Journal of Water and Soil
Vol. 32, No. 3, Jul.-Agu. 2018, p. 559-572

&%"‘u}:; ;,

(83,9188 glus g pske) S g O @y i
BOR-BYY .o ATAY 55 e — 515 30 ¥ 0lads FY s

bl o 55 @3 Jdo S Sasls 5 slahy, ulhe o Ses 5 Ad; S e glag SL midls

Sl Lo e =" o o g

“ﬂ«?/' */YV s"_.ﬁl.ijé C"JU

daS

ool 22 SS03T (elog 78y oyl 51 o (st 53l g 2l lalS sad g 02 )3 sage GBS &S 0391 lBLS (5)905 polis sl
alir Vo (35 cpl > 288 plonl 03 LS g A, 5 ey (eeb 2 chliee (slacs Sl 8 gy B b Gilof] ) sl s 250
LS b B 3 (355 5 5L gl () 305 Lo 5 (5395 aogs 7V o 9700 (live &2 oty Slilgs) (355 (sl o b oy (6551
itlel slayloss 31 Slio ool 4k bl )b 5 JS 5 g ety S (559 2 42 305 (L5 gl 288 1,8 odlitl 350 IS5 s L ol
Sl )3 oy S YE/F o YSOIS cyio 5lio) e+ /A L plp ci e olgn pll SKis g )5 159 9 olS i) 51 odel Camndes pdlie o )5 i L5092
2 (p S PNFP) IS Sis 59 o be PseUdOMONas sp. AZ-8 (s ;S slas 53 (5 VAVIY ) adsy 5 (59 e 0 odalie 70+ (5355
L odds ey jlawd p0 (+/+AY 5 8/F iy a) (glag) colan g Judg)S” yadli 4lie o YL o Enterobacter sp. S16-3 (¢ xSU jles
Wby ddoy g 2led Pl ks Jlaie o 5 e 48 3l L alS b )3 polie JJUT .5 saalie Azotobacter chroococcum 14SP2-1
Cwd 4 (dduy (439 2 p)5 ee ¥YV/F) Pseudomonas sp. Az-8 4 ( olen pluil i 3 p)5 oo VoYVIY) (355 duogs 7N+ Jlod )3 i
5 A. chroococcum 14SP2-1 Pseudomonas sp. Az-8 (cla ¢ sSL (S Seid (159 9 03 wis muwliy jlfe 38,5 15 15 b kel
Sges gy Slinlel plo ol g3 oo g 0392 13,350 Enterobacter sp. S16-3

) 355 o5yl gl ¢y9)bky by 0183 (638 il 1 g MIS W04

(JB9 )l (e s imgid sloosSS) Glall Bl 5l Sy
Jols g a5l 5 (g imerd Colled ¢ slaijgy Colin o5y o
9 Ml , 500 (sladdllas )0 35 Sis 03lo yinl 38l el jiiwgid ]
oM e puwlty 365 ;1 B juolie Gpuae 35 Sl (V) oS
)‘ db\_;) U uj)_: C.‘a.w Axwgl g Sid oobo ..\Jy L)“‘"I)B1 2
slacdl ) ol (S el (ol Jouily pials )b
Ml & i Sgpgb 4 035 o0 2l G Lailyd Cov alS
W5 dalgd S e bl b
olelS coiS wii paie pl 35S dlboul el &5 Loloe
Ol g SUlyy g (ol yd cagdal 55 9 35 yete (6)ygliS Loy
(\c') MLTA cul_bl»f b_wy ) u_w‘.))J rv_wl.u O
Jghid jolie b g s 2 1) (ot G5 bopuslS)l5Sue
S o ) (oS (sl o> BB )8 & ogiod Wy

doddo

Slp Gr9po pais dw jl (S Haud g (159550 ol jer 4 munly

O 93 9 S p L0005 wlie Sl (S5 g 3500 (A olS L
Jors dy SLE 3 pmie oy 5 lslyd Yooms ol olis polic
Fmogd Juud 3l oS padgilio )3 Sl sla il paie (pl gy 0
o lS &, A8l el olS ) diwlis 9 aid s d.)]?o Js!
Ol 38l ¢ Jauame ciaS iuls 8l gy il £ 5l i (g5l Jled
35U 3550 53 (Y0 5 FY) 3)b Lo g )low 9 sl 4y ol cnglis
9 J=99)5 (gmen ola el (g9) o mawll phe g alins

S 5od9Sgn g $59dom sl g 03] w8 Bl (o =¥ g )
sy ol o g5y5lsS 0Ll

(Email: rsarikhani@yahoo.com
DOI: 10.22067/jsw.v32i3.69251

'J9§M 0w 95 —-*:ﬁ*)


mailto:rsarikhani@yahoo.com
http://dx.doi.org/10.22067/jsw.v32i3.69251

VAV jg5 s — 10 g0 « Yoylouds FY il (S g ol s pis OF

S21-1 §S19-1 claalis uisen ol Cundts S14-3 lis 5
Bl 1y andy ) maliy Jlde § SiS (59 (Sl (S e
9 959 oS o) p8b (S 3 (V) ()Sen 5 Jlos
o SS9 Sl sy ilodlil 2 1) Juplel sl ySL
9 Ppewly olie Jolowe a8 Sl yius jd b lis Gllllas .55 S
> Salh Jae 0 s el st i Jpbns
O 2t Jolre Jlod )3 i (ol & Canl 485 90 )
ol 48 10905 sanlitie ) s o ol 0392 5 i pamolis
oS Si gy il Hme BT Gl (13938 pas g iy
a5 oS omoliy jL5 (05 03590y oy Lis 4 ] anilys
ol 009y CdgS S

L Sk las S L il e plyse S yob 4
)l I) SLs 0 oalawl J;ls wL.s 9 )w .b‘yu.o WLD O.L.S.)‘)j
oS by S e dlge 503 9 y9d9 e 9 Il sladeul Mg 5 )b
39 oS lawgi pais 90 (pl ke Gls 4 oxie g ool il
5575 4ty lalS ) paeslsy 2aiS0l31 (slaig 81, oo IS1 (YY)
Slogm 5 (55) € 5 025 ) 5500 {10) s 5 5 (5Y)
2 ly pals Sl dog b ol 0ad ()15 (7 5 0) l,S
%ngaw)bﬁax&ldly@)gksdmlﬁfqm
S 4065 Lol jolito 4y SIS ialof] cl Y uasea
sl a3l (9,50 glaassS g el 5 G5e
OeelS 9 3 oLeS A8y d9ue )3 iSLeiil g wlipagiges il
ay b 5lass ool qeaely 3908 L S1B S 50 ol pawly
i lajls (el ) i) sl ibs, 5l ool @00 e
oS G5 ool et el e ol oo o g plals
Conl gam Slialojl ploxl gl eT)lS (681 4565 Bymo g
S5 3 sdm Jolpe o ol ) Gtlel g g0 1 sz b
Dy So L 558 b a8 ol S5 B s 040 (S j 355
Cusl oAb adye )5dS )3 59)Ll pU & (cornly (S 365 ()b
Sl 5t 1y die ol 53 Gsiod 4 5L Al ol 095 oS
.))L»L;c

L 95 9 319
Jolis a5 505 ealawl Lialejl ol > oLyl alas Ve sl
Azotobacter chroococcum Enterobacter sp. S16-3
Pseudomonas sp. Pseudomonas sp. 34A-2 14SP2-1
ool 36A-2L 4 S11-2 Pseudomonas sp. Az-8 Az-48

9 3205 o8ty SB (qwdine g pole 09)5 (29)Swe ULl 003
» odliwl 3y50 Pseudomonas sp. S19-1+S14-3 sLaals

9 (o yoldin <8, 5 Jgamo) yo)luby () 295

3 (S3ka g wyiwd , dge Hlaie bl clled dlawly 4 45 ¢yeb 4
Y gane CodsS S99 9 g5 ol Bl s g a8l 3l S
Syme gy S SL 65 4 (W) 298 5jpoliS
2y o oly Sy ly 03351 slns Sty Joo olS 43
51 olial 13 g aalgs ol agi g oS g andis cogs
ol sl pisual gy 6 ((F) el 003151 (glag STy
aS i sladgS 50yl L g edg Sy eolatwl BB pawlsy
iy G331 S 55,k W & ettt el S5 S5T s5ls
sy 93 Englio Y amo 3, Slas tulsdl el asly 1S o
(FF 9 YY) 298000 (olond (slodgS B pae (ialS g baslon
39 5 LS ol 5 ool o lae Sl 1 onlitsl cuto gl
od Jbe olgie 4 .l o (45155 (o0l cldllas o lalS Wi,
1S > 5L gl J1 o8 555 S (V) e
oologe ((S,845 45 olS 4 Bacillus mucilaginosus <lSs
L daslio )3 7200« 5l i yhud g palts ol 9 VYD (50 &
el S 53 55 (1) olon 5 (sblely il alidl anls
@15 5 E. hormaechei pawly 60 S5l5l 68l udli b SlalS
5 =S by Hlade b S 45 a4l oL 4 Aspergillus terreus
O3S 1) Al oS )3 by jlade fal3 81 olwald jeas 1>
s5b9iil g pasdase) pobsmssnil 185 (A) S 5 52623 02,8
5035 (g bigw €S )3 SB aslty (gjlodlil 1) 205355,57
1 oS 45, (el el s 6y el a8 3l ol ) lalllas
S 57l 02 gels (LS g 0392 Jla e 7Y Jlosn] o
StB 0js S8l o Yo 9 pala/ b 01 il lalS &
iz V8 6 (V) Sen 5 (Sdo 1)l 5V sy ke
P CagSwge SS9 b il 3 (S paass a8y |y 6L
@St sbabe Sl gl 60,8 oy p byl Ll
5SS g ddy SIS g 5 (g x93 b 2 olS eldsl
4S9k A 9 ol ady) g 2lgs el punly Hlade 5 clale
53 odsods arwly i (ol odel Cund 4 1SSke (p 3 e
Oialpdl L S21-1 o 7+ Lal3l L S10-3 & Ligype latylis e
ol gy clbals Jise ololis g odg dals 4 cus Z¥-
(A) ol Sed g o) ol cdiiiwd yolisogipw i 4 slaie &5 2l
S6-6 JoLs Pseudomonas spp. (—g,Sue alia O idgls 40
i Lill g A5, 36 1 1, S21-1 4 S19-1 S14-3 510-3
22> L (s omly ey L SB 5 (S5)8aa 5 ol prnliy
O o] gl 160,8" (guoyr (Jesieol e lalyd) o2 ke 32,
ol Gpae Jlo )3 2l (i SIS g 5 (g ke OB
yoS LB 7N e e o g dal cwd @ (£0¢) ,iSa 45 p,SlS V-
5 lap (S miie quedS piud chle als el (o358
) plly e g (2lon (50 ey IS o 5 S A Ay



OFY L Jedg b5 asli g (glaije) colup 0 Slos oy o ymo (slbg s il

TNeo g b (6355 slalas ) ool 3yg0 comwliy 365 A8 ,S
P Sl S oo VEIR 9 YN Gliee 4 a5 20 pasliyy Slilgs
9 Bpany yolie ddy Cuwl S5 4 piY (TF) 350 S p S5l
Ll 53 (VA 5 V) S (905l (bl 2 Jol5 yobo 4 B oS
Lo ¥ i 4y g (dug) 5B el U ialosl (Y Joda) A5 el
@Bla ;b8 olS el slajiahly 43 (b ) el Jsbo 4
Sis8)S 5158 o pSejlasl 3)9e sy culia g Lidg S jasls
oy y a5 ta oS 5y ity (slel b gl (clanl 1 olS glis)|
Y 6350 gliyl 13 g adigy don > plp Lu)su Uhsy yd aBlo Hlad
Syl padls b (S0l udsS b a8l (gl Sl el
5 oslital Uy 1) 0,93 5ol 5 5 LSy JolS 05, 5l us S
b g ySe3lasl (C101 Jus Hansatech) gow Judg IS olSiws
g 3 QBl Sy ST Obls 5 Wl Sy ke polate cul sl
0L g €85 5118 08> Syl e S S0 (n 5o
olye 2 cale > Wedld ol (ke ad 5 pSojll ol g S
Sl b ad)S a5 55 (S ol el Sy g5 (sl
Delta-T Device- ) olSiws laul (slas;e, colin (o, Sojlal
O 5 03 0,uJlS SdS ugby bylyi L (Cambridge- UK
231 S ey e85 plxlolS pllo o Jl oSy 5l dl)d
ol M9y culin el plsie 4 polie (1SSle 5 Sl S

b bl s

S50l pole o8l 19,50 SO ;I Bacillus sp. 44-14))us
S ) i @b SL Ggmasbge dlodgy (5 b glie
s Ve al mlo NB cutS Lo 2 Lo Yo o lage Sl wils
s TN Al 35 Casby el &8 (1)) g g Lol Lol
Sliiss oS! 5l ialojl ;5 ooliiwl 3y50 S5 1505 0348
5 ool wl ol by ST ol )5 0d (gl pdiged Hligcals
Pl mly @lio Lal (V Joaz) 255 oS s colis 2>
63 1 1 S5l ey ST 5L oS 5 csSlg el o
Oyd slayi il el aes VY lié g 3,8 Sl a3 WYY
7Y Jgl g Shalol 5 eslitl 350 (V¥ (l,S” S o))
(1) 505 g (4653 1) 10 o o fS gt 5 (455 T)
5 AL ol o 48 (5L pmaslpnges b o8 55 & s
2 0S5 SY sl S o g wad adel wg o 03938 Co
20 00l s cuiS SB maw i gy S FUY Gos
5 SIS p2 )3 592 Yy 35 il ) g 9 A8 ctS QS
b el LalidS 3 «/AFC cougby olS ady (Lo jo .cél
S b B )3 S5 Y g jlesd WY (58,5 5 o b iole]
L ods el olanjlod  ialojl oyl p3 aelyd Iysl a4 dolas
S g9oil sl ) (955 sloloss b olyan 2l Sl slaaylix
Josd 9 (ol Slilgus 35 51 (0355 apogi Ve e 5 70 lie &
N8 aceglie 350 (355 (9ir 5 5751 el (5) (site ol

winlojl 2,50 S lomd 5 (K508 Cluogad i - Jos>
Table 1- Results of physical and chemical properties of soil
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Figure 1- Effect of treatments on plant height
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Figure 2- Effects of treatments on chlorophyll index
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— 300 -~ ab a ab
C ab ab b ab
o= 250 4 bc ab bc bc
“g 20
—ig 150
3 5 0
2 50
0
SR RN A . - - TR SRR TIPS VIO NI
D L & e
%\q'\ﬂ @&%Q \\;&\ &° Q,%%Q. %%%Q.\\\‘? = ?
& ~0‘§:\ & 54 &o*\ & Q;vc‘\
& & s obd& R e}’bo
060’&0 Q’Q Yyaﬁé Q%@ Q/%@ Q,%
4
Q%

stlo @l 5 (359 52 Ll g jlowd il € JSUS
Figure 4- Effects of treatments on shoot wet weight
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Figure 5- Effects of treatments on shoot dry weight
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Figure 6- Effects of treatments on root wet weight
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Introduction: Potassium is one of essential elements for plants and it is the most abundant nutrient on soil
surface which is important factor on plant growth and development. Factors such as potassium fixation, erosion,
run-off and leaching cause reduction in available potassium of soil. Microorganisms especially bacteria play
important role in changing unavailable potassium to available form. Hence, such bacteria can be used for
increasing available potassium in soil and consequently production and quality of crops. The K- releasing
bacteria can be employed as a biofertilizer to provide plant nutrients in a sustainable approach.

Materials and Methods: In this study, 10 bacterial isolates including Enterobacter sp. S16-3, Azotobacter
chroococcum 14SP2-1, Pseudomonas sp. 34A-2, Pseudomonas Az-48, Psudomonas Az-8, S11-2 and 36A-2L
provided from soil biology laboratory, department of soil science, University of Tabriz, Bacillus sp. 44-1
provided from soil biology laboratory of Gorgan University of Agricultural Sciences and Natural Resources, and
S19-1+ S14-3 isolated from Potabarvar biofertilizer produced by Green Biotech Company were used as a
potassium biofertilizer. For this purpose, bacterial inoculant prepared in bagasse and perlite carrier was used to
inoculate the disinfected seeds of corn (single cross 704). In this research, bacterial treatments were compared
with chemical fertilizer treatments including K50 and K100, in these treatments based on soil test, 50% and
100% of fertilizer recommendation were used (equal to 0.115 g and 0.23 g potassium sulfate per pot,
respectively). The experiment was conducted based on completely randomized design with three replications.
Duration of this study was about 2 months. Parameters measured during growth were stem diameter, height,
chlorophyll index and stomatal conductance and after harvesting, wet and dry weight of root, shoot wet and dry
weight, total wet and dry weight.

Results and Discussion: The results showed that expect root dry weight, total wet weight and stem diameter,
all parameters were significantly affected by the treatments. The highest plant height was observed for fertilizer
treatment 50% (100.8 cm) with an increase of 3.5% compared to the negative control. As to bacterial isolates,
highest height was measured in Bacillus sp. 44-1 (98.6 cm). Plant height and stem diameters are indicators of
vegetative growth, these parameters can thus increase when plant can use soil nutrients more than others.
Enterobacter sp. S16-3 had the maximum stem diameter and the lowest height. It can be due to decreased
potassium nutrition and auxin and gibberellin transferred from root. The chlorophyll index and stomatal
conductance were equal to 9.567 and 0.097, respectively, which were related to A. chroococcum 14SP2-1. These
are the factors of photosynthesis parameters. Increase of these factors may be attributed to the hormone balance
effects such as cytokinin which can expand root growth and absorbance of nutrients. A. chroococcum is one of
plant growth promoting rhizobacteria which can provide more phytohormones and cause improved plant growth.
Therefore, photosynthesis activities can be better. The highest wet weight (265.6 g) and shoot dry weight (44.4
g) were found at fertilizer treatments 50% and then 100% fertilizer recommendation, but in regards to bacterial
isolates, A. chroococcum 14SP2-1 and Pseudomonas Az-8 had higher values as compared with the control. The
maximum root dry weight was observed in Pseudomonas Az-48 (187.2 g). However, the lowest root weight was
obtained at 50% fertilizer recommendation. Hence, this can be explained by the root developing types. The
highest total dry weight was measured in Enterobacter sp. S16-3 (63.68 g) and Pseudomonas Az-8 and after
these bacterial isolates, fertilizer treatments had better condition. Consequently, these bacteria had another
effects on plants such phytohormones productions and enzymatic activities that chemical fertilizer did not have
such influences. The highest average of shoot potassium content was observed at 100% fertilizer
recommendation (1077.3 mg/plant).

Conclusions: The results showed that fertilizer treatments K50 and K100 had better conditions and pots with
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chemical fertilizer grew more than others in most plants. But some bacterial isolates showed comparable results
relative to K50 and K100. These bacteria can affect plants with directly and indirectly mechanisms. Bacterial
treatments such as A. chroococcum 14SP2-1 and Pseudomonas Az-8 improved growth parameters through
solubilizing potassium and producing phytohormones. Hence, these isolates can be considered for further studies
particularly under field condition.
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