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Extended Abstract

1. Introduction: Using chemical fertilizers is considered a common method to improve soil fertility. In
recent decades, the increase in crop production has depended on chemical fertilizers, especially nitrogen
fertilizers. This issue has increased environmental pollution and damage to agricultural ecosystems in
intensive agricultural systems. So, the continuous use of chemical fertilizers has destroyed the soil
structure and reduced the potential yield of crops. To coordinate with sustainable agriculture's goals and

deal with the adverse effects caused by the use of chemical fertilizers, biofertilizers have been proposed
as an alternative to chemical fertilizers. Various studies have shown that the presence of P. agglomerans
bacteria in the rhizosphere increases the yield of various crops by improving the absorption of nutrients
including nitrogen. Therefore, this experiment was carried out to evaluate the use of fertilizer P
agglomerans as biofertilizers in lettuce production.

2. Materials and Methods: To investigate the effect of fertilizer (urea and manure) on lettuce under the
seed inoculation with P. agglomerans condition, a factorial experiment was conducted in the form of a
randomized complete block design in the greenhouse Faculty of Agriculture and Natural Resources of
the University of Hormozgan, in three replications. The experimental factors include inoculation or non-
inoculation of lettuce seeds with P. agglomerans bacteria as the first factor and fertilizer levels including
50 and 100 kg N ha'! as urea fertilizer (108.7 and 217.4 kg ha') and manure (5000 and 10000 kg ha™!) as
second factors. The evaluated traits included leaf pigment content (chlorophyll and carotenoids),
vegetative characteristics (final leaf area, final leaf area index, final head height, and diameter), qualitative
characteristics (total phenol, flavonoid, and leaf nitrate content), and yield (head and economic yields and
percentage of yield reduction).

3. Results and Discussion: The results of the main effect showed that the application of 100 kg N ha™! as
urea caused a significant increase in leaf number and final leaf area index, chlorophyll a, total, and
carotenoid content compared to non-fertilizer control, which did not have a significant difference with
the application of 100 kg N ha! of manure. However, the highest level of leaf TSS was obtained in the
presence of 100 kg N ha"! of manure. Seed inoculation caused a significant increase in the leaf number
per plant, the final leaf area, and the final leaf area index by 12.54, 26.9, and 26.5%, respectively. The
highest chlorophyll and carotenoid contents were obtained by applying 100 kg N ha™! of manure and seed
inoculation. Seed inoculation increased the head height and diameter compared to no inoculation,
although this increase was not significant. Also, seed inoculation increased leaf phenol and flavonoid
content at each level of fertilizer, which was significant for two levels of manure. With the application of
fertilizer, the total leaf phenol and flavonoid content increased significantly compared to the non-fertilizer
control. In the condition of no seed inoculation, the application of urea and animal manure fertilizer at
the rate of 100 kg N ha! increases the total phenol by 40.5 and 34.8 percent, respectively, and the
flavonoid increases by 62.4 and 34.7 percent, respectively, compared to the non-fertilizer control. Leaf
nitrate, as a qualitative index that is directly related to human health, was affected by experimental
treatments. Fertilizer application caused a significant increase in this index, and the largest increase was



observed with urea application. Seed inoculation with P. agglomerans reduced lettuce leaf nitrate at all
fertilizer levels. But this reduction was significant only for animal manure. The results showed that in the
conditions of non-seed inoculation and seed inoculation with P. agglomerans, the application of 100 kg
N ha'! as urea increased leaf nitrate by 69.6% and 69.3%, respectively, compared to the control, while
these values for the highest level of animal manure were obtained by 37.3% and 22.1% respectively.
These results showed that seed inoculation with P. agglomerans increased economical yield in non-
fertilizer application, application of 50 and 100 kg N ha™! of urea, application of 50 and 100 kg N ha™! of
manure, by 18.0, 32.5, 15.4, 27.0 and 15.4% respectively, compared to non- seed inoculation. The
application of fertilizer and seed inoculation caused a significant decrease in the percentage of yield
reduction from 15.5 to 42.0%.

4. Conclusion: In this study, seed inoculation with P. agglomerans increased leaf chlorophyll content,
vegetative and yield indices as well as quality characteristics of lettuce leaves. Leaf nitrate increased with
fertilizer application, but seed inoculation with P. agglomerans caused a significant decrease in this
quality index. Overall, the results of this research showed that the inoculation of lettuce seeds in the
presence of urea and animal manure increased the economical yield and reduced the percentage of yield
reduction through improving vegetative characteristics and increasing leaf chlorophyll.
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(Spinacia zlawl 3 (Zandvakili et al., 2019)
(Vojodi Mehrabani et al., 2018) oleraceae)
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Table 3- Main effect of urea, manure and seed inoculation with P. agglomerans bacteria on leaf number
per plant, final plant leaf area and leaf area index, and leaf chlorophyll bcontent of lettuce

caoTrait &g 30 S g olows el S p b S o abhw pls Jdg isb
Leaf number &g gy chlorophyll b
Factor leve per plant Final plant Final leaf (mg Fw)
leaf area area index
(cm?)
P. agglomerans
2 il pos ) *)8.7° 2147.5° 2.15° -
Non seed inoculation
32.32 2724.7% 2.722 -
Seed inoculation 7247 /
Fertilizer 545
Kg N ha’!
Control saLs 23.3¢ 1024.2¢ 1.424 0.66°
(&%) °)5‘ b b cd a
27.1 1825.5 1.83 0.74
Urea (50)
(Y++) °)9‘ a a a ab
1. 2679. 2. 71
Urea (100) 31.0 679.6 68 0.7
(&%) ‘sob S¢5 c b ab be
23. 2131. 2.1 .
Manure (50) 39 31.3 3 0.68
(+s) «:““’ 295 ab ab ab a
29.7 2551.6 2.55 0.73
Manure (100)

Al (g lo sime BB K086 b v o iy Jis | mhaw jo SSls Qjﬁ)'T ookl oS pie B> gl Glo 1 Sl gty o
*In each column, means followed by the same letters are not significantly different according Duncan test (P<0.05).
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Table 4- Interaction effect of urea, manure and seed inoculation with P. agglomerans bacteria on
pigments, head height and diameter of lettuce

. P. 0395 05 9lsS) 395 adudo s 5 Judgyls  uigig)ls o el a2 yhd
asgtomerans (s 4o Chlorophyll Chlorophyl Carotenoid Head Head
Fertilizer (kg N a total height diameter
ha-)
(mg g FW)S 5 (359 05 2 05 o (cm) o b
JaLli(control) *1.304 1.95¢ 0.42¢ 20.4¢ 22.6°
059! &+ (50 urea) 1.34¢ 2.02de 0.48¢de 23.7¢ 24.9¢
pus 0,g/V++ (100 urea) 1.64° 2.358b 0.602 28.6% 30.8%
I il .
Non seed 510 995 0 1.44¢ 2.13¢e 0.44¢e 21.4¢ 25.5b
. . (50 manure)
inoculation | )
ke d 1.58 2.8 0.54% 24.8b 26.4%
(100 manure)
aals (control) 1.39¢d 2.054 0.48cde 21.8° 23.3¢
0,9/ &+ (50 urea) 1.42¢ 2.21bed 0.49¢de 24.1¢ 25.7b¢
il o 3V++ (100 urea) 1.81° 2.56° 0.62° 31.20 32.20
Seed ,d .
. > 510 995 0 1.57b 2.30b% 0.52b 24.6b 26.6
inoculation (50 manure)
51> o951+ 1.89° 2.54? 0.68 28.5 29.3%

(100 manure)

3,15 gl e WS K0S b ao o i Jleio! mhans 50 Sl (903wl oS e Gy (gl slanSSlee gy j0
*In each column, means followed by the same letters are not significantly different according Duncan test (P<0.05).

a

b

Non seed inoculation ,3, 7.4k sac  Seed inoculation i, z.ab

P. agglomerans

ze il maw o 5SSl fyge3T bl oS yiiie By gl slanKile) 9l S TSS (ylwe 9 395 J1-) S
(35,008 (5,0 gime BB 0S5 L as o

Figure 1- The effect of fertilizer on TSS content of lettuce leaf (means followed by the same letters are not
significantly different according Duncan test (P<0.05).)
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Control aals Urea (8+) oyl Urea (V++)oysl  (8+) als

(50)

Fertilizer (kg ha'!) o5

(100) Manure (50) Manure [ARED)

(100)

O505) bl g oS i B> glls slo 1 Sile) 9B S TSS oyl jme 3 P. agglomerans g xSy ,.»i.a =Y s

(35,08 (g5l gixe BB K055 L ao 0 i Jlesx ] o jo SSls
Figure 2- The effect of P. agglomerans on TSS content of lettuce leaf (means followed by the same letters are
not significantly different according Duncan test (P<0.05).)
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(Diagne et al., 2020; o545 o0 abiee <))
Hasani et al., 2019; Dursun et al., 2010; Asis
I,.>! .& Adachi, 2004; Loiret et al., 2004)
ol =l plalS )d gl o ced oad )18
aloy bug @lid jole Qi Sl cel 251
5 S o el g el S 131 G b
adoy hame ;o (sre Sl GRIBL Gpiares

(Lorenzi et al., 2022) 55 5 o

oo g (58l

39 0,5l 955 alex 5 gase sladgS o) oo a5 Ay

2le jolic s 545 alax 5l JT sloogS b anslis
Loy ydew Sy b SB o Jolme g0 @ )
Egoge (nlaS w0 )8 aly ) LS oYL enl )
Spdhiee 95 S Sles 5 gdug, wb, Rl
P. 5556 50 &b 5l (Yeshiwas et al., 2018)
e ole Cix I8l cel agglomerans

ol o ,Slee jiulidl amci 0 g Sy 0950

92l 0 o g S s S » P agglomerans g pSL L oo gdli g (oold 995 05l hliie F1-0 Jgur

Table 5- Interaction effect of urea, manure and seed inoculation with P. agglomerans bacteria on
qualitative and yield characteristics of lettuce

P. 295 Js s JSubgdls ol o,des 3 ySlos owals
agglomerans Fertili - .
ertilizer Total Total Sy o Ecgolassl S Slos
(kg N hal)  phenol (mg flavonoeid (mg Leaf Head ical Yield
1 DW) o'l DW) ea ea onomica ield
g NOs yield yield (ton  reductio
(ppm)  (ton ha ha) n (%)
1
sl 16.18° 3.75¢ 1010f 45.2¢ 34.4h 23.92
(Control)
oy il o oy9l B+ 19.85¢ 4.68¢% 1506 63.14¢ 51.7¢ 18.1¢
N il o
Non seed (50 urea)
inoculation SRR 22.74% 6.09% 17132 83.4% 69.3° 16.9¢¢
(100 urea)
so1s 35 B¢ 18.344% 4.78¢ 1245¢% 58.2¢°f 46.0'% 21.0%
(50 manure)
o1 D95 21.81% 5.05¢ 138704 73.4bcd 62.3% 15.19ef
(100
manure)
sl 17.66 4.11% 905f 50.91% 40.6¢" 20.28b¢
(Control)
oy9l & 21.45% 5.16% 1321¢¢ 78.4b¢ 68.5% 12.6%f
C (50 urea)
2% el AR 24.25% 7.01° 1532 88.72 80.0? 9.8¢
Seed
. . 100 urea)
lat (
FOCHIATION ks og5 & 22.18%® 6.15% 1002f 69,4 58.4d 15.9¢4
(50 manure)
sold 3g5Vee 23.07% 6.64% 1105 80.2% 71.9% 11.1%
(100manure
)

5l (gl cme B K0S b as o iy Jledsl gl 10 (Sls (el pulesl oS e B sl (sl i Sile (gt 2 00
In each column, means followed by the same letters are not significantly different according Duncan test
(P<0.05).
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Table 6- The correlation of measured characteristics

X1t X2 X3 X4 X5 X6 X7 X8 X9 X10 X11  X12 X13 X14 X15 X16
X1 1
X2 0.34" 1
X3 097" 049" 1
X4 0.21 036  0.93" 1
X5 0.44" 0.19 054" 047 1
X6 0.71" 033" 0.60™ 0.28 0.88™ 1
X7 0.52" 041 045" 0.38 0.65™  0.58" 1
X8 0.89™ 036" 0.92" 0.92" 0.25 0.40° 0.59™ 1
X9 0.88™ 0.52" 091" 087 0.12 031" 029" 096" 1
X10 0.84™ 030 0917 0.86 0.32" 0.22° 045" 092" 0.89" 1
X11 091" 0.18 0957 088" 0.39° 041°  0.21 0.91™ 0.93" 0.93* 1
X12 0.54™ 023 0617 035 0.12 0.21 0.32 -0.11 0.10 0.54° 0.38" 1
X13 025 028 033" 035 0.51° 0.27 048" 0.58" 0.62° 0.53" 0.39° 0.18 1
X14 0.79" 044" 0.88" 082" 0.717 078" 0917 092" 0.91™ 0.97* 0.88"  0.62"  0.64° 1
X15 0.82" 0.56° 0917 0.84™ 0.68° 0917 088" 0917 0.89™ 0.97* 0.90  0.50"°  0.58" 0.99* 1
X16 -0.79™ -0.21 -087° -0.80" -0.77" -0.68" -055" -0.83" -0.75" -091" -0.84" -025 -0.36 -0.90"™  -0.94™ 1

1555508 01 5e=XTT (S 18 0150=X10 e 1a3=X9 o s Shao=X8 (ol Sy o 2 li=XT g S 2haum=X6 i 53 S slu=X5 g ls =X4 (IS L5 )5 =X3 b Js5Js=X2 @ s, ls=X1F

s Ses ials Ao ,3=X16 ((gslasl >)§w=X15 Ja ;Jﬁ.«:«=X14 ‘fjg Q\j::J=X13 Jsles ol 550 L}S=X12 Js

1 X1= Chlorophyll a, X2=Chlorophyll b, X3= Chlorophyll total, X4=Carotenoid, X5= Leaf number per plant, X6= Final plant leaf area, X7= Final plant leaf area index,
X8=Head height, X9=Head diameter, X10=Total phenol content, X11= Total flavonoid content, X12=TSS, X13=Leaf NO3, X14=Head yield, X15=Economical yield,

X16=Yield reduction percentage
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