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Introduction

Over time, water deficit and environmental pollution by traditional agriculture that forces the-producer to contribute
to competitive and sustainable agriculture. Leafy vegetables are beneficial to human:health, therefore, to adapt an eco-
friendly approach in some vegetables, the partial substitution (25-50%) of mineral NPK by:biofertilizers in lettuce
improves the yield and agronomic features and produces healthy plants for human nutrition as well. Lettuce (Lactuca
sativa L.) from Asteraceae family is considered as one of the most popular salad vegetables as a cool season crop.
PGPB (Plant Growth-Promoting Bacteria) are rhizosphere bacteria that improve plant growth through a broad range
of processes, i.e., phosphate solubilization, biological nitrogen fixation, siderophore manufacturing, phytohormone
manufacturing, antifungal activity, systemic resistance induction and plant-microbe symbiosis promotion. The
promoting of growth and yield of horticultural crops such as cucumber, potato, tomato and spinach by plant growth
promoting bacteria inoculation at nutrient solutions under sailless systems have also been reported.

Material and Methods

In order to study the effect of growth-promoting bacteria on.the yield, iron concentration and phenolic compounds of
lettuce (Lactuca sativa cv. New Red Fire) under floating systems, the experiment was carried out in a completely
randomized design with three_replications in the, Research greenhouse of University of Zanjan, during 2020.
Experiment treatments consisted of five levels of PGPB (Pseudomonas vancouverensis, Pseudomonas Koreensis,
Pantoea agglomerans, Pseudomonas putida, and one level of combined bacteria (Pantoea agglomerans+
Pseudomonas Koreensis.+ Pseudomonas putida+ Pseudomonas vancouverensis)) and control plant (without bacteria
treated).

Application of bacteria'was done in two stages, one step before cultivation as seed inoculation and the next step as
root inoculation. Lettuce plants.grown in hydroculture condition with Hoagland nutrient solution. Growth conditions
were environmentally controlled at a relative humidity of 60/70 % day/night and temperature was maintained between
20 and 17 °C. At 40.days after transplanting date, the lettuce head were harvested. The freshly harvested lettuce head
were immediately:weighed separately of each plant for fresh weight determination. Leaf samples were dried at 72 °C
for 48 h in a drying oven and kept for further investigations. Also, leaf number per plant, chlorophyll and carotenoids
contents, Fe concentration; total phenol, total flavonoids and anthocyanin contents were measured.

Results

The obtained results in the current study indicated that the application of PGPB on lettuce caused significant increase
in growth, photosynthetic pigments and iron concentration. The maximum growth rate and photosynthetic pigments
content was observed in‘combined four bacteria treatment, so that , an increase of 388.2% chlorophyll a, 439.8%
chlorophyll b, 398.3% total chlorophyll, 246.3% carotenoids contents, 42.6% plant fresh weight and 22.2% number
of leaves was obtained compared to control plants. Plant Growth-Promoting Bacteria (PGPB) can enhance growth and
development of plants. PGPB have direct and indirect influences on plant growth process. The immediate promotion
of growth involves either supplying the plant with a compound produced by the bacteria, i.e., phytohormones, or
promoting certain nutrient uptake from the setting. Whereas, the indirect plant growth promotion happens when PGPB
decreases or prevents the deleterious impacts of one or more phytopathogenic species.

Plants inoculated with PGPB showed higher leaf iron concentration compared to control plant. Thus inoculation with
combined four bacteria induced a 26.2 % increase of lettuce leaves iron concentration. The obtained results in the
current study revealed that the inoculation with PGPB significant decreased the total phenol, flavonoid and
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anthocyanin contents. The maximum content of phenol (483 pg g*FW), flavonoid (188.1 pg g™*FW) and anthocyanin
(27.5 umol g*FW) were observed in control plants compared to treated plants.

Conclusion

According to the results of this research, the use of PGPB in the hydroculture system, on the one hand, led to a
significant increase in iron absorption, the synthesis of photosynthetic pigments, and subsequently promote growth
and increases lettuce yield. On the other hand, due to facilitating the growth conditions and increasing the absorption
of nutrients for the host plants as a result of inoculation with PGPB, led to a decreases of phenolic compounds
including total phenol, total flavonoid and anthocyanin contents.
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Table 1- The concentration of cations and anions of the used water (mg.I%)

PH EC ot 00 Ee* ol Loy IS s igus pelS ol ety o
(dS.m) Magnesium Nitrates HCO3" Chlorides S04% Calcium Fe Potassium  Sodium
7.2 0.18 225 24 12 42 88.3 0.99 0.09 0.1 1.3

1- Colony forming unit
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Table 2- The ionic composition of the studied nutrient solution (mg.l-%)

NOs SO4_2 H,PO4 K* Ca*? Mg+2 NH4+
651 147 73.5 1755 120 36 135
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Chlorophyll a (mg g ** FW)'= [12.7 (Ass3) — 2.69 (Aess)] x V/ (Wx1000)
Chlorophyll'b.(mg g * FW)'=122.9 (Asss) — 4.68 (Ass3)] x V/ (Wx1000)
Total Chlorophyll (mg g2 FW) = [(20.2 (Aszs) + 8.02 (Ass3)] x V/ (Wx1000)
Carotenoids (mg.g “X.FW) = [7.6(Ass0) — 1.49(As10)] x V/ (Wx1000)
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Table 3- ANOVA (mean squares) for the effect of application plant grewth promoting rhizobacteria on photosynthetic
pigments of lettuce cultivar New Red Fire
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Mean of squares
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Sources of &350 Chlorophylla  Chlorophyllb  Total chlorophyll  Carotenoids
variation
Df
I 5 0.31** 0.02** 0.51** 0.03**
Treatment
s 12 0.001 0.001 0.002 0.000
Error
AT S 9.96 10.31 9.81 8.23
C.V (%)

oy V i pdaw )3 (g0 ize
= Significance at the 0.01 of probability level



1.6 16 %
XS 1a{ A B L 14 = 5
Loy L 12 <= 2
© ‘= = 23
%g/l.o - 1.0 E‘Vx
= 08 08 2 X
ngo-G' L 0.6 i;”gc
NS 04 +0.4 5 3
~ =
2% o[ N0 e O
00 = 0.0

1.6 16
3 = ] C T D = 2
_"))“,."'- 1.4 __l__ 1.4 E 3\
g 121 12 3
Ejé 1.0 ] 1.0 gig

= | = <
W E 08 08 g
% £ 0.6- 0.6 2"
25 0.4 04 € 3
SN o
il DTS
ST Y B 1 : I—I : 0.0
AN N\ N N\
PO R SR R S SR S i R
S S

CULE (A) 8 Jadg 15 CABLE L y3l6 5, 905 oy 9IS )3 (6 3Riuwgtd W0 30555 i o S35 56 s 3,15 5T 3eilyo Aumgllio —) JSud
‘M)gsda‘}ysbw Psk ‘wd‘)osgigﬁb :Pan ‘,..\539)&;‘394539*» :PSp .(D) ..\.3;9335)5 clale ‘(C) JS Jﬁﬁgr‘s clle c(B) b Jﬁﬁs}l{

sl gl 195l + 1 gy pwligagdgen + (a9 ligagdgms + uamucs 595 wligngdgaw TMD ¢ pupundd 99 pligagagas (PSV
Figure 1- Mean comparison.effect of plant growth promoting rhizobacteria application on photosynthetic pigments of
lettuce cv. New Red Fire. Chlorophyll'a.(A), density o Chlorophyll b (B), Total chlorophyll (C), Carotenoids (D). Psp: Ps.
putida, Pan: Pantoea agglomerans, Psk: Ps..koreensis, Psv: Ps. vancouverensis, Mb: Ps. putida + Pantoea agglomerans + Ps.
koreensis + Ps. vancouverensis.
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Figure 2- Mean comparison effect of plant growth promoting rhizobacteria application on Fe Concentration in aerial organs

of lettuce cv New Red Fire. Psp: Ps. putida, Pan: pantoea agglomerans, Psk: Ps. koreensis, Psv: Ps. vancouverensis, Mb: Ps.
putida + pantoea agglomerans + Ps. koreensis + Ps. vancouverensis.

282, 555 05, 925 13 (Sj9l990 9 (gl jud Olho (B ) S 2o G5l 3,28 T il 4525 - € Jgoa
Table 4- ANOVA (mean squares) for the effect of plant growth promoting rhizobacteria application on some
physiological and morphological traits of lettuce cv New Red Fire
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Figure 4- Mean comparison effect of plant growth promoting rhizobacteria application on total phenol and total flavonoids

content of lettuce cv New Red Fire. Psp: Ps. putida, Pan: pantoea agglomerans, Psk: Ps. koreensis, Psv: Ps. vancouverensis,
Mb: Ps. putida + pantoea agglomerans + Ps. koreensis + Ps. vancouverensis.
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Figure 5- Mean comparison effect of plant growth promoting rhizobacteria application on anthoeyanin content of lettuce
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