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

S Hhd

o NWEY P 395 T oolo ""'“ ' oH S el
mg kg- K mg kg-1 N O.M¢) 525 Soil Texture
1 mg kg-1 mg kg-1 EC (dS/m)
0.96 490 15 0.09 0.92 191 7.93 SL
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Table 2-Analysis of variance measured traits on the Echinacea purpurea

(©lay o (ruSilo) MS

sl J5 a5l oo Slgimo
SO.V. df aje) o1y o s PREE Al 3 s9y wdils i Cagb
Stomata Le; Number of diameter Zinc Relative
density ind:rx ea flowering of sslem  concentration water
branch content
. ’l"; , 2 06709° 00521  00762™  09824™  09669™  0.3505™
eplication
w§| “;“‘ 2 106834 " 14.8301" 480937 7 1697 T 19362969  2833.709"
er stress
Error s 4 3.2288 0.0202 0.6762 0.1085 485878 2.331
Z‘?”"‘L‘sz 1 37845 17087 " 168667 " 307982 5605993  516.2755
INC su e
;“*’”’;"""f; 3 49581 " 1013 " 5646° 34161 ©  05426™ 498558
Scorpic acl
Sf”"‘wj"“ . ﬁ 2 05487 " 0.1252"™ 47801 ™" 1.4654"" 146.7884"" 354709
ressx zinc su e
St&m&»"‘*“t’)',xv‘f"d 6 0.0116™  0.0063™ 0.0387™ 0.0701™  001587™  1.1744™
I€SSX asCorpicC acl
‘_""’”"l‘f“;*’“' ) G’t’)_“w’_‘(‘; 3 0.0246™  0.0631™ 0.2572™ 0.0128"™ 0.0278"™ 1.375™
zZiInc su €X ascornic acl
Syl X (g gyl guoX 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

7Y 50 Jloiml mhaws o ls gixe clo e poe i i 4 FF 3 F NS

ns, *, **: non significant, significant at the 5 and 1% probability, respectively
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Table 2 continued
(@l y0 (ko) MS
SO.V. df . Al
o9 %"’““‘ CGR1 CGR2 CGR3 CGR4 CGR5
prolin
el 2 025413 7 028625 ° 036430 096555 © 163793 070625
Replication
ol A 2 3868166 " 1893792 © 2056680 ' 5679337 5888183 © 5501397
Water stress
Errortas 4 0.7682 0.45729 0.33951 1.27082 0.13199 0.19324
9, lgw 1 176635 “ 10129380  '07.76680  "'798.46740 980.72823"  73.66754"
Zinc sulfate
Satygald 3 10551" 496037 471902 035822 084586 ©  7.92851
Ascorbic acid
wla 2 -
9y lg X S 35.197 2.13597 261263 ™ 226885 ™  1.38855 950842 ™
Stressx zinc sulfate
SatygSl ol A5 6 00868 ™ 039398 ™ 008180 ™ 002538 ™ 0191427 ™ 0107318 ™
Stressx ascorbic acid
i ol 0125 ™
Satagfaslnl X 59,0l g 3 0053518 ™ 002754  010424™ 001524 ™ 0071261 ™
zinc sulfatex ascorbic acid
Sty 95 sl 59y guX i
Stressx zinc sulfatex ascorbic 6 00321 ™ 0061157 ™ 003837 ™  0089595™ 005437 ™ 0073116 ™
acid
Errortas 42 004595 0.07647 0.10412 0.20454 0.30143 0.061466
OV kS 455 6.64 6.74 4.59 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
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Table 2 continued

(@lay o (52Kikeo) MS

S.O.V. df
RGR1 RGR2 RGR3 RGR4 RGR5 NAR1
",’“ ) 2 0.010508™ 0.00782" 0.00108™ 0.00122" 0.00066"™ 1.84993"™
Replication
ol S5 2 0.035752" 0.03378" 0.011881" 0.00392” 0.00075" 3.22438
Water stress
Errortas 4 0.015334 0.008911 0.000739 0.00047 0.00054 2.27651
‘_”"”w’““ 1 0.170528"~ 0.03046™ 0.05578" 0.01022" 0.00082" 59.11468"
Zinc sulfate
gl ! 3 0020678  0.021640 0.00879 0.00831 000036™  0.86096™
Ascorbic acid
‘”’"""j’“ o 2 0.00155"™ 0.000726™  0.002566" 0.000253™  0.00048" 0.88112"
Stressx zinc sulfate
S gl aal 6  0009162™  0000019™ 000007017  000004™  000016™  053762™
Stressx ascorbic acid
Sygfwl ol X g9 )W 3 000576™  0000744™  000007™  000001™  000014™  0.60439™
zinc sulfatex ascorbic acid
Sy Sl ol (.9 ol guoX i
Stressx zinc sulfatex ascorbic 6 0.01005"™ 0.000043" 0.00013"™ 0.00001"™ 0.00016™ 0.33062"™
acid
Errortas 42 0.00911 0.000404 0.000131 0.00023 0.00021 0.68571
OV s g 3 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



74 YWAF Sl «(FT)Y o leds cuts al c gy LS (658050 5865 cimgly - sole 4 s I

Y Jgus aolol
Table 2 continued

(@l yo uS5le) MS

d o
SO.V. NAR2 NAR3 NAR4 NAR5 G oy as
Fresh yield of plant
"_"(‘"_ 2 0.10782' 0.12281" 0.30226" 0.78333" 32482.096"™
Replication
il 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
‘_5”“’“”““ 1 81.97547" 72.85049" 37.06318" 29.41573" 7238293.373"
Zinc sulfate
Sty 3 161762°  268033" 1.71915" 155535 217134.325"
Ascorbic acid
‘”’""”j’“‘ o 2 2.41715™ 0.71001" 1.32498" 0.20962"™ 43297.623
Stressx zinc sulfate
St gsl il A3 6 001376 0010327 011715 0026238 2200.22"
Stressx ascorbic acid
SatsgSal sl X 59,0 W 3 003378™ 000791  002723™ 0.07035™ 123.569"™
zinc sulfatex ascorbic acid
T ol Wty
Sg il gy )l guX A5 0.01430™ 0.02668"™ 0.024661"™ 0.02723"™ 1760.168™
Stressx zinc sulfatex ascorbic acid
Errortas 42 0.03249 0.11379 0.026271 0.13269 8739.22
OV s g 8.79 22,68 7.99 10.25 491

7Y 50 Jloiml mhaws 0 o sire o lo cme pas i 4 ¥ ¥4 * NS
ns, *, **: non significant, significant at the 5 and 1% probability, respectively

anlllas 3,50 Blao (5152 LSD (5031 olaoly sdias; 50 (s (45 alisee obans (o eSils dnnlie =Y Jgur
Table 3- Comparison between the different levels of drought stress on the characteristics of the
studied micronutrients according to LSD test

Cagb; glgicxo

Wgr 5o ,Slos ol clale _ L ol o1 89y wdals
vt L : ) Proline Sy oo e, [§ &5 Zinc
St Claas 3/ Freshweight  concentration Relative g 2% trati
ress microelement of bush mg/g fresh ) water Number of concentration
Kghay ot conentof  flowering  Stomata  (mg/gdry
weg leaf branch density weight)
Syaepas 827.93 0.08 7158 43 15.87 2351
o ghio Vo Control
70mm 63/’\/‘::’;“;’“ 1504.42 0.279 81.65 8.1 17.33 45.76
ith ZnSO,
oy ”C’“t"'}‘ 545.16 3.137 71.25 3.23 15.33 16.56
0 M ontrol
120mm - goyolipm Spas g g0g 4o 1.36 75.94 7 17 34.96
With ZnSO,
Syaepas 432.15 5.33 55.47 2.23 14.67 10.59
o glno 1Yo 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
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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
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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

Figure 10- Effect of application and no use of acid

ascorbic on Crop Growth Rate Rate
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Figure 12- Effect of drought stress on Relative

Growth Rate
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Figure 14- Effect of zinc sulfate spray on Relative

Growth Rate
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Figure 11- Effect of zinc sulfate spray on Crop

Growth Rate
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igure 13- Effect of application and no use of acid

ascorbic on Relative Growth Rate
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Figure 16- Effect of ascorbic acid on Net Assimilation : N
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Figure 17- Effect of zinc sulfate spray on Net Assimilation Rate

axdllas 3590 Cuio (5l LSD (yg031 ololyr (sdie 3oy 50 S ygSculoensl jo  Sid a5 caliee gobaw o (eSiles dslio —F Jou
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

& St y55ol s e, |l s
ress ascorbic acid microelement Diameter of stem
E Control 8.13f
L Control Spaopae O
- $9) Qw,w d).a.o With ZnSO4 9.54
& pao pas Control 8.29
50 ppm &893 SWamw B pae With ZnSO, 10.19
o koo Vo 10ppm G uco pis Cor_1tro| 8.54
70 mm &9y ©Wamw B pao With ZnSO, 10.79
& yao pae Control 8.68
150 ppm 150 .
PP 3> Slilgus & o With ZNSO, 10.65
Wl Control & yao pae Control 7.46
&893 SWamw B pae With ZnSO, 8.55
& wao pas Control 7.95
).’a’.»&m \Y. %0 PPm 69y g & oo With ZnS0O, 9.05
120 mm & pao pas Control 8.27
10ppm &893 SWamw B pae With ZnSO, 9.12
& yao pae Control 8.26
& yao pae Control 6.44
wals Control 89y wligw & pao With ZnSO4 7.48
& yao pae Control 7.18
o ko VY 50 ppm &9y ©Wamw B pao With ZnSO, 8
170 mm & yao pae Control 7.63
10ppm S99 uLﬂJ,.w J}.a.o With ZnSO4 8.6
& yao pae Control 7.62

LSD 5% 0.1058
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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.
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