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EFFECTS OF SOIL AND FOLIAR APPLICATION OF ZINC ON SOME
GROWTH CHARACTRISTICS AND ESSENTIAL OILS OF
COSTMARY (TANACETUM BALSAMITA L.)
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Table 1. Physicochemical properties of soil used in the experiment.

Amount Soil properfies
s (g 0! =8l
Silty clay loam Texture
30.0 oo
Clay (%)
52.0 A
Silt (%)
18.0 O
Sand (%)
6.7 ST oS
Organic carbon (gr kg'l)
7.57 pH
1.27 EC (ds m™)g
0.1 I CONEREIE
70 NO; (mg kg") =l s
87.5 NH; (mgkg") asssel
16.2 P (mgkg") s
284 K (mgkg') asculs,
110 (grkg”) pael ol
CaCO;
1.4 Zn (mgkg') s
4.1 Fe (mg k™) ;a1
24 Mn (mg kg') 5
33 Cu (mgkg') s
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Table 2. Effect of zinc application on growth parameters, essential oil contents and yield of

T. balsamita.

S9o Qs 5059 KEENRSY S o0 S el sl sise 03 pilesl o Slae
Zinc fertilization Lo esleals Lo eslals Siaila) G () bl 5o il L) olai
(p5) Sl (p5) Sl (s N (ot
Essential oil Essential oil
tents (%) Essential oil
Shoot Fresh Shoot Dry wt. Leaf area b yield (ml pot™)
wt. per pot (g) per pot (g) In a plant (cm?)
Zny 23.48b+1.52"  7.15b+0.63 364.75¢ £24.1 ' 0.49a+£0.04 0.034b +0.002
(90 908 ()
Zn; (1 mg kg™ soil) 2490ab+1.80 7.59ab+0.56 384.44bc £29.3 0.50a+ 0.01 0.036b +0.003
(S 0SS o p S oo )
Zn, (2 mg kg™ soil) 30.54a+ 1.47 9.42a+0.86 470.10a£39.6  0.53a+0.01 0.045a + 0.006
(Sa 0,5k 5o oS e ¥)
Zns (1 gl 28.62ab+2.95 8.18ab+0.75 | 404.13bc £32.6  0.50a+ 0.03 0.038b £ 0.003
(3 59 )
Zn, 3 gl 28.54ab+1.28 8.03ab+0.34  435.23b+39.2  0.52a=+0.01 0.039b = 0.002
(bl se aSY)
T Means in each column with the same letters are not significantly different at 5% level using
SNK.
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Table 3. The components of costmary essential oil under different treatments of zinc.

L}DISAAJQ_;L.Z.]A.JJ

Compounds oaals 7Zng 7n; Zn, 7ns 7ny
(%) o) (%) (%) (%)
solab
RI

1 Camphene 952 0.03 0.02 - - 0.03
2 q-terpinene 1015 0.04  0.02 _ - _
3 p-cymene 1025 0.04 - - _ _
4 1,8-Cineole 1031 1.22 0.78 1.26 1.05 1.13
5  o-Thujone 1102 17.46 1237 16.74 15.81 16.77
6  B-Thujone 1114 4.63 4.23 4.82 4.17 4.47
7 trans-p-Menth-2,8 dien-1- 1123 0.45 0.81 0.40 0.41

ol
8 Pinocarvone 1165 0.33 0.62 0.83 0.75 0.8
9 cis-Pinocarveol 1184 1.28 1.28 1.33 1.16 1.26
10  Dihydrocarveol 1194 0.35 0.26 - 0.30 0.34
11 Verbenone 1205 - 0.14 - 0.19 -
12 iso dihydrocarveol 1215 0.41 - - 0.37 0.41
13 Menth-1(7),8-dien-2-ol 1231 0.94 - 0.89 0.71 0.72

(cis-p)
14  Carvone 1243 69.75 72.87 71.81 71.06 70.03
15  iso-3-thujyl acetate 1270 0.53 0.95 0.44 0.52 0.63
16  B-Bisabolene 1506 0.92 1.15 0.78 1.00 1.26
17  y-Cadinene 1514 0.28 0.30 0.20 0.34 0.25
18  8-Cadinene 1523 0.34 0.39 0.22 0.40 -
19 B-Copaen-4-a-ol 1591 0.15 0.21 - 0.21 0.13
20  Selin-11-en-4- a-ol 1660 0.40 0.53 0.27 0.37 0.27

s u 15 Yo 5 g puilocal w55 g5, 95018 4S iuls LS (15 plas o (YA) Lol 5 | s

ool s Ble Uy ol o 55, mlile G oYU 5 b Sioas o€ wiols (i1 oS0 55 ool als Stal 8l

.mgwwﬁm‘aﬁl&xL&Sﬁ)d&\j)ﬁhbﬂdom\gd‘)‘ddﬁj

L;‘)‘Ju_aa.o_)gbu_ilgdj.‘m4Smd_)saMleébe‘f§)J63le\:\.‘\}.‘mLa(\i).A.AA.AJL;JL...J‘

a3l (ae 5 € ol se el 55 (59 Caiaad aau Glnl a1 L1 o Slae il 5y il el ssa

(PSS 5 a S e Vo 5V e 0 palie L) (555 950lS U34S aiiil (Vo) Gl,lKea 5 (S s S

aag il 33 o) daade LB lhee 1y Guiled) 5o 85 50

aile puilesl el am s 5 uibesd wo s 5 (S oo 4 aSHLS 5 S Gl 00 Glhae B sl olS o

Vop


www.sid.ir

..._LJJ‘;LA;}J_}/OA’##(5JJ_)LALCJJL7JJ.B.4JQSB‘;LAJ‘)HJK‘/J/

Sels (555 95mlS it palie 5o 5 sa s e a3l giuu (g0 5 03l Jsblan- T 15k
el swss K o1 glhal 5 Guilia) wm o L2al

e 5 Law ) Shis (ol 5o (908 aiin Lo (3 55 50 Siusn (s1a sule i KK 5 0 S Sl (g0
Calaa Gl 58l Sl i 50 (595 S B 4 S L (VT AY) Wil po e LAad 5y 5 S 558 5553
2315 e OLALS S puilesl cailil 5 add 5 5 seaie Gl GEES (5ol sl Loy HShes ad o5 5 (o) €355,
g wo S sualine (a5 (ol 5o S 550 908 31 5o S phass (a8 (ainan (YE) 0l bl 5 age
L s 31 S s ity S s S a5 5 08 e (50 o st aial Gl o g
il bl o Slac s wempu il 381 susiS

REFERENCES P W
e Jslas caline lgble H85 AYAV . S5l g 5 amabil .z Sl b ep @il s Coun )
8oosLaS Ll ddas (Tanacetum balsamita L.) a el sl s 9508 8LS sl 5 (g, o
AAYV=YA

MY Gl al&aasls ol Ll ool lals .va.f_‘(s;,; Y

3. Abad, M.J., P. Bermejo and A. Villar. 2006. Approach to the genus Tanacetum L.
(Compositae): Phytochemical and pharmacological review. Phytotherapy Res. 9:79-92.

4. Bergmann, W. 1992. Nutritional Disorders of Plants. Gustav Fischer Verlag Jena. Stuttgart,
Germany. 741 p.

5. Brown, P.H., I. Cakmak and Q. Zhang. 1993. Form and function of zinc in plants. In: A.D.
Robson (ed.), Zinc in Soils and Plants, Kluwer Academic Publishers, Dordrecht. The
Netherlands. 90-106.

6. Bylaite, E., R. Venscutonis, J.P. Roozen and M.A. Posthumus. 2000. Composition of
essential oil of costmary [Balsamita major (L.) Desf.] at different growth phases. J. Agr.
Food Chem. 48:2409-2414.

7. Cakmak, 1. 1988. Morphologische und physiologische Veranderungen bei
Zinkmangelpflanzen. Ph.D. thesis, University Hohenheim, Germany.

8. Cakmak, I. and H. Marschner. 1988. Increase in membrane permeability and exudation in
roots of zinc deficient plants. J. Plant Physiol. 132:356-361.

9. Cakmak, 1., H. Marschner and F. Bangerth. 1989. Effect of zinc nutritional status on
growth, protein metabolism and levels of Indole-3-acetic acid and other phytohormones in
bean (Phaseolus vulgaris L.). J. Exp. Bot. 40:405-412.

yne-dicycloethers-Ene -¢ (E)-B-Farnesene -v (-)-a-Bisabolol -v Chamazulene -\

Vv


www.sid.ir

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

L}DISA.;DJQ_;L.Z.]A.JJ

Cakmak, I. and H. Marschner. 1993. Effect of zinc nutritional status on activities of
superoxide radical and hydrogen peroxide scavenging enzymes in bean leaves. Plant Soil.
155/156:127-130.

Cakmak, 1., M. Kalayci, H. Ekiz, H.J. Braun and A. Yilmaz. 1999. Zinc deficiency as an
actual problem in plant and human nutrition in Turkey: a NATO — Science for Stability
Project. Field Crops Res. 60:175-188.

Croteau, R., A.J. Burbott and W.D Loomis. 1972. Biosynthesis of mono and
sesquiterpenes in peppermints from glucose '“C and '*CO,. Phytochemistry 11:2459-
2467.

Davies, N.W. 1990. Gas chromatographic retention indices of monoterpens of methyl
silicons and carbowax 20m phases. J. Chromatography 503:1-24.

El-Sawi, S.A. and M.A. Mohamed. 2002. Cumin herb as a new source of essential oils
and its response to foliar spray with some microelements. Food Chem. 77:75-80.
Grejtovsky, A., K. Markusovd and A. EliaSovam. 2006. The response of chamomile
(Matricaria chamomilla L.) plants to soil zinc supply. Plant Soil Environ. 52:1-7.
Groeneveld, HW., J. Hageman and A.T.N. Vallegna. 1982. The involvement of sucrose,
glucose and other metabolites in the synthesis of triterpenes from DOPA in the lactifers in
Euphorbia lathyris. Phytochemistry 21:1589-1597.

Hajiboland, R., and F. Amirazad. 2010. Growth, photosynthesis and antioxidant defense
system in Zn-deficient red cabbage plants. Plant Soil Environ. 56:209-217.
Hassanpouraghdam, M.B., S.J. Tabatabaie, H. Nazemiyeh, L. Vojodi and M.A. Aazami.
2008. Essential oil composition of hydroponically grown Chrysanthemum balsamita L. J.
Essen. Oil Bear Plant 11:.649-654.

Hassanpouraghdam, M.B., S.J. Tabatabaie, H. Nazemiyeh, L. Vojodi, M.A. Aazami and
A. Mohajjel Shoja. 2008. Chrysanthemum balsamita (L.) BAILL.: A forgotten medicinal
plant. Facta Universitatis. Series: Medicine and Biology. 15:119-124.

Hertel, R. 1983. The mechanism of auxin transport as a model for auxin action. Z
Pflanzenphysiol. 112:53-67.

Hossain, B., N. Hirata, Y. Nagatomo, M. Suiko and H. Takaki. 1998. Zinc nutrition and
levels of endogenous indole-3-acetic acid in radish shoots. J. Plant Nutr. 21:1113-1128.

Jaimand, K. and M.B. Rezaii. 2005. Chemical constituents of essential oils from

Tanacetum balsamita L. ssp. balsamitoides (Schultz-Bip.) Grierson from Iran. J. Essent

Oil. Res. 17:565-566.

VoA


www.sid.ir

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

..._LJJ‘;LA;}J_}/OA’##(5JJ_)LALCJJL7JJ.B.4JQSB‘;LAJ‘)HJK‘/J/

Kitagishi, K. and H. Obata. 1986. Effects of zinc deficiency on the nitrogen metabolism of
meristematic tissues of rice plants with reference to protein synthesis. Soil Sci. Plant Nutr.
32:397-405.

Liu, CM., Z.H. Xu and N.H. Chua. 1993. Auxin polar transport is essential for the
establishment of bilateral symmetry during early plant embryogenesis. Plant Cell. 5:621-
630.

Luo, Z-B., X-J. He, L. Chen, L. Tang, S. Gao and F. Chen. 2010. Effects of zinc on
growth and antioxidant responses in Jatropha curcas seedlings. Int. J. Agr. Biol. 12:119-
124.

Marculescu, A., C. Sand, C.H. Barbu and D. Hanganu. 2001. Possibilities of influencing
the biosynthesis and accumulation of the active principles in Chrysanthemum balsamita L.
species. Rom. Biotech. Lett. 7:577-584.

Marschner, H. 1995. Mineral Nutrition of Higher Plants. Academic Press. San Diego, CA,
U.S.A. 889 p.

Misra, A. and S. Sharma. 1991. Critical Zn concentration for essential oil yield and
menthol concentration of Japanese mint. Fertilizer Res. 29:261-265.

Nicholas, D.J.D. 1975. The function of trace elements in plants. In: D.J.D. Nicholas and
A.R. Egan (eds.). Trace Elements in Soil-Plant-Animal Systems, Academic Press, New
York, U.S.A. 55-82.

Nickavar, B., B.G. Amin and B.N. Megregan. 2003. Quercetine, a major flavonol aglycon
from Tanacetum balsamita L. Iran. J. Pharm. Res. 2:249-250.

Pérez-Alonso, M.J., A. Velasco-Negueruela and A. Burzaco. 1992. Tanacetum balsamita
L.: A medicinal plant from Guadalajara (Spain). Acta Hort. 306:188-193.

Sharma, ‘C.P, J.P Gupta and S.C Agarwala. 1981. Metabolic changes in Citrullus
subjected to zinc stress. J. Plant Nutr. 3:337-44.

Shibamoto, T. 1987. Retention indices in essential oil analysis. In: P. Sandra and C.
Bicchi (eds.). Capillary Gas chromatography in Essential Oil, Dr. Alfred Heuthig Verlag,
New York, U.S.A. 259-275.

Srivastava, N.K., A. Misra and S. Sharma. 1997. Effect of Zn deficiency on net
photosynthetic rate, '*C partitioning, and oil accumulation in leaves of peppermint.
Photosynthetica 33:71-79.

Takaki, H. and M. Kushizaki. 1970. Accumulation of free tryptophan and tryptamine in
zinc-deficient maize seedlings. Plant Cell Physiol. 11:793-804.

Tsui, C. 1948. The role of zinc in auxin synthesis in the tomato plant. Amer. J. Bot.
27:939-951.

V4


www.sid.ir

L}DISA.;DJQ_;L.Z.]A.JJ

37. Vallee, B.L. 1983. Zinc in biology and biochemistry. In: T.G. Spiro (ed.). ‘Zinc
enzymes, John Wiley and Son, New York, U.S.A. 1-24.

38. Wang, H. and J-Y. Jin. 2007. Effects of zinc deficiency and drought on plant growth and
metabolism of reactive oxygen species in maize (Zea mays L.). Agr. Sci China. 6:988-
99s.

39. Yilmaz, A., H. Ekiz, B. Torun, 1. Gultekin, S. Karanlik, S.A. Bagci and 1. Cakmak. 1997.
Effect of different zinc application methods on grain yield and zinc concentration in wheat
cultivars grown on zinc-deficient calcareous soils. J. Plant Nutr. 20:461-471.

40. Yu, Q., L. Osborne, and Z. Rengel. 1998: Micronutrient deficiency changes activities of
superoxide dismutase and ascorbate peroxidase in tobacco plants. J. Plant Nutr. 21:1427-
1437.

\RK


www.sid.ir

ENGLISH ABSTRACTS

Iranian Journal of Horticultural Science and Technology 12 (2):99-110 (2011)

EFFECTS OF SOIL AND FOLIAR APPLICATION OF ZINC ON SOME
GROWTH CHARACTRISTICS AND ESSENTIAL OILS OF
COSTMARY (TANACETUM BALSAMITA L.)

Z. DERAKHSHANI, A. HASSANIL F. SEFIDKON, M.H. RASOULI-SADAGHIANI, M.B.
HASSANPOUR-AGHDAM AND S.A. GHEIBI'

A pot experiment in randomized complete block design was conducted to investigate the
influence of zinc application methods (soil and foliar application) and concentrations (1 and 2 mg kg™
in soil application and 1 and 3 g 1" in foliar application methods) on the growth parameters, essential
oil contents, yield and composition in costmary (Tanacetum balsamita L.). The aerial part of plants
was harvested at flowering stage and air dried under shade condition. The essential oil of air dried
organs was extracted by hydrodistillation method using a Clevenger type apparatus and analyzed by
GC and GC/MS. The results showed that the effect of zinc application on growth parameters was
significant. Zinc application caused an increase in fresh and dry weight of aerial parts and leaf area
and the highest increase was observed with soil application of 2 mg kg™'. The effect of zinc application
on essential oil content was not significant but increased essential oil yield significantly. The highest
increase in essential oil content and yield was belonged to 2 mg kg™ of soil application. The results of
essential oil analysis showed that 20.components were identified in the costmary essential oil. Carvone
and o-thujone were main components of essential oil and they showed little variation under zinc
application.

Key words: a-thujone; Essential oil, Carvone, Costmary (Tanacetum balsamita L.), Growth

parameters, Zinc.
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