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1. Microbial inoculation effect
2. Spread plate
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Fig. 1. Root staining and observing the vesicle and fungal hyphae inside the root (right) and determining the colonization percentage (left).
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Table 1. Analysis of variance of the effect of treatments on measured traits in greenhouse bell pepper.

iy s oS il P i
. Ol pns Lt OF x MI Microbial Jsl Organic Sk St e
R (%) Co e.fﬁ'c ient of Error 1n0€11\1/}zli)t10n First type fezt(l)lger Block Source of variance
variation (%) error
- - 12 3 3 2 1 2 Degree of freedom
0.87 451 5278 2770"s 52727 29312 171366™ 2432 Shoot fresh weight
0.89 42 226.6  206.6"° 3527 1163 73677 77.81 Shoot dry weight
0.84 1.35 1.01 0.17ns 7.74™ 2.80 26.9" 2.09 Fruit diameter
0.82 3.34 1.25 1.26™ 15.82* 0.29 12.02* 0.54 Fruit number
0.92 5.28 46.83  80.21"s 1197* 182.5 2192 31.64 Yield
7.53 109.3  33.05"¢ 12.01ns 121.3 10.75™  164.1 Plant height
0.99 10.03 0.004 0.51* 1.07* 0.001 0.009"s 0.01 Microbial population
0.98 12.24 66.32 5411 6238" 87.74 11.34s  30.03 R/S ratio
0.98 13.6 0.73  1453" 195.7" 0.14 3451"  0.52 Micr;’fl}lilti(nl\‘/’&g)aﬁ"“
0.83 7.97 8.25 1.52n 61.21" 21.63 205.4™  19.66 N uptake
0.89 7.81 0.02 0.07* 0.41™ 0.19 0.14" 0.02 P uptake
0.88 6.18 5.53 60.73"* 59.46" 36.57 15.16" 1.45 K uptake
0.84 7.98 1.13 1.06™s 19.15* 1.61 0.26"s 0.34 Fe uptake
0.78 14.2 0.09 0.02"s 0.66™ 0.6 0.001"s 0.17 Zn uptake

£

g;...n‘u\..p)bC\.«l)&.iJL«;;-‘C)JGMJJ)‘JJMJJ‘})‘JJMJ:;J:J)fd\.:rg_,‘.;uj.?w%} «ns
ns, ** and * denote non-significant and significant effects at the 1 and 5 % probability levels, respectively.
Fruit ) o 5 , 1 ((Shoot dry weight) o ,.Ls i 05 (Shoot fresh weight) o ,LusLs 63U O35 «(Degree of freedom) 3051 e s e

9N Cpra S ((Microbial population) 5 Ko Cnex (Plant height) LS CLLl Ol «(Yield) s Slas (Fruit number) o 5o sl4ss (diameter
K) pooly ol (P uptake) ,id do (N uptake) 055, ol (MIE) PPy il 3 (RIS ratio) (g e 515 pb St ay (S sy S

.(Zn uptake) s 5, <l 5 (Fe uptake) JAT —d> (uptake
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Table 2. Mean comparisons of the main effects of organic fertilizer and microbial inoculation on bell pepper growth traits.

Six b5 36 0j
4.?}.3 Lﬂ.?)\ P o}:,a:\.)\.x.}' o}:,ajja_; /a s
C ) 2 s e bty () bl L
s ol - - . s
(el (e 52 (prres®) Gk . (Gt o s
Plant Yield (kg m?) Fruit Fruit diameter > Shoot fresh reatments
height (cm) g number (mm) Shoot dry weight weight
(g/plant) (@/plant)
Sast
139.4a 15.17a 34.16a 78.66a 376.8a 1692.9a :
With organic fertilizer
35S 05
138.1a 13.60b 32.75b 76.54b 341.7b 1523.9b Without organic
fertilizer
I il
139.3a 15.94a 35.83a 78.07ab 392.6a 1742.0a 05
Mycorrhizal inoculation
b il
138.9a 14.49b 33.00b 78.80a 354.1b 1574.0b sl il
Bacillus sp.
L+ 1y
140.04a 13.82b 32.83b 76.18¢ 355.8b 1593.7b el + e S
Mycorrhiza + Bacillus
(& 05) als
136.75a 13.29b 32.16b 77.34bc 334.5¢ 1524.0b Control (Non-
inoculated)

sl Loy 0 ledaw)zﬁ\;ay)TwLﬂlﬂ)lsw | C,\.cfi}l._\g;)‘,;‘.qu)zqu.»g_é)f

Means with the same letters in each column indicate no significant difference based on Duncan’s test at 5% probability level.
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Table 3. Mean comparisons of the interaction effect of organic fertilizer and microbial inoculation on bell pepper growth traits.

Cama= o

b el 2o u.,\;- - : . Coxam e
el o b - SIS S s S il L
(Erre 25 (e 5505 oSS (xVe" CFU g1 (o) Hles
K uptake P uptake S Aw320 x5  Microbial population . Treatments
2 ) ; a MIE (%)
(g m™) (gm~) R/S ratio (x10°CFU g7)

37.26b 2.29a 110.0a 11.00a 15.76b 1055
Mycorrhizal
inoculation
46.48a 2.00ab 14.0d 1.40d 8.34¢c sl Sest
Bacillus sp. With
organic

+5 5 S fertilizer

33.58bc 1.71¢ 13.5d 1.35d 5.76d o el
Mycorrhize+
Bacillus

dals
38.04b 1.56 12.0d 1.20d 0.00
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Means with the same letters in each column indicate no significant difference based on Duncan’s test at 5% probability level.
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Fig. 2. Mean comparisons of the effect of microbial inoculation treatments on nutrients uptake of N, P, K (A) and Fe and Zn (B) in
bell pepper growth traits; Bars with similar letters are not significantly different (Duncan, p < 0.05).
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Table 4. Pearson's correlation coefficients between measured traits in the greenhouse bell pepper plants.
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ns, ** and * denote non-significant and significant correlation at the 1 and 5 % probability levels, respectively.
Wf (Shoot fresh weight), Wd (Shoot dry weight), Fd (Fruit diameter), Fn (Fruit number), Y (Yield), Mp (Microbial population), Nu (N uptake),
Pu (P uptake), Ku (K uptake), Fu (Fe uptake), Zu (Zn uptake).
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Abstract

Climate changes and agricultural practices such as excessive use of chemical fertilizers and pesticides have
intensified the effect of abiotic pressures on crop productivity and have destroyed the ecosystem. One of the
strategies to moderate these pressures is the use of organic fertilizers, mycorrhizal symbiosis and microbial
inoculation. In order to investigate the effect of organic fertilizer, mycorrhizal fungi and Bacillus on the
growth characteristics of bell pepper, an experiment was carried out as split plots on a randomized complete
block design with the main factor of organic fertilizer at two levels (with and without organic fertilizer) and
the secondary factor of biofertilizer treatments at four levels [arbuscular mycorrhizal (Rhizophagus
irregularis + Funeliformis mosseae), Bacillus (B. subtilis + B. amyloliquefaciens)., mycorrhizal + bacteria
mixture and control without inoculation] in three replications. Soil biological properties, nutrients uptake and
growth characteristics and yield of the fruit were investigated after harvest. The results showed that the
organic fertilizer and mycorrhizal fungi application increased the shoot dry weight (10.3% and 17.4%,
respectively) and fruit yield (11.5% and 19.9%, respectively) compared to the control. The highest microbial
population (1.1 x 10" CFU g') and R/S ratio (110.0) were obtained in the organic fertilizer application
treatment with mycorrhizal inoculation. Mycorrhizal symbiosis with organic fertilizer application improved
the uptake of nitrogen (20.6%), phosphorus (46.8%), iron (35.6%) and zinc (57.2%) compared to the control,
and potassium uptake was improved by Bacillus treatment as compared to the control, it increased by 22.3%.
In general, the combination of organic fertilizer and mycorrhizal fungi seems to be suitable for greenhouse
bell pepper cultivation.

Keywords: Fruit yield, Growth promoting bacteria, Pepper, Phosphorus, Mycorrhizal symbiosis.

Background and Objective: Global agriculture faces various problems such as producing food for about 8
billion people by the middle of the 21 century. At the same time, people are struggling with economic
conditions and malnutrition, as well as fierce competition for natural resources and climate change (4). Use
of chemical fertilizers and pesticides has led to various environmental problems around the world. Organic
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farming (and the use of organic and bio-fertilizers) is a holistic development method that improves
environmental sustainability, habitats, biogeochemical cycles and soil biological activity without the use of
conventional fertilizers or pesticides (2). Mycorrhizal fungi have a significant environmental impact by
improving soil quality such as soil biomass, structure and aggregation (1). Beneficial rhizosphere
microorganisms that play a role in promoting plant growth can directly or indirectly promote plant growth. In
this research, bell pepper plant was used, which is one of the most important fruit vegetables, that plantation
area and its consumption are increasing (3). This research seeks to understand the relationship between
mycorrhizal fungi and Bacillus bacteria with or without the use of organic fertilizers and their effect on the
bell peppergrowth and nutrients uptake under greenhouse conditions.

Methods: This research was carried out as split plots on a randomized complete block design with the main
factor of organic fertilizer at two levels (with and without organic fertilizer) and the secondary factor of
biofertilizer treatments at four levels [arbuscular mycorrhizal (Rhizophagus irregularis + Funeliformis
mosseae), Bacillus (B. amyloliquefaciens + B. subtilis), mycorrhizal + bacteria mixture and control without
inoculation] in three replications. Organic fertilizer with the origin of decomposed animal manure was added
in the rate of 3 kg m™ to the bed soil in the main plots. Arbuscular mycorrhizal inoculum was prepared from
Pishtaz Varian Biotechnology Company, and was added to planting hole in 10 grams (20 spores per gram)
during seedling plantation. Pepper seedlings were placed in a suspension containing Bacillus bacteria (two
liters containing 10® bacteria cells per liter) for 25 minutes and then planted in the greenhouse bed (1). Soil
biological properties, nutrients uptake, growth characteristics and yield of the fruit were investigated after harvest.

Results: The results showed that the organic fertilizer and mycorrhizal fungi application increased the shoot
dry weight (10.3% and 17.4%, respectively) and fruit yield (11.5% and 19.9%, respectively). The highest
microbial population (1.1 x 10" CFU g') and R/S ratio (110.0) were obtained in the organic fertilizer
application treatment with mycorrhizal inoculation. Plants inoculated with mycorrhizal fungi and without
organic fertilizer had the highest microbial inoculation efficiency (22.73%), which showed a significant
difference with the plants inoculated with Bacillus bacteria (2.23%). Mycorrhizal symbiosis with organic
fertilizer application improved the uptake of nitrogen (20.6%), phosphorus (46.8%), iron (35.6%) and zinc
(57.2%) compared to the control. The potassium uptake was improved by Bacillus treatment as compared to
the control (i.e., it increased by 22.3%). In general, the combination of organic fertilizer and mycorrhizal
fungi seems to be suitable for greenhouse bell pepper cultivation.

Conclusions: Arbuscular mycorrhizal fungi symbiosis with plant is the best biological relationship that
improves the growth and productivity of plants. It plays a significant role in increasing yield and improving
fruit ripening in bell pepper production. Overall, the effect of organic fertilizer and microbial inoculation
with mycorrhizal fungi and Bacillus bacteria on the growth of bell pepper showed that the application of
these treatments had a significant effect on the most of the measured characteristics and increased these traits
except for plant height.
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