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Effect of Pseudomonas fluorescence strains and humic acid on some morphological
and physiological characteristics of marshmallow (Altheae officinalis L.)
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ABSTRACT

In order to investigate the effect of plant growth promoting rhizo-bacteria (PGPRs) and humic acid on some
morphological and physiological characteristics of marshmallow (4/theae officinalis L.) a pot experiment was carried
out under greenhouse condition at Faculty of Agriculture, University of Birjand, in 2017. The experiment was
conducted using a complete randomized blocks design based on factorial arrangement with three replications. First
factor was seed inoculation with strains of Pseudomonas fluorescence bacteria at four levels (non- inoculation,
inoculation with strains 51, 79 and 163) and second factor was humic acid at four levels (0, 150, 300 and 450 mg/kg
soil). Results showed that Pseudomonas fluorescence strains and humic acid had significant effects on morphological
and physiological measured traits. The most effects of inoculation created by strain 163 of Pseudomonas fluorescenss
bacteria and it increased leaf dry weight, leaf area, leaf chlorophyll index, carotenoids and protoin leaf compare to
control. The result also showed that increasing of humic acid concentration up to 150 mg/kg of soil increased, leaf
area, leaf chlorophylls index, chlorophyll fluorescence index and protein leaf compare to control. Combination use of
Pseudomonas fluorescenss bacteria (strain 163) and humic acid (150 mg/kg soil) had the most effect on increasing of
leaf fresh weight, leaf area, chlorophyll a, chlorophyll b, total chlorophyll, carotenoids and phosphor leaf compare to
control. Due to these results, application of biological fertilizers containing Pseudomonas fluorescence and humic
acid can improve morphological and physiological characteristics of marshmallow.

Keywords: Bio-fertilizer, medicine plants, organic fertilizer, phosphat-solubilizing bacteria.
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Table 1. Physico-chemical characteristics of used soil

Soil Texture pH EC (dS/m) OC (%) OM (%) N (%) P (mg/kg) K (mg/kg)

Sandy loam 8.36 0.96 0.16 0.28 0.032 27.5 126.3
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Table 2. Characteristics of used organic fertilizer (Humic acid)

Type of organic fertilizer Acid humic Acid follic Potassium oxid

80 15 12
Humax 95-WSG %) %) %)




sYY VE- e 5l 8Les Y 5,90 ool SLEL psle

5hoolaal b iolesl sloosls o g aujos
3 eolaiwl b e jloged g, 9 SAS 9.4 l3sls s
ools 1Sk duslin (gl 5 0 plol Excel 158l 5

0 Jlisl maw ;o ool cladlrs LSD (505!

A oolazwl dusyo

o g b

roligagage )8 3o Glis (il g a5 s

Sp S Gig sl Gl cerge et sl
olS 4 VPV wlas g8l (P<+/+)) ol oei>
3 S Sis 39 o, YYIVO Ll coge
(F3a2) o (il pae) wals Lo | auyli
borye o S 5 )5 YA oSk LY aglor
V2V wlos Yl D9 (bli poe) vals jlos 4
IAA oy Gl oo ) ol St oy el
Sl xSU 5l oolanwl 0gd (ady, i dawgd o
Cules jo g9 bady, p> L,..,l)sl Sl 0, S e
Montanez et al. ) _wlwl o (et al, 2008
oy 95 ol 1) (6 5SL aygn ot 3G (2012
Sl g b ls oS Wiogel ST 5
Bromand = jash 0 .ol gles slal Sis 5
).,..L, Sy 995 0,8 55 (2021) Sivieri et al.
@93 oS (alse plal 059 IBL )l e
AL L o, Xl oS Sale sl aslaal
stz HB b 1y olS Sis (39 gl yesss]
(Gehan & Abo-Baker, 2010) ols  iliél
Qdges o, (2007) Mahfouz & Sharaf-Eldin
(agy My ORIBL el (s slassS o p)lS
0,5 absly ggle ol 0 Sas 59 il
sldygw il asllas L (2006) Shaharoona et al.
GASL ol alize gladygw wisls lid (g0eS
Lol plad ool Sl aunlin om0l

Sslsdyge Slao (Fp Jold (o 23550 Dlao

3 JBls pals Che Wsg olS (Sufelsid s
(SFmgid Sl A5, (65 ojll g aulS £g,0
039 2oy g Sy oghe Sp puleyld ey
(caloy gl @S bl 0 Sp Sas
J9)l5 asls s pSejlal gl el (5 S ol
S S )9 o oolatw] SPAD oSws 51 Sy
SrSel 8 <o) il by sy 5l
@ Dg 90 S ghe gpSolul e 4 o
4l Sl S o) Iz 5l g g Jiie oKl
Leaf ) zmwdS » maw oliws 3l oolatwl L F s
! S, zhw (area meter- Model Windias
G sts SbalSs, (Sl b s eSosll
laadgi)S 9 JS Judo S b ca g )ls clale
ol elp .cd,85 &yee Arnon (1949) g, Gillae
3 900,S by lox bS5l p)S /0 (jslaie
o Vo G 9 0B samle Gl b sz gle
JEPUURENR VIR S - B PPV Y vom IO
30 590 e G b je ,iile olws (o ladiged
job 4 dw g 8,8 )13 dadBs 00 e 4 ddds
ogil PPV Lo cinb j0 2 L IS laie ailSlas
Jaie 5 stegl FFF o b Lol ade
olKiws 1 eolawl L jegil FY- ,o laudesy,lS
3eolannl b oLl jo o8 clE egdenSl
b Jdo)ls @ Juo)lS (lie s i @ YUY Ly,
4 dged 5 (9 2 eSS e e daaSel) S

Dl Cawd

Chlorophyll a = o)
(19.3 x A663 —0.86 x A645) x V /100W
Chlorophyll b = )
(19.3 x A645 — 3.6 x A663) x V /100W
Chlorophyll Total = )

100 (A470)-3.27(mg chl.a)-104 (mg chl.b)/227

PS5 10l ad g pSesll sl riren

L ooygS 5o el Hlx Do 4 oo wlew! diges

3 Ol o0ls 13 018 ol ax o FO. gle

Slp gl FFe zae Jsbo b fegidy il olfiws
(Omidbeigi, 2009) uis solitw! ,awd 5,503l



o S0 g2 Sunsl g (Pseudomonas fluorescence) (s yold wligagdgus (lodygus 51l San g (5,5 7YY

Sl pobar 1) Sp ol (uligegdgm 4
oo)l55 (2013) Jahan ef al.  yooen ol ol
o &1 G S5 oL 5 s (slasgS w5
@ Sy ghe AL Goe; 5o @S Sl wals
Jalili  lawgs eadplonl cw)p jo ol anciog Jlade
sagw L LIS olS mal 505 2011) er al
Lol Lelo-ACC Wye  utjsli uligogopw
A dals ol 4 cud Sy phe als il
Ay 5o pladxe o gleadl L omls ol
gl 0j9 p 9By S e slag 2L Cote (5 135
(Amal et al., 2010) o,ls cillhs LS S,

S ghe Rl crge Seased sl S pas
polie 50,8 ool o a8 bl b JT classS o
5 g oad ol siugy ad, ol cel wijle plae
el oS ok, sl Sl Gk 5l ans
Tahamy ) 543 0 olS S mhaw asls ]34l
Rahi et lawgs oS &b ;o (Zarandi et al., 2010
g Seoged Sl Bras Wl plxil (2013) al.
S sleadl bl ol wd Sy g 0l
b Sy gl oSl Al A 3 alione
Ahmad et al., ) 5 s cills Singd duwl B pas
(2013; Ali ef al., 2014

gl ol ol mlbs el
5 Sr JBe)lS aFle Sl coge elipesise
RERIUCERNR SRS TFCHUREC R S
OBl cxge i 4 VY alas b eyl il
5 Sy bolS sl gamys YVIB-5 V¥
4 o a5 S 11 s gl 8 Sl
S e sla xSL Aol 4 g Lol sali jles
oSty Ul Ghagh Gal jo eoliials oo 03,
29898 Mg 5 (Saxe laoland Plul colilb 4
Gl diley VY alas o,y (oo Sl a4y aaslasls |
Oop b0 el S8 sl 1 ol L
gl (oogitilyS 0 Slas 5 S J3g) 5 (el
G555 5 (2007) Sadat wsl Jige seis Sy I
olgegdgm 8L il ale I eslitul o5
Sl Gl 1, o Sy LIS livn il

Flaise; jo edie S0 gloadl b oases (ol

PRS2 )0 Soger el 05 e 100 B rae
YAUFF wlidl g vals s 4 cas S
J.._'\)sl Lv Lol s bl.sf 3).1 S L))B LS
2SS Yoo V0 5l Segd sl B pas
Jgaz) ais saslice (5,10 sme Oglay S 6 Tl
Olw 095 by 4o (2015) Chamani et al. (&
g Ay i drwgd Jodd 4 Sogud awl 50,5
olawy o8l cely olae ole Ol ol
3 Senged sl 3 bl 098 o oLS 0 LusLs
S ad Sl a ) 50 laasly )
9 VY wlos blate j1 cioen aioly Cas ]
PS5 )3 Scoged sl 05 (oo 1O+ By
L yd el pae g5l oS5 b anslie o S
Sl e Sogst sl Bpn pe 5 (555l
Asgari et .330,5 S p S )9 e, FRTY
GlasS Hlejen Bpae a5 oS Lo (2011) al.
glin oS alsn plail Sz (59 » ST 5 Sesslsen
] 009 ).:}o Gl.c.ls
Sl g elipegoge Jlite SISl anylia
Al Byas pae B o ol lis Sogn
2 Seoged dpwl 05 (Lo O Bras g Sogen
orlsagosw 6 5L Glalaz o (SB pSolS 5o
Sl 02y (g gre gl S maw Ll
Gras 9 VPY alas plgs 05 ol Las b ow,
S eSS o 55 Seased a5 s 101
P<e/+V) o cxe g g, YV il (oo
O 30,5 aald jled b awslie ;0 Sy mhas
5 B TS 2 55 Seased dal o5 oo 10
L el poe bild 5 Sy gl e
23,5 Jol> Seegn sl Bras pas 5 5L
S e Sy o Sl eslinal (B Jsox)
Sy Gulidl a4 e Gl (LS o o,
3 Sk ol QUls @ gpdge (al g oS
s Rl g IAA (alS laggeyse olss
Golami ) ol 0018 Cod (Haud o594y) ol Lolic
(2010) Shirmardi et al. s o (et al., 2009

Gl b ol Sldl j5ldg )00 o8, adl Wio)S 158



Y0 VE- e 5l 8Les Y 5,90 ool SLEL psle

1B+ e 5 VST wlaz 0,5 ols Lis b cas,
2 SE pSekS e 0 S sl )5 e
pac 9 6L Lzl pae (gled oS 5 L s lis
Gvoy Y7 Gl corse «Singed sl Bjan
CBlE i (P<ofo)) ab 5y jhd el
9 VY alaz 0 )5 gHled oS5 0 Syl
PSS 2 50 Seomd Sl )5 (e 100 a0
oS 9w Jels ws s YF G Ske L S
GASLL N el pae Ll pl 0 S jals clile
(V7 J82) 005 Jol> Sged sl S pas pue
Ay Slp Brae 5 650 paic i oS Ll |
§ esliial abalgy o] wds il wsl o olS
Mgt 5 Fieestd )0 Wlsie S5 Sujslse slassS
Glise slowss abl dils Lljes ib olS
boostm) slasgs )3 39290 uligogoge iz
aland DloS 5 i el jblans glo o3l w2l 5
gl oot Qi BBy ool (Some 4z yo 5
sl g8 S5 Ll 2SL (nl Geigres Ngh o
alor 5l il sbSs5le Bk 5l g I len
My e Il e g oy
ol e o5 sl il ol 5 Sl slaggs,se
Wl )0 5 A, g WS oo ebas LS 0 )
Ngbos yaed b 6y9p0 @l ol oo
Fernandez o, » zls .(Abdul-Jalel et al., 2002)
0oiiS > (slacs 5L a5 ols olis (2007) e al.
5 Aed Ddx Gl sl g sl Slins
(2011) Khaled & Fawy .3:3,5 Lgw oLS o,Slos
izl Seagen b (LBL sl WS 318
b oldie o ol ilEl @d ol o 1) als
GBS (Sane Sland oaiS o slas xSL A
Perez-) ailos, S 5,155 LS o 1) jaud Ld>
.(Montano et al., 2014
Sladign 3,5 Sl mib)ly 42525 @bs oelal
Seeged el (B Jolore 9 e )98 ligegoges
Lol (P<e/oV) ol o gme Sy (g cale
(Fdso2) 29 Jlgme bayesl cnl hlite Sl
VY a4y borye S e n Ol ontie
250 AL Lzl pae jlai b avalie )0 a5 g

SoopSs) RlBl p ad) S e Glas 2L cue
Melissa ) a5.26,0L (29,1 oS 0 (gyumgid
.Hatami et al., 2021) s)s callas (officinalis
Ll o egtlss ulajsls a3l (ow)
ogilsS o Sles i &5 Sl plas oLt
i 5 99 FY iz o 4 g 1 st
o Skes (p S fwizmen g YL o] Lo Fv/Fm
ol (6551 b el pae) aml Jlags 51 pogilss
O ol lad ool Kileo anslie 008
Sel 0 S V00 Bran b cdo 5o cnl ol
(¥ Jgaz) ab Jol> SB o 56l 2 50 Segen
Sl Ly oll ey 5l Saagen sl S yno
Sp JBelS el g oy Wb cage e
Rahi ef al. lwg a5 b 0 2o 5 >
00 O L Segud awl s plesl (2013)
3y yolie ©da Gl cew 5900 Slayaie
20 Sy (s i Rl carge azs
Byac s o a3 4 (Bahrami, et al., 2015)
5 S 05,50 sloclad 09 32,k 5| JT sleogs
bopanedlSlg e (nl Lawgs o) sloosiiSeelas g
Slr @l olge fiion jlade (yols )13 o yiwsd )3 53
Sodisn Sy Jedg IS ke Gl s 0lS S pan
ol cillae ails3ly 0,90 40 0ads o)58 (slaazil b oS
(Darzi et al., 2006)
Gl cxrge ulgogoge sla alax op)lS
Sl it 5 ab S e CLIE s ne
oaalin VAV dgu b il jlod jo ol 4 cons
ar S| 58 Shesd sl Bpae () JSE) ad
Lol b Jy a8 S saud clale Gl case
il e 5 il 8IS b s
Sras mho jo wald 4 cod Sy ald clale
SB 0 kS e 0 Seaged sl 05 Lo VO
53 3l Gli Seeges sl g wlipogipw Jliie
O Gras 5 Swged bl Bras pae sl
Om o SB pSokS 2 50 Seegen sl 05 e
sd cile Gl lsegoge 5L slaaga
(V) il o9y b gme ol S



o S0 g2 Sunsl g (Pseudomonas fluorescence) (s yold wligagdgus (lodygus 51l San g (5,5 414

PSS 2 50 Seased el 05l 10
2y by a4 weld led boanlie S
58 Juds S liae (gm0 OY/A  OVYA iolsdl
VAV los awy oo Sl 4 0505 o5 oS o b
a8 Gl g olS ln jaud el Gl corse
ol sl 4, Ll g b s 5s L5
o ) Sp J8)lS Gliee alea Sl ad; slaasla
3 SFwgd oSS, Rl aes e Gl
S eHb Wlgioo (s SloosS L oads il (lalS
slppl Sl jo jid Wil @ jid i
@ ol @i Gl g ols oS h pegmd s s
WS go SeS olS o piwgtd Glie 28, YL
looatla S (K olyte 4 S Jiba lS slsione
A b o 1) oS (siiegis ud )b o e
Ganji Arjenaki ef al., ) ogi o 3Ll wWas 0
sl cdled golisl 55 (2010) Mia et al. (2012
olgagosm oS b el Jl o 1, (g5imgid
Oy b Seeged w005 (B)F e 58
B35 9 s Sl b g (ol polie (Suus M
9 i (2l polie g O gols 1B L axs 0
[y Lo pSS, cole Wil co ol LB o Felio
olS o | gyiwgd olge Jaml 4 ams o5l
.(Nasooti miandoab et al., 2010) &S s,
el bl gl o Jds peen & wls
a8l ol 8l Seeged ol b jled jo b ga by IS
o) 5o iz ;500 bbadl L mls ol el
3 S Sl 357 51 50 89,15 s 2l
Ahmad ) o,ls ciallae Sl adven 5 W LS
(et al., 2013; Alavi zadeh & Nazari delju, 2014

Jel &zl o0 Fp iigy clale 213l
iS55 bl ol s slaosS
Codi Gl cge il Syme slag Sl
plnl s jsbo 1) 0395 wd e S
{(Ashrafuzzaman et al, 2009)
5,8 WS 4le (2003) Stancheva & Dinev

AR (0

Pl 5o (eBgn Gl cage (S lassS
I ol Sl i @l a3 o e
Gl s e Lial3dl el o Sooged Sl Gy
el cdale poli8l b (P<e/+)) 0l S uiigp
PSS 2 pSee Tor 9100 @ jho jl Sogen
VX 5 1V IAY i 4y Sy ey oy S
Oean weyd Ol o 8L GlBl as)s
2 Songed Seal 0,5 Lo 100 s 4 bgyye S
S g (303 VoIFY (ke L) SB- 0 56lS 52
2 Seaged Sl o5 oo YO+ a4 bgype o
1 Ss (hoys WIFF 5 Sile L) SB 6, Seks
S5 Al esalie i aS (5 slaeyre ol
L oeon Olime (A olone ©)p0 4 Scagen s
Azarpour et al. g5 o (Salwa, 2011) ols 33l
o 9959 (S9) Screged Sl (5L Jslre 5 2011)
A 3656 40 Ald g e i3l
Crtypl oligogoge hlite Sl (:Sle annlie
Srae Sl ol Soogen dal it zshaw
slaalz ,ob ga J3)l5 Gl » Sogen ol
(P<e /1) 090 Sglitie i j5ld (poligagogms 555k

5 VPY wlas alg 3ol las b cwy p (F Jsox)

(s S ge Dleogad p Seased Sal g i sl8 wligogoge slaalaz S bl 452 @l Y Jeux
Table 3. Results of variance analysis effect of Pseudomonas fluorescence strains and humic acid on morphological
characteristics of Althaea officinalis

Mean of squares

. Leaf Leaf SPAD Chlorophyll Leaf Leaf

Source of variation df . K . .
dry weight area index fluorescence index phosphorus protein

Block 2 3.890 ™ 5.958 ™ 3.940™ 2.856 ™ 2325™ 41.027
Pseudomonas 3 11.590° 993.890" 118.524™ 0.003™ 0.004™ 11.8317
Humic acid 3 36.7937 854.339™ 128.224™ 0.006™ 0.002"™ 25.019"
Pseudomonas*Humic acid 9 6.058" 208.685™" 15.199 ™ 6.934™ 0.004 ™ 3.039™

Error 30 1.642 4.542 8.324 3.651 8.611 2.063

CV (%) 2 16.13 2.46 7.66 17.83 5.10 7.53

oy ) g0 Jlisl o ;o o g Sgldd g o Jixe Dglas 99 (T 5 4y stk g % S
ns, *, **: Non-significantly difference, significantly difference at 5 and 1% of probability level, respectively.
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Table 4. Results of variance analysis effect of Pseudomonas fluorescence strains and humic acid effects on
morphological characteristics of Althaea officinalis

Mean of squares

Source of variation df Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
Block 2 0.002™ 2.003™ 0.001™ 0.003"
Pseudomonas 3 0.070” 0.007" 0.091” 0.069™
Humic acid 3 0.126™ 0.012" 0.137" 0.027"
Pseudomonas*Humic acid 9 0.012" 0.003" 0.017” 0.001"
Error 30 0.001 6.054 0.004 0.007
CV (%) 8.33 5.79 7.72 6.98

oy ) 50 Jlisl a0 lo g Sgldd g o sixe Dglad 955 G 5 4y # s

ns, *, **: Non-significantly difference, significantly difference at 5 and 1% of probability level, respectively.
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Table 5. Mean comparison interaction effect of Pseudomonas fluorescence strains and humic acid on quantitive
characteristics for morphological and photochemical of Althaea officinalis.

Humic Total

Pseudomonas acid Leaf dry weight Le%f area Chlorophylla  Chlorophyll b chlorophyll Carotenoid
[fluoresces (mg/ke) (g/plant) (cm*/plant) (mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW)
0 6.447 75.28" 03568 0.102" 0.7627 0.272"
No inoculation 150 7.07:‘ 78.30 gf“ 0.403 ' 0.120 % 0.840 "¢ 0.293¢"
300 7.95% 75.551 0428 0.104%" 0.831% 0357
450 6.91° 77.04 1 0.378 0.109 ¢ 0.762¢ 0.270"
0 6.81°¢ 80.94 '8 0402 0.111°% 0792 0.383 %
Strain 79 150 1 1.60:: 102.05" 0.704 ™ 0.180"° 1.1052 0.474bc
300 9.51 94.02°¢ 0.605 0.161°¢ 0.951 0.479"
450 647" 82.46 4" 0415 0.107 " 0.811° 0.407¢
0 6.72 % 77.67% 0.401" 0.1048" 0.7574 0.381%
Strain 163 150 12'01: 110.56* 0.723* 0.217* 1.113* 0.5327‘
300 10.69 " 93.90°¢ 0.655 " 0.181"° 1.162* 0.523™
450 7.94% 85.244 0.437° 0.105" 0.892" 0.4104
0 6.70° 78.07%" 03598 0.111% 0.7434 0320
Strain 51 150 9.35:| 85.594 05374 0.129¢ 0.893 " 0.370%
300 7.78 % 79.77 " 0.471% 0.1249% 0.837° 0.385%
450 6.56° 83.84 % 0393 0.113 0.7704 0317

Wl g5l gire Dglas KaSG b sy B Jlesol e jo oS i B> SO BBlas glls sla Kl (5w jo y8
In each column, means followed by the same letters are not significantly difference at 5% probability level.
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Figure 1. Mean comparison effect of strains of Pseudomonas fluorescence on leaf phosphorus concentration of
marshmallow.
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Figure 2. Mean comparison effect of humic acid on leaf phosphorus concentration of marshmallow.
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Figure 3. Mean comparison interaction effect of Pseudomonas fluorescence strains and humic acid on leaf
phosphorus concentration of marshmallow.
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