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In this study, the distribution of eight allelochemicals among the foliage, roots, and seeds of different
wheat varieties is reported for two different sampling campaigns, corresponding to two consecutive
years. The determination of benzoxazinoid derivatives was performed by combining pressurized liquid
extraction—solid-phase extraction followed by liquid chromatography—electrospray mass spectrometry.
To the authors’ knowledge, there are no previous works about the content of allelochemicals in seed
tissue of germinated wheat seedlings. Allelochemicals found in seeds were detected at levels similar
to those found in foliage and roots. The results showed that the type of metabolites detected depends
strongly on the working up procedure of the plant material, as well as of plant growth stage. A general
decrease of the total amount of allelochemical content in the plants was observed with plant age.
There was a significant difference in the total amount of benzoxazinoid derivatives in the different
wheat varieties analyzed.
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INTRODUCTION compounds in plants is influenced by a range of factors, such

Plants produce a wide variety of secondary metabolites that 2> light intensity ), temperature4), and water availability).

play important roles in complex interactions among living The latter auth_ors suggested that these compounds could be
organisms in the natural environment. Allelopathy has been stress metabolites.
defined as “any process involving secondary metabolites The cyclic Hx and lactams are naturally present in the
produced by plants, microorganisms, viruses, and fungi that seedling of several Poaceace as 2-G-jlucosides. The glu-
influence the growth and development of agricultural and Ccosides are enzymatically converted into aglycone forms by the
biological systems (excluding animals), including positive and action of f-glucosidases after the plant tissue is crust@d (
negatives effects”1). The term allelopathy has mostly been Aglycones are unstable and are easily converted to benzox-
used by plant ecologists who have focused on allelopathic effectsazolinones. The main structures are showfigure 1. Previous
between agricultural crops and weeds. There is an enormousstudies showed that maximal concentrations of hydroxamic acids
diversity of allelochemicals in nature. About 10 000 compounds in roots and aerial parts of cereal seedlings occurred between 4
are known, whereas another 400 000 are estimated to &xist ( and 6 days after germinatior7,(8). Despite the subsequent
Poaceae such as wheat, rye, and maize contain secondarglecline in concentrations of Hx, the total amount within the
metabolites at different concentrations, depending on varietieswhole seedling continued to increase, albeit at a slower rate.
and environmental conditions. One group of allelochemicals that This increase continued up to 8 days after germinat®nHx
has been heavily in focus during the past decade is the has not been detected on nongerminated seeds (9—12). Copaja
benzoxazinoid derivatives. The group of chemical compounds et al. (13) analyzed germinated seeds of wheat and detected no
named benzoxazinoid derivatives is subdivided into hydroxamic benzoxazinoids. Several authors present the levels of some
acids (Hx), lactams, benzoxazolinones, and methyl derivatives allelochemicals in wheat seedlings. The concentration of 2,4-
of the hydroxamic acids. Benzoxazinoids and particularly their dihydroxy-7-methoxy-1,4-benzoxazin-3-one (DIMBOA) found
aglycone forms have been reported to be involved in the defensein the shoots of wheat seedlings ranged from 1.4 to 10.9 mmol/
of the plant against a wide variety of organisms, including fungi, kg of fresh weight in a collection of Chilean cultiva®)(from
bacteria, and a range of insects. The concentration of these0.99 to 8.07 mmol/kg of fresh weight in a worldwide collection
(7), and from 0.21 to 16.0 mmol/kg of fresh weight in a
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Figure 1. Structures of main benzoxazinoid derivatives.
1,4-benzoxazin-3-one (DIBOA-B-glucoside), 2-fb-gluco- Diatomaceous earth was used to fill the extraction cells, with the matrix

pyranosyloxy-4-hydroxy-7-methoxy-1,4-benzoxazin-3-one (DIM- and sample thoroughly mixed to ensure good dispersion of the sample.
BOA--p-glucoside), 2,4-dihydroxy-1,4-benzoxazin-3-one (DI- The diatomaceous earth was cleaned by ultrasonication with the same
BOA), DIMBOA, 2-hydroxy-1,4-benzoxazin-3-one (HBOA) solvent of the extraction and dried at 70 prior to use. Conditions of
e T et 1 A b . ' pressure (1500 psi), static times (3), cell purge (60 s), flush volume
ior)'(éozlr;ixr?’_; (;?l‘:th(oé(é’) Al)’4 gﬁgzcgfnze'?hix%irf';xaBgﬁr){_ ;ﬁge (60%), solvent composition [100% acidified MeOH (1% HOAC)], and

. . temperature (156C) were used. A purification of the samples prior to
(MBOA)]among the foliage, root, and seed of different wheat instrumental analysis is recommended because in the raw extracts of

seedlings cultivated under differe_nt cultivation conditions. To plants the broad variety of substances (salts, lipids, glycosides,
our knowledge, thgre are no previous W_Ofks about the contentphosphates, peptides, macromolecules, and chlorophyll) can influence
of allelochemicals in seed tissue of germinated wheat seedlings.the quantification. The organic extracts were concentrated to dryness
by rotary evaporation and redissolved in 2 mL of acidified water (1%
MATERIALS AND METHODS HOAC) prior to the cleanup step. The reconstituted extracts in acidified
. ) . HO resulted in a turbid solution; a filtration step prior to purification
Chemicals and Materials. The benzoxazinoid standards were \aq therefore required to prevent clogging of the cartridge. Filtration
obtained from commercial and private sources as available: DIBOA- ;¢ performed using km 25 mm syringe-driven filter units.
p-p-glucoside and DIMBOAS-b-glucoside, from Prof. Dr. Hajime  pyfication was performed via LiChrolut RP1CSPE cartridges
Iwamura (Kyoto University), Prof. Dr. Lisbeth Jonsson (SOUeTt0  ctiyated and preconditioned with 5 mL of acidified MeOH (1% HOAG)
University College), and Dr. F. Macias (University of Cadiz); DIMBOA {5/ 15\ed by 5 mL of acidified HO (1% HOAG). The concentrated and
from Dr. Scott Chilton, University of North Carolina; HBOA, HMBOA,  fjiereq extracts were then applied to the purification step. A two-step
DIMBOA, MBOA, and BOA, from Dr. F. Macias (University of |, tion procedure was used: first, with 6 mL of acidified0H(1%
Cadiz); DIBOA and the non-naturally occurring synthetic derivative HOAc) and second with 5 mL of acidified MeOH#B (1% HOAc)
2-methoxy-21-1,4-benzoxazin-3(4)-one (2-MeO-HBOA) from Dr. (60:40). Benzoxazinoid derivatives were well recovered in the second
Sicker (University of Leipzig). fraction (52—99%), with the exception of the most polar compounds
HPLC-grade solvents water {8), methanol (MeOH), and 98% pure  p|goA-5-p-glucoside, HBOA, and DIBOA), which eluted in the first
acetic acid (HOAc) were purchased from Merck (Darmstadt, Germany). faction (56—69%) (15). Both fractions were then analyzed by LC-
Diatomaceous earth was obtained from Varian Inc. LiChrolut RP C = £g).vs.
(500 mg) solid-phase extraction (SPE) cartridges were purchased from

Merck Chromatographic Conditions. Analyses were performed on a HP

Sample Collection.The distribution of the allelochemicals among ilgoerg;nMﬁhéniﬁ:r:g;)Mv%hR: ssc())ICe(n?f}c?wT'rVIath gfc 1C$rl1llj_?r]r?in(2v\5/gs

foliage, roots, and seeds was analyzed in two different sampling NN -
campaigns, corresponding to two consecutive years. The wheat plantsu;%g}’/TE%SAamplz"r\]/ljecotﬁn vqume(;Nas t?]et alpt_BOA(:lclllfle(: ':';O 4B
were grown in Lleida (Spain). In the first sampling campaign (autumn (0.05% ¢) and MeOH were used as the elution solvents A and B,

2001), four different wheat varieties, Astron (As), Ritmo (Ri), Bill (Bi), ;%s()p_esg\(:/EIX. ';Eligsol\_/en; g_rjg('; n;.afgfzd was 4%3_;2/"0'35221?'2%
and Solist (So), were grown in conventional cultivation conditions; the N min, 0 min, o

samples were collected and were then frozen in the laboratory and store in, .5_5% A 23—2.5 mir." 5-70% A; 25—3.0 ”."“' 7‘.* 190% A. Total
at—20°C until further manipulation. In the second sampling campaign run time was 35 min with the benzoxazinoid derivatives eluted over

(autumn 2002), three wheat varieties, As, Ri, and Stakado (Sa), were8_20 m'?’ ang tthet_flnal 15 min v(\j/as tused for g:é)llu?r: clteamn_g and
grown in conventional and organic cultivation. Immediately after the regeneration. Detection was carried out by a-tksible detector using

harvest, the samples were frozen and storee2&t°C. In each sampling a HP 1040 M diode array detector over the range of3300 nm (.5).

campaign, 10 plants of each wheat seedling were collected at the Mass Spectrometry Conditions.MS analyses were carried out in
Zadocks stages 10 and 12 days, corresponding to two different stagesSelected ion monitoring (SIM) mode. The LC-MSD HP 1100 mass
The stages were defined by BBCH scale (a system for uniform coding selective detector equipped with an atmospheric pressure ionization
of phenologically similar growth stages of all mono- and dicotyledonous Source was used with electrospray interface. The ESIMS was operated
plant species). in negative ion mode with the following instrument settings: nebulizer
Sample Preparation ProceduresThe water in wheat samples was ~ Pressure, 5 V; gas temperature, 330, capillary voltage, 3500 V;
removed by lyophilization until weight loss was no longer observed. fragmentor, 0—15 min, 250 V, and 15—35 min, 70 V (15).
The samples were divided into foliage, roots, and seeds; roots and seeds Quantification. In this study, internal calibration was used for
were cut finely, whereas foliage was ground with a pestle in a mortar. quantification. The use of internal standards has not been described
Pooled samples were obtained by combining the 10 plants collected atfor the quantification of benzoxazinoids. The only quantitative method
each Zadocks stages. A 0.1 g subsample was extracted by pressurizedescribing the use of an internal standard for the analysis of these
liquid extraction (PLE) using an ASE 200 (Dionex, ldstein, Germany) compounds used the naturally occurring degradation product BOA as
apparatus, equipped with 11 mL stainless steel extraction cells. internal standardl@). As this product can potentially occur in samples,
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Table 1. Levels (Micrograms per Gram of Dry Weight) of Benzoxazinoid Derivatives in Wheat Foliage, Roots, and Seeds: Total Allelochemical
Content in Each Tissue of Wheat Seedlings of the First Sampling Campaign?

DIBOA-Glc DIMBOA-Glc HBOA DIBOA HMBOA DIMBOA BOA MBOA > tissue
First Stage, Conventional Cultivation
Astron foliage <LOD <LOD <LOD <LOD 4 <LOD <LOD 28 32
root <LOD <LOD <LOD <LOD 3 4 <LOD 90 97
seed <LOD <LOD <LOD <LOD 7 <LOD <LOD 62 69
Ritmo foliage <LOD <LOD <LOD <LOD 13 2 <LOD 38 53
root <LOD <LOD <LOD <LOD 12 05 0.7 117 130
seed <LOD <LOD <LOD <LOD 3 <LOD 0.5 45 49
Bill foliage <LOD <LOD <LOD <LOD 3 <LOD <LOD 29 32
root <LOD <LOD <LOD <LOD 4 0.6 <LOD 80 85
seed <LOD <LOD <LOD <LOD 4 <LOD 0.2 46 50
Solist foliage <LOD <LOD <LOD <LOD 19 19 <LOD 86 124
root <LOD <LOD <LOD <LOD 17 4 <LOD 128 149
seed <LOD <LOD 6 <LOD 15 38 <LOD 66 125
Second Stage, Conventional Cultivation
Astron foliage <LOD <LOD 0.5 <LOD 0.8 <LOD <LOD 26 27
root <LOD <LOD <LOD <LOD 0.5 0.7 0.6 57 59
seed <LOD <LOD <LOD <LOD 2 <LOD 0.4 69 72

2<LOD, below limit of detection; <LQD, below limit of quantification.

it cannot be considered as an appropriate internal standard. In a previougxtracts. The percentages obtained for foliage, roots, and seeds
study (15), different internal standards were tested: a non-naturally ranged from 16 to 31%, from 49 to 56%, and from 21 to 35%,

occurring structural analogue of HBOA (2-MeO-HBOA), a natural  respectively, in wheat seedlings at the first stage of conventional
flavonoid (quercetin-3-rutinoside), and indoxyp-b-glucoside. A non- cultivation.

naturally occurring structural analogue of HBOA (2-MeO-HBOA) . s
showed the best results and was used as internal standard for Second Sampling. Table presents the levels of individual

benzoxazinoid derivatives in the current study. Two ions for each allelochemicals as well the total amount of allelochemical
analyte were selected according to specificity and sensitivity, with the content in each tissue. Whereas five allelochemicals were
primary ions used for quantification and the secondary ion providing detected in the first sampling, all of the target compounds
confirmation. The ions selected for each analyte were the following: (DIBOA-S-D-glucoside, DIMBOA-BD-glucoside, DIBOA,
DIBOA-3-p-glucoside (134, 342); DIMBOAS-D-glucoside (164, 372); DIMBOA, HBOA, HMBOA, BOA, and MBOA) were detected
HBOA (164, 108); DIBOA (134, 78); HMBOA (194;-); DIMBOA in wheat seedlings of the second samplifigure 3 shows the
(164, 149); BOA (134;-); and MBOA (164, 149). The instrumental  chromatogram of methoxy derivatives (DIMBOAgBglucoside,

detection limits (LOR\s) ranged between 0.010 and 0.002 ng/aB); DIMBOA, HMBOA, and MBOA) present in foliage, root, and
The applied methodology to plant material gave recoveries of the gaad extracts of the Ri variety.

analytes between 66 and 110% with coefficients of variation ranging . . .
from 1 to 14%. The method detection limits (LOD) ranged between 1 The differences observed in the content of the allelochemicals

and 27uglg of dry weight and gave limits of quantification (LQD) between th_g first and second sampling campaigns were ascribed
between 3 and 82g/g of dry weight (15). to the stability of the compounds. In a previous stuti§)( the
stability of selected compounds was checked using different
acidified standard solutions stored at different temperatures
(=20, 4, and 20C). The trials showed that in order to stabilize
The benzoxazinoid derivatives were detected in foliage, roots, the analytes, the solution must be stored-20 °C, including
and also in seeds. None of the previous results presented in théhe glucoside derivatives. For this reason, freezing the samples
bibliography (10—13) detected allelochemicals in germinated immediately after harvesting prevented the degradation of
seeds. glucoside derivatives, and it was possible to detect the glucoside
First Sampling Campaign. Levels of benzoxazinoid deriva- ~ derivatives in sample extracts. A similar behavior was observed

tives are presented ifable 1. Five allelochemicals were by Baumeler et al. (17).

detected, but only HMBOA and MBOA were present in all Differences between benzoxazinoid concentrations in con-
wheat extracts, whereas the glucoside derivatives and DIBOA ventionally and organically grown wheat in this study are
were not detected in extracts. MBOA was the major metabolite influenced by the soil types and cultivation history as well. Some
detected in foliage, root, and seed extracts and present at thecorrelations between allelochemicals content and cultivation
highest levels in root tissue with 12&)/g of dry weight in So, characteristics were found as discussed below.

at 117ug/g of dry weight in Ri, at 9Q«g/g of dry weight in As, Coneentional Cultvation. The major metabolites detected
and at 80ug/g dry of weight in Bi. The total amount of were DIMBOA, MBOA, HMBOA, and DIMBOA#-bp-gluco-
allelochemicals in seed extracts was detected at a concentratiorside. Nevertheless, MBOA was the only metabolite detected in
similar to those found in foliage and root extracts. The variety all extracts. The detected compounds in foliage samples showed
with highest levels was So followed by Ri, As, and Bi. The a different distribution between the first and second stages. In
total amount of allelochemicals found in the As seedling in the the first stage, DIMBOA presented the highest levels followed
second stage of cultivation was lower than in the first one. by MBOA and HMBOA, whereas DIMBOAS-p-glucoside was
Figure 2a shows the distribution of the total amount of not detected. In the second stage, HMBOA was the major
allelochemicals (expressed as a percentage) in wheat seedlingsnetabolite present in the Ri and Sa varieties, and HBOA
As can be observed, the total amount of the allelochemicals presented 54% of the contribution of allelochemicals in the As
was distributed evenly among foliage, roots, and seeds in all variety. The results obtained from root samples showed a
cases. However, the percentage was slightly higher in root different distribution of compounds among varieties and between

RESULTS AND DISCUSSION
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Figure 2. Distribution of total allelochemical content (expressed as percentage) among foliage, roots, and seeds: (a) first sampling; (b) second sampling,
organic cultivation; (c) second sampling, conventional cultivation.

the first and second stages. Whereas DIMB@A-glucoside Organic Cultivation. The most relevant metabolites detected
was not detected in foliage, this metabolite was detected in rootwere DIMBOA, MBOA, HMBOA, and DIMBOA#-b-gluco-
extracts. In the first stage, MBOA, DIMBO#A-p-glucoside, side. Nevertheless, the results obtained for foliage samples

and DIMBOA were the major metabolites detected in the As, showed also different distributions of compounds between the
Ri, and Sa varieties, respectively. In the second stage, DIMBOA first and second stages of cultivation. In the first stage of
was the major metabolite detected in As, DIMB@As- cultivation, DIMBOA was the major metabolite detected,
glucoside in Ri, and MBOA in Sa of root extracts. Several whereas MBOA presented the highest levels in foliage extracts
benzoxazinoid derivatives were also detected in seed extractsof the second stage for the As and Ri varieties; HMBOA was
DIMBOA was the major metabolite detected in the first stage the major metabolite detected in the foliage extract of the second
of the As and Sa varieties, whereas MBOA was the major one stage of the Sa variety. The main metabolites in root extracts
in Ri. Concerning the second stage, the major metabolite were MBOA and DIMBOA for the As and Sa varieties,
detected in the As and Sa varieties was MBOA, whereas respectively, in each stage of cultivation, whereas for the Ri
DIMBOA presented the highest levels in seed extract of the Ri variety a difference existed between the first and second stages.
variety (Table 2A). Whereas MBOA was the main metabolite in the first stage,
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Table 2. Levels (Micrograms per Gram) of Benzoxazinoid Derivatives in Wheat Foliage, Roots, and Seeds: Total Allelochemical Content in Each
Tissue of Wheat Seedling of the Second Sampling Campaign?

A. Conventional Cultivation

DIBOA-Glc DIMBOA-Glc HBOA DIBOA HMBOA DIMBOA BOA MBOA = tissue
First Stage
Astron foliage <LOD <LOD <LOD <LOD 270 833 <LOD 552 1655
root 46 155 <LOD <LOD 59 303 11 476 1050
seed 89 59 <LOD 60 48 1380 <LOD 119 1755
Ritmo foliage <LOD <LOD <LOD <LOD 489 1775 <LOD 942 3206
root <LOD 318 <LOD <LOD 34 124 <LOD 290 766
seed <LOD <LOD <LOD <LOD <LQD <LOD 17 72 89
Stakado foliage <LOD <LOD <LOD <LOD 326 3261 <LOD 695 4282
root 27 329 <LOD <LOD 83 860 <LOD 420 1719
seed <LOD <LOD <LOD <LOD <LQD 896 <LOD 70 966
Second Stage
Astron foliage <LOD <LOD 177 66 56 <LOD <LOD 30 329
root <LOD <LOD <LOD <LOD <LQD 62 <LOD 34 96
seed <LOD <LOD <LOD <LOD 42 <LOD <LOD 80 122
Ritmo foliage <LOD <LOD <LOD <LOD 161 58 <LOD 94 313
root <LQD 134 <LOD <LOD <LQD 57 <LOD 57 248
seed <LOD 97 <LOD <LQD 59 721 <LOD 130 1007
Stakado foliage <LOD <LOD <LOD <LQD 126 51 <LOD 91 268
root <LOD <LQD <LOD <LOD <LQD 55 <LOD 103 158
seed <LOD <LOD <LOD <LQD <LQD <LOD 10 69 79

B. Organic Cultivation

DIBOA-Glc DIMBOA-Glc HBOA DIBOA HMBOA DIMBOA BOA MBOA S tissue
First Stage
Astron foliage <LQD 122 <LOD <LQD 179 413 <LOD 197 911
root <LOD <LOD <LOD <LOD <LQD <LOD 23 324 347
seed 164 <LOD <LOD 50 50 925 <LOD 130 1319
Ritmo foliage <LOD <LOD 395 65 355 1570 <LOD 142 2527
root <LOD <LQD <LOD <LOD <LOD <LOD <LQD 97 97
seed 75 7 <LOD 43 67 1544 <LOD 134 1940
Stakado foliage <LOD <LOD <LOD <LQD 237 1270 <LOD 433 1940
root <LOD 144 <LOD <LOD 82 463 <LOD 319 1008
seed <LOD <LOD <LOD 105 91 1536 <LOD 128 1860
Second Stage
Astron foliage <LOD <LOD <LOD <LOD <LOD <LOD <LOD 24 24
root <LQD <LOD <LOD <LOD 48 <LOD <LOD 152 200
seed <LOD <LOD <LOD <LQD 68 <LOD <LOD 89 157
Ritmo foliage <LOD <LOD <LOD <LOD <LOD <LOD <LOD 279 279
root <LOD 365 <LOD <LOD <LOD <LOD 10 82 457
seed <LOD 165 <LOD <LQD 69 1166 20 170 1590
Stakado foliage <LOD <LOD <LOD <LQD 89 <LOD <LOD 56 145
root <LOD <LOD <LOD <LOD 116 311 <LOD 125 552
seed 371 <LOD <LOD <LQD <LQD 462 <LQD 147 980

@<LOD, below limit of detection; <LQD, below limit of quantification.

DIMBOA- 5-p-glucoside presents the highest level in the second conventional and organic cultivation. As can be observed,
stage. In seed extracts DIMBOA was the main compound found similar levels were found for conventional and organic cultiva-
for all varieties in the first stage, and a different result was tion. The As2-C1 (As variety, second sampling, first stage of
obtained in the second stage between varieties. In this caseconventional cultivation), Sa2-C1, and As2-C2 showed slightly
MBOA presents the highest levels in the As and Sa varieties higher levels in conventional cultivation than in organic
and DIMBOA in the Ri variety Table 2B). cultivation. However, the Ri2-O1 (Ri variety, second sampling,
As can be observed, our results showed that the type offirst stage of organic cultivation), Ri2-O2, and Sa2-O2 presented
benzoxazinoid derivatives found depends strongly on plant higher levels in organic cultivation.
growth stage and the working procedure of the plant material.  Stage of Cultivation. A general decrease of the total amount
Several authors showed different methodologies for the quan-of allelochemical content in plants was observed from the first
tification of benzoxazinoid derivativedl7—23). In our case, to the second stage. The decrease was also observed in each
the glucoside derivatives were detected in the wheat seedlingstissue. Like the total amount of allelochemical content in plants
of the second sampling campaign; the samples were frozenand tissues, the general behavior of individual compounds was
immediately after harvesting. This fact also explains why the a decrease of concentration from the first to the second stage
major metabolite detected in samples of the first sampling was except for some metabolites. The first exception was DIMBOA-
MBOA, originated from the degradation of DIMBOA and j-p-glucoside, HMBOA, DIMBOA, and MBOA, which pre-
HMBOA. Nevertheless, DIMBOA and HMBOA were the major  sented an increase of concentration from the first to the second
metabolites detected in wheat extracts of the second samplingstage in seed extracts of the Ri variety in conventional
Conventionalversus Organic CultivationFigure 4 presents cultivation. This increase ranged fromLOD to 97 ug/g of
the total amount of allelochemical content of wheat plants in dry weight for DIMBOA-3-p-glucoside, from<LQD to 59ug/g
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Figure 3. Chromatogram of methoxy derivatives (DIMBOA-{3-p-glucoside, DIMBOA, HMBOA, and MBOA) present in foliage, root, and seed extracts of

Ritmo variety.
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Figure 4. Correlations of total allelochemical content between conventional and organic cultivation in wheat seedlings of the second sampling.

of dry weight for HMBOA, from <LOD to 721 ug/g of dry
weight for DIMBOA, and from 72 to 13@g/g of dry weight

for MBOA. Whereas in conventional cultivation the increase
was present only in one variety, in organic cultivation the

increase was present

in all varieties. Then, DIB@A-

glucoside showed an increase fronbOD to 371ug/g of dry
weight in seed extract of Sa variety, DIMBOAgBglucoside
increased in concentration from 144 to 3@%/g of dry weight
in root extract of Ri and fromxLOD to 165ug/g of dry weight

in seed extract of the Ri variety, HMBOA showed an increase

from <LQD to 48ug/g of dry weight in root extract of the As
variety and from 82 to 11@g/g of dry weight in root extract

of the Sa variety and, finally, MBOA showed an increase from

134 to 170ug/g dry weight in seed extract of Ri and from 128

to 147 ug/g of dry weight in seed extract of the Sa variety.
A general decrease of the total allelochemical content was among different tissues in the three varieties is showFigare

observed in wheat seedlings. These results were consistent witt2. In organic conditionsKigure 2b), the large amount of allelo-

those presented in the literature. According to Argandona et al.
(9), concentration in the plant increases abruptly a few days
after germination and then decreases progressively with plant
age. Nevertheless, an increase of concentration of some
metabolites from the first to the second stage indicated that the
allelochemicals were synthesized during the growth of plant.

Wheat Varieties. The highest levels of total amount of
allelochemicals were found in Sa in the first stage of conven-
tional cultivation and for Ri in the second oriEaple 2A). For
organic cultivation, the highest levels were also found for Sa
and Ri in the first and second stages, respectivEgble 2B).
The content of benzoxazinoid derivatives in wheat plants showed
variations between different species ().

Distribution in Foliage/Roots/Seed$he distribution of the
total amount of allelochemicals (expressed as a percentage)
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chemicals was distributed between foliage and seeds during the (9)
first stage, and the highest percentage of compounds was
distributed in the seeds for the second stage of cultivation. The
distribution of the total amount of allelochemicals was not
regular in wheat seedlings cultivated in conventional conditions (10)
(Figure 2c).

Copaja et al.13) suggested that the allelochemical production
must be initiated during germination because they observed that 11)
the total amount of benzoxazinoids increased during early
growth and that no allelochemiclas were detected in germinated
seeds. In the current study, allelochemicals found in germinated
seeds were detected at levels similar to those found in foliage
and root. These findings suggest that this matrix must be taken
into account for evaluation of total content of allelochemicals
in wheat seedlings. It is important to take into account that the

(12)

(13)
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Argandona, V. H.; Niemeyer, H. M.; Corcuera, L. J. Effect of
content and distribution of hydroxamic acids in wheat on
infestation by the aphi&chizaphis graminunPhytochemistry
1981,20, 673—676.

Argandona, V. H.; Luza, J. G.; Niemeyer, H. M.; Corcuera, L.
J. Role of hydroxamic acids in the resistance of cereals to aphids.
Phytochemistry1980,19, 1665—1668.

Cambier, V.; Hance, T.; de Hoffmann, E. Variation of DIMBOA
and related compounds content in relation to the age and plant
organ in maizePhytochemistr2000,53, 223—229.

Cambier, V.; Hance, T.; Hoffmann, E. Non-injured maize
contains several 1,4-benzoxazin-3-one related compounds but
only as glucoconjugate®hytochem. Anall999,10, 119—126.
Copaja, S. V.; Nicol, D.; Wratten, S. Accumulation of hydrox-
amic acids during wheat germinatidPhytochemistry1999,50,
17-24.

occurrence of benzoxazinoids in seeds 10 days after sowing (14) Niemeyer, H. M. Hydroxamic acid content Bfiticum species.
does not prove that the benzoxazinoids were present in the dry Euphytical988,37, 289—293.
seeds. Our results suggest that the dry seeds could contain (15) villagrasa, M.; Guillamon, M.; Eljarrat, E.; Barcelo, D. Deter-

precursors from which the benzoxazinoids are formed as soon
as they are put into the soil. Future work will be focused in
this direction, to determine the occurrence of benzoxazinoids
in dry seeds. This information could be important from the
health perspective.
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