JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

5740 J. Agric. Food Chem. 2007, 55, 5740-5745

The Feasibility of Using &™N and 6'3C Values for
Discriminating between Conventionally and Organically
Fertilized Pepper ( Capsicum annuum L.)
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Agrario y Alimentario (IMIDA), ¢/ Mayor s/n 30150 La Alberca, Murcia, Spain

A greenhouse experiment was conducted to determine the feasibility of using leaf and fruit 6*°N and
013C values to discriminate between conventionally and organically fertilized peppers, when
conventional management involves the application of organic amendment for soil preparation. All of
the treatments involved adding horse manure to the soil before applying different rates of synthetic
N fertilizers: 0 (T1 and T2), 150 (T3), and 300 kg ha™! (T4). The difference between T1 and T2 was
that no synthetic fertilizer had been applied to plot T1 during the 5 years prior to the experiment.
Significant differences were found in the 6°N values of leaves and fruit from the plants grown under
organic or mixed fertilization. The results indicate the possibility of using *N natural abundance as
an indicator of fertilization management. On the other hand, 6%3C values did not contribute any
additional information for discriminating between the organically and the synthetically and organically
fertilized peppers.
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INTRODUCTION lighter isotope ¥*N) during the composting procesg, (8).
Hence, the application of synthetic fertilizer to the crops will

In general, organic agricultural production is considered to ; . .
9 9 g P result in lower plant/fruit)’>N values than observed in crops

benefit the environment by using earth friendly agricultural . . . . .
methods and practiced,(2). In recent years, there has been grown under organic regimes. In agreement with this hypothesis,

increasing demand for organic products because consumer&hoi etal. (9) reported a significatfiN enrichment of the soil
consider them to be healthier and safer than conventional ones2nd of plants of different species after long-term application of
(3, 4). With this increasing interest in organic food comes the compost. Nakano et al10) found a good correlation between
need for ways of confirming that organically labeled products the 6**N values of different fertilizers (organic or inorganic)
have truly been grown with organic inputs. Synthetic pesticides and those of fruits, in an experiment performed with tomato
are not allowed in organic systems, and in accordance with plants. Also, differences in th&°N values of spinach (11) and
European Community Council Regulation No. 2092/91, analyti- oranges (12) have been reported when plants were grown with
cal controls of organic agricultural products are based on the inorganic or organic fertilizers.

search for residues of these substancgsN&far as soil fertility
management is concerned, only amendments and selecte%r
fertilizers of natural origin are allowed in organic systems.
However, at present, no analytical controls of the fertilizer inputs
are performed. Therefore, the fraudulent application of synthetic
fertilizers to organic crops is difficult to detect.

To solve this problem and guarantee the authenticity of . Co
organic products, some authors have recently demonstrated thaP'9anic matter has been shown to inhibit soil-borne pests and
the stable isotope abundance of N5\) may act as a potential dlsea_ses, and !ts use represents an alternative to using mthyI
tool for discriminating between organically and conventionally bromide for soil pathogen control in glasshouse-grown horti-
grown Crops (6) Th|s |s based on the h|gh%FN Va'ues Of Cultural CrOpS :(.4) In Conventlonal and |0W-Input SyStemS USIng
composted manures as compared with those of Syntheticorganic amendments, additional applications of inorganic fertil-
fertilizers, due to preferential ammonium volatilization of the izers at different rates are regularly performed, and as a

consequence, thi#®N values in soil and plants are presumably

* To whom correspondence should be addressed. F84 968 366798. amixture of the)!*N values from the different sources (organic
Fax: +34 968 366792. E-mail: mpilar.flores@carm.es. and inorganic). This combination could complicate interpretation

Most of this research work has been focused on totally organic
totally inorganic fertilization. However, the application of
manure to the soil is not an agricultural practice exclusive to
organic systems, and conventional management techniques may
also involve organic amendment to improve soil quality and
reduce pathogen populationk3]. In particular, decomposing
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Table 1. Soil Characterization of T1 Plot, before and after Table 2. Total Concentrations of Nutrients (kg ha~*) Applied for the
Biofumigation with Solarization? Different Treatments during the Cultivation: N, P, K, Ca, and Mg
Were Applied in the Form of KNO3; and Ca(NOs),, H3PO,4, and MgSO,
before after
biofumigation biofumigation treatments N P K Ca Mg
water weight/soil weight 0.46 0.45 T1
pH 7.59 7.64 T2
EC (mmho cm™1) 6.54 10.79 T3 150 52 225 92 29
soluble Na (mequiv/100 g) 1.17 1.97 T4 300 103 451 185 59
Cl (mequiv/100 g) 1.12 1.67
SO, (mequiv/100 g) 2.14 2.56
HCO; (mequiv/100 g) 0.18 0.08 All of the plots were similarly irrigated by drip irrigation at a rate
NO; (mequiv/100 g) 8.04 21.69 based on FAO methodology (18) partially modified by Keller and
available P (mequiv/100 g) 3.94 2.97 . . )
soluble K (mequiv/100 g) 053 055 Bliesner (19)..Ten5|omet_ers were |nst_alled_ at depths of 15,_30, and
soluble Ca (mequiv/100 g) 1.69 236 60 cm to monitor fluctuations in the soil moisture content. Soil water
soluble Mg (mequiv/100 g) 1.29 201 tension values were kept between 11 and 14 cb at 15 cm and over
total N (%) 0.19 0.21 20 cb at 60 cm.
organic matter (%) 2.26 2.28 Samplings. The 6'°N values were determined in the fresh horse
CIN ratio 8.15 6.30 manure and in the synthetic nitrogen fertilizers. Three replicates of
manure and fertilizers were collected and then homogenized, oven-
2 Biofumigation + solarization involved the application of fresh horse manure, dried at 65°C, and ground into very fine powders with a planetary
mixing of the organic matter with the top soil layer, and subsequent soil covering monomill Pulverizette 6 grinding bowls (Fritsch) for posterior analysis.
with a plastic film for 2 months. One plot per treatment was allocated. Soil samples were collected

from each plot, after biofumigation and solarization and before

of the results when using thE5N values as an indicator of an transplanting. Thrgg replicates were sampled per plqt,. and each replicate
was made by mixing four subsamples taken individually from the

agricultural regime. o 0—20 cm depth zone.

The values 0B*3C have also been found to act as indicators  For leaf and fruit sampling, each plot was divided into four subplots,
of crop management practices (15). During photosynthesis, Cperpendicularly to the rows. Samples were collected from the central
isotope fractionation occurs as a result of Rubisco discrimination rows of each subplot, considering each subplot as a replicate. Ten leaves
against the isotop¥C. Factors affecting stomatal conductance and six fruits per replicate were harvested, randomly, from different
indirectly affect photosynthesis and, therefore, the isotope signalplants. Leaf determinations were performed in the uppermost fully
in the plant. In particular, fertilization has been shown to modify €xpanded leaves. Immature tissues were avoided, because the isotope
leaf C isotope composition due to its effects on stomatal {ra‘gt'onat'on eﬁsc_t' ass?]c't?tedgt;‘ Luoass'm"at'on- 'If nlogeélls(egz

. . ; 0 be expressed in such tissu@9), Leaves were collecte , 92,
conductancel(B, 17?' Fertilization performed in con\{entlonal 116, and 158 days after transplanting (DAT). Fruits were harvested
systems involves higher N supply to the plant than in the case

. e . . 150 DAT, at different stages of ripening (green, turning, or mature
of organic fertilization and, therefore, may modify the C isotope red). Fruits were washed with deionized water, and the seeds were

signal. The aim of this study was to evaluate the feasibility of removed. Leaves, fruit, and soil were oven-dried at6%nd ground
using N and C isotope composition for discriminating between into very fine powders for subsequent determinatiod§i and3C
conventionally (organie+ synthetic) and organically fertilized  values and leaf organic N and NOconcentrations.
peppers, when conventional management also involves the Soil Analysis. A representative soil sample was collected before
application of organic amendment for soil preparation. and after biofumigationt- solarization to determine the effect of this
disinfection technique on soil properties. Soluble salts, pH, and EC
were determined in the saturated paste extract according to Rhoades
(21). Extractable phosphorus was determined by the Olsen me2Bpd (
Plant Material and Cultivation. The experiment was conducted ~ Organic N was analyzed by the Kjeldahl procedw8)(
within a plastic greenhouse located in Murcia (SE Spain). The soil ~ Leaf Organic N and NOs;~ Concentration. Leaf NO;~ was
surface was divided into four different plots (7.8m6.7 m). During extracted with water according to Abbas et a4); For this, 50 mg of
the summer months before transplanting, biofumigation and solarization dried plant material was extracted with deionized water by shaking for
were performed. Biofumigation involved the uniform application of 30 min. The extracts were centrifuged (6@p@nd filtered (0.4%m),
fresh horse manure at the rate of 4 kgjtmall plots, mixing the organic ~ and NQ~ was determined by using a Waters Capillary lon Analyzer
matter with the top soil layer (10 cm). The soil was then covered with (Milford, New Hampshire). Organic N was determined from dried
a plastic film, and the plastic greenhouse was closed from July to material by the Kjeldahl procedure (23).

MATERIALS AND METHODS

September (solarization). MMable 1, the initial soil characteristics of N and C Isotope Composition.6**N and6**C were determined in
the T1 plot, before and after biofumigation with solarization, are duplicates of each sample, using a ThermoFinnigan FlashEA1112
presented. Elemental Analyzer (Milan, ltaly), connected to a Finnigan MAT

Pepper seedlings (Capsicum annuurty. Ribera) from the same ~ DELTAP Isotopic Mass Spectrometer (Bremen, Germany) with a
seed lot and of the same age were transplanted on the same day. Planfsinnigan MAT ConFlo Il connection interphase. Dried samples were
were distributed in seven rows per plot, separated by 0.4 m within the Weighed (2 mg) in tin capsules with a Sartorius XM 1000P microbal-
rows and with 1 m between rows. Synthetic fertilizers, in the form of &nce. The values of the isotope ratio were expresséiraccording
KNO3 and Ca(NQ),, were applied with each irrigation throughout the ~ to the formula:
growing season at the different total rates showTable 2, which
constituted the different treatments of the study. To avoid nutrients 0%o0 = [(Rsample_ Rstandard/Rstandard X 1000
imbalance, P and Mg, in the form of;FO, and MgSQ, respectively,
were applied to the plots, maintaining a constant relationship among where R is >N/*N for ¢'>N values and'3C/’C for ¢6'3C values.
nutrients. All of the plots had a similar land-use history (crop sequences Following international convention, the standards used were the nitrogen
and management practices). Furthermore, they had received similarisotope ratio in air and the carbon isotope ratio in VPDB (Vienna Peedee
synthetic fertilizer inputs, except for T1, to which no synthetic fertilizer Belemnite Standard), fa#!°N and 6*3C, respectively. Fot*Nai, the
had been applied during the previous 5 years. This constituted the samples were referenced against the following materials certified by
difference between treatments T1 and T2. the International Atomic Energy Agency: IAEA-N-1 [(NHSO],
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Table 3. Soil Isotope Composition (6'°N and 6*3C) of the Different Table 5. Effect of Treatments and Sampling Date (DAT) on Leaf
Plots after Biofumigation and Solarization and before the Different Organic N and NO3;~ Concentration (mmol kg=1)2
Treatments with Inorganic Fertilizers Factorial ANOVA
treatment OBN oBC F significance level
Tl 12.05 = 0.142 -11.65 + 0.36% organic N
T2 11.72+0.18 -11.52+0.31 treatment 19.1 ok
T3 12.32 +0.17 -11.81+0.52 sampling date 7.3 **
T4 11.9+0.13 -11.73+0.18 treatment x sampling date? 1.7 NS
NO3~
@Values are means * SE (n = 3). treatment 23.0 ok
sampling date 14.6 ik
Table 4. Isotope Composition (61°N) of the Fertilizers and Manure reatment x sampling date 23
Used in the Different Treatments Tukey Test®
sample OBN organic N NO3~
KNO; 1.23 £0.052 treatment
Ca(NO3), -1.72+£0.06 T1 24834 a 748a
manure 7.16 £0.07 T2 2469.9 a 86.96 a
T3 2610.2 ab 147.3b
2Values are means + SE (n = 3). T4 2851.6b 198.0¢
IAEA-N-2 [(NH.),SOy, and IAEA-NO3 (KNQy). For ¥Cypos, the sampling date
f il i 53 DAT 29204 ¢ 193.8¢
reference materials were NBS 19 (TS-limestone), IAEA-CH-6 (s_uc.rose), 92 DAT 2785.9 he 128.7 ab
and NBS22 (hydrocarbon oil). The data were analyzed statistically, 116 DAT 2614.6 b 159.5 be
using the SPSS 7.5 software package, by analysis of variance (ANOVA) 158 DAT 2263.6 a 86.2a
and by Tukey’s multiple range test to determine differences between
means. a Summary of factorial ANOVA and means comparison test (Tukey). ® Asterisk
(*) signifies interaction between the factors. ¢ Different letters in the same column
RESULTS AND DISCUSSION indicate significant differences between treatments and sampling dates, respectively,

815N Values of Soil, Manure, and Synthetic Fertilizers, 2t I 5% level of probabiliy.

Soil samples were collected before synthetic fertilizer application ) . . .
to T3 and T4. At this time, soil management for T2, T3, and atmospheric N (8Nam = 0%o) by different industrial processes
T4 plots had been the same, and as a consequence, no significar26, 27). In our experiment, thé*N values of the KNQ and
differences imy!>N ando13C values between plots were detected Ca(NQy)2 used for plant fertilization were significantly lower
(Table 3). In addition, there were no significant differences in than in biofumigated soilTable 4). These differences in the
N and C isotopic composition between these treatments and N Signature between N sources are the basis for differentiating
the T1 treatment, in which no synthetic fertilizer had been Petween crops grown with or without inputs of synthetic N
applied during the previous 5 years. This can be attributed to fertilizers.
the negligible contribution of the fertilizers (applied to T2 plot ~ Leaf N Composition. Leaf organic N and N& concentra-
during previous cultivations) to the soil N pool due to extraction tions decreased with time regardless of the treatm€able
by plants or loss by leaching. 5). Both parameters were significantly §0.001) affected by
From these results, it can be assumed that the isotopethe treatments and reflected the increasing rates of N fertiliza-
composition of the N source, before the different synthetic tion. Tukey’s test did not identify significant differences in
fertilizer applications, was similar for all of the treatments. In organic N or NQ~ content between plants grown in soils to
addition, the only difference between organic treatments (T1 Which no synthetic fertilizer had been applied during the
and T2) and those with combined fertilization (T3 and T4) in previous 5 years (T1) and those of T2 (first year without
isotopic composition of the N source would have been due to receiving any synthetic fertilizer).
the synthetic fertilizers applied during cultivation in T3and T4.  In T1 and T2, the leab>N values were about 2%o higher
The 015N value of fresh horse manure was lower than that than in the N source (biofumigated soilJgbles 3 and 6).
of the biofumigated soil{able 4). Isotope fractionation of N Differences ind>N between the plant and the original source
during soil solarization could play a part in these differences. can be attributed to isotope discrimination during physiological
In spite of the horse manure applied for soil biofumigation, the processes of N assimilation within the pla28). Similar results
soil organic matter content before biofumigation with solariza- were found in a previous study with tomato plants, where higher
tion was similar to that found after application of this soil leaf 3*°N values than those of N source were observed due to
disinfection technique Table 1). However, the soil Ng NOs™~ reduction in both root and shod2q). On the contrary,
concentration was greatly increased after soil biofumigation and no intraplant variation was found when using NHas an N
solarization, which may be explained by the fact that soil source in the above study. In addition, whole-plant fractionation
solarization involves high rates of organic matter mineralization was not observed due to the lack of N efflux back to the soil.
by increasing the soil temperatu@5j. It has been demonstrated In our study, thed'®N of the different plant N pools was not
that during the mineralization processes, organic matter is measured. However, higher le#fN values in T1 and T2 plants
enriched int>N due to preferential ammonium volatilization of ~ with regard to N source can similarly be explained as a
the lighter isotopel(N) (7, 8). Thus, the highe#!*N values in consequence of (i) the N efflux rate, (ii) assimilation patterns
soil after manure application and solarization than in fresh horse between NH* and NQ~, and (jii) partitioning of total reduction
manure are to be expected. between root and shoot tissues.
As far as synthetic N fertilizers are concerned, th¥iN The leafd!®N values of plants grown with synthetic fertilizers
values are usually close to 0%. since they are manufactured from(T3 and T4) were significantly (p< 0.001) lower than in T1
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Table 6. Effect of Treatments and Sampling Date (DAT) on Leaf 615N
and 0%°C Values?

Factorial ANOVA

F significance level
OBN
treatment 10.7 ik
sampling date 98.4 hd
treatment x sampling date? 4.7 b
oBC
treatment 29 NS
sampling date 45.0 ik
treatment x sampling date 0.7 NS
Tukey Test¢
615N 613(:
treatment
T1 14.35b -28.10
T2 13.79b -27.71
T3 949a -27.69
T4 93la -27.65
sampling date
53 DAT 1059 a -2891a
92 DAT 12.55b -27.43 be
116 DAT 12.32b -27.07¢c
158 DAT 11.48 ab =27.74b

a Summary of factorial ANOVA and means comparison test (Tukey). ? Asterisk
(*) signifies interaction between the factors. ¢ Different letters in the same column
indicate significant differences between treatments and sampling dates, respectively,
at the 5% level of probability.
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Figure 1. Evolution of leaf N isotope composition (61°N) for plants grown
under the different fertilization treatments. Bars are means + SE (n = 4).

and T2 plantsTable 6). The patterns of temporal changes in
leaf 615N were different depending on the treatmehig(re
1). InT1 and T2,0%N values remained within a range %fl %o
throughout the growing period. However, in T3 plants, dh&N
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fertilizers with low 615N, reflects the loss of excess N from
plots continuously fertilized at the higher rates.

In spite of these temporal variations, T3 and T4 plants showed
lower leaf values than T1 and T2 plants throughout all of the
growing periods, perhaps due to the continuous supply of
synthetic fertilizer by fertigation. Unlike other methods, ferti-
gation, which is the most usual method adopted for horticultural
crops in greenhouse conditions, provides a supply of water-
dissolved fertilizers throughout the growing season. Therefore,
synthetic N fertilizers may contribute to plad®N values during
the entire course of cultivation. As a consequence, differences
between organically and synthetically organically fertilized
peppers could be detected at all of the sampling dates. This
difference in isotope signature could, potentially, be used for
discriminating between organically and conventionally grown
pepper plants, even if conventional management involves the
application of organic amendment.

Reflecting the soildo>N values, there were no significant
differences in lead'>N values between T1 and T2 planfable
6). Similarly, overall significant differences between T3 and
T4 plants were not observed although the fertilizer rates in T4
were two times greater than in T3. However, from 116 DAT,
the isotope composition of T4 plants showed a decrea&iin
relative to T3 plantsKigure 1), probably due to the higher
contribution of the synthetic fertilizers to plant values.

The carbon isotope composition of leaves did not differ
significantly between treatment§dble 6). Changes in leaf**C
during the growth period were similar in all of the treatments,
and no interaction between treatment and sampling date was
detected by ANOVA. An increase ofC values was observed
in all of the treatments from 53 to 116 DAT, followed by a
decrease between 116 and 158 DAT.

Factors affecting plant C isotope composition include atmo-
spheric CQ concentration, soil moisture content, fertilization,
and other environmental factors (32). In our experiment, the
soil organic matter content, irrigation rates, and environmental
conditions were the same for all of the treatments. Thus, factors
affecting plantd3C values did not differ between treatments,
with the exception of fertilization rates. Although our experiment
involved increasing rates of N fertilization*C values did not
reflect these differences and so cannot be used for discriminating
between conventionally and organically fertilized peppers.

Fruit Isotope Composition. The 6°N values in fruit were
lower than leaf valuesT@ble 7). The enzymatic reactions
involved in N remobilization and redistribution generally result
in products with lowe>N levels @3). Thus, N redistribution
during reproductive growth from organs with a low N demand
to fruits could lead to lowed'>N values in fruits than in leaves.
Treatments involving synthetic fertilization (T3 and T4) led to

values increased sharply between days 53 and 116 while thesignificantly ( < 0.001) lower fruitd5N values than the organic
same occurred in the T4 plants between days 53 and 92, bothtreatments (T1 and T2) (Table 7). No effect of fruit ripening

decreasing afterward. This different variation in I8afN can
explain the significantg < 0.01) interaction between the effect

stage on N isotope composition was observed. The effect of
the different treatments on the N isotope composition of green,

of treatments and sampling date, detected by factorial ANOVA turning, and fully mature red peppers is representefigure
(Table 4). The isotope signature in T3 and T4 plants changed 2 where differences of around-5%o in fruit 61°N values can

during the growth period, probably due to temporal variations
in the availability of the two N sources (biofumigated soil and
synthetic fertilizers). Similar variations with time were found
by others authors who attributed increasidyN values in
fertilized crops to the decreasing availability of synthetic
fertilizer with time due to uptake, losses, and immobilization
(8, 30). At 53 and 92 DAT, the T4 plants showed higldémN
values than the T3 plants. According to KoL}, this increase

in 61N, in spite of increasing application rates of synthetic

be observed between the organic and the mixed-fertilization
treatments. Although these differences are significant, more
studies, using a greater range of inorganic fertilization rates and
different types of organic fertilizer, are needed to assess the
feasibility of using the N isotope signal as an indicator of
fertilization management.

In spite of the slight increase in fruid'C values with
increasing fertilization rateS@ble 7), the values did not differ
significantly and so cannot be said to discriminate between the
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Table 7. Effect of Treatments and Stage of Ripening (DAT) on Fruit
OBN and 013C Values?

Flores et al.

ventional management also involves the application of organic
matter to the soil. In generad!®N values of composted manure

are significantly higher than those of synthetic fertilize®3. (
This signature difference between sources is a condition required
for the applicability of our results to other commonly used
O¥N organic amendments. On the other hand, environmental factors,

Factorial ANOVA
F significance level

g;";t;“gf"rtipemng 48; NS such as light, temperature, and air humidity, and their interaction
treatment x stage of ripening? 12 NS with agricultural management practices can modify plant N
S15C isotope compositions (1735). Therefore, further studies,
treatment 29 NS including these factors and also other organic sources with lower
stage of ripening 0.3 NS o01N values (e.g., soybean foliage), are necessary to ascertain
treatment x stage of ripening 0.7 NS a methodology for discrimination between organic and nonor-
ganic crops.
Tukey Test¢ . . .
Finally, there was no correlation between leaf or fabfitC
OBN 513C S . .
values and fertilization. Therefore, the C isotope composition
treatment did not contribute additional information for discriminating
% ié?gg :g;-gg between organically and synthetically organically fertilized
T3 7552 -27.18 pepper.
T4 6.78a -26.80
stage of ripening LITERATURE CITED
green 9.60 —-27.16
turning 9.07 -27.11 (1) Condron, L. M.; Cameron, K. C.; Di, H. J.; Clough, T. J.; Forbes,
mature red 8.98 —27.29 E. A.; McLaren, R. G; Silva, R. G. A comparison of soil and

environmental quality under organic and conventional farming
aSummary of factorial ANOVA and means comparison test (Tukey). ? Asterisk systems in New Zealand\. Z. J. Agric. Res2000,43, 443—

(*) signifies interaction between the factors. ¢ Different letters in the same column 466.

indicate significant differences between treatments and sampling dates, respectively, (2) Hansen, B.; Alroe, H. F.; Kristensen, E. S. Approaches to assess

at the 5% level of probability. the environmental impact of organic farming with particular

regard to DenmarkAgric. Ecosyst. Ensiron2001,83, 11-26

14 Sp.
(3) Rigby, D.; Young, T.; Burton, M. The development of and
12 [ green
% V223 tumning Eg;spg(l:gs for organic farming in the URood Policy2001,26,
0 10 —613.
3 Z (4) Woese, K.; Lange, D.; Boess, C.; Bogl, K. W. A comparison of
g 8 % organically and conventionally grown foodResults of a review
=z 61 % of the relevant literature]. Sci. Food Agric.1997,74, 281—
@ 7 293.
R 44 % (5) Council Regulation (EEC) 2092/91 of 24 June 1991on organic
5 | % production of agricultural products and indications referring
/ thereto on agricultural products and foodstuffs (with amend-
0 Z ments)Off. J. Eur. Commun1991,1198, -15.
T1 (6) Schmidt, H. L.; Rossmann, A.; Stockigt, D.; Christoph, N. Stable
isotope analysis. Origin and authenticity of foodstuf@hem.
) 515 | f Trea‘tmen(tisf I d Unserer Zeit2005,39, 90-99.
Figure 2. 0™N values of green, turning, and fully mature red peppers (7) Yoneyama, T.; Kouno, K.; Yazaki, J. Variation of natural N-15

from plants grown under the different fertilization treatments. Bars are

abundance of crops and soils in Japan with special reference to
means + SE (n = 4).

the effect of soil-conditions and fertilizer applicatid®oil Sci.
Plant Nutr. 1990, 36, 667—675.

organic and the conventional treatments. These results were (8) Choi, W. J.; Lee, S. M.; Ro, H. M.; Kim, K. C.; Yoo, S. H.
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e oy e oy oD SOIE s Bl sohemo0a s, 1403 1500
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the same management practices (except for the addition or not methods of spinachSpinacia oleraced..) by nitrogen isotope

of synthetic fertilizers); therefore, no such differences were to ratio. J. Jpn. Soc. Food Sc2004,51, 680—685.

be expected. Finally, fruit C isotope composition was not (12) Rapisarda, P.; Calabretta, M. L.; Romano, G.; Intrigliolo, F.
affected by the stage of ripening. Nitrogen metabolism components as a tool to discriminate

LT . . 5 between organic and conventional citrus fruits Agric. Food
In summary, significant differences in thE5N values of Chem.2005 53. 2664—2669
leaves and fruits from plants grown under organic and mixed (13, Bulluck L. R.: Brosius. M.- Evanylo, G. K.; Ristaino, J. B.
fertilization were found. The results point to the possibility of Organic and synthetic fertility amendments influence soil
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