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Table 1: Physical and chemical characters of soil
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Carbon (%) EC (ds/m) (ppm)  (ppm) (%) (ppm)  (ppm) (%) (%) (%)
0.72 0.409 7.7 2.26 0.88 0.1 220 8.2 sy 20 45 35
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Table 2: Analysis of variance of the effect of drought stress and foliar spray of zinc sulfate and iron sulfate on studied traits in chicory

Slay e (pSile

Mean of squares a0
L R - B o - \_J‘).A.A.I.I é—,’b-“
o> Josiall a0 Sishom 05 als 5 o5 Sles 5 os SToabohw @y o oSTolw epaileslas sl SOV
Jdg 5 Kaempferol . S . 1000-seed Al . Number of seed in  Number of achene Number of df
Seed yield Biological yield . Leaf yield
SPAD percentage Weight Root yield achene per plant lateral branch
72.48™ 0.308" 52.58" 3042.97™ 0.006" 323.03™ 1155.62" 455™ 242.02 9.25™ 2 )1-;; ]
Replication
33.63" 1.04™ 381.74™ 104112.66™ 0.01" 6154.6™ 2611517 2.63" 4821.28™ 19.01" 2 e
Drought stress
1.77 0.073 1.93 71.57 0.005 118.52 47.66 0.047 65.83 1.24 4 a sl
Erorr a
103.15™ 0.08™ 4877 7699.62™ 0.012" 107.4™ 224.28™ 0.21™ 58.33™ 473" 3 & 2 ‘5“’LJ9L7°°
Foliar spray
24.59" 0.004 0.15" 1374.05" 0.009" 35.76" 20.86™ 0.067" 7.65™ 057" 6 SRl X Sus g
Drough stress x Foliar spray
8.02 0.087 30.5 384.46 0.002 11.12 11.11 0.083 25.97 0.24 18 b (sl
Erorrb
5.9 17.66 2.79 7.18 4.51 4.89 4.51 2.18 5.97 5.35 - Syt o pd oy

CV (%)

p <0/05 p <0/01 Jlum! mlas ;o lo se o)l Foxo jul o T4y ittt g 3 NS
ns, * and **: Show non-significant, Significant at p<0.05 and p<0.01
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Table 3: Mean comparison of the effect of drought stress and foliar spray of zinc sulfate and iron sulfate on studied traits in chicory

s o Wl o Slee S5elgms o Slos U 5 ’)Sl-“‘ » /)ﬂ“ s slaws SSTolass a8l sl
. Jojials  QUSB 0055k (LS 3 0 55LS) (0,5 2 P79 2 0555 oSy (89,9 (G %) =5 e
S5 Kaempferol Seed yield Biological yield 1000-seed (s (s Number Number of Number of Treatment
SPAD percentage (Kg/ha) (Kgiha) weight (gr) Root yield Leaf yield of seed in _achene Iate_ral branch
(Kg/ha) (Kgha) achene (in bush) (in bush)
49.85a 1.33b 275.33a 3758.29a 1.85a 937.17a 877.24a 13.75a 107.90a 9.87a o el 71
60 mm evaporation
47.46a 1.84a 204.81b 2477.58b 1.79b 598.04b 756.21b 13.21b 77.90b 8.68b 2 ek A SES
90 mm evaporation Drought stress
46.63b 1.84a 163.82¢ 1946.33¢ 1.79b 507.58b 583.70c 12.82¢ 69.87¢ 7.35¢ 2 Facshea VY
120 mm evaporation
48.53a 1.64a 216.80b 2879.61ab 1.81b 713.78a 736.54b 13.34ab 86.00ab 8.78b e Ay
Zinc Sulfate
50.11a 167a 213.30b 2730.56b 1.80b 656.89b 719.43bc 13.23ab 85.21ab 8.52b el iy B
Iron sulfate &S » b sl
50.25a 1.80a 223.08a 2982.44a 1.86a 707.22a 808.59a 13.42a 87.89a 9.50a ool SWse + (59, lidss Foliar spray
Zinc sulfste + Iron sulfate
43.04b 1.56a 205.44c 2317.00c 1.78b 645.83b 691.63c 13.06ab 81.80b 7.74c S&LEJ%IQ%\{
ontro

Qo gire B0 s j0 Sls (glaals dix aesl Bllas ygiw ;o 10 S i By y> sl (slo . Sl
Means within column followed by the same letters are not significantly different at 5% with Duncan’s Multiple Range Test
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Table 4: Mean comparison of interaction between the effect of drought stress and foliar spray of zinc sulfate and iron sulfate on studied traits in chicory

Jdfs asls (LS o SohS) Sujlyn s Shes GLSa o oSk atyy s 8kee (09 &l lie o (#3 59) 8,8 4ilo Slass s
SPAD Biological yield (kg/ha) Root yield (Kg/ha) 1000-seed Weight (gr) Number of lateral branch (in bush) Treatment
50.76abc 3965.33a 924.33b 1.83a 10.10ab S35y s
Zinc sulfate
49.96abc 3883.50a 928.67b 1.82b 9.46bc ool Sy
Iron sulfate oS e o £
52.33ah 4180.00a 1002.67a 2.10b 10.70a ool Slilg + g9, Sy 60 mm evaporation
Zinc sulfste + Iron sulfate
46.36cd 3004.30b 893.00b 1.77b 9.23c Shdsle Gse
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2,105 o gire IS /0 haws o (Sils (glaisls iz (5051 Gillae gt yo 40 S pidie By > sl slo . Sile
Means within column followed by the same letters are not significantly at 5% with Duncan’s Multiple Range Test
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Fig. 1: Effect of drought stress levels on Kaempferol percentage in chicory

&b
sb.\é}@)@ ‘6)M5J ‘_ngo}:.fj) S99y 2 u_?)l} u_:l;”i..j 9 :l_i...o > S ).s‘ AYAA ‘@EL» 9 P ‘bejs “ sQ\BlS Lg.\.w‘
Olnl fere 9 29l ol Slisdod dagh - (cele dalihad (ygedl olF o (gpd omalasnSTy (line 9 (J5i8 LS 5

For-f7a «(F) YO
oS oly; Slogas 5 o Slas 5 kol 90 ).ul) AYAY O bl WL g 1 cgoblysile iyl cp 0,8 5g,m ol s ST
IY-£0:0) YY) ol ! e 5 g9, (LS Cladss _ings aslilad (Nigella sativa) alsolew o)l
FOV-YYAY) YE ! ane 5 gl ol wlidss _imgh - sole aslilad (Thymus vulgaris L.) cpiosl ;o Jeeus
NEANEY (YF) gl LS aslilad Rosa damascene Mill. gowsws IS sladisS
Ao YOV 5 oplSes ol jlaasl, lads Loyl jo (lalS 65d9: 58 ATYVY 7 )l CaS>
YAV (D) YA Gl slase g (o)l GlalS Olagod ciwgh- sole aslilad (Pimpinella anisum L.)
FE-XYO ()Y ol nl 5 sl s
YY-OV (V)Y ely; olals Koy sl alomos . Sis (55 dal s syl Sold|
S owliilgn o lol (] a5 ol Jluzms aluls NYVA L cwlislsn o el anldls
woyd g a5 g o5 0 Sles 59y 5 @] sl Ghhe, GosS Aty Bras Gliee 5 b9y U sy n ATAY 2 sslae
Sl e (Cichorium intybus L) wlS o)l oS o Slas 5l goloss 5 ol o5 Liis 56 ATAY £ s ol sl
NOONFY (V) Y . el)5 olelS (s59s 58951 Lyl — ol dnlilad . LS il
amio VFA g5 slgl o)Ll L6 yianaS g ST AYPA 7wl 8
Aas 144 u,m.lf ul_‘> (:Lo..‘>).v) g_;’.j)b ULQLS\\”/\‘: .0 “55.15



A5 5Ll g 5o / Jol 6 lous [ pais al [ aLS Sladg 5,30

2 Glomus hoi SG5edsm 365 5 (2TnS (25 ey Slind jygm 5B VYAV G woljulie 5.8 byl oz oSl ol Lo
M YY (lpl e 5 o9l (LS Gladss aslilad Coriandrum sativum L. . og,ls ol a5 5 o5 Slao 3l solows

AA-Y-
o0y o)ﬂ_o.: &‘)}l 9 J&.m )‘JM » d)l.u—‘ s dl.bp.))) ).)‘ AYAY £ ats‘)lm LS)-A-&GJ 9P sj.lal.u‘ P ssm55L'o o aOO‘}:LC
5 S 0 polic cbile g ails o, Shee 1 6555 slayles 5 5 lol Slapas, b AYAY L isoins 5| g wp (gl

ANV e VA Ol g el yo (Saiile g e ale . ols bl ails

St a5 Gl Lyl s syl QLS clenisT E s wh, slaoals AYAY | iosblsile it s e el

o 50 65,9laS (higel pis .l pl 40 095 Bran gjlwaige bo,Slee (iolidl g laul (g5,5laS NYVA T e 9o
ZaF frtd Sl 65,slS 4 Je g oS LTI Gl e (g Ghy, (Bldsle ATV 2 e (il s 7 e (IS
YY (65,9l gy Coglee (o8 OlyLacil . (65,5l ;o e g 955 5l Aige colainl 5§ SG5elgm dlge 0 )15 anugs Jle (sly90

Ao
aw 5, Sloe izl 5 0, Slas 313500 5 (53, BpacnS polie oL Jolxe SIAYAD & .o «sail Loyde 5.8 . (S50 (Sa>g0

C)Lo‘ g aelyy doliofsg VY ol “_,’4&.]9 @L;.a PRTSIT SAY ra9l.c alxs . ylgaol ddlaie o Gi...> Ol o 03wl &Jb’ 5
A=) (dees) SBLS

B0 () V. oly; OlS (3995508 (sipgh sole
pole dows cllagy Sk plojle sBwus 5l JoSh 5 s b dnngi D550 NYAP L wly s 0l 5 .z ol olo) wp s ol
Y o)Lo...‘L ‘J9| JL» u‘).er» olKisls éw).:
o YA jlsal o)l ezangds oKuils ol jlacl .ode cely; AYAL e o Sl 5.8 colew 3 goamno, gl
LELQ’U“'“’S)’ ale ')Lﬁ’.’ Livod oS Lga)iLo.c Slas P 89 Lmkg;xia)'.i) ‘SMJL:Jﬁlza Q‘)S" Avay ‘QLﬁ)l&‘ 9P ‘d)lfoli
AE-YO () F (2S5 psle o o slo i) oly5a
NoY-N 0 Slras ) elS Gl gl ala L o9yl HlalS cuils 5 g cudls (5 NYAY 7w 5w o 3liged w0 (Sl
Arshi, A., Zainul Abdin, M. and Igbal, M. 2005. Effect of CaCl, on growth performance, photosynthetic efficiency and
nitrogen assimilation of Cichorium intybus L. grown under NaCl stress. Acta Physiologiae Plantarum, 28 (2): 137-
147.
Balandari, A. 2004. Study of seed germination, growth and essential in cumin (Cuminum cyminm) cultivars. National
Conference 2 Dec 2004. Islamic Azad University, Sabzevar Branch, P: 48-52.
Bettaieb, 1., Zakhama, N., Aidi Wannes, W., Kchouk, M. E. and Marzouk, B. 2009. Water deficit effects on Salvia
officinalis fatty acids and essential oils composition. Scientia Horticulturae, 120: 271-275.
Castano, C. I., Demeulemeester, M. A. C. and De proft, M. P. 1997. Incompatibility reactions and genotypic identity
status of five commercial chicory (Cichorium intybus L.) hybrids. Scientia Horticulture, 72 (1): 1-9.
Charles, O., Joly, R. and Simon, J. E. 1994. Effect of osmotic stress on the essential oil content and composition of
peppermint. Phytochemistry, 29: 2837-2840.
Chatterjee, S. K. 2002. Cultivation of Medicinal and Aromatic Plants in India a Commercial Approach. Proceeding an
International Conference on MAP. Acta Horticulture (ISHS), 576: 191-202.
Draikewicz, M. 1994. Chlorophyllase: Occurrence, functions, mechanism of action, effects of external and internal
factors. Photosynthetica, 30: 321-337.
Hargert, G. W., Nord quist, P. T. and. Peteson, J. L. 1999. Iron for improved corn yield. Fluid Journal, Winter 1999: 1-
3.
Hsiao, T. C. 1973. Plant responses to water stress. Annual Review of Plant Physiology, 24: 519-570.
Jones, H. G. and Tardieu, F. 1998. Modeling water relationsof horticultural crop: a review. Scientia Horticulturae, 74:
21-46.
Leblance, D. V., Gupta, U. C. and Christie, B. R. 1997. Zinc nutrition of silage corn growth on acid podzol. Journal
Plant Nutrition, 20: 345-355.
Letchamo, W., Marquard, R., Holz, J. and Gosselin, A. 1994. Effects of water supply and light intensity on growth and
essential oil of two Thymus vulgaris selections. Angewandte Botanik, 68 (3-4): 83-88.
Marschner, H. 1995. Mineral nutrition of higher plants. 2nd ed. Academic Press, Boston, USA.
Mihalovic, N., Lazarevic, M., Dzeletoric, Z., Vuckoric, M. and Durde, Vic. M. 1997. Chlorophyllas activity in wheat
leaves during drought and its dependence on the nitrogenion from applied. Plant Science, 129: 141-146.



e 29910 0L Jg 0l glgizmo g 8 Shoe 1 2] g 59y ligm il

Misra, A. and Sricastatva, N. K. 2000. Influence of water stress on Japanese mint. Journal Herbs Spices Medician
Plants, 7: 51-58.

Nasiri, Y., Zehtab-Salmasi, S., Nasrullahzadeh, S., Najafi, N. and Ghassemi-Golezani, K. 2010. Effect of foliar
application of micronutrient (Fe and Zn) on flower yield and essential oil of chamomile (Matricaria chamomilla L.).
Journal of Medicinal Plants Research, 4 (17): 1733-1737

Penka, M. 1978. Influence of irrigation on the contents of effective substances of officinal plants. Acta Agriculture, 73:
181-198.

Petropoulos, S. A., Dimitra, D., Polissiou, M. G. and Passam, H. C. 2008. The effect of water deficit stress on the
growth, yield and composition of essential oils of parsley. Scientia Horticulturae, 115: 393-397.

Said-Al Ahl, H. A. H. and Mahmoud, A. 2010. Effect of zinc and/or iron foliar application on growth and essential oil
of sweet basil (Ocimum basilicom L.) under salt stress. Ozean Journal of Applied Sciences, 3 (1): 97-111.

Simon, J. E. and Quinn, J. 1988. Characterization of essential oil of parsley. Journal Agriculture Food Chemistry, 36:
467-472.

Sreevalli, Y., Baskaran, K., Chandrashekara, R., Kuikkarni, R., Sushil Hasan, A., Samresh, D., Kukre, J., Ashok, A.,
Sharma Singh, K., Srikant, S. and Rakesh, T. 2001. Preliminary observations on the effect of irrigation frequency
and genotypes on vyield and alkaloid concentration in Petriwinkle. Journal of Medicinal and Aromatic Plant
Sciences, 22: 356-358.



A5 5Ll g 5o / Jol 6 lous [ pais al [ aLS Sladg 5,30

Effect of Zinc and Iron Sulfate on Yield and Kaempferol Content of Chicory
(Cichorium intybus L.) Under Drought Stress

Sepehri'™, A., Chitsaz?, E., Gharehbaghli®, N. and Saman®, M.
Abstract

In order to study the effect of zinc sulfate and iron sulfate under drought stress on yield and kaempferol in chicory
(Cichorium intybus L.), a field experiment was conducted at Bu-Ali Sina university in 2012 growing season. The
experiment was carried out as split plot based on complete randomized block design with three replications. Drought
stress in three irrigation levels at 60 (Control), 90 (mild stress) and 120 (severe stress) mm from evaporation pan class A
were assigned to main plot and four foliar application (Fe, Zn, Fe + Zn and control) treatment were randomized in sub-
plots. Results showed that drought stress in 90 and 120 mm caused reduction about 70.52 and 111.51 Kg/h in seed
yield, 1280.71 and 1811.96 Kg/h in biological yield, 121.03 and 293.54 Kg/h in leaf yield compared to the control,
respectively. Drought stress also increased kaempferol percentage in 90 and 120 mm irrigation regime about 38 %
copmpared to 60 mm irrigation regim. Foliar spray of zinc and iron had no significant effect on the percentage of leaf
kaempferol. The number of lateral baranch and SPAD number in 90 mm irrigation regime and foliar application of Zn +
Fe increased about 9.4 compared to the control. Foliar application of zinc sulfate increased root yield and biological
yield about 70.43 and 314.5 Kg/h, respectively. The number of lateral branch and biological yield in 120 mm irrigation
regime and application of zinc and iron at the same time increased about 529 Kg/h. Foliar application of Zinc sulfate
also increased root yield about 37.5 Kg/h compared to the control.

Keywords: Evaporation pan, Fertilizer, Leaf, Seed, Foliar application
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