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led to significant limitations in cultivating these plants in managed ecosystems, such as
agricultural lands, where they are grown in large areas with a uniform green surface. Given the
necessity for medicine production, the raw materials used should possess superior quality and
minimum pollution. It seems that investigating the effectiveness of Sesbania rostrata seed
priming techniques with biological fertilizers, such as plant growth promoting rhizobacteria,
and organic fertilizers, such as humic acid and fulvic acid, is essential, because these fertilizers
are compatible with natural ecosystems and align with sustainable agricultural policies. Hence,
this research was conducted to investigate the effect of Sesbania rostrata seeds priming with
plant growth promoting rhizobacteria as well as fulvic and humic acid (extracted from Oriental
plane tree biochar) on the indices of seed germination and seedling growth.

Materials and Methods: In-vitro cultivation was carried out in a factorial and completely
randomized design (CRD) with four replications in a total of 36 experimental units. The first
factor, which was implemented at three levels, included seed priming with distilled water
(control), humic acid, and fulvic acid; and the second factor, which was implemented at three
levels, included seed priming with physiological serum (control), as well as Staphylococcus sp.
R38N2 and Pseudomonas sp. R27N7 bacteria strains. Ten surface-sterilized seeds were placed
on a filter paper inside each petri dish. Then, the treatments were added to the experimental
units and placed in the germinator at a temperature of 25+2 degrees Celsius. Germinated seeds
were counted daily from 13 to 30 days after the start of the experiment.

Results: Results showed that fulvic acid- physiological serum was the best treatment compared
to the control in terms of improvement of all measured traits. This treatment increased the seed
germination indices, including seed germination percentage, germination rate, mean daily
germination, peak value, germination value and seedling vigor | and Il by 2, 4.5, 2, 3.19, 7.13,
5.66, and 18.96 times, respectively. In addition, it reduced mean germination time by 24.46%.
Additionally, seedling growth indices including seedling height, shoot height, root length, and
seedling dry weight were increased by 7.44, 20.32, 4.74, and 9.5 times, respectively.

Conclusion: Fulvic acid-physiological serum treatment was found to be the most effective in
enhancing all indicators of seed germination and seedling growth in Sesbania rostrata, when
compared to the control. Furthermore, the following treatments were ranked right after each
other for their ability to enhance seed germination and seedling growth in Sesbania rostrata:
fulvic acid-Pseudomonas sp. R27N7, distilled water-Staphylococcus sp. R38N2, humic acid-
Staphylococcus sp. R38N2, and fulvic acid-Staphylococcus sp. R38N2.
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s plil ¢l | Shoot height (mm) 0.258™ 0.054™  0.120°  0.037 16.27
axady; b Root length (mm) 04477 0121™ 0.180°  0.047 18.66

LS ¢l | Seedling height (mm) 0.326™°  0.049™  0.140™"  0.026 10.89
«alS 034 Seedling weight (mg) 0.029™" 0.003™  0.015°  0.003 4.95
%l Germination (%) 0.055" 0066 0.051"  0.009 6.07

545> s . Germination rate (seed/day) 0.001" 0.000™  0.001™"  0.000  1.29
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341> Ol Law 520 Mean germination time (day) 3.461" 2.203® 3465 0991 1212
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Il ;34 e =>Ls Vigor index 11 (mg) 1.026™" 0.324" 05227 0.088 16.70
bzl 55,1 Pick value (seed) 0.000" 0.000™  0.000° 0.000 0.92

4l 55, Germination value (seed) 0.005" 0.002"™  0.004°  0.001 3.64

A3 84/8 5 A0 Jlat el 3 s me i 5 4™ ST s e 2

™. Non-significant; “and " significant at p<0.05 and P<0.001, respectively
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e T S e el S8 sl (S b SN Cho ) B sl e
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S50 o el Ko pop Sl LB St ol RS 1 (g5l pre sl Staphylococcus sp. R38N2
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ol Bl ols sme osles aals 5 Pseudomonas sp. R27N7 -l s 5.0 Pseudomonas sp. R27N7
Staphylococcus sp. R38N2 - Lie O o5yl 5 58 o el S bl (IS sba i mili i
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L ;s Pseudomonas sp. R27N7 - Lis Ol jles .cdll Ciw opl b 51 (gols gne ooslis SP. R3BN2
Staphylococcus sp. -l Ko sen (slajlos b anslis 3 oS (s |y J3alse Olos Lo sie o %S 53, V/YA
S 4 Staphylococcus sp. R38N2 -l 448 Pseudomonas sp. R27N7 -l w58 (R38N2
Sl S5 o el Seosen 5 3P 0w — Al S5 Pseudomonas sp. R27NT7- .
55 Pseudomonas sp. R27N7 -l Sesn slajles (IS sbas il Cio ool B 5l (gl e
o —dewl g5 Pseudomonas sp. R27N7 -a..l 4,5 Staphylococcus sp. R38N2 -l
o 4 s 4 oo Pseudomonas sp. R27N7 — ki O 5 5yl s 5 o — el o gt (S5 b
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(Y Jsd) s bl (il pasle gl 5 Y 5 Y704 Y/Y4 N ol

38 5 il el -4

gy ol bl Y i bkl 0l el op i SO nsd e — el SO les
S sea Staphylococcus sp. R38N2 - Laie Cf (slajlas b anslin 55 S350 50 o el S5 e
o B 5ol e sl Pseudomonas sp. R27N7 -al 58 5 Staphylococcus sp. R38N2- ...l
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Table 2. Comparison of the means of single and interactive effects of humic substances and PGPR on some
germination indices of Sesbania rostrata seeds

Sl Sl e il oKl Ol B Ik e pasls Hodampasls Dbl B 56l 5
Sil sl Germoination Germination &3, EETH e Vigor index | Vigor index |1 Peak value Germinatiozn
Priming treatments (%) rate (seed/day) Mea|_1 da_ily M_ean_ (mm) (mg) (seed) value (seed?)
germination germination
(seed) time (day)
Seogaslye W 27.78+3.45 b 0.53+0.08 b 1.54%0.19 b 8.81+0.45 a 141.54+32.58 b 46.13+15.85b 0.47+0.06 b 0.8420.21 b
Humic FA 38.19+4.41 a 0.93+0.16 a 2.12+0.24 a 7.79x0.30 b 342.15+69.96 a 191.01£75.06 a 0.75x0.10 a 1.83+0.58 a
substances  HA 27.08+#3.72 b 0.51+0.08 b 1.51£0.21 b 8.03+0.21 ab 161.82+39.65 b 56.40+20.68 b 0.470.06 b 0.840.20 b
S 27.7845.74 b 0.63+0.20 a 1.54%0.32 b 8.20+0.40 a 222.62+79.45 b 140.59+81.12 a 0.52+0.13 a 1.24+0.64 a
““9”5_ - R27 27.08+2.54 b 0.600.07 a 1.51£0.14 b 7.79+0.36 a 174.91+46.03 b 53.16+15.25 b 0.52+0.05 a 0.85x0.15a
Bacteria  p3g 382082402 0.73:0.06a  2.124013a  865:0.26a 247.98+32.63 a 99.79+18.45 b 0.64+0.04a  142+0.17a
WxS  22.9243.99cde  0.30+0.07 de 1.28+0.22 cd 9.81+0.12 a 91.75+35.15 ¢ 20.72+12.96 d 0.310.06 d 0.43+0.16 bc
WxR27  18.75+2.08de  0.45+0.07cde  1.05+0.12 cd 7.29+0.96 ¢ 77.21+10.15¢ 15.35+¢2.52 d 0.390.04 cd 0.40%0.04 bc
Sensen 3lpn WxR38  41.67+#3.40a  0.84%0.12ab 2.3120.19 ab 9.34+0.32 ab 255.67+61.58 ab 102.33+31.72bc ~ 0.71+0.08 ab 1.69+0.32 ab
s 5L x FAXS  4583+12.95a 1.35+0.41a 2.55+0.72 a 7.4120.57 ¢ 519.37+154.14 a 392.86+200.92 a 0.99+0.27 a 3.07+1.68a
Humic FAxR27  3542+2.09ab  0.77x0.11bc  1.97+#0.12abc  7.95+0.57 bc 307.40+108.49 ab 107.88+27.51ab  0.65+0.07 abc  1.30+0.21 abc
substances FAxR38 33.33+3.40abc  0.68+0.09 bcde  1.85+0.19 abc 8.00+0.54 bc 199.69+25.99 b 72.29+16.39 bc 0.60+0.07 bcd 1.14+0.22 bc
<Baclria  jaS  14581200e  0.26:0.07e 0.81+0.12 d 7.38£0.31 ¢ 56.75+14.20 ¢ 8.20£2.46 d 0.27+0.05 d 0.23£0.06 ¢
HAxR27 27.08+3.99 bcd 0.6020.15bcde  1.51+0.22bcd  8.13+0.30 be 140.13+44.74 be 36.25#14.94cd  0.51x0.11bcd  0.84%0.25 be
HAxR38 3950+524ab  0.68+0.10bcd  2.20%0.29ab  8.60+0.24 abc 288.58+76.79 ab 124.75+44.80ab  0.62+0.08 abc  1.44+0.33 abc

poe SELES gt Sl i pa s S e Gy aplbiliad glast F  SELe® sl S A (il e s HA Gl O W Staphylococcus sp. R38N2 :R38 Pseudomonas sp.R27N7 R27 54558 S

ol 4033 40 Jlez~| o L LSD O30 ool gl me OVl 5

S: Physiological serum, R27: Pseudomonas sp. R27N7, R38: Staphylococcus sp. R38N2, W: Distilled water, HA: Humic acid, FA: Fulvic acid, *Meanzstandard error, Same letters are

not significantly different according to LSD test (p<0.05) in each section of the column
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ey Isb il gl Y1)
—del S oles s I b dls 1 asalys ok on it e ke TRIVO L G55 558 p o — el S 58 e
el Seasen Pseudomonas sp. RZTNT —il S sloles 51 o b aglie 55 050550 o
Staphylococcus sp. - kis oI 5 Staphylococcus sp. R38N2 - ...l < J,5 Staphylococcus sp. R38N2
S e ysbay 3 dals 5 S5 g o el Soagen Slasles CAIL Cdo ol B 51 (gl me o slis R3BN2
<5l Pseudomonas sp. R27N7 - Jaie O jles L aolie 53 45 ckizdls 1) axady, Jsb op 2aS e Jus VVO L
“hel SeslB S e el S8 Slabed (S ba il Cae ) B ST ols e
Staphylococcus sp. —a.l G 446 Staphylococcus sp. R38N2 -l s 50 Pseudomonas sp. R27N7
dals 4 cons Pseudomonas sp. R27N7 -a.l Swess 5 Staphylococcus sp. R38N2- ki. i R38N2
A i) B amada s Jgb gl o VYA 5 Y/FV VFE VAY X780 BV 53l sl o S

azalS gl Sle duslie Y-\ Y

S slos s ol bt Ly amalS i) o it sin hos PUM L 33 S5 mid e — el Seslsb g
ol Al ol pae osls Pseudomonas sp. R2Z7NT -l G55 sles b alas 53 SC3alpsd pomw — ol
L oawslis 3 aS codls | amalS FUsl (S e e VIVO L 5o S o el Sinpen L 22l o
- e sl aals 5 Pseudomonas sp. R27N7 -l S sos Pseudomonas sp. R27N7 - lais o (slajles
PSEUOMONES — ool Ky 5 558 ¢ —ced S8 Sl (SIS sbay W ks ol 5 51 (5
455 5 Staphylococcus sp. R38N2 - Li. [ Staphylococcus sp. R38N2 -l S sea SP. R27N7
Sl YIVO 5 YAV /00 X/A0 VIFY bl Cel C je als o s Staphylococcus sp. R38N2- ..l
(¥ ) Lks ezl elis|

azalS 055 pKle amylio YT

p mhel Sager Dlagd il 1) amalS 055 it p S ke VIV L SO0 e —ded S e
Staphylococcus - Jais o1 sla lag b amslio 3 oS «oils 1) amalS O35 %S oS o VIOV U 55 TS 5
- kis ol Pseudomonas sp. R27N7 - ..l s 5 Staphylococcus sp. R38N2 ..l 5 sp. R38N2
el Sl slasles (S sba ol Cio cpl Bl ol sme sl aals s Pseudomonas sp. R27N7
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Table 3. Comparison of the means of single and interactive effects of humic substances and PGPR on
some growth indices of Sesbania rostrata seedling

Sl y sltsles sl sn ! gLl arasy; Jgb wald o)) aalS 05
Priming treatments Shoot height Root length Seedling height Seedling weight
(mm) (mm) (mm) (mg)

Conn sl W 4.04+2.01b 11.67+1.74b 15.71+3.24 b 1.33+0.35 b

0 928 3 5o
Humic FA 16.79+4.87 a 27.50+4.61 a 44.29+8.71 a 4.16+0.92 a
substances HA 3.83+2.72b 15.79+2.86 b 19.63+4.60 b 1.54+0.44 b
S 11.58+5.46 a 17.4245.08 a 29.00+10.49 a 2.77+1.10 a

la g sSU

@5_ : R27 3.63+1.70 a 18.25+4.03 a 21.88+4.93 a 1.72+0.42 a
Bacteria R38 9.46+3.06 a 19.29+1.61 a 28.75+3.72 a 2.54+0.42 a
SxW 1.63+1.62b 7.75+2.05d 9.38+3.61 d 0.74+0.35 ¢
R27xW 1.63+1.62 b 9.13+1.55 cd 10.75+1.05 cd 0.84+0.17 bc
<. R38xW 8.885.25 b 18.13+2.38 abc 27.0046.14 bc 2.42+0.76 bc

o 5 3l 5
SxFA 33.13+9.63 a 36.75+9.44 a 69.88+18.92 a 7.07+1.99a

lags St x
Humic R27xFA 9.25+3.59 b 27.88+9.04 ab 37.13+10.34 ab 3.14+0.88 b
substances  R38xFA 8.00+4.62 b 17.88+1.90 abc 25.88+4.65 hc 2.29+0.62 bc
Bacteri

xactena s HA 0.00+0.00 b 7.75+1.89 d 7.75+1.89 d 0.52+0.13 ¢
R27xHA 0.00+0.00 b 17.75+5.96 bc 17.75+5.96 bed 1.18+0.40 be
R38xHA 11.50+7.23 b 21.88+3.98 ab 33.38+9.06 b 2.91+0.96 b

ool S8 FA ol Sagon :HA hie ST W Staphylococcus sp. R38N2 :R38 [Pseudomonas sp.R27N7 :R27 (540558 ¢ :S
ool 2053 40 el pebas L LSD 05031 il s Sl e st 5 g 5 pde [SOLES O g 31 iy 8 55 S 28 g o o3 bl glatt o SLa*
S: Physiological serum, R27: Pseudomonas sp. R27N7, R38: Staphylococcus sp. R38N2, W: Distilled water, HA: Humic

acid, FA: Fulvic acid, *Mean + standard error, Same letters are not significantly different according to LSD test (p<0.05) in
each section of column

Eow ¥
A Jola) skt (5 Sl Dlio oles s il 51 U3 g pm —dood ST e o 313 0L e ol il
Rl Loy als 4 cws Sl op 2 (Seshania rostrata oLS sk aalS A, jatls ¥y Jiale jesls
Sl andllas 550 Glajatls s 5o 5 o e Ol i L S50 0 e —dend Saasen Sl s
Gl S das e OLES 55 e ass ol 2alS 1) Siailr Oboy Jawgte Lasls baid 5 il dals U (g)ls ne
Amiri et al., 2021; Braziene et al., ) Jjals= doys Jiulbl 50 5 Jialer Ol Ja gie JalS Col Ko gon 350
Ebrahimi and Miri, 2016; Azad et al., 2017; Amiri et al., 2021; Braziene et al., ) jal > cs e (2021
Ebrahimi and Miri, 2016; Azad et al., 2017; Zhang et ) Il 51 & <o ,=>L: (2021; Zhang et al., 2021
- (Ebrahimi and Miri, 2016; Amiri et al., 2021) a=alS 035 uzean 5 ols8 plil 5l b «(@al., 2021
Shoatls spe ol 2ol ClEl 5o (St Lo pasian (Soagon g b ol Sl y K0 Solisay o5
aer > 5 adued =y ol L (Braziene et al., 2021; Zhang et al., 2021) 555 o bazealS aiy 5 Jialse
LlL Al sl S s 5o s Seshania olS ws, 5 il sl atls sl 5 cute Sl Sosan 550 Lal
Sl S5y il sla By, b cali Bl Sl et ml sl Sases le 15 «(Galban-Méndez et al., 2021)
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aoe Jalse 555 alS Cilite lawi S 45 s pmge S5 Slasli a5 Ay e e cnl poesdle ijls g sline
Khaef et al., 2013; ) aal oline donl S ds 5 dowl Sengon Sbasles 4 OLLS ol lagal U253 0 sl
.(Ebrahimi and Miri, 2016; Braziene et al., 2021; Zhang et al., 2021

Ay 5 sl glaatls s 03 deel S lasled & s Ll SO Sl s 50 2 2
Ll o s ol Saosen 0 25 (S S50 055 oay Al )5 45 S 0l 5 e Sesbania azalS
Sd 5 055 e glie sole asl b 55 5 (Ebrahimi and Miri, 2016) O Clr 0F w4 5 355 5l cdr
5 oSt ASl) AL O gey saas Gl Sasen olge 3 b 51 .(Gerke, 2021) 55l o8 o e sl e e |
@ ObLS v sl oopl esdle (Trevisan et al., 2010; Savy et al., 2017; Gerke, 2021) .15 (0] o
Ly 5ok S3eler Al b S cd S5 w5 (Nardi etal., 1994) 1,5 o 50 OLLS 31505,5 eS| W5 2ol
Larcher, ) s, o g5, s 53 (et 055 gl (El53l ASl) Jgepsn i ol Il b azalS
Sy Lol odd S5 Lelse agame B Sl el SOl ol (5 S da e ki« (2003; Basahi, 2021
el oz SeShania rostrata axals wi; 5 55k Jialer sla exls

4 S5 e — ) K58 olag 3l e, Sesbania rostrata eesalS L 5 Sl b atls spe bl
(i, Laxla Y 5 el Jialer Laxls £ 5, L) Pseudomonas sp. R27N7 — ol b slales o 3
—doed Seogen () Laxla Y 5 sl Ssal Lasle Vosse L) Staphylococcus sp. R38N2 - lais i
—hl g (sl yexmle Yo sl Jidles esls O sae L) Staphylococcus sp. R38N2
Pseudomonas -l Ko gon ((shisy Laxla ¥ 5 j5ds Jiale ,axls Y 55 L) Staphylococcus sp. R38N2
L Lgs) Pseudomonas sp. R27N7 - Jaie Ol 5 (i, setle )\ 5 5sd Sialer Lasle ) 3 L) SP. R27TNT
D3y Ay S e (68U e SO bl bl cpl 51K e oS il 3 (Sl Ol b gme e ld s
Pseudomonas sp. R27N7 « ...; Staphylococcus sp. R38N2 (s SU 45 ol ol ol ool 55l ansl J s
55 b 5l (Staphylococcus sp. R3BN2 -l sl jlas) denl Sglgd LS 5 clinad & (oS 5 8 o
Slsles &S das e Ol s tass o, Pseudomonas sp. R27N7 51 g Sl a el (6 Selll sla ol
el s Staphylococcus s Pseudomonas Azotobacter Azospirillum Bacillus wobe wiy S e slas SU
Sharma et al., ) jjale> doys (ilidl 5o 5 (Sharma et al., 2018) jals Ol law st ialS sl 35040
«(Sharma et al., 2018; Amiri et al., 2021) jjale e (2018; Ali et al., 2021; Amiri et al., 2021
aioy Jsb (Sharma et al., 2018) _jale o5l cobml i) ol an Larls @lys, Sialer Sl
Sharmaetal., ) s olu! (Sharma et al., 2018; Ali et al., 2021; Amiri et al., 2021; Zeynab et al., 2021)
Ali et al., 2021; Amiri et al., 2021; ) a=alS 035 waeen 5 (2018; Ali et al., 2021; Amiri et al., 2021
T dles 5 Ak, Glaosesse W5 L elS Ad, S e slags ;S Yl s e (Zeynab et al., 2021
D o G s Ll e Cals 5 oDl i (SLEE (50358 B s e o (4l pdsds Jale) DT W
SLaoj Ol 4 S s ol ol Sl 4 S L e elS )l Sen ol imen (Zahir et al, 2004) 53 8 i
Etesami et al., 2015; ) was i3l amalS 5 1) Gpensn opl mhae Al o IAA Op0,08 5 b Las e
5 Ol ml éuwﬂ cled s LSS (b IS clle 1l Lol esdle (Tsukanova et al., 2017
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il Al s s Sl el s s (Ali et al., 2021, Zeynab et al., 2021) 1S o sl 5 Sesbania azals
lapbls mils 55 Ay S e glags SSU cilis glaa o Joilty 25 cnl Lo oo bagealS LS5 5 55de 55
S e slas SL s b LUl ol Jlesl (ol s o5 (Shirmohammadi et al., 2020a) ¢l & slis S
G L edd Gl Jalye opl oS (gosba cd wls 55 Olge olS 45 5 Jase Lald a4 olS
ol (6, S el slaaxls s lajles el s Pseudomonas sp. R27N7 « ... Staphylococcus sp. R38N2
el LS 5 Sl baaxle p sy S e sl S plse an andl sl W35 Saie Sesbania ol s
Ahmad et al., 2005; ) dib axils b ol ool 51 S0 50 e Sl sl (S o (I (515 ore ol 3
LS 80 phe S Ay 8 S« (Sabeti et al., 2019; Amiri et al., 2021; Shirmohammadi et al., 2020a
S A5 o) olS Lo a3 gm0 55 0 Slacdled 5o IO rmmen 5 OLLS diy S e slags 5L L Ol
a5 P g il el e Dl il e a5 00 e S pl ey e L eIl slacd sl (6 e
2313 513 s S e (68 5 Do oS K53 il o 50

S 53 iy S $SU a5 Seapen Slge oh 45 S OIS e el il slaash S 4 ey LS
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