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Table 1. Specific culture media for halophile (Ventosa et al., 1998), alkalophil (Horikoshi, 2006) and
haloalkalophile bacterial isolates (Jones et al., 1992)

Compounds

Amount (g L)

Halophile® Alkalophile Haloalkalophile
Glucose 1 10 -
Poly Peptone - 5 -
Yeast extract 10 5 10
Di potassium hydrogen phosphate - 1
Magnesium sulphate seven H20 9.6 0.2 1
Sodium carbonate - 10 18.54
Sodium Chloride 81 - 200
Magnesium chloride two H20 7 - -
Calcium chloride 0.36 - -
Potassium chloride 2 - 2
Sodium hydrogen bicarbonate 0.06 - -
Sodium bromide 0.026 - -
Protease Peptone 5 - -
Casino acid - - 7.5
Tri sodium citrate - - 3
Manganese (ll) chloride - - 0.00036
Ferrous sulfate - - 0.05
Agar 15 20 20
Electrical conductivity of the culture medium , dS m-! 30.85 12.21 39.90
pH of culture medium 7.2 8.89 9.18

238 @B VI (55, » Jley S KOH L (g3le 2l 51 J3 2ot Lo pH ®
25,8 2ol cesS ase 4 baaylas s 5l L3 5 ous S il slgs plo l wlSlas 4

sloalaz Sl g p joliiods (gl (nl any Al o 5
9 ey Giad) Brasy e polie penld n 5y
o 9 IS los 5 (535 5 021 B paneS oo
Glaz g0 (S Sl 5 5,00 i lyl o S
Wy y5) 09,5 ;2 3 ol Ll gladslas oy X
Sy Cebb p i &5 (lls)yed 5 aiglls
Sl Fdsanh obS gan, Sime glacodgle
— kT s s Joloel slacland Plosil lg5 ]
ol ol jedds ¢ wials Ol wsils 1y (a5l
slul) Sl Laylys jo (GNI15) slob a4l & jglonsyo
9 (S 2,55l SA L plas’ o ¢ e Ol YY¥X)VXYF
ol sl az o YO sl o Sle) L slad
2oy Sl NN alyy, Sl slel 1Kk
(ashen M1+ iy, o uSiln 5 Y48 Cush,
bl S B s Galesl i iales]
Soph i ol (Vg aw b Solas LS
-4 SAR g o e j g VE g AP Y Ll S
GrSLgg (F VUVY g VFIVVNF/AR A/ s s

wlax g (Vg (Maoldd ol g sy lld anny jod)

A

S SYsb 6 oz oud 55l Al slaasloa
& lwo > (Horikoshi, 1999) mle (59,58 g4
Laslaz 3 obS wby ouial3dl sla S5g  pSojlul
2iulojl byl 5o

bl o QB caz sslulaz 5l e
—6 sl adg el oyl o,y sasslél sla S5
«(Glickmann & Dessaux, 1995) (IAA) sl ol
(Ventosa et al., 2004) oo, ,llo LgsST o
LRkl bls o (OlawdedS s 5)  Joloals
sbold cll> JAA polie b 5 uSeslull
slplalaxr ol () w8l (g5t g Jolowsl
ol JulS 25l oo 5 &l o 055
5 &kl 4z MSTAT-C lble 5 L 1SS aw o
Bla> yge3] 51 oolaxwl b ool Sl dulie
plxl ao )0 O Jlaiz! o (o (LSD) jlo cixe 3N
W

(GNI5) plol azly & )slmo 3o iy gl S3asko



VEY o o) oyled Y al>

S 0,5 Clabss

@SE s pal b Lhsay (bl mhw o Sl
5 BC) bl 5 e cqzay Jlai ve o Shs L
Slas 5 ke b S g5 e (SAR) (33t o
6o SAR 5 yiapiosjawd V7 5 A F Y ki
5 (Y Jsoz) VAVY 5 VETY /AR A5 glite

W05 A Oglite sl L S oaw Sy
Olye (V) Jgaz o citS s oS> sla S5

Sali b oolyen (650 05,5 o 5l o alazg)
CiS ol il (g9, )L aw )0 w0y e 0ad by il
1 e il aals 5l jlaie) wt 1>] GN15 _zil,
035 0 3l (Brae o SL ol enay aledl; i
IS A we plisgs colaisl S o o
doasl, SaS ft g Holateds (Wl byl B pan
Sre 90 2L sbalir Gla Shy @ axg L
o ©d> Cad g SO S colans Jols caes
Sl 5l 235 18 axg 3,50 S (SAR)

L GNIS (slaaly cils yuw S )l (liond 9 (Kb S h9 &0 -Y Joo=
Table 2. Some physical and chemical properties of four soils of GN15 almond rootstocks

No Parameter Unit S2 S4 S8 S16
1 Sand % 72.8 64.8 58.8 62

2 Silt % 18 22 26 21

3 Clay % 9.2 13.2 15.2 17

4 Soil Texture - Sandy loam Sandy loam Sandy loam Sandy loam
5 pH - 7.35 7.17 6.98 6.72
6 EC dSm? 2.18 4.12 8.00 16.42
7 SP % 24.31 23.21 23.70 24.37
8 Nt % 0.025 0.016 0.08 0.03
9 Pava mg kg* 7.56 6.72 8.19 8.58
10 Kava mg kg* 6.97 6.97 6.97 5.47
11 oM % 0.49 0.318 0.58 0.64
12 CCE? % 9.5 135 19.0 52.25
13 Gypsum % 0.40 0.778 1.531 3.16
14 Soluble Na  meq L*! 71.0 124.0 139.0 200
15 Soluble Ca+Mg meq L* 107.37 136.90 191.36 205.70
16 SAR - 9.69 14.99 14.21 19.72
17 Soluble SO~ meqL? 27.25 51.50 100.00 205.25
18 Soluble CI- meq L* 8.0 34.0 82.4 271.0
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\a)

3y 0590 Job 5o Sl b oleond 5l pel 5055 g5
3,55 B pan

SL 50 2lerd g SRy g polie (B 2 s el
G503l dais Sl Srake sl ole oz cidS I g
olS cusloy 5l SB plend sla SRy (S
4y 6,3 ptiges 5 bgliee SlS lulS S al alos]
@bt Sla iy 3l (Fp o plxl 188G & g0
ColslB e PH L PH el olS ol 5l g S
JENWAY PFP Jas) e EC lawg Sy 250 Culun
«Olsen et al.,, 1954) S oo LB ,aus (7
Jloyi psmgel Sl Gogyas SB o ytws L olsy
«(Manteghi, 1968) ,ogideds olSws 5l colazul b 4
(Manteghi, 1968) Jlo 5 pgsgel Sliwl g yds asow
Jloyi 1) o)l Slis b (geml il gy I
S99 o2l B ransS olde Lol 355 «(Klute, 1986)
oKiws b ili o DTPA-TEA L (5,050 bae oo s
& S o3ll (Lindsay and Norvell, 1978) o3l i
PRV

ool (g lel Judni g 4 325

MSTAT-C 53 o5 5l eslizul b baosls (g Ll 5JUT

M Jilas 3051 51 loSiles aglie gz 5 el
A oolaiul sy iy Jleia ! mhas ;o (LSD) jlo cxe

byl pl jo baylas PGPR by S5g (ow) 2

P Lo

Pl el Sels S sl adgs Sl 0 5 i
Sy ey oy lle LSl 5 Saxe lalaws
odalie dinny )9l 5 dyledd ol iy LS sladyloe
slealos 6&&2{[«0}‘" s oll p (Y Jgaz) 0o 5

1 Bacillus licheniformis DSM13



VEY o o) oyled Y al>

S 0,5 Clabss

Salaz 50 Guadg W, Ble 9351 9 Jolraliglaslinsd caddo ! Sl gaielis y il (1Sl dunlio -F Jour

Koy LS 59 9 LadB jls (10 5L
Table 3. Mean comparison of IAA, PSB, and EPS concentrations in halophilic, alkaliphilic, and

haloalkaliphilic bacterial isolates

No. Halophilic Alkaliphilic Haloalkaliphilic
S AA PSS Gwm A oees s ol DA ees (DS
n (mg L) (mL™) i) (mgL*)  (mgL?)  (mgL?) i) (mg L) )
H, 0.0001 98.79 P 3.640" A 158.6 1403 ° 101.8%® HA;  413.9° 0.0000" 90.25%
H, 0.000 104.82 20.45" A, 138.2" 255.6° 1354%® HA, 3814" 13899 7846
Hs 0.000 42129 50.322 As 2355 34,73k 93.73® HA,;  384.8° 0.0000" 67.97
H, 0.000 40.91 % 20.939¢ A 128.1" 19.45' 50.70® HA, 248.1°¢ 144.4° 7171
Hs 125.0°¢ 26.06 7.867! As 1112™ 226.4°¢ 1147%® HAs  2889°¢ 10569  64.54
He 0.000 21.21 Kmn 31.99¢ As  96.96™ 27222 1288%  HAs  231.4f 63.80¢  60.03¢
H; 0.000 3.30° 44.79°¢ A 1202 ¢ 251.4° 4886 HA; 22067  180.6°  102.8%
Hg 0.000 45151 5.183 M As 1051 ™ 0.0000™  0.0000° HAs 280.6°¢  1222° 94.02%
Ho 7.190° 83.03¢ 34.15¢ A 369.2 f 198.6¢ 189.7% HA,  269.8¢ 1222°¢  102.6°
Hio 1335° 77.88 ¢ 22.95° Ap  187.2] 23.06 ¢ 1433%  HA,,  197.3" 22229  23.00°
Hi 14.97" 56.67 ¢ 0.0000" Ay 1554 " 141.7 ¢ 5728%® HA; 21319 38897 9288
Hi, 395.02 25.76 058617 A 1355°¢ 51.391 469.5 % - - - -
His 0.0001 20.91'mn 0.0000 A 282.0" 44,45 112.0% - - - -
His 0.000 0.0000 P 0.0000 " Ay 8017¢ 109.7 9 311.7%® - - - -
His 44.25° 18.79 mno 4319" Ais  290.2°N 73.611 127.4%® - - - -
Hig 0.000 21.21 Kmn 11.601 Ass 18152 155.6 ¢ 660.82 - - - -
Hyy 25.03 9 87.58¢ 2.684° Ay 0.0000"  0.0000™  0.0000" - - - -
Hig 13.86 " 45,157 1.586 P A 33819 90.28 " 149.9 - - - -
Hio 68.10¢ 17.88 M 0.9255 P - - - - - - - -
Hao 0.000} 35157 0.0000 " - - - - - - - -
Has 0.000 49.09f 17.861 - - - - - - - -
Ha, 91.50 ¢ 24.55 45.81° - - - - - - - -
Has 0.000 22.73 ikim 10.46 - - - - - - - -
Has 0.000 14.55° 34.80¢ - - - - - - - -
Has 0.000 38.18 M 20.52 " - - - - - - - -
Hag 15.23" 23.64 22.159 - - - - - - - -

c 0.0001 0.0000 ° 0.0000° c o.or?oo 0.0000 m o.ot(])oo c 0.0000 i 0.0'(1)00 0.0000 f
Pv <10* <10* <10* Pv <10* <10* <10* Pv <10* <10* <10*
';g"e‘“;r 15.98 40.19 35.90 213.93 127.55 578.11 77.13 73.99 28453

3, s 551 = EPS. Jslomabigloclind coddl> =PBS (ol Sl Jsanls 5= IAA
PRl lulys s bl PGPR sl S5y s ouSils |

TProduction rate of PGPR characteristics of isolates in laboratory conditions
il o o dne 78 Jleio! o 53 LSD (9051 (bl o aulina pu g, -yt 5oy LaensSiles

Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Table 4. Analysis of variance of some characteristics and nutritional elements in soil

Sources

Mean of squers

pH EC Pava Kava Fe Zn Na Cl
Soil salinity 3 0.42™ 98.68" 286652 216932~ 4.384™ 0.033™ 14442.7% 9559.8™
Bacterial type 2 0.01™  1.17" 145480 1625.8™ 1.484™ 0.023™  89.4"  123.08"
soil salinity>xtypeof 6 003™ 306" 66202” 360597 3153 0063™ 299.9”  297.4”
Strain type 2 0.006™ 3.78™ 106614™ 335.9™ 0.193™ 0.012° 248.1"  423.8™
fy"p"e salinity x strain 6  0.024™ 835" 138280" 7501.6™ 0.886™ 0.068™  367.4™  749.5™
Type of bacteria x *ox ok *x * *x *x
tyhe of strain 4  0.007™ 4.49 44866™ 7297.8" 0.363™ 0.020°  434.7 460.4
Soil salinity x type of
bacteria x type of 12 0.040™ 2.90™ 67517 317277 0.632° 0.034™ 279.0%  337.5™
strain
Experimental error 72 0.018 0.507 6.648 4,454 0.268 0.019 1.315 0.825
Coefficient of variation 1.84 11.17 0.62 1.39 16.05 15.73 3.46 3.61
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ns, * and **: Not significant, significant at the 5% and 1% probability levels, respectively
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Table 5. The effect of different soil salinity levels on some soil properties

Treatments  pH EC Pava Kava Na Cl Fe Zn
(dSm?) (mgkg') (mgkg?!) (mgL?) (mgL™) (mgkg?) (mgkg™)
S2 7.07° 528° 3643° 76.049 15169 57865°¢ 2.74°¢ 0.86 2
S4 7358 5775 29909  150.6° 36.60° 620.18°  3.10° 0.842
S8 7.20° 522¢ 52512  102.0¢ 16.39° 482.80¢ 3.69° 0.90°
S16 7312 9222 47599  277.8° 6458° 1891.64° 3.36° 0.91°
Pualue 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000  0.1769

oy mios s s V8 (550 = S1B¢ jiap puiorjod A5 = S8l putarjioms T )5 = Sh oy o ows Yisy9 = S2
aril e o sme 70 Jlaizl mhaws 10 LSD (yg03T Gulul j asliepué gy b ysis ,o 50 o, Silo
Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Table 6. The effect of the type of bacteria on some soil properties

Treatments oH EC Pava Kava Na Cl Fe Zn
(dSm?) (mgkg') (mgkg!) (mgL") (mglL?) (mgkg?) (mgkg™)
H 7242 621" 3586°¢ 1580° 350072 82324°¢ 3372 0.90 2
A 7.24% 657  4843°  1446° 3230° 953532 3.30° 0.852
HA 7212 634  4052b 15225  3224b 903.12° 2.99b 0.852
Pualue 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 0.0058  0.3101

aias L8 o =HA daaias s =A dassius 45 =H
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Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Table 7 . The effect of different levels of soil salinity, the type of bacteria and the type of isolate on some soil

characteristics

EC P.va Kava Na Cl Fe Zn

Treatment  pH (dSm?)  (mokg) (mgkg) (mgL?) (mgL?Y  (mgkgl)  (mgkg?)
S2x HO 7.08fahii 5.69 fohik 366,74 72.33Y 14.37 ™ 760.03 1 3.5( defghi (.97 @abcde
S2x H10 7.15 defghij 5.27 hiik 185.3! 65.84 W 14.68P9 599,32 mno 2.42 mn (.72 cdefghi
S2x H22 7.08 fahii 5.04 hiik 468.0™ 70.98 W 12.221 500.20 3.15 fohijkim (.84 cdefghi
S2x A0 7.09 efahii 5.08 hiik 238.7% 67.89vW 1475Md 47188 " 2.74 iikimn (.85 cdefghi
S2x A7 7.06 hii 5.89 efahii 302.7Y 66.86 W 17.43° 720.92 2.44 'mn (.86 cdefghi
3$2x A1l 6.981 5.29 ohijk 49871 66.86"W 13.219s 590.11 "op 2.19n 0.75¢foni
S2xHAQ 7.06 9hii 5.59 ghijk 281.3V 72.01v 15.60 °P 648.13!mn 2,57 Kimn (.88 bedefgh
S2xHAT7 7.07 fonii 4,74 412.0° 76.121t 13.06 9 467.28 S 3.09 ghijkim 1.04 abe
S2xHA9 7.09 efghij 4,99 hiik 525.31 1255m 20.97" 44851 2,53 Kimn (.82 cdefghi
S4x HO 7.42%® 5.71 efaik 31208t 151.20% 30.20k 604.27 mno 3.96 bedef 0.80 defghi
S4x H10 7.47 abc 6.82 ¢f 7467\ 22220 39.96" 849.60 M 3.49 defghi 0.66 N
S4x H22 7.34 abed 5.89 ¢fohii 262 7w 157,401 50.41f 651.36'm 3.07 hilkim (0.93 abodef
S4x AQ 7.26 bedefghi 5.96 efon 404.0° 209.801 59.354d 712.60 Kk 2.88 hijkimn 1.03 abe
S4x A7 7.3() abcde 5.57 ghiik 574.7" 151.20k 26.95'! 556.84 °p 3.1 2fghijkim .97 @abcd
S4x A1l 7.35 abed 6.02 efoh 212.0Y 80.24 ¢ 35011 660.91 K 2.52 Imn (.84 cdefghi
S4xHAOQ 7522 5.77 efohik  468.0™ 21550' 28.45K 599,32 mno 3.36 efghilk 0.9 bedefg
S4xHAT 7.39 abe 5.30 ohiik 73.33\ 84.35 33.811 467.28 3.1 hijkim 0.641
S4xHA9 7.19 cdefghij 4,95 hilk 309.3t 86.41°Pr 2460™ 462.67 2.41 mn 0.80 defghi
S8x HO 7.09 efohij 4,73k 313.15 88.47°% 13.84°u 377711 3.68 cdefgh 0.89 bedefg
S8x H10 7.17 defahii 5.91 efohi 634.7F 151.20% 32.141 604.27 mno 4832 1.15¢@
S8x H22 7.33 abcd 4.88 hiik 316.0% 95.69 " 12.29 " 420.19 st 4,13 @bcde 0.96 abcde
S8x AQ 7.17 defahii 5.43 ghiik 477.3"! 83.32"™ 13.06 9% 490.20 o 3.52 defghi 0.90 bedefg
S8x A7 7.27 bedefgh 5.78 efohik 734,70 86.41Pr 14.82P4 594.72 n© 4,25 abcd (.85 cdefghi
S8x A1l 7.280 bedefg 5.567 %hik 4867k  146.10! 22.72" 604.27 mno 4,64 0.89 bedefg
S8xHAO 7.3 @bed 4.79 ik 721.3¢ 88.62° 11.87°¢ 316.22 Y 2.72 iikimn 0.69 9ni
S8xHAT7 7.06 hii 5.18 hiik 450.7" 87.44°9 13499 538.08 P 2.17" 0.90 bedefg
S8xHA9 7.15 defghij 4,73k 590.79 90.52 ¢ 13.28 ars 386.921t 3.24 fahijkim 0.97 bedefg
S16x HO 7.29 bedef 10.20 b 409.3° 225349 65.18 ¢ 2227.72 ¢ 2.59 ikimn (.83 cdefghi
S16x H10 7.3() abcde 6.45 ©f9 302.7Y 330.20¢% 70.98 b 811.72 N 2.77 ikimn 1.102
S16x H22 7.30 abede 8.01¢d 657.3¢ 265.40°¢ 63.97°¢ 144432 F 2.89 hijkimn 1.04 abe
S16x A0 7.44 @ 8.34°¢ 702.79 227.30¢ 70.41° 1458.48 f 3.43 defghij (.82 cdefghi
S16x A7 7.470 % 6.917 % 330.7" 247.90f 42.22 9 1217.76 ¢ 4,47 abc (.84 cdefghi
S16x All 7.29 bedef 129932 849.32 301.40° 56.73 ¢ 3308.83 2 3.4 defghij 0.89 bedefg
S16xHAQ 7.041 11.862 456.3™ 301.40°¢ 95.602 2862.79 P 3.93 bedefg 0.73 foni
S16xHA7 7.34 abed 8.26 ¢ 196.0' 291.80¢ 51.72fF 1557.60 ¢ 3.26 fohiikl (.98 @abcd
S16xHA9 7.33 abed 9.95°% 369.3" 309.60° 64.38°¢ 2086.12 ¢ 3.57 defghi (.98 @abcd
Pvalue 0.0191 0.0000 0.0000 0.0000 0.0000 0.0000 0.0128 0.0733
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Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Table 8. The effect of different levels of soil salinity and type of bacteria on some soil properties

EC Paa Kaa Na cl Fe Zn
Treatments _pH @Sm?)  (mgkg’) (ngkg’) (mgll)  (mgl’)  (mgkg’)  (mgkg?)
S2xH 710%  531% 34001  69.7F  13.76' 619.85% 302 0,840
S2xA 704 542%  3467" 622 15137 601097 246°  082°
S2xHA  7.07%  511¢ 40627 9121 16549 509.76" 273% Q1%
S4xH 739°  614°  2164' 1769° 4010¢ 701629 351 079
SAxA 730® 5859 30699 1471° 40749 64357° 284% 095
S4xHA 737%  534% 3836k 12787 2895° 50976 296¢  0.78¢
S8xH 719% 57 4214° 11189 19427  467.28'  421°  100°
SBxA 724% 559  5662° 1053 16879 563219  414% (.88
S8xHA 717 490"  5876° 8891 12881 4138 271%  0.83°
S16xH 730 822b 45649 2736° 6671° 149458° 275%  0.99°
S16xA 740°  941°  627.6° 2589° 56.46° 199514° 377® (.85
SI6xHA  7.24%  1003°  3436' 3009° 7057° 2168.95% 3570  0.89
Palue 01870 00000 00000 00000 00000 00000 00000  0.0069
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Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Figure 1. The effect of bacteria type on the of potassium to sodium ratio in the soil
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Abstract

Beneficial soil microorganisms protect the plant from stress by forming symbiotic relationships with
the plant, and by converting and retaining elements in the soil, they feed the plant. This research was
carried out in two parts: 1) isolation and purification of Fifty-five halophilic, alkaliphilic, and
haloalkaliphilic isolates from different almond (Prunus amygdalus L.) rhizosphere soils in Khorasan
Razavi province and investigation of some plant growth-enhancing properties in all isolates in the
laboratory conditions to select superiors isolates; 2) test of the six best-selected isolates in the vicinity
of the GN15 almond rootstocks to evaluate the effect of the isolates on the availability of phosphorus,
potassium, iron, zinc, chlorine and sodium ions in four saline-sodic soils (2, 4, 8 and 16 dS m*
salinity, and 9.69, 14.99, 14.21 and 19.72 SAR respectively). The results showed that the average
production of plant growth-enhancing properties for alkaliphilic, haloalkaliphilic and halophilic
isolates was for the production of indole-3-acetic acid (213.93, 77.13 and 15.98 mg L), the solubility
of mineral phosphates (127.55, 73.99 and 40.19 mg L) and the production of exopolysaccharides
(578.11, 284.54 and 35.90 mg L*). The use of bacteria stabilized the pH in the range of 7 to 7.5 and
significantly reduced soil electrical conductivity at high salinities (8 and 16 dS m™) and increased
exopolysaccharides. The highest concentration of phosphorus and chlorine anions in soil was
observed in alkaliphilic bacteria treatment; the highest concentrations of soil potassium, iron, zinc,
and sodium were affected by halophilic bacteria. The highest ratio of K/Na in soil was obtained in
the treatment of halophilic (15.3), alkaliphilic (11.8), and haloalkaliphilic (9.4) bacteria, respectively.
All kinds of indigenous bacteria of halo-alkaliphilic bacteria showed more efficiency in converting
and maintaining nutrients in salinity more than 8 dS m™* and SAR higher than 15.

Keywords: Almond, Cholorin, Dissolution of insoluble phosphate, Miceonutrients, Salin-sodic soil
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