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Abstract: Terpenes are thought to be important in plant-plant interactions, because of their
phytotoxic action on seed germination and growth. Despite of some efforts in studying the mode of
action of terpenes at molecular level, little is known about their effect on plant lipid composition. Here,
we demonstrate the ability of tagetone to inhibit the root growth of Panicum miliaceum L. seedlings,
which was related with changes in sterols, alkanes and fatty acids composition. Some sterol and fatty
acid ratios are discussed in relation to their function. The results suggest that tagetone exert their
effect through impairing the structural and functional properties of root membrane.
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Introduction: Plants have evolved several strategies to interact with other organisms
(Rice 1984; Van der Putten ef al. 2001). The production and accumulation of secondary
metabolites, which inhibit and/or stimulate germination and development of other plants, is an
important mechanism in the interaction between plants (allelopathy). Aromatic plants, known
to be rich in active principles such as monoterpenes, can play an important role in plant-plant
interactions and constitute a primary source of potential allelochemicals (Fischer 1986;
Mizutani 1989). Although no single structural feature of the monoterpenes appeared to be a
critical factor on germination inhibition, several of the most phytotoxic compounds are ke-
tones (Asplund 1968; Bradow 1993; Vaughn and Spencer 1993; Scrivanti et al. 2003). Tagetes
minuta L., is known to produce copious amounts of ketones, such as tagetone, dihydrotagetone
and ocimenone (Zygadlo et al. 1990; Garg and Mehta 1998). Moreover, Tagetes’ essential
oil also inhibited the growth of some mushroom and bacteria (Hethelyi er al. 1986) and
inhibited root growth of maize seedlings (Scrivanti et al. 2003). In previous works, we
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showed that two monoterpene ketones, ocimenone and camphor, produced lipid oxidation in
maize roots (Scrivanti ef al. 2003; Zunino and Zygadlo 2004). However, the mode and
mechanisms by which these ketones affect the growth of other plant species have not been
examined at the molecular level.

Sterols, although a minor class of the complex lipid domain, are important in the plant
cell division. It is known that they participate in the formation of membranes. Moreover, their
role is not only structural, but also functional (Kemp et al. 1967; Nes 1973; 1zzo and Navari-
[zzo 1993; Moreau ef al. 1998). Alkanes are constituents of epicuticular waxes of higher
plants (Shepherd et al. 1995) and are synthesized in the epidermal layer of cells, they prob-
ably increase disease resistance from the attack of insects, chemicals and germinating spores
of rusts (Tulloch 1976; Lemieux 1996; Post-Beittenmiller 1996; Rhee 1998). We consider
that the knowledge of changes in lipid compounds is necessary to get a better understanding
of the obviously complex process of inhibition on seed germination by phytotoxic terpenes.
Thus, the aim of this work was to investigate possible correlations between the effects of
different tagetone concentrations on chemical and developmental parameters.

Materials and Methods

Essential oil extraction and analysis: Essential oil from Tagetes minuta L. was
extracted by steam distillation. Ketones were the major components of the essential oils
(>90%). The oil obtained was dehydrated over anhydrous Na,SO,. The compounds were
characterized for GC/MS as previously described (Zygadlo et al. 1993). Tagetone (2,6-
dimethyl-3,7-octadien-4-one, ) was extracted from the essential oil by TLC using different
solvent systems: n-C.H,, (100%), CH, ,O:n- CH , (1:9 v/v), (3:7 v/v), (5:5 v/v), (7:3 v/v)

14 44110 6 14

and (9:1 v/v). Then, the cleannes of tagetone was checked by GC and GC/MS.

Seed germination bioassay: Seeds of Panicum miliaceum L. were used to com-
pare the bioactivity of tagetone. Groups of 200 seeds were germinated during 96 h between
two layers of filter paper, Whatman n°1. Then, 20 seedlings of 96 h were placed in rolled
towels. The rolls were imbibed with aqueous solutions of tagetone at different concentra-
tions (0.3 ppm; 3.0 ppm; 7.5 ppm; 15.0 ppm and 30.0 ppm) and placed in upright position, for
96 h in darkness at 25°C + 2°C. Tween-20 was added to the system in order to enhance
tagetone dispersion, at a final concentration of 0.1 %. A control sample was prepared, under
the same conditions, but without tagetone application. ;

Sterols, alkanes and fatty acid analysis: Roots from seedlings of P. miliaceum
were milled and extracted with 200 ml of n- C,H,, in a Soxhlet apparatus. The extracted
lipids were dried over anhydrous Na,SO, and the solvent removed under reduced pressure
in a rotatory film evaporator. The lipids were subjected to alkaline saponifications (IN-
MeOH-KOH). Unsaponifiable matter was extracted with n-C_H .. The unsaponifiable
material was chromatographied by preparative thin-layer chromatography (TLC). Plates
were coated with 0.5 cm layer of silica gel and developed with CLCH/ C H, O (9:1 v/v) as
eluent. After developing, the plates were splayed with a solution of rthodamine in EtOH 90.5
g litre" and observed under UV light. The sterol and alkanes zone were carefully scraped
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from the plates and extracted with MeOH and CI.CH respectively for subsequent GC and
GC/MS analysis (Zygadlo 1994). Fatty acids were made methyl esters derivated from sa-
ponifiable material (Zygadlo et al. 1994). Fragmentation patterns obtained agreed with those
of NIST 3.0 database. Sterols, alkanes and fatty acids concentrations were determined
using sitosterol, untriacontane and stearic acid respectively as external standars.

Statistical analysis: Each treatment was performed in triplicate and parallel controls
were also run. Kruskal-Wallis analysis were performed on the data, and Mann-Whitney-
Wilcoxon test was used to compare the medians. Pearson product-moment correlation coef-
ficients between the length of roots and one another lipids analyzed was used for correlation
analysis (Sokal and Rohlf 1981).

Results

Effect of tagetone on P. miliaceum root growth: We examined the effects of
various concentrations of tagetone on the P. miliaceum root growth. When P. miliaceum
seedlings were grown for 96 h in the presence of various concentrations of tagetone, the
roots were found to be shorter as the concentration of tagetone increased. Only at the
lowest concentration (0.3 ppm) there was not significantly differences with control (Fig. 1).

The value of correlation coefficient (R=-0.84; p=0.04) evidence a strong negative,
direct correlation between increasing concentration of tagetone applied and the root length.
When tagetone source was removed, the inhibitory effects do not disappear (data not shown)
suggesting that they were irreversible.

Changes in sterol content and composition: We analysed the principal plant ste-
rols, campesterol, sitosterol, stigmasterol and avenasterol. The total sterol content declined
for concentrations equal or higher than 15 ppm. However, each individual sterol studied
changed since the lowest tagetone concentration (0.3 ppm) (Table 1). The principal sterol in
P. miliaceum root was stigmasterol (59.1 %). This sterol decreased with 0.3 ppm treatment,
while at 3 and 7.5 ppm treatment did not show significant differences with control. Finally at
the highest concentrations of tagetone, 15 and 30 ppm, the content of stigmasterol decresed
at lower amounts than those founded at 0.3 ppm treatment. However, it can be emphasized
that the percentage of stigmasterol remain near the control (55.7 and 56.4 % respectively).
On the other hand, campesterol increased since 3 ppm of tagetone, while sitosterol decresed.
Only with 0.3 ppm treatment sitosterol presented an increase. Avenasterol, was the lowest
sterol affected . It only decreased with the higher tagetone concentrations (Table 1).

In Figure 2 we can see the sterol ratio of P. miliaceum roots. Campesterol to sitosterol
ratio in root control was nearly 1. The 0.3 ppm of tagetone treatment decrease this ratio,
while higher concentrations increase it to about three fold compared to control. On the
contrary, sitosterol to stigmasterol ratio presented an opposing behaviour. Concentration of
0.3 ppm increase this ratio, while the other concentrations decrease it. Stigmasterol to the
other sterols ratio showed values of 1 or higher.

Changes in fatty acid content and composition: The effect of tagetone triggered



Maria P. Zunino et al. / Jeobp 8 (3) 2005 pp 239-249 242

off a continuous decrease of total fatty acids of P. miliaceum roots with rising concentra-
tions. The correlation coefficient was -0.94 (p=0.01) (Table 2). At the first two tagetone
concentrations not significantly differences were detected with control and this was ob-
served too with the proportions of four individual fatty acids (16:0; 16:1; 18:0 and 18:2)
(Table 2). Fatty acid 18:1 increased their percentage at 3 ppm treatment. Linoleic and palm-
itic acid were predominant in control and in roots treated with 0.3 and 3 ppm of tagetone,
while since 7.5 ppm concentration the unsaturated fatty acids 18:1 and 18:2 were predomi-
nant. This results are shown in Fig, 3, through the unsaturated to saturated ratio, that in-
crease for the three highest concentrations (7.5; 15 and 30 ppm). Moreover, we found a
strong value of correlation coefficient (R) between unsaturated to saturated ratio and tagetone
concentration (R= 0.99; p=5.4 x 10).

Changes in alkanes content and composition: The total alkanes content decrease
with the arise of tagetone concentration since 3 ppm of tagetone (Table 3). The correlation
coefficient was high and negative (R=-0.85; p=0.03).

We described 11 n-alkanes (Table 3). Among the predominant compounds we could
mentioned C, -alkanes for the control and all the treatments, while C,,-alkanes were pre-
dominant in control roots; C,.-alkanes in roots treated with 0.3; 3.0; 7.5 and 15 ppm of
tagetone and C, -alkanes were present with high percentage value in roots treated with the
highest tagetone concentration (30 ppm). For all tagetone treatments, C, -, C, .-, C,i Sy
C,,- and C,-alkanes concentrations were lower than control. Only C,,-alkanes did not
present significantly differences with control. C,, alkanes decreased their values with tagetone
concentrations since 7.5 ppm, while C,-, C, - and C, -alkanes increased for all tagetone
concentration. With 30 ppm of tagetone, the percentage of the later alkane was almost 13-
fold higher than the control (Table 3).

Discussion: In summary, application of enhanced concentrations of tagetone to P.
miliaceum seedlings resulted in a progressive diminution of root length as well as in de-
creased contents of the fatty acids, alkanes and to a lesser extent sterols. The lowest con-
centration of tagetone, 0.3 ppm, presented a different behaviour compared to the highest
concentrations tested. It did not affect root growth and showed a different pattern of changes
in lipid fractions composition.

The decreased campesterol to sitosterol ratio observed by the lowest treatment could
be due to an increased activity of the enzyme sterol methyltransferase2 (SMT2). According
to this mechanism, the increased campesterol to sitosterol ratio observed with highest con-
centrations of tagetorie may be due to a re-orientation of the sterol biosynthetic flux towards
the 24-methyl sterol biosynthetic segment because of a decrease of the SMT2 activity.
Changes in the campesterol to sitosterol ratio is associated with growth and developmental
modifications. The pivotal role of campesterol as a precursor of the plant-growth regulators
called brassinosteroids has been established through the study of mutants blocked in the
steroid biosynthesis pathway (Schaeffer et al. 2001). Brassinosteroids have various physi-
ological and morphological effects on plants, and are involved in the elongation of stems and
responses to environmental stress (Bishop and Yokota 2001). Although the biosynthesis of
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24-ethyl sterols (sitosterol, stigmasterol and avenasterol) is kinetically favoured over the 24-
methy! sterols (campesterol) (Guo ef al. 1995), the increased campesterol proportion in
treated seedlings suggest that specific signalling events might be triggered through the
brassinosteroid biosynthesis.

It has been suggested that stigmasterol has metabolic roles mainly. However, due to
its dominating role in some tissues and species as well as its involvement in senescence and
stress responses it is likely that stigmasterol plays a yet unknown role in the regulation of
structure and/or function of plasma membranes (Hellgren and Sandelius 2001). In this
study, we observed that the percentage of stigmasterol remains high even at the highest
tagetone treatments, at expense of a parallel diminution of sitosterol content, indicating prob-
ably an increased activity of the enzime C22-desaturase responsible for stigmasterol syn-
thesis. Moreover, at 15 and 30 ppm treatments, where the total sterol content was affected,
the percentage of stigamesterol was maintained trough a significative consumption of the
precursors sitosterol and avenasterol.

The increase of unsaturated fatty acids has been observed in several plant species
subjected to different environmental stresses such as oxygen-, salt- and water-stresses,
extreme temperatures and xenobiotics (Cooke et al. 1991; Pastori and Trippi 1995; Zunino
and Zygadlo 2004). So, tagetone treatment also showed an arise of unsaturated to saturated
fatty acid ratio. This arise has been related with a larger membrane fluidity (Karp 1987,
Siegenthaler and Tremolieres 1998).

The surface wax of most higher plants contains mixtures of saturated straight-chain
hydrocarbons (n-alkanes) having 21-35 carbon atoms. Alkanes with odd-numbered carbon
chains predominate (Kolatukudy et al. 1976). Epicuticular waxes of higher plants provide a
physiochemical barrier that aid plant in their resistance to drought and disease (Shepherd ez
al. 1995) due to its position at the interface between the plant and its environment (Jetter and
Schiffer 2001). Under the application of different concentration of tagetone, lesser amounts
of n-alkanes than control as well as changes in n-alkanes composition were observed. Treated
plants showed lesser proportions of C16- to C27-alkanes, while the proportion of C29- C31-
and C35-alkanes were higher. Higher concentrations of longer carbon chains is consistent
with a model for the adaptation to reduced cuticular permeability (Dodd ez al. 1998). Changes
in lipidic fractions studied suggest that tagetone treatments might affect the structural and
functional properties of membrane, resulting in a stress factor for the normal development of
P. miliaceum seedlings.

Acknowledgements: We are grateful to Fundacién Pro Yungas, Agencia Cérdoba
Ciencia, SECyT-UNC and CONICET for financial support. Zunino MP and Lopez ML are
also thankful to CONICET for a research fellowship.

References

1. Asplund, R.O. (1968). Monoterpenes: relationship between structure and inhibition
of germination. Phytochem 7: 1995-1997

2. Bishop, G.J., Yokota, T. (2001). Plants steroid hormones, brassinosteroids: current
highlights of molecular aspects on their synthesis / metabolism, transport, perception



10.

11

12.

13.
14.

13,

16.

17.

19.
20.

* Maria P. Zunino et al. / Jeobp 8 (3) 2005 pp 239-249 244

and response. Plant Cell Physiol 42: 114-120

Bradow, J.M. (1993). Inhibitions of cotton seedling growth by volatile ketones emit-
ted by cover crop residues. J Chem Ecol 19: 1085-1107

Cooke, D.T., Munkonge, F.M., Burden, R.S., James, C.S. (1991). Fluidity and
lipid composition of oat and rye shoot plasma membrane: effect of sterol perturbation
by xenobiotics. Biochim Biophys Acta 1061: 156-162

Dodd, R.S., Rafii, Z.A., Power, A.B. (1998). Ecotypic adaptation in Austrocedrus
chilensis in cuticular hydrocarbon composition. New Phytologist 138: 699-708
Fischer, N.H. (1986). The function of mono and sesquiterpenes as plant germination
and growth regulators. In: Putnam A, Chung-Shih Tang (eds) The science of allelo-
pathy. Wiley-Interscience, London, pp 203-218

Garg, S.N., Mehta, V.K. (1998). Acyclic monoterpenes from the essential oil of
Tagetes minuta flowers. Phytochem 48:395-396

Guo, D., Venkatramesh, M., Nes, W.D. (1995). Developmental regulation of ste-
rol biosynthesis in Zea mays. Lipids 30: 203-219

Hellgren, L.L, Sandelius, A.S. (2001). The impact of different phytosterols on the
molecular dynamics in the hydrophobic/hydrophilic interface phosphatidylcholine-lipo-
somes. Physiol Plant 113:23-32

Hethelyi, E., Danos, B., Tetenyi, P. (1986). GC-MS analysis of the essential oils
of four Tagetes species and the anti-microbial activity of tagetes minuta. Flavour
Fragr.J. 1: 169-173

Izzo, R., Navari-Izzo, F. (1993). Sterol modification during germination of Zea mays
seeds. Agrochim 37:276-281

Jetter, R., Schiiffer, S. (2001). Chemical composition of the prunus laurocerasus
leaf surface. Dynamic changes of the epicuticular wax film during leaf development.
Plant Physiol 126: 1725-1737

Karp, G. (1987). Biologia Celular. Ed. Mc Graw-Hill, pp 168

Kemp, R.J., Goad, L.J., Mercer, E.I. (1967). Changes in the levels and composi-
tion of the esterified and unesterified sterols of maize seedlings during germination.
Phytochem 6: 1609-1615

Kolattukudy, P.E., Croteau, R., Buckner, J.S. (1976). Biochemistry of plant waxes.
In: Kolattukudy PE (ed) Chemistry and Biochemistry of Natural Waxes. Elsevier,
New York, pp 290-334

Lemiux, B. (1996). Molecular genetics of epicuticular wax biosyathesis. Trends
Plant Sci. 1:312-318 _

Mizutani , J. (1989). Plant allelochemicals and their roles. In: Chou CH, Waller GR
(eds) Phytochemical ecology: allelochemicals, mycotoxins and insect pheromones and
allomones. Taipei, Institute of Botany, Academia Sinica, pp 155-165

Moreau, P., Hartmann, M.A., Perret, A.M., Sturbois-Balcerzak, B., Cassagne,
C. (1998). Transport of sterols to the plasma membrane of leck seedlings. Plant
Physiol 117:931-937

Nes, W.R. (1973). Role of sterols in membranes. Lipid 9: 596-612

Pastori, G.M., Trippi, V.S. (1995). Fatty acid composition in water- and oxygen-



2.

22.

23.

24.

25,

26.

27

28.

29.

30.

31.

32

3.

34.

Mara P. Zunino et al. / Jeobp 8 (3) 2005 pp 239-249 245

stressed leaves of maize and wheat strains. Phytochem 40: 45-48.
Post-Beittenmiller, D. (1996). Biochemistry and molecular biology of wax produc-
tion in plants. Annu Rev Plant Physiol Plant Mol Biol 47: 405-430.

Rhee, Y., Hloosek-Radojcic, A., Ponsamuel, J., Liu, D., Post-Beittenmiller,
D. (1998). Epicuticular wax accumulation and fatty acid elongation activities are
induced during leaf development of leeks. Plant Physiol 116: 901-911.

Rice, E.L. (1984). Allelopathy, 2™ ed. Academic Press. N.Y.

Scrivanti, L.R., Zunino, M.P., Zygadlo, J.A. (2003). Tagetes minuta and Schinus
areira essential oils as allelopathic agents. Biochem Syst Ecol 31: 563-572
Schaeffer, A., Bronner, R., Benveniste, P., Schaller, H. (2001). The ratio of
campesterol to sitosterol that modulates growth in Arabidopsis is controlled by sterol
methyltransferase 2;1. Plant J 25: 605-615

Schaller, H. (2003). The role of sterols in plant growth and development. Prog Lipid
Res42: 163-175 '

‘Shepherd, T., Robertson, G.W., Griffiths, D.W., Birch, A.N.E., Duncan, G.

(1995). Effects of environment on the composition of epicuticular wax from kale and
swede. Phytochem 40: 407-417

Siegenthaler, P.A., Tremolieres, A. (1998). Role of acyl lipids in the function of
photosynthetic membranes in higher plants. In: Siegenthaler PA, Murata N (eds) Lip-
ids in photosynthesis: structure, function and genetics. Dordrecht, Kluwer Academic
Publishers, pp. 145-173

Sokal, R.R., Rohlf, F.J. (1981). Biometry, 2 ed. Freeman WH, San Francisco
Tulloch AP (1976) Chemistry of waxes of higher plants. In: Kolattukudy PE (ed)
Chemistry and Biochemistry of Natural Waxes. Elsevier, New York, pp 236-279
Van der Putten, W.H., Vet, L.E.M., Harvey, J.A., Alkers, F.L. (2001). Linking
above-and belowground multitrophic interactions of plants, herbivores, pathogens, and
their antagonists. TREE 16:547-554.

Vaughn, S.F., Spencer, G.F. (1993). Volatile monoterpenes as potential parent struc-
tures for new herbicides. Weed Sci41: 114-119

Zunino, M.P., Zygadlo, J.A. (2004). Effect of monoterpenes on lipid oxidation in
maize. Planta 219: 303-309

Zygadlo, J.A. (1994). A comparative study of sterols in oil seeds of Solanum spe-
cies. Phytochem 35: 163-167

Zygadlo, J.A., Grosso, N.R., Abburra, R.E., Guzman, C.A. (1990). Essential oil
variation in Tagetes minuta populations. Biochem Syst Ecol 18: 405-407

Zygadlo, J.A., Lamarque, A.L., Maestr,i D.M., Guzman, C.A., Grosso, N.R.
(1993). Composition of the inflorescence oils of some 7agetes species from Argen
tina. J. Essent. Oil Res. 5: 679-681.

Zygadlo, J.A., Morero, R.E., Abburra, R.E., Guzman, C.A. (1994). fatty acids
composition in seed oils of some Onagraceae. ] Am Oil Chem Soc 71: 915-916.



246

Maria P. Zunino ef al. / Jeobp 8 (3) 2005 pp 239-249

qOOPFLILST qSP8FTLOET eSTLHIFO6GIIT e CCOIFO19IT 1 1TF96L0T 98F8ELOC [eI0L,
p66FSLT pE9F 86V 29 ISFILIT oq 9LIFLE6VI ow I'TIFL90T Hqel ICFILLI [OI3]1SBURAY
a6'by F 1°L88 SITCTFO6LLL eS6LFITZIL e SBEFVIVCL qV'9TFT6101 v 6'€6 FL8CTI [o1osewdng
pO8LFO08FI p9SIF07Cal 28FVIFHEIT poT6LEFIOL qC 9l F 199 e00SFPIIE |0J21SONS
pZ91 F1'60S 28 SFFLOF ql'6F#LI19 q L SIF0S6S el L FG18E e’ 8T F99CE |osaysadure)

wdd ¢-g¢ wdd sy wdd ¢/ wdd ¢ wdd ¢ [o1juo)
spuaun ALy, s[013]1§

[9A3] o4 T v Juasajjip Apuesyiudis jou aie joquids jdrdsiadns ames ayy Suraey evjep Isoy],
*$1001 winaovii o yo (pdram Lip 3 ssjosays yo ) uonisoduwrod jorals wo auo0jade) Jo 123539 ‘[ AGEL




247

Maria P. Zunino et al. / Jeobp 8 (3) 2005 pp 239-249

(W31em A1p
SPOEFL68T q8LSTF680S qPE9FLEYS BLV6FIT6L ®wI'96FF 968  wI'L8F0956 3/3v) reio],
591 F9°8S S LASARE qO 1 F6'1S e LEFVOY e9TFOSY 91 FI'8Y 8l
0S0FI'ST 20T FOLL qe6'0 F 70T q80FLIC S0 FE6I eL0F 061 181
S0 FLEL 2 0FTT qQTOF¥T qe80F '€ eE0FO0Y eTOFTE 0:81
21'0FS0 PI'0F €0 qI0F60 qeT0F01 eTOFSI eC0FSI 191
2S 1FL01 qQE0FESI qS 1 F¥LI 29T FYET e 'TFI'ST el 1 FEVT 0:91
wdd ¢rog wdd (g wdd g wdd ¢ wdd ¢g [on o)
S)uIMIIBALY (ie103 yo 24,)

spioe Aney

"[BAI] o, | 1B Judaafip Apuedjusdis jou aae joquis jduosiadns swes ayy Iuraey
BIED ISOYL 'SI00I wWHaovII  Jo uonisoduwod spoe A)ej uo auoyade) Jo 193y T QUL




248

Maria P. Zunino et al. / Jeobp 8 (3) 2005 pp 239-249

(yag1om Aip
S I'EF 891 S5CF ['0f q0'6F988 Q8 LFLE6 eV LIFES6]I L1 TTFYLSI 3 /Bw) [eyo,
pPELFO06] P I F911 qE€0F97C qQE0FSE qloF0P e0FSL e}
2090 F 1Tl o OFLLI ap90 F8€I 2€0FTII qbP0F¢S'8 €0 FLOI €D
>SOF LI 2q80FS LI 2960 F 061 qL0F80Z q9'0F €61 eSOFLYI 6]
o OF I°SI > 0F 091 590 FTLI qT1F¥0T qQUIF9IT eV 0F66 L)
qE0¥F06 ql0FL6 qS0FI'6 eVOFVEL eC1F96I L OFTITI Ly
5SO0FI1'6 0S0FI'8 q6'0F6'L >VOFLS qTO0FL9 e¥’0F8°01 <O
qvP'0FS9 qSOFEL qE€0FL'8 qv'0F6L qE0F 9L e PO F 01 €D
eV’ 0F6'C e[0F8T e OFIT eVOFOE e 0F6C eV 0FTT ®o
280F €€ 2S0FEE AL 0OF 6t STOFI'Y qE0F T gL OFTS D
qt'0FT1 qQS 0¥l QP 0F 91 QT OFt+'C qS0FHT el OFLE o
2€0F0C oqt 0 F L1 oqP0F 9l 2q€0F Tl ql'0F60 gE0FSE %3
wdd gg¢ wdd g1 wdd ¢/ wdd ¢-¢ wdd ¢ 02511 (i}g]
SpuUdMIIBALY (1e103 jo o)

sauBy[e-u

PA3] %1 18 Judaayyip Apuedyiudis jou aue joquiss ydrudsiadns swes oy Suiaey

BJEP ISOY ], "S}001 wnaovipiu o jo (38e1uddsad) wonisoduwiod sauesy[e uo auojase) Jo 19357 ‘¢ IqEL




Maria P. Zunino ez al. / Jeobp 8 (3) 2005 pp 239-249 249

O ¢ S——

Root length (cm)

O = N W A D o~

0 03 3 1.5
Tagetone (ppm)

Fig. 1. Effect of different tagetone concentration on Panicum miliaceum roots
growth. Values are means = DS. Those bars having the same letter are not

significantly different at 1% level.
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Fig. 2. Effect of tagetone on different sterols ratio of P miliaceum roots.

ol
2 4
&

unsaturatd / saturated”

0 03 3 75 15 30
Tagetone (ppm)

Fig. 3. Effect of tagetone on unsaturated to saturated fatty acids
ratio of P miliacewm root.



