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Abstract

Background and Objective: Biosurfactants are amphiphilic molecules produced by living organisms, particularly
bacteria. Recent studies have shown their potential to act as plant growth stimulants. Therefore, the objective of this
study was to evaluate the effects of biosurfactants on plant growth.

Methods: To achieve this, biosurfactant-producing bacteria were initially isolated from the phyllosphere of wild plants.
Subsequently, biosurfactants were extracted and purified. After evaluating their quality, four superior biosurfactants
were selected and addressed by S1 to S4 codes. A pot experiment was conducted in the greenhouse using a completely
randomized factorial design to assess the effects of foliar spraying at concentrations of 0, 0.1, 0.2, and 0.4 g L*! on the
growth stimulation of spearmint and radish plants. At the end of the experiment, the plants’ growth traits were measured
and evaluated.

Results: The effect of biosurfactants was strongly influenced by their applied concentrations. Among the
concentrations, the highest and lowest growth stimulation were observed at 0.1 and 0.4 g L', respectively. Additionally,
the type of biosurfactant was found to play a significant role in growth stimulation. Biosurfactant S1 exhibited the most
pronounced stimulatory effect, where the highest fresh weight of radish tubers was recorded under the S1 biosurfactant
treatment with 0.1 g L', showing a 333% increase compared to the control. Similarly, in spearmint, the highest fresh
weight was observed in the same treatment (S1-0.1), showing a 51% increase compared to the control.

Conclusion: Therefore, biosurfactants, especially when used at optimal concentrations, appear to have a high potential
for stimulating plant growth and improving plant quality. These compounds could serve as sustainable and
environmentally friendly technologies for optimizing plant performance and agricultural productivity.
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Table 2. Evaluation of common characteristics of biosurfactants derived from phyllospheric bacteria of various plants
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Table 3. Results of analysis of variance (ANOVA) on the effect of biosurfactants extracted from various plants at different
concentrations on certain morphological traits of radish plant
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Fig. 1. Mean comparisons of height of radish, diameter of collar, tuber dry weight, tuber fresh weight, aboveground dry weight and,
aboveground fresh weight at with concentrations of zero (control), 0.1, 0.2, and 0.4 mg/L of different types of biosurfactants.

S1, S2, S3, and S4 represent different types of biosurfactants, respectively. The control for biosurfactants is distilled water as zero
concentration. Columns with the same letters are not significantly different (Duncan, p < 0.05).
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Table 4. Results of analysis of variance (ANOVA) on the effect of application of biosurfactants extracted from various plants at
different concentrations on photosynthetic pigments and SPAD chlorophyll index of radish plants

Mean squares

Sl o LSl DF
e ok s Sources of variation
SPAD iig:(mphyu Carotenoid Chlorophyll b Chlorophyll a x S Czt‘
- ; T L $20
J,;fj,ls J:wl\ N J":’}"‘)ls - J‘:gﬁjls ‘ J:gﬁjls
...... s Biosurfactant type
47.90** 7.62%F 12.39%* 149.61 3 s .
b Sl
Biosurfactant concentration
270.54 6.75 14.32 34.38 3 S g e
26.99% 14,99 11.60% 53.89% Biosurfactant type x Concentration
Error
3.54 0.68 1.77 1.26 47 ot
CV (%)
7.34 1.65 6.8 6.56

DI

** stands for significant effects at 1% probability level.
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Fig. 2. Mean comparisons of SPAD chlorophyll index, carotenoid, chlorophyll a, chlorophyll b, and total chlorophyll (a + b) in
radish leaves at concentrations of zero (control), 0.1, 0.2, and 0.4 mg/1 of different types of biosurfactants.
S1, S2, S3, and S4 represent different types of biosurfactants, respectively. The control for biosurfactants is distilled water as zero
concentration. Columns with the same letters are not significantly different (Duncan, p < 0.05).
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Table 5. Results of analysis of variance (ANOVA) on the effect of application of biosurfactants extracted from various plants at
different concentrations on some morphological traits of spearmint plants

Mean Squares

P A DF
e ok s Sources of variation
Number of side Aboveground dry Aboveground . i 2 ool
. . Stem height _ Bl
branches weight wet weight i - &l
Sl el sl ol Kix 035 olesls 5oy, S
N » » Biosurfactant type
6617 1.51% 2.09%* 2.18m 3 e .
b Sl
s Biosurfactant concentration
519ns 3.98 12.81 48.91 3 ISy
194 0.58%* 3.04%% 9 7o Biosurfactant type x Concentration
Error
20.62 0.04 0.32 1.27 48 ot
CV (%)
12.01 12.66 8.64 7.8

(1) s

™ stands for significant effect at the 1% probability level and ™ shows non-significant effect.
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Fig. 3. Mean comparisons of fresh weight, dry weight, height, and number of lateral branches of spearmint due to foliar application
with concentrations of zero (control), 0.1, 0.2, and 0.4 mg/L of different types of biosurfactants. S1, S2, S3, and S4 represent

different types of biosurfactants, respectively. The control for biosurfactants is distilled water as zero concentration. Columns with
the same letters are not significantly different (Duncan, p < 0.05).
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Table 6. Results of analysis of variance (ANOVA) on the effect of application of biosurfactants extracted from various plants at
different concentrations on the photosynthetic pigments of spearmint plants

Mean squares

Sl e Lf‘i‘l"“ DF Source of variation
Carotenoid Chlorophyll a+b Chlorophyll b Chlorophyll a sl az,s S @L"‘
L5 o | s S e < J2a s Vs s
______ » » Biosurfactant type
7.61%* 102.65™* 5.58%* 129.16%* 3 e .
b Sl
68** " 11.25% Biosurfactant concentration
7. 84.45 25 1.530s 3 IS o i
14.99%* - 6.74% 45.50% Biosurfactant type x Concentration
. 50.35 . . 9 of chle x 3l g £
Error
0.74 2.93 0.82 1.16 47 ot
CV (%)
17.45 12.13 13.65 7.87

(1) S i

** stands for significant effect at the 1% probability level and ™ shows non-significant effect.
! Qbﬁ)lb&mﬂ\.&a f<.';lﬁns 5 Aoy “<€. JLAL>| c}a.w)b Ls)bg;""‘;l.f Y

LB ol 5 e S OIS 53 0 8 e S e Vo s
S sl ods 5,158 (Marchut-Mikolajezyk et al., 2018) > S
$luls P. guariconensis a; yu 3| s dildr i LSS g
e S ey g g yde A5 5 Olensd Pl il Slis
-aminocyclopropane-1-) 5 sl Saul Jsdul Oy
el 33l 5 Al s g Cel carboxylate deaminase (ACCD)
(ol Wpd e Ol Kl OllS s Sle o M
Cand s 3y 53 (o) SO s 5 S LA 5oV 50 6
S 3 Slas 5 5l 560 JIg A5 ol e JS
Karthika et al. .(Khare and Arora, 2021) L dste Lo
u‘<"f’ ax S 5 SOl 3,58 Lo Wsls OLES (2020)
Gl 1 OF s 5 cdl el of sy e ls 5 sl

K55 503 Ol sl Jol g2

S S 4o

S s Ll 5 o (5 sl Lo S Sl ez Sl

L5 olS 4 ol L ge il S 5 0355 LS 5 gl
5 5 Karimi et al. (2024) .(Sachdev and Cameotra, 2013)
S el Al s SAlSG, e oS W S SIS s
s el S A et (D gaS 3 30 gl S
HB osbar 15 O diy opd Ly olS 53 ol Gl 28l
K Ol ol sy o STl L e s
oS Ol SRl 1 QLIS Ay b3 53 fse Julss
2o 5 bOLdan S Ole SRl anmd 55 5 (g5t
5l o s daly bl gl Ol 1 3L 3 LS S
— o A e 2 sy e 50 ALS Sl S
Sl g3l 51 OBl gl eSS laiassy plsil o )
W13 ol Livetal. (2010) sy 55 b 56 5550 ez
FSAe GU s oo i guly (s SAUSE g S
2 IS8 5 01 e 5 s Ikl b ey 5alS
oy ST g 5l L olS Ay S o ged faged oS
Syse g Cdslil &g S S B pumilus ) sdel s



e QLS S gld 51 e LSS g W e sl S (gLl

§ 12 + -
-~
ol B U = "
L 9.
22z 6+ I ¢ I
Tk LT 1
25 47 I
5 g
5777
0
A BB B B B B B BB B
beecceceeecee
S1 S2 S3 S4
10
o~ a -
3 -~
“:‘!‘8-- I
W
o ¥ b
g 2 b
s 2 6"1 pe D¢ bdb-d Ly g
S 1, of cf " I
S o 4T I I i ef
t g ‘HIF
S 1

IR I B S B B B B v B
S S| S SIS S S|S S

control
0.1

S1 S2 S3 S4

0.4

O 5 (o0 S

g 30 +
a a a
a0 1
: C
33 20 + IeCd de
= g f ¢ e "If
ZE sy THT1F
B g0 4 1
Ebl)
S E
= 5+
@)
0
R AR AR I AR R B -
b@@@@@@@@@@@@
g
S1 S2 S3 S4
§§;40“ )
E"N35'ababc ab
b”"‘L 30 + II ch
g 3 i ef ef
=3 s Toer
ES. 20 1% = I1 .
= &
.gE 15 +
S e 10 +
= &0
S E s
0
A AR AR I A R B4
b@@@@@@@@@@@@
g
S1 S2 S3 S4

).'?l)J 4;;_,}; &thf)Ja"Fb L;LaJ:_aj)LS@w;b J:.éjjlsdl JtﬁjJLScJ%jjﬁ)l5¢(J:£})5> J_:...,u\ U.A}L.I: wi.:l:.n d....MiUu ¥ JS.:
3 ens s SIS s Sio Bl SOLLS (J8) dald il o s SIS s ilisie gl (3 5 4 S4 583 82 (S

Al STl gijuﬁw);ogju;}lcluﬁ@b&“ Sl uK Lol Gy sl slad s .mp@@qt{)@

Fig. 4. Mean comparisons of SPAD chlorophyll index, carotenoids, chlorophyll a, chlorophyll b, and total chlorophyll a+b in radish
leaves at concentrations of zero (control), 0.1, 0.2, and 0.4 mg/L of different types of biosurfactants.
S1, S2, S3, and S4 represent different types of biosurfactants, respectively. The control for biosurfactants is distilled water as zero
concentration. Columns with the same letters are not significantly different (Duncan, p < 0.05).
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