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Table 1- Analysis of variance of the effect of salicylic acid and biochar on physiological traits and yeild of Echinacea under drought stress
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, " and " indicates significance in P < 0.01, P < 0.05 and non-significance, respectively.
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Table 2- Mean comparison of interactions effects of drought stress x salicylic acid x biochar interaction on the studied traits (Slicing
at drought stress and salicylic acid)
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LSD (5%) 0.32 0.06 0.06 8.93
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Means with the same letter are not significantly different according to LSD test at 0.05. Mean + standard error.
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Table 3- Mean comparison of main effect of location, drought stress and biochar on the studied traits

. rotein
Traitment
(mg/g FW)
e 1 11.56+0.35°
oo 2 11.20+0.38°
Location (5%) LSD 0.57
C““t‘b | 12.61+0.04"
ontro
o aae Qoo O a
Sis o 14.55+0.18
Drought:t;;ss 50%
“‘;g/v" 6.98+0.05°
0
(5%) LSD 0.59
C“"t‘b | 11.14+0.44°
ontro
Sorse: S 2 50 11.40+0.46®
Biochar 5 txha
’t“i‘a fhu‘ V 11.55+0.45°
xha™
(5%) LSD 0.34
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Means with the same letter are not significantly different according to LSD test at 0.05. Mean + standard error.
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Table 4- Mean comparison of interactions effects of location x drought stress x salicylic acid x biochar on the studied traits
(Slicing at year, drought stress and salicylic acid) (location 1)

S Sabnnllis sl o el oo
Drought stress Salicylic acid Biochar ((:naq‘g(/’gtelr:"\(,’\'/) Proline (mg/g FW)
C;\f\l{?ol 0.004:0.42 0.04%2.24
anls )b?(; pot 0.001°:0.43 0.01°42.14
Control
AN 0.002%0.45 0.01%2.05
LSD (5%) 0.011 0.07
el 0.003%:0.41 0.02%4:2.06
Control
s 3PS sk 10 N AN 0.003+:0.43 0.02°+1.91
Control 7 4 20 txha
oo moxt A 0.005%:0.46 0.03°1.74
LSD (5%) 0.014 0.09
sals 0.002°+0.43 0.1743.50
B Control
22 P ke S N AN 0.002°+0.47 0.11%4.40
20 txha
1 mgxL A 0.001%+0.48 0.33%2.21
LSD (5%) 0.007 0/78
Cg‘;tfol 0.001°%:0.36 0.14%4.55
sols )L"';g AN 0.001°+0.38 0.16+3.88
Control liSh a ¢
"0 {;Hfa_l ’ 0.003%0.39 0.01°+3.89
LSD (5%) 0.007 0.43
sels 0.002%:0.30 0.02%5.91
Control
s .10 . v,
doys B Sid s 2k ] )ng {:huif 0.004+0.40 0.30°4.45
Drought stress 50% 05 ﬁij_l Sa a f.
= mg s 0.001%£0.41 0.02°+3.64
LSD (5%) 0.01 0.41
sals 0.005":0.38 0.12%45.95
Control
s R4 . v,
2 Ak S 553 3 ¥ 003%:0.42 0.17°45.21
20 txha
1 mgxL A 0.005%+0.43 0.11°%4.06
LSD (5%) 0.016 0.48
Control 0.006 b:t023 0.21%8.06
sals ’L:;S ;:hif‘jl"‘ 0.006°:0.23 0.01°46.20
Control LSa a .
- {ih“;’;-l ’ 0.003%0.25 0.07%+6.06
LSD (5%) 0.015 0.46
—— 0.003"0.24 0.03%6.09
Control
¢ oD . v,
Soys VO Sid A 2 ekl )L;‘(; {:hu{f 0.004%:0.26 0.03%5.85
Drought stress 75% 05 meL-l LSa a .
= mg Al 0.004%£0.27 0.21°+4.18
LSD (5%) 0.013 0.4
—— 0.003"0.25 0.34%46.21
Control
2P ke S e o 5 ¥ 0.005%0.28 0.41"+4.92
il 20 txha*
1 mgxL A 0.003%40.29 0.20%45.17
LSD (5%) 0.014 1.14
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Means with the same letter are not significantly different according to LSD test at 0.05. Mean * standard error.
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Table 4- (Continued)- Mean comparison of interactions effects of location x drought stress x salicylic acid x biochar on the studied
traits (Slicing at year, drought stress and salicylic acid) (location 2)

St b al sleew Awigid )8 odox
Salicylic acid Biochar (mg/g FW) Carotenoids (mg/g FW) Proline
sals 0.41+0.004° 3.93+0.21°
Control
el AN 0.43£0.002° 2.04+0,01°
Control tégtjha" .
P) RS I a b
oy 0.44+0.003 1.79+0.11
LSD (5%) 0.011 0.49
el 0.41+0.004° 1.91+0.02°
Control
RPN R e oo 0.43+0.003° 1.810,02°
1
05 mot AN 0.44+0.002° 1.69+0.03°
40 txha - -
LSD (5%) 0.011 0.09
aals 0.42+0.003" 1.72+0.01°
Control
S, RS ST 0.44+0.005° 1.6120.58°
1 mgxL? ovha
SESR S i Ve + 2 +0.58°
iy 0.45+0.004 1.52+0.58
LSD (5%) 0.015 165
el 0.350.002¢ 4.02+0.02°
Control
sals AN 0.36+0.001° 3.83+0.02°
Control Lﬁthha ¢
SR 5 5 e a b
iy 0.38+0.002 3.74+0.01
LSD (5%) 0.008 0.09
sals 0.39+0.009 % 3.74+0.02°
Control
S o p S s R ST 0.38+0.004° 3.60£0.02°
0.5 mgxL! 20 txha
' LS o o Fr
J > a c
e 0.40+0.002 3.49+0.02
LSD (5%) 0.02 0.08
aald 0.38+0.003° 3.43+0.02°
Control
e, SRR 0.40+0.002° 3.29+1.16°
1 mgxLt 20 txha
LS o o5 ¥+
) » o + a + a
iy 0.41+0.002 3.27+1.16
LSD (5%) 0.009 3.29
sals 0.21+0.006" 8.46+0.31°
Control
anls AN 0.2140.003" 6.58+0.15"
Control éthha“ ¢
DB )0 (T a c
peee 0.24+0.002 4.81+0.42
LSD (5%) 0.015 1.10
sals 0.22+0.003° 7.45+0.29°
Control
g o p Sk RSO 0.24+0.003" 5.55£0.03"
0.5 mgxL* 2o et
P AR . .
e 0.026+0.004 5.110.27
LSD (5%) 0.011 0.80
el 0.23+0.004° 8.31+0.33°
Control
i ppSkes,  Bes oY 0.26+0.005 6.51+0.53"
1 mgxL? 20 txha
LS o o F-
pJ > + a + c
pree 0.27+0.009 5.01+0.12
LSD (5%) 0.024 1.29
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Means with the same letter are not significantly different according to LSD test at 0.05. Mean * standard error.
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Abstract

Introduction: Echinacea (Echinacea purpurea L.) is a herbaceous, perennial plant in the sunflower
family; its essential oil and extract are widely used in the pharmaceutical, food, health, and cosmetic
industries; and it has antimicrobial, anti-oxidant, and radical -neutralizing properties. Anti-allergy,
anti-tumor, and anti-inflammatory properties have been ascribed to them. In arid and semiarid
regions, a lack of water and inefficient irrigation techniques are the primary factors limiting the
development of the agricultural sector. Drought is one of the most influential stresses on crop
performance, and it is well known that it affects a number of physiological processes in plants. This
investigation sought to determine the impact of biochar and salicylic acid on the physiological traits
and yield of echinacea (Echinacea purpurea L.) under non-stress and drought -stress conditions.
Materials and Methods: In order to examine the effect of biochar (in three levels without biochar
as control, 20 txha* and 40 txha?) and salicylic acid (in three levels of zero, 0.5 mM and 1 mM) in
two humid environments (no stress and drought stress), a factorial experiment in split plot
experiment was carried out in Ilam province (two locations) in a randomized complete block design
with three replicates in 2020. The evaluated traits included chlorophyll a, chlorophyll b,
carotenoids, soluble carbohydrates, total protein, proline activity, and biological yield.

Results and Discussion: The results indicate that the highest increase in biological yield was
45.97% and 45.42%, respectively, in the treatment combination of 40 tons of biochar and no
salicylic acid foliar spray and the treatment combination of 20 t ha* of biochar and 0.5% salicylic
acid foliar spray in the condition of 75% drought stress. Proline content decreased in all treatment
compounds; except in the combination of non-drought stress treatment and use of 40 t ha?' of
biochar and 0.5% salicylic acid which increased by 25.71%. The highest increase in carotenoids
(36.66%) was obtained if 40 t ha! of biochar were used and salicylic acid was not sprayed under
50% drought stress. Also, the results show that by using 20 t ha® of biochar and spraying 1%
salicylic acid under 50% drought stress, the amount of carotenoids increased by 33.33% compared
to the control.

Conclusion: As one of the growth regulators, salicylic acid was used to increase plant tolerance to
stresses such as drought. In addition, biochar had a positive impact on the enhancement of several
physiological characteristics and echinacea yield. Echinacea purpurea L. appears to benefit from
the use of biochar and salicylic acid to mitigate the negative effects of drought stress.
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