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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 I 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: Non-significant; * and ***: significant at p<0.05 and P<0.001, respectively
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Cel s ja als 4 s Staphylococcus sp. R38N2 -l s s 5 Pseudomonas sp. R27N7
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S0l 5 il 4 lie 4-Y

s ool bl 1 XV R b Siail ool patla i U5 s g —denl SO0 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

S8l Sl S Silgr ke Ol L g0 N 505 pasls Sl 3 S8l )
Sl slaylas Germination ~ Germination &3, Skl Vigor index | Vigor index |1 Peak value Germination
i (%) rate (seed/day) . (mm) (mg) (seed) value (seed?)
Priming treatments Mean daily Mean
germlnatlon germlnatlon
(seed) time (day)
Seognslye W 27.78+3.45 b 0.53+0.08 b 1.5420.19 b 8.8120.45a 141.54%32.58 b 46.13+15.85b 0.47+0.06 b 0.84£0.21 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 1.5120.21 b 8.03+0.21 ab 161.82+39.65 b 56.40+20.68 b 0.47+0.06 b 0.84£0.20 b
S 27.7845.74 b 0.63x0.20 a 1.5420.32 b 8.20£0.40 a 222.62+79.45 b 140.59481.12 a 0.52+0.13 a 1.24+0.64 a
“‘”’5. - R27 27.08+2.54 b 0.600.07 a 1.5140.14 b 7.79£0.36 a 174.91+46.03 b 53.16+15.25 b 0.520.05 a 0.85x0.15 a
Bacteria  R3g  38.204240a  073t006a  212+013a  8.65+0.26a 247.98+32.63 a 90.70+1845b  0.64+004a  1420.17a
WxS 22924399 cde  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+0.07 cde  1.05+0.12 cd 7.29+0.96 ¢ 77.21+10.15¢ 15.35+2.52d 0.390.04 cd 0.40%0.04 bc
eyt 310 WxR38  41.67+3.40 a 0.8420.12 ab 2.31%0.19 ab 9.34+0.32 ab 255.67+61.58 ab 102.33+31.72 bc 0.71+0.08 ab 1.69+0.32 ab
s Sb FAXS  45.83+12.95a 1.35+0.41 a 2.55+0.72 a 7.41+0.57 ¢ 519.37+154.14 a 392.86+200.92 a 0.9940.27 a 3.07+1.68 a
Humic FAxR27  3542+42.09ab  0.77+0.11bc  1.97#0.12abc  7.95+0.57 bc 307.40+108.49 ab 107.88+27.51ab  0.65+0.07abc  1.30+0.21 abc
substances FAxR38 33.33+3.40abc 0.68+0.09 bcde 1.85+0.19abc  8.00+0.54 bc 199.69+25.99 b 72.29¥16.39bc  0.6020.07 becd  1.14%0.22 be
Bacteria  pas  1asgro00e  0.26+007e 0.81+0.12 d 7.38:0.31 ¢ 56.75£14.20 ¢ 8.20+2.46 d 0.2740.05 d 0.23+0.06 ¢
HAxR27  27.0843.99 bed 0.60+0.15bcde  1.51#0.22 bcd  8.13+0.30 bc 140.13+44.74 bc 36.25+14.94 cd 0.51#0.11 bcd  0.84+0.25 bc
HAxR38  3959+524ab  0.6820.10bcd  2.2020.29ab  8.60+0.24 abc 288.58+76.79 ab 124.75+44.80 ab  0.62+0.08 abc  1.44+0.33 abc

pde KL O 3l Gy 8 55 S 2ie G bkl glastd SSLe® il G FA ol Koo g HA e T :W . Staphylococcus sp. R38N2 R38 (Pseudomonas sp.R27N7 :R27 35 b o S

Sl o3 40 Jw;-lclg.ﬂpLSD sl bl sls pme GV 3 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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—del S SO Pnnd e el Sidp sl (S psba il il B 1 ol e
Staphylococcus sp.  —u.l G 446 Staphylococcus sp. R38N2 -l s 5. Pseudomonas sp. R27N7
dals 4 cows Pseudomonas sp. R27N7 -a.l Swss 5 Staphylococcus sp. R38N2- Li. i R38N2
A i) B amada s Jsb (g0l o VYA 5 YFY VFE VAY X Ve (ol 3l Sl o S

el gl 5SSl alas VY-

S slos s ol bl Ly amalS i) o it e hon TUM L 33 S50 e ol Seslsb s
ol S sl pme sl Pseudomonas sp. R2ZTNT -l G dg sl b anlin 53 K55 o — Ao
L amlie 3 oS (ol 1 amealS gyl p a8 e o VIVO L 5 0305508 e =l S Lo ool o
- sxe sl uals 5 Pseudomonas sp. R27N7 -l s e Pseudomonas sp. R27N7 - lie O (sls b
PSEUOMONES — ol Ky 5 558 ¢ —ced S8 Sl (IS [ sbay W ks ol 5 5 (5l
S5 s Staphylococcus sp. R38N2 - Li. i Staphylococcus sp. R38N2 sl Swses Sp. R27N7
Sl YIVO 5 YAV /00 X/A0 V/EE bl Sl C ja als o s Staphylococcus sp. R38N2- ..l
(1 Jder) s azalS 5lis)|

aalS 059 Kl Ayl VY-

pre mhel Sage Dlegd Sl ) amalS O35 it p S ke VIV L SO e —el S e
Staphylococcus - Jais o1 sla,lag b amulio 3 oS «oils 1) amalS O35 %S oS oo 10V U 55 OS5
— ki. oI Pseudomonas sp. R27N7 -l s 50 Staphylococcus sp. R38N2 -l 55 sp. R38N2
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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 ol gLl aracy; Jgb wald o) aalS 05
Priming treatments Shoot height Root length Seedling height Seedling weight
(mm) (mm) (mm) (mg)
Snn sl W 4.04+2.01b 11.67+1.74b 15.71+3.24 b 1.33+0.35 b
w0 5h 3 50
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+1.10a
LSt 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+1.62 b 7.75+2.05d 9.38+3.61d 0.74+0.35 ¢
R27xW 1.63+1.62 b 9.13+1.55cd 10.75+1.05 cd 0.84+0.17 bc
<. ‘ R38xW 8.88+5.25 b 18.13+2.38 abc 27.00+6.14 be 2.42+0.76 bc
0 520 3 g0
SxFA 33.13+9.63 a 36.75+9.44 a 69.88+18.92 a 7.07+1.99a
Lo SL
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 bc 2.29+0.62 bc
xBacteria g 1A 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 bcd 1.18+0.40 hc
R38xHA 11.50+7.23 b 21.88+3.98 ab 33.38+9.06 b 2.91+0.96 b

el S5l g3 FA ol Sngon :HA i ST W Staphylococcus sp. R38N2 :R38 Pseudomonas sp.R27N7 R27 (5455 ¢ :S
Sl doy3 40 Jlez| C]a.waSD a3l bl ls e M 3 g f_L:—JfJL.‘.J O 3l s 55 S rie g o bkl glastd  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 Jol) ot (5 Seslil o olod 3o 31 S5 58 —heel STl oS 505 OLE Eass ool S
Loy dals 4 Cd Hled o 2 ((Sesbania rostrata oLS s axalS Al jastli by Jidle jesls
ol anlllas 55 Glasatla plad 5o 5 s ks Sl G USG50 e —del Sssen Jled s
Glasles & Aas o OLES 55 L ass ol 2alS 1) Sialx Ol Jawgte Lasls bbb 5 3l asla b (g)ls e
Amiri et al., 2021; Braziene et al., ) 4l doys Jaalpl 5o 5 Jialer Ol law sie (sl sl Sn g 3l 40
Ebrahimi and Miri, 2016; Azad et al., 2017; Amiri et al., 2021; Braziene et al., ) jjal > e o (2021
Ebrahimi and Miri, 2016; Azad et al., 2017; Zhang et ) Il 51 ,X 4 ,=>Lls (2021; Zhang et al., 2021
- » (Ebrahimi and Miri, 2016; Amiri et al., 2021) walS 055 omen 5 olsn el 5 ko Jsb «l., 2021
Slasarls 3y Sob sl Aol 53 (S dood Lopasie (S slpe Lol Sincly K Sslows 52
a3 5 adeen o= ool L (Braziene et al., 2021; Zhang et al., 2021) 555 o bamalS Al 5 Sial
Lol S sl S s 50 g Seshania oLS wi, 5 Jialer sl atls eled 5t Sl Sasan 350 Loyl 5
Sla S5y il sla By, b cilise Bl et plpnal Sases le 15 «(Galban-Méndez et al., 2021)

AR



OCon § 318 a5 Ble Lo ol | il g dlgn § ol uby &5 o Sy L WG

b olss 50 5 alS Gl Glad S 55 55 (S5 Glacsls oS Ay o e (ol e dle Ul sl
Khaef et al., 2013; ) aal osline aonl S5 5 donl Senpon Glasles 4 QLS (ol lagal b 258 0 sl
(Ebrahimi and Miri, 2016; Braziene et al., 2021; Zhang et al., 2021

iy s sl el s 00 denl S ool 4 Gl Al SO Sl d (550 20 02
Llg e ol ol Soage a0l 053 (oS J5S050 035 ey dosl S0 g8 oS S 015 e Seshania azalS
Sd 5 053 e glie sole eal b 55 5 (Ebrahimi and Miri, 2016) o lr OF w4 5 355 5l cdr
5 oSt ASl) ALS O sey prans Caol S sen slse 3 b 31 .(Gerke, 2021) 5L 23 e Sl e
@ ObLS v sl o opl  esdle (Trevisan et al., 2010; Savy et al., 2017; Gerke, 2021) .15 (0] o
Ly s od Siler dulp S el S5 w0 oY (Nardi etal, 1994) kps e 50 OLLS 5150555 eS| A5 Sl 5l
Larcher, ) s, o g5, 50 53 (et 0558 gl (Rl 3l ASL) Jgepsn i ol Cl odr b amalS
Sop Solodd S5 belss asgame Sl Al S8l 5 S Ay e b 4 (2003; Basahi, 2021
el o Seshania rostrata axals as; 5 550 Jial e sl e ls

4 S5 e ) K58 olag 3l sy Sesbania rostrata el Lk 5 Sl sl atls spe Sl
(i, Laxla Y 5 el Jialer yaxls Vs, L) Pseudomonas sp. R27TN7 — ol G dsb slales o 3
el S gen (i, La=la Y 5 sl Siales Lasla Vs, L) Staphylococcus sp. R38N2 - Lis i
el SKdsh (gddy Lexls Yo el sl yexls 0 s L) Staphylococcus sp. R38N2
Pseudomonas - il Swsen ((ddy Laxla ¥ 5 55l Jiales asls Y 54 L) Staphylococcus sp. R38N2
L Lgs) Pseudomonas sp. R27N7 - i Ol 5 (i, setle )\ 5 jsd Sialser Laxls ) ss L) SP. R27TN7
L3y Ay S e (68U e S bl byl cpl BH S e oS il 3 (Sl Ol baw e e ld s
Pseudomonas sp. R27N7 « —...; Staphylococcus sp. R38N2 (s sSU 45 el ) ol el 5l 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 0L b tags o Pseudomonas sp. R27N7 51 g ol a0 el (5 Seslll sla asls
el s Staphylococcus s Pseudomonas Azotobacter Azospirillum Bacillus wsbe iy S s sl SU
Sharma et al., ) jjal> doys jilidl 5o 5 (Sharma et al., 2018) jals 0l lavw e jials Csl 5504
«Sharma et al., 2018; Amiri et al., 2021) 4l s . (2018; Ali et al., 2021; Amiri et al., 2021
aiy, Jsb «(Sharma et al., 2018) _ials o5, bl i)l ol e sl Wy, Jiale oSl
Sharmaetal.,) s <=\.Jul (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 czeen 5 (2018; Ali et al., 2021; Amiri et al., 2021
T dled Rl A5, Sladsesse W5 L elS A5, S e slags ;S Ylaaml i ps e (Zeynab et al., 2021
D o S o Ll e s 5 oDl s (SLEE (535 B s gr e (4l (I gstes ele) Dl 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 [l azalS 53 1) Oseyem oyl gl Lls o TAA Opes58 U5 L L
5 Ol ml L;Lawﬂ cled s LSS (bl chle 15l Lol esdle (Tsukanova et al., 2017
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SlapUls orils 5o Ay S e glags SU s glad oo Jouilty 2 nl b opdn bazealS Al 5 H5ds 55
S e Slags SU absa b LUl ol lesl (ol s oD (Shirmohammadi et al., 2020a) col & slis S
GAL L eks Cel else pl &S gosba ol arly 5 Ol oS 45 5 e kuld 4 olS LS,
ol (5, S el slaaxls s lajles L2l s Pseudomonas sp. R27N7 « .. Staphylococcus sp. R38N2
el s, 5 il baasle p Ld) S me e SL mle an andl sl Sl S Sesbania olS s
Ahmad et al., 2005; ) dib axsls b ol ool 51 5 0 50 e Sl il (S o (10 (5515 ore ol 3
LS 8L ple 45 ey e k0 .(Sabeti et al., 2019; Amiri et al., 2021; Shirmohammadi et al., 2020a
S W5 cdea) oS o pasa s msn 53 8 Sac o s Il rman 5 OLLS diy S s slags 5L L Oljee
as e fese ol el F5e Dl 2l g s 00 e S pl e e L ellsl slac S sl (6
303 13 Ly S e (8L 5 Olge ol S5 Ll e 5 g

2o 03 My S e S8l b 5 St dlse b S S Ol e e plail Gl fasn w4 ar S LSS 0
S, S o 8L @l S ep 3150 5 cnl bl (3L 2 OlS i) 5 55 el sla e ls
b p e cpl e (VYY) OLISGs s AMINT Jia s pls dizes SULS S o

(S 4o -0
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