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Table 1- Soil Characteristics

Slpogas Soll wﬁs:frfg“é:pﬁcm)
Characteristics 0-30 30-60 60-90

S EC 112 1.08 2.65

455 Ao pH 7.81 7.82 7.86

bl o ys SP% 38 38 35

Saf Ca0 % 1.75 3.75 14.0

o) Clay% 37 36 39

o Silt% 44 45 44

R Sand% 19 19 17

cdl Textuer Silty clay Silty clay Silty clay

ST 0.C% 112 0.82 -
I5 0359 s N% 0.11 0.08
Cds BB s P- ppm 122 9.8
i bl by K - ppm 244 202
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Table 2- Analysis of variance of experimental factors on photosynthetic pigments

(MS) wla yo (uRilo

A JUR TP TN azo°

ooy ol Adsels b sl J5 Juba ks L
T df Chlorophyll  Chlorophyll Total (S,

a b chlorophyll SPAD
Sels Block (R) 2 16.28™ 1.87™ 90.81™ 511.39™
syl Irrigation (1) 2 41.59™ 1.6™ 131.66™ 561.67"
s Error (Rx 1) 4 8.65 0.47 38.55 203.14
<ibséyew  Surfactant (S) 1 36.19** 0.59* 90.11** 796.18*
(I x§) 2 3.21™ 0.71* 4.1™ 14.32"™

W (1) Error(l) 6 0.8 0.09 4,50 83.74
s g ywlgiomsl Brassinosteroied (B) 2 46.77+* 1.17** 114.41** 867.88%*
(1xB) 4 3.02° 0.08™ 8.26™ 307.87*

(SxB) 2 0.05™ 0.15™ 2.29™ 19.84™

(IxSxB) 4 0.31™ 0.04™ 2.18™ 62.93™

s Error 24 1.01 0.13 4.58 98.88

Olpasii cu s CV. (%) 11.23 22.46 17.97 138

oy3 V5 0 Jloto b 53 o cine o graend o 4 ¥F T, NS
ns, *, **: non-significant and significant at 5 and 1%, respectively.

Sybwgd Slaalass) Lol Sl sla il anlia =Y Jguer
Table 3-Main effects comparison of photosynthetic pigments

Co . R 3 R Lo

s s 5 o o sheo a Jubs 5 bsgs  Fetole sl
. mm After Chlorophyll a  Chlorophyll b s Sep e
Trestment evaporation mg.g t.fw mg.g t.fw Cmg E??XJI SPAD
Wl s 70 10.48 4.28 9.39 78.37

S22 pdl) 120 8.98 2.57 11.55 69.96
Irrigation 170 7.44 1.95 14.76 67.80
s g 0 8.15° 2.46 10.61° 68.20°

(S 5o o)

Surfactant (1/ha) 05 9.782 341 13.19° 75.882
(Y 5)um 9 yoiusl giomns] 33 0 7.22° 1.99° 9.21° 67.88°
Brassinosteroied 10°® 9.2 2.98% 12.27° 80.06°
(M) 107 10.39* 3.82° 14.21° 68.19

sl ge o g gl pas Kby alin By,
Similar lettersin each colomn indicate no significant differences.
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Table 4- Analysis of variance of experimenta factors on photosynthetic pigments

| s 2ol a0 (M9 2tase il
Sov. L il bplwss]  baggss oSk
df Carotenoid  Anthocyanins  flavonoids c gr?l%?)ﬂ;]fj s
Sels Block (R) 2 5.4* 0.25* 2.32™ 0.03™
)kl Irrigation (1) 2 0.82" 0.13™ 28.85™ 0.19%*
s Error (Rx 1) 4 0.69 0.02 27.42 0.01
s, g Surfactant (S) 1 1.2" 1.32%* 128.25** 0.01™
(I x§) 2 3.34™ 0.01™ 24.75™ 0.06*
Ws (1)  Error (1) 6 0.75 0.06 9.21 0.01
a9 yiwlgimnl . Brassinosteroied (B) 2 1.61* 1.12%* 282.8** 0.05*
(I1xB) 4 0.2"™ 0.08™ 0.22"™ 0.01™
(SxB) 2 0.35™ 0.01™ 6.39™ 0.05™
(I1xSxB) 4 0.11™ 0.02™ 2.32"™ 0.02™
s Error 24 0.44 0.05 531 0.01
Ol gt g i C.V. (%) 18.49 21.65 11.6 244

Qo0 ) 90 Jleiml o 10 o sre o ire e teud 5 45 ,F, NS
ns, *, **: non-significant and significant respectively, at 5 and 1%.

Frgid (SoS slaailaSs, ol Cll sla(nSile anslie -0 Jguer
Table 5- Comparison of the main effects of photosynthetic pigments

. Jom it et osess] b S
Trta)atr;1e11t T Carotenoid Anthocyanins  flavonoids Cgr?]e%?:;]z s
mm After (mg.g™.fw) (uM/gfw)  (mM/g.fw) P
evaporation (uM/g)
ol s 70 3.36 1.00 18.39 5.00°
sl ) 120 3.65 1.06 20.56 5.11%
Irrigation 170 3.77 117 20.61 4.90°
(S s ) oSS ygm 0 345 0.92° 18.32° 5.00
Surfactant (I/ha) 0.5 3.74 1.247 21.40° 5.01
e 0 3.25° 0.84 15.76° 5.07%
(¥5e) e sl gl 2 10° 3.71% 1.06 20.13° 4.97°
Brassinosteroied (M) 107 3.82° 1.34 23.67° 4.97°

Drdlse o cme Doldi pae Sl ot 50 alie By >
Similar letters in each column indicate no significant differences.
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Table 6- Analysis of variance the impact of trestments on some physiological traits

(M) &l yo (52550
a2 430 .
Ol i @il -)’_ 65 oyl i colan P C ARV ol b)ﬁ»&
SOV ol - S7a9) = Lol Essential oil
o df s Stomata Vqurﬁé percent yield
conductance
MDA of essential oil
<sb  Block (R) 2 0.008* 614.68™ 11.362 3778.76
&bl Irrigation (1) 2 1.369** 56401.44** 0.1372™ 7088.231"
s Error (Rx 1) 4 0.004 1158.29 0.746"™ 462.93"
ciliSsyew  Surfactant (S) 1 1.05%* 7547.30%* 0.0029™ 1790.53"
(I x§) 2 0.11** 4726.38** 0.11129"™ 345.099™
s (1) Error (1) 6 0.007 205.48 0.3890™ 309.196™
i g i i 0.1516™ 164.985™
St lyisly (:)“m noseroied 0.38** 9978.06**
(IxB) 4 0.053** 310.84™ 0.1530™ 64.039 ”f*
(SxB) 2 0.007* 3830.21** 0.8757™ 1160.127
(IxSxB) 4 0.024** 345,58 0.3882" 177.795™
(s Error 24 0.002 412.84 0.3127 144.970
Syt apo  CV. (%) 13.87 1459 18.37 22.65

Qo)) 50 Jleiol s jo e s Gl gt &** * ns
ns, *, **: non-significant and significant at 5 and 1%, respectively

Soilgied Slho (S ghol DIl pSilee dunlie -V Jgor
Table 7- The mean comparison of some physiological traits

L ) seaall eo ol Slaijgy colon ol & Sloc

o JrEn S o; ok * M‘é A‘-’"‘ Stomatal Essential oil
Treatment mm attef wmol g IFW) conductance yield,
evaporation Hmol g mMmZst (kg.ha™)
Lol 70 0.94 486.7 69.260%
ol ) 120 1.25 461.1 59.218°
Irrigation 170 1.48° 3795 30.986"
(B 5 ) ColisB g 0 1367 430.6° 47.396"
Surfactant (I/ha) 0.5 1.08b 454.3° 58.913%
(¥90) durs sy 0 1.38 4255 49671
5Y50) g slyicol 108 1.19 433.7 54.641
Brassinosteroied(M) 10/ 1.09 469.1 55.152

Bl oo Hlogine Dl pue Sl (g 8 5o i g
Similar letters in each column indicate no significant differences.

$Sies 5 Do (i CiliS s b a g lsinlpy iS00y Sl dnlie A Jgua
Table 8- The mean comparison of Brassinosteroied and surfactants interaction on some
physiological traits

(LSa o o)) ColiSBygmw  ((Yge) o g yicslgiomsl s ap T (60 (ygllo sl39) calun oribul 2 o
; ; Stomatal Essentia oil
Surfactant Brassinosteroied M Dﬁ\ conductance yield

0 1552 420.74° 48563°

0 10 1.32° 430.77° 53.502%

107 1.23° 44051° 40.123°

0 1.22°¢ 428.44° 50.779°

0.5 108 1.07¢ 436.69° 55.780%

107 0.96° 497.82°2 70.180%

Drdlee o cme Doldi pae Sl ot 50 alie By >
Similar letters in each column indicate no significant differences.
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Table 9 - Analysis of variance, effect of treatments on yield performance

| N s (MS) ©lay po 5o
SO.V. @slj! a3lw 5 )Slos Sy 0 ySles J5 o S des &”JTJ Q)C:lhc
df  Stemyield Leaf yield  Flower yield B";i‘;gé
Sl Block (R) 2 7008.25™ 20766.31™ 69636.95™ 184243.5™
ool lrrigation (1) 2 10161665.41° 18057359.44" 839248247  106468396.8
s Error (Rx 1) 4 1531.39™ 26850.78™ 93857.79™ 248611.6™
ciliki,ew  Surfactant (S) 1 1216182.29"° 607144476  1684039.94"  23663759.3"
(1 xS) 2 38446.64" 1253176.58" 264291.07 12992015
Ws (1) Error (1) 6 1849.77™ 21983.23™ 81327.65™ 200790.0™
St gl 2 223195.06™ 113619.77" 29353.87™ 9583815
Brassinosteroied (B) . . N
(1xB) 4 191387.40 99718.65 44115.88™ 901633.9
(SxB) 2 162325.32" 290294.63" 500292.89" 2718966.4™"
(1xSxB) 4 197607.25™ 329928.92" 48241831 2925594.9”
s Error 24 3410.49 21876.97 79611.57 200117.4
Slpti oo CV. (%) 3.11 4.00 16.10 6.10

oy ) g 0 Jlais mdas ol poe o gme g oS FF NS
% " * **: non-significant and significant at 5 and 1%, respectively.

olazdl o Slae 55kl w23 9 CliSE m chg fslginl p S0~V Jouz
Table 10 - Intraction of irrigation, surfactant and a Brassinosteroied on yield performance

S Slos
ol w23 oSy g O g yionn| goanr] 31 alw o Slos S o Sdos J§¢)&L_u 95909
Imigation Surfactant  brassinosteroied ~ Stemyield Leaf yield ~ Floweryield  Bjological
(I/ha) (M) (kg.ha) (kg.ha) (kg.ha™) yield
(kg.ha't)
0 2339.19¢cd 4343.28hc 2241.01bc 8923.49bc
Foggheo Ve 3l gy 0 108 2367.38¢c 4371.70bc 2269.32hc 9008.41bc
i 107 2370.37c 4041.26efg 1595.66fg 8007.29de
After 70 mm 0 2533.97b 4538.22b 2436.02b 9508.22b
evaporation 05 108 2310.89cd 4314.90c 2212.73bcd  8838.53bc
107 3450.58a 5454.67a 3352.61a 12257.87a
0 1884.91g 3889.08fg 1786.89de 7560.89€f
o cheo VYo 51 0 108 1923.71f 3927.92fg 1825.82cde  7677.45¢f
J 107 1822.90h 3826.99g 1724.71¢f 7374.62f
After 120 mm 0 2001.71f 4005.97¢f 1903.87cd 7911.56de
evaporation 05 108 2220.44d 4224.78cd 2122.70c 8567.93cd
107 2118.82e 4123.13de 2020.75bc 8262.71c
0 880.89k 1885.05i 872.95h 3638.8%h
Foghao 1Yo 5l 0 108 909.793k 1914.05i 901.87h 3725.71h
J 107 1042.90j 2047.07i 965.02h 4054.9%h
After 170 mm 0 1172.81i 3177.6%h 1075.11h 5425.62g
evaporation 0.5 108 1210.01i 3214.19h 1112.11h 5536.31g
107 1224.13i 3228.46h 1126.05gh 5578.64g

Bl oo Hlogine Dl pae Sl (g 8 5o i g
Similar letters in each column indicate no significant differences.



VWAV Glne) ((FAIY o )lod oos3les alar el (ol (55915 58551 (gl - (ol 4 725

1we a H0BRs E10.-SBRs O10.-7BRs A |

ah ab
] b
be e be
[
a s
[} ! |
T 1 17e

20
(S N ey N o
Water stress (Kvaporation f1om p anj

s e HUURs E1)-SBRs ©10.-7BEs B
v a
>4
.‘_i" ; b b I
iE 10 Iic ¢ M
il % wl d :
E z
e g 5
2 <
o :
] 120 170
Water stress (Evaporation from pan)
v 6 a B¢ swmfactant E0.5 smfactant Cc
,a =
4 =
" Z 4
: 2
E:
= b
-
23

70 e 170
(Sos 3‘ J-"-’“-" 5 .Ji_-fﬂ _\"“-"-‘
Water stress (Cvaporation from pan)

2 bS8 5 b okl 025 5 () (S 235 (N B J85)1S 52 sy sl b (2 (2 31 Y U

@ b J:,l5
Figure 1- The effect of water stress and Brassinosteroied on chlorophyll a (A), SPAD index
(B) and irrigation with surfactant on chlorophyll b (C)
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Figure 2- Theinteraction of irrigation and surfactants on phenolic compounds
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Figure 3- Interaction of irrigation with surfactants on stomatal conductance
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Table 11- Using regression analysis to predicting the yield performance of traits

et Model Pag,' d M %dd C®) F Pr>F
1 2462.2+9.80 SIC 0707 0707 4804 1259 <0001
5 2 581.02-1023.4 MDA+5.77 SIC 0108 0816 1354 3024 <0001
i T 3 14999-5498Cha-10885MDA+498SIC 0038 0855 249 1346 00006
TE 4 04T ChaE;22597.82t CAnth 12289MDA 0 oeer 110 368 0.0608
:? m N
502.80 -42.11 Cha-244.07 Anth+221.36 Phen -
5 g a7 Arir 22 0002 0868 224 093 03393
1 67856 -2514.4 MDA 06915 06915 665 1165 <0001
2 2148.31 -1496.95 MDA + 7.65 SIC 0102 0794 2971 2547 <0001
3 345050-46.23 Flav -186470 MDA+ 778 SIC 00336 08278 1901 976  0.0030
-2980.7 -52.40 Flav+ 1246.9 Phen -1959.3
4 o D 12405 00405 08684 571 1508 0.0003
= -2298.18 -312.50 Anth -42.05 Flav 1157.61 Phen
i g 5 e e e 00074 08757 492 285 0.0976
e}
g -1888.10 -58.25 Cart -329.03 Anth -36.29 Flav
38 6 810 9825 Cart (329,03 Anif 3629 00025 08782 598 096 03312

-1752.3 -17.38 Cha -53.79 Cart -293.68 Anth -
7 31.69 Flav+1069.25 Phen +8.59 StC 0.0013 0.8795 7.50 048  0.4925

-2165.97 -22.27 Cha-70.12 Cart -345.35 Anth -

8  27.64 Flav 3.59 Spad+ 1066.58 -1914.08 MDA+  0.0017  0.8812 8.86 0.64  0.4266
9.01 StC

1 3775.08-1646.07 MAD 0.5675 0.5675 16.5 68.23 <.0001

2 898.37-1014.86 MAD+4.74 StC 0.0757 0.6432 6.90 10.83 0.0018

3 1760.04-535.95 Anth-1329.81 MAD+4.98 StC  0.0515 0.6947 0.97 8.44  0.0055

4 2165.28-36.82 Cha-405.24 Anth-1296.58 MAD 00137 0.7084 0.87 230 01359

+4.40 StIC
625.02-37.32 Cha-388.24 Anth+286.73 Phenolic
compounds-1297.64 MAD+4.61 StC
518.95-28.15 Cha-348.10 Anth-13.14
6 Flav+335.96 Phen -1369.59M DA +4.80 StC 0.0033 0.7159 3.72 0.55 0.4609
1103.50-21.84 Cha-297.00 Anth-16.11

7 Flavonoids-4.03spad+314.32 Phen -1407.40 0.0046  0.7204 5.02 0.75 0.3911

0.0041 0.7125 2.24 0.69 0.4110

55 o Slos
Flower yield
(2]

MDA+4.36 StIC

1 14638-5951.09 MDA 0.6909 0.6909 4961 1162 <.0001

2 3627.71-3535.24 MDA18.17 SIC 0.1033 0.7942 1831 25,61 <.0001
i 8 6102.68-1539.42 Antsht-él439.87 MDA+18.86 00396 0.8338 756 1190 0.0011

SN

28 7444.53-121.93 Cha-1106.62 Anth-4329.84
i 5 4 MDA+16.93 SIC 0.0140 0.8477 5.06 450 0.0391
‘NS -686.99-124.55 Cha-1016.84 Anth+1513.75
v & ° Phen -4335.46 MDA+18.03 StC 0.0107 0.8584 3.61 3.63 0.0629

-1130.8-85.40 Cha-845.46 Anth-56.14
®  Flav+172397 Phen 46426 MDA+1883 tc 00057 0864 378 1% 01678

Anth: Anthocyanin, Cart: Carotenoid, Cha: Chlorophyll a, Flav: flavonoid, MDA: Maondialdehyde, Phen: phenolic compound,
StC: Stomatal conductance.
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Abstract

Drought can have a dramatic effect on plant growth. To evauate the effect of
brassinosteroied on drought stress tolerance of coneflower a split split plot experiement
based on randomized complete blook design was conducted in Mahabad. The factors
were irrigation regime as the main factor, with three levels (irrigation after 70, 120 and
170 mm evaporation from pan class A), the use of surfactants with two levels (without
and with half a liter per hectare) and spraying 24 — Epi- brassinosteroied with three
levels (control, 10® and 107 M). In this study traits like photosynthetic pigments
(chlorophyll a, chlorophyll b and total chlorophyll), auxiliary pigments (carotenoids,
anthocyanins, flavonoids and phenolic compounds), SPAD index, stomata
conductance, MDA, economic performance (stem, leaf and flower yields), essential oil
percent and essentia oil yield were measured. The results indicated that interaction of
irrigation regime by brassinosteroied application reduced the adverse effects of water
stress on chlorophyll a by 28 percent. It was adso reveded that the use of
brassinosteroied (10 M) increased the variation of chlorophyll a by 35 percent and
water stress reduced SPAD index by 25%. Use of brassinosteroied (10”7 M) increased
SPAD index by 8%. Application of brassinosteroied (107 M) increased levels of
carotenoids, anthocyanins and flavonoids by 17, 59 and 50 percent, respectively. Use of
107 M concentration of brassinosteroied under stress, also interested in stomatal
conductance by 13 percent, as compared to that of not its using. The results of
prediction function regression showed that stomatal conductance, amount of MDA and
chlorophyll a, played significant roles in yield prediction. The results of water stress
also, showed a determining role in reducing major growth factors of Echinacea
purpurea. But the use of brassinosteroied along with surfactant solution increased its
drought tolerance.

Key words: Carotenoid, economy yield, esentioal oil yield, photosynthetic pigment.
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