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Introduction

Lettuce (Lactuca sativa L.) from the Asteraceae family is one of the most important vegetables due to its rapid
growth and commercial value. Currently, the market share of organic vegetables is constantly increasing due to
customer demand for safer and healthier food. Excessive use of pesticides and chemical fertilizers threatens the
environment and leads to the production of unsafe food products. Therefore, it is important to find alternatives
instead of using pesticides chemical methods to manage powdery mildew. Generally, biotic and abiotic stresses
are among the factors that have a destructive effect on growth and development, performance, and production of
plant biomass. Fungicides can be the most effective method of controlling the powdery mildew disease, but this
pathogen can develop resistance to fungicides. Rhizosphere bacteria are among the living agents that, by producing
some allelochemicals, cause the dissolution of soil nutrients, increase the availability of nutrients, and induce plant
resistance to biotic and abiotic stresses. In addition, they enhance host plant growth through an indirect mechanism,
including the inhibition of disease-causing pathogens by releasing some allelochemical substances. The biological
control of powdery mildew disease with the use of rhizospheric bacteria in lettuce and zucchini has been reported.

Material and Methods

To evaluate the biological control of powdery mildew fungus with plant growth promoting rhizobacteria
(PGPR) and effects on yield and quality of New Red Fire greenhouse lettuce, an 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 PGPR (Pseudomonas vancouverensis- VPM,
Pseudomonas Koreensis- KPM, Pantoea agglomerans- PAPM, Pseudomonas putida- PPM, and one level of
combined bacteria (Pantoea agglomerans+ Pseudomonas Koreensis+ Pseudomonas putida+ Pseudomonas
vancouverensis- MBPM, one level of chemical fertilizer 100% N, P and, K according to soil test results- NPK,
and two control treatment without powdery mildew condition (C) and under powdery mildew conditions (CPM).

The “New Red Fire” lettuce seeds were surface sterilized with 0.5% (v/v) sodium hypochlorite for 10 min and
germinated at 20°C. After germination, seedlings with similar size were transplanted into pots. Plants were grown
under greenhouse condition with 60/70 % (day/night) relative humidity, 15/18 °C (day/night) temperature.
Inoculation of pathogenic fungi was done 40 days after seed germination. Plants were harvested after 75 days. The
chlorosis and necrosis spots number on each plant, plant fresh weight, plant dry weight, leaf number, total
chlorophyll, total phenol and flavonoids contents, antioxidant activity, anthocyanin content, and catalase and
peroxidase enzyme activity were measured.
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Results

The results showed that the application of potassium and phosphorus solubilizing bacteria and NPK fertilizer
significantly increased plant growth compared to control plants under the stress of powdery mildew fungus. The
highest plant fresh weight, percentage of plant dry weight, and leaf number were obtained with the application of
combined potassium and phosphorus solubilizing bacteria treatment and 100% N fertilizer under the biostress. The
maximum total chlorophyll was obtained with the application of Pseudomonas koreensis and Pantoea
agglomerans bacteria. 100% reduction of necrosis spots was obtained by using the Pantoea agglomerans bacteria.
The maximum of chlorosis spots (increase of 55.8%) and necrosis spots (an increase of 88.8%), total phenol (an
increase of 52%), total flavonoids (an increase of 39.3%), catalase (an increase of 28.4%) and peroxidase enzymes
activity (49.1%) were obtained with application of NPK fertilizer. No significant effect on antioxidant activity was
observed with the application of chemical fertilizer and rhizosphere bacteria under the Biostress. The maximum

anthocyanin contents were obtained with the application of Pseudomonas koreensis.

Conclusion

According to the results, the application of NPK chemical fertilizer and seed pretreatment of lettuce with PGPR
increased the value of antioxidant compounds including total phenol, flavonoid, and anthocyanin contents and
catalase and peroxidase enzymes activity under powdery mildew conditions. Inoculation of lettuce seeds with
PGPR, in addition to improve plant growth under biological stress conditions, increased anthocyanin contents and
induced the resistance of lettuce plants to powdery mildew. Seed pretreatment with PGPR reduced chlorosis and
necrosis spots in leaves. Therefore, pretreatment of lettuce seeds with PGPR instead of chemical compounds
(fertilizers, pesticides and plant growth regulators) is recommended to improve the yield and quality of lettuce
under powdery mildew conditions.
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oy ube
Ol s 2alio &3l an o Mean of squares
Sources of variation df 59585 LA wo 39555 eI no y>
Percentage of chlorosis spots Percentage of necrosis spots
Jos 7 6043.10** 12380.95**
Treatment
s 16 41.87 370.37
Error
Sl e 10.07 21.19
C.V (%)

oy V i) maw )3 (gld ze ¥
**: Significant at p<0. 01

Foaw ey (gr0m935) (g Sl (S g (agS olS
CES Cygo WK 5 LS il (e daygdg i
ol 3l osel Cwds ol b gusen (Narendra Babu et al., 2015)
Obe 5l adl,s (Dinesh et al., 2015) )San o (i) ¢ a0

5 Bacillus amyloliquefaciens agw (sy0w95, slas Sk
sl oy YA cwglis ili8l cel Serratia marcescens
9 UFLA285 40w 50 35 .50 Juzdy py (Shuwss (5)lows
$shod VE 9 ¥V S cage «syhwgin sl xSt 5| ALB629
W L« (Martins et al., 2013) 35,5 Lug (55,05 (s)low

i s 3l ings,

Olysd S Ggy Slgiee aljalwinly plis (A5 Slllas

2 ogMe dialei oo oo T lon sbogyB G5k M) sl sy
Ly slp 1y sdie dlge dacS 53 35290 (1908 clals ralidl
Zhu et al., ) iS5 o wal b ligslan slog )b oigk Jieds
g bayBlo ST mds b phugny sbast (2017
SoS S ol Lais 4y g )lae |y o Sl €8 > b yodg
Lisslan ey, See A3y wust lalS 3 1) ol €Sy S o
Wlei oo Cuglin Sl il aes ply 0 5 e |
ke a5, wJy (Radhakrishna et al., 2017)
08 s lee (lgis s puslS)lg S Lawgs (g WS 5td 9 (129N sl
00395 e Slowr & Gl sl oad aBlis ()6 (slas)lon



VY ke o) o)lod KA wlr ((55,9Le8 @l g pole) (SLEL pole 4 55

\Al

180 -
160 -
140 -
120 1 b
100 -
80 -

d
e
60 -
40 -
20-f
0 T
>

H o

de

Sl oy

Rate of contamination (%)

,%Q@

Rate of contamination _Ssgl 4l

250 1~

— o

200 -

150

(%)

100 -
C
C
50 A
d d
0 T |'I|| T T 1

CR S Q“i & @@\

s e New Red Fire o8, slailbdS 9218 (S59)1 (ylme 0 dwdy S yz0 (s 555U U do jlowd by 9 NPK o lbond 395 51 -Y IS
§2390 S b 7,8 (S
V NPK ol 368 N walis :C (639 St )8 PM (B) L5 b sl jlos 4 G 059,55 48T duoyd (A) L5 b ol jlos 4 G 09,8 a0 o

55 7S MB udliosl5Toiily PA iy uligogdger P s )55 pligog i K ¢ puui)sSg ligeg i
Figure 2- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on greenhouse
lettuce cv. New Red Fire contamination under powdery mildew fungus bioticstress
The percentage of chlorosis spots compared to the control treatment with stress (A) and the percentage of necrosis spots compared
to the control treatment with stress (B). PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps.
putida, PA: Pantoea agglomerans, Mb: Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)

VI INTYP SV S (K WA VICR TSt O PSS | -7 SRV { JEPO
05 b b e slave 351 cleb @l s (Derikvand et al., 2020)
X. vesicatoria 4 S3gl 51 » (55,8a0e5 olS > gslas]
by solow 4 S34)1 1 )3 g6, ol > (Itako et al., 2015)
» ((Chithrashree & Srinivas, 2012) X. oryzae pv. Oryzae
(Farahani & Taghavi, 2016) Xap « SS9l 1 s Lugd ol
gl g Ty GBI Slans] o slag 3l colled 133l
oiiSly 1y cde Xap Slaw 8L 515 Lugd olS 5 jlas]y,
Oy 35 (inlS g )5 o 31 BB LAl 53 oS o
W L « (Derikvand et al., 2020) szl Lo 5g,0
@ GHawgry SISk mil Wl chlhs ol Jingl
e 88 3yl g3l cnl (2ol 4 Jled bapgus julS )3 b (2o
oo st & sl g 0ud 208 Jleb ()5S sladiS S5 4

(Kumar et al., 2015) sisy o 20 |y gy o

Suacast g JYBIS a3l cullas

58 pl b lis Wesls byl ajzs I Job mlo
bl 55 3 S un (slos S b o 5 NPK (sl
S g )3 STy 9 B 3l clled ol g2 ) A5
5 YOS iyl cdld ppiin (F Jsi2) w5 Jhine oy
tlrosd 355 3 b g S gy (IS Cod flasSTy
st 5 bl 5 NPK e 368 Jlael 1 Lol NPK
SYB o5l cled s yd YAE iali8l Coge cvgo 928 olS )
O b aals Hled 4 Cus STy wpl el o) YA/
(¥ Jse) 25,5

sty OB bl 5 STy g SYBE 3l cllad oy 208
S LA e 20 b 928 olS )3 (535 Shbe )8
dulile glis &) i L (Y JSu2) 05 Juol> )55  olipagge
Cdl 5 o0y L5 e o seiions alay dmodls ke
o slow Jole plolids 5 L s odmliie Sl 5T (olaen 5T
ollS il ROSMg (s slagusl odgl lalS by
saiss ghe ol bis 5 Lol Sl opSsle slaiea,
STy GV Glauslml glampl  Jb o (es]

1- Reactive oxygen species



VO (5309 S guw j G5 S 98l o lomians 9 sody L aSLE oy O ye b g S il plisSS 5 (Y9

N
U w
| I—
I o
O

(N

|

@D
i

B o5l clles
Catalase enzymes activity
-

(umol H,0,.g°t FW.min1)
-

o
ol
1

o

C RS & Yg@%@\

=
1 J
) o

Ho

o o
® ©
1

0.7 A d

Ho

m
o
(o}
1
H
@D

ef

W.
o
ol

1

—

5,04 1

£0.3 A
S g

20.2 ﬂ

BLEWACZJPEHJFOW [

Peroxidase enzymes activity
F

o
[N
1

o

P Sy )3 Ty 9 JYBE (S 51 Callad l5me 52 by S yome GG P Ly jlosd Gl 9 NPK (lhonsd 395 1Y JSS
s § (yisd S New Red Fire o8, glailsds
:MB <u‘u/)o}5/;4313 PA </A¢}) uu/i}a})}w P ‘M)}{w/}}oﬁﬁw K ‘W)}KJ} uub}oj.)}.«) 'V NPK JL«A .)9§ N wals :C Y L{M.w C}lﬁ PM
Figure 3- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on catalase and
peroxidase enzymes activity the catalase and peroxidase activity of greenhouse lettuce cv. New Red Fire leaf under
bioticstress

PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Table 4- ANOVA for the effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on
some morphological and physiological traits of greenhouse lettuce cv. New Red Fire under bioticstress
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&bo Mean of squares
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Sources ¢ ' Totl B sy, R s Sy, {O‘tja’l‘s Js sl o]
variation chlorophyll ~ Catalase  Peroxidase sFr:?)Sor: Dry Leaf phenol Total Antioxidant ~Anthocyanin
: matter  number flavonoids activity
weight
"
Tre;tr"nent 7 0.02 0.58** 0.16** 146.10**  4.39**  10.37** 21316.15** 2979.34** 5.20ns 2.05**
EUa> 16 0.001 0.003 0.001 3.59 1.10 1.58 221.16 16.50 6.92 0.52
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(%) 2.61 4.74 7.78 2.62 4.09 241 3.90 4.03 0.60 4.76
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ns, **: Non-significant and Significant at p<0.01, respectively
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Table 5-The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on some
morphological and physiological traits of the greenhouse lettuce cv. New Red Fire under biotic stress

Jogi aige 03U (39 s ool S s Slaxs IS Judg s

Treatment Fresh Sh&;t weight Dry(r;)a)tter Leaf number 'I'(tr);zl f&;g-rlo'g\r;\)/)ll
Cc 51.51+0.48bc 7.74+0.51a-d 16+0.57bc 0.63+0.01c
CPM 42.14+1.45d 6.83+0.79b-d 15+0.57c 0.55+0.01e
NPM 54.52+1.40b 7.92+0.19a-c 17.66+0.88b 0.70+0.005b
VPM 50.58+0.81c 8.16+0.73ab 16.66+0.33bc 0.59+0.006d
KPM 54.79+1.10b 5.81+0.61d 18+0b 0.76+0.005a
PPM 50.88+0.86¢ 5.99+0.73cd 17.33+0.88bc 0.58+0.012de
PAPM 54.78+1.26b 6.22+0.30bd 17.66+1.20b 0.77+0.003a
MBPM 67.23+1.02a 9.21+0.68a 21.33+0.66a 0.59+0.006d
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bl oS3 hasalsaiz gail ao s 0 Jloi] g 53 3 e SIS 86 S i by Sy Sl L slagySils g2 o 53 oo 5 55
PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. In each column, the averages with at least one common
letter have no significant difference at the 5% of probability level using Duncan's multiple range test.
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Figure 4- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on total phenol
and flavonoid contents of greenhouse lettuce cv. New Red Fire under bioticstress

PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Figure 5- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting rhizobacteria on
anthocyanin content of greenhouse lettuce cv. New Red Fire under bioticstress

PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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