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Table 1- The physical and chemical properties of soil in experimental site

&9 Soud

. T . ol
-n .v-;bv p u)?\lﬁ*f.‘ SToske ; :; | oH SB bl
ma kao- mg kg-1 O.M) - Soil Texture
99 mgkg1 mg kg-1 EC (dS/m)
0.9 490 15 0.09 092 191 7.9 SL
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Table 2-Analysis of variance measured traits on the Echinacea purpurea
(@l o (1255ke) MS
wsla Fasli olowy &lgizo
S.O.V. df ajgy pS1H S e AT Al ks $9y wdils s Cughs
Stomata Le; Number of diameter Zinc Relative
density Sar area flowering of ssem  concentration water
index
branch content
| S5 .
) "‘ , 2 0.6709 0.0521"™ 0.0762 ™ 0.9824"™ 0.9669 ™ 0.3505"™
Replication
ol 2 106834 " 148301 480937 7 1697 T 19362969  2833.709"
Water stress
Error s 4 3.2288 0.0202 0.6762 0.1085 485878 2.331
“_”’c’w’“ 1 37.845" 17087 " 168667 " 307982 5605993  516.2755"
Zinc sulfate
St Sl 3 49581 " 1013 " 56467 34161 " 05426™ 498558 "
Ascorbic acid
595 X 2 05487 7 01252™ 47801 " 14654° 1467884 354700
Stressx zinc sulfate
et 95 6 0.0116™  0.0063™ 0.0387™ 00701™  001587™  1.1744™
Stressx ascorbic acid
S 1] I X ol
St 9l X (59 )il 0.0246™  0.0631™ 0.2572"™ 0.0128™ 0.0278"™ 1.375™
zinc sulfatex ascorbic acid
S 595l anlX (g 9yl guaX 515
Stressx zinc sulfatex ascorbic 6 0.0606™  0.0149™ 0.0173"™ 01312 ™  0.03818™ 1.494"™
acid
Error s 42 0.10609 0.08487 0.30466 0.03345 1.44146 0.80179

TN 50 Jloiml mhaws 5o o sime ls e pie i 4 ¥ F g * NS

ns, *, **: non significant, significant at the 5 and 1% probability, respectively
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Table 2 continued

(Sl o (S5kso) MS

S.O.V. df . 415
s I‘_’ e CGR1 CGR2 CGR3 CGR4 CGR5
prolin
R ’I"S; . 2 025413 " 028625 ° 036430 ° 096555 ° 163793 7 070625
eplication
W;'“;‘” 2 3868166 ©~ 18.93792 T  20.56680 56.79337 ~ 5888183  55.01397
er stress
Errortas 4 0.7682 0.45729 0.33951 1.27082 0.13199 0.19324
Z‘?”““Tf: 1 176635 10129389 '97.76680  '798.46740 980.72823"°  73.66754"
Inc su e
if”';_‘"“”_‘:]: 3 1.0551" 496037 4.71902 9.35822 984586 ~  7.92851
Scorpic acl
.l e 2 "
3‘5”"""_’“"';; 35.197 2.13597 261263 "™ 226885 ™  1.38855 950842 ™
ressx zinc suitate
S 1 IX g’
< #2035 “‘*“;_X"“‘_’d 6 0088 ™ 039398 ™ 008180 ™ 002538 ™ 0191427 ™ 0.107318 ™
ressx ascorpic acl
i 0125 ™
‘_‘*‘-”S'I;‘at"ﬁ“'x‘”;f‘w’fa 3 0.053518 ™  0.02754™ 0.10424™ 001524 ™ 0071261 ™
Zinc su €X ascorpic acl
Sy 95w sl 59y gusX i
Stressx zinc sulfatex ascorbic 6 00321 ™ 0061157 ™ 003837 ™  0.089595™ 005437 ™ 0073116 ™
acid
Errortas 42 0.04595 0.07647 0.10412 0.20454 0.30143 0.061466
1OV i g 455 6.64 6.74 459 6.26 9.13

TN 50 Jloiml mhaws 5o o sime yls e pie i 4 ¥ F g * NS
ns, *, **: non significant, significant at the 5 and 1% probability, respectively

Y Jg»\.‘? dolol
Table 2 continued

(Sl o (Sikso) MS

S.O.V. df
RGR1 RGR2 RGR3 RGR4 RGR5 NAR1
el 2 0.010508™ 0.00782" 0.00108” 0.00122” 0.00066™ 1.84993"™
Replication
ol 2 0035752  003378°  0011881°  000392°  0.00075 3.22438'
Water stress
Errorts 4 0.015334 0.008911 0.000739 0.00047 0.00054 2.27651
9,y 1 0.170528" 0.03046™ 0.05578" 0.01022” 0.00082" 59.11468™
Zinc sulfate
u&a»—‘-_-v“‘*,‘" 3 0.029678" 0.021640™ 0.00879" 0.00831" 0.00036"™ 0.86096"™
Ascorbic acid
‘5”"‘“”_"“ X 2 0.00155" 0.000726™  0.002566"  0.000253™  0.00048" 0.88112™
Stressx zinc sulfate
i R
i """_X“’“f 6 0.009162™  0.000019"  0.0000701™  0.00004" 0.00016" 0.53762™
Stressx ascorbic acid
S T oo H)
S ygSoldgul X 59, Slilg 3 0.00576"™ 0.000744™  0.00007™ 0.00001"™ 0.00014"™ 0.60439"™
zinc sulfatex ascorbic acid
S 5wl duslX (59 5 gusX i
Stressx zinc sulfatex ascorbic 6 0.01005"™ 0.000043™  0.00013"™ 0.00001™  0.00016™ 0.33062"
acid
Errorts 42 0.00911 0.000404 0.000131 0.00023 0.00021 0.68571
TOV O s s i 20.2 18.87 23.56 12.09 10.52 30.15

TN 50 Jloimt mhaws 5o o sime ls e pie i 4 ¥ F g * NS
ns, *, **: non significant, significant at the 5 and 1% probability, respectively


www.sid.ir

2 AF o 1)) el i e 25 oS il stas - ol 45 ||

Y Jg»\.‘? dolol
Table 2 continued

(@l yo uS5le) MS

S.OV. NAR2 NAR3 NAR4 NARS5 S o das
Fresh yield of plant
"_’“ . 2 0.10782" 0.12281" 0.30226" 0.78333" 32482.096™
Replication
ol B 2 0.44121" 10.69456" 8.94149” 3.30595™ 1381458.776™
Water stress
Errortas 4 0.19963 0.17141 0.08619 0.30040 50666.114
ol . - . x x
S3)= K 1 81.97547 72.85049 37.06318 29.41573 7238293.373
Zinc sulfate
gl 3 161762°  268033" 1.71915" 1565535 217134.325™
Ascorbic acid
ol Wet) . &
S3)= K X o 2 2.41715™ 0.71001 1.32498"™ 0.20962"™ 43297.623
Stressx zinc sulfate
g "*""_X“’“f 6 0.01376"™ 0.010327™ 0.11715 0.026238" 2200.22"
Stressx ascorbic acid
o T | ol
S gl X (59,0l g 3 0.03378™ 0.00791"™ 0.02723™ 0.07035™ 123.569"™
zinc sulfatex ascorbic acid
S T | ol Wot)
a5l 53 A X s 0.01430™ 0.02668™ 0.024661" 0.02723"™ 1760.168"
Stressx zinc sulfatex ascorbic acid
Errors 42 0.03249 0.11379 0.026271 0.13269 8739.22
OV |y g o8 8.79 22.68 7.99 10.25 491

TN 50 Jloiml ghans o Jlo gixe oo e poe i g 4 ¥4 * NS
ns, *, **: non significant, significant at the 5 and 1% probability, respectively

dalllas 0550 o sl LSD ge5l wlslyr sdiaz; 5o (St (5 aliee zshaw oy 5eSilis dunglio ~F Jgur
Table 3- Comparison between the different levels of drought stress on the characteristics of the
studied micronutrients according to LSD test

_— ey clalé Cugb ) (glgxxe as L oloss a1y 9y clalé
PN gy )ﬂ‘““ : S 5 e . :
o wa . . Proline P o 54 Zinc
St [Chead & Freshweight  -oncentration R ative . 2% trati
ress microelement of bu mg/g fresh) water Number of concentration
Kg/hay ot conentof  flowering  Stomata  (Mmg/gdry
weg leaf branch density weight)
Syaepas 827.93 0.08 7158 43 15.87 2351
oo Vo Control
ol §
70mm ‘53/’\/ " ;“;’“ 1504.42 0.279 81.65 8.1 17.33 4576
ith ZnSO,
Ly ”C"“t”'?‘ 545.16 3.137 71.25 3.23 15.33 16.56
o o VY ontrol
120mm - ggyolgw Spae 16730 1.36 75.94 7 17 34.96
With ZnSO,
s.é}oa.n ‘a..\.c
432.15 5.33 55.47 223 14.67 10.59
oo 1Y Control
170 mm si/’v“t:’;“;’“ 1032.83 10.16 58.95 457 16 22,88
| NS0,

LSD 5% 77.02 0.1648 0.7369 0.4543 0.2682 0.9887
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Figure 2- Effect of drought stress on leaf areaindex
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Figure 4- Effect of ascorbic acid spray on leaf areaindex
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Figure 6- Effect of ascorbic acid spray on fresh grain yield

a
78 b
77 ¢
76
754
R 74
s 73 d
o 724
71
70
691 |
68 -+

Control 50 p.p.m 100 p.p.m 150 p.p.m

Ascorbic Acid Amount

e sy (Slsimn 1 SetypStl il Jyloe 51 A JSis

Figure 8- Effect of ascorbic acid spray on relative water

content
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Figure 1- Effect of ascorbic acid spray on flowering branch
numbers
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Figure 3- Effect of zinc sulfate on leaf areaindex
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Figure 5- Effect of ascorbic acid spray on numbers of stomata
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Figure 7- Effect of ascorbic acid spray on proline content
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Figure 9- Effect of drought stress on Crop Growth
Rate
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Figure 10- Effect of application and no use of acid
ascorbic on Crop Growth Rate
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Figure 12- Effect of drought stress on Relative Figure 11- Effect of zinc sulfate spray on Crop
Growth Rate Growth Rate
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Figure 13- Effect of application and no use of acid
ascorbic on Relative Growth Rate
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Figure 14- Effect of zinc sulfate spray on Relative
Growth Rate
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Figure 16- Effect of ascorbic acid on Net Assimilation - o
9 Rate Figure 15- Effect of drought stress on Net Assimilation
Rate
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Figure 17- Effect of zinc sulfate spray on Net Assimilation Rate

aglllas 5,50 Cao (5l p LSD 5951 bl Gdie 5, 50 SeojgSmlanal 5o i s alize ol o 1Sk dnlie - Jgo
Table 4- Comparison treatment combination between the different levels of drought stressin ascorbic acid
in microelement on the characteristics of the studied micronutrients according to LSD test

o

e St 95l ! eSS 4l b
ress ascorhic acid microelement Diameter of stem
S pan pas Control 8.13f
sals - Control 9 Sy G yao With ZNSO, 9.54
S yan pas Control 8.29
50 ppm -
PP 8y g B pan With ZNSO, 10.19
o shoo Ve 1000 S pao pas Control 8.54
70 mm PP s Slilgms & o With ZNSO, 10.79
S yuan pac Control 8.68
150 ppm 150 3> Slilgms b o With ZNSO, 10.65
S yan pas Control 7.46
W Control .
2 9y Slilgw B pan With ZnSO, 8.55
S yan pas Control 7.95
50 ppm -
JERERL 2 PP 639y g & pas With ZnSO, 9.05
120 mm S yuan pac Control 8.27
10ppm 69y il & e With ZNSO, 9.12
S yuan pac Control 8.26
150 ppm 150 3y Slilgms b o With ZNSO, 9.09
S yan pas Control 6.44
sals - Control 9 Sy G yao With ZNSO, 7.48
S yan pas Control 7.18
o sleo VY- S0 ppm 893 wlgw B pao With ZnSO, 8
170 mm S yan pas Control 7.63
10ppm 69 il b e With ZNSO, 8.6
S yuan pac Control 7.62
150 ppm 150 69 ©ligus G yaa With ZNSO, 8.49

LSD 5% 0.1058



www.sid.ir

vr AF o 1)) el i e 25 oS il stas - ol 45 ||

References osliiw! 5590 alio

- Bahernik, Z. 2004 Study of metabolic changes resulting from drought stress in Summer
savoury. Iranian Journal of Medicinal Plants Research. 20: 263-275. (In Persian).

- Balak, D.G.R. 1993. A growth analysis comparison of corn growth in conventional and
equidistant plant spacing. Crop Sci. 24: 1184-1191.

- Barkosky, R.P., and F.A. Einhelling. 2003. Allelopathic interference of plant— water
relationship by parahydroxy benzoic acid. Bot. Bull. Acad. Sn. 44: 53 — 58.

- Bates, L.S., W.R. Pand, and |. Terare. 1973. Rapid determination of free prolin for water
stress studies. Plant and Soil. 39: 205-207.

- Bayer, C. 2007. Proper proline management needed for effective results. Journal of
Medicinal Chemistry. 18(3): 10-25.

- Cabudlay, G.S,, O. Ito, and A.A. Algal. 2002. Physiological evaluation of responses of rice
(Oryza sativa L.) to water deficit. Plant Science. 63: 815-827.

- Cakmak, 1. 2008. Enrichment of cereal grains with zinc: Agronomic or genetic
biofortification? Plant and Soil. 302: 1-17.

- Chaudhry, A.U. and M. Sarwar. 1999 .Optimization of nitrogen fertilizer in cotton
(Gossypium hirsutum L.). Pak. J. Bio. Sci. 2: 242-243.

- Chevallier, A. 1996. The encyclopedia of medicinal plants. Dorling Kindersley Ltd. Pub.
London. PP: 46-63.

- Costa-Franca, M.G., A.T. Pham-Thi, C. Pimental, R.O. Pereyra-Rossiello, Y. Zuily-Fodil,
and D. Laffray. 2000. Differences in growth and water relations among Phaseolus
vulgaris cultivars in response to induced drought stress. Environmental and
Experimental Botany. 43: 227-237.

- Delaney, A.J., C.A.A. Hu, K.P.B. Kishor, and D.P.S. Verma. 1993. Cloning ornithine-
amintransferase  ¢cDNA from Vigna anconitifolia by trans-complementation in
Escherichia coli and regulation of proline biosynthesis. Journal of Biological Chemistry,
268: 18673-18678.

- Fathi, Gh., and M.R. Enayatgholozadeh. 2009. Effect of microelements of Iron, Zinc and
Copper on growth and yield of barley cultivars in Khozestan weather conditions.
Journal of Crop Physiology. 1(1): 36-50. (In Persian).

- Gadallah, N.A.A. 2000. Effect of indol-3-acetic acid and zinc on the growth, osmotic
potential and soluble carbon and nitrogen components of soybean plants growing under
water deficit. Journal of Arid Environments. 44: 451-567.

- Gholami Turanposhti, M., A.A. Maghsoodi, and H. Farahbakhsh. 2006. Effect of two levels
of irrigation on water relations of three Iranian saffron (Crocus sativus L.) clones. In:
Proceeding of the 3th Conferance of Irrigation management of water and soil. Kerman,
Iran. Pp. 1780-1787. (In Persian).


www.sid.ir

o ST e S55d5 58 5850 Dlho (B SejsSlaal 5 55,0 Wsn -l Sen 5 ez 3 v

- Gholipoor, A., N. Latifi., K. Ghase- Golezani, A. Aliyari, and M. Moghadam. 2004.
Comparative growth and yield of rapeseed in dry conditions Gorgan. Journal of
Agricultural Sciences and Natural Resources. 11(1). 5-14. (In Persian).

- Ghorbanli, M., M. Farzami Sepehr, and F. Noroozi. 2010. Study of effect of drought and
ascorbic acid on two rapeseed and response of soybean to extract treated plants have
responded. Journal of Crop Physiology. 3(7): 15-28. (In Persian).

- Gruenwald, J.,, T. Brendler, and C. Jaenicke. 1999. DDR for herba medicines. Medical
Economics Co., New Jersy, USA.Li, Th.S.C. 1998. Echinacea: Cultivation and
medicinal value. Hort. Technology: 8: 122-129.

- Hamrahi, S., D. Habibi, H. Madani, and M. Mashhadi Akbar bojar. 2008. Cycocel effect of
micro-nutrients and antioxidant enzyme levels as indicators of drought tolerance in
canola. New Findings Agriculture. 2(3): 316-329. (In Persian).

- Hassani, A. 2006. Effect of water deficit stress on growth, yield and essential oil content of
Dracocephalum moldavica. Iranian Journal of Medicinal and Aromatic Plants. 22(3):
256-261. (In Persian).

- Hassani, A, and R. Omidbeigi. 2002. Effect of water stress on some morphological,
physiologica and metabolical traits on Ocimum basilicum. Journal of Agricultural
Science. 12(3): 47- 59. (In Persian).

- Hassani, A., R. Omidbaigi, and H. Heidari Sharifabadi. 2003. Effect of different soil
moisture levels on growth, yield and accumulation of compatible solutes in Basil
(Ocimum basilicum). Journal of Water and Soil. 17(2). 218-228. (In Persian).

- Heidari, F., S. Zehtab- Salmasi, A. Javanshir, H. Alyari, and M.R. Dadpoor. 2008. Effect of
microelements and density on yield and essence of Menta pipereta. Iranian Journal of
Medicinal and Aromatic Plants Research. 24 (1): 1-9. (In Persian).

- Hong-Bo, Sh., C.H. Li-Ye, A.J. Cheruth, and Z. Chang-Xing. 2008. Water-deficit stress-
induced anatomical changes in higher plants. Current Research in Biologies. 331. 215-
225.

- Karimiyan, N. 1994. Residual effects of zinc sulfate on the chemical forms of zinc in the
soil, and the relationship between these forms of zinc absorption by the plant. Shiraz
University Research Project Report. Number 81.14pp. (In Persian).

- Khaladbarin, B., and T. Eslamzadeh. 2001. Mineral nutrition of higher plants. Publications
of Shiraz University. 328 (2): 405 pp. Shiraz. Iran. (In Persian).

- Li, Th.S.C. 1998. Echinacea: Cultivation and medicina value. Hort. Technology. 8(2):122-
129.

- Malakouti. M.J. 2003. The role of zinc in plant growth and enhancing animal and human
health. Regional expert consultation in plant, animal and human. Interaction and Impact.
Damscus, Syria.


www.sid.ir

v VYA o (M) ojlo g sl o8l loleS (555lse5e8551 (o — (ool 2453 I

- Malakooti, M. and M.A. Lotfollahi. 1999. Role of zinc in increasing the quantity and
quality of agricultural products and improve the public health. Dissemination of
Agricultura Education. 57 pp. (In Persian).

- Mohseni, H., A. Ghanbari, A. Mansuji., M. Ramezanpoor and M. Mhseni. 2004. Effect of
microelements of bore and zinc on yield and components yield of Zea mays. 8"
Agriculture Congress . Ghilan University. 437pp. (In Persian).

- Movahhedi Dehnavi, M. 2004. Effect of foliar application of micronutrients (zinc and
manganese) on the quantitative and qualitative yield of different autumn safflower
cultivars under drought stress in Isfahan. Ph.D. Thesis in field of agronomy. Faculty of
Agriculture, Tarbiat Modarres University. 211 p. (In Persian).

- Nagiri, Y., S. Zehtab-Salmasi, S. Nasrollahzadeh, N. Nagjafi, and K. Ghasemi- Golzari.
2010. Effects of foliar application of microelements (Fe and Zn) on flower yield and
essential oil of chamomile. Journal of Medicinal Plants Research. 4(17): 1733- 1737.

- Nautiyal, P.C., N.R. Rachaputi, and Y.C. Joshi. 2002. Moisture-deficit-induced changes in
laef-water content, leaf carbon exchange rate and biomass production in groundnut
cultivars differing in specific leaf area. Field Crop Research. 74: 67-79.

- Noctor, G., and CH. Foyer. 1998. Ascorbate and glutathione: Keeping active oxygen under
control. Annu — Rev. of Plant Physiol. and Plant Mol. Biol. 49: 249 — 279.

- Patakas, A., N. Nikolaou, E. Zioziou, P. Radoglou, and B. Noitsakis. 2002. The role of
organic solute and ion accumulation in osmotic adjustment in drought stressed
grapevines. Plant Sci. 163(2): 361-367.

- Rane, J., M. Maheshwari, and S. Nagargjan. 2001. Effect of pre-anthesis water stress on
growth, photosynthesis and yield of six wheat cultivars differing in drought tolerance.
Indian J. Plant Physiol. 6: 53-60.

- Reddy, A.R., K.V. Chiatanya, and M. Vivekanandan. 2004. Drought induced responses of
photosynthesis and antioxidant metabolism in higher plants. Journal of Plant
Physiology. 161: 1189-1202.

- Sarmadnia, Gh., and A. Kouchaki. 1997. Crop plants physiology (transation). Sixth edition.
Publications of Jahad Daneshgahi of Mashhad. 400 pp. (In Persian).

- Shatala, A., and P.M. Neumann. 2001. Exogenous ascorbic acid (vitamin C) increases
resistance to salt stress and reduced lipid peroxidation. J. Experiment. Bot. 52: 2207—
2211.

- Shoor, A., A. Tehranifar, and A. Khoshnood yazdi. 2010. Effect of some microelements on
quantitative traits of tuberose double digits . Journal of Horticultural Science. 24(1): 45-
52.

- Shubhra, K., J. Dayal, C.L. Goswami, and R. Munjal. 2004. Effects of water-deficit on oil
of Calendula aerial parts. Biologia Plantarum. 48: 445-448.

- Sidlauskas, G., and S. Bernotas. 2003. Some factors affecting seed yield of spring oilseed
rape (Brassica hapus L.). Agron. Res. 1(2): 229-243.


www.sid.ir

e B e SO3gle 58 —98 550 Dlao (S SetygSwlignl 5 59, 0lgm 31—l Son o TS \g

- Smirnoff, N. 1993. The role of active oxygen in response of plants to water deficit and
desiccation. New Phytol. 125: 27 — 58.

- Smirnoff, N. 2000. Ascorbic acid: metabolism and functions of a multi-factted molecule.
Current Opinion Plant Biol. 3: 229 — 235.

- Soriano, M.A., F.J. Villadobes, E. Fereres, F. Orgaz, and M. Satlin. 2001. Response of
coriander grain yield to water stress applied during different phonological stages.
Journal of Science and Technology of Agricultural and Natural Resources. 164(3): 515-
525.

- Tarumingkeng, R.C., and Z. Coto. 2003. Effects of drought stress on growth and yield of
soybean. Science Philosopy PPs 702, Term paper, Graduate School, Borgor Agricultural
University (Institut Ppertanian Bogor). December 2003.

- Thalooth, A.T., M. Tawfik, and H. Magda Mohamed. 2006. A Comparative study on the
effect of foliar application of zinc, potassium and magnesium on growth, yield and some
chemical constituents of mung bean plants grown under water stress conditions. J.
World Journal of Agriculture Sciences. 2(1): 37-46.

- Vaadabadi, SAA.R., D. Mazaheri, GH. Noormohamadi and S.A. Hashemi Dezfooli. 2000.
Effects of drought stress on quantitative and qualitative properties and growth of maize,
sorghum and millet. Iranian Journal of Crop Sciences. 18:39-43. (In Persian).


www.sid.ir

77 Journal of Crop Ecophysiology / Val. 9, No. 1, 2015 I

Effect of Zinc Sulfate and Ascorbic Acid on some M or pho-
Physiological Traits of Echinacea purpurea (Purple coneflower)
under Water Deficit Conditions
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Abstract

To quantify the response of some morpho-physiological traits of Echinacea purpurea to
thr application of zinc sulfate and ascorbic acid under water deficit, an experiment was carried
out in split plot factorial based on RCBD with three replications at the Agricultural Research
Station of Islamic Azad University, Tabriz Branch in 2011-12. Experimental factors consisted
of water stress as the main factor with three levels (irrigation after70mm evaporation,
irrigation after120mm evaporation and irrigation after 170mm evaporation from class A pan),
Secondary factor consisted of: application of microelement with two levels (control and
application of zinc sulfate 0.005 concentration) and ascorbic acid with four levels (not
application, application of 50 mg/l of ascorbic acid, application of 100 mg/l of ascorbic acid
and application of 150 mg/l of ascorbic acid). The results showed that the effect of water
deficit on purple coneflower caused significant differences in diameter of stem, number of
flowering branch, stomata density, zinc concentration of aerial parts plant, fresh weight,
relative water content of leaf, LAI, proline concentration, crop growth rate, relative growth
rate and net assimilation rate. Comparison of means for water deficits between the different
levels of drought stress showed that the maximum LAI, with 2.85, belonged to control.
Comparison of means for interaction effects between drought stress and application of zinc
sulfate revealed that the maximum proline concentration belonged to spraying plants with
zinc sulfate at irrigation after 170mm evaporation from class A pan with 10.16 mg/g.fw.
Minimum proline concentration was due to without applying zinc sulfate in complete
irrigation (control) with 0.08 mg/g.fw. Maximum crop growth rate with 6.77 g/m®.day was
was related to control and the minimum, with 4.16 g/m®.day, to irrigation after 170mm.
Maximum relative crop growth rate, with 0.19 g/m“.day, belonged to control and the
minimum, with 0.14 g/m®.day, to irrigation after 170mm. Maximum net assimilation rate,
with 2.64 g/m?.day, belonged to control and the minimum, with 1.91 g/m®.day, to irrigation
after 170mm. The results indicated that application of ascorbic acid, as an antioxidant, may
decrease the harmful effects of drought stress on some traits (NAR, CGR, RGR, and RWC) of
purple coneflower.

Key words: Echinaceae purpurea (L.) Monch, Zinc sulfate, Ascorbic acid, Water deficit.
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