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Abstract

Reduction in germination and growth can be seen in seeds obtained from mother plants which have experienced water
stress. From the other point of view utilization of biological fertilizers under environmental stress, the condition can
produce seeds with higher germination capacity. This research was conducted as split plot based on a randomized
complete block design with three replications in 2016. The main factor included of irrigation regimes at three levels
included in soil irrigation after 25, 50 and 75% of soil moisture depletion and a sub-factor of phosphorus supply in six
levels included of 100% phosphorus requirement from the source of triple superphosphate, 50% phosphorus + arbuscular
mycorrhizal fungus, Mycorrhiza arbuscular fungus, 50% phosphorus + Pseudomonas fluorescens, Pseudomonas
fluorescens and a control test without phosphorus fertilizer. Results showed that in 75% of soil moisture depletion,
maximum amounts of germination, seed vigor, root length, stem length and seedling dry weight were obtained from 50%
of phosphorus + arbuscular mycorrhiza. At irrigation level of 50 and 75% moisture depletion, the application of 50%
phosphorus + arbuscular mycorrhiza made an increase in germination rate and uniformity. The electrical conductivity of
Echinacea purpurea seeds showed increasing trend with intensification in drought stress. The results of this study
showed that in present study Pseudomonas fluorescens had lower improvement effects on percent and rate of germination
and the adjustment of drought adverse effects in compared with arbuscular mycorrhiza.
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Table 1- Analysis of soil physical and chemical testing
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Table 3- Comparison of mean interactions of drought stress and different fertilizer combinations on Germination
percent, germination rate, time to start of 50% germination, Germination uniformity and Vigor seed
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TS 50 % P + Arbuscular mycorrhizal 80 ab 0.0070ab 146 de 124 a-d 2.37 ab
—_— (S5 —_
2 @ 'S Arbuscular mycorrhizal 8la 0.0063 b 154 b-e 139 a-d 2.19 abc
2 8%
3 S5 50 % P + Pseudomonas fluorescens 80 ab 0.0066ab 144 de 144 ad 2.12 abc
423
é\ S2 Pseudomonas fluorescens 8la 0.0063b  160b-e  148ad 1.95cde
‘= O
b Control 78ab  0.0060bc  171bcd  140a-d 174 def
T 100 % P 78 ab 0.0060 bc 173 bed 159 abc 1.74 def
5 =
vy @
.- § 50 % P + Arbuscular mycorrhizal 8la  00066ab  152b-e 107d  2.05 bed
—_— Q —_
a % 'S Arbuscular mycorrhizal 82a 0.0063 b 159 b-e 113 bed 1.94 cde
2 D Y=
i) £ O
f? s 5 50 % P + Pseudomonas fluorescens 74 abc 0.0066 ab 158 b-e 124 bced 1.65 efg
. o =
=]
é\ S Pseudomonas fluorescens 73 abc 0.0060 bc 167 bcd 110 cd 1.46gfh
‘T O
b Control 64 cd 0.0046 ¢ 208 a 174 a 0.99 ij
. 100 % P 68 bcd 0.0056 bc 184 abc 147 ad 1.17 hi
N S
vy @
¥ S § 50 % P + Arbuscular mycorrhizal 77 ab 0.0080 ab 129 e 111 cd 1.57¢f
A =
g E 3 Arbuscular mycorrhizal 77 ab 0.0070 a 140 de 129 abcd  1.42 gfh
5 8%
‘3 s 5 50 % P + Pseudomonas fluorescens 76 abc 0.0063 b 157 b-e 161 ab 1.38 gh
4238
é =2 Pseudomonas fluorescens 60d 0.0060 bc 164 bcde 155 a-d 0.80j
‘= O
b Control 44e  000s6bc  187ab  140ad 034k

P RHR WSy JLAS"‘CEM)) Sl 35a3T L (g5ln gme oDt (3 g a3 ES e oy > sl ls d_l.awf\vl.:a
Means followed by the same letters in each column are not significantly different by Duncan test at 5%
probability level.
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Table 4- Analysis of variance (mean square) for studied traits

s oS 0 S s Gl 58 05
gk 157 i i e Sl Eiectr'c:;ll Seed
s2l3 . !
SOAY) DF Root length  Stem length seedling dry  conductivity thousand
weight weight
A 2 0.673 ** 0.236 0.001 ™ 230° 1.35%
Repeat
S 2 3121+ 173+ 0.038 > 135 257
Drought
a b=
4 0.090 0.058 0.0011 150 0.53
Error a
< 5 1.191 = 0.810°° 0.040 °* 48.6 1 0.90 =
Fertilizer
255X (S A 10 0.051° 0.038° 0.006** 18.44 s 0.092 s
Drought x Fertilizer
b sles
24 0.019 0.015 0.001 20.9 0.21
Error b
Ol el o o
S _ 11.9 13.1 10.4 10.6 115
(C.Vi)

D3 gna pde 5 doy3) 50 JL@:’-‘CEM)})‘}@&A a4 NS g e o

=% ,% and ns is significant at the 5 and 1 percent probability level, respectively and non-significant
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Table 5- Comparison of mean interactions of drought stress and different combinations of fertilizer on root
length, stem length, and seedling dry weight

S Sls 055
S @255 DS 5 Gl sraty I (sl) erdla Job (¢ 5 k)
Drought stress Fertilizer combinations Root length (cm)  Stem length (cm)  seedling dry weight
(mg)
T 100 % P 1.60a 1.20 abc 0.37ab
NS
vy @
T S § 50 % P + Arbuscular mycorrhizal 1.60a 1.36a 0.39a
A =
2 873 Arbuscular mycorrhizal 1.46 ab 1.23ab 0.35a-¢
2 D Y=
el q:' o
f? s 5 50 % P + Pseudomonas fluorescens 1.43ab 1.20 abc 0.38ab
. o =
=
{ S Pseudomonas fluorescens 1.26 b 1.13 bed 0.34 a-¢
% ES
b= Control 1.23be 0.96 cf 0.29 efg
S 100 % P 1.26 be 0.93 def 0.32 b-f
N
vy @
T S § 50 % P + Arbuscular mycorrhizal 1.43 ab 1.06 b-e 0.35a-d
— Qo —_
L B3 Arbuscular mycorrhizal 1.36ab 0.96 c-f 0.36 abc
2 8%
f? s 50 % P + Pseudomonas fluorescens 1.26 bc 0.93 def 0.33a-f
. o =
=
i S Pseudomonas fluorescens 1.20 bed 0.80 fgh 0.30 defg
A ES
b= Control 0.93e 0.60 h 0.27 fg
T 100 % P 0.93e 0.80 fgh 0.24 g
N
vy @
- S 8§ 50 % P + Arbuscular mycorrhizal 1.06 cde 0.96 c-f 0.38 ab
Lgs y
; % § Arbuscular mycorrhizal 0.96 de 0.86 efg 0.35 a-d
a D Y=
el d: (@]
f? s 5 50 % P + Pseudomonas fluorescens 1.03 cde 0.80 fgh 0.30 c-g
. o =
=
é\ S Pseudomonas fluorescens 0.66 f 0.66 gh 0.29 d-g
‘= O
b Control 0.40 g 0.36 0.17 h

Lyl Aoy O Jlax| de“)b &Q\: Osn3T b (6)lo e CoMastl O g a3 &S e g - (1)l &Lavm.i\.:a
Means followed by the same letters in each column are not significantly different by Duncan test at 5% probability level.
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Al e otlae ol Sy dals 4y Sl 2t
NS 5,715,550 7,6 .(Cakmakei et al., 2006)
305578 e d5le (Mo jolie Ol Rl s @
5 ST ol (R8s oS s ole (S
J=lse 2 p 52 ol Jrams (Rl 5 At sl pe) 50
3l s 53 s sles Olge 4 )by
.(Bauma et al., 2015) <l ol Els s 2,5 A,
Gob 3Nl 5 (oo etes sl polisass g 6 7S ioen
AT el U glon o8 (Slalind Dol 0335 55 oS
5 s Sor Sl 5 G b
Pl e I
Sob Aby sy el bl alS s Lacd oo

.(Vurukonda et al., 2016)
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AU s o ol Ll e gl i 85,
(F dots) e K5 515 talejT sl e 5Slen
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Jles 53 aS (s pbay esls Ol 1y oaal 3l Ly, (Ss
Sl (b y adss dao 33 YO I s (5T
o3 VO 500 1 e 6ol T Sl Lol 35 Lo ys F4/0
o3 VWA 5O/ ol 53l o o 5 4 s sby adis
sdeaT iy s () JSC8) s 5SS ST sl
S S e oS s e Ol gy ol 4o S0
e 5 Y0 5l oy ol s 5 IS5l e sl
e Sl d3B (g HleT Blod I by adss o s

() JQZ) e ls

\4#

3L 53l e

53 48 e a4 i 3l e sl s | 5 2alS
SlaamalS Wy 5 s, 2alS W 4 e Sulg
b g odaT oty 5 o5 (g 5135 8 o0 Cand
djﬁuéUGJL;)h&j{LidsMJ@Qw&ubu
oLS sty Jub Bl el dals 4 o A3
S ods 5,5 .(Noumavo et al., 2013) &> 5 < ,3
s S o s e T g s s 6 ST
(e Ol 1) NS 5 SN0 g IS g
o3Le hy O e s 5 030 1,5 alital 530 055 25
33,5 (or H5 31 (5 kS LS e |

.(Penrose and Glick, 2003)
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Figure 1- Effect of different levels of drought stress on electrical conductivity and seed thousand weight
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Figure 2- Effect of different levels of fertilizer on seed thousand weight
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