P syl 9 BT S 59lgm J s
iogﬂig (PY-IVE)IYAD lio) 9 july oF 5,los & 590
f Pests & Plant Diseases DO 10.22059/jbioc.2016.60151

Ly PB1 (G398 9 9 (SAby S golsl (S9) (FiS i P 30 wlgegdew SN gw 21

S 0 oz Y a3 Gple Wl 79, .Y HPL S YR
Oty pas Jg ol&tils (55,5L88 0aStils (LS ouwlid (g ko 42 Ay Ll )18 (g g2etils )
Oy pae Jy o821 (63,5 Le8 0aSLiils (K 5alS 05 S (5Ll Y
012l Bl (53,058 g 9 higel «lido Olojla ( JLEL p ke Slidioes e go (g 04K2R 95 53l ¥

OYRO/O/NF 25 pdy foa,l = VWRO/Y/A 12l )5 o )b)

o>

ol
o Dol Sl g Fie glcdla, 5 (S 0L s Sl 4 Jeow W B b alS Sgmsn sla S Sl ealinl
Cuslis 55, (CHAO 428 VUPF5 (T17-4) juligegsgm i 5 b SU ool Slgr 85U Gaow opl 5o ddb e o5
o by L WalS b S B o ey 8B 1A e g0 (S S 4 K05 ) (2l 5 e e o) 93 dey sl
A g Opmen 2l bl (SEE A R s LU b o S bl el 4 Slikes SIS s 1SS
i A4S sl DL gl LS (5 S5l ol gk sla, sSU g aBle 5 aduy Jiud g al (s, olis D s JS @ Jds NS
S Gl b s F sale Dk g 3 0b 5 el St laalix b edd 5ale adlg 5o ob X3 5 oy s Ol Al o
SasSE 5 pole (AL laesSS) Ol a8 czas (SO A imes g A edd Siab gbdle s GRIP )
S 4y Gl Gl e pl,] S ol DL ezed i g S edd Gale QLS o el ol Ll s S olE g

2301055 2 GV Comles 51 sl B 4 G oS e (35 45 (55 5b e Lsls 0L
g ‘é‘i’.' S L L uﬁ‘b\g 4JAU}A}A‘,~« 6\.&;).1}2.«‘ :Ql?j!y\.gb’

Efficacy of Pseudomonas strains on moderate drought stress on growth and
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ABSTRACT

Using plant probiotic bacteria, which can induce systemic tolerance in plants, is one of the most important strategy to
reduce the damage of drought stress in plants. In this study the effect of four fluorescent strains (T17-4, VUPF5, 428,
CHAO) was investigated on resistance of two pistachio cultivars (Badami-Rize-Zarand and Sarakhs) against the drought
stress. A completely randomized design was applied with a factorial arrangement at three replications in a greenhouse
trial. In order to evaluate the effects of bacteria on reduction the effects of drought stress, some parameters such as prolin,
soluble sugars, chlorophyll a, chlorophyll b, P, Zn, Fe content of shoot and root were measured. The results showed that
drought stress increased the prolin and soluble sugars content in both inoculated and non-inoculated seedlings, although
the content of prolin and soluble sugars in inoculated seedlings were higher than non-inoculated seedlings. The result also
indicated that the drought stress reduces growth parameters, photosynthesis pigments and mineral element content in both
cultivars under inoculated and non-inoculated conditions. The most reduction of these traits were recorded in non-
inoculated seedlings. The cultivars of pistachio showed different responses to drought stress, so that sarakhs cultivar was
recognized more sensitive to drought stress than badami-Rize-zarand cultivar.

Keywords: drought stress, Badami-Rize-zarand, Pistachio, Pseudomonas strains, Sarakhs.
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Table 1. Analysis of variance for growth parameters in Badami and Sarakhs pistachio cultivars under drought stress conditions.

Mean squares

Source of variations df

H SFW RFW SDW SRW
Cultivars (C) 1 981.39™ 21.487 1.24™ 1.04™ 0.397
Bacterial strains (B) 4 17.49™ 0.37" 0.25" 0.03" 0.02"
Drought (D) 1 34.26™ 1.327 1.637 0.10" 0.10™
CxB 4 10.37" 0.13" 0.20" 0.02" 0.02™
CxD 1 0.03"™ 1.02™ 0.05™ 0.01"™ 0.001"
BxD 4 7.327 0.12" 0.07™ 0.009" 0.007™
CxBxD 4 7.63" 0.15" 0.20" 0.004™ 0.0004™
Error 1.006 0.03 0.05 0.002 0.003
CV% 8.71 15.80 13.68 11.17 9.82

Bl g do )0 ) O w0 WS 8929 5 Hlo cixe BB 399 pac it 5 % NS

ns, *, **: non significantly differences and significantly difference at P<0.05 and P<0.01.
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Figure 1. Efficacy of Pseudomonas fluorescens strains on the growth parameters in Badami and Sarakhs pistachio
cultivars under drought stress conditions.
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Figure 2. Efficacy of Pseudomonas fluorescens strains on the proline content in Badami and Sarakhs pistachio cultivars
under drought stress conditions.
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Table 2. Analysis of variance for osmolytes and photosynthetic traits in Badami and Sarakhs pistachio cultivars under

drought stress conditions.
Mean squares

Source of variations df prolin Soluble sugars Chlorophyll a Chlorophyll b
Cultivars (C) 1 13292.80 48166.17" 0.01" 2.96™
Bacterial strains (B) 4 2649.72" 38054.03" 0.02” 0.65"
Drought (D) 1 35249.30™ 93685.39"™ 0.07™ 0.80”
CxB 4 3058.40" 11388.51™ 0.005" 0.21"
CxD 1 14240.90" 846.45" 0.005™ 0.002"™
BxD 4 736.15" 6838.45" 0.03™ 0.21"
CxBxD 4 288.20" 8008.76™ 0.007" 0.20”
Error 65.78 1497.26 0.001 0.02
CV% 9.31 1253 3.37 11.80

A3l oo 2oy ) 50 plaw ;o BB g9 g o Jxe WS 59> pac g 5 S
ns, *, **: non significantly differences and significantly difference at P<0.05 and P<0.01.
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Figure 3. Efficacy of Pseudomonas fluorescens strains on the soluble sugars content in Badami and Sarakhs pistachio
cultivars under drought stress conditions.

B Sarakhs ®Badami

1.4
1.2 4

abc ab abc ab ab a
abe fed gabed _abed ap@bed 4 abed

0.8
0.6
0.4 ~
0.2

Chlorophyll a(mg g-1F'W)

CONTROL
CONTROL

non-water stress

Water stress

S G bl 0 655 5y (ool g e e o8] SlaJld a1 Gliee Sl (uligegages (sl il 536 S
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cultivars under drought stress conditions.



A 035,00 J39 )l liee el o sme B SIS
pae Lyl )5 9 fin S 08 4 Cud IVA
(O JS5) 0ivgs ;500 (il 90y S (6 i

2.5 4

Chlorophyll b (ng g-1 FW)
b =

o
I

‘Water stress

CONTROL

b Judg,ls
aS oy lai b Ju8g S 4y Loy e (slaosls il lg 4 s
Syl g (Si G5 o8, blie g eole &)l
Ol 5 w5 08, Jlie Sl > 4 2L S

m Sarakhs mBadami
ab

abe

CONTROL

non-water stress

S 5 Ll 0 8555 55 (eldh 5 e e pBl SlaJlesb L39S (lie S0l eligagdges (slacn il 2360 S
Figure 5. Efficacy of Pseudomonas fluorescens strains on the Chlorophyll b content in Badami and Sarakhs pistachio
cultivars under drought stress conditions.
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cultivars under drought stress conditions.



WA Sy (S A Jrans 3 ligagoge sladige QLIS ] es 5 (b

905l Grals glaba>dle B by i Lyl
byl e Gy il b aiy sl Gale
Sysb WS ads) Haud lade Gial¥l b g L o
o ayy phed ke 51 56 (55200 TITA alie &5
1 b e VY Ll o 5 cails i Ll
V JS8) 030 5 (25 (e sl p s o 25 Ly

0.12 ~

Phosphor (%)

b ke 4y bgype sloosls illy 4jee @l

bk lacn il Jlegs a5 ols i (7 Jgor) as,
gy Juoiol g 9 (K25 25 L o] ese S 5
Gbsre ;b bl plo Jg WS o soe aoye
OLLS ;o ady) yaud ke ol ady ) Haud lads 5

5 Wiogs onds Siabe aliySL sl il b a5 wals
B Water stress M non-water stress

b
bc
' [

b

T17-4 VUPF5

a
01 - bc bc e c
0.08 - d
0.06
0.04
0.02 -
0
YA

¥ CHAO CONTROL

st i Ll 10 W5 5y ool g e pl) (o Jles iy Shed Sl s jgld uligagdges (Lo il 536V IS
Figure 7. Efficacy of Pseudomonas fluorescens strains on the phosphor content in root in Badami and Sarakhs pistachio
cultivars under drought stress conditions.
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Figure 8. Efficacy of Pseudomonas fluorescens strains on the zinc content in shoot in Badami and Sarakhs pistachio
cultivars under drought stress conditions.
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Figure 11. Efficacy of Pseudomonas fluorescens strains on the iron content in root in Badami and Sarakhs pistachio
cultivars under drought stress conditions.
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