrogen, phosphorus and potassium for a period of 16
years considerably alters the nutrition regime of the slightly leached chernozem;
depending on the applied norms, the nitrate nitrogen content varies from 5-6 to 18-20
mig/l1000 g soil, and the content of available phosphorus (according to Egner - Reem)
varies from 1-2 to 12-15 mg/100 g soil (Gospodinov, 1981). Ivanov et al. (1989) have
established that in systematic long-term fertilization, the amount of utilised phosphorus
increases many times, as well as the prevalence of fluoride- and alkali-soluble fractions in
the residue phosphorus of the fertilizer accumulated in soil as a result from the treatment.
The aim of the present research was to characterise the changes that have occurred in the
forms of mineral nitrogen and in the amount of phosphorus and potassium available to
plants under continuos NPK dressing in various norms and rates.

2. Materials and Methods

In a stationary field trial with wheat-maize rotation initiated in 1967 in two-field crop,
the effect of systematic mineral fertilization on the change of soil fertility, plant nutrition,
Yield and quality of wheat and maize have been studied. The trial was designed by the
method of the "net square', apply'ig the full version of the design (4 x 4 x 3 = 48) in four
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replications, the size of the trial plot being 63 in2, and the size of the harvest plot - 20
2m.

Four nitrogen and phosphorus norms were tested - 0, 60, 120 and 180 kg/ha and three
potassium norms - 0, 60 and 120 kg/ha. An additional variant being included in the trial -

N18 oP, 8oK, 8o kg/ha, which makes the total number of tested variants of individual and
combined fertilization 49.
In order to characterise the changes in soil fertility, in 1997, after wheat harvest, soil
samples were taken at a depth of 2 m, every 20 cm, in certain selected variants of the
trial. In all other variants soil samples were taken from the root-deep layer, at 0-20 and
20-40 cm. The following agrochemical analyses were carried out to characterise the
nutrition regime of soil: in the soil extraction of 1 % K2 S0 4 the forms of Mineral nitrogen
were determined - these were nitrate nitrogen, identified by the disulphophenol method
(Meshteryakov' s modification) and exchangeable-ammonium, identified by the phenol
method (modification of Vahjenin), mobile phosphorus - by the method of Egner - Reem,
and potassium - water-soluble in 0.01 M CACI2, as well as a total amount of
exchangeable potassium in n CH3COONL14. The total mineralization or the potential
nitrogen soil ability was established after a 14-day incubation in a thermostat at 280 C,
followed by determination of nitrate nitrogen in 1 % K2 S0 4 . Soil reaction was
determined in 1 n KCI for the layers 0-20, 20-40, and 40-60 cm.
Data was processed with the help of the statistical analysis software Biostat. A two-
factor dispersion analysis was applied according to the following model: Yijk y .. + a j
± pj (c4) 1 + e 

Results and Discussion

The systematic fertilization for a period of 30 years with increasing norms of nitrogen,
phosphorus and potassium leads to considerable alternations in the nutrition regime of
soil. The dispersion analysis of the data proves the obtained variations in the content of
the easily accessible nutrient elements according to the norms of fertilization and the
depth of the studied profile (Table 1). In the variant without mineral fertilization the
amount of mineral nitrogen forms is small and decreases in depth. The individual
nitrogen dressing with increasing norms leads to considerable increase of the mineral
nitrogen amount and mainly of the nitrate form along the depth of the profile. An
enhanced nitrate nitrogen content was established in the 160-180 cm layer when applying,
60 kg/ha, and in the 100-120 cm layer when applying 180 kg N/ha. A similar tendency
Table 1. Dispersion analyses

Indeces ____________MSA MSB MSA.B Eror
N0 3 -N mg/1 000g 1156.39c 1083.88c 6 3 8 .5 5b 48.77

N114 - N m/ 1 000 g8.50` 83.50c 3.27 1.58
Mmi. abil. - NO3 ing/1OQ g0 2201.52` 7287.39r 8 10.47c 3.00
P205 - M9/100 41.78c 497.80c 13.77c 0.23
K 20- In CH3COON-4-mg/1 00 g 69.27c 1240.99c 1 8.3 7c 0.55
df 1 0 1 9 190 199
K 2 0 -0.0 1M CaCI2 - M9/1 00 18.17r 77.69C 3.95C 0.069
pHKCI 0.47a 12.93c 0.493 0.0020
df 2 1 9 3 8 5 9

Key: Factor A - depth of investigated profile
Factor B - norms of mineral dressing
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was observ~ed in combined fertilization, too, with 60 kg/ha nitrogen and phosphorus. In
this case, however, the formation of the deep-soil nitrate maximum was established at the
160-180 cm layer, the entire 2-metre layer being characterised by a larger mineral
nitrogen reserve.
The highest total amount of mineral nitrogen along the profile depth was determined in
longr-termn fertilization with N180P6oKo. The results fom the agrochemnical soil analysis
demonstrated a clear tendency towards increase of the amount' of nitrogen available to
plants going in parallel with the increase of the norm of the annual nitrogen dressing in
the root-deep layer.
The results from the analysis of dispersions (Table 2) revealed a high degree of reliability
in the variation of the nitrate nitrogen values in most of the tested fertilization variants,
while the amount of exchangeable ammnonium was affected considerably less by the
norms and rates of the nutrition elements in them.

Table 2. Factor B comparison of variants - norms and rates of mineral fertilization

Variants N0 3-N NH4- MA- P2 0 5 K(20- K20- pHkri

______________ ~~ ~N NO 3 ____CH 3COONH4 CaCL2

l.NoPoKo 3.11 3.31 7.70 0.91 19.30 2.89 7.39
2. N60 P0 K0 33.95r 3 .4 2HP 50.65c 1.06w~ 21.15c 2.51a 7.19C

3.-N120PoKo 9.81c 3.82 H 15.34 c 1.27a 18.50e 3.14"' 7.03 

4. N18oPoKo 23.3 1 2.84'~' 37.23rc 150c 19.75BP" 2.76"" 6.50OC
6. NoPI20K0 6.74'P 3.57"" 15.69c 2.2 1c 21.50c 5.51 c 6.77c
9. NoPoKI20 5.41 BP 4.75c l 1.66c 1. 17"" 22.05c 6.52c 7.26c
1 0. N60P60Ko 15.33c 2.15 b 0.92c l.78c- 19.55B 2.76"" 6.92 c
15. N120P60K0 13.44c 3.56"" 29.7 1c 1.93c 17.50c 4.14c 6.79c
16. N120P120K0 l 1. 12c 2 .2 3 b 21.38c 3.03c 16.20c 2.51a` 6.60`

17. N120P180K0 17.60c 2 .8 2 'T 27.24c 4.10Oc 17.35c 3 .3 9 6.92c

19. N120PoKI20 19.75c 3.29" 25.72c 1.5' 20.76c 53 9c 6.89c
20. N,80P 60K0 19.20c 3.60'"' 3 2.6 7c 2.16c 1 8.30Oc 2.88'" 6.46c
21. N18 oPI20K0 1 8.3 4c 2.92"" 21.19r 2.85c 16.90c 2.26c 6.78c
22. N18oPI8 oKo 9.83 b 2.12 b 15.59c 3.80c 17. 10c 3.26 a 7.09C

28. NoPI20K120 8.51 ̀  2.3 8a 13.62e 3.68c 20.25 6.3 9c 6.67 c
3 1. N60P60K60 8.5 1"P 3.39"" 10.63c 1.72c 19.15'"' 4.14c 6.47 j
40. N120P 12oKI 20 6.77 3.5 1"-' 16.19c 2.83c 1 9 .2 0HP 3.64c 7.07c
46. N18oPI2oKI20 11.25c 2.65"" 21.32c 2.77c 17.95c 3.89c 6.53c
48. N 8 oPigoK12 o 6.02"" 3.6" 15.3 1c 5.92 c 20.15c 5.64c 6.98c
49. N,80 PisoKI8 o 16.87c 3.6 22.65c 5.53c 23.20c 8.90c 6.52c

GD) 5 % 4.35 1 0.784 1.079 0.297 0.462 0.303 0.052
1 % 5.742 1.035 1.424 0.392 0.610 0.403 0.069

0.1 % 7.376 1.329 1.829 0.503 0.784 0.524T 0.090

The nitrification capability of soil characterises best its ability to provide plants with
nitrogen. The results presented for the potential mineralization ability of soil in the
variants mentioned above show considerable variations in the index values, as compared
to the control without fertilization. The mineral dressing with nitrogen - 120 and 180
kg/ha, combined with phosphorus and potassium, results in good provision of soil with
available nitrogen, udging by the mean values for the 1-mnetre deep layer; in certain
depths soil provision can be considered very good.
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In the tested variants, the variations of the index values are proved to a maximal degree
of certainty.
An increase in the phosphorus available in soil was established resulting from the long-
term mineral fertilization in all variants with phosphorus dressing. The results show that
available phosphate content in soil depends above all on the quantity of introduced
phosphorus. The independent phosphorus and phosphorus-and-potassium fertilization
leads to a considerable increase in the amount of available phosphorus in the 0-20 and
20-40 cm layers in comparison to the control without fertilization. The increase in the
layers indicated above is from 3.7 and 1.4 Mg P20 5/1 00 g to 1 1. 0 and 4.5 mg P 20 5/1 00
g, respectively, in fertilization with NoP12oKo and reaches up to 19.5 and 10.8 mg.
P2 0 5/100 g, respectively, after applying the NoPI2oKM2 norm for 30 years. A tendency
was observed for decrease of the index values when nitrogen and nitrogen and
potassium are included in the combinations of the individual norms of phosphorus
dressing. This tendency is especially clear in fertilization with N60P60K60, N120P12oK120,
and NP 12oKI20. The reason for this result is the formation of higher yield amount,
respectively higher biomass, at that rate of complete combining of the main nutrition
elements in the fertilization norm. The highest absolute values for the content of available,
phosphorus in the root-deep layer were established in long-term fertilization with

N18~lU120- 26.6 and 13.8 mng P2 0 5 /100 g, and in fertilization with NisoP18 oK180 - 23.7
and 18.4 mg P2 0 5/1 00 g, respectively. The systematic mineral fertilization for the
indicated period leads to creation of a considerable reserve of phosphorus available to
the plants.
The analysis of the dispersions from Table shows a maximal degree of certainty in the
variation of the water-soluble potassium values according both to the fertilization norms,
and the depth of the investigated profile. The combined effect of the tested factors is also
proved to a maximal degree of certainty. A considerable increase is established only in
independent potassium, phosphorus-potassium and nitrogen-potassium dressing with
norms of 120 kg/ha. The variant NoPlgoK18 - 15.42 mg K(20 / 100 oil is
characterised with an absolute maximal value of water-soluble potassium. An increase of
the water-soluble potassium content was registered for the variants mentioned above in
the 20-40 and 40-60 cm layers.
It is considered that in soils with heavier compositions and good sorption capacity, such
as the slightly leached chernozems in Dobroudja, washing-away of potassium down the
profile is insignificant. Milcheva (1974) has proved in a system of trials that there is no
washing away of potassium out of the arable layer. Losses of potassium are mainly due
to amounts taken out with the shoot biornass of plants. Petrova (1984) has reported that
after a 9-year fertilization in the same experiment, potassium balance in the variants
without potassium dressing is negative. The same author has established, that the
potassium level in slightly leached chernozems can be sustained with a norm of
fertilization of 120 kg/ha when combining it with an optimal nitrogen and phosphorus
dressing.
The results we obtained for the content of available potassium after a 30-year trial reveal
considerable differences in the individual variants of fertilization (Table 2). The amount
of available potassium in the variants without potassium dressing clearly show the ability
of the slightly leached chernozemns to continuously sustain a dynamic balance between
the potassium forms in oil. A highest absolute content of potassium available to plants in
the 0-20 cm layer was established in the variants N18oPigoKI 20 - 40 mng/100 g and

Niso,8o~go- 50.5 mg/100 g; in the latter variant there is a considerable increase in the
20-40 cm layer, too.
In the variant without mineral dressing, the reaction of the soil is neutral, no changes
being observed in its values down the studied profile. The increasing norlips. of nitrogen
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fertilization, especially the systematic fertilization with high nitrogen norms, lead to a
decrease in the pH values in the 0-20 and 20-40 cm layers. The mineral fertilization has a
weak effect on the soil acidity values, regardless of the norm and rate of nutrition
elements in the 40-60 cm layer.
In Table 3 the data from the agrochemical analysis of the tested variants are compared
according to factor A - depth of the investigated profile.

Table 3.Comparison of variants acording to Factor A - depth of investigated profile

Variants N0 3-N NI-1-N MA- NO 3 P 20 5 K(20- K(20- pHki~
____________ _________ ___________ ~~ ~~cH3COON H4 CaCL2

0 -20 18.53 6.85 43.23 11.18 30.15 5.64 6.27
20 -40 16.56'"' 4.7 40.06c 6.46c 25.89c 84 6.83e
40- 60 6.07c 3.23c 27.43c 2.16c, 22.47` 2.90c 7.41c-
60- 80 14.38 b 2.50c 28.92c l. 86c 21.20c
80 - 100 1 4 .3 6 b 2.69c 16.47c 0.99c 19.40e __

100 - 120 19.47P 1. 94c 15.41c 0 5 7` 15.05c___
-120 - 140 14. 09b 2.05c 4.97c 0.45c 14.13` __

-140 -160 6.69` 2.31lc 3.49C 0.59c 14.20c___

-160 - 180 8.86c 3.24c 14.05c 0. 5 9 14.88c ___

180 -200 11.45c 2.74c 17.16c 0. 77` 15.55c

GD) 5 % 3.08 0.554 0.763 0.210 0.327 0.117 0.0202
I % 4.06 0.732 1.01 0.277 0.43 1 0.156 0.0269

0.1 % 5.22 0.940 1.293 0.356 0.554 0.203 0.0350

The long-term mineral fertilization, especially when applying, higher norms, considerably
affects mineral nitrogen content and its forms, as well as the potential nitrogen soil ability
alongr the profile. This hidden mechanism for formation of deep-soil nitrate maximum
plays a significant role for the post-efflect of mineral fertilizers, especially in crops with
deep roots. The results reveal a high degree of certainty in the variation of the content of
available forms of the basic nutrition substances in the 2-metre soil layer.
The correlation analysis for yield from the last year's harvest and the content of mineral
nitrogen forms reveals that in the control variant yield is positively affected to a highest
1degree by the ammonium nitrogen content in the 80-100 cm layer and by the nitrate
nitrogen content in the 20-40 cm layer; r = 0.765 and r = 0.761, respectively. With the
increase of nitrogen dressing norm, both of independent application and in different
combinations, the positive correlation between yield and the mineral nitrogen forms
(especially nitrate nitrogen) increases, too. This correlation is very well expressed in the
deep layers. The highest values of the "yield-nitrate nitrogen" correlation coefficient for
the entire length of the investigated profile were registered in variant 48 - N18 oP18 oKI 20,
the values being higher than 0.9 at depths 20-40, 80-100 and from 140 to 200 cm.
Table 4 presents the correlation and path-coefficients which reveal the relation between

'yield and rainfalls during the individual stages of wheat development. The range of the
correlation coefficients is shown and the path-coefficient is summarised for the 30-year
period of study.
The relation between the yield and rainfalls in September was not proved. The
correlation with the rainfalls in October is proved in some cases, although the degree of
reliability is P = 0.05. For the whole period of study the relation between the yield and
the rainfalls in May is proved, the rainfalls' degree of certainty varying from P = 0.05 to
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P = 0.001. The correlation coefficients between yield and rainfalls in June were also
proved, but the correlation was negative.
The correlation coefficients between productivity and the sum total of rainfalls for the
periods October-March and April-June considerably varied. The evaluations of the
indirect effects of the studied indices - the path coefficients, proved the positive effect of
rainfalls in May, in the periods October-March and April-June, as well as the negative
effect of the rainfalls in June.

Table 4. Correlation and path-coefitients values

Indeces 2- IX 3 -X 4-V 5- V 6 -X-JII 7 -V-VI
min max min max nun max mmn max nun max min 'max

1 0.04 0.12 0.245 0.368 0.371 0.561 -0.341 - - 0.498 - 0.434
2 1 0.427 0.152 0.061

2 -0.096 0.102 0.033 0.195 -0.114 0.025 0.214 0.388 0.072 0.134
3 0.146 0.281 0.028 0.183 0.287 0.431 - 0.097

0.114~
4 -0.204 0.119 0.035 0.203 0.289 0.475

5 0.172 0.229 0.241 0.382

6 0.185 0.279

Path 0.235 0.374 0.661 -0.548 0.822 0.619

The overall pattern, describing the relation between ield and the autumn-winter
moisture reserve and between the yield and rainfalls in May is the following:

Y = bo + b1X ± b2X 2,

where Y is yield, and X is rainfall in the specific period. The assessment of the
parameters bo, bl and b2 vary in the years.
The overall pattern of the models is a parabola, which theoretically proves that the
autumn and winter moisture reserve in soil plays a main role for the manifestation of the
effect of mineral fertilization (Fig. 1).
The models, describing the relations "yield - rainfals in April-June" and "yield - rainfalls
in June" are the following:

Y = ao + a In (X),

where Y is yield, and a and a, are real coefficients.
The models, describing the relations "yield - rainfalls in April-June" and "yield - rainfalls
in June" are the following:

Y = ao + a In (X),
where Y is yield, and ao and a, are real coefficients.

The evaluation of the coefficients shows the significance of rainfalls in the period April-
June, the wheat productivity changing according to a logarithmical law depending on the
rainfafs during that period.
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EFFECT OF LONG-TERM MINERA ERTILIZATION WITH DIFFERENT
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Isiuefor Wheat and Sunflower "Dobroudja", General Toshevo 9520, Bulgaria

Summary .6

As a result from a 30 year dressing with mineral fertilizers, a considerable differences were established in o
the soil nitrogen and humic content both along the soil profile and according to the combination of applied

nutrition elements. The fertilization variant NisoPisoK1 80 had the highest humus content - 3.51 % in the 0-20
cm layer, and 3.35 % in the 20-40 cm layer. This consecutively lead to accumulation of highest humus
reserves in soil - 168 tha for the root-deep layer (0-40 cm) in total. 0 0
Total nitrogen content in soil varied from 0.184 to 0.220 % according, to the fertilization norms and the o5 e 20
profile depth. Highest reserves of total nitrogen were formed in the variants with N60PolKo, N60P60K0 and
N12 0P6 0K0 . The degree of nitrogen concentration in humus within the limits of the trial was determined as
moderate for the whole root-deep layer. In the 20-40 cm layer, however, it tended to be high in the variants

with independent nitrogen fertilization, regardless of the fertilization norm. The long-term application of
hiah nitrogen norms lead to an increase in the humus mobility. It was also established that fertilization with
moderate and high nitrogen norms increased the Ci, C pa ratio, as well as the humic acid content linked
with Ca, especially in the 0-20 cm layer. The amount of non-hydrolysable residue (humine) also increased
with the increase mainly of the nitrogen fertilization norm. In the variants dressed with moderate and high
nitrogen norms the humus type was markedly humnatic.

Introduction

From the beginning of the 80s, studies are being carried out at the experimental fields of
the Institute for Wheat and Sunflower (IWS) "Dobroudj a" to determine the effect of
systematic mineral fertilization at various types of crop rotation, and the effect of
different tillaae systems on the changes of humus content, humus reserves along the
profile depth and the changes of its group and fraction composition (Nankova M., 1992,
1994, 1997).
The aim of this study was to characterize the changes in the humus content and reserves
in soilI, as well as the changes in its qualitative composition resulting from 30 year annual
dressing, with nitrogen, phosphorus and potassium in various norms and rates.

Materials and method

In a stationary field experiment initiated in 1967 in two field crops rotation -(wheat -

maize), the effect of systematic mineral fertilization on soil fertility, and especially on its
humus content, were studied. Four nitrogen and phosphorus and three potassium norms
were tested - 0, 60, 120; 180, ; 0,60 and 120 kg/ha, respectively. The experiment was
designed according to the method of the "net square", applying the full version of the
design (4 x 4 x 3 =48) in four replications, the size of the harvest plot being 20 in2 . An
additional variant was included in the experiment - N180P18oKI 8o kg/lha.
The changes in total nitroaen and humus content, and the changes in their group and
fraction composition were determined in selected variants of the experiment. Soil]
samples were taken at the 3 0 ,h year of the trial from the 0-20. 20-40 and 40-60 cm layers.
Total nitrogen in soil was determined by Kjeldahl's method. The humus content was
evaluated using the Tyurin method( Kononova M.M., N.P. Belchikova,1961), the group and
fraction composition- by the Kononova-Belchikova method (Belchikova N.P., 1975).
Data was processed with the help of the statistical analysis software Biostat (- Penchev
Ej,998).
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Results and discussion

The annual mineral fertilization with the studied norms and rates for a period of 30 years
lead to a considerable differentiation in the total nitrogen and humus content depending
both on the fertilization norm and the profile depth. The variation in the total nitrogen
value was from 141.34 to 220.35 mg/l00 soil, and in that of humus - from 2.39 to 3.57 %
in the 0-60 cm layer (Table 1). The established nitrogen content'differences in the 0-20
and 20-40 cm layer were significantly smaller in comparison to that in the 40-60 cm
layer. In the variants dressed with moderate and optimal nitrogen norms in combination
with phosphorus, as well as in independent nitrogen fertilization with increasing norms,

the total nitrogen content in the 20-40 cm layer was even higher than that in the surface
layer. Most probably very good conditions for microbiological activity had been created

in these variants, i.e. neutral soil reaction, better soil structure ensuring more efficient
airing, and water supply than in the surface layer.

Table 1. Total nitrogen and humus content along the profile according to the fertilization

norms (kg,/ha) and soil depth (cm)

Variants of Nitrogen - m.,/10g Humus -

fertilization 0-20 120-40 40-60 0-20 20-40 40-60
I. NOPOKo 196.14 185.24 154.56 2.92 2.90 2.58
2. N60PK, 213.69 209.45 174.09 3.33 2.90 2.91
3. N120PoKo 204.61 212.48 162.60 3.15 2.99 2.55
4. NisoPoKo 208.24 208.24 144.22 3.13 3.05 2.39
6. N0P12oKo 205.82 207.03 141.34 3.36 2.94 2.48
9. N0 P0 K, 2o 204.61 217.93 148.24 3.08 3.01 2.58
10. N1OP 60 Ko 220.35 213.08 156.85 3.15 3.01 2.55
15. N120P4.,Ko 214.90 216.72 161.45 3.21 3.06 2.58
16. N120P12 oK 0 207.64 182.21 150.53 3.15 3.03 2.56
17. N120P18oKo 184.03 191.90 151.68 3.28 3.06 2.56
19. N120PoK1 2o 191.29 181.61 166.62 3.17 3.13 2.84
20. N, 80P6 0K0 198.56 181.61 168.09 3.28 2.99 2.73
21. N180P12nKo 201.59 185.24 167.77 3.17 3.19 2.90
22. N180P1goKo 199.77 181.64 157.43 3.11 3.08 2.53
28. N0P120K120 197.95 194.32 175.81 3.17 3.17 2.98
31. N, 0P,,K0 194.32 193.71 179.26 3.30 3.19 2.76
40. N1 20 P12 oKlin 197.35 191.29 175.81 3.31 3.14 2.65
46. N,80 P12oK120 199.77 194.92 146.51 3.31 3.06 2.53
48. N180PisoK,zo 206.26 198.56 177.54 3.57 3.19 2.88
49. N180P180KI8j0 215.51 200.98 160.88 3.51 3.35- 2.74
Factor A G 5 % 6.014 5.448

1% 7.999 7.246
0.1 % 10.404 9.425

Factor B G 5 % 2.329 2.110
1% 3.098 2.806

0.1 % 4.030 3.650

The differences in the humus content alongr the soil profile as a result from the long-term

annual mineral fertilization lead to formation of different reserves. The values obtained
for the accumulated reserves reveal a rather interesting tendency (Table 2). These
reserves are a good basis for the establishment of a fertilization system in the region with
slightly leached chernozemns which would uarantee not only the preservation of soil
fertility, but also its enrichment at an ecologically friendly level with a maximal
economic profit. The results from the control variant give a clear idea for the advantages
of slightly leached chernozems characterizing them as soils of high natural fertility which
are suitable for cultivation of all field crops grown in our country.
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Table 2. Nitrogen and humus reserves in soil along the profile according to the
fertilization norms - t/ha

Variants of ___ Nitrogen Humus ____

fertilization 0-20 20-40 40-60 Total 0-20 20-40 40-60 Total
1. NPK, 4.55 4.50 3.88 12.93 67.74 73.66 69.66 211.06
2. N60PK, 4.96 5.09 4.37 14.42 77.26 73.66 78.57 229.49
3. N720PK, 4.75 5.16 4.07 13.98 73.08 75.95 68.72 217.75
4. N18oPolK0 4.83 5.06 3.62 13.51 72.62 77.34 64.40- 214.36
6. NoP, 2oKo 4.78 5.04 3.54 13.36 77.95 74.55 66.83 219.33
9. N0P0 K1 20 4.75 5.30 3.73 13.78 71.34 76.45 69.66 217.45
1 0. N,,P,,Ko 5.1 1 5.18 3.94 14.23 73.08 76.45 68.72 218.25
15. N120P60Ko 4.99 5.27 4.06 14.32 74.36 77.72 69.66 221.74
16. N120P12olKo 4.82 4.43 3.76 13.01 73.08 76.84 69.12 219.04
17. N120P180Ko 4.27 4.67 3.81 12.75 75.98 77.72 69.12 222.82
19. N120P0 K12 o 4.44 4.42 4.17 13.03 73.54 79.50 76.68 229.72
20. N,8 oPP60 Ko 4.51 4.56 4.54 13.61 75.98 75.95 73.71 225.64
'21. N180P12oKo 4.68 4.50 4.21 13.39 73.54 80.90 78.17 232.61
22. N180P18olK0 4.64 4.42 3.94 13.00 72.15 78.11 68.31 218.57
28. NoP 2oKI 2 p 4.59 4.72 4.41 13.72 73.54 80.52 80.46 234.52
31. N60P6oKo 4.51 4.71 4.49 13.71 76.44 80.90 74.39 231.73
40. N120P12olK1 20 4.58 4.65 4.41 13.64 76.79 79.63 71.55 227.97
46. N180P12oKI 20 4.64 4.73 3.67 13.04 76.79 77.72 68.31 222.82
48. Nj80P18olK1 20 4.79 4.82 4.45 14.06 82.82 80.90 77.76 241.48
49. NI80P18oK1 80 5. 00 O 4.8 9 4.03 13.92 81.43 84.96_ 73.98 240.37
Factor A GD 5 % 0.423 1.429

1 % 0.562) 1.900
0.1 % 0.731 2.472

Factor B G 5 % 0.164 0.553
1% 0.218 0.736 

0.1 % 0.283 0.957 

Total nitrogen and humus reserves gradually decrease down the studied profile. In the 0-
20 cm layer the highest nitrogen reserve was determined in variant 10. N60P60K0. In the
20-40 cm layer the highest nitrogen reserve was established in variant 15 - N120P60K0, but
variants 10. N60P6oKo and 3NI 2oPoK0 also being very close to it. A tendency was
registered for increase of the nitrogen reserves in the 40-60 cm layer in independent
nitrogen dressing with moderate and optimal fertilization norms, as well as in
combination with P and PK.
The highest nitrogen reserve in the 0-60 cm layer was formed in the variants N60P0K0

N60P6oKo and N 120P60K0. The most significant increase of nitrogen reserves in soil
resulting from the mineral fertilization was established in the 20-40 cm layer, especially
when moderate and optima] nitrogen norms were applied.
Humus reserves in soil were highest in the 0-20 cm layer. The maximum increase
according to the control was established in the variants with intensive fertilization norms,
i.e. variants 48-and 49 (122.26 and 120.21 %, respectively) both in the root-deep layer
and in the whole 0-60 cm layer. The latter, however, was with low nitrogen content and
higher mobility, as shown below.
The most suitable among the tested norms of independent nitrogen dressing was 60
kg/ha. The independent phosphorus and potassium dressing as well as their
combination, also affected positively the humus reserves in soil.
The dispersion analysis of the obtained results (Table 3) proved in most cases their
statistical significance regarding, both the fertilization norms (Factor A), and the depth the
studied profile (Factor B). The differences in the content of total nitrogen and humus, as
well as the humus reserves in soil in the independent activity of the two factors and in
their combined interaction were proved to a maximal degree of significance.
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Table 3. Dispersjon analysis

Indices MSA MSB MSA x B Error
1.Total N-mig/O 0g 266.94c 735.75c 1301.l7c 27.12

2. Total C - %0.01c 0.08c 0.07c 0.0
3. Humus - %0.03c 0.23c 0.21c 0.0
4. Nitrogen reserves - t/ha 0.23 0.12 0.53 a 0.13

5. Humus reserves - t/ha 20.57c 189.87c 39.25c 1.53

6. C/N ratio 0.8c 6.4 1c 0.78B 0.15
df 19 i2 i38 59

The combined activity of the three macroelements in the fertilization norm at rate 1: 1:0.7
(norms 180: 1SO: 120 kg/h~a) and rate 1: 1: 1 (norms 60, 120 and especially 180 kg/ha) lead
to a considerable increase of humus reserves in the 20-40 and 40-60 cm layers.
The degree of humus enrichment with nitrogen (C/N) is an important index which gives
an idea about the level of humufication of the organic matter in soil and allows to make
comparative analyses to determine the direction of the humification process. The results
we obtained (Figure 1) show that in most variants and depths the organic matter of the
slightly leached chernozem is characterized by a medium degree of humification (8-1 1)
according to Orlov and Grishina's classification (1 98 1).

20-0 

15 16 17 19' ~~~~0-20

Variants of fertilization

Figure 1. Degree of humus enrichment with nitrogen according to mineral fertilization

norms and depth of studied profile

In the 0-20 cm layer, the variants with independent P fertilization (120 kg/ha), the double
and triple NPK combinations in norms of 60, 120 and 180 kg/a in variants 16, 17, 20,
31, 40 and 46 had a low degree of humus enrichment with nitrogen.
in the 20-40 cm layer, the tested variants with independent introduction of
macroelerrents, as well as in the N60P60K0 and N120P60K0 combinations, showed 'a
medium degree of humus enrichment with nitro-en.These were the best results obtained
for this index during the experiment. The degree of humus enrichment with nitrogen was
low in the variant NPI 2oK 2 o and in the other NPK combinations, especially in the
variants with predomination of nitrogen over phosphorus and without potassium in the
dressing norm.
In the 40-60 cm layer the degree of organic enrichment with nitrogen decreased with the
increase of nitrogen in the fertilization norm in almost all variants.
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In order to study the effect of ong-term mineral fertilization on the group and fraction

composition of humus, several variants were selected, the following being with reatest
practical importance for our region: variant 3 (N 120P0K0), because in Bulgaria it is a
common practice to apply independent fertilization in the recent years; variant 15
(N 120P6oKo), which provided the best agronomic and economically profitable yields
averaged for the 30 years of study; and variant 40 (N120P12oKI 20), which gave the highest
mean yield for the period mentioned above (Table 4).
The established significant changes in total carbon content in soil is the reason for the
carbon value variations in the groups and the individual fractions within them. The
highest increase of total C content in comparison to the control without fertilization was
registered in the dressing, norm of variant 48 in the 0-20 cm layer (122.0 %). The highest

values of aggressive fulvic acids from the extract with 0.1 n H,2S0 4 were determined in
the 0-20 cm layer in independent nitrogen fertilization with 120 kg/ha and in the 20-40
cm layer, applying long-term mineral dressing with N 120P12o1K120. In all studied variants

and in both layers, carbon percent from this fraction increased in comparison to the
control variant.
The combination of nitrogen with phosphorus and potassium at various rates, as well as
PK fertilization without nitrogen, lead to an increase of carbon in humic acids (as
registered in the pyrophosphatic and alkali extract) according to the control variant. This
increase was most evident in the 0-20 cm layer at long-term fertilization with
N 180P 18oKI 20. The absolute carbon values of hurnic acids in the 0-20 cm layer were
affected slightly by the mineral dressing norm, but their share according to total carbon in

sI decreased. At the same time their amount n the 20-40 cm layer tended to increase,
which was most clearly expressed in variants 3 and 40. An increase of fulvic acid carbon
was registered in the 0-20 cm layer, both in absolute values and as a share of total soil
carbon. In the 20-40 cm layer, the fulvic acid content was not affected in practice by
mineral fertilization, but the share of fulvic acids according to total carbon in soil was
lower in the variants with mineral dressing, as compared to the control.
The mentioned changes in the groups of fulvic and humic acids resulting from ong-term

mineral fertilization lead to an increase of the Cha:Cfa ratio in the 10-40 cm layer. This
increase is most pronounced in independent nitrogen fertilization with 120 kg N /dka and
in its combination with phosphorus and potassium at rate 1: 1:1.
Mineral fertilization for a period of 30 years lead to a considerable increase in the hurnic

acd fractions fixed with ron oxides and alumina n soil along, the studied profile, as
compared to the control without fertilization. This increase is much better expressed in
the 0-20 cm layer.
This fraction is the main form of mobile humus and its increase is an indication of humus
mobility increase. The fraction of humic acids linked with potassium is of special
interest. This is the fraction of brown humic acids which dominate in the upper profile
layers of the slightly leached chernozems in Bulgaria. It was established that both their
total amount and their share decreased according to total C in soil with the increase
mainly of the nitrogen norm in the 0-20 cm layer. In the 20-40 cm layer the amount of C
of this fraction slightly increased and the. share of total C in soil also increased in
comparison to the control without fertilization (Table 5). These results are confirmed by
the conclusions drawn in a previous study dealing the effect of 20 year mineral
fertilization on the humus. content in the slightly leached chernozemn in poly-field crop
rotation (Nankova M., 1994).
The ong-term mineral fertilization increased C values of the non-hydrolysable residue
which is the humus component most strongly linked with soil minerals. This increase
concerns mainly the 0-20 cm layer in fertilization with N180P180K120, while the changes in
the 20-40 cm layer are insi gnificant.
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Table 5. Dispersion analysis of humus group and fraction composition

Humus cri to total C in soil -
Extracts MSA MSB MSA B Error

1. in 0.l1nH2S0 4 extract 0.17 0.24 0.15 0.11
2. in Na2P12O 7 + NaOH extract 3.54 17.52 B 2.94 3.63

3 .in hurnic acids 24.70 4.77 3.11 273

4. in fulvic acids 12.0 3.98 3.53 6.46
5. in humic acids linked with R 203 193.74c 11.92 36.75` 6.81

6. in humic acids linked with Ca 193.73c 11.90 36.76B 6.82
7. in the non-hydrolysable residue 3.54 17.52 2.94 3.63

df1 5 1 5 11

The obtained results determine the degree of humnification of organic matter as high and

very high. The content of "free" humic acids is determined as medium, and the content
of humic acids linked with Ca is also medium in fertilization with high norms in the 0-
20 cm layer, regardless of the norms of mineral dressing. The ratio Chc:Cfa determines
the humatic type of humus in the control without fertilization, and in all studied variants
of fertilization. The humus in the 0-20 cm layer is of fulvic-humatic type in variants 15
and 40.
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GENETIC VARIATIONS IN THE DYNAMICS OF DRY MAITER
ACCUMULATION, NITROGEN ASSIMILATION AND TRANSLOCATION IN
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I. DYNAMICS OF DRY MATTER ACCUMULATION. GRAIN YIELD AND
STRUCTURAL ELEMENTS OF YIELD lllkeci~

KOSTOV KOSTADIN, MARGARITA NANKOVA, EMIL PENCHEV
IWS "DOBROUDJA" G. TOSIIEVO, 9520, BULGARIA

Summary V~I 17,. ~ kc ~7

The genotype peculiarities in the translocation dynamics of dry matter in relation to wheat yield were studied

under vegetation-laboratory and field conditions. The new wheat varieties Enola, Karat and Svilena created at
the Institute for Wheat and Sunflower "DobroudJa" have a high production potential due to their high
intensity of dry matter accumulation in grain during the second half of maturation. It was established that in
the standard variety Pliska the intensity of dry matter accumulation in reproductive parts was higher during 1bc~
heading-rain filling and then sharply decreased during maturation. This variety was characterized with high
translocation of vegetation mass eventually leading to grain yield decrease. Significant genotype variations
were established in the vegetation mass translocation in the respective parts during the stages of development.
The contribution of the individual oraans concerning carbohydrate reutilization to grain was mainly due to
stems. An especially important peculiarity of the leaves of cv. Svilena was established: they ensured over 30
% of grain yield at optimal nutrition.
The complex evaluation of the new varieties revealed their high plasticity, the cultivar Karat showing the best
characteristics.4

Introduction 05 0

Quality and productivity of agricultural crops are determined mainly by their ability to
maximally utilize solar energy and nutrition elements under certain soil and climatic
conditions. The purposeful creation of genotypes with economic expense of nutrition
elements combined with good production potential and quality is an ambitious and
promising task. Its accomplishment, however, requires the united efforts of breeders,

geneicinsagrochemnists, biochemists and physiologists (Ivanov P. et al., 1993).
Klimashevskyi (1990) has pointed out that the production potential of the intensive type
varieties has been increased with more than 50 % as a result from the breeding work in the
past 25 years. The author put an emphasis on the fact that the efficient interaction between
variety and mineral fertilizers had played a determining role in the reduction of energy loss
in relation to the rational usage of nutrition elements. Furthermore, this ability to give
stable yields under various soil and climatic conditions is an indication of their
agrochemical efficiency. Such varieties must be the biological basis of energy-preserving
technologies in plant growing. The genetic and breeding aspects of mineral nutrition are
becoming the object of thorough studies on the part of researchers worldwide (Spiertz J.
and H. van de Haar, 1978; Cox et al., 1985, 1986; Cobellini and Borfghi, 1985; Fowler D.
et al. 1989; Papakosta D. and A. Gadinas, 199 1; Garcia del Moral et al. 199 1).
The aim of this study was to characterize the promising agrochemnical traits of the new
wheat varieties based on the specific dynamics of accumulation and reutilization of
carbohydrates and their role in the formation of yield and its structural elements

Material and methods

In the period 1997-1998 the varieties Pliska, Enola, Karat and Svilena were tested under
greenhouse and field conditions. They differed by their production capacity and
technological qualities. All of them were created in IWS "Dobroudja". The cultivar Pliska,
being with high productivity and excellent bread-making qualities, was used as a standard.
It has good winter and frost resistance and complex resistance to diseases (Petrov, 1982).
Cv. Pliska is early of matutation.
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The cultivar Svilena is medium late, highly productive and has very good winter and frost
resistance and drought tolerance. It belongs to the group of wheats with moderate quality.
This variety is suitable for production of biscuits and other pastry products. It was approved
by the State Varietal Commission in 1994.
The cultivar Enola is medium early. It has very good winter and frost resistance, high
productivity and very good plasticity. This variety is with complex resistance to the
economically important wheat diseases. According to its technological and breadmaking
qualities, it can be determined as a moderate wheat of increased strength. During 1995-
1996 cv.Enola was tested at the 5 FAWWON (Facultative and Winter Wheat Observation
Nursery) in more than 90 regions in the world under breeding number BUL 6687-12 (12).
This line demonstrated its plasticity and adaptability under different soil and climatic
conditions and ranked first by the total number of locations (26) being selected according
to a complex of traits by different breeders. It was licensed by the Bulgarian State Varietal
Commission in 1997 (Kostov K., 1998).
The variety Karat is medium early, highly productive and with very good yield stability in
the respective years. It has very good winter and frost resistance as well as high field
resistance to the economically important wheat diseases. By its technological and,
breadmaking qualities it can be determined as a wheat of moderate strength with hard
endosperm. The variety was approved by the State Varietal Commission at the beginning
of 1999 (Kostov K., 1999).
In the experiment conducted in a greenhouse under controlled conditions, soil from the
experimental field of WS "Dobroudja" was used which contained mineral N 24.6 mng/
1000 g, soil, 4.1 mng/ 100 P 20 5 and K(20 - 23.0 mng/ 100 gsoil. The varieties were grown
in plastic pots containing 1500 g soil. Ten plants were grown fom each pot. The
experiment was carried out in three replications at phosphorus and potassium background
(200 mg/10OO g soil for each f P20 5 and K,0), with increasing norms of nitrogen
fertilization: 0, 200, 400 and 600 mng N! 1000 g soil).
The field experiment was carried out at the WS breeding field, the previous crop being
peas, with fertilization norm N40P100K0. The slightly leached chemnozem was characterized
with neutral soil reaction, 2.94 % of humus (according to Tyurin), available phosphorus
and potassium forms 6.2 and 18.6 mg/ 100 g soil, respectively, in the 0-20 cm horizon. The
varieties were grown in 6 replications at 15 m 2 plots.
In both experiments the plant parts were analyzed during heading, grain filling (20 days
after heading) and full maturity. Data was processed with the help of the statistical analysis
software Biostat (Penchev, 1998).

Results and discussion

The varieties grown under controlled conditions demonstrated considerable differences
between themselves with regard to ield from the individual parts and respectively from the
total biomnass according to the stage of development and the dressing norm (Table 1). The
cv. Karat exceeded the rest during heading and grain filling under conditions without
mineral fertilization, and at full maturity it slightly conceded to cv. Svilena. The increasing
norms of N dressing lead to a noticeable increase of ield from the total biomass formed,
regarding the response of the varieties during the studied stages of their development.
Thus, for example, cv. Pliska formed maximal biomass in all three stages at a moderaterate
of nitrogen dressing in ratio 1: 1: 1 (N2 00P2 00K20 0) with the other elements in the fertilization
norm.
The new varieties showed increased tolerance to higher N norms and at maturation formed
maximal bornass at fertilization with N40 0P2 ooK 2 00; the cultivar Svilena kept the formed
biornass yield even at the higher nitrogen norm.
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Table 1. Yield dispertion analyses from vegetation experiment ( A-genotypes, B - norms of
dressing, C - stage of cdevelopment)

Organs MSA MSB MSc MSA.B MSA.C MSB . MSA.B.C Error

leaves 8.48 117.48 15.78 0.8 0.84 1.83 0.71 0.11
stems 53.26 238 121.47 4.44 8.6 4.26 1.61 ~0. 68
spikes 34.76 253.71 1199.15 5.93 13.05 35.29 1.56 0.8
Total biomnass 24. 19 17691.5 1 607.6 ~12.79 13.65 22.54 4.74 2.22
cdf 3 3 2 9 6 18 282 
grain 2.5 139.79 742 55 408 30.28 2.01 0.84
glutnes 26 28.72 12-34 0.28 7.63 ~0.88 0.21 0.29
cdf 3 31 9 3 3 9 18

Grain yield and the respective indices given in Table 2 show its considerable variation
according to the variety and the rate of N fertilization. Maximal grain yields were produced
by the vrs.. Pliska at fertilization with N200 and Enola and Svilena at fertilization with N400.
The latter varieties were characterized by the highs GH n h vaint wihu iea

dressing, in which they formed grain yield higher than Pliska and Karat.

Table 2. Grain yield and indices characterising it

Genotypes Grain yield GHI Mass Weight of grain per
of 1000 spike -g

__ _ _ grain
g/pot ~ ~ ~ ~ g grain full

_ ~ ~ ~ ~~~~~~~~~~ma~~~~flig mtt

Pliska 4.14 100.00 100.00 41.36 32.39 0.306 0414
Enola 5.49 j100.00 132.61 46.92 40.40 0.178 0.532
Karat 4.93 100.00 119.08 42.80 29.00 0.278 0.510
Svilena 5.57k - iO.00 134.54 45.36 42.30 0.220 0.539

Pliska 13.36 322.71 322.71 47.24 39.58 0.833 1.336
Enola 11.84 215.67 285.99 47.21 4.6.45 0.507 1.146
Karat 11.76 238.54 284.06 44.19 32.40 0.409 1.038
Syflena 12.18 218.67 294.20 48.12 48.25 0.394 ~1.218

__________ N4toP 2 ,o on
Pliska 11.26 271.98 1271.98 144.81 37.02 0.596-f 1.047
Enola 13.28 j241.89 320.77 46.66 36.50 0.309 1.077
Karat 11.89 j241.18 287.20 j40.61 34.30 0.299 1.230
Svilena 13.02 233.75 314.49 j45.93 37.40 0.448 1.302

_________ _____ ~~~NdJ zoo _ __ __ _

Pliska [10.31 249.03 249.03 40.70_ 23.15 0.477 1.031
Enola 10.03 182.70 -242.27 40.94 38.25 0.285 0.836
Karat [11.32 229.61 273.43 40.59 35.85 0.436 1.096
Syflena j12.28 1220.47 1296.62 A43.64 33.00 1 0.374 1 1.189

The cultivar Karat was the only variety, in which no differentiation in Yield according to
the mineral dressing norms was established. The vrs. Pliska and Enola had the most
apparent grain yield decrease at the high N dressing norm; yield values sharply fell down in
comparison to the ields obtained at moderate N dressing, which was more clearly
expressed in cv. Pliska.
Under conditions without mineral fertilization, as well as at moderate and optimal N
norms, in this experiment the grain of cv. Svilena had the highest 1 000 grain weight which
sharply decreased under excessive N dressing. The cv. Pliska had the lowest 1 000. grain
weight in all fertilization variants. Cv. Karat was the only one to proportionally increase
the values of this index with the increase of the N fertilization rate. By this index, cv. Enola
conceded only to cv. Svilena in the variants without fertilization, as well as at moderate N
dressing. Under conditions of N excess, the 1 000 grain weight of cv. Enola was highest.
Grain weight per spike varied more widely during grain filling as compared to full
maturity. The differentiation between the varieties and the fertilization norms was very
well expressed. The range of variation of values was from 0.178 (Enola) to 0.833 (Pliska).
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At the 20' day from heading, the grain weight per spike of cv. Pliska was highest in all
variants of fertilization, a facts which related to its early maturation. Grain weight per spike
of cv. Pliska was increasing until full maturity and was highest at N2)00.
At the other fertilization rates it conceded to the new varieties. At full maturity the grain
weight of cv. Svilena was highest (average for the dressing, norms).
The intensity of dry matter accumulation in spike confirmed the established differences
between the varieties with regard to this element characterizing ield structure (Table 3).
Averaged for the period heading - full maturity the intensity of dry matter accumulation in

spksof cv. Svilena was highest under conditions without mineral fertilization. In this
variant the other varieties did not in practice differ. Mineral dressing with increasing norms
enhanced almost twice the intensity of dry matter accumulation in spikes. The intensity was
highest in cv. Pliska, regardless of the dressing norms.

Table 3. Intensity of dry matter accumulation in spikes and grain according to the
stage of maturity (1. Heading-Grain filling; 2.Grain filling-Full maturity 3 Heading-Full maturity)

Genotypes In sikes -gli/caeii In rain

1 2 3 1 /potdav

Pliska 0.201 0.010 3 0.106 0.016
Enola 0.097 0.124 0.112 0.1 48
Karat 0.140 0.074 J 0.110 0.102
Syllena 0.130 0.169 J 0.148 0.179

- NooPzooK200 ___________

Pliska 0.568 1 0.058 1 0.341 0.1.06
Enola 0.286 j0.186 0.228 0.251
Karat 0.2 16 0.241 0.230 0.269
Svilena 0.255 j0.280 0.268 0.347

Pliska 0.438 0.113 0.293 0.145
Enola j0.233 F0.270 0.255 0. 19
Karat 0.208 0.266 0.241 0.324
Svilena J0.251 0.254 0.253 0.305

_________ N6ooPzooK 2 0 ____________ ___________

Pliska 0.401 0.173 0.299 0.1 84
Enola 0.175 0.211 0.196 0.256
Karat 0.291 0.203 0.241 0.268
Svilena 0.270 0.265 0.267 0.324

No significant differentiation in the new varieties was established in that period. Following
the dynamics of this process, however, we were established a considerable differences
between the varieties.
In the fist inter-stage period heading-grain filling, cv. Pliska had the highest intensity of dry
matter accumulation in spikes at all fertilization norms. Naturally, N dressing had a strong
positive effect on dry matter accumulation in spikes. The increase of the N norm caused its
decrease in the varieties Pliska and Enola.The cultivars Karat and Svilena exhibited
another relationship with the increasing N normn. They had approximately the same values
in dressing with N200 and N400, but the successive increase of the N norm caused an
increase in the intensity of dry matter accumulation of spikes.
In the next inter-stage period the this intensity increase. In cv. Pliska it was much lower
than that in the other cultivars and varied from 0.010 to 0.173 g/pot/day. In comparing the
intensity of spikes dry matter accumulation in the two inter-stage periods in the variant
without fertilization, cv. Enola demonstrated a more even accumulation. At moderate N
dressing, the same was observed in the cvs. Karat and Svilena, and at optimal N dressing,
rate this tendency was valid for all three varieties. At the highest N norm, cv. Svilena had
an even intensity of dry matter accumulation in spikes; cv. Karat, similarly to cv. Pliska,

hada ier intensity in the first inter-stage period, and cv. Enola - in the second.
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However, the intensity of dry matter accumulation in grain in the period grain filling - fll

maturity showed a strong relation with the intensity of dry matter accumulation in the
sikes during the same period (r=- 0.985) . At all fertilization norms the grain ield of cv.

Pliska increased with the lowest intensity - from 0.016 to 0.184 g/pot/day, proportionally
with the increase of the N norm. Only at the optimal rate of N dressing no differentiation
was registered in this index values of the new varieties. At all other norms cv. Svilena
considerably exceeded the other varieties.
The relation between the intensity of dry matter accumulation in grain and carbohydrate

retiization from the vegetation mass during the period grain filling-full maturity and the
yield was calculated by the following, regression equation:

y = 5.03 + 9.57 x + 14.34 x,
where x1 is the intensity of carbohydrate reutilization from vegetation mass (Vm) and x2 is

the intensity of dry matter accumulation in grain in the period from grain filling till
maturity.
A considerable genotype specificity was established concerning the contribution of the
individual plant parts for grain yield formation based on the amount of carbohydrates

ruilized to grain for the period heading - full maturity (Table 4). Stems had the highest

contribution of all plant parts, followed by leaves and finally glumes. An especially
important peculiarity of cv. Svilena was established. This variety has a well developed leaf
apparatus and a large flag leaf. At optimal rate of dressing - N4 00P2 o0K200 , 33.03 % of the
formed yield was due to reutilization from the leaves, 29.95 % - from the stems, no
contribution of the non-grain part of spike being determined. Thus, 69.82 % of the grain
yield in cv. Silena was due to reutilization from the vegetation mass after heading in this
variant of fertilization.

Table 4. Contribution of individual parts from vegetation matter for grain yield
formation in the period heading - full maturity ()

Norms of Genotypes
fertlizaion Pliska 1 Enola Karat vln

___ ___ ___ __ _ _ ___ ___ __ L eaves _ _ _ _ __ _ _ _ _ _ _

___________ 9.66 12.93- 10.34 J 6.28
NzooPzooKzoo 8.161 11.15 9.861 86
N400P 2ooK 2oo 12341 13.33 11.521
N6oP 2ooK200 4.85 10.57 5.9 _ 43___

_____ ____ ___ _ ____ ____ S terns _ _ _ _ _ _ _ _ _ _

N(IPSK) 20.29 24.04 87 27.29
N2ooP2olzoo 8.98 j 23.56 36.90 29.56
N40oPzooKzoo 11.28 j 6.17 j 48.02 j 29.95
N~ooP2ooK~oo 0.0 j 30.01 19.26 14.50

Glurnes __ _ _ _ _ _ _ _ _

NiPIK(i 7.49 8.20 11.97 0.0
NzooPzooK2oo 8.08 9.38 8.00 j. 5.25
N400PzooK2oo 6.31 4.96 4.63 J 6.84
N60oPzooIKzo 0.0 8.27 1.94 0.0

Ye t ive mass ______ ______

NePioKii 3,7.44 45.17 610 33.57
N2 0P200K 200 25.22 44.09 54.76 43.43
N4020K0 29.93 24.46 64.17 69.82
N6ooP2ooKzoo 0.0 48.85 _26.59 20.93

This peculiarity was not observed during the period grain filling -full maturity of grain;
however it was registered in the period heading - grain filling, when 86.3 % of yield in the
,grain was due to reutilization from the leaves (results not presented). The greatest

cotibution to yield through reutilization in the variants without mineral fertilization, as
well as at moderate and optimal N dressing,, was established in cv. Karat. Under the
conditions of the experiment, cv. Enola gave the highest contribution to grain yield under
N excess, which was due not only to leaves and stems, but also due to a remarkable
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reuilzation from the non-grain part of spike (8.27 %), which was observed to a lesser
degree in cv. Karat (1.-94 %) and was not registered in the cultivars Pliska and Svilena. The
results show that the vrs. Enola and Karat are able to form a considerable part of the grain
yield (45.17 and 61.05 %, respectively) through dry matter reutilization from the Vm
accumulated during heading, without mineral fertilization. Under the conditions of
moderate N dressing, these varieties, as well as cv. Silena, ensured more than 40 % of
grain yield on the basis of reutilization, which is a considerable prerequisite for their
plasticity. All three new varieties, regardless of the registered differences between them,

sgnificantly exceeded cv. Pliska. In the latter the main part of grain yield was obviously
formed through direct photosynthesis in the vegetation mass.
The efficiency of a unit of introduced N on grain ield, straw and total bomass varied
widl according to the variety and the fertilization norm. The highest efficiency of all
varieties was achieved at moderate fertilization with N (Table 5). n this case cv. Pliska
exceeded the other varieties primarily because of the fact that it had the lowest yield in the
control variant.
At fertilization with N400P200K200, the new varieties (Karat > Enola > Svilena) showed
higher efficiency of N dressing than cv. Pliska. Their ability to form higher ields without
mineral fertilization is an important advantage, which, however, is a reason for the lower
efficiency of N dressing on the formed biomass.

Table 5. Efficiency of 1 mng nitrogen fertilizer on grain yield (g)

Fertilization Pliska Enola Karat Svilena
______________ ~In grain yield _ _ _ _ _ _ _ _ _

Ni(oP,wK-2 (I) 46.1 j 31.8 j 34.2 J 33.1
N4(WIP2~wIK-?iul 17.8 j 19.5 j 17.4 J 18.6
N(____P2 ___K __1 ___ 10.3 j 7.6 [J10.7 11.2
Average 24.7 j 19.6 j20.8 j 21.0

In straw yield _ _ _ _ _ _ _ _ _ _ _

N2 O4 ~~P2~~K.!(X 45.3 35.2 41.3 32.1
N~twI2,w)K~1)1)20.0 j 22.4 27.0 21.6 
Nm)11P1wX.2j( b53 13.8 16.6 15.3 

Average 26.9 23.8 28.3 23.0
In total bim s _ _ _ _ _ _ _ _ _ _ _

N2 I~~IP 2 IW~K.2IH 91.4 67.0 75565.1

37.8 41.9 44.4 40.2
N6 OI~P 2 (KK.ZII(I 25.6 21.3 27.3 26.4

1Average 1 51.6 43.4 49.1 43.9

The results from the selection field under the conditions of harvest year 1998 basically
confirmed the established genotype differences. Maximal yield was obtained from v.
Karat, and although it concedes to the cv. Pliska by productive tillering, it was
characterized with a longer spike and a larger number of grains (Table 6). Cv. Slena
ranked second in yield. It had the lowest productive tillering among the tested varieties, but
also the longest spike, the largest number of grains per spike and the highest grain weight

perspie.Cultivar Enola conceded to the vrs. Karat and Svilena by ield and yield

components, slightly exceeding the standard variety Pliska, however.Duing heading the
Tm in the cvs. Pliska and Karat was practically the same.

Table 6. Structural elements of yield - field experiment
__ __ __ __ __ __ __ __ _ Pliska Enola Karat Syilena

Productive tillering -in2 450 410 430 406
Number of grains per spike 46 48 53 57
Weight of grain per spike 0.955 1.112 1.156 1.361
1000 grain weight 34.88 44.60 43.21 45.38
Grain yield - kg/ha 8150 8240 9780 8984 
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The cv. Svilena. formed the largestTm, and cv. Enola - the lowest. During grain filling all
varieties reached their maximum in T accumulation, but certain change of positions
occurred in comparison to heading (Pliska > Enola > Karat > Svilena).
At full maturity the new varieties formed more Tm, (Karat > Svilena > Enola) in comparison
to the standard, which reflected on grain ield formation, too. The most important reason
for this were the established considerable differences in the dynamics of dry matter
accumulation in spikes, respectively in grain, and on the other Hand - the degree of dry
matter reutilization from the V,, according to plant parts and stages of development. In the
period heading-grain filling of grain, the varieties accumulated dry matter in the Tm. with
different intensity - from 67.98 (Pliska) to 13.14 kgldka/day (Svilena). The differences
between them, however, with regard to the intensity of dry matter accumulation in spikes
were not so great - from 23.22 (Pliska) to 10.33 kg/dkalday (Svilena). In this inter-stage
period the vrs. Enola and Karat had the same intensity of accumulation in spikes. In the
period grain -filling - full maturity they demonstrated radically different course in the
intensity of dry matter accumulation in spikes and grain, simultaneously loosing Vm, with
different intensity not always corresponding to the intensity of accumulation in the
reproductive plant parts. The cv. Pliska had the highest losses of Vn in this period and the
lowest intensity of spike and grain filling. In practice, this was the main reason for
obtaining the lowest yield in the field trial. Karat was the variety with the lowest intensity
in the Vm losses and the highest intensity of dry matter accumulation in spike and grain,
followed by cv. Svilenia. The results clearly show that the period from grain filling to full
maturity is extremely important for yield. On the other hand, the role of the variety is very
important, as shown by the vrs. Pliska and Karat, which formed the same T during
heading,, the contribution of spikes in cv. Pliska being even greater than that if cv. Karat(
15.88 % versus 9.55%)
The field experiment, although carried out for one year only, confirmed an especially
important characteristics of the leaves of cv. Svilena. With this variety, too, an extremely
high contribution of leaves was registered for formation of the final grain yield - 3 1.01 %,

16.17 % of which was due to the flag leaf, 24. 88 % - due to the 2 d_3rd leaf stages, and
10.76 % due to the lower leaves.
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GENETIC VARIATIONS IN THE DYNAMICS OF DRY MATTER ACCUMULATION,
NITROGEN ASSIMILATION AND TRANSLOCATION IN NEW T. aestivum L.
VARIETIES btbdil0 ,
II. NITROGEN ASSIMILATION AND TRANSLOCATION IN RELATION TO GRAIN
YIELD AND PROTEIN CONTENT T'Vq-1
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Summary
The study was carried ut under greenhouse and field conditions and showed considerable gnotype differences
between the vrs. Enola, Karat, Svilena and Pliska (T aestivum L.) with reaard to N assimilation during heading,
which played an important role in grain yield formation (0.852). Grai'n yield depends considerably on N
translocation (NT) in the period heading-full maturity (0.864) and on its part affects the intensity of N uptake in
grain during grain filling-full maturity. In both experiments cv. Svilena demonstrated high NR from the leaves, which
was the reason for more than 52 % of N in grain. In the field experiment cv. Svilena confirmed this tendency, the
NR being highest in the 2-3 leaf stage, followed by the flag leaf and the down leaves. The intensity of N uptake in
grain during grain filling-full maturity was highest in the vrs. Enola and Karat. This intensity was in strono,
correlation with NA during heading, and with WT in V~ during heading-full maturity. It also afected to a hig
degree the protein content in grain, as well as grain yield.
Irilboth experiments a trona neaative correlation was established between the NHIIGHI ratio, and grain yield and
nitrogen assimilation during heading; a positive correlation was determined with arain NHI.
Under the conditions of increasing N dressing, the vrs. Enola, Karat, and Svilenalad hiaher N expense for formation
of a production unit, 63 up to 91 % of the N being used for formation of grain wth Sigh protein content. Protein
yield correlated strongly not only with protein in grain, but also with the intensit of uptake in grain during grain

fing - full maturity. The highest protein yield was registered in cv. Karat. By thei expense for producti on ot 100
ka, protein, the new varieties did not differ from the standard variety Pliska.
T~ie results from the study showed a higher genetic potential of the agrochemically promising varieties Karat, Enola
and Svilena than the standard variety PI'iska. /
Introduction 05. 2003

The factors which affect N uptake in plants ard a function of the complex relationsh ~between
soil conditions, the requirements of plants to moisture and nutrition elements and the ability of
the roots to assimilate and translocate them to the shoot (Huffker and Rains, 1978).
Unquestionably, uptake, accumulation and redistribution of nutrition elements is controlled
genetically. Long-term N assimilation after heading is due to the continuous more active uptake
of nutrition elements and has been an object of thorough studies (Knowles and Watkins, 198 1;
Smith et al., 1983). No doubt, the continuous photosynthesis activity of the flag leaf and the other
leaf stages is a N source of considerable importance for the filling grain (Neales et al., 1963). The
opinions for the role of stem as a source for providing grain with N are contradictory. There are
data, however, that 24-30 % of N in grain is at the expense of N substances reutilized from the
stem (Kondratyev M. and M. Kostyukovich, 1981). Cox et al. (1985, 1986) have established
ngenetic variations in the NA and NT in the T. aestivum representatives they tested and their role
in determining grain yield and protein. These authors have established a positive correlation
between the NHIIGHI ratio and protein % in grain.
The aim of the present study was to characterize the peculiarities in the nitrogen assimilation and
translocation in new T. aestivum L. varieties and to determine their role for grain yield formation
and protein content.

Materials and method

The tested enetic materials as well as the design of the experiments were described in detail in
the first part of this study. The present paper considers several aspects characterizing nitrogen
metabolism:
1. Assimilation during heading = nitrogen uptake in plant parts (leaves, stems, spikes);
2. Total nitrogen assimilation = nitrogen uptake in plant parts (leaves, stems, rain,
raches+glumes) at full maturity;
3. Nitrogen assimilation after heading = 1-2;
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4. Nitrogen translocation = nitrogen assimilation during heading - nitrogen yield at maturity trom,
vegetation mass (leaves, stems, glumes, raches);
5. NHI ()=Grain NI Total nitrogen assimilation x 100.

Furthermore, these processes were considered in their dynamics; the period from heading to full
maturity was divided into two inter-stage periods: heading-grain filling (20 days) and grain

filing-full maturity. The daily nitrogen uptake in spikes and grain (kg/ha/day) was also
determined in the field experiment.
The software Biostat (Penchev E., 1998) was again used for the statistical analysis.

Results and discussion

The dispersion analysis of N uptake in plant parts and the N assimilated in the Tm during the
stages of development according to the mineral fertilization norm showed a high degree of

statistical signiificance of the differences established between the tested enotypes (Table ).
Nitrogen assimilation in the vrs. Enola and Karat was maximal in full maturity of grain at all
rates of N dressing.1

Table 1. Dispertion analyses of N uptake amounts with yield s components in vegetation
experiment

Organs MSA MSB MSc MSA. B MSAX C MSBX c MSA B Error

leaves 3237.16' 144619.8' 20371 1' 1528.75d 1374.72' 15901.75; l1 54.09' 91.75
stems 6479.9 1 60620.5'- 9~0-548.6' 1090.75d 157312" 6031.66' 371.18 81.38
spikes 952.33 204859.7' 636883.8e 2105.38 20487.16' 36289.75' 1981.00 527.64
Tm 11056.66' 1134805.0' 4710.0 4690.88 7922.33' 2131.0 3235.66 840.4
df 3 3 2 9 6 6 18 282
grain 1716.08 153258.8' 588481.0' 2106.08 518Sfe 40539.58' 2900.66 686.87
glurnes 252.24 10219.7 29467.12' 279.9 834.9u 2138.51'c 233.65 53.17
Protein-% 24.89' 222.32' 16.62' 6.66' 14.42' 7.13' 1 1.45' 0.07

1df __ _ _ _ 3 1 9 3 3 9 1 186

Factor A - genotype; Factor B - norms of fertilization; Factor C - stage of development

In cv. Svilena N assimilation during heading was higher than that during rain filling and full
maturity in the fertilization variant N400P2ooKoo0. In the cv. Pliska similar tendency was
established at dressing with Ni 00P, 00K 00, too. In all fertilization variants, cv. Pliska reached its
maximum of N uptake in biomass during grain filling. After this stage the amount of N uptake
shaipy decreased. Under the conditions of moderate and optimal N dressing it decreased below
the NA during heading. A high correlation was established between grain yield and NA during
heading - 0.852c.
Nitrogen translocation in the vegetation mass (Vm) varied widely in the individual enotypes
according to the mineral fertilization norms. The period from grain filling till full maturity was
especially important not only for the yield, but also for its quality (Table 2). Without mineral
fertilization NR from Vm in the new varieties was much higher than the standard variety Pliska.
The same was the highest in cv. Karat . This variety was the only one in which leaves reutilized
more N than stems. By the NR from the non-grain part of spike cv. Svilena exceeding not only
the cv. Pliska, but considerably overpassing the vrs. Karat and Enola.
The mineral fertilization with NPK lead to an increase in the NT from the Vm, during this inter-
stage period. The maximum of this amount was reached by the vrs. Pliska, Enola and Svilena at
optimal fertilization rate. The succeeding increase of the N norm - up to 600 mg 1000 a soil
caused disturbance in the reutilization. The lowest differentiation according to this index between
the varieties Enola, Karat and Svilena was determined at fertilization with N200P2ooK 200, although
the varieties differed considerably by the contribution of the individual organs. Thus, for
example, NR from the leaves of the cvs. Enola and Karat was largest under these conditions, the
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highest amounts of N were reutilized by the stems of cv. Svilerna, and by the non-grain part of
spikes of cv. Karat.

Table 2. Nitrogen reutilization (NR) from vegetative mass (mg/pot) for the period grain
filling-full maturity

Genotypes [NR - mg/pot Share of NR according to N uptake in
grain at full maturity 

leaves stems 1 lumes Total leaves 1stems glumes Total
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _N K _ _ _ _ _ _ _ _ _

1. Pliska 2.57 10.01 0.16 112.74 13.21 1Ti2.505 0.20 15.91
2. Enola 14.44 24.67 12.39 151.49 113.71 23.42 7.78T 44.91
3-Karat 35.33 15.81 .8.20 459.35 428.25 12.64 1 6.56 1 47.4

4. Svilena 9.88 27.46 .18.76 156.10 410.62 29.52 20.17 60.31
_ _ _ _ _ _ ~~NgP2K _ _ _ _ _ _ _

1. Pliska II20.77 II29.04 I31.71 81.52 I9.81 13.71 14.'97 38.49
2. Enola 456.63 150.50 127.29 134.42 418.94 16.89 9.13 44.96

3.Karat 148.86 157.13 145.60 151.59 418.30 21.39 17.08 56.77
4. Svilena 1~ 38.81 476.86 139.54 1155.21 414.86 29.43 15.14 59.43

1. Pliska 47.34 67.73 ) 17.49 j132.56 .17.16 24.55 6.34 j48.05
2. Enola .104.26 116.05 180.94 J301.24 .25.32 .28.18 .19.66 473.16

-3-.Karat 54.22 111.66 161.32 J227.20 .14.20 .29.25 .16.06 459.51
4.Svilena 81.11 127.04 139.29 J247.44 20.90 .32.74 .10.13 463.77

_____ ____ _____ ____N 6 oP 2 oK 2 _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _

1. Pliska 46.25 34.87 24.17 105.29 17.32 13.06 9.05 J39.43
2. Enola 63.92 67.04 24.14 155.10 18.88 19.80 7.13 45.81

-3. Karat 97.38 112.44 57.39 267.20 J_26.67 30.80 15.72 173.19
4. Svilena 77.89 108.92 51.57 238.39 19.51 .27.28 12.92 597

spike without grain (reaches + glumnes)

At optimal fertilization cv. Enola considerably exceeded the vrs. Karat and Svilena, according
the values of NR from the leaves and the non-grdin part of spike.
The excessive N norm lead to a decrease in the NR from the Vm, in the cvs Pliska, Enola and
Svilena. In this respect the most depressing effect was observed in cv. Enola in which the amount
NR decreased 1.94 times in comparison to NR at N400P200oK, 00. During this inter-stage period an
especially important peculiarity in the behavior of cv. Karat was registered at dressing with
N600P2QoK,~ ainrse in NR from the Vm,

An important characteristics was also established in the NR from the Vm of cv. Svilena. The
decrease of the amount of NR at norm N600P, 00K, i coprson to N400P2ooK 200 was lowest in
this variety and affected mainly leaves and stems. A sharp increase was observed in the NR from

Pthe non-grain part of spike, a phenomenon which was noticed in cv. Pliska, too, though to a
lower degree. In the varieties Karat and Enola the reutilization from the non-grain part of spike
decreased under these conditions, more evidently in cv. Enola.
Analyzing the results obtained for the NR in the period heading-full maturity, changes were
registered both in the values and in the ranking of the varieties (Fig. 1). In all variafits of mineral
dressing, the share of NR from the leaves was highest than that of stems and the non-grain part of
spike, inspite of the mentioned peculiarities during grain filling-full maturity. In this respect the
leaves of cv. Svilena, a variety grown under optimal and high N norms in the period heading-full
maturity, reutilized more nitrogen than the other varieties (52.2 % from N in grain). Similar
tendency was established in NR from the stems of cv. Karat (38.8 % from N in grain). Cv. Enola
had the highest NR from the non-grain part of spike at the optimal mineral fertilization norm
(1 5.7 % from N in rain).
The obtained results on NR from Vn in the period heading-full maturity are worth of special
attention, since they provide data on the way varieties redistribute the assimilated N under the
condition of nutrition deficiency. We have established in this experiment a high correlation
coefficient for grain yield and NR from Vm - 0.864c. By the amount of NR in the variant without
mineral dressing the varieties ranked in the following order: Enola > Svilena > Karat > Pliska.
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Figi. Total amount of NR from vegetative mass (mglpot) for the period

heading-full maturity
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The established peculiarities in the dynamics of NR from the V,, during the development of the
varieties reflected on the intensity of N uptake in spikes and grain according to the maturation
stages of the reproductive arts, protein content and another indeces characterizing N nutrition
(Table 4). In the first inter-stage period, cv. Pliska had the highest intensity of N uptake in spikes
at all fertilization rates. Its values considerably exceeded that of the new varieties. In the period
grain filling - full maturity, however, the new varieties significantly exceeded the standard by the
intensity of N uptake in spikes, which was extremely uneven. At moderate N fertilization of cv.
Pliska even a loss was registered due to the lower N content in spike components.
In the period heading-full maturity, the intensity of N uptake in spikes of the new varieties was
highiest and more even than that in the standard. A sght increase of its values was established
during the second half of the maturation process. The increasing norms of N fertilization
enhanced the values of this index, which were higher in cv. Svilena followed by cv. Karat.
The period from heading to maturation was of different length for the individual varieties. This

affected not only the intensity of N uptake in spikes, but also in grain. Cv. Pliska had the shortest
inter-stage period from grain filling to maturity (1 6 days). Having in mind the peculiarities of the
standard variety mentioned above, the intensity of N uptake in grain remained lowest, although it
was increasing with the increase of the N fertilization norm. The differences between the cvs.
Enola, Karat and Svilena by the values of this index were insignificant.
The intensity of N uptake in spikes and grain affected also protein content in grain. The
controlled conditions of growing in the vegetation experiment allowed the process of grain filling

and maturation to go under maximally favorable conditions so that the varieties could
demonstrate their genetic potential. The grain of the vrs. Enola, Karat and Svilena had higher
protein content than the standard, although cv. Svilena was from the group of wheats with lower
quality. Under conditions without mineral fertilization cv. Karat formed grain with highest
protein content, followed by Pliska, Enola and Svilena.

Table 4. Nitrogen intensity uptake in spikes and grain according to stage of development
and indeces characterizing some nitrogen metabolism elements

1Genotypes Intespikes - gpody In the Protein NHI N-expense for formation

__________ 2 ~~~~~~~~rain of 100 kg production

Enola ______ 2__ 3 nig/poidav 109 87.0 a1.9 0.2aw Total

Pliska 3.23 0.43 1.99 0.44 11.03 78.98 1.935 0.515 2.450

Karat 1_ 63_3_ 6 2.64 4___ 01_ 14___45 84__78 2__54 0__455 2__995

Svilena 18 186 1.84 j 2.90 9.52 90.71 167 0.171 1.841

Pliska ___79 -4.63 j4.49 2.65 9.04 78.49 1.585 0.434 2.019
Enola 12.30 .6.80 j5.31 7.82 14.42 82.08 2.53 10.551 3.081
Karat 14.06 5.10 J4.66 6.79 12.94 80.66 2.27 0.544 2.814
Sviiena j4.98 5.23 5.12 6.95 12.26 81.31 2.15 j0.493 2.643

____ ____ ___ __ _ ___ ___ ___ ____ ___ ____ ___ N 4 P 2 K , _ __ __ __ __ _

Pliska I10.29 1.63 6.44 2.72 13.97 73.17 2.450 0.903 3.35
Enola 6.64 7.14 6.94 9.75 17.67 77.14 j3.10 0.919 4.019
Karat 16.85 7.38 j7.16 9.65 18.30 74.72 j3.21 1.087 4.297
Svilena j5.50 8.26 j7.11 9.66 16.99 79.85 j2.98 0.752 3.732

Pliska 10.26 2.45 6.79 3.96 14.77 59401 2.590 1.770 4.360
Enola 2.72 8.43 6.00 9.32 19.27 [63.03 j3.38 1.980 5.360
Karat 5.50 9.17 7.20 11.38 18.41 71.201 3.23 1.304 4.543
Syilena 7.48 8.66 8.15 10.64 18.53 73.15 3.25 1.194 4.444

(1. Heading-Grain filling; 2.Grain fining-Full maturity; 3.Heading-Full maturity)

Under moderated N dressing, the protein content varied from 9.04 % in cv. Pliska to 14.42 % in
cv. Enola. At the optimal N norm, this variation was from 13.97 % in cv. Pliska to 19.27 % in cv.
Enola. The intensity of N uptake in the grain during grain filling - full maturity was in positive
correlation with grain yield (0.642c), with nitrogen assimilation during heading, (0.774c), with
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protein content in grain (0.852c) and with the amount of NR from heading to full maturity
(0.744c).

The harvest index of N decreased in all varieties with the increase of the N in the fertilizat'ion
norm. This decrease was most drastic in the vrs. Enola and Pliska. The new varieties were with
higher NHI values than the standard at all dressing norms. Under the conditions of the vegetation
experimentl, cv.Svilena had the highest NHI index. Its V had the highest efficiency of N
translocation, because from 1.71 to 11.93 mg N assimilated in it were responsible for the
production of 1 gmature grain, while in the standard variety these values were from 5.15 to
17.60 mg, NI 1.r

The ratio NHIUGHI was affected negatively by grain yield (- 0.635c) and by N assimilation during,
heading (0.708c) and positively by NI (0.81 8c).
The expense for formation of 100 kg grain under conditions without mineral fertilization was the
same in the vrs. Pliska and Enola. Cv. Svilena had the lowest expense, and cv. Karat - the
highest. The increasing N in the dressing, norm lead to an increased expense for formation of a
garain unit and deepened the differences between the varieties. The new varieties formed grain
with higher N expense than cv. Pliska due to the higher N content in it
The N necessary for formation of the respective amount of straw also varied according to the
fertilization norm and the variety. The Vm of cv. Svilerna was the most economic variety with
regard to N expense for formation of the respective straw in all variants of fertilization. This is
also related to its higher NHI. The increasing N fertilization lead to an increase of the total

expense. The new varieties used more N for formation of a production unit than cv. Pliska at
moderate and optimal N dressing,. Only at the highest N norm the total expense of all varieties
was equal.
It is worth mentioning the fact, however, that in the new varieties the greater part of this expense

was used for formation of higher quality grain (from 63 to 91 % according to the fertilization
norm). In them the N expense for formation of straw was considerably reduced. The best results
in this respect were obtained in cv. Svilena. The cv. Pliska, in spite of its lower total N expense,
had more unfavorable N distribution. Depending on the fertilization norm, from 79 to 59 % of
the total N expense was used for grain formation, and the remaining amount was used for the
respective straw.
In the vegetation experiment we proved to a maximum degree of statistical significance the
positive correlation of the N uptake in grain with grain yield during grain filling - full maturity

(0.642c), with N assimilation during, heading (0.774c), with protein content in grain (0.852c), and
with NR from the Vm during heading-full maturity (0.744c).
In the field experiment NA during heading was highest in cv. Svilenia, followed by Karat, Pliska
and Enola. The dispersion analysis of NA showed a high statistical significance of the established
differences according to the tested factors (data not shown). At full maturity the highest amount
of N was established in the biomass of cv. Karat, followed by the cvs. Enola, Svilena and Pliska.
The new varieties reutilized higher N amounts from the leaves, while the standard Pliska
reuti'lized more N from the stems (Table 5).

Table 5. NR from vegetative mass for the period heading-full maturity

Genotypes Leaves Stems Glumnes N N uptake
COnsmton_____

__________ a ~ NRE-% khaNRE-% kgfha NRE-% kg/ha/day m_-k/day
Pliska 770 831 2.87 83.66 430 8.7 2.31 .16.50

Enola 859 278 60.1 70.10 27.90 77 4.04 22.44
Karat 105.6779 196 69 21.6 675. 4.97 .21.18
Svilena 88.5 7667 5.4~, 317.6 77

Similar to the vegetation experiment, the increased NR from the leaves of cv. Svilena was
confirmed. In this variety of NR were highest by the 2-3 leaf stage, followed by the flag leaf and

the down leaves during the period from heading to grain filling (Table 6). In this inter-stage
period, the flag leaves and the 2nd3r leaf stage of cv. Pliska and Enola were still assimilating N
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and accumulating dry matter. We established in these varieties NR only from the down leaves.
The NR and NRE were higher in cv. Enola.

Table 6. Featurs of NR from leaves stages for the period heading-grain filling

Genotypes kFlag leaves 2-3 leaves Down leaves
_________ kg/a NRE-% kgffa NRE- % kg/ha NRE-%

Pliska j .-- 5.0 31.06 
Enola -- 7.3 42.94
Karat 7. 20 26.5 38.97 20.2 .65.80 

1Svilena 26.6 6.42 36.7 43.59 j16.2 , 72.32

The daily N uptake during, grain filling was highest in cv. Karat - 4.97 kha/day, but the
intensity of nitrogen uptake in grain was highest in cv. Enola - 22.44 rmg Nlgl/day (Table 7).
Provision of rain with N both from the vegetation mass and the total formed biomass was
highest in the new varieties. Under the conditions of harvest year 1998, the vrs. Enola and Karat
formed grain with a higher protein content then the standard Pliska. The new varieties, however,
were characterized with higher protein yield, ranking as follows: Karat > Enola > Svilena. The
varieties did not differ significantly by their N expense for formation of 100 kg protein. We
established a high correlation of grain yield with N assimilation during heading, on the one hand
(0.41 Ia), and on the other -with the intensity of N accumulation in grain during grain filling - full
maturity (0.785c). Protein yield was also affected positively by protein content in grai (753c),

aswell as by the intensity of N uptake in grain (0 .8 8 0C). There was a clear negrative correlation
as~~~~~~~~~~~~~~ :

between grain yield and the NHIIGHI ratio (- 0.757). The ratio NHJ!GHI, which allows to
evaluate the relative proportioning of N and carbohydrate in grain, was in a very clear negative
correlation with assimilated N during heading (0.652c), with GHI (.977c), and correlated
positively with NHI (0.972c).

Table 7. Protein yield and N expenses for its formation

Genotypes Protein - Protein N expenses for mg N from Vm mg N from Tm
________ _______ yield - kg/ha 100 kprti pe1kggrain per 1 kg grain

Pliska . 11.0 896.5 17.02 5.37 24.71
Enola 13.0 1071.2 16.82 7.23 30.05
Karat 12.2 1193.2 16.92 8.15 29.60

jSviena 10.3 1 921.8 17.38 . 6.68 24.66 
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Summary o 5.
The study considers the genotype peculiarities in the dynamics of dry matter and nitrogen accunmulato ipltparts
during the different stages of 10 DH wheat lines characterised as initial breeding material of high qult.Teewere
obtained from 2 crosses - 7- P2 - 1 1 x H-81/32-4 and 7- p2 - 1 x H-S81/32-24. Considerable genotype variations were
established both between the lines and the parental forms, and in comparison to the standard quality variety
Slavyanka- 1 96. Lines 41-191 and 41-344 are of special interest because of their high grain yield and high intensity of
biomass accumulation (kg! dkalday) and high intensity of nitrogen uptake (gldkalday) mainly in the second half of the
grain filling period. These lines stand out among the new DHI lines with their high protein yields. In line 41-181 the
ratio N~IGI changes positively with a high degree of certainty in both phases of grain maturity. This line is
characterised with the highest value of nitrogen (mg) in vegetation mass per unit mature grain. A positive correlation
was established between the NHL/GHfi ratio and protein content in grain. Line 41-344 is the most economic one with
regard to nitrogen formation per 100 kg grain with the lowest expense for formation of the respective quantity of
straw.

1. Introduction

In order to more fully realise the genetic potential of the different wheat varieties, it is necessary
both to provide well plants with nutrition elements and to thoroughly know the physiological and
biochemical processes in the plant organism which determine yield and its quality. In this
connection, it is especially important to understand the peculiarities of nitrogen exchange in
plants because nitrogen is the nutrient element which, to a higher degree in comparison to the
others, determines yield, content and quality of protein in cereal crops (Kondratyev and
Kostyukovitch, 1981).
The breeders have achieved remarkable results with regard to grain yield increase, but increasing
its protein content through breeding has turned out a difficult task. According to Pavlov (1982)
nitrogen (mg) in vegetation mass per unit mature grain is a very efficient index for characterising
the peculiarities of nitrogen metabolism at the genotype level. It depends on the GH1 values and
nitrogen content in vegetation mass. The author concluded that using genotypes in breeding,th
increased values for this index of which are at the expense of a decreased GI, is not promising.
The reasons for the difficulties in quality breeding are clear, because many internal factors,
physiological and other aspects determine the capability of wheat genotypes to form grain with
increased or decreased protein content. Furthermore, the significance of the factors is not the
same for the different genotypes.
Cox et al. (1985) have pointed out that the simultaneous increase of grain yield and protein
content in it can be achieved through breeding.
All this comes to demonstrate that in order to increase the breeding efficiency in the direction of
increasing protein content in grain, it is necessary to use initial genetic material that has already
been characterised with regard to nitrogen metabolism and rate of protein accumulation in grain.
The aim of this study is to provide information for the dynamics of dry matter accumulation and
nitrogen uptake in plant parts and according to the phases of the development of the DH wheat
lines which have high quality indices. The study aims at obtaining knowledge on the dynamics
of the changes in GI-fI and the NHIIGHI ratio according to the phases of grain maturity, protein
yield and expenses for formation of the end product.
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2. Materials and methods

The study includes DH wheat lines obtained from the crosses 7-P2- 11 x H-8 1/32-4 (41-

519; 41-181 and 41-191) and 7-P2-11 x H-81/32-24 (41'-306; 41'-344; 4'-355, 41'-

470; 41'426; 41'-413 and 41'234) which are characterised with high quality indices. The

method of obtaining the crosses is described in detail elsewhere (Nankova et a., 1998).

The variety Slavyanka- 1 96 was used as a standard of quality in this research.

The DR wheat lines were tested under field and vegetation conditions. The vegetation

trial was carried out in plastic pots filled with the same type of soil, at dressing levels

NOP 200K200 , N200P200K200 and N400P200K20Ormg/ 1000 g soil. The dynamics of dry matter

accumulation and the chemical composition of in plant parts and according to the stages

of development was established. Total nitrogen content was determined by the method of

Keldal.

3. Results and discussion

In studying the dynamics of biomass accumulation, considerable differences were

established between the new DH wheat lines and the initial parental forms (Table 1). In

the first cross, at the stages heading and grain-filling, line 41-181 formed a maximal

amount of biomass, mainly at the expense of leaves and stems. In full maturity this line

exceeds only the mother form - 7-P 2-1 1 - by yield from biomass, considerably falling

behind all genotypes from the cross by grain yield. From this cross, line 41-191 exceeds

significantly both the initial forms and the standard variety Slavyanka- 196 by its highest

grain yield.

In the second cross a considerably higher differentiation was registered between the new

DR lines regarding their biomass yield and the individual plant parts. During heading, line

4 1 '-3 55 exceeds all other lines, including the standard, but falls behind the father form. It

is characterised with a very high spike yield during this stage. During grain-filling this

line forms the highest biomass yield, but concedes to the father form and to cv.

Slavyanka-196 by grain yield. At fulli maturity line 41'-344 exceeds all other genotypes

from the cross and equals cv. Slavyanka- 1 96 by its grain yield.

The registered genotypic differences become even greater with regard to nitrogen uptake

in the total biomass and in the parts (Table 2). In the first cross, the DH lines

considerably exceed the parental forms by the amount of nitrogen uptake. In the second

cross line 41 '-355 and the father form demonstrate the highest nitrogen uptake in the
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Table 1. Dynamics of dry matter accumulation in the plant parts of DH wheat lines at
the different stages of development.

Plant parts ____ Hea ina Grain fnil_____ Full mia
MS, MS, F df MS, MS F df MS, MS F

Stems 38747.2 12.2 3188.1 13 131356.9 0.62 213455 13 48352.5 0.54 89797.4

Leaves 3737.3 2.3 1661.0 13 6004.0 1.58 3807.4 13 6607.2 0.8 315

Spikes 5764.7 0.33 17633.3 13 - - - - - --

Grain - - - - 33529.6 0.04 871769 13 118469.7 0.15

Chaff - - - - 11810.3 0.74 15951.6 11377.9 0.08 147913 0

Non-production 417.6 0.06 7054.5 13 489.9 2.04 240.8 8 7295.3 0.14 53360.0

biomass__ _ _ __ _ _ _

Total 114947.4 9.39j 12248.5 13 443228.3 13.5 32738.5 13 495.5 2.46 178445.5

GHI 8.2 0.06 139.91 13 42.9 0.38 112.3 1 343 0.05 699

trial. This line, however, slightly exceeds the father form by nitrogen uptake in leaves

and spikes.

During grain filling the ines from the first cross differ slightly both between themselves

and from the parental forms by the total amount of nitrogen uptake, but they
cosderably exceed the standard. More significant differences between them were

established with regard to nitrogen uptake in spikes and mainly in the filling grain. In the

second cross the amount of nitrogen uptake is under the level of the father form.

However, line 41 '-355 is closest to the father form by the amount and rate of nitrogen

uptake in stems and even exceeds it. At the final stage line 41-191, characterised with the

highest grain yield among all lines in the cross, stands out with the highest amounts of

nitrogen uptake in the parts, but considerably concedes to the father form by this index.

This line has the highest NI among the genotypes of this cross (Nankova et al., 1998).

Table 2. Dynamics of total nitrogen uptake in the parts at the different stages in DH
wheat lines

Plant parts _ __ Heading. Grainfilig Full maturit
____________ MS, MSe- F df MS, Ms. F df MS, MSce F F

Stems 3.75 0.0008 4722.2 1 3 10.10 0.0046 2187.2 1 3 0.77 0.004 195.6

Leaves 6.65 0.0017 3977.3 1 3 3.47 0.0030 1153.0 1 3 0.47 0.004 126.60

Spikes 2.69 0.0022 1245.8 1 3 - - - - - -

Grain - - - - 14.50 0.0036 3999.5 1 3 54.77 0.021 2632.2

Chaff - - - 1.80 0.0036 495.29 1 3 0.59 0.001 569.8

Non-production 0.036 0.001 36.43 1 3 0.39 0.0003 1183.85 8 3.39 0.003 1008.3 

biomass .

Total 37. 4 0.0024 15532.1 1 3 92.71 0.0044 20169 13 84.88 0.002 516.

Gffi 7.07 0.0006 11758.5 13 87.53 0.0006 145648.50 1 3 30.46 i0.040 761

In the second cross it is worth mentioning lines 41'-344 and 41'-355, which stand out

with the high est amounts of nitrogen uptake i parts and as a total. By their index values,
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they exceed the father form that they have been conceding to up to now, but as a whole

they have less nitrogen uptake in comparison to cv. Slavyanka- 196.

The harvest index of grain varies considerably according to both the degree of grain

maturity and the genotype (Table 3). In some lines, the harvest index increases nearly

two times from grain filling to full maturity. Line 4 1-191 has the maximal value of this

index in the trial. It has the lowest NIII/GHI ratio which actually reveals the proportion

of nitrogen translocation to the other components of grain. It is known from the

literature that in Triticum aestivum L. there is a positive correlation of NHI/GHI1 and

nitrogen content in grain (Cox et al., 1986). The authors have established that the

coefficient correlation between this ratio and protein content in grain varies from r = 0.39

to 0. 45, P < 0. 01. In our trial the value of this correlation is r = 0. 324.

In the second cross line 41 -344 has the highest GH value which is equal to that of the

father form and exceeds that of the standard variety. In this line, as in line 41 -355, the

differences in the two stages of grain maturity in the NHI/GHI ratio were not proved in

comparison to cv. Slavyanka- 196. In line 41-181 the variation of this ratio in a positive

direction is proved to a highest degree of significance; it will be demonstrated below that

this line possess a great potential for the highest nitrogen uptake in grain under

vegetation conditions. The established differences in the amount of formed biomass and

the amount of nitrogen uptake in the parts at the individual stages reveal a rich variety in

Table 3. Dynmcs of increase in GHI and the NHL/GHI ratio

Genotypes G11- grain G1-11- full NHIIG1H - grain NHI/GHI - full
filling maturity filling matunity

1. 7-P 2-11 26.57 42.61 1.53 1.67
2. H 81/32-4 26.53 40.70 1.52 1.75
3. 41-519 32.19 45.23 1.46 1.71
4. 41-181 17.78 31.81 1.91 2.17
5. 41-191 26.96 49.22 ____1.78 1.61
6. H-8 1/32-24 25.96 46.57 ____1.49 1.64
7. 41 -306 19.43 43.48 1.68 1.72
8. 41 -344 21.42 46.46 1.75 1.76
9. 41 -355 19.92 43.86 1.76 1.80

-10. 41 -470 18.64 41.50 1.72 1.88
11. 41 -426 24.59 45.81 1.66 1.67

-12. 41 -413 24.83 42.12 1.67 1.72
-13. 41 -234 26.28 41.31 1.75 1.76
14. Slavyanka 196 31.37 45.57 1.78 1.78
GD 5 % 1.34 0.48 0.0567 0.0650

1 % 1.86 0.67 0.0790 0.0906

0.1 % 2.61 0.94 0.1107 0.1270
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the genotypes with regard to the dynamics of dry matter accumulation and the intensity

of nitrogen uptake in spikes (Table 4).

Table 4. Dynamics in the changes of biomass amount (1) and nitrogen uptake intensity
(2) in the spikes during the stages of maturity.

Genotypes Heading - Grain filling Grain filling - Full maturity
1 2 1 2

1. 7-P2-11 19.71 291.30 10.39 270.83
2. H 81/32-4 18.66 326.96 38.04 971.67
3. 41-519 23.83 312.61 22.87 473.75
4. 41-181 19.54 280.44 15.37 335.83
5. 41-191 21.53 350.44 39.24 755.00
6. H-81/32-24 31.88 541.30 4.58 136.6

7. 41 -306 3.51 29_57_38_43 751___25

8. 41 -344 23.80 375.22 38.80 670.83____

9. 41 -355 24.39 384.78 26.33 10
10. 41 -470 12.86 183.91 24.46 573____75_

11. 41 -426 18.56 291.7412.48330.4

12. 41 -413 34.98 257.83 6.54 _ 514_____17 _

13. 4f-234 22.98 363.91_____ 25.61__ __ 475.83__ __

14. Slavyanka -196 25.42 334.78_____ 38.39____ 789.58____

Key:. 1. kg/dka/day, 2. N g/dka/day

These indices characterise very well the efficiency of the nutrition process. In the period

from. heading to grain filling line 41 '-413 frms the maximal spike yield per day per unit

area among the tested genotypes, but it does not have a high intensity of nitrogen uptake.

This index is highest in the father form H-81632-24, and in the new lines 41'-234 and

41-191, respectively. In the second half of the process of grain maturation, most of the

tested genotypes are characterised with a higher intensity of biomass accumulation and

nitrogen uptake in spikes, which is most clearly expressed in line 41-19 1.

Protein content in grain also varies according to the genotype (Table 5). The mother

form does not differ by this index from the standard variety, but the two father forms

(especially in the first cross) exceed the standard to a maximal degree of significance.

Lines 41-181, 4-70 and 41'-426 exceed the standard to the same degree of

significance. Only the father form from the first cross and line 41-191 exceed to a

maximal degree of significance cv. Slavyanka by protein ield. In the other genotypes a

high degree of significance of the differences was also registered, but it is a negative

one. However, line 41 '-344 from the second cross exhibits the highest protein yield, only

a little conceding to cv. Slavyanka. The two lines from the two crosses pointed out in

another study of ours have demonstrated the highest intensity of biomass accumulation

and nitrogen uptake in grain during grain filling (Nankova et al., 1998). May be this fact
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is the reason for the highest protein yields obtained among all DH lines, although they do

not possess high protein content in grain.

Table 5. Protein content and protein yield

Genotypes Field trail Vegetton trial - proti in %
Protein - % Yield- kg/a NO N200 N400__

_____7 __P2-11 ____ 12.48 876.1 11.57 14.42 16.87

2. H 81_____32 __4_ 15.73 1831.0 10.66 12.60 16.93

3. 41-519 ~12.26 1286.1 11.97 13.17 17.67
4. 41-181 ~13.79 930.8 12.14 15.45 20.01
5. 41-191 ~12.26 1671.0 10.94 12.20 17.44

6. H-81/32-24 12.94 1164.6 10.94 14.14 18.13
7. 41 -306 12.54 1152.4 11.34 15.68 18.24
8. 41 -344 11.57 1536.5 13.05 13.79 18.13
9. 41 -355 12.48 1437.3 12.08 14.65 17.78
10. 41 -470 ~14.14 1122.7 13.22 14.65 1 7.73

_______4f ___426___ 13.45 918.6 12.31 15.16 18.01
12. 4 -413 12.71 1117.9 11.23 13.85 16.93
13. 41 -234 12.03 1250.6 10.94 12.08 15.05
14. Slavyanka -196 11.74 1559.0 11.06 13.28 17.27
GTD 5 % 0.660 17.88 Genotyres 0.161 Dressing 0.074

1 % 0.920 24.91 0.215 0.010
0.1 % 1.290 34.93 0.283 0.1311

The obtained data for protein content in the grain of the genotypes tested under

vegetation conditions allow to follow their reaction at different rates of nitrogen

dressing. Under conditions without nitrogen fertilization, lines 41 -344 and 4 -470 are

worth paying special attention. Nitrogen dressing, whatever the norm, leads to

cosderable increase of protein in grain. At an optimal level of nitrogen dressing, the

index values vary from 12.08 to 15.68 %, and at a high level of nitrogen fertilization -

from 15.05 to 20.01 %. The latter value concerns line 41-181. It considerably exceeds

both the initial forms and the standard variety by this protein content.

Characterising the genotypes with regard to nitrogen expense for formation of end

product, line 41'- 3 44 from the second cross can be considered the most economfical one.

It has the lowest expense of additional product for formation of 100 kg grain. The index

of this line for nitrogen (mg) in vegetation mass per mature grain unit is lowest for the

entire trial. Simnilar is the case with lines 41-519 and 41-191 from the first cross.

According to Pavlov (1982), the highly productive varieties are characterised with

decreased values of this index due to the higher G. This is the main reason for the

reverse relation between the value of yield and the protein content in it. In this case the

indicated DH lines are characterised with a high grain yield and GIBt.
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Line 41.- 181 stands out with its highest total expense for formation of 100 kg grain, but

also with the highest nitrogen (mg) in vegetation mass per mature grain unit among the

studied DH wheat lines.

Table 6. Nitrogen expense for formation of production

Genotypes Nitrogen expense in kg for 100 kg grain N mng / 1 kg
_____________ ~ ~~~~mature gr i

grain straw total
1. 7-P 2-11 2.19 0.66 2.85 30.73
2. H 81/32-4 2.76 0.77 3.53 38.79
3. 41-519 2.15 0.53 2.68 27.89
4. 41-181 2.42 0.50 2.92 35.00
5. 41-191 2.15 0.55 2.70 27.12
6. H-81/32-24 2.27 0.61 2.88 29.67
7. 41 -306 2.20 0.63 2.83 30.20
8. 41 -344 2.03 0.39 2.42 24.82
9. 41 -355 2.19 0.46 2.65 27.72
10. 41 470 2.48 0.50 2.98 31.82
11. 41 426 2.36 0.62 2.98 30.91
12. 41 413 2.23 0.62 2.85 30.83
13. 41 -234 2.11 0.59 2.70 29.50
14. Slavyanka-196 2.06 0.47 2.53 26.25
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problems caused by these fires became an international issue in the fall of 1997 when smoke

originating from land-clearing activities in Sumatra and West Kalimantan blanketed not only

large parts of Indonesia but also the neighboring countries of Malaysia, Singapore, Brnei, the.

01hilippines and Thailand. Alternatives must be found.

For alternatives to slash-and-bumn to be acceptable, they should address both the

problems and the benefits of burning as a land clearing method for small rubber and oil palm

-farmers. A social/economic/agronomic survey conducted in Sepunggur, Jambi Province,

Sumatra, indicated that burning: 1) was the cheapest and easiest way to create space to plant and

walk in the field; 2) added free fertilizer in the form of ash; 3) improved soil structure allowing

faster establishment of seedlings; 4) reduced weed/tree competition; and 5) reduced problems

with pests/diseases tigufe-). Farmers also indicated that harvest delays and ield reductions

would lead to an increase in poverty, mainly due to a loss in ash (fertilizer) addition if fire was

no longer used (Ketterings et al., 1999c).

Slash-sell wood-and-bumn is an alternative that has the advantage of maintaining at least

Part of the benefits of burning while reducing air pollution. The sale of wood (if permitted) could

supply the farmer with an extra source of income. Before this alternative can be promoted, it

should be known what a reduction in fuel load and fire intensity will mean for soil fertility and

plant growth and thus for the economic situation of farmers that depend on it. Two questions

need to be answered: 1) how is fire intensity related to nutrient availability; and 2) how

important are short-term fertilizer (ash) additions versus longer lasting, heat induced changes in

In the acidic Oxisols of Sumatra, P is the major growth limiting nutrient (Van Noordwijk

et a., 1995). When under forest cover, losses of P due to leaching, erosion and/or harvest

removal are limited, and P accumulates in the aboveground biomiass. Organic material is
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recycled within the ecosystem in the litter layer, partly bypassing the mineral soil layers where p

sorption and fixation capacity is high because of low activity clays and low pH (Tiessen et al.,

1994).

Fire Increases
Accessibility

51% ~~~~~~~~~~~~~~Fire Provides a
Layer of Ash
(Fertilizer)

23%

Fire Reduces
Problems with Fire Reduces

Pests and Fire Improves Weed and Tree
Diseases Soil Structure Competition

3% 18% 5%

Figure 1: Reasons for the use of fire as a tool in land clearing for small scale rubber farmers in
Sepunggur, Sumatra, Indonesia. Modified from Ketterings et al. (1 999c).

This situation changes when forests are converted to agricultural fields, especially when

fire is used for land clearing. During the burning of a slashed forest, part of the P previously held

in the vegetation will be lost in the form of particulates that are carried into the atmosphere and

deposited beyond the burning field, contributing to the fertility of neighboring sites. The

remainder is deposited on top of the soil as components of the ash or partly combusted organic

material. The partly combusted material may release some P through decomposition over time.

Part of the ash may be lost from the site due to erosion and will accumulate in terrestrial or

aquatic sedimentation zones while the remainder will enter the soil. Although leaching of P is

unlikely to occur in P-deprived Oxisols, heavy rains may cause some P loss through leaching to

layers below the rooting zone of newly established crops. The fire will also release P fromt
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mineralized. Phosphorus that enters the soluble P pool may be taken up by plants, chemnisorbed

to the surfaces of Fe and Al oxides (labile P), or be retained and stored as relatively insoluble Al

and Fe phosphate precipitates that become part of the non-labile P pool. Overall effects of fire on.

the soil P status will reflect a combination of inputs from aboveground biomiass and the effects

of heat and ash on existing soil P pools.

Directly following a burn, P losses from labile soil pools are generally smaller than the

gains as evident by numerous studies that have shown fire induced increases in various indices of

plant available inorganic P (Andriesse, 1986; Nye and Greenland, 1960; Romanya et al, 1994;

1laats et al., 1998). On the other hand, high intensity fires may produce a net reduction in

available P (Ketterings et al., 1999d). Most studies have related the apparent increase in soil

fertility to ash addition per se; however, work in Sumatra, where a pile-and-bumn fire with ash

addition was compared to a similar fire in which the ash was prevented from entering the soil by

means of zinc plates, showed that in low (<2500C) to medium (250-500'C) intensity fires direct

heat exposure could cause a reduction in Al satuiation and increases in pH and Bray-P. Carbon

and N contents remained unaffected, and ash addition was mainly responsible for gains in

exchangeable bases (Table 1). An oven experiment in which unburned forest soil (0-5 cm) was

exposed to static heating revealed that heating at 1000C could increase Bray-P levels, whereas

heating at higher temperatures resulted in a smaller increase or even decreases in Bray-P (Figure

2).

Research on fire induced changes in the mineralogy of a Sepunggur soil showed that fires

with a maximumn surface temperature >6000C reduced the amount of kaolinite and gibbsite and

converted the clay textured soil into a sandy soil by forming fused aggregates. Surface

temperatures of 3 0C were enough to reduce gibbsite contents and convert goethite to

maghemite (Ketterings et al., 1999a).

Phosphorus sorption experiments showed that static heat exposure to temperatures of

4500C increased the maximum sorption capacity and modified Langmnuir affinity constant. At

further heating, a reduction in maximum sorption occurred. These sorption data combined with

the addition of 'external' P in the form of ash explain our field observation of an increase n
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Bray-P that is larger at low intensity fires than at medium intensity fires and a decrease inBray-P

at higher intensity fires (Figure 3).

Table : Soil chemical properties in a secondary burn site with and without ash addition. E
sum of bases (Ca, Mg, K, and Na). Alsa = aluminum saturation (% of the total amount of
exchangeable bases including Al and H). Modified from Ketterings et a. (1 999b).

c N P-Bray Exchangeable Bases (cmol. kg-') A. pHH20
(gkg') (mg kg-') Ca Mg K Na Al 1 (%)

Before Burn 52.4 4.1 38.5 1.1 0.7 0.6 0.1 4.2 2.4 56 4.2

2 w After Burn:
Without Ash 48.2 4.7 59.1 1.4 0.6 0.4 0.1 1.6 2.6 34 5.2

With Ash 50.4 4.6 78.2 4.3 3.5 2.4 0.1 0.4 10.4 4 6.0

8 w After Burn:
Without Ash 49.1 4.6 46.7 2.4 1.2 0.2 0.0 1.0 3.9 1 8 5.3

With Ash 41.6 4.8 53.8 3.8 2.4 0.7 0.0 1.5 6.9 16 5.7

s.e.d. 3.57 0.32 8.36 0.57 0.36 0.19 0.02 0.45 1.08 7.2 0.22_

50.0 - U~~ 1 d after heat exposure 0]4 w after heat exposure

40.0-

30.0 -

bad 20.0-

10.0 

0.0 -~b) 0 ~L. 0

o o 0 ~~~ 0 0 0 0 0~

after exposure. From Ketterings et al. (1999b).
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Figure 3: Heat induced changes in P sorption characteristics lead to larger gains in Bray-P at low
intensity fires whereas at medium and high intensity fires, P fixation increases and only the
addition of large amounts of P into the soil solution can result in an increase in Bray-P. The
horizontal line shows the initial Bray-P level of the forest soil (ca. 20 mg kg-'). Pm b'eis the sum
of the P in the extraction solution and the amount of P sorbed to the exchange complex as
determined by the sorption curve experiments. From Ketterings et al. (1999e).

These results suggest that the use of fire adds immediately available P to the soil shortly

after the burn (an effect that could also be obtained with fertilizer addition) but shortens the

length of time over which P levels are beyond ambient by increasing P fixation. Therefore, high



60

intensity fires are undesirable, not only because of environmental but also because of soil

fertility reasons.

As long as no other relatively cheap method of forest conversion is known or available

for small scale farmers in the Sepunggur area, fire will remain an integral part of the farmers'

management system. However, a reduction in fuel load prior to the burn could lead to a

reduction of fire intensity, and an increase in P availability without the negative effects of a fire

induced increase in sorption maxima and P affinity constants.

For more information please contact Quirine M. Ketterings (Environmental Science

Graduate Program, 210 Kottman Hall, 2021 Coffey Road, Columbus Ohio 43210. Phone: 614

292-9049; Fax: 614 292-7432; E-mail: Ketterings.l1@osu.edu), Jerry M. Bigham. (School of

Natural Resources, 210 Kottman Hall, 2021 Coffey Road, Columbus Ohio 43210. Phone: 614

292-xxxx; Fax: 614 292-7432; E-mail: Bigham. 1@osu.edu) or Meine van Noordwijk (ICRAF-

SEA, P.O. Box 16 1, Jl. CIIFOR, Situ Gede, Sindang Barang. Bogor 1600 1, Indonesia. Phone: 62-

251-625415; Fax: 62-251-625416. E-mail: M.van-noordwijk~cgiar.org).
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INFLUENCE OF NITROGEN AND PHOSPHORUS FERTILIZATIONS ON

TRITICALE YIELD UNDER DRY CONDITIONS
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Summary: This study was conducted to evaluate the effects of N and P fertilizations on

grain yield of triticale. Field experiments were conducted at three locations and four

locations of Sivas province during 1996-97 and 1997-98 growing seasons, respectively.

The experiment was designed in a randomized complete block design with three

replications. Five rates of nitrogen (0, 40, 80, 120 and 160 kg N ha-') and phosphorus (0,

30, 60, 90, and 120 kg P,0 ha-') were applied. The trials of nitrogen and phosphorus

were conducted separately. Nitrogen application significantly increased the grainyiel

all sites in both years. Grain yield was significantly increased by P application at all

locations in the first year and at only Uzunya~la in the second year. The highest grain

yield was obtained from different fertilizer applications depending upon sites and years.

Introduction

Triticale is a versatile crop because it can be cut for forage at early spring when hay

-supplies are normally being depleted, then the same crop can regenerate and is harvested

for grain. Triticale also combines the winter hardiness and disease resistance features of

rye with high grain yield of wheat. However triticale is a relatively new cereal and is,

thus far, produced in small quantities only. A great deal of work has been done on wheat

and barley at different regions of Turkey, but only a few study has been conducted on

triticale.

Fertilizer is an important input of both intensive and conventional management systems

of cereal. Obtaining maximum benefit from fertilization depends upon a consciousness

and an economic use of fertilizers. First of all, when fertilizers are applied to soil, plant

nutrients must be well balanced in the soil and must be given in an amount that satisfies

the plant's need. In addition, environmental factors and soil type must be taken into
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account during this process. Nitrogen and phosphorus are major plant nutrients which

limits plant growth. Therefore, efficient use of N and P is an increasingly important

aspect of crop management systems.

Cereal crops show a wide array of responses to nitrogen fertilizer applications

depending on weather, soil characteristics, water supply and the nutrient responses of

the cultivated variety (Nagy, 1997). Generally, grain yield of cereals that are grown on

soils low in fertility increases with increments of N until yield is maximized (Nielsen

and Halvorson, 1991; Ayoub et all., 1994), and additional N does either not affect

(Yagbasanlar et all., 1988) or decreases grain yield (Frederick and Marshall, 1985; GehI

et all., 1990). Some researchers report that increasing levels of N fertilizer increase the

grain yield (Lafever and Schmidt, 1972; Mazurek and Mazurek, 1974). But the highest

grain yield is obtained from different N levels. The reductions in grain yield at very high

N fertility levels may be due to lodging, increased disease frequency, or to physiological

reactions by the plant itself (Blade and Baker, 1991). Many studies have shown

interactions between N fertility levels and other environmentel factors. Water

avilability determines the crop yield response to applied N fertilizer: a positive yield

response to N fertilizer will only occur with adequate moisture supply (Fowler et all.,

1989).

Phosphorus, like nitrogen, is important in small grain production. Cereal plants without

adequate phosphorus for nornal growth are stunted and poorly tillered, the stems are

slendered and poorly rooted, the leaves are smaller and darker green than normal, and

plant maturity is delayed (Cook and Veseth, 1991). Cereals grown on calcareous soils in

a dry mediterranean environments have generally responded to P fertilizer (Matar and

Brown, 1989). Since the complicated behaviour of P in soil makes it difficult to

establish an efficient P fertilizer application policy (R6mer and Schiling, 1986),

disagreement exists on the necessary doses of P fertilizers.

Although many studies wvere conducted to determine the requirements of N and P for

wheat, barley, rice and corn, experimental data for triticale are limited. The objective of

this study was to evaluate the effect of N and P fertilizers on titicale production under

dryland conditions.
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Materials and methods

Field experiments were conducted at three sites (Altinyayla, G&Ui~k, Uzunyayla) and

four sites (Altmnyayla, Gfictk, Uzunyayla, gecik) in arki~Jla area of Sivas province,

during 1996-1997 and 1997-98 growing seasons, respectively. The annual rainfall was

417 mm in Sivas based on 62-year average. Some information on soils (0-20 cm) taken

a few days before sowing was given in Table 1.

Table 1. Physical and chemical properties of soil at the 0-20 cm layer

_________ _______1996-1997 growing period_ _ _ _ _ _ _

Texture PH Lime EC NaHCO3 extractable Organic matter
_________ _______(%) j IS/cm P20 5 mng/kg9 (%)

Altinyayla CL 7.0 1.5 344 27.1 2.0
Gecilk CL 7.4 1. 2031 48.6 2.6
Uzuntyayla CL 7.2 7. 59 127.2 2.0

_____ ~1997-1998 growing period
Altinyayla c___ ____ 24.0 859 36.8 1.1
G&iUk L___ 7_7 16.6 313 50.6 1.2

Uziinyayla CL . 3.3 547 50.2 2.3
igecik CL 7_8 17.9 394 29.7 1.6

Five rates of nitrogen (0, 40, 80, 120 and 160 kg ha-') and phosphorus (0, 30, 60, 90 and

120 kg h') were applied. The trials of nitrogen and phosphorus were conducted

separately. The experimental design for each study was a randomized complete block

design with three replications. Plot size was 2.1 by 10.0 m. "Tatlicak" triticale cultivar

was seeded at a rate of 200 kg ha`. The harvest area of each plot was 16.38 in2 . The

experiments were dirilled in the October of 1996 and 1997.

In the phosphorus experiment all plots received a fixed application of 8 kg N ha` On

the other hand in the nitrogen experiment all plots received 8 kg P 205 ha`. Full dose of

phosphate along with half dose of N were given at sowing. Remaining half of the

nitrogen was applied at jointing stage. Herbicide was applied in order to control wide-

leaf weeds at tillering stage. Grain yield after physiological maturity was determined.

All data were subjected to analysis of variance. Least significant differences (LSD) were

used to compare means.
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Results and discussion

Nitrogen trials

Nitrogen fertilizer application increased grain yield significantly at all locations in both

years (Table 2). The magnitude of grain yield response from applied N ranged from a 17

to 26 % increase in 1996-97 and from 29 to 66 % in 1997-98 growing periods at the

various sites. The variations in yield observed between sites may have been due to

factors such as the soil texture, water availability, and the soil nutrient levels (Dubetz,

1977). Applied N increased triticale yields much more in 1997-98 than in 1996-97.

Table 2. Effect of N fertilization on grain yield of triticale (kg/ha)

____ ____ ____ ____ ____ 1996-1997 growing period _ _ _ _ _ _ _

kg N/ha Altinyayla Gilcilk Uzunyayla Mean
0 2263 c* 4210 c** 3217 c* 3230 d**

40 2723 ab 4617 bc 3577 ab 3639 bc
80 2970 a 5313 a 3850 a 4044 a

120 3043 a 4763 b 3813 ab 3873 ab
160 2503 bc 4597 bc 3490 bc 3530 cd

__________ ~1997-1998 growing period ______

kg N/ha Altinyayla Gilcik Uzuyayla Igecik Mean
0 3650 c*' 3110 c**" 1910 b** 1410 b** 2523 c*

40 4380 b 3580 bc 2510 b 3260 a 3438 b
80 5130 a 4830 a 4230 a 4200 a 4600 a
120 4730 ab 4700 ab 4630 a 3800 a 4467 a
160 4760 ab 5010 a 4660 a 3300 a 4396 a

r*idicates significance at the 0.05 and 0.01 respectively.

In both years of the study the control plots not receving N fertilizer had the lowest grain

yield at all locations. Nitrogen application increased the grain yield, but the highest

grain yield was obtained from different N levels at the various locations (Table 2).

These findings are in conformity with the observations made by Lafever and.Schmidt

(1 972) and Mazurek and Mazurek (1 974). N fertilizer enhances dry matter accumulation

by all plant parts (Boatwright and Haas, 1961), hence both the vegetative growth and the

grain yield are increased. Grain yield is determined by its components, thus grain yield

response to the N application may be attributed to the responses of its components.

Increasing nitrogen significantly increased the grain yield up to optimum dose, and

application of N above the optimum level for a region decreased yield. No lodging
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occured in either year, even at the higher N rates. The reductions in grain yields at very

high N fertility levels may be due to increased inter-and intra-plant competition for light

and moisture associated with excessive N-stimulated vegetative growth (Frederick and

Marshall, 1985) and/or the increased stress during the grain fill period, a result of roots

proliferated in soil surface, which is high in N (Bruckner and Morey, 1988) or

alternatively because of limitations for other essential plant nutrients (Karen et all.

1994).

The response to N was different at the locations and in the years (Table 2). The

differences in yield between locations and years were related to differences in total

rainfall and rainfall distribution in the growing period. Water availability determines the

crop yield response to applied N fertilizer (Fowler et all. 1989) and particularly water

stress limites yield response to N fertility.

Phosphorus trials

In general, grain yields were increased with P fertilization at each site in both of the

years (Table 3). However, phosphorus increased significantly the grain yield over the

control at three locations in the first year and at one location in the second year (Table

3). 60 kg P 5 ha` in 1996-97 and 30 kg P,05 ha` in 1997-98 generally resulted in

satisfactory yields. Titicale responded significantly to P application up to 30 kg P20 5

ha'at Altinyayla, and 60 kg P2, ha1 at Giicclk and Uzuniyayla in 1996-97, and 30 kg

P 20, ha` at Uzunyayla in 1997-98 (Table 3).

Response of the crop to P fertilization was different depending on the years. Relative

response to P was small in the second year, but large in the first year. Unexpectedly,

response to P was not large and expected at Altinyayla, Gilicilk and gecik in 1997-98,

since the initial soil tests for P at all three sites were relatively low (Table 1). It could

be that in 1997-98 the precipitation and rainfall distribution (data not shown) could be

more favourable for triticale. These results might indicate that growing season

characteristics could be more important for grain yield compared to fertilization (Juric et

all. 1995).
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Table 3. Effect of P fertilization on grain yield of triticale (kg/ha)
1996-1997 growing period

kg P 20 5 /ha Altinyayla Gticik Uzurnyayla Mean
0 2340 C* 3870 c** 3210 c" 3140 d**

'30 2747 abc 4023 bc 3480 bc 3417 c
60 2960 ab, 4507 ab 3893 a 3787 ab
90 3007 a 4663 a 3867 ab 3846 a
120 2583 bc 4407 ab 3647 ab 3546 bc

1997-1998 growing period______

kg P205/ha Altinyayla Glcik Uzurnyayla 1gecik Mean
0 4300 4930 3250 b** 3860 4088
30 4800 5010 4110 a 3960 4475
60 4683 5050 4720 a 3730 4548
90 4866 4610 4450 a 3610 4388
120 4916 5250 4330 a 3700 4550

**indicates significance at the 0.05 and 0.01 respectively.

It is apparent from this study that for satisfactory grain yield 80 kg N kg ha` and 30-60

kg P20 ha` may be suggested in the drier areas of Sivas province. But ideally, the

amount of N and P fertilization should be chosen according to cultivar, level of soil

nutrients, type of soil, and microclimate.
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Summ ary05

Over the past years the ariculture in Bulgaria is undergoing a process of reconstructinadtrcu0
changes. The utilization of mineral fertilizers has radually increased since 1948 and reached its smi
in 1981 when about 227 kg/ha NPK have been used. Nowadays these norms have been were and in 1996
they were only 35 kg/ha at the expense of applying N-fertilizers mainly in wheat. The efficiency of the Cc iijq
applied nutrients was estimated on slightly leached chernozem in the period 1967-1997. The regular ong-
term fertilization of N12 0P60K0 had a favourable effect on grain yield in an agronomical and economic &a
aspect (5070 kg/ha). The highest grain yield was received at fertilization with N120P12oKI 2 ( 5230 kg/ha).

Introduction

Bulgaria is a country with insufficient lands for agricultural exploitation. The
agricultural land is 56% from its entire territory and the arable areas - about 40 %.
Recently the situation is rather alarming because these lands are not being, rationally
used and agricultural production is annually decreasing.
The territory of Bulgaria is characterised with a rich variety of soils. The great and
alarming problem of Bulgarian agriculture is the preservation of soil from erosion and
pollution. Annually, over 100 million tons of fertile soil are lost due to water erosion
caused by natural rainfalls. Consecutively, the 25 cm humic layer is disappearing from
370 dka of land. This means that about 2.5 million tons of humus, 4 million tons of
nitrogen and almost 3.5 million tons of phosphorus are being, carried away.
Considerable areas, about 30 % of the agricultural soil, are potentially threatened by
wind erosion. The share of the low productive acid soils and of water-logged and saline
sIs s considerable. The lands with disturbed soil profiles as a result from building, or

mining are over 400 000 dka; they have already lost their natural morphological
structure and their unique ability of soil fertility.
In the book Our Common Future, published in 1987, the attention of the world
community was drawn to the problems of the pressure on the environment due to the
fast growing global population, its provision with quality food, the rational usage of the
natural resources, the critical accumulation of various garbage, the protection of the
environment and the preservation and increasing of soil fertility, etc.
The global experience so far has proved that it is not possible to meet the increasing,
demands for food products without using fertilizers and other chemical means. This
problem is even greater because the arable land per capita is constantly decreasing.
Evidently, the development of agriculture is not possible without reasonable application
of fertilizers, pesticides and other chemicals. It is known that one third of the world
agricultural production is due to fertilization.
The aim of this study was to offer a short historical review of fertilization in Bulgaria
and to compare different variants of fertilization which include various norms and rates
of introduced nutrition elements and their effect on yield and quality of the obtained
production; we also aimed at assessing the removal of nutrition elements with the
harvest, obtained from the variety Pliska as a result of a long-term research work.
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Materials'aiid methods

In a stationary field experiment with wheat-maize rotation initiated n 1967 in two field
crops, the effect of systematic mineral fertilization on soil fertility, plant nutrition, yield
and quality of wheat and maize have been studied. Four nitrogen and phosphorus and
three potassium norms have been tested - 0, 60, 120 and 180, nd 0, 60 and 120 kg/ha,
respectively. The experiment was designed by the method of the "net square", applying
the full version of the design (4 x 4 x 3 = 48) in four replication, the size of the harvest

C1 2 -N8P8Kplot being 20 m . An additional variant was included in the experiment -NSP 8 KS
kg/ha.
The following wheat varieties were used during the years of study: 1967 -cv.

Bezostaya-l; 1971-1973 - cv. Avrora; 1974-1980 - cv. Sadovo-l; 1980-1982 -cv.

Vratsa and from 1983 till now - cv. Pliska.
The chemical composition of the plants was established: nitrogen was determined by the
method of Keldhal, phosphorus content - by colorimetry to the yellow molibdate-
vanadate response, and potassium - by flame photometry. Data was processed with the
help of the statistical analysis softweare Biost at.

Results and discussion

The first available statistical data for fertilization in Bulgaria date from 191 1, when 94
tones have been applied naturally (Nikolova, Ikonomova, 1966). Until the Second
World War, between 50 and 150 tons of mineral fertilizers have been annually used, and
the main revenue of nutrition elements has been from organic sources. After the Second
World War the rate of mineral fertilization considerably increased in our country. The
data of the Central Institute of Statistics show that the maximal application of mineral
fertilizers has been reached in 1981, when c6ver 1 million tons have been introduced,
which means 227 kg/ha NPK. These data reveal that we are far from reaching the
developed countries in using fertilizers per area unit. Generally speaking, ariculture in
our country has never been confronted with the problem of overapplication of mineral
fertilizers. However, the problem of unbalanced usage of fertilizers has always been
important. In this connection, the nitrogen/potassium ratio is the most unfavourable. In
spite of the fact that since 1981 the use of potassium fertilizers has increased about 15
times, it is still inadequate to the needs of our soils and crops. In this case the N:K ratio
is considerably improved (1 : 0.24), but it is still much lower than that accepted in the
countries with intensive agriculture (minimum 1 : 0.4).
In the period 1982-1989 a decrease in the use of mineral fertilizers was registered,
which is 28 % for NPK in total. The most considerable decrease was established in
using phosphorus fertilizers - 47 %, followed by potassium fertilizers - 25 %, and
nitrogen fertilizers - 13 %. The N:P:K ratio was 1:0.84:0.20 in 1981 and changed in a
unfavourable direction in 1989 to 1:0.50:0.20. These data are an indication of
unbalanced usage of nitrogen fertilizers and the related unfavourable consequences for
sol fertility and the environment. The intensity of nitrogen balance for the period 198 1-
1985 is averagely 150-160 %, i.e. the increased amount of nitrogen fertilizers used does
not correspond to the yields, and a part of the nitrogen has been included unproductively
into the agricultural ecosystems (Nikolova, Ikonomova, 1996). The phosphorus balance
is also positive, but it was aimed at increasing the area with moderate and good mineral
reserves. In contrast to nitrogen and phosphorus, the intensity of potassium balance is
highly negative (averagely 25 %). The area of soils with low potassium reserves is
strongly increasing, (almost three times), and the area of soils with good potassium
reserve is decreasing with 10%.
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The data of the Central Institute of Statistics show that in the recent years there is a
sharp decrease in the amount of mineral fertilizers used in our country. The nitrogen
fertilizers have decreased to a relatively smaller degree - 3.2 times, the phosphorus
fertilizers have decreased 8 times, and potassium fertilizers have not been applied at all.
In 1989 the mineral fertilizers used have been 160 kg/ha, and in 1996 their amount have
fallen to 35 kg/ha, mainly at the expense of the nitrogen fertilizers for dressing of wheat.
There is a complete disbalance in the use of mineral fertilizers. The balance of nutrition
elements has changed from positive for nitrogen and phosphorus and negative for
potassium to highly deficient for all three main nutrition elements.
In this respect the data obtained from the long-term field experiment conducted in IWS
"Dobroudja" gives a valuable information about the effect of mineral dressing with
different norms and rates not only on wheat yield but on a number of indises that
characterise it.
Although during the 30-year period of study we have used wheat varieties of different
genetic potential, the presented data show the effect of the different fertilization norms
on the obtained mean ields (Table 1). The increasing norms of independent nitrogen
fertilization from 0 to 180 kg/ha lead to a double increase of grain yield - from 2100 to
4380 kg/ha. The independent application of phosphorus fertilization has a weak effect
on the ield, and the individual potassium fertilization does not affect it. The highest
grain ield was established in variant (40) with N120P 12oKI 20 - 5230 kg/ha, but most
profitable was variant (15) with N120P60K0 - 5070 kg/ha.

Tablel. Grain yield averaged for the period 1967-1997 (kg/ha)

K p NO N60 N12o Niso
KO ~ P0 2100 3800 4310 4380

P60 2260 4520 5070 4730
P1__0 2250 4590 5020 4610

_____P 180 2360 4670 5070 4480

K60 PO 2100 3850 4310 4410
P60 2300 4610 5130 4820
P120 2320 4460 5070 4670

_______P 180 2280 4690 5170 4680
K 120 P0 2040 3940 4290 4390

P60 2260 4420 5130 4770
P120 2290 4530 5230 4710

_______P 180 2270 4640 5160 4680

Worth of special interest are the grain yield variations at ratio N:P:K 1:1:1, but with an
increasing quantity of nutrition elements.When supplied in norms of N60P6OK6 0, the
lowest yield was obtained in 1985 - 2390 kg/ha, and the highest in 1997 - 7410 kg/a.
In increasing the norms to 120 kg/ha, the lowest yield was obtained in 1974 - 2260
kg/ha and the highest - in 1986 - 7700 kg/ha. In the additional variant included in the
experiment (NIgOP,soK,go),,the lowest yield was obtained in 1975 -2710 kg/ha, and the
highest in 1982 - 7240 kg/ha.
The application of high norms of mineral fertilization regardless of the different rates
between the nutrition elements has lead to a substantial decrease of grain yields during
the investigated period.
Table 2 presents the results obtained from cv. Pliska's, which was used in this

experiment for the last 15 years. The cultivar Pliska is one of the most producti'ie wheat
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varieties ec'ted in WS - General Toshevo. It is low-stemmed, lodJing resistant, early
mnaturngo wheat variety (Petrov G.,j982). Yield and quality are very well combined in
this variety, i.e. high productivity is accompanied by excellent backing qualities and
high lysine and protein content, and also earines with winterhardiness. Cv. Pliska is
suitable for cultivation in all wheat growing regions of Bulgaria.

Table 2. Grain yield of cv. Pliska averaged for the period 983-1997 (kg./ha)

K p NO N60 N120 N180
Ko PO 2050 4075 4760 4840

P60 2190 4720 5470 4960
P120 2140 4780 5320 4850
P180 2310 4800 5470 4670

K60o P0 2030 4160 4780 4810
P60 2240 4830 5480 5070
P12 0 2260 4520 5340 4890
P180 2270 4800 5480 4930

K120 P0 1960 4240 4720 4880
P60 2150 4560 5430 4900
P120 2110 4610 5580 4950

____P 180 2160 4740 5430 4840

The established tendencies for the effect of the different norms of fertilization on wheat
Yield were confirmed. The yields from the control variants without mineral dressing
were between 1280 and 3070 kg/ha , and for the 30-years period of investigation they
have never been under 1000 kg/ha. Again, the highest mean yield for the investigated
period from cv. Pliska was obtained in variant (40) with N12 0 P12 0 K12 0 - 5580 kg/ha, but a
small difference in the yield in comparison to the more economically profitable variant
(15) with N 2 0P60K - 5470 kg/ha is worth mentioning. In individual nitrogen
fertilization the highest efficiency of 1 kg N fertilizer was obtained in variant (2) with
N60P0 K0 - 300.2 kg grain. In fertilization with rising N norms the efficiency of 1 kg N
fertilizer falls down ( N120 - 220.6 and N180 - 150.5 k grain). Petrova M. (1984) has
reported that after a 16-year fertilization in the same experiment, the nitrogen norms of
150-180 kg/ha in ratio 1 : 0.7- 0.8 with phosphorus were effective in the intensive
wheat varieties. Our data obtained from the 30-year enrichment with nutrients of one of
the most fertile soils in Bulgaria, prove that the moderate nitorgen norms of dressing
(1 20 kg/ha) in N: P rates from under 1: 1 to 1: 0. 5 are the most favourable.
In selected variants from this experiment the effect of fertililization on the protein
content and protein yield was established. The meteorological conditions of the
investigated period had a strong effect on these indices. Averaged for cv. Pliska, the
individual nitorgen fertilization with increasing norms leads to the increase not only of
protein content in grain but also of protein yield (Fig. 1)
The independent application of phosphorus and potassium dressing as well as their
combination did not affect the values of these indices. Combining of 120 kg/ha nitrogen
with phosphorus in different rates leads to a significant addition in protein yield. In
long-term fertilization with N120P180K0 (17 var.) the greatest increase of protein yield in
companison to the control variant was established -340.5%. A similar result was
obtained in variant ( 40 ) with N12 0P12 0K120 - 336.9 %.The variant (15) with long-term
application of N12 0P 6OKo, where this addition according to the control variant was 330.6
%, is in third place. The lowest protein yield was obtained in 1985 - 267 k/ha
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averaged for all tested variants, when we obtained the lowest grain yields. The highest
grain yield - 755.7 kg/ha was obtained in 1990. In the same year the highest protein
yield in this experiment was obtained from variant (48) with N18oPI 8oK1 20 - 1041.4
kg/ha; the grain had a very high protein content - 14.96 % averaged for the tested
vaniants.

Fig.1 Protein yield (kg/ha) and protein content(%

0lkg/ha
S Protein /

2 3 4 6 9 0 15 16 ~~~~~~Protein %
20 1 2 2831 40 46 48

Under the slightly leached chernozem conditions, the quantity of NPK removal with
gorain yield varied widely according to the norms and rates of the nutrition elements.
Naturally, the lowest removal was established in the variant without fertilization (Table
3).

Table 3. Removal of nutrition elements with grain yield (kg,/ha) and NPK expense
for formation of 100 kg grain (kg)

Variants Removal of nutrition elements NPK expense for formation
with gran ield kgh of 100 k grain kg

_____ ~~N p K N p K
1. NoPoKo 35.3 16.9 11.7 1.80 0.84 0.59
2. N60 P0 K 0 77.3 29.7 22.8 1.95 0.74 0.58
3. N 120PoK 0 102.5 31.1 25.4 2.17 0.66 0.55
4. N 180P0 K0 108.9 32.1 26.9 2.27 0.66 0.57
6. NoPI 20K0 35.2 20.1 12.4 1.70 0.95 0.60
9. NoPoK 20 33.7 16.2 11.8 1.78 0.85 0.63

10. N6POo 84.2 41.1 28.6 1.83 0.87 T0,62
15. N 120P60Ko 116.5 44.3 31.6 2.15 0.81 0.59
16. N120P12oKo 115.2 48.7 33.5 2.18 0.92 0.64
17. N120P180K0 128.7 53.6 34.8 2.20 0.98 0.64
19. N120PoK,20 98.6 33.6 26.0 2.12 0.71 0.56
20. 8P00 115.4 39.6 29.0 2.34 0.83 0.59
21. NI8 OP120K0 110.5 42.7 28.7 2.31 0.89 0.60
22. NisoP18oKo 110.0 44.5 28.7 2.38 0.96 0.63
28. NoP1 2oK, 20 35.1 20.3 11.4 1.71 0.98 0.56
31. N60P60K0 86.1 42.9 27.1 1.82 0.89 0.58
40. N120P120K 12 o 119.1 53.8 32.5 2.13 0.96 0.60
46. N180P12 oKI 20 114.9 45.6 29.9 2.36 0.95 0.61
48. N 180P18 oKI 20 113.5 46.3 29.7 2.41 1.00 .0.63
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The indeperndent application of nitrogen with increasing norms enhanced the removal of
nutrition elements from 2 to 3 times. The combined application of NPK in different
rates increased the removal of nutrition elements with yield, phosphorus removal being
the highest.
The highest removal of nutrition elements was established in fertilization with
N120P180K0 (var. 17), where the mean ield from cv. Pliska wzs 5470 kg/ha. The same
yield was obtained from variant 15 with N120P60K0 but it occupied the third place
according to the NPK removal with grain yield after long-term fertilization with
N120P 12oKI 20 (variant 40).
In the selected variants of this experiment, the expenses for formatrion of 100 kg grain
varied from 1.71 to 2.41 for nitrogen; from 0.66 to 100 for phosphorus and from 0.55 to
0.63 kg for potassium. It is clear that the ields from variants 15 and 17 are identical and
only in variant 40 a mean yield higher with only 1 10 kg/ha grain was obtained. At the
same time the differences between them according to their expenses for nutrition
elements in formation of 100 kg grain were insignificant. These results show again that
under the conditions of the slightly leached chemozem in Dobroudja, the most
appropriate norm of long-term wheat dressing is N120P60K0. In this case the results for
cv. Pliska, averaged for the 15-year period of study, show that the expenses are 2.15 kg
nitrogen, 0.81 kg phosphorus and 0.59 kg potassium for formation of 100 kg grain.

Conclusions

Under the conditions of various enrichment of the slightly leached chernozemns with
nutrients, the optimal norms of wheat fertilization leading to stable yields accompanied
by a high quality of grain grain were established.
The regular 30-year long application of N 120P6oKo kg/ha contributed to the most
beneficial addition in yield in agronomical 'and economic aspect as compared to the
control without fertilization. Averaged for the 30-years period of study, the highest grain
yield was obtained in annual fertilization with N120P12oKI 20 - 5230 kg/ha.
This tendency was entirely confirmed by the continued study on cv. Pliska. Averaged
for the 15-year period, in fertilization with N120P6oKo the grain ield was 5470 kg/ha,
and in fertilization with N 120P12oKI 20 it was 5580 kg/ha. The protein ields in these
variants were 665.8 and 678.5 kg/ha, respectively.
The nutrient expenses of cv. Pliska in long-term fertilization with N120P6oKo for
formation of 100 kg grain were 2.15 kg nitrogen, 0.81 kg phosphorus and 0.59 kg
potassium.
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Summary 5. . 03

Significant increases of plant productivity have bee recor in field

experiments conducted between 1991 - 1994 using general purpose complex foliar

fertilizers as well as aminoacid containing complex foliar fertilizers.

These increases at the same time had positive environmental effects against

chemical pollution, especially with nitrates. As a rule, the greater the degree of nutrient

efficiency, especially of nitrate, the lower are the losses, which are subject to transfer to

the environment. So in the ight of environmental protection against chemical pollution

using foliar fertilization is certainly beneficial for crops and for all other components of

the agricultural environment giving rise to its significant improvement. Both, foliar and

soil fertilization in areas with limitation of fertilizer use should be camred out under a

continuous and strict analytical check of plant, soil and water.

1. Introduction

Data showing the effect of different complex foliar fertilizers and the productive

use of soil nutrients and their impact on yields are to be found in papers published by

Husseinov, 1960; Franck, 1982, and others. Field crop experiments aiming at

diminishing environmental pollution effects by using foliar fertlization were cohducted

also in Romania (Axinte, 1978; Borlan, 1988, 1989, 1995; Bunescu et al., 1989;

Caramete et al., 1987, 1988, 1989; Potirniche, 1988, 1989, 1990; ig~ria§, 1987),

confirming the reality of such environment protective effects against chemical pollution

of crops and soil.

The obtained data from 1991 to 1994 with foliar fertilizers at Chilia Veche,

Tulcea, showed the possibilities of fertilization of crops and the significantl effects

towards protection against environment pollution (ground and surface water, soil, crops

and air).

The studies were based on the objective rules of the crop production which were
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valid for he classic period development of agronomy (until 1920-1930) and also for

present period of intensive crop production.

2. Material and methods

The experiments with maize (kernels; DK Pioneer 3747 cvr.) and sunflower

(Select hybrid) were carried out on alluvial previously submerged soil, which has been

reclaimed by drainage.

Some physical and chemical properties of this soil were as follows: clay

(<0.002 nmm) = 24.0 %; sand = 26.0 %; silt 50.0 %; humus (organic carbon x 1.724) =

2,5 %; pHi in water suspension (:2.5 ratio) 7.7; mobile phosphorus (PAL) = 230 ppm;

mobile potassium (PAL) = 220 ppm.

Complex foliar fertilizers with amonium lignosulphonates (obtained as by

product from the cellulose manufacturing) and complex foliar fertilizers (both in

concentration of 1 %, that mean 600 litters of 1 % diluted solution/ha) were applied two

times (the first application at 6-8 leafs of plant and the second application after 10 days)

on the maize and sunflower plants.

Aminoacid compositions (Aminol, Fosnutren and Kadostim manufactured by

INAGROSA - Spain) as well as those manufactured at RISSA, Bucharest (Borlan et. al.,

1995) in concentration of 0. 1 %, were applied on the maize and sunflower also, in

comparison with complex foliar fertilizers frm RISSA. Experimental data were

analysed by Fisher method (1928).

3. Results and discussions

For evaluation of apparent degree of productive nutrient use from foliar

fertilizers (ADPUCFF) andfrom soil (ADPUs,i 1) the formulas were used:

ADPUCFF %(AB) iO
D

and ADPUsoii, % 100__

E

in which: A = yield obtained with fertilizers, t/ha; B = yield without fertilizers (control

spread with water), tha; C = specific nutrient content in yields, kg/t; D nutrients in

fertilizers, kg/ha; E = nutrients in yields without fertilizers (check) = B-C, kg/ha.

Increase of productive consumption of the nutrients (P n. in yields in

experiments with amnoacid composition (whose support of N, P20 5 and K 20 was

insignificantl) was evaluated with the formula:



Table 1

The yield increasesi) obtained by application of CFF on sunflower and maize plants (IS Select and H-D F-240 respectivelly) and productive use degrees of nutrients ^NP,K)

from CFF and from soil at Experimental Center from Chilia - Veche, Tulcea

Base Yield increases Nutrients in C1F'2 ADPUNCFF ADPUNs,,il
fertilization [ Sunflower Maize ____ ____Sunflower ____Maize Sunflower _ __Maize

and foliar [kg/ha Over kg/ha Over IFI I
fertilizers j check check _ _ _ _ _ 1 1 2 . _ _ _ _ _ _ _ _ _ _ _ _ II _ _ _ _

1 ___~~ __ _ N P205 K20 N P2 01I 2 0 N P 2 sjK2 NP 201K 2 0 N 2 05 1(20

ICF 2.9.3.l1. 170 5,5 234 -3,3 2,39 0,90 0,85 398 529 1760 269 324 446 104 104 105 102 102 102
ICF 2.9.3.2. 190 6,2 253 - 3,6 2,40 0,90 0,85 443 391 1967 289 351 j 481 105 105 106 102 J102 103
ICF 2.9.3.3. 132 - 4,3 357 5,0 2,37 0,90 0,84 319 410 1382 414 495 688 103 103 104 104 J104 104
ICF 2.9.3.4. 505 - 16 490 -6,9 2,37 0,90 0,84 1193 1571 5290 568 680 j 944 115 115 116 106 106 106
ICF 2.9.3.5. 343 1 1 350 - 4,9 2,37 0,90 0,84 810 1066 3592 406 485 675 110 110 ill 104 104 104
ICF 2.9.3.6. 247 8 482 -- 6,8 12,20 0,83 0,78 928 832 12789 60 76 1000 1107 107 1108 106 106 106

N ~oP 50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

ICF 2.9.3. 1. 176 5 383 J 4,8 2,39 0,90 0,85 412 546 -- 1821 441 531 729 104 104 105 10 14 0
ICF 2.9.3.2. 261 7 117 j 1,5 2,40 0,90 0,85 609 811 - 2701 133 162 222 107 107 108 100 101 101
ICF 2.9.3.3. 445 -- 13 363 4,5 2,37 0,90 0,84 1051 1384 -- 4661 421 503 833 113 113 114 104 104 -104

ICI`2.9.3.4. 624 18 785 9,8 2,37 0,90 0,84 1474 1941 6536 910 1090 1513 119 119 120 110 110 110
ICF 2.9.3.5. 283 -- 8 467 J 5,8 2,37 0,90 1084 668 880 2964 542 648 900 108 108 109 105 105 -~106

ICF 2.9.3.6. 426 12 743 9,3 2,20 0,83 0,78 1084 11436 -- 4806 928 1118 1542 112 112 j113 109 110 -110

DLS% 93 s0
1% 152 83

0.1% 284 155
1) specific consumption of nutrients (N = 27.5 kg; P10s 12,5 kg and lKiO = 16,2 kg with tone of grain + 1,6 tone of atemps for maize and N = 56.0 kg; P20 5 =28.0 kg and K20 = 88.0 kg for sunflower)
2) in 12.0 kg of CFF (2 applications of 600 liter solution/application)
3) 3075 kg/ha of grain for sunflower and 7124 kg/ha of grain for maize



Table 2

The yield increases') obtained by application of CFF on sunflower and maize plants (HS Select and HID F-240 respectivelly) and productive use degrees of nutrients (NP,K)

from CFF and from soil at Experimental Center from Chilia - Veche, Tulcea

fertilization Sunflower Maize - _ _ Sunflower _ ______ Maize ____Sunflower Maize___

and foliar [kg/ha Over kg/ha Over I I~ 
fertilizers check check 11 ) ( _ 121 N _ _ _ 2 5 K ~ N2 _ 125 _ J 125 K0 1 2 ~ 12

lCF 6.2.3.2. 873 27 732 1 1 1,78 -2,75 1,87 -2750 890 4110 1145 - 933 635 126 124 126 110 1o8 109
ICF 6.2.3.3. 543 17 284 4 1,79 2,79 1,90 1705 548 2525 435 - 127 242 --116 114 116 103 101 102
lCF 6.2.3.4. 430 13 705 Ii1 1,75 2,72 1,87 1375 442 2020 1110 -- 321 610 112 110 112 110 107 109
ICF76.2.3.5S. 689 - 21 1136 17 1,69 2,62 1,79 2280 737 3340 1850 - 543 1029 --121 118 120 116 114 115
ICF 6.2.3.6. 730 - 22 874 13 1,65 2,54 1,74 2475 803 3690 1452 429 813 -=122 119 121 112 110 112
ICF 6.2.3.7. 558 - 17 987 15 1,48 2,27 1,56 2110 687 3140 1840 - 542 1025 116 115 116 1114 112 113
I1F6.2.3.8. 616 9 1403 2 1 1,50 2,32 1,45 2310 747 1 3740 2370_ 759 1574 -118 1 116 118 120 118 1120
N soP 5 o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ICF 6.2.3.2. 1457 - 44 1926 29 -1,78 2,75 1,87 4590 1485 6850 2970 875 1670 143 141 144 128 126 127
ICF 6.2.3.3. 968 - 29 1535 23 1,79 2,79 1,90 3030 972 4480 2360 688 1310 128 126 129 122 120 121 -
lCF 6.2.3.4. 829 25 1414 21 1,75 2,72 1,87 2650 S53 3900 2220 651 1224 124 122 125 120 118 120
ICF76.2.3.5. 1263 - 38 1576 24 1,69 2,62 1,79 4190 1350 6200 2560 751 1430 137 136 138 123 121 122
ICF76.2.3.6. 1325 - 40 1682 25 1,65 2,54 1,74 4500 1460 6710 2810 826 1565 139 138 140 124 122 124
lCF 6.2.3.7 1193 - 36 1784 1 27 1,48 2,27 1,56 14510 1470 6720 3310 983 1855 135 134 136 124 124 125
1C176.2.3.8 120- 3 1960 30 f1,50 2,32 1,45 4570 - 1352 6810 3590_ 1056 210 132 132 13 12 17 12
DL5% 77 133

1% 128 188
0.1% 239 351
1) specific consumption of nutrients (N = 27.5 kg; P20s 12,5 kg and K.20 =16,2 kg with tone of grain + 1,6 one of stemps for maize and N = 56.0 kg;, P20, 28.0 kg and K20 = 88.0 kg for sunflower)
2) in 12.0 kg of CFF (2 applications of 600 iter solutionlapplication)
3) 3075 kg/ha of grain for sunflower and 7124 kg/ha of grain for maize



Table 3

The yield Increases and the nutrients consumption increases determined by follar composition with asndnoacids applied on sunflower plants at Experimental Center front Chilla-Veche, Tulcea

Foliar Yield-increases Increases of nutrient consumption' in comparison with check________
composition kg/ha Over check N, kg/ha %P 205, kg/ha 1(K20, kg/ha %

with aminoacid __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

Chck ___ __ ___ __ _ _ __ ___ __ __

AASI 165 5 9,24 5,3 4,62 5,3 14,52 5,3
AA82 374 12 20,94 12,0 10,47 12,0 32,91 12,0_
AAS3 296 10 16,57 9,5 8,29 9,5 26,04 9,5
AA84 416 13 23,29 13,4 11,67 13,4 36,60 13,4
AAS5 279 9 15,62 9,0 7,81 9,0 24,55 9,0
AASI+S2+S33 ' 445 14 24,92 14,3 12,46 14,3 39,16 14,3
,5AS4+S52 592 19 33,15 1 9,0 16,57 19,0 52,09 1 9,0

DL 5% 279
1% 376

0.1% 502
AA5 = compositions with aminoacids manufactured by INAGROSA - Spain.
1) specific consumption of nutrients (N = 56.0 kg/t P20, = 28.0 kg/t and K20 =88.0 kg It)
2) Yield obtained with check: 3107 kg of grain/ha
3) Mixed in equal ratios

Table 4

The yield ncreases and the nutrients consumption Increases determined by foilar composition with andinoacids applied on maize plants at Experimental Center fromt Chila-Veche, Tulcea

Foliar ________ Yield increases ________Increases of nutrient consumptions)
composition 1992 __ 1993 __ 19942) - 1992 1993 1994 _ _

with kg/ k/kg/ N iP 205 10 N P205 K(20 N P205 K)0
aminoacids ha ____-0 ha ___ ha %kg/ha _____ kg/ha %kg/ha 

- -ckir--- -- ------.

AASI 243 4 616 16,3 171 6,1 1 6,7 3,0 3,9 3,5 16,9 7,7 10,0 16,3 4,7 2,1 2,8 6,0
AAS2 300 5 682 18,0 194 6, 8,2 3,7 4,9 4,9 18,7 8,5 11,0 18,0 5,3 2,4 3,1 6,9
AA83 481 7 851 22,5 281 10,0 13,2 6,0 7,8 7,0 23,4 10,6 13,8 22,4 7,7 3,5 4,5 1 0,p0
AAS4 650 9 874 23,1 294 10,5 17,9 8,1 10,5 9,4 240 0,9 1, 3, , ,7 48 1
AASS 493 7 568 1, 7 9,5 13,6 6,2 8,0 7,1 15,6 7,1 92 1, , , , ,
AA81+82+S3` 902 13 928 2, _ __ 24,8 11,27 14,6 13,1 255 16 150 4, - -

AA844-SS4 1000 15 906 239 - 275 15 162 4, 2,9 13 147 39 ---

DI % 279 178 256
1% 377 241 351

0.1% 502 321 478
AAs compositions with aminoacids from Spain
1) Specific consumption of nutrients (N 27.5 kg; P2 0s = 12,5 kg and K20O= 16,2 kg with tone of grain +I 1,6 tone of stemps for maize)
2) Foliar compositions with aminoacids manufactured in RISSA (Borlan et. at. 1994)
3) Yields obtained with check: 6875 kg/ha in 1992; 3786 kg/ha in 1993 and 2814 kg/ha in 1994
4) Mixed in equal ratio
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Pc, kg/ha = (F - G) x H

in which: F = yield obtained with aminoacid compositions, tha; G = yield in

check (spread with water), tfha, and H = specific nutrient content in yield, kg/t.

From experimental data on maize for kernels and on sunflower obtained (from

1991 to 1993) with complex foliar fertilizers and with aminoacid compositions (from

1992 to 1994), in comparison with check (whith water), we observed very high apparent

coefficients of nutrients use from complex foliar fertilizers (tables 1 and 2) and from

soil (tables 3 and 4), ranging from hundreds to thousands. This means that complex

foliar fertilizers (IC ICPA) and aminoacids compositions have resulted in a significant

increase of productive use of nutrients from fertilizers and from soil.

A higher productive use of nutrients in crops from fertilizers applied to the soil-

plant system have certainly caused a diminution of their dissipation in the soil by

chemical pollution (especially with nitrates).

This diminution is of advantage especially for soils which previously were very

intensively fertilised but for soils poorly and sightly supplied with nutrients, an

analytical control for plants and soil has to be carried out.
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Summary p4r&-,,
In view of increasing productive use of fertilizer nutrients in crops an admixture

of brown coal dust containing up to 40 % carbon ammonia lignosulfonate with 50 %

lignoles dry matter as binding agent were used to press water soluble fertilizer sources

with a total of N+P20 5+K 20 content of up to 26 % in tablets. These may be

manufactured at different N:P20 5:K20 ratios as for instance 1; 1:0.75:0.50 etc.

Brown coal and coal refuse dust were used as matrix for inclusion while lignosulfonates

served for binding the ingredients when pressing them in tablets of 15-20 g dry mass

each. These were tested in accurate field experiments to compare the agronomic

effectiveness of equal amounts of NPK in tablets with equivalent rates of powdered

sources of nutrients in the same chemical forms. NPK pressed in tablets were applied

locally along the plant row, while the powdered mixed fertilizer have been thoroughly

mixed in the ploughed layer.

Accurate field experiments have pointed out the higher agronomical

effectiveness of NPK pressed in tablets as compared to equal amounts of NPK

powdered and thoroughly mnixed into the ploughed layer of soil. Indicators were higher

yield increases per nutrient unit and higher degrees of apparent productive use of

nutrients in crops.

1. Introduction

The productive use of the nutrients in crops may be enhanced also by

manufacturing mixed fertilizers containing adequate solid sources of nutrient

thoroughly mixed with brown coal dust consolidated with lignosulfonates and pressed

in tablets. The soluble nutrients so incorporated into a matrix of coal powder and
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lignosulfonates are protected against direct contact with soil coloids having a binding

strength for phosphorus and potassium 1,2 . The organo-mineral matrix of the pellets

ensures also a certain degree of protections of soluble nutrients against leaching and

subsequent losses. As a result of such effects the productive use of nutrients from

fertilizer pressed in tablets significantly increases along with corresponding decrease of

environment pollution risk. Formerly Ciocan (1 989) tested such mixed fertilizers using

synthetic polymers as inclusion and consolidating matrices but these proved to be

resistent to degradation by the soil microbial population. In 1998, romanian patent

office4 has issued a patent nr. 112610 to Borlan et al for mixed fertilizers pressed in

tablets using brown coal dust and carbon containing refuse from cleaning coal for cooke

production, both as matrix of incorporation and lignosulfonate 50 % suspension as

matrix of consolidation.

2. Materials and methods

A mixture of coal dust, containing up to 40 % C, and lignosulfonate suspension with

50 % organic dry matter (lignoles) were used to produce fertilizers pressed in tablet with a

total N + P20 5 + K(20 content of up to 26 %. These tablets were manufactured at 1: 1: 1

N:P20 5:K20 ratio.
The resulting dry and solid tablets with a dry mass of 15 - 20 g/tablet were tested in

exact field experiments (during 1995 - 1998) in different pedo-climatic conditions with the

aime to compare the effect of the amounts of nutrients included in tablets with equal

powdered nutrient amounts applied mixed into the plough layer, recording the yields of

mature plants.

From 140 to 150 kg N + P20 5 + K 20/ha were applied taking into account plant density

(one tablet at 5-6 cm under each plant) in case of maizes and 226.8 kg N + P20 5 + K20/ha for

potatoes. The experimental sites the authors of the cited experimental data are mentioned in

the table 1, which contains the experimental results.

3. Results and discussions

In order to comput~ the apparent degree of productive nutrient use (ADPU) from

tablet fertilizers (TF) and from powdered nutrient compounds (PF) the following formula was

used:

DxE
AIDPUTFor PF D XW
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To compute the degree of productive nutrient use from soil (PNUil) the followinj

formula was used:

ADPU.il = A-B X0

In these formulas: A = nutrient in yield with fertilizers; B = nutrient from fertilizers; C

=nutrient in yield without fertilizers (control); D = yield increases; E = nutrient uptaken in

yield increases.

The obtained results were statistically tested and are significant.

The yield increases of maize for kernels (table 1) are comprehended in a large

domain of values in correlation with the climate and soil conditions (temperature, moisture)

and also, with the genetic potential of maize hibrids.

By application of tablet fertilizers in comparison with powdered nutrient compounds

fertilization the average values of the ield increases were between 12.6 kg grain/ha

(respectively 0.2 %) at Sinandrei - Timis experimental station, where droughity climate

prevailed during experimentation, and 1325.0 kg grain/ha (respectively 26.0 %) at D~bulen -

Dolj experimental station under irgation conditions.

The yield increases of potatoes were between 3630.0 kg/ha (respectively 1 1. 1 %) and

3860.0 kg/ha (respectively 11.2 %) at ICPCC Bra~ov experimental station.

There are no signifficant differences of yield increases between tablets with carbon

containing refuse from cleaning coal for cooke production (TF5) and tablet with brown coal

dust (TFL).

The table 1 shows also that the specific yield increases (kg main product/kg N + P205

+ K20) in maize for kernels are 0. 1 up to 12.7% higher than for the powdered nutrient

compounds.

The specific increase of yields for potatoes are between 36.8 and 48.0 kg/kg N + P205

±1K20 (with 16.0 to up 17.0 kg more than powdered nutrient compounds fertilization).

The results showed a significant increase of productive nutrient use from soil and

from applied fertilizers in experimental data obtained during 3 and 4 years with tablets

fertilizers.

This is reflected by the large apparent degrees of productive use of nutrients from

tablet fertilizers, ADPU (table 2), and from soil (table 3).
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Table 1
The effect of mixed NPIK fertilizers in tablets on maize for kernels and on potatoes as compared with
powdered fertilizers of the same chemical forms (average experimental data for 3-4 years, 1995 - 1998)

Yield increases Specific yield

Fertilization Yields Comparative with Comparative with~ increase
check eqiv NK ered

_______ .!~gL/ha k/ha J % _ __ZZlhaiZIII
Maz Tra 0.SPPCrnee aa Severn, alluvial mnollic litic soil, Bandu99G. 1998)

Control 6600 - - - - -

TTF**) 7839.7 1239.7 18.8 544.2 7.5 8.6 3.8
Equiv.NPK~ 7295.5 695.5 10.5 - - 4.8 -

TFL" 7714.7 1114.7 16.9 505.2 7.0 7.7 3.5
Equiv.NPKL 17209.5 1609.5 - 9.2 1 - - 4.2-

P ttoes(Snt~ . IPCC BrasoiP che nozem soil, oia Maria 19 6 1998)~~____
Control 27550 - -- - - -

'IT$ .) 38430 10880 39.5 3860 11.2 48.0 17.0
EquivMNK$ 34570 7020 25.5 - - 31.0 -

TFL.. 35890 8340 13.0 3630 11.3 36.8 16.0
_Equiv.NIKL 32260 470 17.1 1 - - 20.8 1 -

Maiz (HT - SV 1g). SCA Suceava, chernozem like soil, Bandu G. (995 - 1997, ) ___

control 5165.3 - - - - - -

TF~~~~~~ 6147.7 982.4 19.0 153.7 2.6 6.8 1.0
Equiv.NPK$ 5994.0 828.7 16.0 - - 5.8 -

TFL ... )6251.0 1085.7 21.0 148.3 2.4 7.5 1.0
EquivMNKL 6102.7 1937.4 18.1 . - - 6.5 1 -

Maz P- C o oi-ai cambic chernozem, Rusu C. and ItaiElena (19 1998)

Control 7390.0 - { - - - . - -

7T15 .. 8895.0 1505.0 20.4 322.5 3.8 10.5 2. 3
EquivMNK$ 8572.5 1182.5 16.0 - - 8.2 -

TEL .)8995.0 1605.0 21.7 595.0 7.1 11.1 4.1
EquivMNKL 18400.0 1010.0 j 13.7 - - 7.0-

MieNS 42) inandrei. OSPA Timis, brown argillic mollic soil, rim t L(961998
Control 4296.0 - - - - - -

71F .. 6253.6 1957.6 45.6 12.6 0.2 13.6 0.1
EquivMNKS 6241.0 -1945.0 .45.3 . - - 13.5 
TEL- 6158.3 1862.3 43.3 25.3 0.4 12.9 0.1
EquivMNKL 16133.0 11837.0 42.7 - - 12.8-

M iz (P -110. USAMV Ia~cabic chernozem, Bireu L ( .998)
control 5326.3 - - - - --

~~$"*) 7069.3 1743.0 32.7 774.0 12.3 12.1 5.4
EquivMNK$ 6295.3 969.0 18.2 - - 6.7 -

TFL"') 7137.0 1810.7 34.0 872.4 13.9 12.6 6.1
Equiv.NPKL 6264.6 938.3 17.6 - i - 6.5-

Mj(HD - 4 SCCPN Dibuleni - Dlsandy sol Prodan (195 - 1997) ____

Control 2832.6 - - - - - -

TF$*m* 6425.0 3592.4 126.8 1325.0 26.0 24.9 5.2
Equiv.NPK$ 5100.0 2832.6 80.0 - - 19.7 -

TEL ... 6115.0 3847.6 115.9 1270.0 26.2 26.7 12.7
1EquivMNKL 4845.0 12012.4 i71.0 - f - 14.0-

kg/kg of N +P205 + K(20 _) Diferences (kg/kg of N +P205 +1(20)
Tablets with carbon containing refuse resulted from cleaning coal for cooke production.

) Tablet with brown coal dusty.
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Table 2

Effect of mixed fertilizers in tablets on apparent degree of productive use of nutrients (ADPIJ)
on maize for kernels') as compared with powdered forms (using average experimenta data for
3-4 years, 1995-1998)

Fertilzatio ADPUT_.) ad ADPUF ... Differences comparative with NPi(_
Fertilizaion ADPUF~ and APUPF (%)powdered

N P20 5 K(20 N P20 5 K2 0
Maize (Turda - 260). SCPP Caransebe" - Cara5 Severin, aluvial mollic litic soil, Bandu G.

_ _(~~~~~19-199_ _
TF$ 71.0 32.3 41.8 31.2 14.2 18.3
Equiv.NPK5 39.8 18.1 23.5 - - -

TFL 63.8 29.0 37.6 28.9 13.1 17.0
Equiv.NPKL 34.9 15.9 20.6 j -- -

Maize (HT - SV 108). SCA Suceava, chernozemlike soil, Bandu G.
_____ _____ ___ _____ _____ ____ 1995 - 1997) _ _ _ _

TF5 56.3 25.6 33.2 T 8.8 4.0 5.2
Equiv.NPK$ 47.5 21.6 28.0 - - I -

TEL 62.2 28.3 36.6 j 8.5 3.9 5.0
EqIuiv.NPKL 53.7 24.4 31.6 - - I -

Maize (PI -110). SCA Podul Boaie - Ia~i, cambic chernozen, Rusu C. and Istrati Elena
____________ (1~~995 - 1998) _ _ _ _ _ _ _ _ _

TF~ 86.2 39.2 50.8 18.5 8.4 10.9
Equiv.NPK$ 67.7 30.8 39.9 - - -

TEL 91.9 41.8 54.2 34.0 15.5 20.1
Equiv.NMK 57.9 26.3 34.1 - - -

Maize (NSSK - 420) SinandreL OSPA Timis, brown argillic mollic soil, JFimbota L
__________ _______ ~1996 - 1998) _ _ _ _ _ _ _

TF$ 112.1 51.0 j 66.1 0.7 0.4 0.5
Equiv.NPK$ 111.4 50.6 65.6 - - -

TEL 106.7 48.5 62.8 1.5 0.7 0.8
Equiv. NPKL 105.2 47.8 62.0 - - -

Maize (PI - 110). USAMV la~i, cambic chernozem, Bireescu L.
_______ (~~1995 -1998) _ _ _ _ _ _ _ _ _ _ _

TFs 99.8 45.4 58.8 44.3 20.2 26.1
Equlv.NPK$ 55.5 25.2 32.7 - - -

TEL 103.7 47.1 I 61.1 50.0 22.7 29.4
Equiv. NPK 53.7 24.4 31.7 - -1 -

Maize (HD) - 420). SCCPN Dibulen - Dolj, sandy soil, Prodan L
93.5 197

TF$ 205.8 935121.2 43.5 19.8 25.6
Equiv.NPK$ 162.3 73.7 95.6 - - -

TEL 220.4 100.2 129.8 105.1 47.8 61.9
Equiv. NPKL .115.3 52.4 67.9 ______ ______ _____

*) Specific consumption with 1 tone of main product + 1,6 tone cobs = 27,5 kg of N,
12,5 kg Of P205 and 16,2 kg of 1(20.

*)Apparent productive use of nutrients from tablets fertilizers.
***) Apparent productive use of nutrients from powdered fertilizers.
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Table 3

Effect of mixed fertilizers in tablets on apparend degree of productive use (ADPU) of soil
nutrients in field experiments on maize for kernels (using average experimental data for 3-4
years, 1995 - 1998)

Fertilization ~~~1DifferencesFertilization P20 5 K2 0 comparative with
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ N K p o d e re d

Maize (Turda-260). 8CPP Caransebe" - Cara5 Severin, aluvial moilic litic soil, Bandu G.
______________(1995 - 199_ __ __ __ __

TF~ 92.4 60.6 73.9 J8.3
Equiv.NPK$ 84.1 52.3 65.6 
TEL 80.5 58.7 72.0 j7.6
Equiv. NPKL 82.8 51.0 64.3 ________

Maize (HIT - SV 108). SCA Suceava, chernozemlk soil, Bandu G.
(1995 - 1997

TF$ 85.2 44.6 61.6 T2.9
Equiv.NPK$ 82.3 41.7 58.7 
TEL 87.2 46.6 63.6 j2.8
Eguiv. NPKL 84.4 43.8 60.8 _________

Maize (PI -110). SCA Podul lloaie - lagi cambic chernozem, Rusu C. and Istrati Elena
______ _____ ______ ______(1995 - 199 8) _ _ _ _ _ _ _ _ _

TFs 96.8 68.4 80.3 4.3
Equiv.NPK$ 92.4 64. 0 75.9 
TEL 98.1 69.7 81.6 8.0
Equiv. NPKL 90.1 61.7 73.6

Maize (NSSK -420) SandreL OSPA Timi$, brown argilic mollic,lTimbota L
______ _____ ______ ______(1996 - 199 )

TF$ 104.9 56.2 76.6 0.3
Equiv.NPK$ 104.6 55.9 76.3 
TEL 102.7 54.0 74.4 0.6
Equiv. NPKL 102.1 53.4 73.8 ________

Mie(PI - 1 10). USAMV Ia~i, cambic chernozem, Bireescu. L.
________ ___ ____ ________(1995 - 199 8

TF$ 99.9 60.6 [ 77.0 14.5
Equiv.NPK~ 85.4 j 46.1 62.5 
TEL 101.2 61.9 j 78.4 16.4
Equiv. NPKL . 84.8 45.5 j 62.0

Maize (HI) - 420). SCCPN Dibuleni - Dolj, sandy soil

TFs 165.2 T 91.3 122.2 46.8
Equiv.NPK$ 118.4 j 44.5 75.4 
TEL 154.2 80.3 j 111.2 44.8
Equiv. NPKL . 108.4 J 35.5 66.4 ________
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A higher productive use of the nutrients from soil and from fertilizers applied into

soil-plant system in crops is diminishing the risk of the release of nutrients into the

environment and the degradation of the soil by chemical pollution (especially with nitrates).

In conclusion, it can be said that in comparison with powdered nutrient compounds

fertilization the application of nutrients included in tablets fertilizers determined during 3 and

4 years of field experiments significantly increased yield in correlation with the climate

(temperature, moisture) and the soil conditions.

This method of fertilization resulted in a higher productive nutrient use by crops from

applied fertilizers and from soil and in a diminishing of the disipation risk of the nutrients

into the environment.

The application of these fertilization methods seems to assure an ecological protection

of the environment.
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Summary "'''''

This paper presents data concerning the influence of foliar application of some FK 1,

types of complex foliar fertilisers under the conditions of SCPP Caransebes (Caras- p

Severin district). The composition of these nutrients fulfils the nutritional needs of the

fr-uit growing species on the fruit yield obtained in orchards. The application of different eAJ L4,

types of foliar nutrients on plants teguments resulted in some significant ield increases

for the two species that were studied:. apple and plum tree.

The novelty of this paper is represented by the apparent degrees of productive

use in yields of the macro and micronutrients from foliar fertilisers, as well as the

productive use degrees of nutrients present in soil and of the nutrients applied in soil

(we took into account the mean values for the studied years). 05. 0
The apparent degrees of productive use (in yield increases) of the nutrients from

complex foliar fertilisers applied on apple-trees and plum-trees generally exceed 100 %

They determine high levels of productive use of the nutrients from soil and foliar

nutrients applied. The experimental data emphasise the ecological protection effect of

the supplementary foliar fertilisation for the yield stimulation especially on soils with

light texture and sloping soils.

1. Introduction

Supplementary stimulative foliar fertilisation in orchards is an efficient mesure

for yield increase as a result of a relative small consumption of nutrients fromi foliar

complex fertilisers application, as well as of a reduced price of application.

Experimental data in addition emphazise the ecological protection effect of the

supplementary foliar fertilisation and yield increases (Borlan and al., 1988, 1989, 1991,

1994). Similar ideas have been expressed by Witwer et al., 1969; Swietlick, 1982, 1984;

Merlo et al., 1987; they found that:

- the foliar application with urea in fruit orchards maintain a proper level of

nitrogen in leaves (especially in autumn, after the fruits harvest), also determining the

accumulation of some organic substances reserves in the organs of the trees; .
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- the pplication of foliar fertilisation can increase the amount of nutrients in

leaves and fr-uits;

- the foliar fertilisation may be considered as a mean to diminish the presence of

some elements found in excess in the soil, by the productive use in the crop.

In the conditions of Romania the supplementary stimulative foliar fertilisation is

an important objective of the agricultural researches. The experiments with complex

foliar fertilisers (CFF) have been effectuated for many years in different

pedoclimatiques conditions of the country with various fruit trees species emphasising

some high levels of productive use of the nutrients from soil and from nutrients applied

in soil. The effect of ecological protection due to foliar fertilisation is more evident in

the areas suboptimal for plant growth. Such conditions are frequently found in orchards.

2. Material and methods

The studies carried out in the last years in our institute have lead to the

formulation of some complex foliar fertilisers which enclose the adequate sources of

macro and micronutrients and the various organic substances acting as vitamins and

hormones. For the fruit trees some types of complex foliar fertilisers were elaborated

with an adequate chemical composition, coded CIT 6282; CIT 6288 and CIT Folifag

(table 1).

Table 1
Chemical composition of the complex foliar fertilisers (CFF) 628 tested experimentally
in orchards on unsaturated soils under the condition of SCPP Caransebes (1996-1998)

Element g element substance/ kg fertiliser
substance CFF 6282 CFF 6288 CFF FOLIFAG

N 187,0 161,5 75
p 58,0 50.0 25
K 115,0 98,7 40
S 22,0 13,9' 1,5
Fe 0,603 0,5 19 
Mn 0,352 0,303 0,100
Zn 0,251 0,216 0,080
B 1,005 0,865 0,1500
MO 0,151 0,130 0,0010
HGP 24 
LSF __ _ __ _ __ _234

TmHCI 0,5 0,55_ _ _ _ _ _ _ _ _ _

PcHQl 1,0 1,0 _ _ _ _ _ _ _ _ _ _

NftK 10,0 10,0 _ _ _ _ _ _ _ _ _ _

Plus S from LSF (and N from LSF)
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To test these products stand experiments with apple trees (Golden Delicious/

MM106) and plum trees (Stanley / mirobolan) were organised in pedoclimatique

condition of Herendesti (Caransebes Station) in the years 1996, 1997, 1998.

The soil was a slightly eroded luvic Hapludalf soil, with vertic and melanic

characters, developed on swelling clays. The main agrochemical characteristics of the

soil from the experimental site are represented in the table 2. These characteristics

generally emphasise a low fertility level of the soil.

Table 2
Main agrochemical characteristics of the slightly eroded luvic Hapludalf soil under the
conditions of Herendesti (SCPP Caransebes)

Depth (cm) tHH0Humus % P&L pPM p

0-20 5,3 2,23 6,7 68

20-40 5,5 1 ,168 35,2 86

40-60 5,6 1,05 13,6 60

The experiments were organised in a randomised block design with three

replications. The complex foliar fertilisers. (CFF) were applied in 1% concentration

(except the control, where only water was applied), the quantity of the solution was

1000 l/ha for one application. There were four treatments per year corresponding to the

critical vegetative stages of the fruit trees.

The paper presents the following aspects: the effect of foliar fertilisation on the

Yields; the apparent degrees of productive nutrient use in yields from CFF (ADPN C,

%) and the degrees of productive nutrient use from soil and fertilizers applied to soil

(DPN S, %). For the estimation of these degrees the average data regarding the yields in

the experimental period were used. In all variants complex fertilisers (200 kg per ha)

and manure (20 t per ha) in soil were applied. The results concerning the yield increases

were statistically tested by the method of variance analysis.

3. Results and discussions

The soil and climate conditions from Herendesti (1996-1998 period), with the

above normal pluviometric regime and the high temperature in the summer, had a

negative influence on the nutrition of the fruit trees. In these conditions, the application

of the foliar fertilisation, using CFF 6282; CIT 6288 and CFF Folifag resulted in a

spectacular increase of the yield for the two species. For apple trees (table 3), Golden
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Delicious/MMI06 variety, the yield increases were between 1,36 -1,67t/ ha (14-17%),

while for plum trees (table 4) between 3,33-3,57 tha (15-16%); the different levels of

the yields in the experimentation years have been determined by the climatic

conditions.

Table 3
Experimental data showing the effect of supplementary stimulative foliar fertilisation
on apple yields at Herendesti - SCPP Caransebes

Treatment 1996 1997 1998 Average % Difference Signifi-
__________I______ _______ _______ t/ha tfha cance

Control 6,25 11,51 11,06 9,81 100 -

CFF-6282 8,24 13,58 12,61 11,48 117 1,67 ____

CFF-6288 7,78 13,00 12,72 11,17 114 1,36 ____

CFF Folifag 7,91 13,25 12,39 11,18 114 1,37
DIL5% 0,35 0,27 0,08 3,7 0,45
DL 1% 0,48 0,36 0,11 5,6 0,68
DLO0,1% 0,65 0,48 0,14 9,1 1,11

Table 4
Experimental data showing the effect of supplementary stimulative foliar fertilisation
on plum ields at Herendesti - SCPP Caransebes

Treatment 1996 1997 1998 Average % Differen- Signifi-
__________ _______ ~ ~ ~ ~ t/ha fces,tlha cances

Control 23,35123,67 18,49121,8411001 - I_ _
CFF-6282 26,45 j28,47 21,27 j25,41 116 I3,57 t___
CFF-6288 26,73 j27,52 21,27 25,17 115 3,33 ____
CFF Folifag 26,93 27,76 21,08 25,26 116 3,42 ____

DL 5% 0,53 2,92 0,108 3,2 0,96
DL 1% 0,72 3,93 0,146 4,9 1,46
DL 0,1% 0,97 5,22 0,195 7,6 2,35

Major results of our work are the estimates of the apparent degrees of

productive macronutrient (N, P, K) use, which increased for foliar fertilisers (ADPN

CFF, %), as well as the degree of productive use of the nutrients from soil and from

fertilisers applied to soil (DPN S, %).

To calculate ADPN CFF (%) the following relation was used:.

ADPN CFF= NY 1 00
NCF

where:
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NYI =nutrients in yield increases, kg/ha, estimated using yield increases and

the average data from literature concerning the specific consumption of N, P20 5, K20,

in kg per tone fruits, wood and leaves (Trocm,~ and (3ros, 1968);

NCFF = nutrients applied with CFF, kg/ba.

The data regarding the apparent degrees of productive use of NPK, both from

foliar application and soil reserves in the experiments with apple trees and plum trees

are presented in table 5 and 6 and generally exceed 100%. The low level of the apparent

degrees of productive use of P in apple trees is a consequence of the low consumption

(0,284 kg P per tone fruits, wood and leaves). Additionally it may be observed that

apple trees use nutrients from CFF better than plum trees, the apparent degrees of

productive use in yields being higher.

Table 5
Apparent degrees of the productive use of N, P, K from complex foliar fertilisers
(ADPN CFF) applied on apple trees, variety Golden Delicious grafted on MWv 106

Treatment
Specification CFF 6282 CFF 6288 1CFFIFoLag

Average yields tha 11,48 11,17 11,18
Yield increases, tha 1,67 1,36 1,37
Yield increases, % 117 114 114
ADPN CFF N, % 353 398 857
ADPN C P, % 138 156 313
ADPN CFF K, % 622 709 1740

Table 6
Apparent degrees of the productive use of N, P, K from complex fliar fertilisers
(ADPN CFF) applied on plum trees, variety Stanley grafted on mirobolane

_______ ______ Treatment
Specification CFF 6282 CFF 6288 CFF Folifag

Average ields tlha 25,41 25,17 25,26
Yield increases, tiha 3,57 3,33 3,42
Yield increases, % 116 115 116
ADPN CFF N, % 167 180 399
ADPN CFF P, % 7 1 76 157
ADPN CFF K, % 355 388 976
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The degree of productive use of the nutrients from soil and from fertilisers

applied in soil were estimated using the following relation:

DPNS(%)= (l±NYI-NCFF>X 100

where Nc = nutrients in control.

The data regarding of the productive use of the nutrient from soil and from the

nutrient applied in soil (table 7) in the experiments with apple trees and plum trees

emphazised that the foliar fertilisation caused high levels of this index, generally

exceedingj10 %

Table 7
Degrees of productive use of N, , K, both fom soil reserves and from fertilisers
applied in soil in apple and plum trees under soil and climate conditions of SCPP
Caransebes (Herendesti) in 1996-1998

Complex foliar fertilisers

Specification ICF 6282 ICF 6288 Fol fag

apple Iplum apple plum apple pu

Eort N, kg 26,40 12,49 25,69 11,65 25,71 11,97

Export P, kg 3,21 1,64 3,13 1,53 3,13 1,57

Export K, kg 28,59 16,3 1 27,81 15,22 27,84 15,63

DPNS N,% 184 107 185 107 201 112

DPN S P,% 132 93 141 95 197 106

DPN S K,% 198 112 198 111 166 114

Consequently, the apparent degrees of productive nutrient use by the

investigated horticultural plants ensure an environmentally sound production. The

experimental data emphazise the ecological protection effect of the supplementary

stimulation of yields by foliar fertilisation.

So, this paper shows that the apparent degrees of productive use of nutrients

from both, soil and fertilisers applied to soil were significantly increased by foliar

fertilisation giving rise to protective effects against environmental pollution

concomitantly with a diminution of the nutrient dissipation in environmnent.
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Summary Z

Working in an unfertilised apple orchard, planted on brown-reddish soil inB~neasa - Bucuresti,

the accumulation of different metals in trees organs was studied: leaves, vegetative branches,

fruit branches and fr-uits. The samples were taken from 'Golden delicious' variety, planted at 10

meters, 'Idared' variety, planted at 100 meters and 'Akane' variety, planted at 200 meters from

the Bucuresti-Ploiesti motorway.

Lead accumulation depended on the distance to the pollution source and organ type. In leaves,

lead was found even at 100 m from the road border (1 1.7 ppmn in 'Idared' variety). At 10 m the

leaves content was much higher (306 ppm, 'Golden delicious'). Because of the specific

metabolism selectivity apple trees didn't accumulate lead into fruit branches and fruits.

Copper leaves content varied between 5.85 ppmn ('Golden delicious') and 16.2 ppmn ('Akane')

being lower than the fr-uits content (8.36 ppmn 'Idared' - 23.0 ppm 'Golden delicious'). In apple

tree fr-uit branches the Cu accumulation was 2-3 times higher than in the vegetative branches.

The same fr-uit branches accumulated the highest quantity of zinc (between 67.5 and 83.9 ppm).

Fruit contents in zinc (10.0-16.9 ppm) were close to the normal value: 15 ppmn, but leave

contents (43.3-48.7 ppm) were more than doubled compared to the normal range: 15-20 ppm.

The 'Idared' variety accumulated the lowest quantity of nickel in all analysed organs.
2+

Iron accumulation was different in function of the analysed organ, variety and ion type (Fe
Fe3~). The highest Fe 3+ content was found in 'Golden delicious' leaves: 547 ppmn and the highest

Fe 2+ content in 'Idared' leaves: 96.0 ppm. The lowest iron content was found in fr-uits.

The manganese content of the analysed organs varied from 8.32 to 130 ppm.

1. Introduction

Investigations regarding the environmnental pollution demonstrated the influence of car traffic on

Pb atmosphere content in the highway area, especially because of the gasoline lead content.

Soils and crops located in such areas are exposed also to pollution.
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The present work presents the results of a study regarding the effects of road traffic on the lead

accumulation in soil and apple trees and, at the same time, the accumulation of different metals

in sol and trees organs.

2. Material and methods

From the apple plantation of the Baneasa Bucuresti farm samples of soil and plants were taken.

1 0 meters, 1 00 meters and 200 meters away from the Bucuresti - Ploiesti motorway axis.

Medium samples of soil were taken from a depth of 0-20 cm, preserved by air drying, grinding

and sieving.

At the same time, medium samples of vegetal material were taken (leaves, vegetative branches.

firuit branches and fr-uit) for Golden Delicious variety 10 m away from the main road, for Idared

Wriety, 100 m away from the main road, and for Akane type, 200 m away from the main road.

The samples were dried at 1050 C and then calcinated at 450'C and turned into ashes.

The soil was analyzed using the Schonenfeld method, by wet mineralisation with hard acids and

by rendering it soluble with HCL 0.5 for measurement by means of a PYE Unicom-9 atomic

absorption spectrophotometer.

Out of the vegetal material turned into ashes, 0. 1 g were weighted and then were weighted again

with 5 ml diluted HQl, followed by a heating up to the boiling point. After filtering and cooling

they were transferred to a flask with 50 mI diluted HO (10).

In samples prepared as above, PB was dosed with a SIC 800 integrator C-R-5 A and a

Continuous flow) Spectrophotometer (Biotronik). The separation column was BTVTM 4125 mm

(used nucleosil resin. 1 OSA), the fluent used was the tartaric acid 0. 1 M the reactive was the

Wior no. 4 (pyridine-(2)-azo resorcinol. The reading was done with a spectrophotometer, at a

wavelength of 505 nm.

3. Results and discussion

3. 1. The soil analysis

The soil samples taken during autumn 1991 were analysed for heavy metal contents. As one can

see in table no 1, the following elements were present: Pb, Cu, Zn, Ni, Cd, Mn. Related to the

distance from the B-P motorway axis, one can see a diminution of Pb from 65 ppm/10 meters to

35 pm/200 meters, the normal limit in our country being of 20 ppm PB [.

The quantity of copper is 55ppm at a distance of 10 m and only 40 ppm at 100 and 200 m, the

values being within the limit values (Maximum admitted limit: MAL*=10Oppmn Cu).
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Table 1. The heavy metal contents (mg/kg) of brown reddish soil in Baneasa-Bucuresti

No 1mI Variety 1Metals (mg(kg)

111 _________ j Pb ICu Zn 1Nil Cd 1M2+
ji 10 Golden delicious j 65 1 5 70 1 45 0.5 57
12 1 lo Idared 1 45] 401 70] 45 051 580

1 31200-1 Akane 35] 40]1 70] 4Sf 0.51 575

* - meters to the highway

The microelements Zni, Ni, Cd, and Mn in soil samples showed no differences due to the distance

to the highway, but constant values of 70 ppmn, 45 ppmn, 0.5 ppmn and 575 ppmn, respectively. The

measurted values did not exceed limit values (MAL zn, = 1 00 ppmn, MAL Ni = 75 ppmn, MAL 5%

1000 ppmn, MIAL Cd = 1 pmT).

3.2. The analysis of the vegetation samples

The samples of plants were taken at the same time as those of soil. The following plant parts

were sampled: leaves, branches, vegetative branches, fruit branches and fr-uit. The elements that

were examined were Pb, Cu, Zni, Ni, Fe 2+ Fe3 ~ and Mn 2+ The content of different organs

varied as follows:

In the apple leaves (table 2) depending on the distance to the highway, the content of Pb was

306ppmn for the Golden delicious variety located 10 m away from the main road axis and it

dropped to 11.7 for the Idared one, located at 100 m distance. At a distance of 200 m Pb was not

found on the Akane leaves.

Table 2. The metal contents in apple tree leaves (mg/kg DM)

No] m* Variety __ nMetals (mg/kg) _ _

_______________ b ___ __ _____ J N Fe 2 + Fe 3
+ & 

1 10]Golden delicious J 306] 5.85 48.7 J9.21 f40.5 547 108

]2 100J Idared J 11.7 12.8 43.3 5.97 96.0 326 10.2

3 200~ Akane ____ 16.2] 45.3 9.38 1 66.7 322 130

*- meters to the highway

Analysing the samples of vegetative branches of the 3 varieties located at different distances

from the main road axis, we found Pb (334 mg/kg) in Golden delicious only located at 10 in

away from the main road (table 3).
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Table 3. The metal contents of apple tree vegetative branches (mg/kg DM)

No m* Variety Metals (mg/kg)

f-I- ________ I ~Pb ICii IIn NI IFe" Fe`~ Mn`+

[I T 10 Golden delicious 334 21T 27.5 6.17J 30.71 103f 35.0

100 Idared J - J25.9 141.9 2.44 J43.0 1881 28.3

3T 2001 Akane - J27.0 1 32.31 14.41 50.6 I 1281 71.5
*- meters to the highway

In the other plant organ samples, fruit branches (table 4) and fruit (table 5) the presence of Pb

was not noticed in any case, regardless the distance from the main road axis, a phenomenon

explained by the specific metabolism of the plants which have a specific strength in

'Worporating the heavy metals in their inner circuit.

Table 4. The metal contents in apple tree fr-uit branches (mg/kg DM)

No1 m Variety Metals (mg/kg)i-I-I __________ Pb JCu Zn Ni Fe 21 Fe+ D 2

Ii 10 JGolden delicious - 158.81 67.5 J8.08 68.3 j 296 18.4

J2 J100 j Idared 94.4 74.81 1.33 f28.9 198 8.32

f3J200j Akane - f30.4J1 83.9 3.86 f33.9 j 109 f 21.5

*- meters to the highway

Table 5. The metal contents of apple tree fruits (mg/kg DM)

1 m* Variety _ _Metals (mg/kg) _1~1______________ Pb Cu Z n Ni JFe 2+ Fe~ 3 ______fI 10 Golden delicious - 23.0 16.9 6.19 37.4 48.61. 9.59

100 Idared J - 8.36 j10.0 03 210 26.6 J14.6
*- meters to the highway

So, as a conclusion, the longer the distance from the pollution source, the least the risk of the

presence of heavy metals on the surface of the plants. The danger of pollution being obvious

especially on the part of the plaiii located less than 100 mn from the main road axis [4].

Regarding the presence of the other elements like Cu, Zn, Ni, Fe, Mn found in different organs

of the 3 varieties of apple located at 10 m, 100 m and 200 mn from the main road axis the

observed variation of values may be depending on the variety and the organ as follows:
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The quantity of Cu found in the apple leaves varied between 5.85 ppm (Golden delicious) and

16.2 ppm for the Akane being situated within the limits of 5-20 ppm Cu quoted in the related

literature. The quantity of Cu in fruit varied between 8.36 and 23.0 ppm being higher than the

limits quoted by the specialists. 

In apple leaves Zn exceeded the typical range of 15-20 ppm, quoted by the specialists, being as

high as 43.3 and 48.7 ppm, respectively, while the quantity found in fr-uit varied according to the

limits quoted by the specialists - 15 ppmn Zn, i.e. 10.0 ppmlIdared variety and 16.9 ppm/Golden

variety [2, 3].

Mn quantified in both leaves and fruit varied within ranges specified in literature.

3.3 Conclusions

The plants cultivated in the neighborhood of the heavy traffic highways are exposed to Pb

pollution, which is more intense in the immediate neighborhood.

On the apple tree plantation in Baneasa-Bucuresti farm the risk of pollution is diminished from

the distance of 200m towards the centre of the plantation measured from the highway axis.

Regarding the vegetative parts, the leaves are most exposed to the impact of the pollutant agent

because of the numerous ways of penetration (stomatas) and of the affinity between Pb and the

organic compounds of the leaf.

In the vegetative branches, Pb can be found only in plants located not too far (10 m) from the

pollution source.

In the other parts, fr-uit branches and fruit of all the varieties, regardless the distance of location,

Pb was not found above detection limit, owing to the specificity of plants metabolism trying to

exclude the heavy metals from their metabolic circuit.

As for the soil pollution, fixing protection curtains or boards adjacent to the high way diminishes

the danger.
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Summary /tof~p 1
Pb and Cd are two heavy metals that cause serious problems in the soil-plant-animal-human

system, being dangerous for health even in reduced concentration. The research of the retention and

migration processes of these elements was done on soil columns from the surface horizon of white luvisol

in Albota, brought previously at saturation moisture. For the percolation of columns there have been used

Pb(N0 3)2 and CA(N0 3)2.4H20with raising concentrations that allowed application of quantities to 1000 MJ9 
mg element/kg soil. After percolation various forms of Pb and Cd were analyzed: those extractable in

Na2EDTA 0,02 m - N1H4Ac 0,5n - lAc 0,5 n, HNO3 0,5 n and distilled H20. The percolate concentrations

have been also determined.

The quantity of total Pb, respectively Cd, that are retained in soil increases almost linearly with

the quantity of applied Pb, respectively Cd, practically being retained all in soil even at the mxum 05 2003
applied value. The quantity of Pb and Cd that passed through the soil column without being retained is /
very small, practically negligible.

The content in Pb from soil, extractable with HNO 3, increases practically linearly, while the one

extractable with EDTA2Na-NH4Ac-11Ac increases after a slowly parabolic curve with the increase of

applied Pb quantity. The differences between the former and the latter extractant are greater as the applied

quantities are higher. Cd extractable with HNO3 and respectively with EDTA2Na-NH4Ac-HAc has the

same behavior as Pb, the differences between the two forms being much smaller.

Pb content, respectively that of Cd firmly retained in soil increased also with the Pb quantity,

respectively Cd applied after a parabolic curve with an ascendant slope. The water soluble Pb has small

values, practically independent of the Pb quantity applied in soil. The water soluble Cd has relatively

smnall values, but much higher than in the case of Pb, especially at high concentrtons; this shows a

higher mobility and migration through the soil column in the case of Cd than Pb.

The paper present the detailed results of the experiment and the specific equations that describe

the heavy metal quantities retained in different forms in soil, and also those that percolated'the soil

column, depending on the applied quantities.

1. Introduction

The research of retaining and transporting heavy metals in soil is one of the

essential problems in the domain of soil science, and of crucial importance in

preventing and fighting against pollution of soil, plants and waters with these polluting

agents, among which Pb and Cd cause the most serious problems. Soil's capacity to

retain heavy metals grows with the increase of content in organic matter and clay from
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soil (Alloway, 1995) and, consequently with the increase in the capacity of soil cationic

exchange. The acidification of soil reaction contributes to the increase of heavy metals

mobility (Davidescu et al.,1968), while pH increase, over 6,5, determines their

transformation in hydroxides and carbonates with reduced solubility.

Selim et al.(1976), Jardine et al.(1985) find that Cd retention in soil is

instantaneous. Selim et al.(1992) describe the adsorption isotherm through Freundlich

relation the unlinear retention of Cd show that its mobility in soil solution grows with

the increase in concentration. Its retention is, at the beginning fast and then the process

becomes slow. Arienghieri et al.(1985) found that on a histosol, 80% of Cd was sorbed

within 10 min when compared with amounts sorbed after 24h of retention. In a sandy

loam and a loamy sand, Christensen (1984) reported that 95% of Cd sorption was

attained after 10 min and a constant distribution of Cd between soil and solution was

obtained after lbh. Camobreco et al(1996) examined the mobility of four metals: Cd, Zni,

Cu, and Pb. Of these, Cu and Pb form stronger complexes with surfaces and soluble

organics than do Cd and Zni. This tends to make them less mobile in soil, but it also

provides a greater opportunity for facilitated transport by soluble organics (if present).

Elliot et al.(1982) classifies the mobility of these metals in soil as follows: Cd > Zn >

Cu > Pb. The studies undertaken by Emmerich et al.(1982) demonstrate the immobility

of these metals on columns with soil homogenized in laboratory. Sheppard and Thibault

(1 992) confirm the importance of organic matter in retaining Pb. Tyler (1 978), Livett et

al. (1979) find that the lead is not mobile in organic soils, and, unlike them, Jorgensen

and Willems (1987) consider lead to be very mobile in acid soil.

2. Materials and methods

The soil that was used was albic luvisol from Albota - the surface horizon with

pH = 5,6 1; other characteristics are: content in humus - 1,85%, saturation degree with

base - 61%, content in clay - 28%; changeable Al - 67 ppm (Povarni, 1998). The

experimental device consisted in a series of glass columns, in each of them there was

introduced 50 g soil dried in air with 3,35% humidity and homogenized; the height in

column was of 10 cm; in columns, the soil was brought at the saturation humidity with

25 ml. distilled water; so that soil's moistening to be uniform. The columns have been

percolated with 500 ml solution with increasing concentration of Pb, respective Cd (see

later); in order to prepare solutions there have been used Pb(NO3)2 and Cd(N 3)2 .41420.

In the collected percolate, there have been dosed Pb and Cd. After percolation, in the

soil dried in air there were obtained Pb and Cd extractable in N 4Ac 0,5n - HAc 0,5 n,
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Na2EDTA 0,02 mn, in HiNO 3 0,5 n and in distilled water. Pb and Cd dosing have been

done using spectrophotometer of atomic absorption. The results were reported to the

soil dried in air, with 3,35% humidity.

3.'Results and discussion

Retention and leaching of the soil lead. The quantity of Pb (x in the equation

below) applied in soil as solution were of 0, 50, 100, 300, 500, 750 and 1000 mg Pb/kg

soil dried in air; and corresponding to them the concentration of the solutions with

which there was percolated the soil column, were of 0, 5, 10, 30, 50, 75 and 100 mg

Pb/I.

The quantity of total Pb retained in soil was calculated with simple relations as:

Total Pb retained (in mg Pb/i solution) =Pb applied - (Pb from percolate - Pb

from percolate at 0 Pb applied),

where all the elements in this formula are in mg Pb/I solution;

Total Pb retained (in mgPb,'kg soil) = Total Pb retained (in mg Pb1I solution) 

percolation solution / percolated soil

The quantity of retained Pb grows practically linearly with the quantity of

applied Pb, the latter being greater with the increase of the former (fig. 1); practically

being retained in soil the whole applied quantity, even at its maximum values.

The equation describing the variation of the total Pb quantity that is retained in

soil (y), in mgPb/kg soil, as a function of the applied quantity (x) mgPb/kg soil is:

y 0,9997x

the regression coefficient R2 = 1, being practically equal to the theoretical one.

The quantity of Pb that passed through the soil column without being retained

is very sall; actually negligible even at 1000 mg Pb applied/kg soil, the concentration

in percolate being almost at the detection limit of the device. This shows that Pb

retention in soil was very strong, even in the case of albic luvisol that has a low content

in humus, the process of the transporting or leaching of Pb with the solution that

percolated the soil being practically absent. The experiment demonstrates that Pb is

retained in the first 10-cm soil even at very high concentrations, because of the very

strong capacity of soil to chelatate and fix lead in different forms.

Thne content in mobile Pb (etactable u EDTA2NaO,02m-NH4AcO,5n-

HLcO,5n), grows according to an easily parabolic curve, almost linear, with the increase

in the quantity of applied Pb (fig. 1). The values of mobile Pb are smaller than those of

total Pb retained in soil from the applied one, the data varying from 5,5 mg Pb/kg soil in
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the variant in which Pb was not applied (at the natural soil), to 753 mgPblkg soil. The

equation that describes the relation between mobile Pb (y), in mgPb/kg soil, and the

applied quantity (x) in mng Pb/kg soil is:

y = -0,0002x + 0,942x

with a regression coefficient which is very big, R' 0,994.

The content in mobile Pb (extractable with HNO3 0,5n), grows actually linearly

with the increase in the quantity of applied Pb (fig. 1). The values of mobile Pb are in

this case also smaller than those of total Pb retained in soil from the applied one, but

they are a little higher than those extracted in EDTA2NaO,02m-NHI4Ac0,5n-HAcO,5n

the bigger the quantities of applied Pb, the higher the differences are and respectively

the values of mobile Pb are; the two curves become remote in the form of a fan. The

analytical data varying from 4,77 mgPblkg soil, in variant in which Pb was not applied

(at the natural soil), to 897 mgPblkg soil in the variant where the maximum applied

quantity was of 1000 mng Pb/kg soil The equation that describes the relation between

mobile (y), in mng Pb/kg soil, and the applied quantity (x) in mng Pb/kg soil is:

y = 2E-05x 2 + 0,8803x

with a regression coefficient which is very high, R2 = 0,985.

Thne content of firmly retained Pb from the applied one. In this experiment the

concept of firmly retained Pb refers to those forms of applied Pb which have been

strongly retained in the soil and haven't been extracted with EDTA2NaO,02m-

NH4Ac0,5n-HAc0,5n. The firmly retained Pb was estimated by the relation:

Firmly retained Pb = [total Pb retained - ( Pb extracted with ED TA - Pb Pb extracted

with -D TA at 0 applied Pb)].

The content of firmly retained Pb (y), in mg Pb/kg soil , increases with the quantity of

applied Pb, in mng Pb/kg soil, according to an parabolic curve with an increasing slope

(fig. 1), described by the equation:

y = 0,0002X2 + 0,0793x

in which the regression coefficient is R2 = 0,95. The obtained Pb values vary between

14 and 252 mng Pb/kg soil.

The water soluble Pb has small values, practically independent of the quantity

of applied Pb.

Retention and leaching of the soil cadmium. The quantities of the applied Cd

(x in equation below) as cadmium nitrate solution were 0, 1,5, 3, 10, 15, 30, 100, 250,

500, 750 and 1000 ing Cd/kg soil, dried in air, and the concentrations of the
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corresponding solutions used for soil column percolation were of 0, 0, 15, 0,3, 1,0, 1,5,

3, 10, 25, 50, 75 andi100 mg Cd/I.

The total amount of Cd retained in soil was calculated using relations similar to

those used for Pb. The amount of retained Cd increases linearly with the amount of

applied Cd, (fig.2), almost the entire quantity of Cd being retained by soil, even at the

biggest values of Cd. The equation describing the variation of the total amount of

retained Cd (y) in mg Cd/kg soil as a function of the applied amount (x), mg Cd/kg soil

is:

y = 0,999x

the regression coefficient R 2 = 1 being practically equal to the theoretical one.

The quantity of Cd that passed through the soil column without being retained

is very small, even at 1000 mg applied Cd/kg soil. This shows that the retention into the

soil was very strong, like for Pb, the process of transportation or of leaching of Cd with

the solution that had percolated the soil being very small.This experiment proves that

Cd is also retained in the first 10-cm of soil even at high concentrations, due to the

ability of the soil to retain and to fix Cd in different forms.

The content of mobile Cd (extractable with EDTA2NaO,02m-NII4AcO,5n-

HAcO,5n) increases with the amount of applied Cd, like in the case of Pb, following a

slightly parabolic, almost linear curve (flg.2). The values of the mobil Cd are smaller

than the values of the total retained Cd, the data varying between 0,47 mg Cd/kg soil

(the control sample) and 783 mg Cd/kg soil. The equation describing the relation

between the mobile Cd (y), in mg Cd/kg soil, and the applied Cd (x), in mg Cd/kg soil,

is:

y = -0,0002x 2 + 0,977x

with a very high regression coefficient, R2 = 0,998.

The content of mobile Cd (actable with HN0 3 0,5n) increases with the

amount of applied Cd, following also a slighter parabolic, almost linear curve (fig.2).

The values of mobile Cd are also smaller than those of total retained Cd but, unlike with

Pb, they are similar to those of mobile Cd that has been extracted with

EDTA2NaO,02m-NH4AcO,5n-HAcO,5n (fig. 2). The analytical data vary from 0,27 mg

Cd/kg soil in the control sample (without applied Cd) to 810 mg Cd/kg soil in the

sample with maximum applied Cd (1000 mg Cd/kg soil). The equation describing the

relation between the mobile Cd (y) and the applied Cd (x) is:

y = -0,0002X2 + 0,9835x

the regression coefficient being very high, R' = 0,99.
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The content offirmly retained Cd was estimated using the relation:

Firmly retained Cd = [Total retained Cd - (Cd extracted with ED TA - Cd extracted

with ED TA, at 0 applied Cd)]

The amount of firmly retained Cd (y), increases with the amount of applied Cd, like

with Pb, folblowing a parabolic curve, with an increasing slope (fig2), described by the

equation:

y = -0,0002x2 + 0,9835x

with a regression coefficient R 2 = 0,971.

The values of the firmly retained Cd vary between 0,36 and 217 mg Cd/kg soil.

At similar concentrations the amount of firmly retained Cd is smaller than that of Pb

(fig.l1 and 2).

W The water soluble Cd has smaller values, yet higher that the Pb ones. They

increase to 8,6 mg Cd/kg soil when the applied Cd (x) increases. This proves that Cd

has a somewhat bigger mobility and migration than Pb.

The equation describing the relation between the water soluble Cd (y) and the

applied Cd (x) is:

y = 4E-06x 2+ 0,0047x

with a very high regression coefficient, R 2 = 0,99.
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Summary ~vL -
In apot xpeimen, aailabilities of Cd, Cr, Ni, Pb, and Zn added tothe soil as metal

nitrates or as enrichment of sewage sludge were evaluated by comparing concentrations

of their total potentially available, presumably plant-available and directly plant-available

forns in the soil. At excessively increasing, soil contamination, the plant-available

concentrations increased more than the total soil contents, thus the relative availabilities

of the metals increased. This was reflected in the amounts taken up by the young maize

test plants and in the plant/soil transfer factors. Transfer factors calculated for the plant-

available" soil metal contents depended less on the contamination level than those based

on total soil metal contents.

0.Fe 203
1. Introduction

The idea of usin the bioavailable fraction of soil contaminants in risk assessment, instead

of the total contents, gains growing acceptance among environmental experts. However,

the bioavailable fraction of trace metals as assessed by routine chemical extraction

methods, cannot be equal even theoretically to the amounts taken up by the living

organisms: the former quantity is determined by the laws of chemistry while the latter is

influenced by the laws of physiology (Sillanpad, 1982). Thus, bioavailability" should be

evaluated in comparison with bioaccumulation data and with toxicity symptoms in

various living organisms. Such an approach is presented in this paper.

2. Material and methods

A pot experiment was conducted under natural climatic conditions but with controlled

water-supply, on samples of the ploughed layer of a rust-brown forest soil (particles

<0.02 mm 19 %, particles <0.002 mm 13 %, HKCI 5.14, organic matter content 1.1 %

cation exchange capacity 8.5 cmol,/kg soil).
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Cadmium, Cr, Ni, Pb, and Zn were added to the soil either as a solution containing a

mixture of their nitrates (5 Me), or as municipal sewage sludge (S) spiked and pre-

incubated for one week with each of these metal nitrates separately (SS + Me) or with

their mixture (S + 5 Me). The resulting metal loadings in the soil corresponded to 1, 3,

10, 30, and 100 times the elemental concentrations (L) entering the soil from a usual

application practice of municipal sewage sludge onto agricultural lands, as specified by

the Hung. Techn. Directive (1990). Pollution rates thus based on the regulations were

different for the five metals: values of L were 0. 125 mg Cd, 8.3 3 mg, Cr d Pb, 1. 67mg,

NI, and 25 mg Zn per kg soil. In the SS treatments always the same amount of sludge

(4%) was added to the soil. After one month incubation at ambient temperature, maize

(Zea mays L. cv. Favea) was grown in the pots for 6 weeks, until the 6-7-leaf-stage.

Bioavailabilities of the five metals were evaluated by comparing concentrations of the

total potentially available (2 M H{N0 3-extractable at 1:20 soiLextractant ratio and 100

C`; Andersson, 1976), presumably plant-available (acidic [NIL1-acetate + EDTA]-, i. e.

[AAAc + EDTA]-extractable, at 1:20 soiLextractant ratio; Lakanen and Ervio, 1971),

and directly plant-available (in the soil solution at natural soil water contents; Csilla et

al., 1999) forms of the metals. Plant metal concentrations were determined after wet

digestion (cc. 1JN0 3 + H 2 02 ) of the plant parts. Metal contents in the soil extracts, in soil

solutions and in the plant parts were measured by ICP-AES. Dry matter accumulation in

the plant parts was regarded as indicator of toxicity.

Single metal treatments were made in duplicates and multiple metal treatments in

triplicates. The results are averages of measurements from separate pots.

3. Results and discussion

Metal concentrations extracted by 2M HNO3 were similar in the control uncontaminated

soil and in samples treated only with the original municipal SS with no metal addition

(Table 1.). The sludge itself contained the selected metals in amounts similar to or lower

than the levels permitted in sludges for agricultural use (Hung. Techn. Dir., 1990), and

most of the metals might have been strongly attached to sludge components. Soil metal

concentrations increased fairly proportionally with increasing metal enrichment of the

sludge, reflecting also the ratios between the application rates of the metals at the

excessive contamination of 30 and 100 L (Zn>Cr--Pb>Ni>Cd).
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Table i. Total potentially available (2M HNO3-extractable) metal content (mg/kg)
in the soil treated with sewage sludge spiked with all the five metals

Cd Cr Ni Pb Zni

control 1.27±+0.09 10.3 ± 0.7 13.4 ± 1.4 12.4 ± 0.5 45.9 ±0.6

SS + 5 Me
L (control) 1.22 ±0.16 10.5 ± 1.4 12.0 ± 1.8 13.2 ±2.1 55.9 ±7.7

3 L 1.79 ±0.47 34.3 ±11.4 17.5 ±5.1 35.7 ±11.6 142 ±43
IOL 2.32 ±0.51 82.2 ±15.2 28.2 ±5.8 90.2 ± 12.7 283 ± 42
30L 4.65 ±1.07 253±71 57.1±12.9 270 ±57 797±151
lOOL 13.7±:-1.3 749±103 179±14 780 ±69 2710±143

Andersson (1976) showed that this extraction method released more of the total content

of trace metals from soils treated for long periods with SS than from the native content

of unpolluted soils. The differences between the extracted amounts in the polluted and

unpolluted soils represented 82-96 % of the amounts of Cd, Cr, Cu, Ni, Pb, and Zn that

accumulated in the soil during sludge application. He concluded that the method is

suitable for determining the total potentially available fraction of the metals in the soil.

Table 2. Recovery of the added metals in the total potentially available metal fr-action of
the soil: (2M HNO3, mnetal treated soil c2M HNO3, control soil) * 1 00/ added

Cd Cr NI Pb ZnI
SS +~ Me

IOL 21±19 66 ±31 101±+21 101±32 96±51
30L 36±1 89 ±28 97 ±22 61±34 110±17
lOOL 71±23 88 ±15 98 ±57 151 ±7 84±1
SS+ SMe
1OL 73±41 86±+18 95 ±35 94±15 89±17
30L 87±29 97 ±28 90±+26 103±23 98±20
1OOL 99±+10 89 ±12 100±8 92±8 106±6
S Me
10OL 43 ±4 70 ±2 44±3 76±2 77±3
30L 68 ±8 68 ±5 66 ±7 77±6 83±5
lOOL 108±=E47 78 ±27 104 ±45 105±36 109±38

In the present experiment, recovery of the metals in the metal-spiked sludge treatments

was in average of all treatments 89 % and was generally similar when either all the five

elements or only one single metal was used as contaminant (Table 2.). However,

recovery of Cd tended to be less when applied single. Since Cd was present in much

smaller amounts than the other metals, it may have been bound in the soil more strongly

when no competition occurred in the single metal treatments. In the pots receiving no SS
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but only the mnixture of the five metal nitrates, the recoveries at the lower metal rates

were smaller, reaching -100 % only at the Il0OL loading rate. Inorganic forms of the

metals are generally regarded as more available for plant-uptake than metals bound to the

sorption sites in sludges (McBride, 1995). Although in our experiment the differences

between the sludged and inorganic metal treatments were generally not significant, the

lower recoveries observed in the 5 Me treatments need further studies..
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Fig.l. Plant-available soil metal contents
in % of the total potentially available amounts

a.) (AAAc + EDTA)-extractable
b.) directly plant-available in the soil solution

~no metal addition to sewage sludge
R~single metal addition (0OL) to sewage sludge

multicomponent metal addition (0OL) to sewage sludge
multicomponent metal addition (0OL) without sludge

The (AAAc + EDTA) extraction method has been used in Hungary since the early 80's

for determination of macro- and micronutrients or for assessing plant-availability of trace

metals (cit. in Csath.6, 1994). In the present experiment, extractability of the added

elements was similarly high for Cd, Ni, Pb, and Zn; while that of Cr was very low

(Fig. l. a.). The (AAAc + EDTA)-extractable amounts of Pb and particularly of Ni were

higher when all the 5 metals were added simultaneously to the sludge as compared to the

(SS + Me) treatment. A somewhat higher fraction of the soil's metal content was

extracted fom the inorganic treatments than from the SS-treated soil. Extractability of
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the metals fr6m the soil treated with uncontaminated sludge (SS) was much lower than

from the metal-spiked sludge treatments, in agreement with the strong sorption of the

metals on sludge components during sludge processing.

The centrifuigation method used for separating the soil's liquid phase allowed us to obtain

those fractions of the soil solution which, - on the basis of the energy relations between

the soil's water potential (-20 kPa) and the suction forces exerted by plants

(conventionally -1500 kPa), - may be regarded as directly available for plant-uptake

(Csillaa et al., 1999). Chromium and Pb concentrations in the soil solution were

negligible. Availabilities of Cd, Ni, and Zn were 50-60 % of their total potentially

available amounts when all the five metals were applied together, without sludge

(Fi. 1.b.). Presence of sewage sludge significantly decreased the recovery of the metals

in the soil liquid phase, similarly as in a previous bulk experiment (Csillag et al. 1999).

When the metals were applied single, their concentrations in the liquid phase were

negligible, with the exception of Zn (which was applied in relatively high amount).

At excessive soil contamination, when the soil's adsorption capacity might have become

saturated and the pH decreased, plant-available ([AAAc EDTA]-extractable)

concentrations of Cd, Ni, Pb, and Zn increased more than the total soil contents, i.e. their

relative availabilities increased. Table 3. shows this for the (5 Me) treatments. Similar

trends but smaller increases were found for the (S S + 5 Me) treatments.

Table 3. Relative availabilities of Cd, Cr, Ni, Pb, and Zn after addition of metal nitrates
without sludge (soil availability, SA = CAA4M + EDTA * 100 / C2M HNO3)

Cd Cr Ni Pb Zn

L (control) 10 ±1 0 14 1 30±2 0
i L 22 ±7 4.2 ±1.4 19±17 47±11 25 ±4
3 L 30 ±5 4.7±4-0.2 30±4-5 53±7 35± 6
10OL 73 ±1 6.7±4-0.2 65 ±3 91±1 64 ±2
30L 102 ±11 7.0±+0.4 95 ±9 104±8 87± 7
10O L 112 ±36 7.9 ±2.4 112 ±35 106±131 93 ±26

Plant metal concentrations increased with increasing metal application rates, and were

generally higher when the metals were applied together than at single metal additions

(Table 4.). Also, more metals were taken up when no SS was added to the pots, only the

inorganic metal salts. These features of the metal uptake were observed for all the 5
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metals, although to a lesser extent for Cr and Pb. Chromium uptake was generally low,

the maximum value was < 0.6 mg/kg. Lead entered the plants in appreciable quantities,

maximal Pb concentration reached 9.3 mg/kg (at the 100 L rate of SS + Pb treatment).

The highest plant Cd, Ni, and Zn concentrations exceeded reported critical tissue levels

(Kabata-Pendias and Pendias, 1992).

Table 4. Metal concentrations (mg/kg, din.) in aerial parts of maize at the 6-7-leaf-stage

Cd Ni Zn
loading + SS - SS + SS - SS + SS - SS
rate Me 5 Me 5 Me Me 5 Me 5 Me Me 5 Me 5 Me

L (control) 0.325 0.357 1.84 2.25 51.5 3 )1.3
1 L 0.424 1.32 83.0
3 L 0.522 0.806 1.21 3.35 93.7 210
IOL 2.44 1.37 2.45 1.23 3.69 16.4 194 239 984
30L 7.51 9.12 - 3.91 68.1 - 1083 1430 -

IOO0L 21.6 - - 117.0 - - - - -

No plants could emerge inthe treatments indicated by (-) in Table 4. Dry matter

accumulation strongly decreased (to 30% of dfie control) at the OOL rate of (SS + Cr)

but not at the lOOL rates of other single metals, and it decreased by 85 % at the 30L rate

of (SS + 5 Me) addition. In these strongly retarded plants metal concentrations were

higher than in the plants growing normally at the 3L application rate of single metals

(Table 4., second and first columns for each metal), but the concentration differences

were smaller than expected on the basis of the growth differences.

Calculation of the soil-to-plant transfer of the metals was based not only on total soil

contents, like the "classic" TF calculations, but also on the plant-available contents

(Table 5.). Transfer of Cr into the aerial plant parts was negligible in all treatments, the

average TF related to the soil total contents was only 0. 008 -L 0. 007. Transfer of Pb was

also universally small (in average 0.22 ± 0.21). TFs calculated for the soil's total metal

content increased with increasing loading rates for Cd, Ni, and Zn; at the highest metal

application rates the increase was significant. TFs related to the plant-available" soil

metal contents seemed to depend less on the metal loading rates than those related to

total contents. The higher availability of inorganic metal forms as compared to the SS-

bound metals clearly showed when we compared TFs for the same metal loading rates.
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Table 5. Transfer factors of metal uptake (TF =Cplnt dr ater/Cair-diy soil)

for total potentially for (AAAc +EDTA)-
-available soil contents available soil contents

Cd Ni Zn Cd NI Zn
SS + Me
O L (sludged control) 0.33 0.10 1.15 2.49 0.64 4.57
10L 1.47 0.04 0.74 2.59 0.11 1.44
30 L 1.74 0.06 1.23 2.79 0.15 2.71

L - - - - - - - - - - 2.13 - - - 0.1-1 -- - - - - - - - - --- 2.5-6 -- - -0.27 --- - - - - -
SS Me
3 L 0.31 0.07 0.73 1.15 0.26 1.50
10L 0.6 0.14 0.89 1.27 0.33 1.33
-30 L ---- ---------- 2.07 ---- 1.2-6 ---- 1.84 --------2.62 ---- 2.17 ---- 3.02--
5 Me

L (control) 0.29 0.17 0.68 3.14 1.30 4.57
1 L 0.38 0.11 1.26 1.78 0.46 5.07
3 L 0.55 0.21 1.79 1.80 0.66 5.01
lO0L 1.35 0.79 4.10 1.86 1. 2 3 6.42
values in bold are statistically significantly higher
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Summary wi el.

The impacts of superphosphate and Algerian phosphate rock and their various 

#application rates on soil pH and on the availability of trace elements by red clover were C w 
studied in a pot experiment on several types of acidic soils from the Carpathian basin.

The differences among the soils' original pH and texture, and those differences in soil

pH, which resulted from the application of different P forms and rates were reflected in 3

the Mn, Ni, AI, Co, Sr, Cd and Cr contents of red clover. Plant concentrations of these 05
elements were smaller on the slightly acidic than on the strongly and extremely strongly

acidic soils. Elemental concentrations were generally higher when there was less time

between two cuts, and decreased in the later cuts.

Introduction

rStrongly acidic soils cover about 13 % of Hungary, and nearly 43 % of the soils are

slightly acidic (Vkrallyay, 1990). Acidification of the soils is on the increase. In the past

decades, superphosphate was the main P fertilizer source on both calcareous and acidic

soils. As soils are becoming more acidic and the costs of superphosphate application are

growing, attention should be drawn to the direct use of reactive phosphate rock as P

fertilizer. Soil acidification and its harmful effects (mobilization of AI, Mn, and heavy

metals) can be diminished by regular application of phosphate rock.

Plant roots absorb only phosj~hate ions (Barber, 1984) as a source of phosphorus to

satisfy their needs. Therefore phosphate rocks, which are considered as insoluble P

fertilizers, must first be dissolved in soils to ield phosphate ions. Dissolution of a given

phosphate rock depends mainly on soil characteristics, climate and the properties of the

phosphate rock (chemical reaction, size of particles). The solubility of phosphate rock in
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soil is influenced favourably by low pH (<pH 6), low available P, low exchangeable Ca,

low base saturation, high cation exchange capacity, high humus content (Khasawneh &

Doll, 1978; Hammond et al., 1986; Chien & Mennon, 1995).

The differences among the soils' properties, and the differences in soil pH resulting

from the application the different P fertilizers may reflect in the nutrient and trace

element uptake of the plants.

.In the study presented here, the impacts of superphosphate and Algerian phosphate

rock and their various application rates on soil pH and on the availability of Mn, Ni, Al,

Co, Sr, Cd and Cr by red clover (in 5 cuts) were studied in a pot experiment on 6

different types of acidic soils from the Carpathian basin.

Materials and Methods

The main characteristics of the acidic soils from Hungary, Romama, Slovakia and

Algeria are presented in Table 1. Total content of trace elements in the soils were

determined by inductively coupled plasma emission spectrometry (1CP) after digestion

of soil samples by cc. HN0 3+H 20 2. Available trace elements were determined by CP

after acidic ammonium acetate + EDTA (AAAc-EDTA) extraction (Lakanen and Ervi6,

1971, Sillanpas, 1982). Limits of ICP detection were: Mn 0.50, Ni 0.75, Al 1.4, Co

0.35, Sr 0.02, Cd 0. 135, Cr 0.305 mg/kg.

The experimental set-up:

1. 7 kg soil was used per pots 'm a randomnized block experiment with 3 replications. 1 00

mg Nin the form of NH4NO3, and 400 mag K as aqueous solution of KCI per kg soil

were given uniformly in all treatments. Similar P active ingredient contents (50, 200,

and 400 mng P 20./kg soil) were applied as superphosphate and phosphate rock in

powdery form. Extra phosphate rock doses (600 and 800 rag P20O/kg soil) were also

included. Soil pH was assessed and 40 seeds of red clover per pot were sown one day

after fertilizer application. Red clover was cut 5 times (on some soils only three times

because of the poor development of the plants) and each cut was analysed separately.

Elemental composition of the air-dried and ground plant parts were determined by CP

after wet digestion of the samples in cc. H{N0 3+H 20 2..
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Table 1. Characteristics of the soils used in the pot experiment

Hungarian soils Ruma- Slova- Alge-
nian kian rian

______ ______ ______ soil soil soil
________________________ 1. 2. 3. 4. 5. 6.

pHH20 5.59 6.50 4.38 3.62 5.24 6.02

pHKCI 4.25 5.56 3.71 3.40 4.03 5.55
hydrolytic acidity &y) 13.3 9.3 19.5 26.5 21.6 7.7
humus, % 1.67 3.81 1.06 1.54 2.7 1.53
CEC, eq/100g 9.31 30.1 8.5 8.1 11.0 4.9
base sat, mne/100g 8.7 29.4 4.2 0.74 3.7 4.4
total P, mg/kg 801 525 493 688 211 198
water soL-P, mP/kg 5.1 6.9 5.4 2.4 2.1 6.9
Mn, total mgk 941 904 1368 668 1177 64
Mn, AA.Ac-EDTA sol., mgk 198 162 87 68 361 8.6
Ni, total, mgk 20.3 31.3 17.8 14.3 9.5 10.3
Ni, A.AAc-EDTA sol., mg/kg 1.0 6.0 0.9 0.6 2.1 0.4
Al, total ,% 1.4 1.69 0.9 0.7 0.6 0.5
At, AAAc-EDTA sol, mg/kg 124 100 195 360 277 59
Co, total, mg/kg 14 13.6 5.7 6.6 9.7 3.9
Co, AAAc-EDTA sol., mg/g 2.8 1.9 0.9 0.7 1.8 j0.3
Sr, totall,mg/kg 33.9 25.9 5.1 2.9 3.6 6.8
Sr, AAAc-EDTA sol., mg/kg 23.0 11.0 1.9 0.5 1.3 4.0
Cd, total, mng/kg 0.30 0.22 0.16 * 0.38 *

Cd, AAAc-EDTA sol., mg/kg * * * **

1Cr, total ,mg/kg 28.4 25.3 15.1 14.5 12.6 12.6
Cr, AAAc-EDTA sol., mg* * kg* 

Hungarian soils: 1. moderately acidic pseudogley brown forest soil (Szengyrgyvolgy)
2. slightly acidic chernozemn brown forest soil (Kornpolt)
3. extremely acidic sandy brown forest soil with thin inlersrtfled

layers of colloid and sesquioxide accumulation (Nagykorpid)
Rumanian soil 4.: extremely acidic podzol soil (Livada)
Slovakian soil: 5. strongly acidic typical podzol soil (Lucenec)
Algerian soil: 6. slightly acidic sandy soil
*< limit of detection

Results and discussion

At increasing P application rates (with addition of the same amount of NK), the original

soil pH decreased by 0. 1-0.7 units when superphosphate was applied but increased by

0.3-1.0 units when P was given in the form of phosphate rock. The extent of these

changes was different for the~ 6 soils, depending on original pH and texture (Fig.1L)

In the first cut of red clover the concentrations of the various trace elements were

different: Mn contents were the highest (50-2600 mg/kg), Sr and Al concentrations were
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between 50 and 300 mg/kg, Ni and Co contents between 0.3 and 10 mg/kg. Chromium

contents were below 1.0, Cd contents below 0.5 mg/kg.

3 ,5

T ra t c 

Fig. 1. Effect of P fertilizer treatments on soil pH-H 20

For 1,2,3,4,5,6 soils: See Table .
Treatments: PS= Superphosphate, PR= Phosphate Rock

50, 100, 400.. .= Active P ingredients, mng P20s/kg soil
calculation of active ingredient based on

total (mineral acid-soluble-) P205 content (PST and PRT) (nt. Stand., 1984),
2 % citric acid-soluble- P205 content (PRc) and
alkaline ammnonium citrate- soluble-P205 content according to Petermnann (PRp)

(Oflic.J.EC, 1977).

Uptake of Mn, NI, Co, and Cr was differently affected by the original soil properties

(pH, texture, trace element content) and by the form and extent of P fertilization. These

effects are shown in Fig. 2. for Mn. On the slightly and moderately acidic soils uptake

of Mn and Ni was much lower (50-300 and 1-4 mg/kg, resp.) thani on the strongly acidic

soils, and the P fertilization had no effect on the uptake. On acidic soils Mn

phytotoxicity is held to be at least partly responsible for yield decreases, in agreement

with the higher Mn content of the soil solution at lower pH (Cseh and Zsoldos, 1990).

In an FAO study, plant Mn contents decreased steadily with rising pH (Sillanpia, 1982).

No cobalt, Cr, and Cd were measured in the plants on the slightly acidic soils. In

contrast, the higher Mn, Ni, Co, and Cr content of the plants on the strongly acidic soils

were substantially influenced by the form and extent of P fertilization, but such P effects

were not observed in Cd uptake. Mitchell (1957) found decrease of Ni and Co contents

in red clover with increasing soil pH.
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Fig. 4. Changes in Co. Cr and Cd uptake in the first cut of red clover on strongly aii
acdtypical podol soil, No. 5.
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Elemental concentrations were generally higher when there was less time between two

cuts, and decreased in later cuts, with the exception of Cr. In the last cut when the

plants grew under slightly stressed conditions (lower temperature, less light),

cocentrations of several elments (Cr, A) increased. This increase was greater on

strongly and extremely strongly acidic soils.
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Summary . 0

One of several promising methods used for the remote monitoring of plant stress due to

heavy metal contamination is based on spectral reflectance measurements. The aim of

present work was to investigate correlation between the degree of contamination by lead

(Pb) and spectral reflectance data obtained in field measurements on plants.

Barley plants were grown on a field which, was contaminated due to car and truck

traffic along the Hungarian MO highway, 17 km from Budapest. Lead (Pb)

contamination was determined using a JY 38 (ICP-AES) atom emission spectromneter,

and checked using PIXE methods, both in soil and in plant probes collected at points on

rows parallel to the highway and situated at various distances (5-20m) from it.

Reflectance of leaves was measured both on live plants in situ, and on leaf probes using

an Exotech 1 00 BX radiometer. Results will be discussed.

It is intended to continue our measurements at other sites, to identify factors detrimental

to accuracy and reliability, and to extend the work to other contaminants.

1. Introduction

Imaging spectro-radiometers installed on aircraft or satellites yield survey data for

prospectors, geologists, biologists and other scientists involved in environment research.

Well known and cited (G. Vane et al. 1984, J. K. Croweley 1989, C. Banniger 1989,

A.K. Saraf and A. P. Cracknell 1989, C. D. Suresh et al 1989, C. L. Wagner et al 1990)
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are wide-band spectrometers such as Landsat MSS (Multispectral Scanner System), TM

(Thematic Mapper) and AVIRIS (Airborne Visible and Infrared Imaging Spectrometer).

The number of independently evaluated spectral bands amounts to about 7 per

instrument (see fig. IL) with typical band widths of about 100-200 nmn. Direct

measurement results represent overall radiation intensities reflected by details of imaged

objects of investigation within specific wave length bands (as, for instance TM3

(visible), TM4 (near infrared) or TM 7 (medium infrared). Experience shows, however.

that it is band intensity ratio values that yield the most useful information, e.g.

TM4/TM3 on vegetation status (for environment monitoring) or TM5i/TM7 on clay

presence (for prospecting). 
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reflectance (about 40-50%) in the near infrared occuring, at about 0,72 ptm and generally

called the chlorophyll absorption edge.

0.5 06 07 0.8 0.9 1,0AIm

wavelength

Fig. 2. Plant leaf reflectance near the chlorophyll edge

According to experience (G. Vane et al, 1985) reflectance plots of forest areas with high

heavy metal content in the soil show the chlorophyll edge to be shifted to shorter

wavelengths by about 10-40 n. This may be detected with narrow-band remote sensing

spectrometers. However, Vane (and other investigators likewise) also found the edge

shift to depend on other plant stress factors affecting chlorophyll formation such as soil

type, depth, humidity, lack of salts, damage caused by insects or plant disease.

The second characteristic of the foliage reflectance, viz, the amount (e. g. ratio) of

change near the chlorophyll edge was also found to be influenced by higher metal

contamination in plants (Suresh et al., 1989, Wagner et al., 1989). More specifically,

reflectance at longer wavelengths is increased and this may be instrumentally detected in

both visible and near infrared (VNIR) for some weeks in spring and in some in autumn.

Taking into account the spectroscopical foundations of our problems as well as the
insrumntsavalabewe decided to investigate, as parameters characteristic of plant

stress, the ratio values of band reflectances. Note that the TM3 and MSS2 bands

coincide with the strong red absorption band of chlorophyll. Consequently, the ratio

values obtained by relating the TM4 and MSS4 (infrared) reflectance values to the

above (red) reflectance values are characteristic for the degree of development of plants.

(Smaller ratio values indicate more significant stress.)

2. Materials and methods

The EXOTECH 1 00 BX four-band spectro-radiometer used in our investigation is, in

fact, an asembly of four independent instruments with 4 identical optical channels, each
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of them including an optical band-pass filter, an entrance lens, a correcting filter, a Si

photodiode and a DC amplifier. Two sets of band pass filters were used, both of them

chosen such as to prevent any overlap of the 4 spectral bands. One set corresponds to

bands 1-4 of MSS, the other to bands 1-4 of TM.

Fields of view are determined by optical elements at the entries of the four channels.

Reflectance mneasuremients on plants were planned so as to yield results comparable to

those of future remote (satellite) sensing methods. Plants as they grow at the site were

observed from above by an EXOTECH 1 00 BX radiometer.

In order to smooth out the variations of plant reflectance values (due to the relatively

low height (1,3 m) and small viewing angle (1 50) of the imaging radiometer) 20-3 )0

individual measurements were performed for each spectrum band while moving, the

radiometer horizontally above the plants and their data averaged.

It will be noticed that our reflectance data are not absolute ones but band value ratios.

This partly compensates the fact that it was not possible continuously to measure the

flux of the incident radiation. but we had to make sure that its spectral composition did

not change. This was accomplished by comparing reflected fluxes within four TM

instrumental spectral bands at various days of measurement. One example of such a

comparison, done for March 3 1 and April 8, is shown on fig 3.
G)
U)

0 

5 0 3 31/03194

0.45j -C-- ~~~~~08/04194
cc 0.45

0.8

1 2 3

TM channels

Fig. 3 . Channel-wise comparison of illumination spectra under different meteorological
conditions

Summarizing and specifying the optical reflectance data which were measured and, in

the following, are considered as characteristic of plant stress, we chose

- the position (or shift) of the chlorophyll absorption edge near 0,72 gtm

- the TM4/TM3 (Thematic Mapper) or MSS4/MSS2 (Landsat Multispectral Scanner

System band ratio, which, in essence, represents infrared-over-visible reflectance ratio

and whose decrease is a characteristic of plant stress. Formerly (V. Kov~cs et a'.1997)
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our labofatory measurements on Pb-contaminated barley leaves in dentical stages of

growth development and showed that plant stress can be diagnosticized by reflectance

measurements using a broad-band spectroradiometer.

Results and discussion

In our recent experiments Barley plants were grown on a site along MO highway. 1 7 km

fromn Budapest. First, the Pb content of the soil was measured along a strip running

parallel to the highway at 5 sampling points situated 10 mn apart. Soil samples were

taken (a) fromt the surface (b) from a depth of 15 cm and analysed. Results are shown

below

a) Pb soil contamination (in mg/kg units) on the surface

-Site I m I G 40I Ara e
Contamination 96,5 1 03 102,1 10 1 03 12,12j

b) Pb soil contamination (in mg,/kg units) at a depth of 15 cm

ISite Ornm 1Gm { 20m 3Gm 40 vrg

Contamination 24 21,1 26j 2 ,7 197 2,

These results show a uniform (<1I mg/kg) Pb contamination for both surface and depth

sample series.

Second, Pb concentration was measured at 6 sampling points 5 m apart along a strip

running perpendicular to the highway (a) on the surface (b) at a depth of 15cm in the

soil. The results (see fig. 4) again show the Pb filtering action of the soil and, moreover,

the absence of Pb migration in the soil which, for pH 6 (nearly neutral) already has been

reported in literature.

10 at the surface
at adepth of 15 cm 2

01
E ~~10 o 20--- 30.. 20,,

distance from highway distance from highway

Fig. 4 Pb concentration along lines Fig. 5. Pb leaf concentration
perpendicular to the highway along lines perpendicular to

the highway
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Third, along the same perpendicular strip, barley plant leaves were analyzed and their Pb

content plotted in fig 5. Comparison with fig. 6 shows an analogous Pb content decrease

with distance from the highway.

After having found for soil and plant contamination with Pb identical - and expected-

dependences on position on site, and. likewise the expected correlation between

contamination and spectral characteristics in our previous laboratory experiments, we

expected analogous correlations to show up in our field measurements.

Measurements relating to the chlorophyll edge shifting, yielded results of no

significance. On the other hand, band intensity ratios showed some unexpected

tendencies to be present. Fig. 6. shows (a) the position dependence of what is essentially

the infrared-over visible- reflectance ratio and (b) values related to the visible-over

overall radiation reflectance ratio, i.e. essentially the same information, but for different

parameter values.

25 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _0.065 -_ _ _ _ _ _ _ _ _ _ _ _ _

20 ~~~~~~~~~~~~~~~~~~~~~0.06
15 ~~~~~~~~~~~~~~~~~~~~0.0553

10 .0.05

5 ~~~~~~~~~~~~~~~~~~~~~0.045
0- 0.04

2 2 4 5 6 7 8 5 1 0 - ' n o . ~ o

site position site position

Fig. 6. IR (TM4) and visible red (TM' , Reflectance values, added up for
near the chlorophyll edge) reflectance four visible wavelength bands and
ratio values TM4/TM3 (a) related to overall reflectance

(including IR) TM4FFM3 (b)

Comparison of the two plots shows

(1) the absence of the expected monotonous position (and contamination) dependence of

spectroradiometric data

(2) the tendencies on the two plots as well as the general "intensity" are so similar that

fluctuations clearly cannot be, blamed for unexpected results.

(3 ) the tendency found for the last (farthest) two measurement points proved to be a real

one due to the clearly visible state of (underdeveloped) plants growing on those points.
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Conclusions

On the one hand, our results confirm the views on disturbing effects expressed in the

above cited literature. On the other hand, concerning our own further work, they indicate

(1) the need to extend our former modelling, laboratory experiments to investigating

more stressing factors (possibly simultaneously)

(2) this surely will induce us to use multichannel, narrow band radiometers.

(3) it also seems to be indispensible to study soil composition factors other than the

presence of heavy metals known to have stressing effects.

This study was supported by a grant from the Hungarian Scientific Research Fund and

by a grant of the Environment Ministry of Hungary.
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Summary 0 5 .2003
The FERTEXPERT` model allows undertaking researches concerning the variation of

efficiency indexes for fertilizers usage in the case of many crops depending on the content of

'available soil nutrients (the values of soil agrochemical'indexes -IA) and on the expected yied

R,when fertilization are applied inoptimal economic rates, DOE. The hysical efciency

indexes calculated and researched are the following: the total physical yield increase, SFR

(kg/a); the specific average yield increase, SSp (kg/kg N, P205 or 1(20); the specific

consumption of active substance (a.s.) from fertilizer, CSp (kg a.s./1 kg average yield increase).

The economic efficiency indexes computed are: the total profit, in monetary units/ha; the specific

profit, in monetary units/I1 monetary unit spent with fertilization, PSp, and in monetary units/kg

a.s., PSpsa. The model also allows the study of DOE variation depending on R, and A. Starting

from the made calculations, there can be drown up specific graphics that can then be used in

practice and for research purposes to.

1. Introduction

FERTEXPERT has at his basis the ICPA system for establishing DOE (Borlan

et al., 1980, 1983, 1984; Budoi et al., 1987, 1988, 1990, 1997), system that is founded

on a modified Mitscherlich-Baule answer-function and on many long ran field

experiments. This software allows doing specific computations and researches for

winter-wheat, corn, sun-flower, sugar-beet, potato, soya-bean and many other field

crops, as well as for fruit-trees and grape vine. In order to compute efficiency indexes,

the model previously computes DOE, taking into account IA, PR6, the unitary cost for

fertilizer (UI) and the unitary sale price of the yield (PUR). Mathematical relations for

the indexes computation have been presented in another paper (Budoi, 1997). The

conclusions drawn out from the researches undertaken with "FERTEXPERT" are very

important for the foundation of the system of fertilizers usage optimization and for the

elaboration of the fertilization recommendations.
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2. Materials and methods

With the aim of exemplification there are presented the researches done with

FERTEXPERT model (Budoi, 1997) for a winter-wheat culture. Because of limited

space, the physical efficiency indexes and the graphics are presented just for nitrogen;

as soil agrochemical index to appreciate the level of soil N supply (potentially available)

it was used the nitrogen index elaborated by Borlan et coorkers (1967, 1976, 1980), N

= H-VAhV100, where H is the humus content (%), and V~h is the degree of soil base

saturation (%;for P and K it was used the content of mobile P and K, in ppm,

extractable with ammonium acetate lactate by Egner-Riehm-Domingo method. The

results of the computations are valuable in the case of N for a ratio PUIR/CUI of 0.34

(PUR = 340 leilkg wheat ant CUI 1000 leilkg N in 1996), in the case of phosphorous

for PUR/CUI of 0.25 and for K a ratio of 0.44; these results can be brought up-to-date

easily with this software for any values PTJR and CUT - exchangeable in the market.

The manual for using the FERTEXPERT software has been presented in another paper

(Budoi, 1997).

3. Results and discussions -4--S 20001 -W-R 3000

---- ] 6000 . -. 7000
The variation of optimal economic rates, DOE, ~ ---- R, 0000

depending on the soil nitrogen index, IN, and on the
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Fig. 2 -variation of Ro depending on soil nitrogen index, IN, and Es



131

together with Rs level. In relative values, % of Rs, Ro also comes closer to Rs with the

increase in the value of the agro-chemical index. Thus, in the case of the nitrogen, Ro

increases from around 44-52 % of Rs on the soils with a poor nitrogen supply (N = 1),

to 72-87 % on the soils well supplied with nitrogen (with 1IN = 4). In the case of

phosphorous, on soils poor supplied, with 10 ppm available P, Ro represent 69-82 %

form Rs, and on soils very well supplied, with 70 ppm P, Ro represent 93-100 % from

Rs. In the case of potassium, on soils poorly supplied, with 40 ppm available K, Ro

represent 70-86 % of Rs, and on soils very well supplied, with more then 200 ppm K,

Ro represent 96-1 00 % of Rs. It is to be remarked the fact that although 'n relative

values Ro approach faster toward 1 00 % of Rs together with the increase of 114 at small

levels of Rs comparatively with the higher Rs levels, the slope of the Ro curve in

absolute values is all the higher as the Rs level is higher. This demonstrate the fact that

the yield increase possible to be obtained by application of the fertilizers in DOE is

higher as the degree of general favorability of the vegetation factors and conditions, Rs

respectively, is higher. At the same level of the agro-chemical index, the Ro relative

value is smaller as the Rs level is higher.

The variation of the total physical yield increase, SFR, obtained by N

application in DOE, depending on IN and Rs (fig. 3). On all levels of soil N supply,

the absolute yield increase is higher as Rs is higher. If the soil supply is deficient just in

one given nutrient (N in this case), all the other vegetation factors and conditions being

in optimum, then the yield increase, both in absolute and relative values (% of

maximum yield) is higher as the soil is less supplied with that nutrient, respectively as

much as that vegetation factor is more far-off optimum and it is much more in

minimum. SFR decreases together with the increase of IN by the curves of hyperbolic

type. Because what was said above are verified also for P and K, as well as in the case

of others vegetation factors, they can be synthesized as a law of the use degree-.of a

certain vegetation factor thus: the degree of the utilization of a given vegetation factor

or condition (nutrient for
is5000 -- R 00-4--i70

example) through yield ~ 0 4Ri 2000 -U-R 300-aR40
8.9000 j -4 R1 000

increases, when its state is o*u.. ... u ... ... ... F
technlogicl ~'000 60i ~ i ii

optimizing by tehoogcl140 0-

interventions, is all the 2o-- 131

higher as the degree of '0 2025- 4,0 2-I - -

0,5 1.0 1.5 225 3.0 3,5 4 0,3 1,0 1.5 2,0 2,5 3,0 M, 4.0
optimization ana reciprocal Nitrogen hsde IN = (HxV)1100 Nkrogen haer, IN = ffHxV)ilO0

harmonization in space and Fig. 3 -Variation of the total yield increase depending on IN and M~
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time of the' others vegetation factors and conditions, both natural and technological is

higher and that factor or condition were much far from its optimal state, that means

where much more in minimum (Budoi, 1997).

It is interesting to be noted the disposition in fan of the decreasing curves of the

absolute yield increases depending on the agro-chemical index (IA) at different Ra

levels (fact valuable both for N and for P and K); the curves are more gathered at high

values of IA and more dispersed at small values of this. The difference between the

minimum yield increase and maximum yield increase determined by others factors than

the studied nutrient is higher at small values of IA than at high values of this. t is

verifying thus another rule of the action of vegetation factors: the disturbing effect on

the yield, respectively on the yield increase, of other vegetation factors and conditions

than that studied is manifesting all the higher pronounced as that vegetation factor is

much far _from optimum and all the less as it is much nearer to the optimal level. In

other words, the same variations of the vegetation factors, others than that studied, the

more diminishes yield the farther from optimum that factor is. The consequence coming

from here is the fact that high yields and high yield increases can be obtained only if it

is a simultaneously action on all vegetation factors and conditions with the aim of theirs

quantitative and qualitative optimization, that is a confirmation of the rule of high yields

formulated by Borlan and coworkers (1994). In other words, the necessity of

optimization of the other vegetation factors and conditions with limiting effect on the

yield is all the higher as it was acted in the sense of the optimization of the soil supply

status, by applying the fertilizers in DOE, on a soil being founded in a slower supplying

state with nutrients. This represent a confirmation of the rule of the consistency of the

investments formulated by Borlan and Hera (1984).

The variation of the average specific yield increase, SSp in kg/kg N, depending

on IN and Rs (fig. 4). In principle, SSp varies in the same R200 -0R100
-!-Ps4000 4-s50

way as SFR: increase together with the degree of the R5 0 70

optimization of other vegetation factors and conditions, with 30......
r.25 -

Rs respectively, and decreases from hyperbolic curves
120 ---

together with the increase of the IN value. In this case also it J

can be noticed the disposition in fan of the SSp curves. SSp ---

varies in the case of nitrogen, depending on IN, between 6 30354,

and 14.4 kg/kg N at small Rs levels of 2000 kg/ha, andInce zoN

between 14.8 and 27 kg/ha at an Rs level of 8000 kg/ha. For Fig. 4 - Vaiation of the specific
yield increase depending on IN

comparison, in the case of P fertilizers S Sp varies, depending adR
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the soil available P content, between 0 and 8 kg/kg P 20s at small Rs levels, and between

7.4 and 15.2 kg/ha at maximum considered Rs level.

The variation of the specific consumption of N from fertilizer, CSp (in kg N/kg

yield increase), depending on iN and on Ro level of the yield without N (fig. 5). CSp

represent the technical coefficient of the yield increase and mustn't be confounded with

the specific nutrient export (kg N/kg. product), because to this consumption it is added

the specific nutrient consumption from soil. CSp doesn't signify what it is recovered in

yield, but the amount of N, P20s, 1K20 etc. which have to be applied to obtain 1 kg yield

increase. CSp decreases by a hyperbolic curve together with the increase of the Ro level

obtained without the application of the considered nutrient and decreases together with

the increase of the value of the relevant agro-chemical. index, together with the soil

nutrient supply of that nutrient respectively. This confirms and founds once again the
V
fact that utilization by plant of an applied resource by technology (fertilizer for

exempla) with the aim of the optimizaztion of a vegetation factor or condition is all the

most efficient as the general degree of optimization and reciprocal harmonization of the

other vegetation factors and

conditions is higher. Thus, on F ~ 7
a soil middle supplied with 350......0170 300.. . 0,190 

nitrogen, with IN = 2, CSp of - 2500 .0,130 50 0,150

2000 - -0,130 ~ 2000 -A 0.130 

N decreases in winter wheat ~o~~1 10 ~ i S[ 1500 01010 ,1

together with the increase of 1000 0,090 1000 0,090 c

.R 5001 0,070 000,070 

Ro from 0.116 kg/kg yield 3 .5

increase at 0.053 kg/kg, and -c .R ~
01 ~~~~~~~~~~~R,withoutN,onzmgwthlN= 2 R thu N, on aol wth IN= 4

on a soil well supplied with
Fig. 5.-- Variation of the specific consumiption of N from fertilizer depending

nitrogen, with IN = 4 - on yield without N, Ro, and of soil nitrogen index, IN

decreases from 0. 161 kg/g at 0. 068 kg/kg. -- Ri -20100 -U0-Ri 3000.

-kl ..0 -4--Ri 000
The variation of the total profit per hectare, 300-ORSW

--- -Rs 5000

obtained by utilization of N, P and K in DOE, depending l~ -1 .... -...

on the relevant soil agro-chemical indexes and on Rs ~10 
iowo -

(fig. 6). The profit obtained per hectare increases together A 800 - -

with the increase of the Rs level and together with the 40- -

decrease of the value of the soil agro-chemical indexes, 20:1

being all the higher as the soil is less supplied with 0,31,0152.02nde,53N 4

nutrients. The profit brought by nitrogen is higher than Fig. 6 - Variation of the total profit
depending on soil nitrogen index, IN,

that determined by P, and this is higher than that brought and expected yield, Rs 
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by K. If by fertilizing with nitrogen in DOE, on an optimal economic background of p

and K, it can be obtained profit also at small level of Rs and at well supplied soil with

nitrogen, the P application, and K application respectively, on an optimized background

of the soil with the otheir two nutrients does not give profit at small expected yield, Rs,

and at well supplied soil with P and K. At higher Rs, necessary to be obtained in a

modern agriculture, P and even K bring profit by themselves. If it is to take into account

the fact that the profit gien by the nitrogen is conditioned by the application of P and K

in DOE, it is much more justified also from the economical point of view the

application of the P and K fertilizers in DOE depending on the values of the relevant

soil agro-chemical indexes.

The variation of 'the specific profit obtained by the usage of the N, P and K

fertilizers in DOE, expressed as leWl leu spent with fertilization (PSp) and as lei/kg

active substance (PSpsae), depending on the relevant soil agro-chemical indexes and

on Rs level (fig. 7). Both PSp and PSpsa increase together with the increase of Rs and

with the decrease of the values of the agro-chemical indexes, being all the higher as the

soil is less supplied with nutrients. The specific profit brought by nitrogen is higher then

that determined by phosphorous, and this is higher than that of potassium. The positive

correlation with the Rs level show that the usage of the fertilizers in optimal economic

rates, even in comparabie soil condition from the point of view of the soil supply with

the considered nutrient, is more profitable then when it is optimizing also the others

vegetable factors and conditions by high technologies or when their optimization exist

in natural conditions. Like in the case of the total profit/ha, if by nitrogen fertilization

the specific profit is positive even at the small levels of Rs and at the well soil nitrogen

~supply, at phosphorous and at potassium application, on the optimized background with

the others two nutrients, the specific profit is positive just at high expected yields and at

soil poorly supplied with ________________________

those nutrients. -0-is2000~ 0U-j300----R4000-0200
-- 00 -U--is0 6000--R oo0000 U-600 -4--7000

-4---RJ 0000 -- 4--- 0000
PSp brought by Nin 7OW -

winter-wheat on an optimal .1 6000 -

economic background of P 4O

and K fertilizers on a soil I.o 200

poorly supplied wvith 1 5 2 0 5 : 0,11522,33.4
0 10 15 2,0 25 30 1 , 1 15 2 , , 

nitrogen, with IN = 1, Soturognbe, IN 1x1fl Sou ukrogen &er, IN =(Hx")100

increases, together with the Fig. 7 - Variation of the specific profit for nitrogen depending on soil nitrogen
index, IN, and expected yield, Rs: P~p in monetary units/1 monetary unit, and

Rs increase, from 2.6 to 6.6 1PSpsa in nonetary units/1 kg N
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lei/1 leu spent with fertilization; on. a soil middle supplied, with IN = 2, PSp increases,

together with Rs, from 1.S to 5.1 ei/J leu; on a soil well supplied, with IN 4, PSp

increases from 0O7 to 3.7 lei/1 leu. PSp decreases depending the IN value after

hyperbolic curves. Thus, this varies between 3.4 and 0.7 lei/l leu at small Rs levels, of

2000 kg/ha, between 5.9 and 2.5 at Rs of 5000 kg/ha and between 7.7 and 3.7 at a Rs

level of 8000 kg/ha, comparable with that obtained in United Kingdom. It is proving

thus that nitrogen fertilization is one of the most profitable technological measures. PSp

brought by phosphorous on a soil poorly supplied with available phosphorous (with 10

ppm P) increases from 0.7 to 2.6 ei/l leu together with the increase of Rs; on a soil

middle supplied, with 30 ppm P, varies from 0 to 1.3 lei/1 leu, and on a soil very well

supplied (> 70 ppmn P) varies from 0 to 0.7, positive values registering just from a Rs

level of 5000 kg/ha. PSp decreases depending the available P content from 2 to 0.2 lei/l

leu at Rs of 5000 kg/ha, from 2.6 to 0.7 at Rs of 8000 kg/ha, and is just of 0.7 at Rs of

2000 kg/ha and just on soils poorly supplied. At potassium, the specific profit obtained

on a soil slow to middle supplied with available K, with 80 ppmn K, increases from 0 to

2.6 lei/1 leu together with the Rs increase; on a soil well to very well supplied, with 200

ppmn K, varies from 0 - at Rs below 5000 kg/ha, at 0.1 - at Rs of 5000 kg/ha, and

increases till 0.9 lei/1 leu. at Rs of 8000 kg/ha. The specific profit decreases, depending

the soil available K content, from 3.2 to 0 for a Rs level of 5000 kg/ha, from 4.5 to 0.5

at Rs of 8000 kg/ha and is just 1 at Rs of 2000 kg/ha and just on soils slow supplied

with available K, with 40 ppmn K.

The way of variation of the. specific profit expressed as lei/kg as. applied as

fertilizer is of the same nature like that of the specific profit expressed as lei/1 leu spent.

Indifferently the way of expression, the specific profit serves as criteria for establishing

the rates corresponding to the maximum specific profit, DMPS, which can be used

when the available amounts of fertilizers or of financial resources to buy them are

limited and munch under the optimal economic need.
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In this study, three different methods such as calculating marginal rate of return after
constructing partial budgeting, marginal analysis without using production function, and
marginal aalysis for production function were used to deternine economical optimum
levels of Nitrogen and Phosphorus application in sunflower growing,. Although each
method has superiority to others, the basis of them depends on the technique of
marginal analysis. The reasons of making economical analysis in three different ways
are to discuss alternative ways and to understand subject better. The level of the most
profitable fertiliser application were determined as 10 kg, N/da, and 4 kg P2 05/da for the
first method, 10 kg N/cia, and 4 kg P20 5/da for the second method, 11.1 kg N/da, and
6.2 kg P20 5/da for the third method.

O$C5
1. Introduction 20

Fertilisation and other agronomic applications are essential to get high yield and quality

of product in agri cultural production. Nitrogen, Phosphorus and Potassium are the most

important plant nutrients needed and consumed by plants. As a result of 30 thousand

soil analysis made in Turkey, 94%, 25% and 17% of soils are poor in Nitrogen,

Phosphorus, and Potassium, respectively. There is no problem of calcium and

magnesium.

Fertiliser is one of the inputs having high cost in agricultural production. The optimal

fertiliser application can be determined in two types as technical and economic

optimum. In addition, recently, ecological optimum has gained an importance in many

developed countries. The determination of ecological optimum level is difficult as

numerical under farmers conditions. In terms of farmers income, economic optimum

level is more important than others.

2. Material and Methods

Data used in this study cover results of fertiliser trials in sunflower growing done by

Research Institute of Tokat Rural Services. Data belong to the period of 1992-1995 for

N application and 1992-1996 (except for the year 1993) for POs application.
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Half of Nitrogen (Ammonium Sulphate (21%)) and whole of Phosphorus (Triple Super

Phosphate (42-44%)) were used at planting of sunflower. Other half of Nitrogen

(Ammonium Nitrate (26%)) was applied when sunflower reached 25-30 cm height. In

Nitrogen trials, fertiliser dosages were 0, 5, 10, 15, 20 kg N/da and also 8 kg P2'0 5/da

has been. applied to the soil in order to reduce the limiting effects of Phosphorus (table

1). In Phosphorus trials, fertiliser dosages were 0, 4, 8, 12 kg, P20 5/da and also 10 kg

N/da to reduce the limiting effects oif Nitrogen (table 7).

In this study, the prices of input and output based on the year 1997. The prices are:

1 kg pure N in Ammonium Nitrate TL1 65 450 (TL Turkish Liras)
1 kg pure N in Ammonium Sulphate :Th 73 780
Average price of 1 kg Nitrogen :TL 69 615
1 kg, pure P20 5 in Triple Super Phosphate (TSP) :TL 58 250

1 kg sunflower :TL 35 000

The relationship between sunflower yield and fertiliser application is a production

function. In this study, quadratic function was used in deternination of the relationship

between fertiliser application and yield due to being suitable for the Law of Diminishing

Returns and having an advantage for reaching the technical and economic optimum

levels in the relationship input - output (Esengirni and Akay, 1998).

A simple quadratic function explaining the relationship between fertiliser and yield,

holding other inputs at a constant level, can be written as: y = a + bx - x 2

where; y : expected yield (kg/da) (1 da = 1000 in 2)

a :constant (output with no fertiliser)
b and c: coefficients of regression
X : fertiliser dose (as plant nutrients - kglda)

To calculate the economic optimumr fertiliser application, first derivative of quadratic

function according to input (fertiliser) is equated to fertiliser-product price ratio. That is:

dy /dx =PFx /Py or b -2cx =Px /Py or (dy /dx) *Py =Px -

where; Pix: price per unit of input (fertiliser) Py: price per unit of output (sunflower)

3. Results and Discussion

In this study, to determine the economic level of fertiliser application, firstly, marginal

rate of return has been calculated by constructing partial budgeting (Perrin et al. 1976;

CIMMYT, 1988), secondly, the calculation of marginal analysis without using

production function has been followed this (Boehlje and Eidman, 1984; Castle et al.,

1987; Ellis, 1993), and finally, economic analysis have been made by using production

function (Castle et al., 1987; Ozkan, 1997; Esengun and Akay, 1998).
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3.1. Partial Budgeting and Analysis of Marginal Rate of Return for Nitrogen

The process of partial budgeting include average yield, gross product value, cost of

fertiliser and fertilisation, total variable cost and net profit. The cost of fertiliser and

fertilisation as variable cost has been calculated because other costs are equal in all

alternatives. After constructing, partial budgeting (table 2), the analysis of marginal rate

of return has been done.

Table 1. The Effects of N Application to Sunflower Yield
Treatment Fertiliser Application ___________Yields (kglda) ______

No (kg/iJa N) 1992 1993 1994 1995 Average
1 09 309.1 350.5 453.3 357.1 367.5
2 .5 375.9 393.5 577.5 427.9 443.7
3 10 408.6 408.2 580.8 474.8 468.1
4 15 397.0 422.1 -579.5 492.0 472.7
5 20 402.2 420.1 547.7 391.5 440.4

Source: Noyan and Demir, :[998.

Table 2. Partial Budgeting cf N Application
N Applications (kg/da)

_____________________ 0 5 10 15 20

1. Average yield (kglda) 367.5 443.7 468.1 472.7 440.4
2. Gross Product Value (TIL/da) 12 862 500 15 529 500 16 383 500 16 544 500 15 414 000
3. Cost of N (TL-/da) 0 348 075 696 150 1 044 225 1 392 300
* Amnmonium Sulphate (21%) 0 184 450 368 900 553 350 737 800
* Ammonium Nitrate (26%/) 0 163 625 327 250. 490 875 654 500.
4. Fertiliser Application Cost 0 103 750 103 750 103 750 103 750
* at planting 0 18 750 18 750 18 750 18 750
* cultivator 0 85 000 85 000 85 000 85 000

5. Total variable costs (TL/da) 0 451 825 799 900 1 147 975 1 496 050
6. Net profits (TL/da) 12 862 500. 15 077 675 15 583 600 15 396 525 13 917 950

It has been found that 15 and 20 kg/da Nitrogen applications were dominated treatments

because their marginal :rate of returns were negative (table 3).

Table 3. Marginal Return Analysis of N Application _________ ___________

Treatment (kg/da N) Total variable costs TIdda) Net benefits TL da) Marginal rate of return()
0 0 12 862 500 _ _ _ _ _ _ _ _ _

5 451 825 15 077 675 490 %
10 799 900 15 583 600 145 %

15 * 1 147 975 15 396 525 _________

20 * 1 496 050 13 917 950 _________

*Dominated treatments

After this stage, the minimum rate of return should be determined. In this type of

analysis this rate can be accepted between 50-100% (CIMMYT, 1988). In this study, the

minimum rate of return has been accepted as 100%. As a result of calculating marginal

rate of returns after constructing partial budgeting the most profitable Nitrogen level

was determined as 10 kg/da (table 4).
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Table 4. Residuals of N Applications __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Treatments Total variable costs Net benefits Minimum rate of return Residuals

(kg/da N) (TL/da) (1) (TL/da) (2) *(TL/da) (1 *100) (3) (2-3)

5 _____1451 825 15 077 675 451 825 14 625 850
10 ~ ~ of 799 900 15 583 600 799 900 14 783 700

The minimum rtofreturn is assumed to be 100%.
**It shows maximum residual, i.e. recoinmendation treatment.

3.2. The Most Profitable Nitrogen Level Without Using Production Function

Marginal analysis without using production function is used widespread by researchers

to determine the most profitable Nitrogen level. The economic optimum level of input

occurs when additional return generated by an extra unit of fertiliser is equal to the unit

cost of fertiliser.

In this study, the most profitable Nitrogen level was found as 10 kg/da. At this level,

Marginal Value Product (MVP) is greater than Marginal Factor Cost (MFC). If the

amount of Nitrogen is increased to the level of 15 kg/da, the additional return obtained

from extra unit of Nitrogen is less than the unit cost of Nitrogen and profits are being,

reduced (table 5).

Table 5. A Marginal Analysis of the Most Profitable Application of Nitrogen to Sunflower
Dose of Sunflower Total value Total input Net return Marginal Marginal value Margia
Nitrogen yield of product cot (TL/da) product product input cost
(kglda) (kg/da) (TL/da) (1) (Th/da) (2) (3=1-2) (kg/da) (TfL/da) (TL/kg,)

0 367.5 12 862 500 0 12 862 500 ---__ ---___---

5 443.7 15 529 500 348 075 15 181 425 76.2 2 667 000 348 075
10 * 468.1 16 383 500 696 150 15 687 350 24.4 854 000 348 075

15 472.7 16 544 500 1 044 225 15 500 275 . 600 387

20 440.4 15 414 000 1 392 300 14 021 700 -23 -1 130 500 348 075
*The most profitable N level

3.3. The Most Profitable Nitrogen Level by Using Production Function

The equation between Nitrogen and yield was found y = 369.69 + 17.03 N - .68 N2

(R2 99.2, R = 98.4). In order to calculate economic optimum level of Nitrogen

application (table 6), first derivative of quadratic function according to Nitrogen is

equated to Nitrogen - sunflower price ratio.

y = 369.69 + 17.03 N - 0.68 N2 => y' =17.03 - 1.36 N

(17.03 - 1.36 N)*-35 000 =69 615 => N 11.2 kgda
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Table 6. A Maginal Analysis for the Production Functions (y = 369.69 + 17.03 N - 0.68 N2 )
Dose of Sunflower Ttal value Total input Marginal Marginal value Marginal
Nitrogen yield of product cost Net return product product input cost
(kglda) (kglda) (T~fda) (TL/da) (TL/da) (kg/da) (TL/da) (TL/kg)

0 369.69 1.2 939 150 0 12 939 150 ---_--_--

1 386.04 13 511 400 69 615 13 441 785 16.35 572 250 69 615
2 401.03 14 036 050 139 230 13 896 820 14.99 524 650 69 615
3 414.66 14 513 100 208 845 14 304 255 13.63 477 050 69 615
4 426.93 14 942 550 278 460 14 664 090 12.27 429 450 69 615
5 437.84 15 324 400 348 075 14 976 325 10.91 381 850 69 615-
6 447.39 15 658 650 417 690 15 240 960 9.55 334 250 69 61
7 455.58 15 945 300 487 305 15 457 995 8.19 286 650 696915
8 462.41 16 184 350 556 920 15 627 430 6.83 239 050 69 615
9 467.88 16 375 800 626 535 15 749 265 5.47 191 450 69 61-5
10 471.99 16 519 650 696 150 15 823 500 4.11 143 850 69 615
11 474.74 16 615 900 765 765 15 850 135 2.75 96 250 69 615

11.1* 474.94 16 622 900 772 727 15 850 179 0.20 7 000 6 962-
11.2 475.13 16 629 550 779 689 15 849 861 0.19 6 650 6 962
12 476.13 16 664 550 835 380 15 829 170 1.39 48 650 69 615
13 476.16 16 665 600 904 995 15 760 605 0.03 1 050 69 615'
14 474.83 16 619 050 974 610 15 644 440 -1.33 -46 550 69 615
15 472.14 16 524 900 1 044 225 15 480 675 -2.69 -94 150 69 615-
16 468.09 16 383 150 1 113 840 15 269 310 -4.05 -141 750 69 615'
17 462.68 16 193 800 1 183 455 15 010 345 - 5.41 - 189 350 69 615
18 455.91 15 956 850 1 253 070 14 703 780 -6.77 -236 950, 69 615
19 447.78 15 672 300 1 322 685 14 349 615 -8.13 -284 550 69 615
20 438.29 15 340 150 1 1392 300 13 947 850 -9.49 -332 150 69 615

*The most profitable N level

3.4. Partial Budgeting and Analysis of Marginal Rate of Return for Phosphorus

It has been found that 8 and 12 kg/da Phosphorus applications were dominated

treatments because their marginal rate of returns were negative (table 9). As a result of

calculating marginal rate of returns after constructing partial budgeting (table 8) the

most profitable Phosphorus level was determined as 4 kg/da (table 10).

Table 7. The Effects of PC)5 Application to Sunflower Yield
Treatment Fertiliser Application __________Yields (kglda) _____

No (kg/da P,05) 1992 J1994 1995 1996 Average
1 0 416.4 448.3 427.5 458.1 437.5
2 4 419.9 612.7 535.7 485.8 513.5
3 8 421.7 657.0 477.5 491.5 511.9
4 12 424.3 J592.5 434.5 423.4 468.7

Source: Noyan and Demir, 1998.

Table 8. Partial Budgeting of POi Application
__________P 205 Applications (kgfda) _____

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _0 4 8 12

1. Average yield (kg/da) 437.5 513.5 511.9 468.7
2. Gross Product Value (TL/da) 15 312 500 17 972 500 17 916 500 16 404 500
3. Cost of P,05 (TL/da) 0 233 000 466 000 699 000
* TSP (42-44%) 0 233 000 466 000 699 000
4. Fertiliser Application Cost 0 18 750 18 750 18 750
* at planting 0 18 750 18 750 18 750
5. Total variable costs (TL/da) 0 251 750 484 750 717 750
6. Net profits (TL/da) -15 312 500 17 720 750 17 431 750, 15 686 750
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Table 9. Marginal Return Analysis of P,0 5 Application
Treatments (kg/da P) Total variable costs (TL/da) Net benefits (TL/da) Marginal rate of return (%)

0 0 15 312 5001_ _ _ _ _ _ _ _ _

4 251 750 17 720 7501 957 %
8* 484 750 17 431 750T_ _ _ _ _ _ _ _ _

12* 717 750 15 686 7501
*Dominated treatments

Table 10. Residuals of POs Applications
Treatments Total variable costs Net benefits Minimum rate of return * Residuals
(kglda P2Os) (TL/da) (1) i(TL/da) (2) (TIda) (1*100) (3) (2-3)

0 0 15 312 500 0 15 312 50-
4 ** ~251 750 17 720 750 251 750 17 469 000

*The minimum rate of return is assumed to be 100%.
**It shows maximum residual, i.e. recommnendation treatment.

3.5. The Most Profitable Phosphorus Level without Using Production Function

As a rsult f marinal analysis without using production fnction, the economic

optimum level of phosphorus application was determined as 4 kg/da because net return

is the highest at this level and MV > MFC. At the amount of 8 kg P20 5/da, MXVP is

either negative or less than MFC (table 11).

Table 1 1. A Marginal Analysis of the Most P~rofitable Application of P,051 to Sunflower
Dose of Sunflower Total value Total Marginal Marginal value Marginal

P205 yield of product input cost Net return product product input cost
(kg/da) (kg/da) (TL/da) (TL/da) (TL/da) (kglda) (TL/da) (TL/kg)

0 437.5 15 312 500 0 15 312 500 ---__ --- ---__

4 * 513.5 17 972 500 233 000 17 739 500 76.0 2 660 000 233 000
8 511.9 17 916 500 466 000 17 450 500 -1.6 -56 000 233 000
12 468.7 16 404 500 699 000 15 705 500 -43.2 -1512 000 233 000

*The most profitable P205 level

3.6. The Most Profitable Phosphorus Level by Using Production Function

The equation between Phosphorus and yield was found y = 439.30 + 24.65 P - 1.86 P2

(R 2 = 98.4, R2 = 95.2). The economic optimum level of Phosphorus fertiliser was

calculated as 6.2 kg/da by means of following mathematical calculation (table 12).-

y = 439.30 + 24.65 P - 1.86 P2 => y' =24.65 P - 3.72 P

(24.65 P 3.72 P) *35O00= 58 250 => P=6.2 kg/da

If we compare three different methods, following results can be said:

* There is a continuity in niarginal analysis by using production function. That is,

intermediate fertiliser doses which are not applied in the trials can be predicted by

means of equation. So the analysis is made more sensitively (table 6 and 12).
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*Marginal'analysis by using or not using production function includes only the cost of

input but the calculation of marginal rate of return by constructing partial budgeting

cover application cost: (i.e. fertilisation, labour, etc.) in addition to the cost of input.

* Analysis of marginal rate of return calculated by constructing partial budgeting is

more usable than others because of its easy calculation.

Table 12. A Marginal Analysis for the Production Functions (y = 439.30 + 24.65 P - 1.86 p2)
Dose of Sunflower Total value Total input Marginal Marginal Marginal

P205 yield of product cost Net return product value product input cost
(kg/da) (kglda) (TI-/da) (TL/da) (TL/da) (kg/-da) (TL/da) (TL/kg-)

0 439.30 15 375 500 0 15 375 500 ---_---_--

1 462.09 16 173 150 58 250 16 114 900 22.79 797 650 58 250
2 481.16 16 840 600 116 500 16 724 100 19.07 667 450 58 250
3 496.51 17 377 850 174 750 17 203 100 15.35 537 250 58 250-
4 508.14 17 784 900 233 000 17 551 900 11.63 407 050 58 250-
5 516.05 18 061 750 291 250 17 770 500 7.91 276 850 58 250-
6 520.24 18 208 400 349 500 17 858 900 4.19 146 650 58 250

6.1 520.46 18 216 100 355 325 17 860 775 0.22 7 700 5 825
6.2 * 520.63 18 222 050 361 150 17 860 900 0.17 5 950 S 825-
6.3 520.78 18 227 300 366 975 17 860 325 0.15 5 250 5 825-
7 520.71 18 224 850 407 750 17 817 100 -0.07 -2450 58 250
8 517.46 18 111 100 466 000 17 645 100 -3.25 -113 750 58 250
9 510.49 17 867 150 524 250 17 342 900 -6.97 -243 950 58 250
10 499.80 17 493 000 582 500 16 910 500 -10.69 -374 150 58 250
11 485.39 16 988 650 640 750 16 347 900 -14.41 -504 350 58 250
12 467.26 ,16 354 100 699 000, 15 655 100, -18.13, -634 550, 58 250,

The most profitable P2C)i level
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Summary 0 5. Oo
In the past agricultural policy makers, agricultural economists, and governments
considered the extensive input use (particularly fertilisers and pesticides) and the
application of modem acultural techniques as a quickest way to increase ield per
area and consequently, reach self-sufficiency level in agricultural production. Recently,
the concepts of sustainable agriculture, low-input agriculture and organic farming have
gained an importance especially in developed countries as parallel to increase in the
conscious of the people to the environmental problems and human health. Until last
decade, there was a dilemma between agricultural economists and ecologists. Although
the former emphasise improvement of the living standards of farmers and increasing
yield per area with taking little or no account of the environmental side-effects of
agricultural activities, the latter emphasize the conservation of natural resources.
However, today, the aim of both is to protect the nature and to meet the food needs of
present without compromising the ability of future generations.

1. Introduction

Rapid population growth, particularly, in developing countries forces people to produce

more agricultural products. Increase in agricultural production can be achieved by

having more yield per area or expanding of agricultural lands. Yield increase is the best

way to get more agricultural product because agricultural lands to be cultivated in many

countries have reached marginal boundaries as starting 1950Os. Along with balanced

application of pesticides and fertilisers, high yield varieties, improved supply of

irrigation water, and modem agricultural techniques increase yield per area.

Fertiliser is an essential input to compensate the lowered plant nutrients in the s6il. As a

result of many studies, it has been determined that balanced fertiliser use leads to over

50% yield increase in agricultural production under suitable conditions. For example,

nearly 5 1% of the United Kingdom (UK) average wheat yield was directly attributable

to the use of N fertiliser from 1980 to 1983 (Lidgate, 1984). However, non-appropriate

(excess, less or unconscious) fertiliser applications may lead to yield declines, loss of

farmers' icome, loss of foreign exchange of the country out-bounded for fertiliser raw

material, and environental problems.
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The main aims of this study are to discuss:

* whether agricultural practices are primary source of environmental problems,

* whether organic farming is possible in all countries of the world,

* whether the food need cf people is secured with organic farming,

* what kind of policies would be needed to lower the use of mineral fertilisers.

2. Materials and Methods

Secondary data have been used in this study. The lack of Statistical Data is another

problem. Scientific papers related to organic farming, environmental problems and

fertiliser have been used in this study.

3. Results and Discussion

Are agricultural practices primary sources of environmental problems?

Environment is one of the most valuable assets which human being cannot appreciate its

value without using it. As starting 1960s, the bad effects of environmental problems on

people, animals, plants, and other lifeless have reached dangerous dimensions

particularly in developed countries. Rapid population growth, unhealthy and unplanned

urbanisation, rapid industrialisation, nuclear accidents and wastes, discharge of

domestic and industrial waste to the nature, use of first class agricultural lands for

unsuitable aims, and wrong agricultural applications are the main causes of

environmental problems.

Everybody knows that there are two sides of the medallion. On the one hand, wrong

agricultural applications are one of the main causes of environmental problems. On the

6ther hand, agriculture is the victim of the severe environental problems.

Environmental problems arising from agriculture are as follows:

* soil erosion as a result of wrong land cultivation,

* disposal of manure from intensive livestock production,

* deterioration of pastures as a result of overgrazing,

* deforestation (cutting down of trees) to gain farm land,

* water pollution aggravated by increased use of fertilisers, pesticides, insecticides, and

plant growth regulators.

There is an inverse relaitionship between the amount of crop land and fertiliser use.

Europe, with nearly 100% of the world's agricultural crop land, applies approximately
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19% of the world's fertiliser, whereas Africa, with 13% of the world's crop land,

applies only 3% of the world's fertiliser (Anonymous, 1994).

Agriculture is often blamed for being primary sources of environmental problems. In

our opinion, this claim is half true, half false. For example, agriculture's contribution to

the Netherlands' pollution rose fromn 20% to 35% between 1982 and 1992 (Anonymous,

1994). However, in Turkey except for Mediterranean and Aegean regions, there is no

pollution caused by agriculture. The main causes of environmental problems in Turkey

are domestic waste and industrial waste. Out of 17 polluted rivers, 11 are subject to the

dumping of domestic waste and 16 for industrial waste (Muthoo and Onul, 1996).

Is Organic farming possible in all countries of the world?

Although organic farming has been defined by many researchers and institutions, the

best definition belongs to the United States Department of agriculture (USDA).

"Organic farming is a production system which avoids or largely excludes the use of

synthetically compounded fertilisers, pesticides, growth regulators, and livestock feed

additives. To the maximum extent feasible, organic farming systems rely upon crop

rotations, crop residues, animal mnure, legumes, green manure, off-farm organic

wastes, mechanical cultivation, mineral bearing rocks, and aspects of biological pest

control to maintain soil productivity and tilth, to supply plant nutrients, and to control

insects, weeds, and other pests (Anonymous, 1980)".

Table 1. Some Explanatory Parameters about Whether Organic Farming is Possible in both Developed
and Less Developed Countries

Countries
Parameters Developed Less Developed
• Agro-chemnicals use per area High Low
* Agricultural Production Over production Food shortage or Less sufficient
* Domestic market for organic products Exist None
* Environmental problems arising, from

agriculture High Low or None
* Annual population growth Decrease or Low increase High
* Income Per capita Very high Low
* Educational level High Low

Orgni Farin Needed No need in a short term
Note: Prepared by means of table 2 and 3.

As can be understood from the table 1, the use of organic methods in agriculture is

needed, economically suitable and possible in developed countries due to high

agrochernical use (e.g. mineral fertilisers and insecticides) per area, over production in

agriculture or being reached self-sufficiency level in many agricultural products, having

a growing, domestic market for organic products, low population growth, and reaching
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of environmental problems arising from heavy use of agro-chemicals to the dangerous

dimensions. However, it is difficult in less developed countries due to food security and

having low or no environmental problems caused by agriculture (table 1).

Is the food need of the people secured with organic farming? 

Two main aims of today's agriculture are to meet the food needs of the present without

compromising the ability of the future generations and to do that in a more natural way.

This means that yield increases should be achieved by minimising adverse

environmental consequences of agricultural activities.

The world's population increased from 2.52 billion in 1950 to 5.57 billion in 1993. Up

to now, globally agriculture has been relatively successful in meeting the food needs of

the growing human population due to increases in area under cultivation, intensive use

of agro-chemicals, improved supply of irrigation water, modemn mechanisation, crop

breeding and researches. That is, food production has increased faster than population

growth. According to Food and Agriculture Organisation (FAO), the world's population

is projected to reach nearly 10 billion by the year 2050. This means that lobal

agricultural production must increase about 3 times to provide enough food for the

world's population (Anonymous, 1994).

Although there is an over production problem in many developed countries, 20% of

population of less developed countries (800 million people) are malnourished, about a

third of whom are children. Today, less developed countries account for 75% of global

population and supplies 90-95% of the annual population growth. Under these

'circumstances, without use of agro-chernicals we could have never reached present

crop levels contributing to the alimentation of today's world population (Fowden,

1993).

Agricultural Policies needed to lower the use of mineral fertiliser and pesticides

If the objectives of agricultural policies applied in both developed and less developed

countries are investigated carefully, it can be concluded that, in the past, agricultural

policies took little or no account of the environmental side effects of agricultural

activities (Akca, 1996; Barbier, 1989).
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As starting 1980s, European policy makers found organic agriculture as a suitable

instrument to reduce food surplus production. Some policies needed to lower the use

purchased inorganic fertilisers and other agro-chemnicals (pesticides, insecticides,

fungicides, plant growth regulators) can be summarised as follows:

Elimination of fertiliser subsidies,

Elimination of input subsidies, especially fertiliser and chemical subsidies encouraging

substitutions away from organic fertiliser and manual soil conservation measures (Ellis,

1993) can direct some farmers towards mixed farming (combination of conventional

and organic farming) due to high input prices.

Imposing a tax on chemical fertiliser:

tax on purchased inorganic fertiliser is administratively the easiest control option to

limit fertiliser use. However, its efficacy depends on the responsiveness of fertiliser

demand to price changes. Some countries, for example Sweden, have introduced taxes

on nitrogen fertiliser but 5-10% increase in prices of fertiliser have had little impact.

Agricultural economists have predicled that 100-200% increase in the price of N

fertiliser would be required to have any significant effect on levels used (Newbould,

1989).

Premium for environment-friendly pro ~Juton.

Many case studies indicate that yield per area is lower in organic fanning than

conventional farming (Regev et al., 1997). Therefore, farmers are afraid of financial

loses and hesitate to convert from conventional to organic methods. To reduce the use

of purchased inorganic fertiliser and other agro-chemicals in agricultural production,

governments or private organisations can introduce premiums for environent-friendly

production and ecologically oriented payments to farmers voluntarily following org~knic

farming.

In conclusion, environmentally sound production is vital in countries where

environmental problems have reached dangerous dimensions because unconscious or

unbalanced use of fertilisers and pesticides create threats to human, animals, plants.
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Table 2. Fertiliser Consumption Per Area in Some Countries
Fertiliser Consumption Arable Land Fertiliser Consumption Per Area

Countries (000 mt) (1) (000 ha) (2) (kg nutrients/ha) (3= 1 2)
Developed
USA 20 200 175 000 115
Japan 1 563 3 944 396
UK 2 221 6 090 365
Germany 2 819 11 835 238
Netherlands 504 885 569
Less Developed
Turkey 1 799 24 474 74
India 14 308 162 500 88
Poland 1 634 14 087 116
Bangladesh 1 259 8 500 148
Brazil 4 847 53 500 76
Ethiopia 1541 11 300 14
World 135 050 1 381 917 98
Source: Anonymous, 1998a. Fertiliser Yearbook 1997, Vol:47, FAO Statistics Series No:143, Rome.

Anonymous, 1998b. Production Yearbook 1997, Vol:51, FAO Statistics Series No: 142, Rome.

Table 3. Population and Average Population Change in Some Countries
_____Population_(millions) Average Population Change(%

Countries 1990 1995 2025 1980-1985 1990-1995 2000-2005
Developed
USA 249.98 263.14 322.01 0.92 1.03 0.76
Japan 123.54 125.88 127.03 0.68 0.38 0.27
UK 57.41 58.09 60.25 0.10 0.24 0.19
Germany 79.48 81.26 83.88 -0.16 0.44 0.22
Netherlands 14.94 15.50 17.67 0.48 0.73 0.67
Less Developgd
Turkey 55.99 62.03 92.88 2.50 2.05 1.61
India 846.19 931.04 1 393.87 2.14 1.91 1.65
Poland 38.18 38.74 43.79 0.90 0.29 0.49
Bangladesh 113.68 128.25 223.25 2.68 2.41 2.18
Brazil 149.04 161.38 219.67 2.23 1.59 1.22
Ethiopia 49.83 58.04 130.67 2.12 3.05 2.84
World 5 295.30 5 759.28 8 472.45 1.75 1.68 1.43

Source: Anonymous, 1994. World Resources 1994-1995, People and the Environment, Oxford University
Press, Oxford, USA.
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Summary 20

In this study, the factors; affecting the amount of fertiliser used in sunflower production have
been inves'tigated. Average sunflower production area was determined as 21.91 da and
sunflower was grown in irrigated conditions. Average plant nutrients was 20.92 kg N Ida, 14.33
kg P205/da, and 2.22 kg K20/da. As a result of the study, it has been determined that farmers
used excess fertiliser in sunflower production. In addition, in the use of plant nutrients, the
factors such as farm' size, sources of fertiliser, irrigation possibilities, credit use situation, and
the quality of land were statistically significant contrary to the factors such as land usage
situation, educational level of farmers and deciding on fertilisation.

1. Introduction

Achieving efficiency in factor usage and getting the highest advantage from limited

resources are the main aims and principles of economics. Therefore, in each production

activity, determination of resource productivity and situation of factor usage need the

use of present resources as suitable to *conomic conditions (Kizilaslan, 1996).

Achieving production increase by having high yield per area is very important rather

than expanding of production area (Kizilaslan and Giier, 1997). The use of fertiliser

according to features of the products and needs of the soil has gained an importance.

However, the financial possibilities of farmers, and agricultural policies followed by

government are the most important two elements affecting the behaviour of the farmers'

fertiliser application. When the support of governments has decreased and the price of

fertiliser have increased farmers have reduced the use of fertiliser, on the contrary,

increased it (Dag, 1993). The tendency of farmers to increase their income and yield in

agricultural production is parallel to the objectives of the policies of governments in

macro level.

2. Material and Methods

Primary data have been used in this study. There are 587 farms growing sunflower

intensively in Zile County of Tokat Province. 7 villages (20% of 36 villages) have been

determined as a research area. Data have been collected by survey from 56 farms

determined at 95% significance level and 1 0% error. At the stage of analysis of data, the
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following method has been used. If variables affecting fertiliser use are investigated

under two groups, the method of Hypothesis Test About the Difference Between Two

Population Means: Matched Pairs has been used to test the difference between two

group's mean. If variables affeciting the fertiliser use have more than two groups,

Variance Analysis has been used to determine whether the difference among groups'

means is significant or not. As a result of variance analysis, in the determination of

emerging resource of difference, the control of Least Significance Difference (LSD) has

been done (Caglayan, 1983; Yid12: and Bircan, 1992).

3. Results and Discussion

3.1. General Information Related to the Use of Fertiliser in Farms

The kind of fertiliser used in sunflower growing have been shown in table 1. Compound

(20-20-0) and Urea are the types of fertiliser used too much as amount. The others are

Compound (15-15-15), DAP, and Ammonium.Nitrate (33%), respectively.

Table 1. The Amount and Kind of Fertiliser Used in Farms

Farm Size Fertilisers

Groups (da) DAP Urea Compound (20-20-0) Compound (15-15-15) A. Nitrate (33%)

- 10 7.53 12.37 24.21 8.68 5.79

11 - 25 17.50 16.25 23.13 15.94 13.13

26 - + 18.10 20.71 35.95 19.29 7.62

General 14.34 16.61 28.13 14.73 8.57

Table 2. The Level of Fertiliser Use in Farms (Plant Nutrients) ( kg/da)

Farm Size Groups (da)

Plant Nutrients 1 '- Group (1 -10) 2' Group (1 1-25) 3'O Group (26 - +) General

Nitrogen (N) 15.23 21.98 25.27 20.92

Phosphorus (P205) 9.27 15.08 18.35 14.33

Potassium (K20) 1.32 2.40 2.90 2.22

1Total 25.821 39.461 46.52 37.481

For sunflower growing in the region, the amount of fertiliser suggested by

Karadenizbirlik (Oilseeds Agricultural Selling Co-operatives) is 10-15 kg N/da, and 8

kg P 20,5/da (Anonymous, 1999). However, farmers used 20.92 kg N/da, 14.33 kg

P20.5/da, and 2.22 kg K 20/da (table 2). There is an excess and unconscious fertiliser use

in research area. The reason of this is that only 21.7% of farmers have applied fertiliser

as the results of soil analysis.



152

3.2. The Level of Fertiliser Use in Sunflower Growing According to Some Factors

3.2. 1. The Level of Fertiliser Use With Respect to Farm Size

Table 3. Distribution of Land According to Land Ownership Situation

Farm Size Groups (da) ______

___________________________ 1-10 11-25 26 -+ General
Number of farms 19 16 21 56
Average sunflower vrodu tion area

*Dry 0.47 1.56 5.14 2.54
*Irrigated 6.90 16.38 32.96 19.37
*Total 7.37 17.94 38.10 21.91

The share of sunflower production area
in total fann land (%) 13.97 19.68 33.91 25.46
Land ownership (%)

* Land owner 83.57 80.49 76.75 78.40
* Tenant 5.00 3.48 9.00 7.26
• Sharecropper 11.43 16.03 14.25 14.34
* Total 100.00 100.00 100.001 100.00

Table 4. The Level of Fertiliser Usage According to Farm Size

___________ Farm Size Groups (da)

1-10 11-25 26- + General
Total plant nutrients
(kg) (NPK) 490.50 631.20 977.00 2 098.70
Number of farms 19 16 21 56
Ave. plant nutrients
(kg/da) (NPK) 25.82 39.46. 46.52. 37.48

Table of Analysis of Variance_______

Source of Variation Sum of Square Degree of Freedom Mean Squares F
among groups 1 4 362.621 (k-i) 2 2 181.31 10.05
within group 11 500.43 j (N-k) 53 216.99 _______

GUeneral J 15 863.0Sf (N-i) 55 _______j
Fcalcuied (10.05) > F.W~i (3.15), Result: Difference between groups is significant at P < 0.05

_________Table of LSD Control________
Difference Standard Deviation of

'between two difference between
Groups compared groups' mean groups' mean LSD (0.05)

(1) (2) (3) (4=3*t) Result()
1-10 with 11-25 - 13.64 4.99 9.78 significant
1-l0 with 26- + - 20.70 4.66 9.13 significant
1 1-25 with 26 - + - 7.06 4.89 9.58 not significant
*If the value of LSD is higher than difference as absolutely, difference is not significant, otherwise is

significant, (t = 1.96).

Average sunflower production area was calculated as 21.91 da. Sunflower production

area accounted for 25.46 % of total farm land. Sunflower was grown mn irrigated

(88.41 %) and dry (1 1.59%) conditions. In addition, 78.40%, 14.34%, and 7.26% of total

farm land were managed by landowners, tenants, and sharecroppers, respectively (table

3).The amount of fertiliser used per area has increased as parallel to increase in farm

size. As a result of variance analysis, it has been determined that this difference has not

been emerged from coincidence. LSD control showed that the difference has been
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emerged from 1l` group farms having less than 10 da land, and 3 d group farms having

more than 26 da land (table 4).

3.2.2. The Level of Fertiliser Use With Respect to Situation of Land Use

Plant nutrients used in farms according to situation of land use has been given in table 5.

Table 5. The Level of Fertiliser Usage With Respect to Situation of Land Use

_______ _____Land Use Situation _ _ _ _ _ _ _ _

_________________ a b c a&b a&c b&c General
Total plant nutrients (kg) 1 517.10 20.10 99.90 106.30 291.80 63.50 2 098.70
Numnber of farms 40 1 3 3 7 2 56
Average plant nutrients
(kgfda) 37.93 20.10 33.30 35.43 41.69. 31.75 37.48.

Table of Analysis of Variance ________ ____

Source of variation Sum of squares Degree of freedom Mean squares F
*amnong groups 562.48 5 112.50 0.38
*within groups 15 300.57 50 306.01_____

General 15 863.05 55 _________ _____

Fcw~.Alc~a (0.38) < FW~i (2.37) Result: Difference between groups is not significant at P < 0.05
(a): land owner (b): tenant (c): sharecropper

Table 6. The Level of Fertiliser Use in Farm According to the Level of Education of Farmers

Level of Education
___________________Illiterate ME(+) [Primary Secondary High school General

Total plant nutrients (kg) 240.50 1.91.50 1 438.40 192.40 35.90 2 098.70
Number of farrns 5 71 37 6 1 56
Ave. plant nut. (kg/da) 48.10 27.361 38.88 32.07 35.90 37.48

Table of Analysis of variance
Source of Variance Sum of squares Degree of freedom Mean Squares F

*amI~ong groups 1 532.281 4 383.07 1.3S6
*within groups 14 330.77 I5 1 280.99 ____

General 15 863 .05 J55 _ _ _ _ _ __ _ _ _ _

Fcalcuhed (1.36) < Fble (2.53), Result: Difference among groups is not significant at P < 0.05
NE (+): Attending a course but not having a primary school certificate.

According to table 6, educational. level of farmers is low because 66.07% of them

graduated from primary school. As a result of variance analysis, the difference between

average plant nutrients usage is not significant according to educational level of farmers

and this difference has been emerged from coincidence. In practice, the educational

level of farmers do not cause privilege in terms of plant nutrients used per area.

3.2.3. The Level of Fertiliser Use According to Source which Fertiliser is Obtained

Sunflower producers bought fertiliser from Karadenizbirlik used 42.03 kglda plant

nutrients. Those bought it from Karadenizbirlik& private seller, private seller, and

agricultural credit co-operatives followed this with amount of 36.42 kg/da, 27.62 kg/da,

and 26.58 kglda plant nutrients, respectively (table 7).
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Table 7: The Level of Fertiliser Use According to Source which is Fertiliser is Obtained

Source which Fertiliser is Obtained
a b c d General

Nualpntnbe rifts 35) 17.0 7 0 13j9 61.5 5698-
Totalpoflanturims 3547.1 27.0 13.9 21.5 209.7
Average plant nutrients I
(kg/da) 42.03 27.62 26.58f 36.42 37.48

_____ _____ _____ __ __ _____ ____ Table of Analysis of Variance
Source of variation - Sum of squares Degree of freedom Mean squares

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _F

among groups 2 289.94 3 763.31 2.9
* within groups 13 573.11 52 261.02

General 1~58 863.0 5 55 _____

Fcw~. 12e (2.92) > Fbali (2.76), Result: Difference among groups is significant at P < 0.05
Table of Control of LSD ____________

Difference Standard deviation of
Groups compared from Mean difference of groups' LSD (0.05)

(1) (2) mean (3) (4=3*t) Result
a with b 14.41 5.79 11.35 significant
a with c 15.45 7.72 15.13 significant
a with d 5.61 7.14 13.99 not significant
b with c 1.04 8.85 17.35 not significant
b with d - 8.80 8.34 16.35 not significant
c with d - 9.84 9.78 19.17 not significant

(a):Karadenizbirlic, (b):Private seller, (c):Agr. Credit Co-operatives, (d):Karadenizbirlik & Private seller

Variance analysis has been done to determine whether the difference among plant

nutrients used is significant or not according to the sources which fertiliser is obtained.

As a result, the difference was statistically significant. It can be said that difference

among means has been caused by the use of fertiliser obtained from Karadenizbirlik.

3.2.4. The Level of Fertiliser Use According to Irrigation Possibilities

Irrigation is an important factor affecting the amount of fertiliser used. It has been

determined that farners have used more fertiliser as parallel to having irrigation

possibilities. In research area, farmers not having any irrigation problems have used

more fertiliser than those having some irrigation problems. According to having or not

irrigation problem, the difference among the amounts of plant nutrients used per area is

statistically significant at P< 0.05. However, it is a fact that farners should apply

fertiliser at optimum level suggested by extension agents and soil scientists to reach

high yield level in sunflower growing and lower the severe environmental effects.

Table 8: The Level of Fertiliser Use in Farms According to Irrigation Possibilities
Number Total plant Ave. plant nutrients Difference

Irrigation possibilities of farms nutrients (kg) per farm (kg/da) of means t
Having irrigation problems 15 474.20 31.61 8.01 5.04
Not having irrigation problems 4 1 1 624.50 39.62
t calculated (5.04) > al (1.96), Result: Difference between groups is significant at P < 0.05
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3.2.5. The Level of Fertiliser Use According to Situation of Credit Usage

The amount of plant nutrients used. by farmers either using or not using credits was

calculated as 39.66 kg/da and 29.48 kg/da, respectively. That is, Having credits helps

farmers buy and use more fertiliser. In addition, the difference among the amount of

average plant nutrients used by farmers has been found statistically significant.

Table 9: The Level of Fertiliser Use in Farms According to Credit Use
Credit usage Number Total plant Average plant nutrients Difference of

situation of farms nutrients (kg) per farm (kglda) means t
Usng credits 44 1 745.00 39.66 10.18 5.51
Not using credits 12 353.70 29.48
t calculate (5.51) > t bl (1.96), Result: Difference between groups is significant at P < 0.05

3.2.6. The Level of Fertiliser Use According to the Quality of Land

50 out of 56 farms have grown sunflower in irrigated land and the rest in dry land. The

amount of plant nutrients used in the former is 39.38 kg/da, that in the latter is 21.62

kglda. As a result of analysis, the difference between means has been found statistically

significant. That is, the quality of land is an important factor for fertilisation (Table 10).

Table 10: The Level of Fertiliser Use in Farms According to Quality of Land
Quality of Number of Total plant Average plant nutrients Difference of

Land farms nutrients (kg) per farm (kg/da) meanst
Irrigated 50 1 968.98 39.38 17.76 5.46
D5ry 6 129.72 21.62
t miculated (5.46) > t iie (1.96) Result: Difference between groups is significant at P < 0.05

3.2.7. The Level of Fertiliser Use According to the Decision Making of Farmers

Generally farmers choose the type of fertiliser to be used according to their own

~experience, and use it in the amounts they willing. In addition, some farmers apply

fertiliser by asking their relatives, neighbours, and leader farmers. After gaining

experience, they can decide themselves the type and amount of fertiliser to be applied in

agricultural production (Caglayan, 1983). However, it is difficult to determine -these

farmers proportionally. Therefore, it is usefuil to accept that there can be some farmers

who used fertiliser according to the advice of extension agents in the past, but, now they

use it according to their experience. 39.29% of farmers used plant nutrients (34.22

kglda) according to their own experience. 37.50% of whom applied them (40.76 kglda)

by asking their neighbours, rlatives and leader farmers (table 1 1). Only 23.21 % of

farmers used plant nutrients (37.68 kglda) according to advice of extension agents. It

has been determined that the difference among average plant nutrients used by farms

according to deciding of farmers to the fertilisation is not statistically significant.
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Table 1 1: The Level of Fertiliser Use in Farms According to Decision Making of Farmers to Fertilisation
Type of decision making to fertilisation _____

_______ ~~~a Jb c General
Total plant nutrients (kg) 752.801 856.001 489.90 2 098.70
Number of farms 22 j21 1 3 56
Av. plant nutrients (kg/da) 34.221 40.761 37.68 37.48

______________________ Table of Analysis of Variance_ _ _ _ _

Source of variation Sunm of squares Degree of freedom Mean Squares F
among groups 451.53 I21 225.77 0.79

* wihngroups 15 411.521 541 285.40 ____

General 15 863.05] 56 _ _ _ _ _ _ _ _ _ _ _

F.IC.Ja (0.79) < Fhb (3.1 5), Result: Difference among groups is not significant at P < 0.05
(a): according to their own experience, (b): by asking to relatives - neighbours- leader farmers in the
region, (c) by asking to experts.

As a conclusion, it can be said that there is a problem of unconscious fertiliser use in

research area rather than less fertiliser use. Therefore extension staff should advice

farmers to use fertiliser according to the result of soil analysis. In addition, agricultural

policies should be formed and implemented by taking account of the severe effects of

unconscious fertiliser use to the environment.
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Abstract

In this study, socio-economic factors (size of land, number of irrigation, age of farmers,

educational level of farmers, soil analysis, and extension services) to be effected to the

level of fertiliser use have been investigated. It has been determined that socio-

economic factors have an important effect on fertiliser use in tomatoes growing.

However, their effects on fertilisation in wheat and sugar beet growing is limited due to

traditional and contract fanning. Anid also, there is no effect of extension services in the

region on the level of fertiliser use in all crops. The quantity of fertiliser used was 51.64

kglda in sugar beet, 18.20 kglda in wheat (dry), 19.03 kg/da in wheat (irrigated) and

73.77 kg/da in tomatoes growing.

1. Introduction

Crop production is an important sources of income for farmers in Turkey. Yield

increase per area in agriculture depends on climate, soil, high yield varieties, irrigation,

fertiliser and other modem agricultural techniques. Fertiliser is one of the most

important inputs increasing yield per area in short-term due to having an effect on

production more than 50% under suitable conditions.

Farmers think that fertilisation influences agricultural productivity in positive way

(Esengiin et al., 1995) but irrational fertiliser use leads to loss of farmers' income, loss

of foreign exchange of the country, and severe environmental problems.

Determination of the level of fertiliser use, factors affecting this and their efficient

degrees is important in agric'dltural production. Since some farmers use either excess or

less fertiliser. Excess fertiliser use leads to waste of resources while less fertiliser use

causes loss of production consequently farmers' income.
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In this study, the amount of fertiliser used in sugar beet, wheat (in dy and irrigated

conditions) and tomatoes growing per area the efficient degree of factors affecting

fertiliser use have been tried to determine.

2. Materials and Methods

Primary data have been used in this study. Data belong to the production period of

1998-1999 and were collected from 78 fanns in 1 1 villages determined by the method

of simple random sampling (~igek and Erkan, 1996).

Sugar beet, wheat (in dry and irrigated conditions) and tomatoes have been grown in

82% of total agricultural lands in research area (Anonymous, 1999).

Chi-square test has been used in the investigation of factors to be effective on the

fertiliser use. Size of land, the number of irrigation, the age of farmers, educational level

of farmers, making soil analysis and benefiting from extension services were

determined as socio-economic factors affecting fertiliser use. Chi-square test has been

used to determine whether the relationship between the level of fertiliser use and

effective factors is significant or not. The degree of relationship was determined by

contingency coefficient (Ott, 1993; Mirer, 1995):

x 2 ~.(nk Pk)

Pk

Where; C: contingency coefficient

X2: Chi-square

N: number of observation

nk: observed frequencies

Pk: predicted frequencies

3. Result and Discussion

3.1. General Information About Farms in The Region

Socio-economic factors affecting the level of farmers' fertiliser use have been

summarised in table 1.
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Table 1. General Information About Farms

CROPS

Factors Sugar beet Wheat (irrigated) Wheat (dry) Tomatoes

Size of Land (da/farm) 11.54 17.51 33.00 4.63

Number of Irrigation 4.93 1.14 -- 9.06

Age of Farmers (year) 45.57 47.57 45.38 46.38

Educational Level of

Farmers (year) 5.73 5.29 5.44 5.44

Soil Analysis (%)

- Yes 25.00 28.57 23.53 22.22

- No 75.00 71.43 76.47 77.78

Extension Services(%

- Yes 14.06 14.29 44.12 30.16

- No 85.94 85.71 55.88 69.84

As a result of personal interview with farmers following information have been

obtained:

* Farmers own experience (82.05%), advice of agricultural experts (14.10%),

private fertiliser seller (3.85%), and extension units (2.56%), result of soil analysis

(1.28%) and price of fertiliser (1.28%) have played important role in the application of

farmers' fertiliser as quantity and kind.

* Although 93.59% of farmers have believed the benefits of soil analysis, only

21.79% of them made their soil analysed and 47.05% of them have applied fertiliser as

a result of soil analysis.

* 80.77% of growers think that less or excess fertiliser use leads to economic

loss of the country.

*It has been determined that some farmers have not applied enough fertiliser to

the soil and plant due to high fertiliser price (33.33%) and having low income (12.82%).

Fertiliser used was obtained from Agricultural Credit Co-operatives (60.26%), Sugar

Company (46. 15%), and private fertiliser seller (82.05%).

* 32.05% of them believe that excess fertiliser use causes crop losses.

* 43.59% of farmstake into account environmental side effects of fertilisation.

* Fertiliser price (44.87%), soil fertility (23.08%), sort of crop (25.64%)

traditional farming (6.41 %) have affected the level of farmers' fertiliser application.

* 5 8.97% of fanms had information about fertiliser use from sugar company.

* Only 7.69% of farmers have information about organic farming.
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3.2. The Level of Fertiliser. Use in Farms

The amount of fertiliser used according to the sort of crop has been given in table 2.

Table 2. The Level of Fertiliser Use (as plant nutrients) (kg/da)-

Fertilisers Sugar beet Wheat (irrigated) Wheat (dry) Tomatoes

Nitrogen 29.85 11.65 9.80 44.71

Phosphorus 21.79 6.55 9.23 2 9.0~6

Total 51.64 18.20 19.03 7.77

The amount of fertiliser used per area is higher in tomatoes (44.71 kg N/da, 29.06 kg

P20 5/da) and sugar beet growing (29.85 kg N/da, 21.79 kg P20 5/da). In wheat growing

average amount of fertiliser used is 18-19 kglda (table 2).

3.3. Analysis of The Factors Affecting The Level of Fertiliser Use (Chi-square Test)

The relationship between the level of fertiliser usage (low-medium-high) and the factors

to be effected this can be shown as follows:

Q = f (L, IR, MA, ME, SA, E)

Where; Q: total amount of fertiliser used (as plant nutrients - kg)

L :size of land (da, 1 da = 1000 in2 )

IR :number of irrigation

MA :age of farmers (year)

ME educational level of farmers (year)

SA :making soil analysis (Answer: Yes, No; as number)

E :benefitin& from extension services (Answer: Yes, No; as number)

The quantity of fertiliser used (Q) has been determined as low, medium and high levels.

Land size (L), farmers' age (MA), educational level of fanner (ME) have been divided

into three groups as low-medium-high by using the method of quartile. For example, the

significance of relationship between different level of fertiliser use and different

educational level of farmers has been tested by using chi-square. This process has been

used for all factors one by one. Rows and columns in some groups have been combined

to find the result statistically significant. Coefficient contingency has been determined

for the factors and the level of fertiliser use if they have significant relationship each

other. The degree of relationship was measured as percentage.
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The results obtained from chi-square test have been shown in table 3.

Table 3. Summary of Chi-square Test Results

FACTORS

CROPS L IR MA MIE SA E

Suear beet5.0a 8.68 3.90 e~ 1.06 0.72 0.39

- Degreecof reedom 4 4 4 5 2 2

- Coef. Contingency %) 66.22 34.55 23.93 * **

Wheat (irrigated) 2.5c 0.63 j7 ~ 0.22 1j50 0.10

- Degree of Freedom 1 1 1 1 1 1

- Coef. Contingency %) 24.57 ** 20.24 ** 20.24 *

Wheat (drv) 4 .3 4 --- 0.13 1.02 0.02 0.19

- Degree of Freedom 1 -- 1 2 1 1

- Coef, Contingency () 33.66 --- *** *

Tomatoes 5.85 a * 0.39 10.89 a * 1.94* 6.85 a * 0.02

- Degree of Freedom 1 1 1 1 1 1

- Coef. Contingency () 29.46 ** 38.39 17.27 31.32 *

*Significantly different from zero at:
a) 1% level b) 5% level c) 10% level d) 25% level e) 50% level

** No significant relationship between the level of fertiliser use and factors so coefficient of
contingency has not been calculated.

According to chi-square test following results have been concluded:

For Sugar beet:

There is a relationship between the level of fertiliser use and land size, number of

irrigation and age of farmers. Coefficient contingency is 66.22% for land size,-34.55%

for number of irrigation and 23.93% for age of farmers. However educational level of

farmers, making soil analysis and benefiting from extension services have no

statistically significant effect on the level of fertiliser use (table 3).

For Wheat (irrigated):

Relationship between the leVel of fertiliser use and factors (land size, age of farmers and

making soil analysis) are statistically significant at the 25% level and coefficient

contingency for these factors is 24.54%, 20.24% and 24.24%, respectively (table 3).
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For Wheat (dry):

The level of fertiliser use in dry conditions is very low. Therefore, there is a relationship

only between fertiliser use and land size at 1% level and coefficient contingency is

33.66% (table3).

For Tomatoes:

Land size, age of farmers, educational level of farmers, making soil analysis have effect

on the level of fertiliser use and the relationship is significant and coefficient

contingency for these factors is 29.46%, 3 8.3 9%, 17.27% and 31.32%, respectively. The

degree of the relationship can be seen in table 3.

Sugar beet growing depends on contract fanning throughout Turkey. Therefore, most

farmers use fertiliser according to advice of sugar company. However, some farmers

can use more fertihser than dosages advised by experts.

In research area traditional wheat farming is common. So, the use of modem

agricultural techniques is limited and farmers grow wheat particularly by thinking their

needs.

In recent years, tomatoes growing area has been expanding quickly in Tokat province

because of having export possibilities and using it in agro-industry. Therefore, in

tomatoes farming the relationship between the level of fertiliser use and the factors

explained before has been found significant compared to other products.

As a conclusion, it can be said that in tomatoes growing the factors such as land size,

age of farmers, educational level of farmers and making soil analysis have an important

effect on the level of fertiliser use. Contract farming in sugar beet and traditional

growing in wheat are widespread in research area so the relationship between the level

of fertiliser use and the factors affecting these.is weak. As a natural, land size has been

found an important factor affecting fertiliser use. The age of farmers and making soil

analysis has followed this factor. As a result of the study it has been determined that

there is no effect of extension services on the level of fertiliser use.
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Summary 1 Ci

The types of structural analysis in the input-output model known are forward and
backwards ties. Fertiliser sector is tied forwardly agriculture, agri-business, chemistry,
petro-chemistry and glass sector. In addition, it tied backwardly mining, chemistry,
petro-chemistry, electricity, gas, water and transportation. The effect df backward tie of
fertiliser sector is more important than its effect of the forward ties.
In this study, by means of the year of 1979, 1985 and 1990 input-output table of Turkey
the own situation of fertiliser industry and the production relation with other sectors of
the economy have been tired to explain with forward and backwards ties.
According to the result of the research It was determined that in 1990, (ii ) input
coefficient of fertiliser sector is 69 %. That is, 69 percent of the product of fertiliser
sector was used as an intermediate goods by other sectors. Therefore, 31 percent of
goods produced by fertiliser sector was consumed as a final good. In addition, in this
year, (wi) intermediate use coefficient of fertiliser sector is 52% . (wi) intermediate use
coefficient of fertiliser sector decreased from .1973 to 1990, as a result of this final use
coefficient ( -w1) increased.

0 3
1LIntroduction

The relations among sector in terms of the efficient use sources end development are

important. The sustainability of production can be provided by the intensity of relations.

Economy needs aggregating for a stable development in respect to efficient usage of

sources. It can be said that the continuity of production can be possible by the continuity

and density of relations among sectors. The relation among sectors can be put forward

by the input-output system based on the goal showing the mutual connection by

breaking down the economy sectors.

Input-output system was first put forward by Wassily W. LEONTIEF in 1941 named

"The Structure of American Economy (19 19-1939)". The input-output table which

belong to the years 1959, 1963, 1976 were first prepared by SPO (State Planning

Organisation) in Turkey. The table concerning years 1968, 1973, 1979, 1985 and 1990

were prepared by SIS . The table in 1968 involves 50 sector and others involve 64 sector

In the input-output table prepared by SIS, sectors take place as demanding and

supplying (Kula, 1990).
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In this study fertiliser sector in Turkey were examined considering the input-output

relations. The table prepared SIS were modified decreasing from 64 sector to 14 sector.

Mutual elations between fertiliser industry and other sector of economy were shown.

2. The Material and Method

Input-output tables consist four sections:

- In the first section the data showing the relations among industries take place.

Columns in the table show goods and service input which an industry has to buy from

another industry to be able to manage its production and lines show the industries using

the total production of an industry.

- In the second section the total demand data take place. This section involves

private and public consumption expenses, investments, stock change and export.

- The third section consists base input (added value) data such as indirect taxes,

subvention, employee payments, depreciation and other factor incomes.

- The fourth section consists the income which base input obtains from the total

demand expenditure and the absence of foreign country in the input-output table of

Turkey (Anonymous, 1 994).

The total production of every sectors can be used in three types. These are intermediate

good demands, final good demands and intermediate use coefficient.

- forms the production input of the sector
- forms the production input of other sectors
- involves consumption, investment, stock and export.

The total intermediate consumption and final consumption form the total demand for the

goods produced by the sector. The structural relation of a sector with another sector can

be explained by total of intermediate consumption, final consumption and total

concepts.

If the supplying sector on the lines of input-output table in stated by (i);

Wi= the total intermediate consumption for the goods produced by the sector
Zi= total supply

Therefore, wi = W/Z, is intermediate use coefficient giving the total intermediate

consumption share in the sector's total demand. (1- wi) is final use coefficient. Since the

intermediate use coefficient w, is high on the goods produced by the sector is highly

used as input. If w1 is low, the goods produced by the sector is the final goods. wi

explains forward effect of sector.
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Another point of view concerns the input used in the sector and the value added created.

In this concept, If the input of the sector is the total of input uses;

-some of the input used was produced by the sector itself
-some of the input was taken from another sector

If the sectors taking intermediate input on the columns of the input-output table are

shown by (j);

U= the intermediate input bought by the sector (intermediate goods used)
X. --total production

/~- Xi is input coefficient. (1 -i~.) is value added coefficient (Kazgan, 1976).

If uj. is high, the sector uses the input produced by the other sectors intensively. When

the input produced by the other sector increases it will demand more input than the

sector supplying input. This situation is backward effect of sector.

3. Discussion

In this study, relations between fertiliser industry and other sectors of economy were

examined with aggregate input-output tables. The intensity of relations among sectors

can be explained with the change in wi and uj. coefficient.

Table 1. Changes in Input Coefficient (u)And Intermediate Use Coefficient (wi)
1979 1985 1990

Sectors X W JJ, w, U, 
1. AGRICULTURE 26.80 40.86 33.23 42.13 32.00 40.25

2.INDUSTRY 61.01 48.13 62.44 50.70 62.62 50.93
A. Mining 31.62 80.26 25.68 90.83 21.50 82.09
B. Manufacturing 62.40 46.15 64.75 45.51 61.80 47.93

1. Agri-business 67.57 28.47 67.20 29.41 67.44 36.54
- Food, Beverages, Tobacco 75.08 19.94 68.81 21.50 69.39 27.18
- Textile, Clothing, Leather 61.58 26.96 66.08 30.16 66.78 33.15
- Wood and Paper 60.40 56.73 64.36 54.12 64.20 61.89

____Fertiliser_______ 121.37 100.17 65.72 85.10 69.00 52.56

- Chemical Product 51.04 65.37 60.34 52.73 55.24 80.65
- Petro-Chemnistry 53.01 82.10 65.85 78.67 52.66 94.41

- Cement, Earthenware 63.03 87.23 60.96 59.05 46.34 81.03,
- Metals and others 56.84 37.03 61.36 41.061 61.43 44.20

- Electrical and others 36.23 65.04 43.55 73.91] 30.59 75.46
3. SERVICES 26.34 26.43 29.05 _24.30 32.11 25.89-

Source: prepared by means of table 2, 3, and 4.

Input Coefficient (us)

Table 1 was prepared by using the input-output tables. In this table, it can be seen that uj

coefficient in fertiliser sector in 1979-90 period. uj coefficient was about 65% in 1985

and 69% in 1990. There is a special situation in 1979. In this year, u coefficient is
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bigger than 1 and value added coefficient (1 - u~.) is negative (1 - Uj- = 1 - 1.21 = -0.79). In

this year efficient use of sources of fertiliser sector wasn't provided.

Input coefficient () is high in fertiliser industry. Mean of this fertiliser sector use

highly goods and services which produce by other sectors. That is, backward ties of

fertiliser industry are strong. Produce of any sector depends on produce of the other

sectors. Fertiliser sector ties backwardly mining, chemistry, petro-chemistry, electricity,

gas, water, transportation. The effect of backward tie of fertiliser sector is more

important than it is effect of the forward ties.

Intermediate Use Coefficient (w)d

w, coefficient of fertiliser sector was 100% in 1979, 85% in 1985 and 52% in 1990. wi

coefficient of fertiliser sector decrease from 1979 to 1990. The production of the sector

tends to the final consumption rather than being used as intermediate good. As a result

of this, in this period final use coefficient (1 - w) increase.

wi coefficient explains forward ties for any sector. Forward ties show intermediate good

which any sector gives to other sectors. Fertiliser sector is tied forwardly agriculture,

agri-business, chemistry, petro-chem-istry and glass sector.

Fertiliser industry and the production relation with other sectors of the economy have

been tired to explain with forward and backwards ties. As a conclusion, in this research

it was determined that in 1990, (i) input coefficient of fertiliser sector is 69%. In

addition, in this year, (wi) intermediate use coefficient of fertiliser sector is 52%. This

situation is shown that fertiliser industry have rather high backward and forward ties

with other industries.
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Table 2. 1979 Inter - Industry Transactions Matrix of Turkey (Aggregated) (at market prices - TL million)

Sales BY PucaesB I 2 3 4 5 6 7 8 9 10 i I 12 1 3 14 TIC TFC TD I TOT

1. Agriculture 952 42 174986 27676 16874 0 825 1158 2 116 4 320 1804 1663 316375 457888 774263 2240 772023

2. Mining 0 289 1433 130 1135 1112 801 46622 2750 5198 1561 5848 238 1229 67313 16557 83870 41920 41950

3. Food, Beverages, Tobacco 16551 68 32085 4345 59 0 1850 5 48 21 16 0 534 17302 72984 293083 366067i 4053 362014

4. Textile, Clothing, Leather 186 661 5586 72167 746 0 169 1144 44 1320 47 0 222 593 82885 24572 307457 2310 305147

5. Wood and Paper '152 33 5476 2144 27958 143 2198 635 133 3294 71 21118 5539 1915 72061 54961 127022 2607 124415

6. Fertiliser 29005 0 0 0 0 1404 228 0 0 0 0 0 0 0 30637 -523 ~301147 14705 15409

7. Chemical Product 5784 519 2739 14013 6495 1909 22267 14394 1436 5365 41 2710 272 5317 83255 44107 127362 21465 105897

8. Petro-Chemistry 11162 2393 5276 4335 2431 2236 6272 12627 5899 11795 6557 3202 90182 5121 169491 36953 206444 29529 176915

9. Cement, Earthenware 3 70 622 28 140 0 890 550 2961 2907 4 27627 34 1790 37583 14661 52244 1243 51001

tO. Metals and others 2807 2190 4846 1769 1080 0 2067 1031 56 130821 232 49272 25988 4586 227218 237627 464845 74355 390490

1. Electrical and others 166 1279 2491 3444 1798 519 1182 995 1906 4664 1408 0 2126 2292 24270 13047 37317 1093 36224

12. Construction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 270918 270918 0 270918

13. Transportation and Trade 28161 2752 30756 44454 13178 11020 12437 12610 12791 43754 1971 58088 38212 2123 332016 449163 781179 6633 774546

14. Other services 22335 2587 5505 13414 4287 359 2868 2017 2361 12217 1213 2685 29427 18625 120713 540257 660970 5708 655262

Total Inputs 2097 13255 271795 187921 75151 18702 540571 93785 32148 221972 131.25 178170 191801 85272 1636801 2653271 4290072 202861 4082211 0

Total Output with Taxes 7702 41950 362014 305147 124415 15409 105897 176915 501390490 36224 270918 774546 655262 4082211

Gross Value Added(*) 5606 28685 90219 117226 49264 -3293 51840 83130 18553 168518 23099 10048. 582745) 569990 2245410

TIC: Total Intermediate Conumption TFC: Total Final Consumption VD: Total Demand I: Import TOT: Total Output with Taxes

(*) at market price

Note: Rows show the use of total production by which industries.

Columns show inputs which must be purchased for an industry to be able to make its own produce.

Sources: Anonymous, 1983, Tirkiye 1979 Input-Output Projesi Sonut; Tablosu, TC. Ba~bakarnlik Deviet statistik Enstitfisfi, Ankara.



Table 3. 1985 Inter - Industry Transactions Matrix of Turkey (Aggregated) (at market prices - TL million)

Purchases By

Salesy IY 2 3 4 5 6 7 8 9 1 0 I1 1 2 1 3 1 4 TIC TF7C TD I -TOT

I. Agriculture 953947 17377 164312 307465 21459 0 5425 0 72 932 762 36 12121 34421 3207838 4406753 7614591 178454 7436137

2. Mining 12 1874 17203 3849 1233 21713 22093 1970678 73980 133016 94650 92082 6188 10335 2430197 245366 2675563 1897619 777944

3. Food, Beverages, Tobacco 173576 183 617454 67695 1123 0 37092 5 1058 584 85 0 5664 202392 1106902 4040676 5147578 261783 4885795

4. Textile, Clothing, Leather 2414 1725 55522 890046 4221 I 5083 32533 434 14087 220 0 17947 11098 1035331 2398014 3433345 174500 3258845

5. Wood and Paper 848 687 46888 7861 366290 9877 19157 5360 25135 38350 3475 173788 99230 38219 835165 707969 1543134 73723 1469411

6. Fertiliser 360021 0 79 0 8 62288 2981 3286 0 0 0 0 0 0 428663 74996 503659 95532 408127

7. Chemical Product 49212 6777 67709 167638 37623 59927 300749 145712 26177 73141 2491 35875 9764 82298 1065093 954609 2019702 722774 1296928

8. Petro-Chemistry 386698 52850 105242 56370 29023 42056 141360 220277 81414 171121 193629 136931 1941372 41563 3599906 976173 4576079 246420 4329659

9. Cement Earthenware 58 297 13772 439 219 0 14343 351 54446 33821 623 433766 452 33136 585723 406134 991857 40621 951236

10. Metals and others 46686 31474 42039 20584 18376 0 14672 15897 31898 2267175 70665 521390 186777 113517 338150 4853616 8234766 249002 5444743

II1. Electrical and others 23826 20869 73520 116894 69381 16876 46676 37482 95057 206721 71403 18755 83473 64384 952617 336249 1288866 75282 1213584

12. Contruction 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 0 3283373 3283373 256 3283117

13. Transportation and Trade 28894 35884 573137 323281 146233 49712 130347 353532 131531 188110 65412 308607 771682 224361 3786350 8701560 12487910 174372 12313538

14. Other services 185305 22467 106802 191178 57786 5785 42556 66021 58677 198094 25109 25963 598096 230059 1817721 5469098 7286819 279659 7007160

Total Inputs 2788 199764 3361679 2153300 945775 268235 782534 2524 579879 3525155 528531 1744243 3701 05 1117444 2423656 36854586 61087242 671 1018 54376224

Total Output with Taxes 7436137 777944 4885795 3258845 1469411 408127 1296928 43295 9526 5744743 1213584 3283117 12313538 70760 54376224

Gross Value Added () 4954 710 1524116 1105545 523636 139892 514394 3483 737 2219588 685053 1533874 8612433 5889716 30143568

TIC: Total Intermediate Consumption TFC: Total Final Consumption TD: Total Demand I: Import TOT: Total Output with Taxes

(*) at market price

Note: Rows show the use of total production by which industries.
Columrns show inputs which must be purchased for an industry to be able to make its own produce.

Sources: Anonymo us, 1989, Ttirkiye 1985 Input-Output Projesi Sonut; Tablosu, TC. Ba~bakanlik Devlet statistik Enstitfisil, Yayin No: 1397, Ankara.



Table 4. 1990 Inter - Industry Transactions Matrix of Turkey (Aggregated) (at market prices - TL million)

SalesBy rass B y 2 3 4 5 6 7 8 9 801 II1 12 13 14 TIC TI7C TD I TOT

8. Agriculture 14926397 538962 13874331 3600510 252232 0 22771 371635 9085 81840 4984 66 2-9813538 40678 40060655 59458718 99519373 2609823 96909550
2. Mining ~~~~~~~12261 14410 172144 8789 18650 160948 95503 102504 69952 33S-86 13564 1273 88793 2-i286 -5-7-75523 ,3442963 19218486 11177150 8041335

3. Food, Beverages. Tobacco 2062461 3498 7397854 574354 16646 1147 244636 643 700 3598 2101 0 3327854 61731 13697223 36700733 50397956 3912944 46485012

4. Textile, Clothing, Leate 133875 6456 351890 14096571 75056 14448 21671 110469 10870 125485 12034 0 345767 50005 15354587 30957022 76311609 3185720 4312899

5. Wood and Paper 96137 7648 540066 678 5448481 815 141308 21423 170943 34677 34384 -~02766 1109057 494483 12499319 7696967 20196286 1032971 19163315

6. Fertiliser 2396561 0 12 0 -42 2-i12344 1500 2 ISO 0 0 0 0 0 2610815 154582 2765397 672 177

7. Chemical Product 611493 75529 635543 533492 5615 531677 4967328 1509718 306.446 1076149 53953 1706500 461826 1700955 13732264 12393398 26125862 7674935 18450927,

8. Petro-Chemistry 2711764 3917 839748 425775 308744 78629 1793368 2651453 440114 1976475 242827 1370834 15890525 426287 29547710 7088636 36636346 2518514 34117832

9. Cemen, Earthenware 287 3930 144073 210 84407 0 73438 12957 1053271 185590 3618 7548222 75840 2i8312 9474065 2218617 11692682 69661 10996021

8 0. Metals and othera 397965 317577 469679 T210706 -229313 11026 273458 195521 2019443 27999820 507613- 14 4403 140-74 4-j59-62276 58032284 103994560 3146639 72528161

II1. Electrical and others 230191 243017 685609 004759 8-8987 107047 210798 571057 785077 1913139 632412 215260 1222382 453275 9803010 29600 82063081 1I3561 2049444

12. Construction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 57500429 5750029 0 57500429

83. Transportation and Trade 4326603 -379732 -4003120 5272824 1912786 258764 -1826464 1-63427 81050474 7f959958 67137117 6241764 35-74923 536400747 12936 10334 3257 16985

84. Other services 3809041 296 133 3083283 592686 77390 3T19710 517579 358769 8068489 175451 1614116 80586538 3494595 27029432 57411800 84440532 659 8785

Total Inputa 3101 386 I 28882 32257-905 18800004 .202885 8454435 10192453 i1976377 5095894 3455210 3685979 32728283 56704207 12574227 298247626 459959236 5808269034362 682172500 C

Total Output with Taxes 96909550 8048335 46485012 3I124889 ,i9-133T 2807677 18450927 34117832 109902I 72528868 82049444 i
7
5
00429

876918955 83773953 682172500

Gross Value Added(_) 658948164 63812453 8142278-07 4248 6613 5-3242 3258474 16141455 8900827 2976052 8363465 124772146 120214748 7802426 390924874

TIC: Total Intermediate Consumption TFC: Total Final Consumption TD: Total Demand I: Import TOT: Total Output with Taxes

(*) at market price

Note: Rows show the use of total production by which industries.

Columns show inputs which must be purchased for an industry to be able to make its own produce.

Sources: Anonymous, 1994, Tirkiye 1990 Input-Output Projesi Sonug Tablosu, TC. Ba~bakanlik DevIet Istatistik Enstitisii, Yayin No: 1692, Ankara.
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Summary 20
In this study, whether farmers' fertiliser application is in harmony with fertiliser
application suggested by Farmers Education and Extension Unit (FEEU) has been
investigated. In addition, situation of contact of indeterminate tomatoes growers with
extension staff has been examined. It has been determined that farmers have harmonised
the suggestions of FEEU related to time of fertilisation and application of fertiliser but
not harmonised related to amount of fertiliser to be used. According to Chi-square test,
the relationship between educational level of farmers and the level of fertiliser use is not
statistically significant. In addition, indeterminate tomatoes farmers have not had
enough contact with extension staff. To use. resources efficiently extension services
should be directed to farmers more actively.

1. Introduction

Inputs such as fertiliser, pesticide, irrigation, and high yield varieties have an important

role in the increase of yield per area in agricultural production. The increase of

productivity in agriculture needs more input use but unconscious use of fertiliser

without researching the nutrient needs of soil leads to environmental problems and loss

of farmers' income. According to some scientists, quantity of fertiliser produced and

consumed is an indicator of agricultural development (Anonymous, 1996).

Indeterminate tomatoes farming is new and important potential for farmers living in

Tokat province of Turkey. In this study, farmers' fertiliser application nd. the

suggestions of Extension agencies have been compared. The suggestions of extension

units have been accepted as "the package of suitable growing technique" (Kaska et al.,

1992). This package prepared by research institutions in order to increase yield in

agriculture is a method covering land cultivation, planting, seed, fertilisation, variety

selection, and plant protectinn.

Agricultural extension is a transmission tool of knowledge and technology. Its another

fuinction is to create new behaviour in farmers and develop their willingness (Talug and

Tatlidil, 1993). Turkey has reached the level of self-sufficiency in many products and
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also been a country exporting many agricultural products as a result of technology

transfer to the rural areas. Farmers, extension staff, researchers, and trainers have played

an important role in the reaching of Turkey to this level (Kumuk, 1996). There is an

.effect of knowledge on increasing of production in addition to the use of modem inputs

(Ozkaya, 1996).

2. Material and Method

Data used in this study belong to the production period of 1998. There are 208 farmers

growing indeterminate tomatoes intensively in the central county of Tokat province. 6

villages (2 5% of total villages) have been determined as a research area by the Method

of Simple Random Sampling. The data have been collected from 52 farms determined

at 95 % significant level and 10% error.

Chi-square has been used to test whether there is a relationship between farmers'

fertiliser use and their educational level. In addition, Adjusted Yates was used

(Diizgiines, 1975).

3. Results and Discussion

3.1. Comparison of Farmers' fertiliser application with suggestions of Farmer

Education and Extension Unit

In research area indeterminate tomatoes growing area accounted for 17. 11% of total

farm land (table 1).

Table 1. Land Ownership Situation of Farms

Land size Number of farm Av. land Share in Land ownership situation()___
(da) No % size (da) Total () land owner tenant sharecropper total

- 5 1 6 30.77 3.38 7.29 66.671 18.52 14.81 100.00
6 -10 1 9 36.54 7.79 12.70 68.24 J25.00 6.76 100.00
11 -+ 17 32.69 22.24 25.47 78.311 3.97 17.72 100.00

General 52 100.00 11.151 17.111 74.661 10.69 14.65 1000

Average indeterminate tomatoes production area has been calculated as 3.38 da in the

first farm size group, 7.79 da in the second farm size group, 2.24 da in the third farm

size group. Indeterminate tomatoes have been grown in the 7.29% of first size group,

12.70% of that of second size group, and 25.47% of that of the third size group. As

general, 74.66%, 10.69%, and 14.65% of total farm land were managed by landowner,

tenant, and sharecropper, respectively.
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Farmers have grown indeterminate tomatoes as suitable to crop rotation. Type of

rotation used widespread in the region is sugar beet - cereals - vegetables.

Fertilisation is needed to compensate lowered plant nutrients in the soil. Although soil

scientists advice farmers to use fertiliser as a result of soil analysis, only 26.92% of

farmers applied for soil analysis.

53.85% of indeterminate tomatoes growers obtained information related to soil analysis

from Research Institute of Rural Services in the region. Other information sources are

village group technicians (28.25%), and leader farmers (17.3 1%).

The ratio of farmers used fertiliser as result of soil analysis is 64.29. The rest (35.71 %)

used plant nutrients according to their experiences and by asking to relatives,

neighbours, and leader farmers.

77.78% of farmers have explained that they had more product due to suitable

fertilisation according to soil analysis. On the contrary, 22.22% of them said that the

amount of fertiliser used according to the result of soil analysis is not sufficient.

90.38% of indeterminate tomatoes growers willing to be informed about fertilisation

and soil analysis. The rest do not want any information and help about these.

Manure (organic) and Ammonium Nitrate (inorganic) are the types of fertiliser used too

much as amount by farmers in the research area. DAP, TSP, Compound (8-24-8), Urea,

and potassium Nitrate have followed them, respectively (table 2).

Table 2. Type and Amount of Fertiliser Used in Indeterminate Tomato Fanning (kg / cia)

Land _ _ _ _ _ _ _ _ __ _ __ Fertilisers _ _ _ _ _

Size Compound Ammoni Potassium Manure
(cia) DAP TSP Urea (8-24-8) Nitrate Nitrate (ton)

- 5 31.56 20.00 17.50 17.50 39.06 5.31 7.56
6 -10 36.32 23.42 21.05 21.58 25.00 7.68 6.79
11 - + 23.82 132.35 22.06 21.76 30.88 11.18 5.82

General 30.77 125.29 20.29 20.38 31.25 8.10 6.71

As can be seen from table 3, farmers used 42.46 kg N/da, 44.47 kg P 205gda, and 41.90

kg K 20/da in indeterminate lomatoes growing. For indeterminate tomatoes growing, the

level of fertiliser suggested by experts is 35.07 kg N/da, 74.13 kg P20 5/da, and 37.87 kg

K 20/da (Simsek and Sentiirk, 1997). When fertiliser application of farmers is compared

with the level of fertiliser application suggested by experts, it can be said that they used

more nitrogen and potassium but less phosphorus per da. excess or less feAiliser use
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leads to loss of product, loss of farmers' income and decreasing in the productivity of

inputs.

Some farmers know that suitable potassium application to the soil and plant increase

taste of product and lack of phosphorus cause yield declines, weakness of root system of

plants. In addition, balanced nitrogen application helps increasing of bright appearance

of fruits and vegetables but more use of nitrogen cause decreasing resistance of plants to

climatic conditions, and diseases (Caglayan, 1983). Therefore, the application of

fertiliser at the best time and quantity after soil analysis and according to suggestions of

experts fanner is very important. FEEU has explained that if farmers use fertiliser

according to suggestion level of experts, it is possible to increase the level of yield from

10-12 tons/da to 18-20 tons/da.

Table 3. Comparison of Farmers' Fertiliser Application with Level of Fertiliser Suggested by Farmer

Education and Extension Unit

Land ____Nitrate (N) ____ Phosphorus (P205) Potassium (K20)

~Size (da) 1 2 3 1 2 3 1 2 13
1-5 44.88 35.07 + 9.81 41.71 74.13 -32.42 46.78 37.87J + 8.91

6-10 42.42 35.07 + 7.35 46.37 74.13 - 27.76 42.46 37.87k + 4.59
1-+ 40.22 35.07 + 5.15 44.95 74.13 -29.18 36.68 37.87.1 - 1.19

General 42.46 35.07. + 7.39 44.47 74.13 -29.66 41.90 37.871 + 4.031
(I): Farmers' Application
(2): Level of Fertiliser Suggested by Farmer Education and Extension Unit (Simusek and Sendirk, 1997)
(3): Difference

Table 4. Harmony Between Level of Farmers' Fertiliser Application and Suggestions of Extension Unit

Suggestions of Extension Units With Suggestions
(Deviation from Mean + 1 0%) Harmonious Inharmonious

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ N o % N o 

Plant Nutrients Ouantity of Fertiliser
N 31.56 -38.58 1 1 21.15 41 78.85
p 66.72 - 81.54 7 13.46 45 86.54
K 34.08 - 41.66 5 9.62 47 90.38

Kind of fertiliser Time of fertilisation
DAP Before planting (March-April) 32 86.49 5 13.51
TSP Before planting (March-April) 27 90.00 3 10.00
UREA With first cultivation (May-June) 18 66.67 9 33.33
Compound (8-24-8) Before planting (March-April) 14 46.67 1 6 53.33
Ammoniunm Nitrate During irrigation (June-July) 35 87.50 5 12.50
Potassium Nitrate Irrigat../After each harvesting (June-ust) 17 62.96 10 37.04
Manure During land preparation (Jan.-Febr.) 36 94.74 2 5.26
Kind of fertiliser Type of fertilisation
DAP over soil and later mixing by cultivation 34 91.89 3 '8.11
TSP To band during time of seedling 25 83.33 5 16.67
UREA To leaves, by sprinkling, band, to irr. water 24 88.89 3 11.11
Compound (8-24-8) To band, by sprinling 28 93.33 2 6.67
Ammonium Nitrate To band, by sprinkding, to irrigation water 34 85.00 6 15.00
Potassium Nitrate To band, to irrigation water 19 70.37 8 29.63
Manure by sprinling 38 1 00.00 - -
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Table 4 indicates that the level of nitrogen (78.85%), phosphorus (86.54%), and

potassium (90.38%) used by indeterminate tomatoes growers is different from level of

fertiliser suggested by extension unit. However, application of DAP (86.49%), TSP

(90.00%), urea (66.67%), compound (46.67%), ammonium nitrate (87.50%), potassium

nitrate (62.96%), and manure (94.74%) is in harmony with the suggestions of extension

unit in terms of time of fertilisation. In the ratios of 91.89% in DAP, 83.33% in TSP,

88.89% in urea, 93.33% in compound, 85% in amimonium nitrate, 70.37% in potassium

nitrate, and 100% in manure, farmers have used plant nutrients according to the

suggestions of extension unit from point of view type of fertilisation.

It can be concluded that farmers used more fertiliser than the level of suggested.

Unbalanced and unconscious fertiliser application by farmers may lead to

environental problems such as pollution of soil, water and air. Therefore, extension

units should work efficiently about fertilisation due to environmental conservation,

economic, and social reasons.

Table 5. Farmers' Fertiliser Use According to the Educational Level of Farmers and Comparison of

Farmers' Fertiliser Application with Suggesgons of Extension Unit (kg/da)

_________ Level of Education _ _ _ _ _ _

Illiterate NE(*) Primary Secondary High school General
Nitroeen
Harmonious :No --- 5 2 4 1 1

: % --- -- 18.52 28.57 33.33 21.15
Inharmonious: No 3 3 22 5 8 41

_____________ 100.00 100.00 81.48 71.43 66.67 78.85
Total :No 3 3 27 7 12 52

______________ 100.00 1100.00 1100.00 1100.0 1100.00 100.00

Degree of Freedom: 4, X' .2,P 0.05, Result: Level of Difference is not significant
Phosphorus
Harmonious :No 1 -- 3 1 2 7

% 33.33 -- 9.68 16.67 22.22 13.46
Inharmonious: No 2 3 28 5 7 45

66.67 100.00 90.32 83.33 77.78 86.54
Total :No 3 13 131 16 9152 

100.00 1100.00 1100.00 1100.00 100oo.00 1100.00
Degree of Freedom: 4, X'=- 3.69, P< 0.05, Result: Level of Difference is not significant_____
Potassium
Harmonious :No 1 1 2 -- 1 5

% 33.33 33.33 6.67 --- ___10.00 9.62
Inharmonious: No 2 2 28 6 9 47

66.67 66.67 93.33 100.00 90.00 90.38
Total :No 3 . 3 30 6 052

100.00 100.00 1000.00 0.0 100.-00 100.00
Degree of Freedom: 4, X2= .3, < 0.05, Result: Level of Difference is -not significant

NE (*) attending a course but not having a primary school certificate

As can be seen from table 5, farmers having high educational level have used more

fertiliser than the suggested level of extension unit.
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As a result of Chi-square, it has been determined that there was no statistically

relationship between the level of farmers fertiliser use and their educational level. That

is, educational level of farmers do not affect the level of farmers' plant nutrients use.

3.2. Relations of Farmers with Extension Staff 

The degree of relationship between farmers and extension personnel is very important in

terms of making true or wrong application in practice. Therefore, the frequency of

meeting of farmers with extension staff has been investigated. Although 5.77% of

farmers have been visited by extension staff once a week, 53.85% of them only 2-3

times a year (table 6). The frequency of meeting of extension staff with farmers is low,

too. For example, 13.47% of farmers have not met with extension staff, so far (table 7).

Table 6. Frequency of Being Visited of Farms by Extension Staff

Frequency of Visiting Number 
2-4 times a week----
Once a week 3 5.77
Once 15 days 10 19.23
Once one or two months 1 1 21.15
2-3 times a year 28 53.85
Total 52 100

Table 7. Meeting (Come across) situation of Farmers with Extension Staff at Village

Meeting Situation Number 
at each visit 8 15.38
when farmers have problem 1 7 32.69
Generally 12 23.08
Rarely 5 9.61
When they come across 3 5.77
Nowhere/nowhere/None 7 13.47
jTotal 52 100.001

5 9.62% of farmers have gone to the office of extension staff when they have had some

problems related to fertiliser and fertilisation. Ratio of farmers who have not met with

the extension staff at his/her office to ask questions and get advice is 9.6 1 % (table 8).

Table 8. Meeting (Come across) situation of Farmers with Extension Staff in the City or County

Meeting Situation Number 0
when farmers go to city 2 3.85
when farmers have problem 3 1 59.62
Generally 1 1.92
Rarely 1 3 25.00
None 5 9.61
Total 52 100

Table 9 shows that farmers obtained information about fertilisation and kind of fertiliser

from rural society (36.54%), extension unit (2 1.15%), and private fertiliser seller
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(42.31%). These figures indicates that extension unit has no enough effect about

farmers' fertiliser application and it does not form a good information source.

Table 9. Source of Information of Farmers about Fertilisation

Source of Information Number 
Extension staff of Directorate of Agriculture in City or County 1 1 21.15
Private Fertiliser Seller 22 42.31
Relatives- Neighbours- Leader Farmer 19 36.54
Total 52 100.00

As a conclusion, it can be said that indeterminate tomatoes growing is an innovation for

farmers in the research area. The level of farmers' fertiliser application is not harmony

with the suggestions of extension staff. However, farmers use plant nutrients at the

advised time and style of suggested fertilisation. It has been determined that the contact

of farmers with FEEU is not sufficient. And also, extension units were not efficient

sources of information about fertilisation. As parallel to these indeterminate tomatoes

growers do not have enough information about soil analysis and fertilisation. To help

farmers about these problems research laboratories should be equipped with modern

techniques and extension staff should inform and educate farmers about innovation, soil

analysis and the best fertiliser application. Socio-economic characteristics of farmers

and resources in the basis of farmers' behaviour should be analysed clearly. Economic

loses caused by wrong agricultural applications can be minimised by developing the

ability of farmers about comprehending, solution and questioning of problems.
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1. INTRODUCTION

Agriculture has an certain degree of importance in the development and develop ig countries

in the world. It is necessary to increase agricultural production and productivity to counter

balance increasing food demand. To be able to reach to the goal, inputs one of which is

fertiliser used in the agricultural production should be used in the optimum amount in the

modem agriculture.

Increasing the productivity in the agricultural production depends on the transformation of

economic unity of the farms (KARACAN, 1991). However, approximately 85 percentage of

the farmers in Turkey has made agricultural activity on the farm land which is smaller than

that of 1 00 decar ( decar = 1 000 in 2) . This case has shown that there is a domination of the

type of small family farms in Turkish agriculture. These farms generally have insufficient

capital, saving, modem equipment, input usage and credit. This farm structure has increased

the importance of the Agricultural Credit Cooperatives (ACC) providing credit either inputs

or cash. And also ACC have played an important role to transfer finance from government to

farmers (MUJLAYiM, 1995).

The first main goal of the study is to determine the role of the ACC having a great importance

in the fertiliser market in Turkey. The second goal is to evaluate the relationship between

farmers-ACC and farmers-private fertiliser agent in the selected region, central district of

Tokat province. Also the problems that the farmers faced and the preference of buying

fertiliser from either ACC or private fertiliser agent of the farmers and some suggestions

related to the subjects were investigated.

2. MATERIAL and METHOD

The material of this study arose from studies related to the subjects, the reports and statistical

data. Also the data obtained from total seven ACC in the seven different region of central

district of Tokat province and farmers living in the same place were used. The seven different

region where there is the ACC is central district of Tokat, Sngiit, Emirseyit, Ortakidy,

Akbelen, Tahitoba and (amlibel.
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3. THE ACTIVTIES OF THE ACC IN TURKEY

3.1. The Credit Applications

One of the most important goals of the ACC is to give short or mid-term credit to the

members. The upper credit limit is determined by the Agricultural Bank of Turkish Republic

(TC. Ziraat Bankasi) and the head office of the ACC.

The short-term credit covering seed, fertiliser, labour wages e.t.c. is real, goods or cash and

one annual. The mid-term investment credit covering livestock, dairy farms and agricultural

equipment is real, goods and up to five annual (KARACAN, 1991).

The agricultural inputs that the ACC provides are fertiliser, fodder, seed, pesticides and

agricultural equipment. The credit amounts given by the ACC is seen in table 1. There is a

reel increase in the credit given by the ACC in the period of years 1987-1996 except 1988,

1989 and 1994. As a matter of fact, the reel increase of the credit given 1996 is 48.71

percentage compared to the credit given 1987.

Table 1I.The Credits Given by the Agricultural Credit Cooperatives in Turkey

Credit Amount Given Net Assets T.R. Agr. Bank Credit Amount Index
Years (millions TL) (Current) () Placements (%) Given (Reel) (1 987= 100)
1987 629 162 29.20 70.80 629 162 100.00
1988 966 039 24.80 75.20 566 592 90.06
1989 1 570 002 24.00 76.00 561 718 89.28
1990 2 708 372 23.00 77.00 636 216 101.12
1991 4 910 413 20.00 80.00 742 427 118.00
1992 7 146 182 15.00 85.00 666 621 105.95
1993 11 824 987 11.00 89.00 696 407 110.69
1994 22 847 412 13.70 86.30 609 768 96.92
1995 54 767 489 13.30 86.70 775 227 123.22
1996 118 910 404 23.30 76.70 935 610 1 148.71

Source: ANONYMOUS, 1997, TKK Merkez Birlibi, Muhasebe ye Finansman Daire Ba~kanli
Kayitlari, Ankara.

80.30 Percentage of the credit given by ACC in 1996 is short-term credit and 19.70

percentage is mid-term credit. Fertiliser has the highest credit share (33.10%) in the total

credit amount given by the ACC (ANONYMOUS, 1997).

3.2. The Place of the ACC in the Fertiliser Distribution in Turkey

The ACC has the most important share of the fertiliser marketing in Turkey. The amount of

fertiliser usage is seen in table 2 in Turkey. Also table 3 includes the amount of fertiliser

usage distributed by the ACC in Turkey. And table 4 shows the share of the fertiliser usage of

the ACC in Turkey.
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While the amount fertiliser usage in 1990 in Turkey was 4 995 407 tons, this amount reached

5 449 375 tons with 9.09 percentage increase in 1998. CAN (26% N) fertiliser had the highest

usage rate (23.36%) in 1998 in Turkey (Table 2). While the fertiliser distributed by the ACC

was 1 094 923 tons, it reached 1 542 623 tons with 40.89% increase in 1998 (Table 3).

Table 2. Fertiliser Usagre in Turkey (tons)

Fertiliser Variety 1990 1991 1992 1993 1994 1995 1996 1997 1998
A.S. (%2 N) 450260 417664 350069 306183 239312 292718 244297 303278-345416
C.A.N. (%26N) 1659556 1217719 1332290 1509566 1428786 1252951 1294681 1187884 1272858
A.N. (%33N) 8722 152111 266269 134701 86789 144559 191933 249551 364719
ORE 627199 594815 625568 854648 617179 580804 728356 725448 900719
TSP 169646 147135 108633 169054 84024 90415 60261 82389 66873
DAP 618505 709967 734036 882775 447574 560335 573600 607417 723541
20.20.0 1020903 899758 1000566 974187 688227 945621 975174 1043235 1194369
26.13.0 17406 7182 1464 -- -- -- -- 1010 --
1s.15s.1is 358104 239203 247207 282214 217066 271698 306556 306894 333943
P.S. 14974 15950 18857 19912 16512 11615 17307 16465 19980
Others 50132 138300 251282 369759 172340 235350 205134 118884 226957
TOTAL 4995407! 45398041 4936241 5502999 3997809 4386066 4597299 46424551 5449375

Source: ANONYMOUS, 1999/, Gibre Ureticileri Dernegi Kayailari, Ankara.

Table 3. The Fertiliser Amount Distributed by the ACC in Turkey (tons)

Fertiliser Variety 1990 1991 1992 1993 1994 1995 1996 1997 1998
A. S.(%2 N) 82655 18050 57585 74911 80650 95801 102263 103295 90818
C.A.N. (%26N) 418040 51345 281334 431790 435174 458733 534473 510678 428335
A.N. (%33N) 857 8277 2052 1005 9545 47431 88347 114982 123095
ORE 127784 29546 115508 149507 A 182134 93706 194643 200788 183266
TSP 46214 27871 31547 29445 29181 38732 31084 27300 25616
DAP 110843 102400 152315 194904 196225 291208 324747 358819 301207
20.20.0 256341 176612 251755 245864 286477 376950 398579 382199 303115
15.15.15 52180 19745 45827 52477 65842 78032 90922 85674 76985
P. S. 9 -- -- 1866 2429 2729 3341 3436 3054
Others -- 1 - -1 -- - - -- 7212 7132
TOTAL 1094923 433846, 937923 11181769 1287657, 1483322, 1768399~ 1794383 1542623

Source: ANONYMOUS, 1999/, Gilbre Ureticileri Dernegi Kayitlari, Ankara.

The fertiliser share distributed by the ACC in total distributed fertiliser in Turkey was 21.92

percentage in 1990, this rate reached 29.3 1% in 1998 (Table 4). This case has shown that the

importance of the ACC in the fertiliser distribution of Turkey has increased.

Table 4. The Share of Fertiliser Amount Distributed by the ACC in Turkey (%) (*)

Fertiliser Variety 1990 1991 1992 1993 1994 1995 1996 1997 1998
A. S. (%21N) 18.36 4.32 16.45 24.47 33.70 32.73 41.86 34.06 26.29
C.A.N. (%26N) 25.19 4.22 21.12 28.60 30.46 36.61 41.28 42.99 33.65
A.N. (%33N) 9.83 5.44 0.77 0.75 11.00 32.81 46.03 46.08 33.75
ORE 20.37 4.97 18.46 17.49 29.51 16.13 26.72 27.68 20.35
TSP 27.24 18.94 29.04 17.72 34.73 42.84 51.58 33.14 38.31
DAP 17.92 14.42 20.75 22.08 43.84 51.97 56.62 59.07 41.63
20.20.0 25.11 19.63 25.16 25.24 41.63 39.86 40.87 36.64 25.38
15.15.15 14.57 8.25 18.54 18.59 30.33 28.72 29.66 27.92 23.05
P.S. 0.06 -- -- 9.37 14.71 23.50 19.30 20.87 15.29
Others -- - - - - --- 6.07 3.14
TOTAL 21.92- 9.56 19.00 21.47 32.21 33.82t 38.47 38.65 28.31
()It is obtained from table 2 and 3.



181

4. THE PLACE OF THE ACC AND) PRIVATE AGENTS IN THE FERTILISER

USAGE AND DISTRIBUTION IN~ TOKAT PROVINCE

4.1. The Fertiliser Usage in Tokat Province

The amount of fertiliser usage in Tokat province in the 1990-1998 years is given in table 5.

Table 5. The Amount of Fertiliser Usage in Tokat Province (tons)

Fertiliser Variety 1990 1991 1992 1993 1994 1995 1996 1997 1998
A.5S. (%21IN) 1385.00 1985.5( 1981.0 451.25 57.70 1215.99 802.45 828.20 1121.20
A.N. (%26N) 25580.0( 16466.7( 16461.0 9511.40 6057.95 9806.75 13187.27 12752.82 10145.55
A.N. (%33N) 5000.00 4639.0C 4636.0 2498.25 570.35 7419.10 3235.22 4778.77 12351.55
ORE 18340.00 17484.9C 17480.0 9759.80 3606.35 7732.20 6724.15 6741.23 10382.26
TSP 719.50 702.2C 698.0 615.55 3699.10 914.80 430.07 431.05 663.08
DAP 15246.00 17574.2( 17569.0C 10046.00 7636.12 11050.80 15071.60 17171.86 21725.33
20.20.0 -- 1727.4( 1725.00 1023.43 631.75 1218.80 1436.85 618.56 2416.60
15.15.15 785.50 2027.00 2027.00 255.00 196.68 1 157.75 800.05 1258.45 1170.15
8.24.8 -- -- - 11287.20 4143.15 9505.20 2432.80 1348.00 --
12.30.12 -- - ---- 0.25 8.57 5148.65

ItAN -- - -- 445.48 6.78 -- 67.00
NSP -- -- - 178.15 -- -- --

P.S. ~ ~ - - -- 1.00 - 299.45 5.40 5.75

P.N. -- - - 0.25 8.57 31.10

CaN ---- - ---- 8.37 172.65
TOTAL ~~67056.00 62583.9 62770 45447.881 26600.15 50645.02 44427.191 45959.851 65400.87

Source: ANONYMOUS 1999/b, Tarim II Mildiirlti5i, Proje ye Istatistik ubesi Kayitlari, Tokat.

It is seen that there is no much difference in the fertiliser usage with respect to the years,

except, 1994 year. In 1998, the total amount of fertiliser usage in Tokat was 65 4 00.87 tons

and DAP was used at highest ratio (33.22%) in the region.

4.2. The General Situation and the Activities of the ACC in the Region

In the region, there are seven items ACC including 112 villages. The number of member of

these cooperatives is 7 243 (ANONYMOUS, 1999/c, ANONYMOUS 1999/d). The amount

MC operation and maintenance credits used by the ACC to their members is seen in table 6.

Table 6. The Credits Used by the ACC in the Region (millions TL)

Operation Credits Maintenance Credits Total Credits
Years Current % Reel Current % Reel Current %Reel
1991 15442 94.3 87242.9 931 5.7 5259.9 16373 100.0 92502.8
1992 22995 94.9 80402.1 1236 5.1 4321.7 24231 100.0 84723.8
1993 33694 93.1 74379.7 2504 6.9 5527.6 36198 100.0 79907.3
1994 63627 93.2 63627.0 4665 6.8 4665.0 68292 100.0 68292.0
1995 153880 90.7 81851.1 15749 9.3 8377.1 169629 100.0 90228.2
1996 326919 90.7 96407.8 33361 9.3 9838.1 360280 100.0 106245.9
1997 509789 90.7 80944.6 51900 9.3 8240.7 561900 100.0 89218.8
1998 846812 8 9.7 84034.1 196724 10.3 9598.5 943536, 100.0 193632.8

Source: 1. ANONYMOUS, 1999/c, Arbutrma 1361gesindeki TKK (7 Adet) Kayitlar, Tokat.
2. ANONYMOUS, 1999/d, TKK Sivas Bol1ge Birli~i Kayitlarl, Sivas.

In the region, there is no much increase in the credits amount used by the ACC to their

members in the total credits. However, while there is a reel decrease in the operation credits

used, the maintenance credits increased in the years.
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The interest rates for the credits used by the ACC and Turkish Republic Agricultural Bank are

,given in table 7.

Table 7. The Interest Rates of Credits Used by the ACC and in the Placements of Turkish Republic
Agricultural Bank in the Region()

The ACC The Interest Rate of the
Years The Interest Rate of The Interest Rate of Placements of Agricultural
__________ Operation Credits Maintenance Credits Bank
1991 45.0 45.0 42.5
1992 45.0 45.0 42.5
1993 45.0 45.0 42.5
1994 45.0 45.0 42.5
1995 45.0 45.0 42.5
1996 52.0 52.0 49.5
1997 73.0 73.0 70.0
1998 67.0 67.0 64.5

Source: 1. ANONYMOUS, 1999/c, Ara~tirma B51lgesindeki TKK (7 Adet) Kayitlari, Tokat.
2. ANONYMOUS, 1999/d, TK.K Sivas B61g1e Birligi Kayitlari, Sivas.

It has been seen that the interest rate of the operation and maintenance credits are higher than

the interest rate of the placements of Agricultural Bank.

It is known that the Government is effective in determining the interest rate and the ACC do

not have an effect to be able to play on the interest rates (Kaya, 1999). The inputs given by

the ACC in the region is seen in table 8.

Table 8. The Inputs Given by the ACC in the Region

Pesticide Seed Fodder Fertiliser Equipment (millions TL)
Years (kg) (kg) (kg,) (kg) Current 1 Reel
1991 3 33 -- 1301650 15663 50 1050 5932.2
1992 235 --- 2187677 1439000 1811 63 32. 1
1993 1970 70000 1721550 2261800 3310 7306.8
1994 3170 80000 2592050 1931200 4417 4417.0
1995 550 152000 3610100 2624000 11976 6370.2
1996 4819 176925 3703850 4054750 30477 8987.6
1997 10838 142806 4194500 3593850 46150 7327.7
1998 5301 209680 4731912 4036392 97995 9724.7

Source: 1. ANONYMOUS, 1999/c, Ara~tirma B61gesindeki TKK (7 Adet) Kayitlar, Tokat.
2. ANONYMOUS, 1999/d, TKK Sivas B63lge Birligi Kayitlari, Sivas.

4:3 Private Fertiliser Agents

There are seven private fertiliser agents in central district of Tokat province. These agents

have sold every kind of fertiliser bought from different producer or distributor firms. Also,

these agents have bought the fertiliser by paying cash or paying in the short-term. For this

reason they preferred cash sale the fertiliser other than forward sale. The ACC have sold the

fertiliser as forward sale. Farmers having enough money to by fertiliser preferred the agents



183

for the fertiliser. Because, in cash sale, the price of fertiliser is cheaper in the agents than

fertiliser sold in the ACC. Some farmers have bought maximum amount of fertiliser by

instalments from the ACC, then they have sold some of it by cash and low price to the private

agents and farmers. The private agents which bought the fertiliser from farmers have sold it at

the lower price than the ACC's fertiliser price.

4.4. The Reasons of Farmers' Preference Between the ACC and Private Agents

It is tried to investigate the reasons that farmers preferred the ACC or private agents. It is

determined that all farmers who are the members of the ACC have bought fertiliser from the

ACC. However, the farmers stated that fertiliser and other inputs were not given at the enough

amount and on time. And the interest rate of the credits given by the ACC was high. Also, the

farmers said that they had some problems with the ACC. Because the ACC wanted the

farmers to provide at least to warrantors, title deed, e.t.c. Farmers having enough money

preferred the private agents but the others chose the ACC.

5. RESULT

In the study, the role of the ACC in the fertiliser market in Turkey and in the selected region

and the role of private fertiliser agents in the fertiliser market in the selected region were

investigated.

It is determined that the ACC has an important role in the fertiliser distribution in Turkey and

the region. However, it is observed that the ACC have some structural problems reflecting to

Rhe farmers.

Firstly, the ACC is financially under the Government control. This problem can be solved by

establishing Cooperatives Bank.

Another problem is that members have thought that the ACC is a state establishment. Also,

the officers working in the ACC have thought that the employer is the Government. These

two understandings have to be changed to be able to have more functional the ACC.

The credit limits have been determined in the head office of the ACC and there is no any

authority power in the local ACC. This central understanding should be soften as much as

possible. The ACC activities have to protect from politics impression and pressure.



184

REFERENCES

ANONYMOUS, 1996, TZOB, Zirai ve iktisadi Rapor 1994-1996, Yayin No: 178,
Ankara. 

ANONYMOUS, 1997, TKK Merkez Birligi, Muhasebe ye Finansman Daire Baokanii
Kayitlarl, Ankara.

ANONYMOUS 1999/a, Glbre Ureticileri Dernegi Kayitlari, Ankara.
ANONYMOUS 1999/b, Tarim II Mildiirlililu, Proje ye istatistik ~ubesi Kayitlari,

Tokat.
ANONYMOUS, 1999/c, Ara~tirma Bolgesindeki TK-K (7 Adet) Kayitlari, Tokat.
ANONYMOUS, 1999/d, TKK Sivas Bolge Birli~i Kayitlari, Sivas.
BAYRAKTAR, ., 1991, "Tzirkiye 'de Gbre Pazarlamasinin Sorunlari e Qozuim

onerileri ", II. Ulusal Gilbre Kongresi, TIUGSA~ Konferans Salonu, Konya DevIet
Yolu No:70, 30 Eyliil-4 Ekim, Ankara.

KANDILCI, R.Z., VE H.I. 6ZTURK, 1991, "Tuirkiye 'de Kimyevi Guibrenin Durumu e
TZDK'nun Yeri ", II. Ulusal Guibre Kongresi, TGSA~ Konferans Salonu, Konya
Deviet Yolu No:70, 30 Eyliil-4 Ekim, Ankara.

KARACAN, A.R., 1991, Tarim I5letmelerinin Finansmani e Tarimsal Kredi, E.U.
Ziraat Fakflitesi Yaymlari No:498, E.U. Basimevi, Bornova-Izmir.

KAYA, U., 1999, Tarim Kredi Kooperatifleindeki Yeniden Yapilarimanin Kooperatif
Faaliyetlerine Etkisi (Tokat Merkez 119e Ornegi), GOPU Fen Bilimleri Enstitilsij
Tarim Ekonomisi Anabilim Dali, Yiiksek Lisans Tezi (Basilmami5), Tokat.

MULAYIM, Z.G., 1995, Kooperatif~ilik, kinci Baski, Yetkin Yayinevi. Ankara.
$AHINOCLU, Y., 1996, "Tuirkiye 'de Kooperati/ Tiirleri e Sayziari ", Karinca Dergisi,

S ayi: 7 13,Ankara.



185 AT0300177

THE FLUX DATABASE CONCERTED ACTION

N.G. MITCHELL and C.E. DONNELLY ,Vr) 

Mouchel Consulting Limited, Environmental Consultancy ~ ~

West Hall, Parvis Road, West Byfleet, Surrey, KT 14 6EZ, United Kingdom

Abstract

This paper summarises the background to the LUIR action on the development of a flux database for

radionuclide transfer in soil-plant systems. The action is discussed in terms of the objectives, the

deliverables and the progress achieved so far by the flux database working group. The paper describes

the background to the current initiative and outlines specific features of the database and supporting

Documentation. Particular emphasis is placed on the proforma used for data entry, on the database

Help file and on the approach adopted to indicate data quality.

0 5.r
INTRODUCTION

The aim of the UIR flux database working group is to bring together researchers to collate data from

current experimental studies investigating aspects of radionucide transfer in soil-plant systems. The

database will incorporate parameters describing the time-dependent transfer of radionuclides between

soil, plant and animal compartments. However, work under the EC Concerted Action considers only

soil-plant interactions.

Over a 10 year period from 1982, the soil-plant transfer working group of the UIR produced a

database of soil-plant transfer factors (8000 entries). This database formed the basis for the IAEA

'-Landbook on parameter values for radionuclide transfer to crops in temperate environments

(Technical Report Series No. 364). The soil-plant transfer f-actor is a relatively unreliable paramneter,

limited in its application by the prevailing field and experimental conditions when measurements were

made and also by the definition of the parameter. These reservations aside, the UIR working group

provided a successful focus for the activities of groups working on radionuclide transfer in the

biosphere allowing the exchange of ideas, presentation of results and discussion of specific topics.

The original working group attracted some funding from the European Commission to support both

the database and the attendance of young researchers at meetings. These funds were suspended in

1992 and the working group then decided to join with the soil-plant relationships working group of

ESNA. Five joint meetings have since taken place (Halle, 1993; Varna, 1994; Piacenza, 1995; Busteni.

1996; Ghent, 1997). The European Commission (EC) is now supporting the UIR in the development

of a new database that will focus on time-dependent transfer. This new initiative has become known as

the radionuclide flux database (RADFLUX). It is emphasised that the word flux, which has a specific
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meaning in physics, is used in this case simply to iniaeacag ndsrbto frdoulds

with time.

The development of time-dependent compartment models requires data on the amount of a substance

transferred between defined compartments over a known time period; supporting data are also

required on the volume or mass of donor or receiving compartments to determine concentrations.

These data are not readily derived from soil-plant transfer factors and an alternative is therefore

required for the development of time-dependent models. Data are often reported only as equilibrium

parameters, and any time dependency that may have been in the original data is lost as a result of the

method of reporting. There is a further tendency for equilibrium parameters to be used inappropriately

in a time-dependent fashion. The main aim of the flux database is therefore to collate information in a

way that does not constrain the ways in which thatinformation can be used subsequently.

The UK Ministry of Agriculture, Fisheries and Food (MAFF) who is also funding the database, has

made available data that it has collected over the last fifteen years. In addition the authors would like

to acknowledge the financial support of both MAFF and the Industry Management Committee (IMC)

of the UK Health and Safety Executive. Their substantial support and input to the flux database has

contributed greatly to its success.

OVERALL OBJECTIVE

The overall objective of the proposed work is to co-ordinate the development of an international

database of parameters describing the time-dependent behaviour of radionuclides in soil-plant

ecosystems. The flux database will provide the information required for the development of time-

dependent models and for parameters that are consistent with current models. This database will

ensure that the same underlying data are available to all groups interested in the development of risk

assessment models. Specific objectives are as follows.

To construct a radionuclide flux database using data from existing reports and the LUIR transfer factor

database, new data from a U[R working group and from research by co-funding organisations, and

information obtained from the CIS.

To evaluate the database entries for specific model structures and to determine best estimates and

statistical distributions.

To identify gaps in the data, the filling of which would improve models substantially.

To provide a basis for structured discussion in working group meetings within which field, laboratory

and modelling studies can be integrated.

The construction and management of the international database is undertaken through the UIR and the

organisation responsible for database management (Mouchel). The approach is as follows.

Activities of the working group are coordinated to obtain relevant data. Meetings include structured

discussions on field, laboratory and modelling studies. Proforma for entries to the database have been

circulated amongst UIR members, EC research contractors and contractors to the co-funding groups.
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Current literature is reviewed, collated data are added to the database, which is then periodically

distributed to MAFF, MC and contributors.

Model structures versus available data are evaluated and the most appropriate model structures

recommended. Progress reports are prepared.

Provision of recommendations for further experimental work either to fill important gaps in the

database or to provide data that are more relevant for risk assessment.

During December 1997, contact was made with 426 individuals who might have had an interest in the

flux database. Of these, 275 were approached by e-mail and the rest were posted background

information. There were over 100 individual responses and only a small number of these indicated

that they had no interest in the database. Forty-nine research groups have volunteered to submit data at

this stage, whilst another 36 researchers have expressed interest in the project but have yet to commit

themselves to contribute data.

'~he activities of the working group are supported by about 90 colleagues and 18 were able to attend

the first meeting in Piacenza, Italy on February 4-5, 1998. This was a good size for a working group

and provided the opportunity for idividuals to contribute actively during discussions. The meeting

cosdered the development of a Windows Help file and Microsoft® ExcelTrm proforma for data

entries.

Most participants presented synopses of current work on radionuclide transfer with particular

emphasis on time-dependency. Authors and titles are given below - brief summaries, and overheads

are reproduced in the proceedings of the meeting (UIR Pub. R-98 03).

Gregor Zibold: Time dependency of radionuclide transfer in pre-alpine forests and lakes.

Teresa Sauras-Yera: Dynamics of migration in forest soils

Sybile Nalezinski: Some general remarks on the time-dependency of the transfer factor soil/

W ~~~~~plant
Simon Wright: Spatial analysis of vulnerable ecosystems in Europe (SAVE)

Friedenike Strebl: Plant uptake of radionuclides in lysimeter experiments

Franca Carini: Experimental studies on the transfer of deposited radioactivity to strawberries

V. Skarlou: Time dependent 'Csuptake of orange and olive trees.

Brief talks were also given by both Penny Wadey and Martin Frissel.

THE DATABASE

The structure of the database is now largely complete (Table ) and existing data have been

incorporated. The flux database now contains nearly 17,000 records. We have included readily

available data both from the earlier UIR soil-plant transfer data set and more recent tropical/sub-

tropical data provided from the IAEA/UIR CRP by Martin Frissel so that these data are not lost, even

though this was not a task defined in the work programme. The remaiig components of the data set

come from MAFF and represent flux data collated since 1980. Flux data derived frm experimental
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programs have been provided by Carini, Strebl and Zibold. We are also pleased to report that the

Fruits Working Group of the IAEA BIOMASS program is contributing data and the activities of the

UIR-ESNA soil-plant relationship working group is providing access to additional research groups.

The quality of the data that is volunteered for entry to te flux database is a major factor that must be

taken into account. The UIR transfer factor working group attempted to define an experimental

protocol for contributing studies but this was only partially successful because many of the early data

were from experiments in progress prior to the start of' working group activities. It is not the intention

that the working group will predefine experimental protocols, but the expertise of the group will be

available to comment on studies in progress to improve both their validity and the presentation of

results. Quality assurance of database entries will be exercised in terms of check calculations for data

that are provided.

The group has developed a data grading system using a series of macros in Microsoft®D ExcelrMm an

attempt to provide an automated quantitative assessment of data quality (discussed below). This

scores data on the basis of the number of completed fields, laboratory accreditation, study type and

radionuclide source. The scoring system is transparent so that when the database is released, users

will be able to adjust the scores to suit their own needs. This is an attempt to develop a method of

screening data for different levels of reliability. The selected approach allows the user to vary the

weight attached to different fields in order to screen-out certain data. For example, a favorable

weighting could be applied to controlled experiments compared with monitoring data thereby ranking

data on this basis. This is the simplest, most flexible approach to screening data. It is envisaged that

the user could then use this to show how the variability of the parameters selected from the database

changes when more unreliable data are included in the sample.

A set of automatic queries and a report facility has been added to the database (discussed below). This

provides a tabular summary of the number of records per element, subdivided by isotope, for a range

of query types. By double clicking on the report title, the query is automatically run and exported to a

report.

Data proforma

A proforma has been designed in Microsoft® ExcelFm to allow researchers to submit data in a standard

format. The proforma has an associated help file, which includes frequently asked questions and a

glossary. A dedicated emtail address RADFLUX@MOUCIEL.COM fuirther facilitates submission of data.

Proforma.xls is an ExceITM version 5 file with an associated macro. The visual basic macro amends

the menu bar to include reference to a help file (RADFLUX.hlp) via menu item Proforma (the drop

down contains the item Help). The main Help option on the menu bar also provides access to

RADFLUX1hlp through the Proforma item. The macro worksheet is hidden in the Excel file that is

circulated to working group members.
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All data must be submitted for entry using this proforma. Authors are asked to identify any queries

they may have in red on the proforma. When the profornna arrives at Mouchel any fields shown in red
will be reviewed and further guidance provided to the author. Experience has shown that discussion

with each contributor will be necessary to ensure that approaches are consistent.

Proforma.xls contains five worksheets (Proforma, Examples, Notes 1, Notes 2 and Notes 3). The

'Proformia' worksheet provides a list of the database fields in the left-hand column as a reference for

entering data in adjacent columns. Each subsequent column represents a database record. The column

of field labels is repeated in the Help file giving field by field assistance if needed. The 'Examples'

worksheet provides four examples of a database record. The first two are from the open literature

whilst the others were provided by F. Carini from current experimental work on fuits. The 'Notes'

worksheets provide supporting information. It is hoped that contributors will provide similar 'Notes'

nages to allow checks to be made on data entries and to improve the traceability of information.

Search facilities

Database queries allow the user to readily select records of interest according to specific field entries.

The following queries have been implemented to date:

Element
Element and radioisotope
Animal code and type
Plant code and type
Soil code and type
Parameter from to
All animal codes
All plant codes
All soil codes.
The queries are easy to operate; the user only has to specify the appropriate parameters when

-rompted, e.g. Am and 24].

"Ve queries have been named so that their fields of operation are self-explanatory. However, the

Element query was set up to allow sorting in cases where no isotope has been specified. In a specific

Element and radioisotope search, these records would obviously be ignored. By selecting all isotopes

of a given element it is then possible to order them according to isotope. This problem will not occur

with furture entries, as isotopes will be entered in each case, before data is imported from ExcelTm.

The 'All animal / plant / soil codes' select any records which have an entry in that field i.e. all animal

or plant or soil records.

Queries are relatively easy to install and more will be added as appropriate. As the database grows,

there will probably be a need for multi-field or nested queries enabling selection of e.g. all records

involving 06Ru and fruit crops.

Published information

A review of existing time-dependent models was undertaken to ensure that parameters entered into the

database are relevant to existing models. A review of the FARMLAND, LANDFOOD, FOODWEB
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and SPADE models was conducted to establish definitions for each parameter used by these models.

This allows the review of the literature to be more focussed.

A search for relevant literature was limited to the period since 1994, as much of the relevant pre-1994

literature has already been considered by MAFF. The acquisition of literature is on-going and working

group members are requested to highlight important papers from their own area of research and in

particular those in the members state's language that may not be cited in the wider literature. The

Current Contents database is searched weekly and any potentially relevant scientific papers are

obtained.

References ordered from the British Library are scanned to assess their suitability and then classified

as suitable, possibly useful or unsuitable. Papers which fall into the unsuitable / suitable categories are

usually relatively easily identified. The third group, which take longer to assess are papers where it

seems that data can be derived from the paper itself with some assumptions or those where it will be

necessary to contact the author to obtain supporting data. Each reference is given a unique number

and a list maintained in ExcelTm. A 'notes' column is used to provide firther information relating to

the reference, i.e. why it was rejected / accepted / what data can potentially be derived from the paper.

Glossary

The working group is concerned that consistent terminology is adopted both by contributors to the

database and those that might subsequently use the information it contains. For this reason a glossary

was produced and included in the RADFLUX help file. Words or phrases that could be included were

suggested by the working group; the glossary is based on that developed under the BIOMOVS 11 work

program (BIOMOVS IIi Glossary. August 1993) although more limited in scope. Several words are as

yet undefined and these will be fuirther discussed at future meetings.

Comparisons of the glossary definitions with those published by IAFA Waste Disposal, ICRU, HMIP

and VAMP will be undertaken in an attempt to achieve consistency. Alternative definitions will be

presented when there is no consensus and a preferred definition will be suggested.

Data grading

All records are scored based on the number of completed fields in each record. It is not the intention

to exclude results that do not have all supporting information, however, grading of the entries will

allow researchers to make their own decisions about the reliability of any data they choose to use. The

methodology is described below but may change as the database develops further.

The majority of fields are given a score of one if they have an entry. Users should restrict their area of

interest before investigating grading as otherwise it may lead to biases against certain types of data

when considering the database as a whole. For example, there are eight fields relating to soils; a

record concerned with transfers within animals or between plant and animal may not have entries in

these fields and would therefore have a lower score. The queries described above should be used to

restrict the records to those of interest.
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It has been decided to implement the grading system in ExcelTrm, as it is far more versatile in terms of

data manipulation than the version of Access'm employed. A series of macros score the field entries,

which are then summed to give a total and expressed as a fraction of the maximum possible score. The

totals and unique RecordID are then exported into a separate table in AccessTm. Instructions will be

sent to all those who subsequently receive copies of the database explaining how the grading can be

altered to suit their own needs.

The grading system consists of a workbook with four worksheets (Radflux, Scoring, Calculations and

Ranking. Worksheet 'Radflux' is the database itself imported directly into ExcelPm. For all data in the

database at present, it has been necessary to assign grading retrospectively, however, in the future,

entries will be graded prior to iport into Microsoft®L Access~m. The layout of the 'Scoring'

worksheet is shown in Table 2. This sheet applies to the three fields where variable weightings have

so far been applied. By altering the assigned scores in these tables, it is possible for users of the

database to skew the weightings to suit their own requirements. The 'Calculations' worksheet shows

the equations or underlying logic for calculating the score for each record. These are transparent

calculations and are under user control. The 'Ranking' worksheet contains the unique Record_ID) from

the database and the corresponding fraction. This information is then exported to the relational table

called Ranking in AcceSSTM.

CONCLUDING REMARKS

There are no conclusions as yet from the activities of the Action Group. The main deliverables will

be:

- Database and help file;
- Report/commentary on the concept of radionuclide flux; and,
- Data synopsis and analysis of entries.
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Table 1: Database fields.

RecordID Parameter range 1 Mass 2
Animjlant~soil Parameter range 2 Mass units
Date Parameter units Conc I
Location Stats parameter Conc I units
Study type Soil type Stats con 1
Radionuclide source Soil pH Con 2
Element Soil organic carbon Conc 2 units
Radioisotope Plant type Stats con 2
Chemical form Animal type Stable element data
Study period Data grading Depth soil
Physical treatments Soil code Reference
Parameter from Plant code Cross reference
Parameter to Animal code Comments
Parameter value Mass 1 New codes
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Table 2:. Grading scores

Field Grading

.~

Field Study type

Maximum 9

Field Radilonuchide source

Maximum 5

5in>..
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Summary

Perhaps the most important limitation of soil-to-plant transfer factors is that they do
not take into account competition with macro-nutrients present in soil. Therefore,
the observed ratio model which is presented in a slightly modified form could be an
improvement compared to the soil-to-plant transfer factor concept. A series of field
experiments, which had been performed during 1990 - 1992 offered the opportunity
to compare the two modeling approaches. Results of this test are presented and
discussed. 5. 203

1. ntroducion

The soil-to-plant transfer model commonly used for radionuclides assumes that the
concentration of a nuclide i in a plant or plant part, Cif (Bq kg-', dry weight), is
linearly related to its concentration in soil within the rooting zone, C' (Bq kg',
dry weight), i.e.

Cfp= TF jCis . (1)

The proportionality constant TFi in Eq. (1) is called soil-to-plant transfer factor.

Perhaps the most important conceptual limitation of the transfer factor approach
is that it does not take into account competition between ions. The concentration
of an ion in solution in most soils is determined by cation exchange reactions with
the soil matrix which by their nature are competitive. For a trace substance, root
uptake does not primarily depend on its absolute concentration in solution, but on
the concentration ratio to macro-nutrients present. In this regard, the observed
ratio approach (Russell and Newbould, 1966) offers an attractive alternative to the
soil-to-plant transfer factor concept. In this paper, a slightly modified observed ratio
model is tested using strontium data from field experiments and compared to the
transfer factor approach.

2. The observed ratio model

For radiostrontium, the observed ratio model postulates a linear relationship be-
tween the 90 Sr/Ca ratios in plant tissues and in soil solution:(90Sr I'90 Sr

Ca ) plant = 0Rln/slto ( a) souin(2)

The validity of eqn (2) has been confirmed by solution culture experiments with
values of the observed ratio, 0Rln/ouin close to 1 for most species (Russell and
Newbould, 1966; Veresoglou et al., 1996).

The behaviour of radiostrontium in soils is governed by even after long times almost
completely reversible ion exchange processes (Valcke, 1993). Since calcium again is
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the main competitor, Sr/Ca ratios sorbed to the soil matrix and in solution can be
related by a selectivity coefficient, Kca which is defined as (Bolt, 1979)

Kcsr [r]= (Ca) -yc.a3

( 4Ca]J)soil (Sr )~ solution

where the brackets denote equivalent fractions, the parentheses molar concentra-
tions and YCa, Y~r mean activity coefficients of the corresponding salts. Assuming
that (i) macro-nutrients other than Ca can be neglected, (ii) Sr is present in trace
concentrations only, and (iii) Kc~a does not depend on concentrations of Sr and Ca,
eqns. (2) and (3) can be combined to give a plant/soil observed ratio

90__ (Sr '9 (4

(Ca plant 0Rlntsi / a soil 4

with

OR plant/soil 0 R plant/solution 'Y Ca 5

3. Experimental data

During 1990 - 1992 field experiments involving four different soil types were per-
formed with the objective to investigate cimate and seasonal influences on root
uptake of cesium and strontium by pasture vegetation. Details of these experiments
have been published elsewhere (Ehlken and Kirchner, 1996). From this paper con-
centrations and transfer factors of 90Sr were available. For the present study, calcium
concentrations were measured by atomic absorption spectroscopy.

4. Results and discussion

Transfer factors (eqn. (1)) taken from Ehilken and Kirchner (1996) and plant/soil
observed ratios (eqn. (4)) are shown in Figs. 1 to 4 for the various soils involved
in the field experiments. Mean values of the samples from the repeatedly cropped
areas which were calculated assuming lognormal distributions are given in Table 1.
The mean observed ratios show much less scattering confirming the need to take into
account competition with macro-ions in soil-plant relationships of trace substances.

Table 1 Means ( standard errors) of transfer factors and plant/soil observed ratios
of the samples taken from areas cropped repeatedly ('grazed' areas of Figs. 1 to 4).

Soil type Transfer factor Observed ratio

Eutric Cambisol 0.86 0.12 0.79 0.11
Orthic Podsol 2.49 ± 0.43 0.67 0.08
Eutric Histosol 1.02 0.06 1.23 0.12
Umbric Gleysol 3.44 0.16 0.80 ± 0.08
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Fig. 1. T1ransfer factors of 9 Srand 9 0Cs/Ca observed ratios at the Eutric Cambisol site;
error bars denote standard errors of the mean of the replicate samples for areas cropped
repeatedly ('grazed areas') and standard deviations due to counting statistics for areas
harvested once per year ('growth areas').
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Fig. 2. Transfer factors of 90Sr and 9 Cs/Ca observed ratios at the Orthic Podsol site;
error bars denote standard errors of the mean of the replicate samples for areas cropped
repeatedly ('grazed areas') and standard deviations due to counting statistics for areas
harvested once per year ('growth areas').
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Fig. 4. Tr~ansfer factors of 90Sr and 9 Gs/Ca observed ratios at the Umbric Gleysol site;
error bars denote standard errors of the mean of the replicate samples for areas cropped
repeatedly ('grazed areas') and standard deviations due to counting statistics for areas
harvested once per year ('growth areas').
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For three of the study sites for which analyses of the soil solution composition were
available (data not shown), the potential of eqn. (5) to predict plant/soil observed
ratios could be tested. Since the pasture vegetation at all sites is a mixture of
various species (Ehiken and Kirchner, 1996), a plant/solutiyn observed ratio of 1.0
was assumed (Russell and Newbould, 1966; Veresoglou et al., 1996). Mean activity
coefficients were calculated using the Davies equation (Stumm and Morgan, 1981).
Since Sr is exchanged in preference to Ca on minerals, but the preference reverses
on organic matter (Valcke, 1993), selectivity coefficients were estimated from the
data given by Khasawneh et al. (1968) based on the organic matter content of the
soils. Results are given in Table 2. The correspondence of predicted with measured
observed ratios is remarkably good taking into account the simple model. This
result confirms the need to include Soil chemical processes in models and parameters
intended to characterize soil/plant relationships of `S5r.

Table 2 Predictions of ORplantsoji based on eqni. (5).

Soil type 0Rln/slto 'Yca KCS O Rplant/soji

Eutric Cambisol 1.0 0.93 1.0 0.93
Orthic Podsol 1.0 0.75 1.2 0.63
Eutric Histosol 1.0 0.63 0.6 1.05

Acknowledgements. The authors are grdteful to Okochernie und Umweltanalytik
GmbH, Oldenburg, for performing the calcium analyses.
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SUMMARY

Fruitbodies of Cantharellus tubaeformis grown in clusters were collected from a normal

Swedish coniferous forest. In the laboratory, individual fruitbodies were transferred into

plastic vials and the 137Cs activity concentrations were determined and expressed as Bq

kg-' fresh weighit. After drying at 550, the 13C levels were recalculated and expressed

as Bq ka-1 dry weight.

Large variations of 137 Cs activity concentrations between individual fruitbodies within

the clusters were observed. In 1995, th range in the 37CS levels of individual

fruitbodies in one cluster were from 9,194 to 164,811 and in another cluster from 2,338

to 38,377 Bq kg-1. The mean values for these two clusters were 90,294 and 13,556 Bq

kg'- respectively. (Table 1). In 1998, the mean value for eight clusters showed a range

from 26,373 to 67,281 Bq kg-1. The largest variations between individual fruitbodies

within a cluster were from 11,875 to 107,160 Bq kg .

1. INTRODUCTION

In the Nordic forest ecosystems, 137C transferred from soil to man is one of the most

important pathway to man. More than 12 years after the Chernobyl accident, 137CS

activity concentrations are still high in many food products from the forest ecosystems

within the most contaminated part of Sweden. (Johanson and Bergstr~im 1994). Very

high 137 sactivity concentration have been found in fruitbodies of various species of
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fungi after the Chernobyl accident (Heinrich, 1993; Kammerer et al., 1994; Olsen 

1994) and intake of even small quantities might result in a pronounced increase of the

daily intake Of 37CS for both game animals and man. 13C levels in fruitbodies of fuingi

are usually at least one order of magnitude higher than in vascular plants in the same

area (Karlen et al., 1991; Johanson et al., 1994). The variations between different fungal

species are also very high and could be two order of magnitude. There are two main

pathways of transfering radiocaesium from fungi to man, direct pathway due to

consumption of mushrooms by man and indirect via game and domesticated animals

consuming fungi (Karlen et al., 1991; Hove et al., 1990, Johanson et al., 1994; Johanson

1994).

The aim of this work was to study 137CS variations within clusters of fruitbodies of

Cantharellus tubaeformis. Previously we have shown that clusters of fruitbodies of

Suillus variegatus growing within an area of 400 cm2 contained about 64% of the
estimated 137C inventory in this area. In clusters of Cortinarius armillatus and

Cortinarius subtortus, the corresponding values were between 13 and 34 % (Nikolova, et

al., 1997).

2. MATERIAL AND METHODS

Study area

The study area is located about 40 kin north west of Uppsala in Central Sweden. The

mean 13CS ground deposition in this area is between 35 and 40 kBq M2 . The dominated

trees in the forest are Scots pine (Pinus sylvestris) and Norwegian spruce (Picea abies)

with some intennixture of deciduous trees, mainly birch (Betula pendula and B.

pubescens). In the understorey, plant species belonging to the Ericacea family, mainly

bilberiy (Vaccinum myrtillus) and lingonberry (Vaccinum vitis-idea), are the dominants.

The soil in the upper 1 0 cm layer has high organic content.

Sampling

Individual fuitbodies from clusters of Cantharellus tubaeformis were collected in

October 1995 and in September 1998. Up to 18 fruitbodies were grown within very
2small areas between 35 and 170 cm 
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Radiometry

In the laboratory, individual fruitbodies were transfered into plastic vials. The 3 7Cs

activity concentrations were determined using a Packard Gamma Counter NaI(TD)

detector system at the Department of Radioecology. The 137 Cs activity concentrations

were determined as Bq kg-' fresh weight. After drying at 550, 13 7Cs activity

concentrations were recalculated and expressed as Bq kg'1 dry weight.

3. RESULTS AND DISCUSSION

In 1995, high levels and large variation of the 137Cs activity concentrations were found

in two clusters of fruitbodies. The range Of 13 7CS levels in 9 individual fruitbodies in

cluster 1 were from 9,194 to 164,811 Bq kg'1 with a coefficient of variation of 68 %. In

5 fuitbodies in cluster 2, the 137 CS levels were from 2,338 to 38,377 Bq kg'1 with a

coefficient of variation of 108 % (Table 1). The mean value for the fr-uitbodies in cluster

I was 90,294 Bq kg-' and in cluster 2 13,556. Higher 13 7CS levels in fultbodies from

both clusters were usually observed in sall ~fruitbodies. There were no significant

differences in the ratio of dry weight and fresh weight in the fruitbodies from these

clusters.

In 1998, the mean values Of 3 7 CS levels of the fruitbodies in the 8 clusters varied from

26,000 to 67,000. The coefficient of variation for the 1 7C levels in individual

fruitbodes in the various clusters varied from the minimum value of 14 % in cluster 2 to

the maximum value of 43 % in cluster 1 (Table 2). The two clusters 1 and 3 collected in

the smallest area with only 28 and 35 cm 2 had the highest CV. There are no indication

that CV increases with the increasing of the area. The variations of 3 7 Cs activity

concentration between individual fuitbodies growing in clusters seems to be smaller in

1998 compared to 1995 (Table and 2). In 1998, the mean coefficient of variation for

the 8 clusters was 32 % with a lowest CV of 14 % and highest of 43 % and in 1995 CV

were 68% and 108% in the two clusters. Still the material is not enough to make any

final statistical analysis. Theoretically the probability that the fr-uitbodies were supported

from the same mycelium and therefore might have smaller variation would be higher if

the cluster is growing on a small area. The results, however, showed the opposite trend

larger variation in clusters growing on a small area. It seems to us difficult to explain

these large variations by changes in the soil characteristics since the fruitbodies probably
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are supported by the same mycelium. Therefore we suggest another hypothesis in order

to explain the large variation. The 37CS levels in the fuitbodies is not directly

dependent on the soil. 137C activity concentration in the soil sample below the

fruitbodies from cluster 1 (1998) was 531 Bq kg' and the corresponding mean value for

the fuitbodies of this cluster was 32,365 Bq kg-'. The "'C levels in fruitbodies is only

dependent on a redistribution Of 37CS from the mycelium to the fruitbodies. The vector

for this transfer is probably water and the water transport should be dependent on the

evaporation of water from the fruitbodies. The variation of' 7 slvl nfutoiso
fung .should therefore at least partly be dependent on the weather conditions during,

formation of the fruitbody. The uptake will according to our hypothesis be higher a

sunny days due to evaporation and will be lower a rainy days. In autumn 1998, there was

very few sunny days and much rain which probably gave rather similar

microenvironment for the growing fruitbodies. Autumn 1995 was more normal with

some sunny days intermixed with rainy days. If the above mentioned hypothesis is right

we should also expect higher variation in 1995 compared to 1998. We have previously

shown that in normal forest soil in Sweden between 10 and 20% of the total soil

inventory Of 37CS is within the biological compartment of the soil probably the

mycelium. (Nikolova et al. 1 999).It is thus a quite large pool which probably can be used

more or less directly. From this pool 137CS is distributed to fruitbodies of fungi but also

to plants within the mycorrhizae formation. It could thus mean that the 13C levels in

plants could be controlled by the 137CS level in mycorrhizae.
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Table 1. The 17Cs activity concentrations (mean and SD) and the

coefficient of variation (CV) in two clusters of fruitbodies of C.

tubaeformis in 1995.

n Bq kg-'dw Bq kg'dw CV

m SD (%)

Cluster 1 9 '90,94 61,457 68

Cluster 2 5 13,556 14,605 108

Table 2. The 13Cs activity concentration (mean and SD), coefficient of
-2variation (CV) and the growing area in CM in eight clusters of C.

tubaeformis in 1998.

n Bq kg -' dw Bq kg-' dw Area CV

m SD (cm-2) 

Cluster 1 6 32,365 13,902 35 43

Cluster 2 6 46,786 6,521 60 1 4

Cluster 3 7 36,349 15,176 28 42

Cluster 4 1 8 26,373 7,623 110 29

Cluster 5 15 67,281 20,319 170 30

Cluster 6 8 53,222 20,432 50 38

Cluster 7 8 40,704 11,237 55 28

Cluster 8 8 41,443 13,891 70 34
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Summary 9

Samples of soil and plants were taken at spruce stand sites in southern Baden-

Witirttemb ergl. Fern always had the highest aggregated Cs- 137 transfer factor (Tag)

varying between 0.01 and 0.27 m 2kg1. There is a tendency for higher Tags in soils with

thicker raw humus layers, lower pH, lower cation exchange capacity (CEC) in the Oh

horizon, and lower clay content below the organic deposit.

The density of hyphae is determined by the season and its weather conditions and it

usually decreases continuously from Of to top B horizon. In analysing our data no

correlation between aggregated or horizon-specific transfer factors of different plants

and density of hyphae could be found.

1. Introduction

In 1994, samples of soil and plants were taken from different spruce stand sites spread

homogeneously over southern Baden-Wuirttemberg (filled dots in fig. 1). In Drissner et

al. (1998) it was shown, that the aggregated Cs-137 transfer factor soil - plant, Tag,

varied between 0.5 and 0.001 m 2kg'1, being highest for fern and lowest for blackberry

and wood sorrel at all sampling sites. For one plant species, the Tag could vary by two

orders of magnitude at different sampling sites. Most important for the value of the Tag

were thickness and pH of tht humus layer and the kind of humus deposit. In the same

paper it was suggested that the density of flungal hyphae in the soil could be a measure

for the influence of mycorrhiza, a symbiosis between plant roots and hyphae of certain

fungi on the transfer of Cs- 137 from soil to plants. The role of hyphae could either be
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that they store Cs- 137 during their lifetime of approximately 2 years with a sub sequent

release which results in plant available Cs- 1 37, or that Cs- 1 37 is directly transported to

the plant roots through the mycorrhiza.

Therefore, in 1997 and 1998 samples of soil and plants were again taken at additional

sites (circles in fig. ). In order to better understand the Cs-137 transport from soil to

plant, now also the cation exchange capacity, CEC, and the clay content of the soil were

determined. Moreover, the experimental work was focused on the determination of the

horizon-specific density of hyphae at the different sites.

2. Materials and methods

Soil samples were taken within frames of 40 cm x 40 cm at 10 forest sites grown with

80 to 1 10 year old spruce trees. At each site (except for one) a replica was taken at a

distance of a few meters. The soil was separated during sampling according to the

different horizons, which were identified in situ by their colour, texture, mean grain size

and smell. After removal of stones and tree roots, the material of the horizons was air-

dried for two weeks and - after sieving - the Cs-137 inventories of the different horizons

were measured by gamma spectroscopy usijag HPGe detectors. After drying at 105 C

the activity concentration of all plant species growing within the sampling frames was

determined separately in the same way. Mainly fern (Dryopteris carthusiana), bilberry

(Vaccinium Myrtillus), blackberry (Rubus fruticosus), and wood sorrel (Oxalis aceto-

sella) were sampled. The aggregated transfer factor Ta, which should be essentially in-

dependent of the soil inventory, was determined as a measure of the bioavailability of

C s- 13 7 in the soil.

An optical method was used to measure the. density of hyphae in the Of, Oh, Ah, and top

B horizons of soils. For this pupose, dried soil samples were homogenized in water with

a mixer and the chopped hyphae were sieved from the clear water fraction with a 40 ~1m

mesh. 5 times the remainder was shaken with fresh water and sieved again. The hyphae

were rinsed from the mesh, put into an agar film, coloured with aniline blue, and

immedeately dried in order to prevent growing. As the hyphae of a specified mass of

soil' were put onto a specified area of agar film, the density of hyphae in the soil could

be determined by measuring its length optically in many fields of vision of a

microscope. This was done using a camera on top of the microscope which was

connected to a computer, and a mouse which could follow the length of single hyphae.
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With this method, we could not distinguish between hyphae of different kinds of fungi.

With their tubular filaments having intersection walls (like e.g. bamboo) hyphae could

be distinguished from plant roots and other organic material. The observed hyphae had

either a thickness of about 5 - 8 pim and were transparent or had a thickness in the order

of 10 - 20 gim and were brown in colour. As a certain percentage of hyphae was always

lost in this procedure, it had to be thoroughly standardized.

To determine the cation exchange capacity, the concentration of K+, Na , Ca24, and

Mg 2 + was measured by standard ICP-OES in extracts from Oh soil horizons shaken for

24 h in 1 M ammonium acetate solution.

The clay content ( < 2 gim) of the top B horizon (here named B,) was determind with

a hydrometer according to the method of Gee and Bauder (1979).

(Stuttgart)

BADEN-WURTTEMBERG

Freudenstadt MOnsingen

Suir Blaubeueren
Wolfach * 

* Baling en Riedlingen

Sigmarngen Biberach
Schonwald Simrne 

C Villingen Ochsenhaus n
0 Tuttlingen 0

Fig. 1: Spruce forest sampling sites. Filled dots and circles represent the sampling sites
of 1994 and 199 7/1998, respectively. .



210

3. Results and discussion

As in Drissner et al. (1998), the spruce stand sites were arranged in groups with regard

to the Tag of fern. In transfer group and 11, Tag had to be between 1 and 0. 1 mnkg, and

0.1 and 0.01 m 2kg', respectively. The highest and lowest Tags observed were 0.27 and

0.01 m2kg 1, respectively. 7 of the 19 sampled positions belonged to transfer group I and

12 to group HI. In contrast to the 1994 measurements, locations with even lower Tags

have not been observed this time.

Between,1991 and 1997 at one of the transfer group I locations (Ravensburg), the

ecologic half-lives for the Tag decrease of the sampled plants were between T112 = 2.3

years and 5.9 years (Klemt et al. (1999)). This has to be taken into account if datasets

from different years are compared.

Table 1 shows that, as in 1994, high Tags can be expected at positions with thick raw

humus deposits and low pH. There is a tendency to higher Tags with lower CEC and

lower clay content in the soil. Regression analysis with exponential functions for the

dependence of Tag on CEC and clay content resulted in a measure of certainty R2 of 0.57

and 0.52, respectivly.

A more detailed description of the physico;-chemical processes of the Cs- 137 transfer

which can be derived from our data is in progress and will be published elsewhere.

Table 1: Classiication of Soils

Transfer group Transfer group I

Thickness of organic deposit 4 - 8 cm 2 - 8 cm

Mean value 5,7 cm 4,2 cm

PH in Oh-horizon 2,8 - 3,4 2,9 - 4,8

Mean value 3,0 3,6

CEC in Oh-horizon 100 - 160 mvallkg 80 - 370 mvallkg

Mean value 134 mvailkg 188 mval/kg

Clay content in B,-horizon 22 - 32 % 16 - 81 %

Mean Value 28 % 34 %

The density of hyphae usually decreases continuously with increasing depth in the soil

(see fig. 2 as a typical example). Only at some positions a maximum of the density is
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observed in the Oh-horizon. In the horizons where the hyphae were found also the

examined plants were rooted.

At a transfer group I site (Ravensburg) the reproducibility of hyphae density

measurements was tested. In fig. 2 measurements at two positions within the same site

having a distance of only a few meters (EW 97-1 and EW 97-2), measurements on two

different agar preparations made from the same soil sample, and three optical

measurements made on the same agar preparation are compared. Obviously, the

variation of results is substantial. The variations might be due to small range variations

of the density of hyphae in the soil, due to problems in homogenizing soil samples

sufficiently, and due to statistical errors caused by the limited number of single

measured hyphae.

To look for the influence of hyphae on the transfer of Cs-137 from specific soil horizons

to the plant, plots of the aggregated transfer factor or the transfer factor related to that

specific horizon over the density of hyphae in that very horizon were produced for each

plant species. In analysing these plots no significant correlation could be found.

5 0... ............. .................... ........ ...... .. . .. ...... .. ......... ..... .... ...... .. .... . ... . .. .

M EW 97-1
40-

UEW 97-2, Agar-Sample 1, Measurement 1
E ~ ~ ~ ~ ~ ~ ~~~UEW 97-2, Agar-Sample 1 Measurement 2

30 ~~~~~~~~~EW 97-2, Agar-Sample 1, Measurement 3

EW 97-2, Agar-Sample 2, Measurement 1

0

0

10

0

Of Oh Ah Bi

Fig. 2 Reproducibility of measurements of the density of hyphae

Averaging the density of hyphae over the O to B, horizons should lead to decreased

variations. As an example, the relationship between the aggregated soil-plant transfer
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factor Tag and the mean density of hyphae in the soil is shown for fern in fig. 3. The

datasets taken from September to early November 1997 and from May to July 1998 can

not be compared directly because the density of hypae altogether is lower in the dataset

of 1997. The reason is most probably a different growth of the hyphae due to the

different amounts of precipitation in the month preceding the sampling. E.g. Zibold et

al. (1999) showed that the additional transfer of Cs-137 from soil to roe deer due to

grazing of fung,:,al fruitbodies in autumn is in good correlation with the precipitation

during the months July, August, and September.

0,30- 
A /

0,25 19
2

0,20 / / / ~~~R =0,2477

0,20~~~~~~~~~~~~~~~~~~~~~~~~~~~

0,10 U.

A A_ 

0,00

0 5 1 0 1 5 20 25 30 35

Mean Density of Hyphae (Of, Oh, Ah, B1) [m/g]

Fig. 3 Relationship between the aggregated soil-plant transfer factor T',g and the mean

density of hyphae in soil (averaged over Of, Oh, Ah, and top B horizons) for fern

The dataset of 1997 shows that the T. varied between 0.04 and 0.25 mn2kg-1 where the

mean density of hyphae was about 6 m/g, whereas the dataset of 1998 showed a ag

which was essentially independent of the mean density of hyphae. In both cases the

measure of certainty R2 for a linear regression was very low. Similar plots for bilberry,

blackberry, and wood sorrel also showed the importance of the season or, most

probably, the weather conditions in the months before sampling, but could not reveal

any relationship between transfer factors and the density of hyphae in the soil.
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We have to conclude that simple measurements of the density of hyphae in the soil

could not reveal their influence on the uptake of Cs-137 from soil to plants. As the

authors are convinced that fungi do play an important role in the Cs-137 transfer, more

sophisticated examinations, e.g. the determination of the degree of mycorrhization of

plant roots, have to be considered for future projects.
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Summaryc

A model has'been developed which simulates the behaviour Of 137CS in forest litter

and soil, as well as seasonal and long-term dynamics Of 1 7CS content in forest plants.

The long-term cycles Of 137CS migration are described as an integrated result of multiple

annual cycles. The model results demonstrate a satisfactory coincidence with the experi-

mental data. A set of model parameters is provided for each of four different types of

forest (coniferous and deciduous forest; automorphic and semni-hydromorphic land-

scapes). The model allows an evaluation of the effects of countermeasures implemented

in the contaminated forest.

O50
1. Introduction

The study of the radionuclides behaviour in forest ecosystems is currently of a
great interest for several reasons. First, following the accident at the Chernobyl NPP` a

need was created to solve a number of practical tasks associated with the rehabilitation

of forests contamiunated by long-lived radionuclides. It should be stressed that the use of

forest products by the population living in the contaminated areas of the Russian Federa-

tion results in the formation of a rather high dose of both internal and external irradia-

tion. To predict the distribution of radionuclides amiong the components of forest eco-

system and to develop different scenarios of countermeasures aimed at reducing expo-

sure levels for the population, mathematical models are required that describe the radio-

nuclides migration in forests. Besides, the accumulated experimental data, as well as the

models developed, make it possible to study the processes governing the behaviour of

radionuclides in forest ecosystems. It should be noted that forest ecosystem is a unique

object since it incorporates forest plants of different life duration (annual, perennial)

pertaining to different wood stories.

It is necessary to note, that a key process defining the behaviour of long-lived ra-

dionuclides in forest ecosystem is the accumulation of radionuclides by the roots of
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plants from soil. Since species of forest vegetation differ in their characteristics, it is nec-

essary to develop different approaches for the description of radionuclides accumulation

in the understory vegetation and trees. The present paper gives an approach to modelling

of the radionuclides behaviour in the soil - understory vegetation system employed in the

FORESTLAND model, describing 13 7Cs dynamics in forest ecosystem and accumulation

of this radionuclide in forest products.

2. Materials and methods

Model FORESTLAND simulates the dynamic of' 7 s distribution among, the

components of forest ecosystem and allows a prediction of the contamination of the main

forest products. Availability of such a model provides a means of evaluating the effect of

countermeasures which may be implemented in contaminated forest.

The soil - understory block of FORESTLAND model (Fig. 1) allows an estimation

of the content and activity concentrations Of "3'CS in different soil horizons (L+0f, Oh,

Ah and B) and in the understory vegetation (mushrooms, bushes, dwarf shrubs, berries

and grasses). FORESTLAND includes models of biomass growth of the understory

vegetation. The long-term dynamics o 3 Cs migration in the forest is described as the

integrated result of multiple annual cycles.

UNDERSTORY

~~ ~fes ~~esJ~ubsJ~~s

SOIL

Available

Unavailable

L.Of Oh Ah B

Fig. 1. Conceptual scheme c6f the soil - understory block of FORESTLAND model

Description of the model

Behaviour Of 137CS in soil. It was suggested that every layer of soil or litter are rep-

resented by two compartments: available soil (litter), unavailable soil. Continuous proc-

esses are represented by ordinary differential equations. The time derivative of the radio-
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nuclide quantity (Q) in compartment <<>> for example, can be written as:

dQt) Zk, Q - -20. (1)-,1

where: 0,(t) is the total 137Cs activity accumulated in thepompartment i at time 

(Bq m 2 ); Qj(t) is the total "7 s activity accumulated in t coprmn ttm B

m-2); kIc is the rate constant for the transfer from the j-th compartment to the i-th com-

partment (day-'); k,, is the rate constant for the transfer from the i-th compartment to the

n-th compartment (day-'); A is the 137Cs decay constant (day-').

Root ~uptake. In this model it was assumed that intensity of 137Cs accumulation by

forest plants is proportional to the content of this radionuclide in available form in forest

litter and soil and to growth rate of the plant biomass (dB/dt, kg M-2 d1 ). The rates of

radionuclide uptake by forest plants depend also on the distribution of root system of

forest plants. So, the rate Of "37CS transfer to different types of understory vegetation in

the growth period was estimated as follows:-

dQJRJ=CR) -BIS - (2)
dt dt r p,x,

where: O1 presents the quantity of radionuclides in the -th type of understory

vegetation; 0i is the quantity of radionuclide in available form in the -th layer of the

litter-soil system; CM' (Bq g' dry mass of plant per Bq g-' dry soil) is the concentration

ratio; p2 and x, are bulk densities and depth of the i-th layer of the litter-soil system,

respectively; 81 - is the share of vegetation root system in the i-th horizon of the litter-

soil system. This approach was used for estimation Of 137CS transfer to understory plants:

fungi, grass, etc.

It should be emphasised that such an equation was used for period of growth of

vegetation biomass (dB/dt>O). When the processes of plants senescence and dying off

take place change of radionuclides quantity is proportional to the intensity of biomass

decrease.

Understory to soil transfer. The values of the fluxes from the j-th type of

understory vegetation F (Bq m-'day') to the soil surface (unavailable pool of L+Of

layer) in the period of plant senescence and dying off are calculated with equation (3). It

is assumed that the flux is proportional to the rate of biomass decrease and the content of

the radionuclide in the vegetation:
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F dBRO (3)

Biomass dynamrics. The vegetative season of the understory vegetation is divided

into three periods. The first period begins when the growth of the vegetation starts ( 0

and ends when the vegetation bomass has reached a maximum (tn and the process of

senescence and dying of the plant starts. The plant growth rate (dB/dt) is calculated on a

daily basis assuming a logistic growth. The second period goes from the moment of

maximum bomass to the end of the vegetative period. An exponential decrease of the

biomass is assumed during this period. After each vegetative season there is a phase of

physiological rest of plants which lasts until the beginning of the next vegetative period.

It is assumed that the plant biomass has a constant minimal value during a physiological

rest.

Period of biomass growth (to < t • t,'

dB kgBBm J)B' (0) =B'~ (4)

Period of senescence and physiologicalhrest (t>td~

dB 
- = -kB), if -B-' > B-' ~~~~~~~~(5)

dB
= 0 if -B] <•BJ (6)

dt i

where: B, is the biomass of the j-th type of understory vegetation (k g/in 2 ); B i s ~

the maximum biomass that can be reached by the j-th type of understory vegetation

(kg/in 2); B JM,~ is the minimum bioinass of the j-th type of understory vegetation (k g/in 2 );

kg is the growth rate constant for the j-th type of understory vegetation (d-1).

Parameterization of the model

The model FORESTLAND was parameterised for different types of forest eco-

systems (coniferous and deciduous forest; automnorphic and sermi-hydromnorphic land-

scapes). The model was "calibrated" by a process of parameter estimation using the lit-

erature information and the data from experimental forest sites in the contaminated areas

of the Bryansk region (Russia). Some parameter values were determined directly on the

basis of experimental and literature data analysis. Other parameter values were received

by means of computer experiments using the information on '1'7Cs distribution in forest

ecosystems.
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3. Results and discussion

Verifi-cation of the model

Model FORESTLAN'D was tested using, different scenarios of B10MASS Forest

Working group (model-model intercomparison study and mqdel-data intercomparison

study) [IAEA. Model-Data Intercomparison Study, 1999]. The selected results of the

model prediction and the experimental data obtained for fuingi and berries in the Zhitormir

region of the Ukraine are presented in Figs 2-3. Initial deposition density Of 137 CS on 1

May 1986 after the Chernobyl accident was 555 kBq M . The model results demonstrate

a satisfactory coincidence with the experimental data.

Model evaluation

As an example of using the model to estimate the radionuclides content in forest

products consumed by humans, Fig. 4 shows the results of the prediction Of 137CS con-

tent in berries and mushrooms rowing in a coniferous forest on semiu-hydromorphic soil.

The calculations are performed for the 137 CS fallout density of 1 kBq /M2 . Dissimidlar dy-

namics Of 1 7CS concentration in fngi with surface (group A) and deep (group B) lying

of mycellium illustrates the influence of the distribution of the root systems of plants on

the intensity of radionuclides accumulation. Fig. 5 shows the results of the prediction of

'Cscontent in different understory components (dwarf-shrubs, grass and shrubs) which

differ from each other in both concentration ratio (CR') and distribution of roots.

1000000

~~~2~

10000 

.0>

~- 1000

100 111 

1986 1988 1990 1992 1994 1996 1998
Years after deposition

Fig. 2. Dynamic of 1 7 sconcentration in horizons of forest litter - soil system. Com-

parison of experimental data and results of predictions by FORESTLAND model.
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Fig. 3. Dynamics Of 37CS concentration in fungi (Boletus edulis) and berries (Vaccinium

mirtillus). Comparison of experimental data obtained after the accident at the ChNPP

and results of predictions by FORESTLAND, model.
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Fig. 4. Results of dynamics predictions Of 13 7CS concentration in fngi and berries (conif-

erous forest, semi'-hydromorphic landscape).
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Fig. 5. Results of dynamics predictions of "37CS concentration in understory vegetation

(coniferous forest, senii-hydromorphic landscape).

The results obtained demonstrate that the model simulates the dynamnic of 137CS

distribution among, the components of soil - forest plants system and allows a prediction

of the contamination of the main forest products and other understory plants. Availability

of such a model ives the possibilities to evaluate the effects of countermeasures imple-

menited in the contaminated forest.
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The effect of soil pH and the fungicide "Captan' on 134Cs Transfer Factors (TFs) was o 003
studied in a greenhouse pot experiment with cucumber and radish plants. A soil with a

low pH (4.2) was selected and its pH value has increased to 5.7, 6.5 and 7.6 by the

addition of different amounts of Ca(OiH)2. Liming of the soil and the subsequent

increase in pH values resulted in a reduction of 34Cs TFs which was not always

significant. TFs were the highest in the very acid soil (pH 4.2) and were practically the

same above the pH 5.7 although they were the lowest in the calcareous soil. The ratio

highest / lowest TF of each crop or plant part ranged between ;:2.0 for radish and 4.5

for cucumber plants and it was much lower than that previously reported and attributed

to pH differences. Edible to other plant material TF ratio indicates that cucumber plant

accumulates considerably more of the totally absorbed 134CS in the edible part than

radish crops. When biomass production was used for excluding dilution effects, 34Cs

total activity (Bq/pot) was higher for both plants when grown in the intermediate soil

pH (5.7 - 6.5), due to the higher yield at these pH values. The application of the

fungicide "Captan" gave no significant differences in '34CS TFs for both plant species

and in all studied soil pH.

Introduction

It is now generally accepted that caesium transfer is heavily influenced by soil

characteristics. Correlation analysis between soil parameters and transfer factors were

performed, showing transfer ftnctions not always consistent

Most of the experimental data suggest that there is correlation with pH, clay content,

K-status, clay minerals etc (Bergeijk et al, 1992; Skarlou et al, 1996; Gerzabek et al,

1998).
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Since soil is a very complicated system it is difficult to define to which extent each soil

property influences TFs.

In this work, in a pot experiment an effort was made to isolate the influence of soil pH

and to study its effect on 13C TFs for cucumber and radish plants. For this purpose a

soil with a low pH (4.2) was selected and its pH value has increased to 5.7, 6.5 and 7.6

by the addition of different amounts of Ca(OlH)2.

By the addition of an aqueous suspension of the fungicide "Captan" an effort was also

made to examine the effect of soil fngi population on 134C transfer factors. This

parameter has also been checked by Shand et al (1995) for an organic acid soil.

Experimental set up.

One mineral soil with a low pH value of 4.2 (soil 1) was selected, its clay content was

15%, C.E.C. 5.2 cmol, kg-' and exchangeable K 0.5 cmol,, kg-'

With the addition of different amounts of Ca(OiH)2, pH has increased reaching pH

values of 5.7, 6.5 and 7.6 after incubation.

Large samples were collected from the surface layer of the selected soil type,

transported to the laboratory, dried and passed through a 10 mm sieve. Pots were filled

with 5 kg air-dry soil in which the appropriate amounts of fertilizers, Ca(OH1) 2 and

radioactive material were added in the following manner.

In each pot the fertilizers were added (2g NHi4NO3; 2.5g superphosphate) with the

appropriate amounts of Ca(OlH) 2 (0.4, 0.8 and 2.0 g/kg soil) and thoroughly mixed with

the soil. The three soils produced with the addition of Ca(OlH) 2 had pH values 5.7, 6.5

and 7.6.

Soil was contaminated with 134CS (0.65 MIBq/pot) as CsCI. The soil was transferred to

each pot in five layers on the top of which CsCI solution was dripped.

The soil in the pots was moistened to field capacity and left to stand for 8 weeks for

the 134CS to reach equilibrium; the pots were then appropriately sown.
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Two vegetable crops, radish and cucumnber, were selected for these greenhouse

experiment and were grown on the four different soil pH types in three replications.

For the "Captan" treatment the methodology introduced by Shand et al. (1995) was

used. "Captan" was added twice monthly as 100 ml aqueous suspension with 50.8 mng

"Ca ptan"/pot to give an application rate of g active ingredient/n 2.

In the non-fungicide treatments 100 ml water with (NIhI) 2S0 4 at a rate of 6.5 mg/pot

were added twice monthly for providing the same amounts of water and nitrogen.

The plants were harvested at maturity (growth period was 90 days), separated into

vedible and other parts, sliced into small pieces and counted for 134cS.

Results and discussion

Transfer factors

The soil to plant transfer factor (TF) is defined as follows:

TF = Activity concentration in plant (B9 kg- dy weinh
Activity concentration in soil (Bq kg-i dry weight)

The application of the fungicide "Captan" gave no significant differences in 134CS

transfer factors for both plant species and in all studied p values. Thus, for the

studied mineral soil of very low organic matter content and under the present

P experimental conditions, soil fngi did not play an important role in 'Csuptake by

cucumber and radish plants. Shand et al (1995) also reported no significant differences

between the 134CS content of plant material from the fungicide and control pots under

field experiment in an acid organic soil.

Since no significant differences were pointed out all plants grown in the same soil pH,

regardless of the fungicide application, were considered as a unified treatment.

Transfer factors for the different plant parts grown on the different soil pH are

presented in table 1. Liming of the soil and the subsequent increase in pH values

resulted in a reduction of 134Cs TFs which was not always significant.
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Radish Cucumber

Soil pH Roots Other Plant Fruits Other Plant

Value Material Material

pH 1 0.079 0.157 0.181 ,0.227

4.2 + 0.026 + 0.028 + 0.097 + 0.082

pH2 0.054 0.101 0.063 0.088

5.7 ± 0.019 + 0.020 + 0.007 + 0.017

pH 3 0.039 0.090 0.060 0.083

6.5 + 0.012 + 0.015 + 0.011 + 0.018

pH 4 0.040 0.074 0.042 0.051

7.6 + 0.008 + 0.009 + 0.0 10 + 0.0 14

TABLE 1: Transfer factors for Of 34CS for Radish and Cucumber plants grown on a

soil with different pH values

134Cs TFs were significantly higher in soil pH 4.2 compared to the other three soil pH

types and in most cases for soil pH 5.7 and pH 6.5 compared to calcareous soil pH

type (pH 7.6). No significant difference in 134C § absorption in soil pH 5.7 and pH 6.5

was noticed for both plants. Thus it may be supported that independently of plant

species 134C absorption increases in very acid soils (pH 4.2) remains rather constant

between pH values 5.5 and 6.5 and decreases in calcareous soil pH > 7.0.

Despite of this relation, the ratio highest/lowest TF of each crop or plant part ranged

between 2 for radish roots and plant material and 4.5 for cucumber fruit and plant

material.

The above variability of TFs due to pH changes alone is much lower than that reported

in our previous experiment ( 40 for radish roots and %:;200 for cucumiber fruits)

(Skarlou et al, 1996) when six plants were grown on eight different soils. These

differences have been attributed mainly to soil pH, since a significant negative

correlation was found between pH and TFs. Thus, the effect of soil pH on TFs is much

lower than it was believed and other soil properties or combination of parameters

might play an important role in 134CS Uptake.
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In all pH1 values TFs were higher into vegetative plant parts than in the edible part in

agreement with previous findings (2 fold for radish and 1.3 for cucumber). Edible to

other plant material TFF ratio indicates that cucumber plant accumulates considerably

more of the totally absorbed 134CS in the edible part than radish crops.

134CS in the total biomass (Bq/pot)

To exclude dilution effects due to different biomass production of the plants at

different soil pH values, the total 134CS uptake (Bq/pot) was calculated using yield

production.

For a most realistic description of the mass transfer of radionuclides from soil to plant

material, Gerzabek et al. (1 998) introduced the calculation of "fluxes" using additional

easily available information like yield and growth time.

In the present study growth period for the two plant species was the same and thus

interpretation of data as Bq/pot or "fluxes" could have shown the same trends . '34CS

Bq/pot data are presented in Table 2.

Radish Cucumber

SoilpH Roots Other Plant Fruits Other Plant

Value Material Material

pH] 12.98 207.12 74.10 178.84

4.2 + 5.62 + 29.54 + 35.33 + 43.35

pH2 16.95 179.36 110.18 75.58

5.7 + 4.07 + 42.42 + 21.19 ± 22.10

pH3 23.19 163.29 96.48 76.99

6.5 + 6.71 + 30.34 + 31.17 + 19.92

pH4 8.12 117.95 75.63 42.54

7.6 + 2.87 + 12.60 + 21.04 + 12.73

TABLE 2: 134Cs Bq/pot for Radish and Cucumber plants grown on a soil with different

pH values
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The same negative relation between Bqlpot and the soil pH as it was with TFs was

observed in the vegetative plant parts. This is expected since no significant differences

in vegetative production was observed in the different pH values for both plants and

the differences were merely due to the differences in 134Cs absorppon.

The relation is different when the edible parts are considered, with total 134C Uptake

being higher in the soil pH values of 5.7 and 6.5. This result was probably observed

due to the higher fr-uit production of both studied plants at these soil pH values.
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The effect of soil pH on 13Cs TFs as well as the fate Of 34CS in the extracted oil was

studied in a greenhouse experiment with soybean and sunflower plants. A soil with pH

4.2 was used as a basis and its pH value has increased to 5.7, 6.5 and 7.6 (by the

addition of different amounts of Ca(OH)2). The lowest TF value was observed in the

calcareous soil (pH 7.6), while the highest in the lowest pH (4.2) for the vegetative part

and in the pH 6.5 for the edible part for both studied plants. TFs were practically the

same for soya plants grown on the three lowest soil pH and reduced significantly only at

pH 7.6 for either pods or other plant material. However, the lowest/highest TF was ;- 4

for pods and 6 for the other plant material. For the sunflower plants while TFs for

other plant material reduced from lowest to highest soil pH by only a factor of 2, for the

seeds TFs remained rather constant. The difference in TF between the two studied

species in each soil pH was in some cases higher than the difference due to pH effect.

When an oil fraction (20%) was extracted from seeds of both plants, no 13CS was
detected.

Introduction

Soya and sunflower plants were selected to investigate the fate Of 1 4CS in the extracted

oil in addition to the soil liming effect on T~s. Previous experiment with olive oil

showed that although a significant amount of 134CS was measured in olives (grown on

the light - acid soil) this was not transferred to the olive oil when an oil fraction (5% of

fw.) was extracted (Skarlou et al., 1999). Since olive oil and other seed - oils are

important foodstuffs such information might have a wide application (if this can be

veriied for the commercially produced oils).
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The experimental procedure was the same as the one of the paper entitled "The effect of

soil pH and the fungicide "Captan" on 134C transfer factors for cucumber and radish

plants". The same soil of low pH was used and its pH value was increased by the

addition appropriate amounts of Ca(OlH)2 Seed oil from both plants was extracted with

ethyl-ether using a soxhelt apparatus.

Results and discussion

Transfer factors

The soil to plant transfer factor (TF) is defined as follows:

TF = Activity concentration in plant (Bgi kg-1 d weight
Activity concentration in soil (Bq kg-1 diy weight)

134CS transfer factors for the studied plants are presented in Table 1.

Soya Sunflower

Soil pH Pods Other Plant Seeds Other Plant

Value Material Material

pH] 0.206 0.134 0.106 0.682

4.2 ± 0.051 ± 0.045 + 0.070 + 0.219

pH2 0.189 0.125 0.122 0.421

5.7 ± 0.041 + 0.037 ± 0.041 ± 0.017

pH3 0.221 0.128 0.157 0.418

6.5 + 0.050 + 0.039 + 0.030 + 0.068

pH 4 0.053 0.022 0.094 0.3 15

7.6 + 0.011 + 0.004 + 0.026 + 0.094

TABLE 1: Transfer factors for Of 34CS for Soya and Sunflower plants grown on a soil

with different pH values

.The lowest T.F value for both crops was found in the calcareous soil as was the case for

cucumber and radish plants.

TFs were practically the same for soya plants grown on the three lowest soil pH and

reduced significantly only at pH 7.6. This trend was the same either for the pods or the
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other plant material. However, the highest / lowest TF for soya plants was ~,- 4.0 for the

pods and 6. 1 for the other plant material.

For the sunflower plants the effect of liming was less pronounced. While TFs for other

plant material reduced from lowest to highest soil pH (highest / lowest TF ~2.2), for the

seeds remained rather constant.

It is noticeable, that sunflower TFs for the vegetative part were much higher - up to 14

times - than soya (pH 7.6).

To exclude dilution effects due to different biomass production of the plants at different

sol pH values, the total 134CS uptake (Bq/pot) was calculated using yield production.

Bq/pot data are presented in Table 2.

Soya Sunflower

Soil pH Pods Other Plant Seeds Other Plant

Value Material Material

pH] 178.43 132.00 63.12 185.34

4.2 + 31.42 + 24.43 + 85.97 + 155.87

pH2 162.13 137.53 58.87 151.96

5.7 + 42.65 + 38.47 + 36.22 + 88.38

pH3 199.16 115.33 162.87 324.10

6.5 + 53.59 + 41.47 + 53.73 + 105.37

pH4 42.89 26.70 77.28 189.45

7.6 + 9.75 + 5.95 + 39.23 + 86.14

TABLE 2: 134Cs Bq/pot for Soya and Sunflower plants grown on a soil with different

pH values

Bq/pot values for soya plants. present the same trends as TFs for both pods and other

plant material, while for sunflower the highest Bq/pot values were observed at soil pH 3

and remained rather constant at the other soil pH either for the edible or the other plant

material.
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The interpretation of data either as TFs or as Bq/pot for soya, indicate that liming of the

soil can reduce the 34CS uptake only if soil pH is above 6.5.

For sunflower no specific conclusion can be drawn for the effec't of soil liming and the

subsequent increase of soil pH on 134CS uptake.

Although a significant amount Of 34CS was measured in soya pods and sunflower seeds

this was not transferred to the seed oil when an oil faction (20% of fw.) was

extracted.

Thus, 134CS is not transferred to soya oil or sunflower oil as was the case for the olive oil

although the method of oil extraction was not the same.
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Summar

In the present paper results will be discussed in the field of countermeasures

effectiveness on the radiocaesium and radiostrontiumn transfer to plants in relation

to soil characteristics at the different sites investigated, as well as their influence

on the crop yield.

1 .Introduction

A reduction of root uptake by following a countermeasure strategy can be

obtained by several means [ Baes C.F.III, et al 19861:

* removal of the contaminated soil surface layer;

• ploughing to reduce the contamination of the upper soil layers and

subsequently reduce the uptake by shallow-rooted plans such as grass and

legumes;

* addition of fertilisers: phosphorus to insolubilise strontium as phosphates ( co-

precipitation), calcium (lime) to compete with strontium for plant uptake,

potassium (potash) to compete with caesiurn

* addition of chelating agents to bind the radionuclides in a form unavailable for

plant uptake or in soluble forms that will be leached below the rooting zone;

* cropping deep-rooted plants that exploit the soil below the contaminated layers;

* cropping plants used for grain production (grains generally exhibit lower

transfer factors than other plant organs), seed production, fibre or oil

production, for cattle feeding.

• use of agricultural lands for alternative purposes: planting forest for timber

production.
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2.Materials and methods

In 1996 and 1998 additional countermeasures were tested at already existing sites

(Babchin and Vetka; Gomel region). At each site, experimental plots (16 M2 each)

were installed in the end of 1994 and cultivated in 1995 without application of

countermeasures. In 1996 and 1998, alternative countermeasures (Table 1) were

tested, individually or in combination, at different levels of application, on

different crop species (Table2). The crops (4 plots per crop) were harvested at

maturity. From each plot, the yield was recorded and representative samples of

plant material and soil (plough layer) were collected and analysed for their 137cS

and 90Sr content. The radioactivity content in the different plant parts or harvests

(Bqlkg dw) was related to the soil contamination level expressed on a surface area

basis (Bq /M2), referred to as the transfer factor.

Tablel.Countermeasures tested at the different experimental sites between 1996

and1998.

1996 1998

Babchin Vetka Babchin Vetka

Bentonfite Bentonite Bentornite

Clinoptilolite Clinoptilolite Clinoptilolite

p p

K K

Manure Manure Manure

Sapropel

Table 2. Crop rotation at the experimental sites from 1996 until 1998.

1996 1998

Babehin Vetkia Babehin Vetka

oat oat barley oat

pea pea potato

rape rape winter rye

ryegrass ryegrass

lupine
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3.Results and discussion

The relative yield and transfer factor for 137Cs and 90Sr, in precent of the value of

the control, are reported in Table 3. The biomass production was significantly

increased by fertilisers addition but fertilisation in fallow lands had an adverse

effect on the 137CS contamination level in cereal grains which was increased by a

factor 1.3 to 1.7 compared to the control; such an effect can be tentatively and

partly explained by the conversion of nitrogen fertilisers to ammonium in poorly

aerated peat soils.

Table 3. Effect of NPK fertilisation on the yield and '37CS and 90S transfer

factor to various plant organs at Vetka. The reported values are expressed in

percent relative to the control on fallow land.

effc (% of control) on

Year Species OrganYilCsTSrT

barley gain 145** 166*** 83*
1996 oat grain 138* 170*** 63**

________ potato gramn 128** 86ns, 68*
oat gannd 132** 77*

1998 1 winter rye grain 1 nd 164*** 73*

nd: not determined; ns: not significant at the 5% level; *,~ and * *are

respectively significant at the 5,1 and 0. 1% levels.

On field fertilised at normal rates for the site and crop, doubling the potash

fertilisation generally tends to increase the crop yield. Spreading double K doses

contributed to a reduction of the Cs uptake by a factor up to 2; Sr transfer to plants

was not affected by supplementary K fertilisations. Combined double dosing of

P20s and K20, were investigated on oat at Vetka and Babchin. This combined

countermeasure failed to have any significant effect on crop yield but, in general,

caused a decrease of the Cs transfer factor to plants ( up to a factor 3). Comparing

the doubling of K only and the combined addition of K and P showed that the key

role is played by potassium.

Addition of farm manure was tested. The results obtained are summarised in

Tadle 4.
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In general, manure addition appeared to promote a significant increase of the crop

yield. Sound conclusions about the influence of manure addition on Sr uptake by

plants can not be made due to the limited set of available data. The observations

do not show any effect on Sr accumulation by plants.

Sapropel as a countermeasure was applied in 1996 at Vetka (barley). The data

obtained for yield, Cs and Sr transfer factors were not significantly different from

those obtained on the non-amended controls, although this countermeasure has

been reported to be the most effective [ Prister et al 1993].

Application of clinoptiolotite at a rate of 30 or 50 t/ha, had no clear effect, on the

crop yield (Table 5). Clinoptilolite addition tends to increase the Cs transfer to

plants. This increase was significant for lupine, rape and oat grain, grown at

Babchin and rape at Vetka. The strontium transfer to lupine and rape grown in

Vetka was decreased to a certain extent, significantly for rape grains.

Table 4. Effect of farm manure additional on the yield and Cs and Sr transfer

factors to various plant organs at different sites. The reported values are expressed

in percent relative to the control.

Site year crop organ dose effect (% o control) on
(i/ha)

Yield Cs TF Sr TF
Vetka 1996 oat gri 60 ll8nrs 121 ns 96 ns

______ straw 60 l01ins 112 ns 114 ns
1998 barley grai 60 144 ns lO5 ns 90Ons

straw 60 nid 97 ns 99 ns
Babchin 1996 oat gri 60 143 55 ns nd

______ ~~straw 60 117 ns 60* nd
1998 barley gri 60 236*** 77 ns nd

______________ ~straw 60 144*** 82 ns nd
rd: not determined; ns: not significant at the 5% level; *,**~ and are

respectively significant at the 5,1 and 0. 1% levels.

Among the various contermeasures aiming on reduction the contamination of

plants by root uptake, the application of extra quantities of potassium fertilisers

reduces the the root absorption of Cs due to competition effect between these two

analogs. The reduction is expected to be highest in poorly fertilised soil and less

pronounced in well fertilised farm lands. This is the reason why a clear effect was

generally observed on farmlands which had not been cultivated since the accident

and why extra-addition of potash appeared to be less or not effective on soils on
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which high fertilisation dose had been applied (memory effect from previous

fertilisations).

Phosphate fertilisers did not prove to be very effective in the conditions of our

experiments. Phosphorus had no, or little effect, on the Cs transfer, but, on the

contrary, showed adverse effects on the Sr transfer which was increased. The

overall effect of organic matter (manure) additions on radionuclide transfer has

not been clarified. Application of organic matter had a positive effect on the

transfer of Cs, which was significantly reduced in some of the sites studies. To

date, the reason for this behaviour is not clear. Surprisingly, for unexplained

reasons, manure appeared in some cases to increase the Sr uptake by plant.

Table 5. Effect of clinoptilolite addition on the yield and Cs and Sr transfer

factors to various plant organs at different sites. The reported values are expressed

in percent relative to the control.

Site year crop organ dose effect (% of control) OD
(t/ha)

______ _____ ~Yield Cs TF Sr TF
1996 oat grain 30 160*** 78 ns nid

Babchin straw 30 16 3** 75 ns rnd
rap green 30 nd 180*** nid

1998 barley grain 30 82 ns 183** nid
straw 30 94 ns 170*** nd

oat grain 50 ili ns 162* 121lns
straw 50 88 as 141 s 148*

Vetka 1996 rape grain 50 nd nd 57**_
green 50 Ili ns 217* 92 ns

lupine gri 50 102 ns 104ns 98 ns
_______ _______ ______ green 50 87 ns 143 ns 88 ns

nd: not determined; ns: not significant at the 5% level; *,** and **are

respectively significant at the 5, 1 and 0. 1% levels.
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Summaryof 7

In the paper results of radioecological monitoring of natural plant populations in the 30-

km zone of the Chernobyl Nuclear Power Plant (Polesky State Radioecological

Reserve) during the period from 1987 to 1998 are presented. The level of radiation

background in experimental areas varied from 0,1 to 30 mR/h that corresponded to the 4"O
total soil activity of 300-24000 k3q /M2 (for May 1997). Monitoring was carried out

including the radionuclide migration in natural plant complexes and transfer of 'Cs 57i

between some plant organs.

1.Introduction203

The number of documented soi-to-plant transfer factors of radionuclides for semi

natural ecosystems is very limited. One of the main objective of this work was to collect

data in these environments and identify the main parameters influencing soil-to-plant

transfer. On the basis of ecological characteristics, meadows have been classified as

follows:

Dry meadows: characterised by very low moisture content. Underground watertable is

deeper than 3 m. Rain water and water from melted snow are fully used by plants. Soil

type are content due to intensive leaching of soils by atmospheric precipitation.

Flood plain meadows: located in flooding areas of rivers. These meadows are annually

flooded. Soils are mainly of alluvial origin.

Lowland meadows (wet meadows): located on terraces, low valley, flat depression with

stagnant water. These meadows are flooded regularly in spring. Soil cover is

characterised by soddy horizons and partly podzolic and gleyic soils, as well as peaty-

gley and peaty soil. Peat lands are located in watersheds of lakes, near terraces of river.

Soils are peats or peaty-gleys. Moisture content is very high. Groundwater table is at a

depth of 0.5-1.5 m. Transfer of 137Cs and 90Sr to different species of vegetation show a

large variation. Transfer factors were determined for different

species growing on peaty-gley soil. 137CS content in the most abundant species

composing the meadow, determines the contamination of the total biomass of

vegetation. In the conclusion in this investigation, soil type and species composition
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contribute respectively to transfer factors variability by a factor more than 100, and

about 20.

2.Materials and methods

The 137CS contents were measured by direct gamma-spectrometry using the high-purity

Ge(Li) detector with volume 190cm 3 and the multichannel analyser NUC with 8192

channels [Knatko et al., 1996].

The radioactivity content in the different plant fractions (Bq/lkg dw) was related to the

soil contamination level expressed on a surface basis (q/rn 2), referred to as the transfer

factor.

3.Results and discussion

Radioccological monitoring in the natural plant complexes of Polesky State

Radioecological Reserve showed that the radionuclides of Chernobyl outburst are

concentrated by 90-95% in the upper part of the soil profile in the layer of 0-5 cm of

soil. According to our calculation, phytomass accumulates up to 5% of total

radionuclide content of soil in forest stands. Nearly 20% of absorbed radionuclides

(from leaves, needles, branches, bark, seeds, cones) are returned annually in forest soil

and about the same quantity is again absorbed. Thus, plants of natural complexes delay

vertical and horizontal soil radionuclide migration [Matsko et al. 199 1]

Gamma-spectral analysis of soil samples from 0-5 cm soil layer and dominant plant

samples chosen in 1987-1992 at the test areas with various density of contamination

have shown that generally the content of radionuclides in plants reflects their content in

the Soil.1'37CS, 1 4CS, '44Pr, 1'6Ru are the main dose forming elements 95Z and 95Nb are

to a lesser extent contributors to the total dose of gamma-radiation. It is important to

note that with time the specific activity of the meadow vegetation and soils undergoes

larger changes. This is connected with the decay of short-lived radioisotopes and

changes of mobility of radionuclides in soils (Table 1).

Table 2 gives the results of observations at three stations with various levels of

contamination of meadow soils with radionucides ranging from 560 kBq/nm2 to 2440

kBq/m2. From 1988 to 1993, considerable changes in the specific activity of vegetation
was observed, three-fold as minimum, which were explained by reduction of 37cS

mobility due to its fixation by clay minerals in the soil. The observations of 90Sr in

meadow grasses have shown the opposite picture, that means, the accumulation of the
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radionuclide increases with time. This is explained by the increase of 90Sr mobility n

soils owing to dissolution of its almost inaccessible forms (Table 3).

Table 1. The density of contamination with gammia-emitters and their contents in soil

and vegetation on the various stages of monitoring (Babchin,Polessky State

Radioecological Reserve).

Radionuclid Soil (% of total) Plants (% of total)

1987 1989 1987 1989

137Cs 18 42 56 76

134CS ~ 8 12 26 20

14Cc 20 17 -

`"pr 20 17 -

W~~u ~ 9 12 12 4

9"Zr 9 - -

"Nb 16 - 6 

Total 100% 1100% 100% 100%

Consistency of calculated and measured values was 100% ± 5%

Table 2. Change of specific activity (SR) 137CS (kBq/kg) of meadow vegetation with

time

Species of plant Soil (kBq /M2) S.A, kBq/kg
_______________ ~~~1988 1990 1993

Festuca 137.4 4.8 4.4
pratensis Lids.

Holub Potentilla 2440 252.0 48.0 9.9
anserina

Vicia crocca L. 70.0 30.0 5.0

Festuca 141.0 6.0 14.8
pratensis Lids.

Holub Potentilla 170.0 78.0 15.5
anserina 550

Vicia crocca L. 44.4 24.0 0.7

Festuca 204.0 11.5 8.5
pratensis LIds.

Holub Potentilla 560 126.0 98.9 18.5
anserina

Vicia crocca L. 76.0 104.0 0.9

P•10 %
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Table 3. Changes of 90Sr contents in vegetation of meadow phytocenosis with time

Species of Soil (kBq/m2) S.A, kBq/kg
plant ~~1988 1990 1993

Festuca 2,7 5,2 6,7
pratensis Hds.

Holub
Potentilla 1850 3,5 8,9 7,4
anserina

Vicia crocca 3,2 12,6 15,4
L.

Festuca 0,7 7,9 8,6
pratensis Hds.

Holub 444
Potentila 4,0 17,0 24,0
anserina

Vicia crocca 12,2 26,7 30,0
L . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

P•10

Table 4.Change of concentration 13C of meadow plants in 199 1-1992 (averaged
indices of dominants).

The type of the S.A. kBqIkg
meadow__ _ _ _ _ _ _ _ _ _ _

1991 1992
The flood plain of 6,83,

Goy nriver
The flood plain of 19,2 4,8

Pripyat river
Low ground 10,4 2,5

meadow__ _ _ _ _ _ _ _ _ _ _

The flood plain of 4,0 2,1
Sosh river__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

P•10%

Radionuclides reach the plants with water flow. Therefore, in dry years, in autornorphic

and semihydromnorphic soils, where vegetation undergoes shortage of moisture, the

plant specific radioactivity decreases to a great extent. This gives the possibility of

forecasting the levels of activities in plants. In the given example the vegetation period

of 1992 has been dy, the quantity of precipitation has been 40% below the average

annual norm. Water nutrition of plants has been unsatisfactory and radionuclides have

poorly entered the plant bodies. Therefore, specific radioactivity in averaged indices of

dominants have decreased by a factor of 2-4 (Table 4). In dry years, the decrease of

specific activity of vegetation and of the total uptake of radionuclides is expected in

automnorphic and sermihydromorphic soils.
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Table 5. Accumulation of137 Csby dominant species of meadow phytocenoses at the

beginning of the vegetation period (3rd Ten-days of May 1990)

Species of plant Soil type, pH 5S.R soil S.R. plant C.A.

(kBqlkg) (kBq/kg)

Trifolium pratense L. 12,8 0,11

Achiller millefolium. L. 13,6 0,11

Untica dioica L. Peaty-gley , 119.0 7,5 0,06

Festuca ovina L. 7,7. 3,2 0,03

Festuca rubra L. 1,1 0,01

Trifolium pratense L. 27,0 0,33

Achiller millefolium. L. 16,9 0,21

Untica dioica L. Peaty-gley, 79,5 9,7 0,12

Festuca ovina L. 6,8. 4,5 0,06

Festuca rubra L. 2,4 0,03

Trifolium pratense L. 172,9 0,59

Achiller mnillefolium L. Turf-podzol, 106,7 0,37

Untica dioica L. weak podzol 290,3 54,8 0,19

Festuca ovina L. 31,7 0,11

Festuca rubra L. sandy loam, 28,8 0,10

5,6

Trifolium pratense L. 104,2 0,78

Achiller millefolium. L. Turf-podzol 59,9 0,44

Untica diolca L weak-podzol 134,5 21,6 0,16

Festuca ovina L 16,8 0,12

Festuca rubra L. sandy loam, 14,4 0,10

4,6

P• 10%

Our investigations give the possibility to forecast the radioecological situation in nature

and vegetation complexes of Polesky State Radioecological Reserve and to estimate the

way of regulation of accumulation of radionuclides by vegetation.

The obtained results show that species peculiarities of plants in assimilation of

radionuclides have a distinct influence on contamination levels. Thus, samples being

selected within phytocenosis during the same phase (the beginning of vegetation period,
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the 3 rd Ten-days of May) on the same types of soil (peaty-gley and turf-podzol,weak

podzol sandy loam) had a great influence on coefficients of accumulation Trifolium

pratense. L.- 0.78-0.11, Achillea millefolium L. -0.44-0.11, Urtica dioica L -0.16-

0.06,.estuca ovina L. - 0.12 - 0.03, Festuca rubra L. -0.10 -0.01. The received

results testify (Table 5) the existence of a positive correlation between acidity of soil

and the coefficient of accumulation of '3 Cs by grasses of Polesky State

Radioecological Reserve. The correlation between C.A. of' 7 s by plants and pH of

soil were observed also by Schuller et al. (1988).

4.Reference"

Knatko, V.A. Skomnorokhov, A.G. Asimova, V.D, Strakhi, L, Bogdanov, A P &

Mironov V.P.(1996) Characteristics of 9Sr, 137CS and 239,24O'pU Migration in undisturbed

soil of Southern Belarus after the Chemobyl accident J Environmental Radioactivity,

Vol.30 No 2 pp 185-196.

Matsko VP Goncharova NV Bogdanov AP (1 99 1) Landscape and biochemical

preconditions for radionuclide accumulation by gerbil plant communities in Polesky

State Raddioecological Reserve. Izv. An BSSR Ser. Fiz-Energetich. Nauk. 4:64-69.

Schuller P, Handl J, Trumper R (1988) Dependence of the 137CS soil to plant transfer

factor on soil parameters. Health Physics 55, 3 :575-577.



otm cc10 AT0300184

STUDIES OF RADIOACTIVITY OF VEGETABLES:(-f -z
DETERMINATION OF TRANSFER FACTORS 85Sr AND 34CS

IN SOME VEGETABLES

M. B. ONCSIK

Irrigation Research InstituteLf

Szarvas, Hungary

Summary int

The radioisotope uptake of potato and culinary dry bean was studied in field

experiments on meadow soil enriched with venmiculite and humanite by artificial soil

contamination.

The isotope uptake from the soil was characterised by a transfer factor (TF).

Based on the results of the potato experiment it was found that the TF value

characterising the 134CS contamination of thle crop, changed between 1.31 - 0.77* 1 0 -4m

(kg dry matter)-' on high humus content soil (treated with humanite) and on soil treated

with vermiculite, while it was 22-45 % higher in plants grown on the radioactive control

plots. It was 1.69* 14m2 (kg dry matter)-' in average.

The TF values of 85Sr uptake of potato are several times higher than those of

experiments treated by isotope 134Cs. The TF values fluctuated between 5.30-7.33* 10 -4

M2 (kg dry matter)-' in soils treated with the additives, while on the plots with

radioactive contamination it was 8.42*1 0. tn2 (kg dry Matterf-1.

Based on the results Of 34CS studies of edible part of dry bean, it could be stated that

after the soil contamination the TF value was 0.99* 1 0-4 m2 (kg dry matter)-' in average.

According to the activity results of the experiments there was significant difference

between the contamination of the plant parts.

Introduction

Soil has a buffer function in emergence of radioactive contamination i.e. it fixes active

materials from air and rain water or active materials deposited on the soil by surface
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waters. Afterwards it incorporates the radioactive materials to the biological turnover of

elements by its living organisms. Soil has a basic role in formation of level of some

radioactive elements, e.g. the strontium and the caesium, in the later stages of the chain

process (plant - animal - human being) because the contamination level of soil is the

main factor which determines the contamination of elements of the biological chain

(Prister et al., 1991.).

Naturally the radioactive contamination of the soil affects the plants, animals and

human beings living in the given area directly as the radioactive isotopes accumulated

in the soil, cause direct radiation exposure (Wright et al., 1998.).

Mechanic structure of soils, their chemical composition and applied methods of

agrochemistry and agrotechnique influence the radioactive contamination of different

soils decisively (Sadalko et al., 1995.). The radioactive materials falling on the soil

surface are fixed differently depending on mechanical structure of the soil. In light

structure soils the inwash of radioactive materials into the deeper layers is relatively

rapid.

The amount of radioactive material absorbed by plants from the soil is influenced by the

chemical composition of soil as well. The quantity of stable components chemically
siilar to the given radioactive material is also a decisive factor, which may assist the

decrease of plants' uptake of active materials through the use of different agrotechnical

methods (e.g. the liming of soil).

But this effect may also be adverse as it is well-known that the large scale use of

'phosphorus fertilisers increases the concentration of natural origin radioactive isotopes

considerably.

The 137CS uptake of plants from the soil may be moderated by use of large doses of

potassium (Oncsik, 1998.).

The plant uptake of radioactive isotopes from the soil causing radioactive

contamination is influenced by the used fertilisers as well. The nitrogen fertilisers affect

the uptake of radiocaesium while the anmmonium ions help the uptake Of 137CS from the

sol to the plants.

Besides the different agrotechnical and agrochemical processes applied in the

agriculture, the amount and variety of plants produced on the iven area also have an
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influence on the radioactivity and radioactive contamination of soil. The spatial motion

of radioactive materials in the soil are affected by the plants by such a way that they

have an influence on horizontal and vertical motion of water soluble soil components -

as the plants have important role in evaporation of water. On the other hand the plants

absorb and deliver, and by this way rearrange the radioactive materials of the soil

through their roots. E.g. the roots of big trees are 5-7 m deep, those of fruit trees, grapes

and alfalfa are 3-4 m deep, the roots of sugar beet, red clover, hemp and maize are 2-3 m

deep, those of crops, rape, pea, bean, potato, vegetables and flax are only 1-2 m deep

while the roots of grasses, onion and lettuce don't reach one meter deepness (Davydchuk

and Arapis, 1995).

As a result of different absorption of radionuclides of soil, more exactly the selective ion

uptake of plants, the ratios of radioactive contamination of soil, i.e. the relative

concentration of radionuclides, may be very different from the contamination ratios

developing in the plants as a consequence of ion uptake from the soil.

(Todorovic et al, 199 8).

Materials and methods

The radioisotope uptake of potato (variety: Desiree) and culinary dry bean (variety:

B~k~si feh&r) was examined in the Radiology Garden of Irrigation Research Institute

after an artificial soil contamination.

For the purposes of the experiments, the soil was contaminated by 2.3125 - 9.25 MBq of

85Sr and 134CS in water solution equal to 1 0 mm precipitation.

The harvest of the crop was carried out at harvest time, then the radioactivity of each

plant part was determined separately.

The soil-plant transfer factors were determined on the basis of radioactive

contamination of crop components.
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The isotope uptake of plants from the soil was characterised by the transfer factor which

was calculated by the following formula:

Specific activity of plant sample (Bq/kg of dry matter)
TF =-----------------------------------

Radioactive contamination on the soil surface (Bq /M2 )

The isotope uptake of plants can be calculated on the basis of the so-called accumulation

coefficient-according to the following equation:

Specific activity of plant sample (Bq/kg dry matter)
K F = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Radioactive contamination of soil (Bq/kg dry matter)

Results and conclusions

In the potato experiment the radio-isotope uptake of tuber and stem was determined by

mixing some different additives to the soil. The plant-soil transfer factor (TF) was

calculated by the mentioned equation based on the knowledge of the contamination

level.

The transfer factors calculated in the experiment with 13 4 CS contamination are shown in

Table 1. It is verifiable from the TF data that the radioactive contamination of potato

can be decreased by use of vermiculite and humanite. E.g. in the treatments B/l1-B/3 the

TF value was between 1.31 -0*95* 10- when vermiculite was applied, while in the

radioactive control treatment (17) the TF value increased to 1.69*10-4 m 2 (kg dry

matter)'.

It is also visible in Table 1 that the humanite had stronger effect on the radio-activity of

potato. The edible part of potato showed much less radio-activity than the above-ground

parts of the plant as the activity of the stem was between 22.35-63.09* 10 -4m 2 (kg dr

matter)-'.

The data on the uptake of Sr isotope by potato are shown in Table 2. Based on the

results of the experiment it can be stated that the tuber of potato has a transfer factor of
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5 .3 0 -7*3 3* 10 -4 M2 (kg dry matter)' after the 85Sr contamination of soil. The TF value

was 8 4 2 * 10 -4 in the treatment without additives. The stem of potato was highly

contaminated in case of soil contamination and the transfer factors were much higher.

Thus in the radio-active control treatment the 7FF was 197 .8 2* 1 oA M2 (kg dry matter)-'

in average.

Among the examined isotopes the transfer factors for the Sr isotope were much higher

than the TF values for the Cs isotope. It means that the Sr contamination of the crop

was higher in each treatment than the uptake of Cs isotope.

Table 3 shows the TF values got in the culinary bean experiment. In this experiment the

effects of different contamination levels to the radio-activity of crop components were

studied.

As it is demonstrated by the Table 3, the transfer factor of' 4 siooein the crop of

dry bean have changed only very slightly depending on the level of soil contamination.

But there was significant difference among the plant parts. The highest radioactivity

was shown by the stem of bean and the TF values were also the highest in these parts

with a value of 4.13-5.23*10O4 m2 (kg dry matter)-'.

Table 1. Soil-plant transfer factors in a potato experiment

Soil contamination: 134CS

Treatmnent Additives Level of Transfer factor
__________contamination M2 (kgdry 'X 1 O4

No. Name Quantity 134cS Tuber Stem
g/M M g m2

_ _ _ _ _ _ _ _ _ _ _

B/I vermiculite 250 4.625 1.31 56.73

B12 vermiculite 500 4.625 1.15 55.04

B/3 vermiculite 750 4.625 0.95 53.17

B14 humanite 750 4.625 1.12 31.95

B/5 humanite 1500 4.625 1.04 27.24

B16 humnanite 2250 4.625 0.77 22.35

B/7 Rad. cont. - 4.625 1.69 63.09
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Table 2. Soil-plant transfer factors in a potato experiment

Soil contamination: 85Sr

Treatment Additives Level of Transfer factor
contamination m 2 (kg dry matrY'x 10-4

No. Name Quantity 85Sr Tuber Stem
gfM MBg/m 2

B/i vermiculite 250 4.625 7.33 186.53

B/2 vermiculite 500 4.625 6.08 154.04

B/3 vermiculite 750 4.625 5.53 116.64

B/4 humainite 750 4.625 6.74 174.88

B/5 humanite 1500 4.625 J5.71 135.90

B/6 humanite 2250 4.625 5.30 108.78

B/7 Rad. cont. - 4.625 8.42 197.82

Table 3: Soil-plant transfer factors in a culinary bean experiment

Soil contamination: 134C

Treatment Contaminat. Transfer factor

No. MBq/M2 m 2 (kg dry matter)-'x10-4

Seed Pod Stem Leave

B/i 2.3 125 0.99 2.77 4.54 2.68

B/2 4.6250 0.97 2.94 5.23 2.40

.B/3 6.9375 0.91 3.03 4.13 2.45

B/4 9.2500 0.93 2.86 4.27 2.32
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Surnmar

The food productioji-and food harvesting systems common in the areas contaminated

by the Chernobyl accident in Republic of Belarus can be grouped into three major

categories: collective farm produce, pvate farming produce and natural foods

collected from natural ecosystems. The collective farm system provided the smallest

contribution (8-12 %) to the intake Of 137CS. Natural food was the major contributor

to the intake at one study site (73 %), and private produce was the major contributor

(60 %) at the other study site. Assessment of the situation just after the accident (one

year) shows that collective farming was still a minor contributor to 13C intake

(10%) whilst private farming would have been the major contributor wherever

private milk production and consumption continued. The extent to which inhabitants

consume natural foods from forests has a considerable effect on their 137CS intake.

The comparative importance of food products from natural ecosystems increases

with time due to the long effective ecological half lives Of 137CS in unimproved

pastures and forests. Estimation of the contribution to the fluxes Of 137CS from the

different production and harvesting systems showed that the contribution fom

private farming and food harvesting from natural ecosystems may also be significant,

contributing 14-30% to the total fluxes o Csfrom an area even if the quantity of

food produced in these systems is small. However, the major contributor to the flux

exported from an area was the collective fanning system, accounting for about 70-

86% of the total.

1. Introduction

Radiation doses to man may consist of both external and internal exposure. Ingestion

pathways are important routes leading to radiation doses in man after deposition of

radioactive fallout. Internal exposure via ingestion is influenced by many factors

including ecosystem characteristics, uptake rates and transfer of radionuclides, type of
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producing systems, management methods, use of countermeasures, dietary habits and

food preparation procedures. The comparative importance of different pathways of

ingested doses to man may change over time, and therefore effective ecological half-

lives of these pathways are of considerable importance in determining long-term

internal doses, and are also a necessary basis for the effective implementation of

countermeasures.

After the initial phase of the Chernobyl accident, 137Cs became the major radionuclide

contributing to the mid-long term internal dose. In traditional assessments of internal

dose, the focus has been on the consumption of agricultural products, i.e. foods

produced in intensive agricultural systems, because the largest quantities of food are

produced there. However, the transfer Of 137CS to food products in agricultural systems

is usually lower than that in semi-natural and natural ecosystems [Hove and Strand

1990, Howard et al. 1991; Howard et a 1996]. In particular, natural foods such as

certain mushroom species, freshwater fish and game are known to contain relatively

high amounts Of 17Sin comparison with agricultural products [Hove & Strand 1990].

The transfer Of 137CS in intensive agricultural systems is also lower than for those areas

where low intensity farming methods tare used with limited fertiliser application and

little ploughing. The importance of natural ecosystems, compared to agricultural

systems, in determining dose has generally been poorly defined. Overall, the relative

importance of different farming systems and ecosystems needs to be reconsidered with

regard to the transfer Of 137CS to man, and in particular to rural populations where use of

extensive production systems and natural ecosystems may be more important than in

urban areas.

The long term remnobilisation of radionuclides from contaminated water catchments can

also contribute significantly to the contamination of water bodies, and therefore be an

important pathway for the transfer of radionuclides to man. Flooding of contaminated

areas during spring snownmelt and erosion processes may increase the contamination

levels in forage crops and pasture grass, and the management of rivers may have

considerable influences on the contamination levels

2.Materials and methods

At the study sites (Belarus, Vetka, Gomel region) data were collected on the

following factors during 1987 and 1998:

* 13 C activity concentrations in food

* transfer from soil to food products and variation with countermeasures
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*food .production output at collective farms

*personal diets and food production habits in the ivate farms

The 'Cscontents were measured by direct gamma-spectrometry using the high-purity

Ge(L1) detctor with volume 190cm 3 and the multichannel analyser NIJC with 8192

channels [Knatko et al., 1996].

3.Results and discussion

To divide the collective internal dose between different production systems at the

study sites requires a combination of knowledge of levels of actual concentration

in foods and the total amount of food produced in each of the three food

production systems. This includes products which are relevant for food

consumption by either local people or by people outside the area. In Table 1, the

total flux f 137CS from the two major study sites is shown for the different

ecosystems and food products.

Table 1: Total 137CS in the food products produced at the study site.

Food producing systems Food products Total activity (kBq)

Collective milk ,65000

meat 35000

potatoes 16300

grain 418000

sub-total 534000

Private milk 76000

meat 16900

vegetables 5090

potatoes 14300

sub-total 112000

Natural mushrooms 49000

berries 6300

fresh water fish 320

sub-total 55600

Total 702000
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The estimated comparative importance of the different food producing systems in

contributing to the collective dose firom intake Of 137CS in food produced at the study

site is shown in Table 2.

Table 2: Estimated % contribution to the collective dose received in 1998 from

consumption of food contaminated with 137CS, from different ecosystems and food

producing systems at the study site.

Ecosystem Food producing system 

Agricultural Collective farming 76

Private farming 16

Natural Natural food gathering 8

The transfer Of 37CS from soil to plant and animal products decreased rapidly during

the first 5-6 years after the Chernobyl accident, while the rate of decrease now is

similar to what was observed in the same area in 1981-85. Although countermeasures

were carried out to a large extent in the area after the Chemnobyl accident, the natural

decontamination due to 137CS migration in soil and its fixation by soil particles is

mainly responsible for the fast decrease in transfer observed in 1987-1992 [Bruk et

aL 1998].

The implementation of countermeasures has however contributed to the observed

reduction in uptake Of 13C to vegetation. Use of agricultural technical and chemi Cal13

countermeasures reduced the root uptake transfer with a factor 1.2 - 16, depending on

crop and soil type [Fesenko et a 1995]. Since 1993, changes in the economnical

situation caused reductions in the restoration efforts in the Chernobyl area. The use

of mineral and organic fertilisers was mainly reduced, leading to flattening the

decrease or even increase Of 137CS transfer to agricultural products [Alexhakin et a!.

1996]. Data provided on fertiliser rates and observed trdnsfer factors to agricultural

products in collective farms in Vetka Gomel region are shown in Figure 1I.Changes

with time in the internal dose of rural individuals in selected villages were observed.

However, a clear difference has been reported between long term transfer in

intensive agricultural'systems and natural systems [Hove and Strand 1990; Balonov

and Travnikova 1993; Shutov et al. 1996]. Fortunately, the availability of a large

amount of information on 137Cs behaviour has previously been collected at the same

study site in Russia [Balonov and Travnikova 1989 and 1993] and it is therefore
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Vetka Gomel region (mean of range of crops)
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possible to test whether the comparative importance of different food production

systems has changed with time.

The intake of 37Cs during the first year aften fallout has been estimated by applying

recently reported aggregated transfer coefficients for natural pasture in the study site

[Balonov & Travnikova 1989, 1993; Strand et a. 1996], together with information

about effective ecological half-lives for different food products [Shutov et aL, 1993,

Fesenko et a. 1995]. In the Bryansk Region, the effective ecological half-life for

137CS in plant material varied between 1.4 and 1.9 years [Fesenko et a 1995]. In

contrast, Shutov et aL [1996] reported no significant reduction in '"sativity

concentrations in mushrooms in the Bryansk Region.

Using this information for each product, the relative importance for the different

ecosystems and food producing systems was estimated for one year after the accident

(Table 3). In a simplified approach we have used an effective ecological half life for

the agricultural ecosystem of 1.5 years and 20 years for natural ecosystems.

Using this approach at the study site the agricultural system was estimated to have

contributed an average of 88% to the internal dose one year after the accident

compared to 20% eight years later. The comparative importance of natural food

products relative to the two other food producing systems changed substantially,

from 6% to 80%. During the first year after the accident, the products from private
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Table 3: Comparative importance (in %) for the dose received from consumption of

food contaminated with 137CS, from different ecosystems and food producing system

after one and nine years following the deposition of Chernobyl fallout at the study

site in Vetka if no countermeasures for the private milk produce were applied.

Ecosystem Food producing system 1 year after 8 years after

Agricultural Collective fanning 8% 2%

Private farming 83% 16%

Natural Private fanning 1 % 8%

Natural food 7% 75%

farming system would have been the main contributors to the intake of 137Cs by

village residents with 82%. The total estimated Bq intake by rural individuals at the

study site would have declined fom 2400 Bq d4 to 320 Bq d-' from one to eight

years after the accident under the assumption that private milk production was

continued.
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Summary

Soil pathway of radionuclides pollution of agricultural production becomes the main
one at the recovery stage of postaccidental period. For this stage dynamics of the
human foodstuffs cleaning and rate of internal dose due to consumption are results
of the interaction of three main factors, namely, the rate of the decrease of soil
contamination, structure of soil use and transformations of boavailability of
radionuclides. Representation of these ideas in quantitative form, documentation -

and analysis of the main ecological causes that determine the intensity of the I .t
radionuclides mobility in the biological cycle is essential increase the accuracy of
the long-term forecast of human dose formation and promote the development of
adequate strategies for countermeasures. General formal model and practical methodAA 
of the ecological forecast of human internal doses has been proposed and used for
estimation./ 4'1i4~.

1.Introduction 0 5.
Modern radiological situation in Ukraine resulting from Chernobyl accident has
some specific particularities. This is, in the first place considerable levels of
pollution with long-lived radionuclides i agricultural lands. Due to the imense area
it was not possible to stop agricultural use. Secondly, this is the high diversity of the
ecological characteristics of polluted agrocenosis, what results in different rates of
the pollutant transfer into the biological cycle. Cost and success of the
countermeasures are directly dependent of the adequate retrospective dose
estimations and forecast of their accumulation, which reflects the conditions of
their formation mentioned above. For practical purposes the necessity for the
development and improvement of diverse methods of estimation and forecast of the
internal exposure from the ingestion of contaminated food stuffs arose.

2. Materials and methods

The general model described below is based upon the registration of ecological
variability of transfer factor soil-plant for different plant and soil types.

Phenomenological model

Considering the situation when inner pollution of the human organisms with
radionuclides is a result of consumption of polluted product ofj'-type with the level
of pollution A2j. In the case of its plant origin this product is connected directly by
transfer factor kij with agricultural land, which has i - soil type and Ali - level of
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pollution. In the case of its animal origin this product s connected with link soil-
plant as common source for all trophycal chains (without exceptions) over a few
intermediate stages (plant-fodder-animal-meat; plant-fodder-animal-milk) and transfer
factor is a complex coefficient.

Because of complex processes that occur in the system soil-plant following the
deposition of the radionuclides, the values of kij, Ali and A2j accordingly change
with time and are functional parameters.

Ali(t) is the level of radionuclides pollution of the soil of the -th type(Bq/m2);
A2j(t) is the level of radionuclides pollution ofj-th food component (Bq/kg or Bq/1);
Kij- transfer factor from the soil of the i-th type to the food component -th
type.These parameters in general case are functional and dynamic characteristics.
Then interconnection between these parameters may be represented as:

A2j(t) = Kij(t) * Aii(t) (1)

Here and fther we taken into account in dose calculation only locally grown
food staffs.

Vjn -s the consumption rate (kg/day or* year) of j -food component in the diet of
members of group n and Qn- is rate of radioactivity intake by members of n-th age
group due to consumption of the j-th food component.

Qjn (t) Vjn* A2j(t) (2)

If to take into account eqn. , eqn 2 may be rewritten as:

Qijn (t)= Vjn*Kij(t)*Ali(t) (3)

Thus eqn. 3 reflects that intake of radioactivity due to consumption of jth diet
component has been determined by the level of pollution and type of soil where
trophycal chains begin.

If the structure of ration is known, we can estimate the general rate of radionuclides
consumption for n-age group, the so- called intake function- Qin.

Intake of radioactivity due to consumption of all or main diet components which
grow in the i-th soil type is:

i j
Qnii(t)= EQnji(t) = ZiVjn*Kij(t)*Aziff) (4)

I I

The eqn.4 determines the flow of radionuclides for the total diet or its main part for
the conditions when trophycal. chains begin from soil -type.Thus eqn. 1-4 reflect in
'direct form that the level of pollution of the diet components, all ration and rate of
radionuclides consumption are functions of the level of radionuclides pollution of
agricultural lands, type of the soil and structure of their use and accordingly - the
value of soil-plant transfer factors.If intake function Qin is known, the
corresponding committed effective dose D due to radionuclides intake up during
period T for members of age group n may be calculated
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T 3 T

Din = Kn E Vjn*Kij(t)*Aii(t) = Kn ZQnift) (5)

0 1 0

Where Kn (SvBq'1) ingested is the effective dose coefficient for age group n

The presentated itake function in such a form gives some possibility:

-to take into account in calculation and forecast the dose dynamic phenomenon of

the ration purification due to natural decay of radionuclides, their migration into soil

(Ali alteration); radionuclides fixation and loss of the biological availability (Kij

alteration)

- estimation of possibility and significance of the different form of countermeasures,

which influence the doses decrease by means of the alteration level of soil pollution

(Ali) or biological availability of radionuclides and structure of agricultural soil use

(Kij(t)) or structure of the ration (Vjn).

This model is the basis of the development of the practical method of the calculation

and forecast of internal doses in dynamic and heterogenetic conditions of

radionuclides soil- plant transfer.

Calculation has been realised as a complex computer dynamic model of the

radionucldes migration and spreadsheet form using LOTUS 123.

For dose forecast the whole capacity of radioecological and radiobiological

information was taken into account, which has been used in elaboration of the

preceding steps of algorithm (Kravets, et al, 1994,1996 ).

Three mechanisms of the alteration of the initial levels of lands pollution

(Al (t)), such as natural decay of radionuclides, infiltration, diffusion and two

mechanisms of the alteration of pollution bioavailability, such as hot` particles

destruction and insert of 13C -pollution into crystal lattice of the soil minerals have

been taken into account.

All modern radioecological, radiohygienic and radiobiological numerical information

concerning the:

- initial level of superficial lands pollution

- radionuclides "soil- plants" transfer factors for different plant production and soil

type

- transfer factors for the following trophycal links (milk, meat)

- structure of human ration and its age modification

- age-dependent biokinetic models of the doses formation from intake of 3 7Cs and
90Sr
- risk assessment coefficients
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- age - dependent doses coefficients

were united in the spreadsheets.

Additional numerical estimation, namely calculation of dynamics of pollution level

has been realised with one dimensional transport equation describing, the migration of

radionuclides in soil as porous solid matrix united with the equation describing the

alteration of the solubility of pollutants: 'hot' particles destruction and insert o 3 C

into crystal lattice of the soils minerals :

dAm /dt =D' dA2
2 /d 2 x - V' dA 2 /dx + k3 2 A3 (tx) -(03± X)A2 (tAx (6)

dA5 / dt = (1k32 + X-j3)A 3 (t,x);

where X-Index of radioactive decay, A2 (t)-partial radioactivity of soil solution, A3 (t)-

partial radioactivity of the solid pollution (hot` particles, for example);-

'=:D/R - actual rate diffusion, coefficient is in nterval 3*10- .8*106c fo

137CS ad .6O710-7 cm 2 S for 90Sr Fnd Grakovskiy, 1988, Prister,

Perepelytnikova et. al, 1993, Levchuk 995);

V'=VR -actual rate of infiltration, coefficient is in interval 0.1 *10O-9-2* 1 (Y7 CM S-' for

137CS and in interval j*10j_1l*106 CM S-1 for 90Sr (Pister,Perepelytnikova,

et.al., 1993,Levchuk , 1995)

R= I+rKd/Q - the retardation factor, accounts for the slower movement of

radionuclide due to matrix sorption than the water; Q-moisture content of the bulk

soil, - the density of dry soil;

1K3 -rate of "hot` particles detuto.K= -S for 17Cs; p32= 5*10 -- for

90Sr ( Sobotovich, Dolin, 1995);

3-rate Of 137CS insertion into crystal lattice of the soil minerals for the soils of

different type in the interval 10 7 1 0-8 -1 (Ivanov, Shagalova et. al., 1976).
~Forecast of the alterations of the soil-plant transfers factor (n(t)) have based on such

real suppositions. It is known, a plant absorb mobile fraction of radionuclides

(Am(t)), that is

Ap(t)- radioactivity of the plant tissues, k - numerical coefficient .

Transfers factor (Kij) has been determined as ratio between radioactivity of the plant

biomass and general radioactivity of soil, that is

Al1(t) = Am t) + As(t) (8)

and

Kij= Ap\A1= k Am(t)\ (As(t)+Axn(t)) (9)
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If we use system (6) for determination As(t) and Amift), a gereral picture of the

dynamic soil- plant transfers factor will be obtained.

Numerical decision of the system of equations (6-9) has been realised with two

FORTR.AN-language programs. The results of decision of dynamic models of

radionuclides migration have been inserted into the spreadsheets and taken into

account in calculation of change of pollutant content with time in the upper, ploughed

soil layer, decrease of Cs bioavailability and, accordingly, the levels of the

agricultural production pollution. These theoretical estimations were supported by

direct measurements which were conducted at 29 farms of the Ukrainian Polessye

(NRU, 1996).

3. Result and discussion

The results of our calculation indicate that decrease soil- plant tranfer factor due to'

decrease of bioavailability Of 137CS leads to essential decrease of the level annual

internal committed dose for different soil type.

sod- podzoloc sandy
loam soil Grey forest soil

7 ~~~~~~~~~2.5 
FE ~~~~~~~~~~~~2

1SU7 1 990 1994 1996 1987 1990 1994 1996

years years

For peaty soil these levels are 1987 - 10.74~Sv/ kBq/m2, 1990- 64piSv kBq/m2,
1994 - 4.7pSv kBq/m2

For sod-podzolic sandy loam soil :1987 - 7.2 pSv kBqlrn2, 1990 - 2.5ptSvI kBq/m2,
1994- 1.7 pSv/ kBq/m2

For gray forest soil these values are: 1987 - 2.4pLSvI kBq/M2, 1990 - 1.5 P..Sv/
kBq/Mn2, 1 994-0.8p.Sv/kBq/M 2 . For black soil (chernozem) our calculation give
such values: 1987-0.67itSvI kBq/m 2 , 1990- 0.40jpiSvkBq /m 2, 1994-0.3S~iSv/
kBq/M2 .
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Fig 2. Forecast of dynamic internal doses for adult individuals for three variants of
calculation

Position A -sod-podzolic sandy loam soil;B- grey forest soil
From top to bottom: forecast take into account only natural radionuclides decay;
forecast take into account all forms of the vertical radionuclides migration; forecast
take into account radionuclides vertical migration and the alteration of bloavailability.

The alteration of the bioavailability 37Cs has considerable influence on the process
of the dose accumulation. Comparison of the our three variants of the calculation (Fig,
2 ) have demonstrated that due to decrease of the boavailability dose economy
compose 50% , whereas due to vertical migration this meaning is nearly 5-7%.

Our results have demonstrated that namely decrease of radionuclides bioavailability -

natural or artificial - is the most efficient approach in a system the countermeasures.
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