Journal of Agroecology
Vol. 11, No.2, Summer 2019, p. 561-577

i,

S309LiS (ol oy &yl
561-577 p 1398 biuasli 2 o kois d1 ulr

s o Shes » (Enterobactersp) Ad; sanlbl pe s, SL L c..d.» s S,y 2l

(* onila ¢, o5) (Orizasativa L) g5 53 gl o 5 5 Shes

*3

e.o\:u:éh.a J-:FLM‘ 32&2;}3 4J|¢.°.A LleJ:JJ".;J|w 4’}1.\5

1396/06/22 130 55 o
1396/12/08 ;2 1 dy s
o Slos , (Enterobacter sp.) a3, oxul38l g (6,5b b gl (gla gy (b)) 1398 U coniiise g eo ¢ by g 0l ygalguanted
561-577:(2) 11 < c5y9LiS wliiipgr (* oodln pylb” 3,) (Oriza sativa L.) goy ,> el o 9 5,Shee (il

2>

o5,) (Oriza sativa L.) zp sl 0o 5 5,Slee clinl 2,8las  (Enterobacter sp.) asy sanldl ogr 68l b)) okaiods

Lo, S &y Ginlejl b plsl 1395 Jlo y lsiile bl 51 Ll ol ged 1 @ly el 3o 51 S o (oilol (ool )7
125 5100 75 50 25 « i) poseslsy colilius 365 peans 2 Lols U ylogs c333,5 Lial )15 dus by ol JolS (elacS'sly oo B 55 005 5
9 4lS ady) gl s )3 )d il cald lpicd wmlS by il pie) v g 3 @il g kol ©F gisa (iS5 p S 5ks
5 abss Jobo sy allas 350 Sl ales 2 e ol OISl b iag o8 &8 Gyt (4l ady) 5 135 0 )k pl udls
g b ol S )0 ddgs sl Jb me (i3l Coge gl calises (gla iy e I ixe it boylos ilite j3l g )l jme adisd jd S ald slaws
-14/6 8/3 -3/5 17/8 -8/4 e pan) L g prolty Clo g aib (0wl Glo wddly (asls «Sjelan 3, Slos il 5 Slas cddgd jd
28L5 4oy G (doy> B1/6-58/3 Jlaio a) ags 5 Sgy s slaws ialS g (a5 13/2-3/45 4 18/9-15/9 5/7 -5/2 13/2 -8/71 19/8
51y 2oy 1812) ails 5,Shas o594 0ad (55058l Glio oles Hluie ,liSa 13 p,59kS 125 b oo I puwslis 365 CByune b ¢ pitmads 05
SLagig) 3 by i g 3,Shos Gl @i Su0 o)k J) 538k L a5l a5 &lis 53 5 plgs guili ggasmeys by inljil (aal3
E3glS & ey g (LS 5 25k 25 5900) opesliy 355 a8l el poolio 13 plsice st el Sl edomt > Sl g Su

Dges 03latwl g8 cely; 3 050 Hluly

SIS LS by Sl 355 Gl (65)5LiS olS ady) 1g IS gsu’"}"'s

65 Jlade a4 ol (02Ms 2020 Jlo b Jguazee (ol g5 Lis
Oleedn 50 olpl > o (Fageria, 2015) Ll Lil5dl as )y
S 52 590 abeo (oxdaws > (63ynly (liE Jpao (pr09
Osekes 39 Pl y95 53 Jaee ool VLo a5 33,5 o S
il e LS 3 05 415 a5 e ke b oy 58 655
sSete S S i g 039yt 3l dx pauly (FAO, 2015)
Meena et al., ) 593 s Cgmxe HBLS (cly Bmay polic
Sl cdded Slaws edonty laws iul38l 3y b 5l pate oyl .(2016
(Anjanadevi et al., 2015) a_ i Jobs g 55,10 (sladx dos

doddo
IS 3 o (Oryza sativa L) gy oo ysils &Me oo 5l

Dgdee wgme (ol g lar 3 B Jgame o Pate
o G138 L5 el Cagn Canmen Wby F 4 dogi b &S (g yoboas

e 5 55318 pole olKb il (bl st cosia =352 1
9ol (b @lio 5 (55,5LS ple oK el 098 il el (oo
Oyl (65)9liS (55l ) 9 S5 0 Sdingly jbdbiwl

(Email: Bakhshandehsmail @gmail.com :Jytuws saiw s -*)
D0i:10.22067/jag.v11i2.67375



1398 liwsli 2 oylesds 10 sl g 5y9LeS ol pos 4 pii D62

aS wash ol (Duy et al., 2016) ) Sen ¢ (so3eilive yoboas
el Pseudomonas sp. 5 Azospirillum sp. (s xS €T9s il

B 51 5 (g g aduy (g ety S il 3 Slae 38l
3 0 oy adgd s g b > Slee (Bl G inlejl )3 i
Hahn et al., ) 15,5 5,155 Azospirillum (¢S il lo;
ol 55 (Mwashasha et al., 2016) ) Sea o LiLlge (2016
s Enterobacter Bacillus sla s L g6y il a5 10l
0 Slee slinl g 5, Sloe 350 el Aspergillus

Enterobacter sp. (¢ xS'b b ol g6 (sbasals ady,
3 40l 3, Slas Gl coge dhas e 5 SIS Ll g3 0 53
(Bakhshandeh et al., 2015) a_i sals 4 cuus S jolw
g5 ;> (Mohammadi-Kashkah, 2016 ) S s4 e
G o)L aS s il Ly (Triticum aestivum L.)
g dliw Job (so)d )lox 354> iuljél el Enterobacter sp.
5 Jp2 5l g S )3 £S5k 100 lojan G pas (ppian
asly 5,Shes (gho > 26 3905 i8] g0 Enterobacter sp.
oo o olS 5Sles glinl g 2)Slas iulisl cle i A
Sl Jgdiol (g0)9m g5 & 1) 0D 0an ]38 sla g 58 Hua>
200 cad sl gy cpl bws Jalowel jauwd Mool 5 dl
Lavakush and et al., 2014; Bakhshandeh et al., 2017a)
(Zhang and et ), %en 5 l;.(Ramezanpour et al., 2010;
oliy 04 S > gl g iSL 5,8 &S Wdges Lo al., 2014)
2 el o9 (2liE polis Ll S olo (Il Corge
&S 3,8 a5 (Nicotiana tabacom L) oSL_s
g0 dsyio SLS 5 aiyy il oy04 Enterobacter sp.
10 09 e @ laazalS 3 Sy sl il (I3
[(Bakhshandeh et al., 2017) 13 xali 4 Cows

OblS il Cue (s lags) I gyl 4 B e o
L 55 qul & oo of Alos 51 &8 ol 00 o3l cilies
» i zdl (Bakhshandeh et al., 2015, 2017b) g5 4y,
ciS p» S mdls (Mohammadi-Kashkah, 2016) pa8
b Jodoro ol y o &4y )1 idls ((Hussain et al., 2016) pus
b Joloee olyen 4y aiyy iy (Duy et al., 2016) g5 Sy
o=l 5 SOy g o)Ll (Asghari et al., 2014) 5 Sy

4 Coglio damy 3l b (l381 yud g (590 ol 5 g
oo G bl g Livaty) (33 Jigb 5 e b8l g (g lowy
(Akbarlo 2013) 1l o W) lalS 3, Shas g drwgs iy
L5 i394 0352 312U slows Ysame S 55 Jolowe uliy ke
5 Jeloels JSi 4 ol 51 as 3 98 L5 90 51 i g (Aoyd 90
[(Bakhshandeh et al., 2015) sl . olS (sl is b6y
OiblS 00, 5wl eude cFiwgid (EalS gy )0 pawlly dgueS
) cuby (edls o Sigdan @b 5,Slee )y slaalh dliss
s9dLe .(Ding et al., 2006; Esfahani et al., 2005) )5 ol yon
N 5y adgd Jsb (Al carge pnlty Sllgw 5,8 ol
2505 20y a b o Slas Colg 3 5 ddigs Dy &b dhw sl
oialidl ele oy die oyl (Ghasemi-Mianaie et al., 2014)
asgd , ab JS sl Gilibl a1y g il 3,8les (shoyd 2/8
sl ey oy Dl il 8l S5 dmgdy d oby Cuws
ey 591 395 Bpae (loj 3 @ wawlly o g &l 3 )Slee
(Bahmanyar & Soodaee Mashaee, 2010) 15 )55

Lo S50l 5 alord (slaodls s> ) i Bpco 09l
wlosd sladgS 5l eSS da ya odlatul U odd o (Joisocuns
OliagliS g (e I (6l 4295 390 pll Y giae Mg >
Sl JLs a4 (Anjanadevi et al., 2015).,.5 ), 8
ohalS Cogr wde )LSal) S plaieds 45) bl glag S
o Sl Il (659l & () 9 (alend (Sla3gS By
4y b iU ol ¢ IS sbas .(Bakhshandeh et al., 2014) cul
(AL lapigeygn S| (B p MW (5955 S e (g 93
) padimeye g (Lopa sl il g Jobral @S 5 s
e (S5l Jb oIS g Claogad ((3g)dm il 989 0
BWJ) dgaks p&b (u_)l.)& ).\ol.\_c u.\> J..Q(uﬁ 9 olﬁf Bl CM:9L§A 4l
» o9Mle {Ahemad & Kibret, 2014) 15 xzlgd 5bise LS
4 oLS oM (pols 9 SIS cpslols 3900 Gajb 5l el
dlmo.).;%\ﬂ cuslsl 9 aa)f S8 S o s Joles 9 d)b.g.l,;
Miransari, 2013; ) sls siles jials 1y Caw 5 oo )3 (olowds
(Mwashasha et al., 2016

s Pantoea agglomerans slaiSU Ly pasS j3 il
sl Hlia 5 (gld e Lil3l Lo g0 Pseudomonas putida
(Sarikhani et al., 2013) 15,5 Aals & o dliuw g 4l Slaw



563 .y 0aiyl38l soss (5 55 b el (sl by (st

o dgas dnddy) Jsb L @ shale sba)d) (ab)h alsje
OHS 5 0250 g 01 ety gy b il sk
» celw @i ©awa, (Bakhshandeh et al., 2017b)
o 53 035 Joho 107 3505 Cma L) (55T 55l ypimligs
ol gl (53 oyl & Pl o 5 005 sy (1
0SS o 30 8L glej o .00,8 eolatul wlis o )4
o] 4 s 0y) 4155 (552 45 donye) o Lol
b5 > 33 y9abt (55 (pgpailiges > Sl 12 Snosy
il olyondy i3 al>po 3 odmdli glaemalS 55 S5
Sl ln b olitl ()85l o 53 laaalS len ady
by oo b ol @y sloazmals ady) cald Lylyd ) las sloxl
Bakhshandeh et ) s5aé o 6,5k o9 - @l cay g S
12 5 olo i) 18 g,k 3 el ey Jlas! §l g (al., 2015
Jobd &35 o Nab S s g0t 2alS A @ &S
20 Gy Aol b oS candy 10 ol o 93 oye g yio g
ol ot o ye uS) 351 il 20 o) (55) g el
50) Joe plind g 4y 355 (1 Jguz) SLS (90] b
3 =8 ey Slilgu 298 il (slajlass g (LS )3 pyS ks
wwsls 5l LB kSa 55 p,59LS 50) dls po dws j3 09l 3¢5 5 sl
2 eSS 30 5 (8l I an wtim d kS 5 pSsls' 35
525 LA e @ (463 Hb loj 3 S
bl ym sladile J S )bl Jod 5l olhj Ollos ooles
CBliSy ©ogons 9 x9pe Gloj 2 O S der (gl s )lan
ol ey 5l U5 wiin 93 b ilofl 5,5 oloj 3103 plos
T L5 4w d9ds as )50 mlaw > ol gl b ad ploul clasoS @
5 o5 48l | 8 ()85l 5 sm 59, 2D s ) il e L
St L SIS gl Ca () o (SLadl 035 al>ye e
Blo 5l g (B85 g 595 82) JolST (S aloyo 53 (10,5
5 Sy (s 5 ey Ol mpe e So lantls S
Slio (rzed 35 (¢S ojlul (Bly Suilse 5 4l 5 Sles
9 ) ddgs )0 il sl Sy aded dla wile 5,Slee (sljal
s J3m gy (035 sl L) adgs b (K55 4 JIs
ods Olsssl aigy 03 (g9, p (odae 100 1,85 a5l o duslone)

1- Nutrient broth

(Daghighian l,LSen 5 oL < Jlo lgic 4 L3905 (45,155
P aSe sl o Jeloxe olpen 4,4 il g, et al., 2011)
Olg=edn 1, (Phaseolus vulgaris L.) Loy ;5 (ckoals als
oS (2l )3 ash 5, Sdae 00 5YL & (e sl b9y e
L ptgsy ol ecnlpls 2,8 G155 (e o p S oks' 1807)
Ay oaialidl cag (638 28 il sla gy (o)l S
oLS ity s 5 5,Slas (glial o Slae 4y Enterobacter sp.
395 il golaw Bpan olyondy (ol p)b7 15)) &

A ] ol el gu

g, 9 dlge

L il caliee (sl by 551 (ol pslateds aalllae ()
el o 53 Shoe glipl o )Slas a8y 01153 (pogr S
plty 358 iz gl 156 o (* adle pylb 08)) 5 oS
liwgy > &3ly el g)lie 5l (e 5 1395 (elyj Sl 5
52 sl Jobo b ohijle ol b oloees @l 5 LBl
aidsd6 445,030 SLdlus oy g Bys 4iB> 50 5 4y
iwlejl a3 3 sl ol o] maw I 420 25 glis)l b Jleis
b dolar oS slacSsly )b LB jd oy 3 slacs S o yqoy
el Olalgu 368 daw b Jolid by jlows .093,8 1ya] J1,S5 aws
slagbyy 5 hol &8 lsiea (e )3 p,Sols 125 5100 75
ULy il pae) pdaw )l 5> Enterobacter sp. 6L L gl
g azalS ady) zdli Wl )0 wdls el ylaie 4 axalS
Loy o8 O plsisds (sl adyy g Bl 0 )k ply il
S5 00Simg 3y ;I Enterobacter sp. iy siliél e (558
glie 5 ©sliS pole ol ¢liw b (455l (5y5ld w5
Ol @ el SISl 6L ol 8 4 )b b
Jeloeel wland  Suss o oUle ghb a8 wi gilolis oLl
i jl i Sl eundS (o5 ate il e )3 p)55,See 254)
a2 o st 51 il des 53 59,500 3316) Jolonals ki (3,
2 prS 9,5 3) sl Sl Jgal g5 g (39 gy 9 Comen ]
Ll Silgp s 5 SSlon Laalpd 9 2 33 (39 dw jlam yd e
[(Bakhshandeh et al., 2014, 2017b)

2 il 5l ol g laaoalS il bl ol



1398 limsli 2 oylests 10 alr g 355LiS ol pgs & p2i D04

WD Cod g (g pS ol Bolal &g 4

(S0l 30 U yiuo 3os) Lialejl (gl oo S (olonad 9 (S 5ud Clabeiiio -1 Jouo
Table 1- Some physicochemical characteristics of the soil (depth of 0-30 cm)
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Introduction

Rice (Oryza sativa L.) is one of the most important tropical cereals which is a staple food for about 50% of
population around the world, including Iran. The annual grain production of rice in Iran was 2.5 million tones
which provided from an area of 0.59 million ha™. Estimates indicate that rice yield should be enhanced about
65% in the world by the year 2020, especially in developing countries where it is the main food crop. The third
macro-nutrient next to nitrogen (N) and phosphorus (P) is known as potassium (K). Potassium is absorbed by
roots equal to N and or second after N in some plants like rice. However, it is available to plants about 1-2% of
total K in the soil (K", soluble forms) while 90-98% of this is unavailable for plant uptake, as a result of the
strong binding force between K and other minerals such as mica and feldspar. Therefore, introduce alternative
sources of fertilizer such as microbial activation can be an effective way to meet a sustainable agriculture and to
decline the use of chemical fertilizers. For this purpose, plant growth promoting rhisobacteria (PGPRs) can be
used in rice paddies field. PGPRs influence on plant growth and productivity using both direct (assisting in
resource acquisition (nitrogen, phosphorus and essential minerals) or modulating plant hormone levels) and
indirect (by decreasing the inhibitory effects of various pathogens on plant growth and development in the forms
of biocontrol agents) mechanisms that are fully described in Ahemad and Kibret (2014).

Materials and methods

A field experiment was conducted in a paddy field of Mazandaran province (Babol city) as a split plot
arrangement based on randomized complete block design with three replications in 2016. Six levels of potassium
sulfate fertilizer (PSF: 0, 25, 50, 75, 100 and 125 kg.ha'l) were used as the main plot and four levels of
inoculations (non-inoculation as control, seed inoculation in the seedbed condition, seedling root inoculation
before transplanting time and combined both previously methods) served as the sub-plots. The experiment was
performed under optimal agronomic conditions. Plots were weeded by hand. If necessary, appropriate chemicals
were applied to control pests and diseases. A water depth of 3-5 cm was applied in all plots from transplanting
time until 2 weeks before harvest maturity (82 days after transplanting). Ten rice plants were randomly harvested
at physiological maturity to measure yield components of rice. Actual paddy yield (PY) and biological yield
(BY) were also determined at harvesting time by removing of one m? of rice plants from each plot. Potassium
content in the grain (PCG) and straw (PCS) were measured by the flame photometric method.

Results and discussion

The results indicated that all studied traits were significantly affected by PSF and various inoculation
methods, except for panicle length and total number of grain per panicle, but the interaction effect between them
were not statistically significant. Various inoculation methods significantly increased panicle number per hill,
number of filled grain per panicle, PY, BY, harvest index, PCG and PCS by 8.40-17.8, 3.50-8.30, 14.6-19.8,
8.71-13.2, 5.20-5.70, 15.9-18.9 and 3.45-13.2%, respectively, and the number of empty grain per panicle
(NEGP) was decreased by 58.3-61.6% as compared to the control. Furthermore, values of all studied traits
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particularly PY (18.2% more than the control), except for NEGP which was decreased, increased with the
addition of PSF from zero to 125 kg.ha™.

Conclusion
The combined inoculation method improve yield components and potassium uptake by rice plant which was

defined as the best method. Therefore, this method can be used in reduced potassium fertilizer condition (~25
kg.ha™) to meet a sustainable rice system production.
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