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Jelss 1, Arthrobacter, Serratia, Bacillus, Flavobacterium
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Table 1- Some soil characteristics of experimental farms.

o] Mh Fe Zn Cu K P TNV OC EC
Province pH
(mg/kg) (%0) dS/m
ohite 61 80 08 36 625 177 21 189 78 091
Mazandaran
s 56 26 10 16 209 76 48 103 76  0.85
Khuzestan
sehdel> g8 38 06 25 133 116 188 033 80 185
Khorasan Razavi
;:r: 108 62 07 24 250 93 44 065 81 096
oliles 60 52 04 14 590 66 17 084 78  0.60
Kermanshah
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Results of field experiments showed that used bacteria, was increased growth and grain yield in all provinces.
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Table 2- Sum of squar of evaluated traits in Mazandaran province
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91’ 55 slans L N3 0 13 5 Slos
. , e S pabela s e W el )
Source of Freedom : panicle icl . 4
variation degree ()M number p;glii: Plan.t 1000.seeds Overal Y}?ld Grain yield
Panicle > (cm) height weight (ton. ha™")
length (per m’) number () (ton. ha®)
(cm) '
s 3 0127  4433™ 0.72" 9.86™  021™  71057™  78973.5™
Repeat
e 4 0.02"  7107.75" 14.08" 27.52" 179" 21261757 4097315
Treatment
s 12 0.10 38.92 0.68 4.35 043 173525 73448.5
Error

M xe 2 DS o> ) 90 paw ;3 )b xe odind Uil a4 g
*And ** denote significance at 5 and 1% respectively, ns is non-significant
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Table 3- Impact of Flavobacterium strain on wheat indicators in Mazandaran province
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Bacterial strain Panicle anicle number . , 1000 seeds J (,tsa
length p ! panicle grains Plgnt weight Overal I
(cm) (per m”) number height ©) yield Grain
(cm) (ton. ha'") yield .
(ton. ha")
F9 8.8a 466 a 303 a 75.0 be 29.1 ab 13110 b 4497 a"
F11 8.8a 450 b 295a 78.7 a 29.7 a 134551 4267 a
F21 89a 388 ¢ 273 Db 78.1 ab 28.4b 9563 ¢ 3483 b
F40 89a 448 b 30.8 a 78.5a 29.6a 14217 a 4454 a
il (g dals
inoculation
b e S yg0il b doyd B prdaw y3 4> ixe ©glds pac onims Ui gte yb ) LSS g %
*Same letters in each column represent no significant difference at 5% level by Duncan's test
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Table 4- Sum of squar of evaluated traits in Khuzestan province
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Source of Freedom Panicle C"_"l’ panicle (i 1000sccds (& (b
iati anicle . ;
variation degree l(eng;h Ill)umber gralgs Plant w(e1§;ht (?/\i/eelrgl Grain ield
cm number : g 1-
(per mz) height (ton. ha"") (ton. ha™)
(cm)
1,55 - , , , s
s 3 0.03™ 2562 5.30™ 1.95™ 7.32% 6071448™ 278573
Repeat
o 4 0.22"™ 623.000™ 45.36™ 2.48™ 1.39™ 5265050™ 2214468™
Treatment
s
12 0.20 334.33 7.70 1.24 2.68 4845581 456374
Error

M xe 2 S o ) 90 paw ;3 )b xe odind Uil a4 g
*And ** denote significance at 5 and 1% respectively, ns is non-significant
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Table 5- Impact of Flavobacterium strain on wheat indicators in Khuzestan province
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. (5 Slw)  (&2y0 5 ,) . (2%) ) .
Bd':s.te l‘b"fm. Panicle panicle .M? . (% 1000 seeds ()l:&.a: () m ? >
acterial strain length number panicle grains Plgnt weight Overal Grain y1e£d
(cm) (per m?) number height (©) yield (ton. ha™)
(cm) (ton. ha')
F9 9.0a 394 b 38.0a 100.0 a 46.7 ab 12011 a 6201 a
F11 88a 422 a 37.7a 993 a 46.5 ab 13741 a 5621 a
F21 9.0a 392b 40.5a 100.5 a 478 a 14741 a 6079 a
F40 9.0a 375 be 38.0a 99.0 a 46.7 ab 14246 a 5758 a
il g ald
control without 89a 354 ¢ 38.0a 989 a 44.1b 12170 a 5756 a
inoculation
Al o 5SSIS y9eil b o )3 B a3 I xe Cglis pas oximd (LS gt yb p3 Sy g
*Same letters in each column represent no significant difference at 5% level by Duncan's test.
Ol o S LM (sladigu b il 51 ) &l lia (55 9 4l 1S9y Ol ya (il

(7 Joaz) cdly 0,8 0as il & w350 Slao olod (g5, lwl s lwl y

S9o) Olwld liwl 3 (2Lj5)0 3 90 Olho Olaspe (185ke - Jga
Table 6- Sum of squar of evaluated traits in Khorasan razavi province
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Source of Freedom e &r panicle (s ° Overal J
- - - o ini
variation degree Panicle panicle . 1000 seeds eld Grain ield)
grains Plant . yie I-
length number weight ! (ton. ha™)
2 number height (ton. ha' )
fom)  (perm?) ®)
(em)
1,55 - s s
S 3 0.18™ 79.9 5.13™ 0.16™ 0.02 ™ 4588846 ™ 742072™
Repeat
et 4 2,677 217.5° 37.80 7 4.80" 0.21™ 31752317 1588077™
Treatment
las
12 0.08 55.8 2.60 0.85 0.55 3175542 759324
Error

M e e S oyd Vg O e 40 ) xe 0dimd LS Sy ) e g
*And ** denote significance at 5 and 1% respectively, ns is non-significant
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Table 7- Impact of Flavobacterium strain on wheat indicators in Khorasan Razavi province.

o aigs Job g Sl ol§ gl IS J5 3 Klos 2 o) &Iy 3 Slos
T ) (eeses) e pehi (el (f)es 2O (s
il Panicle panicle panicle grains Plant 1000 seeds J Grain yield
Bacte‘rlal length number number height weight Overal (ton. ha')
s (em) (per m’) (em) 0 yield
(ton. ha')
F9 95b 402 a 385¢ 100.1 ab 414a 14308 a 4306 ab
F11 89¢ 399 ab 40.5 be 101.2a 415a 15350 a 4567 ab
F21 94b 401 a 42.3 ab 1014a 415a 14722 a 4363 ab
F40 11.0a 407 a 435a 1014a 41.6a 16410 a 5129 a
D9 Sald
control 9.2 be 387b 35.7d 98.9b 41.0a 14286 a 3882b
without
inoculation
L8l o 5S35 (9051 L 20y B s 5 )15 e gl ps odimd (LS (gt 2 )3 GluSy By
*Same letters in each column represent no significant difference at 5% level by Duncan's test
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Table 8- Sum of squar of evaluated traits in Khorasan razavi province
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Wigs Job > o BRI G S
e 5 o Fo 53) pabol Sl) ) o) .
Oyt 2ilio g (el ( g (s (%) ¢ 2 &)
Source of ) Panicle é'{” . e . > 1000 seeds (,LS.&: ( SUs»
variation Freedom length panicle panicle grains Plant weight Overal T
degree (cm) number number height () yield Grain yleﬂd
(per m?) (cm) (ton. ha' ) (ton. ha'")
1,5 * *
A 3 1.72 3326 ™ 548 ™ 16.47™ 149 ™ 316916 114396 ™
Repeat
)L‘“’ ns ns ns ns ns ** *k
4 0.34 5953 YA 3.40 6.6 NAYS\7N 716007
Treatment
s
12 0.25 772.8 12.27 5.92 4.8 86184 113305
Error

S e e S oy N 9 O e jd ) gme odind LS i T 4 e g %
*And ** denote significance at 5 and 1% respectively, ns is non-significant
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Table 9- Impact of Flavobacterium strain on wheat indicators in Khorasan Razavi province.

olS £l 5 2 Kdos

adgh Job  duigh dlani &l 15 oy39 23 o)

‘ PLEHERIKEY] ) B ) &l 3 Slos
< (o ) (@m0 ,3) ) (o) (oo &)
SASL wgw : . A (k0 (S 55
. . Panicle ) panicle ) . . 1000 seeds ) Overal ) ) J
(Bacterial strain) panicle grains ) Plant ) . (Grain yield)
(length (number ) (weight (vield I-
) (number (height . (ton. ha™)
(cm) (per m’) (g) (ton. ha' )
(cm)
F9 85a 398 a 428 a 88.9a 364a 14300 b 6122 ¢
Fl1 85a 407 a 449a 87.0a 384 a 15200 a 6622 ab
F21 8.6a 412 a 414a 89.0a 38.8a 14500 b 6423 be
F40 9.0a 423 a 42.8a 879a 399a 15600 a 6850 a
il 9 Sals
control without ) 85a 392a 41.7a 87.3a 37.8 a 14000 b 6209 ¢
(inoculation
23b o SIS yg03l bt y3 B prdas )3 5> xe gl pae sximd LS et yb pd LSS g %
*.Same letters in each column represent no significant difference at 5% level by Duncan's test.
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Table 10- Sum of squar of evaluated traits in Kermanshah province.
5 54 st Wy J5olos
A A Sl EHER ST IS ;
. a3 *> '5"’ » 15 413 olaws i) ))"‘; 3] &) &l
Ol s 2le i (5 W) (&2y0 50 1) . . (#%) )
;! ~ - duigh (e (i
Source of Panicle panicle . ) 1000 seeds . (b
variation Freedom length number panicle grains Plant weight Overal yield )
degree (cm) (per m?) number height (@) (ton. ha') G‘ra]i(lil
(cm) yie
(ton. ha")
S 3 0.08"™ 222"™ 0.67™ 1.98™ 14" 337100 ™ 31500 ™
Repeat
e 4 0.05™ 131.5™ 0.93™ 37.93" Le™ 4596307 136250
Treatment
s
12 0.04 58.6 0.79 5.63 1.9 312937 29625
Error

M xe 2 DS o> Y 90 paw ;3 )b xe odind Uil a4 g
*And ** denote significance at 5 and 1% respectively, ns is non-significant
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Table 11- Impact of Flavobacterium strain on wheat indicators in Kermanshah province
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*.Same letters in each column represent no significant difference at 5% level by Duncan's test.
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Table 12- Increased relative performance on control plants inoculated with different strains.
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Potential of Flavobacterium as Biofertilizer to Increase Wheat Yield
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Intoduction: Plant growth promoting rhizobacteria (PGPR) are a diverse group of bacteria consisting
different species like Pseudomonas, Azotobacter, Azospirillum, Flavobacterium, Bacillus and Serratia with
ability of enhancing plant growth and yield by different mechanisms. Flavobacteria are aerobic, gram negative,
rod shape bacteria with more than 100 species living in different habitats ranging from soil and water to the
foods. There are reports indicating that Flavobacteria are of dominant rhizosphere bacteria with beneficial effects
on agricultural crops. Studies in Iran showed that six species of Flavobacterium were isolated and identified from
rhizosphere of wheat. The aim of this study was to evaluate the effect of four strains of Flavobacterium on
growth and yield of wheat under field conditions.

Materials and Methods: In this study four strains of Flavobacterium F9, F11, F21 and F40 were used.
Bacterial strains were propagated in liquid NB growth medium and were used in field experiments. Fields were
prepared in Khorasan Razavi, Khuzestan, Fars, Mazandran and Kermanshah and wheat seeds were inoculated
with strains and sowed in a randomized complete block design (RCBD) with five treatments (four strains and a
un-inoculated control) with four replications. Wheat varieties were Pishtaz in Khorasan and Fars, Marvdasht in
Kermanshah, Chamran in Khuzestan and Milan in Mazandaran. Chemical fertilizers were used based on soil
analysis. The rate of inoculation was 10 ml of bacteria per kg of seed. Plants were harvested at the end of the
experiment and seed yield, total shoot biomass, 1000-seed weight, plant height, number of panicles per m?’,
number of seeds per panicle and panicle length were measured. Data analysis was performed by SPSS software,
and the means were compared at 0=5% by Duncan test.

Results and discussion: Results of the study showed that bacterial strains increased growth and yield of
wheat in all provinces. In Mazandaran, all strains promoted seed yield although the effect of F21 was not
significant. F40 had the highest effect on factors measures in the study. In Khuzestan, inoculation had no
significant effect of seed yield production, although yield production was increased compared to control
treatment. There was a similar trend regarding to other factors. In Khorasan, all factors were increased except for
seed yield and 1000-seed weight due to inoculation with Flavobacterium strains. In Fars, inoculation with strain
F40 significantly increased seed yield production by 11.5% compared to control treatment. In Kermanshah, seed
yield, total biomass and plant height were significantly affected by inoculation with bacterial strains. Results
showed that strain F40 was the most effective strain to increase yield of wheat. This study showed that
Flavobacterium as a PGPR bacteria is able to positively affect the growth of wheat in Iran. This is in agreement
with experiments in other parts of the world. In Khuzestan, bacteria were not effective on growth of wheat
probably due to high soil temperature in this province compared to other provinces.

Conclusions: This study revealed that Flavobacteria are present in rhizosphere of wheat in Iran and could
improve growth characteristics and yield of wheat in field experiments. Finally, strain F40 was the superior
strain which increased seed yield by 15 % compared to control treatment.
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