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Abstract

Introduction: Phosphorus is the second limiting element of plant yield after nitrogen. Rock phosphate is
a non-renewable resource. Global data shows that by 2050 the requirement for P fertilizers will increase
by 50-100% and universal phosphate rock resources will be evacuated within the next 50-100 years
(Cordell et al. 2009). Phosphate-solubilizing microorganisms such as bacteria are one of the most
important tools for researchers in reducing of phosphorus fertilizers consumption in agriculture. Despite
many studies on the effect of bacteria on physiological reactions and plant performance in soil culture,
there are few reports on the effect of bacteria on these reactions in hydroponic culture. The aim of this
study was to investigate the role of Bacillus subtilis on yield, photosynthetic properties and reducing of
phosphorus fertilizers consumption in hydroponic culture.

Material and methods: The experiment was factorial based on a completely randomized design with
three replicates. A greenhouse experiment was performed to evaluate the effect of BaC|IIus subtilis
UTB96 and different concentrations of nutrient phosphorus (12.5, 25, 37.5, 50 and 62.5 mg L™) on the
yield, pigments and photosynthetic index, root-to-shoot phosphorus ratio and bactenal population. ‘Lollo
Rosso’ lettuce seedlings were prepared under greenhouse conditions. Probio 96® biological fertilizer was
used to inoculate the ‘Lollo Rosso’ lettuce seedlings at time of transplant by utilization a root dip method
(with submergence for 5 min); then a repeated inoculation was conducted at 20 days after transplanting
by watering 25 mL of the inoculums plant™. Lettuce plants were grown in soilless culture with the Resh
nutrient solution (Resh 2012). P was added as KH,PO, at the following concentrations of 12.5, 25, 37.5,
50, and 62.5 mg L. Photosynthetic indices were measured during growth and traits such as yleld and
physiological characteristics were measured at harvest time (50 days after transplanting). All data were
statistically analyzed by analysis of variance (ANOVA) using the SAS 9.1 software (SAS Inc., Cary NC).
Duncan’s multiple-range test was performed at p = 0.05 on each of the significant variables measured.

Results and discussion: The mean comparisons showed that plants inoculated with bacteria had higher
yields than uninoculated plants at all levels of phosphorus (Figure 3). Interaction data of bacterla and
different concentrations of phosphorus in the nutrient solution showed that, like the 50 mg L™ treatment, a

25% reduction in phosphorus consumption (37.5 mg/L) caused the hlghest photosynthesis rates in BS;P;
(Bacterial inoculated and 37.5 mg/L of phosphorus) and BS;P, (bacterial inoculation and 50 mg/L
phosphorus). The findings of this study clearly showed that as in the treatment of 50 mg/L, a reduction of
50% (25 mg L™) and 25% of phosphorus consumption (concentration of 37.5 mg/L) in treatments with
bacterial inoculation caused the highest values of phosphorus concentration in plant tissues and bacterial
accumulation in the substrate, respectively (Table3).Today, the positive effects of these bacteria on plant
yield to their effect on improving root growth (Rahi, 2016), increasing the absorption of nutrients such as
phosphorus (Turom et al., 2007), the production of growth hormones such as auxin and gibberellin (Ruzzi
and Aroca, 2015), attributed to the increase of photosynthetic pigments (Rahi, 2016) and the maintenance
of photosynthetic efficiency (Wang et al., 2012). Therefore, according to the results of this study, the
positive effects of this bacterium on photosynthetic indices may be due to their ability to increase
phosphorus uptake in ‘Lollo Rosso’ lettuce, which indirectly affects root growth and photosynthetic
efficiency and finally improved the above characteristics.

Conclusions: The results of this study showed that the use of Bacillus subtilis UTB96 biofertilizer
improves nutrient uptake, increases the growth of greenhouse plants in hydroponic condition and reduces
the phosphorus fertilizers consumption.

Keywords: Bacillus subtilis, Plant growth-promoting rhizobacteria, Soilless culture, Phosphorus
concentration, Phosphate-solubilizing microorganisms and Bacterial population.
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Table 1. Howard Resh nutrient solution for production of ‘Lollo Rosso’ lettuce

Nutrient element N K Ca Mg Fe B Mn Zn Cu

Mo

Concentration (ppm) 180 210 180 40 3 0.5 0.5 0.1 0.1
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P, 0.079° 0.049% 0.129° 0.016° 3.29° 0.513° 2.36° 1.34%  2.82x10%2
Ps 0.060° 0.029¢ 0.088° 0.007° 277" 0.120° 1.99 ® 116"  2.80x10*°
Significance  ** *x ok * *x ok Ns *x *

Sl glasls dim 0031 elad p gline Gy b glad sz SN 570 sl mhaws 53 (G)ls s 5 ol sne pts o S ** 3% Ns
(p=<0.05) wzils (g 15 sme B

Ns, * and **, Non-significant, significant at 0.05%, 0.01%, respectively. Means followed by a different lowercase letters in a
column were significantly different according to Duncan’s multiple-range test (p<0.05).
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Figure 1- The Effect of Bacillus subtilis inoculation on yield of ‘Lollo Rosso’ lettuce

V¥4




Ve liasli g Hles o o ladh F 0,99 &L GLALS dadis cale dajulih

160 - p<0.01 a

140 - b

Yield (g/plant)
= =
iy D (0] o N
o o o o o
o
(9]

N
o
1

o

125 25 375 50 62.5
P concentrations (mg /L)

Logydd o8 s Shee p pldd dgons jiud il glackle JI-Y IS
Figure 2 - The effect of different concentrations of P in the nutrient solution on the yield of ‘Lollo Rosso’ lettuce
S
6\.%,»\.2 K) Lhekib géjgl.o& 2 @‘J& dj.l;u J.d..J ks 6@&&9 K) Bacillus subtilis 6,’5\; JAB:.« Q‘;‘ -y d)b
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Table3-Interaction effects of Bacillus subtilis (BS) and different concentrations of phosphorus (P) in the nutrient

solution on pigments and photosynthetic indices, root to shoot phosphorus ratio and colony forming unit (CFU) of
‘Lollo Rosso’ lettuce

Treatment (Crrr:ga}g) (Crrr:gt/)g) (Crrt:ga/g)b (CmA@JF/zg) ié?'m?;?ce (Erx?npc?lﬁlzz? ProdPscry
(mmol/m*<s)
BSP
BSoP; 0.053 0.020 0.073 0.002 0.043° 1.14 0.94¢ 0.00°¢
BSoP, 0.068 0.024 0.092 0.002 0.053° 1.86 0.89¢ 0.00°¢
BSoPs 0.069 0.041 0.11 0.008 0.093¢ 2.03 0.95¢ 0.00°¢
BSoPs 0.076 0.048 0.12 0.016 0.136° 2.21 1.27° 0.00°¢
BSoPs 0.051 0.022 0.073 0.006 0.096 ¢ 1.95 1.05° 0.00°
BS:P, 0.064 0.035 0.10 0.005 0.100 ¢ 1.67 0.76 ° 5.79x10*°
BS:P, 0.070 0.044 0.11 0.011 0.116 “ 1.90 1.47° 6.95x10* "
BSiP; 0.073 0.043 0.11 0.011 0.226° 2.06 1.47° 8.30x10*?
BSiP, 0.081 0.051 0.13 0.016 0.890° 2.51 1.41° 10.08x10*®
BS:Ps 0.068 0.035 0.10 0.008 0.143° 2.03 1.27° 8.30x10*?
Significance ~ Ns Ns Ns Ns *x Ns *x *

Og."\: 6‘4...4':.L¢>;QJA)I uﬂLﬂl_}:QJLﬂ.‘u u)f-bk;qu:.w /\ )/O JL«S&-‘CE—\»)Q é}l)ﬁ)é}‘}&# (a.LO g..,'_‘.'fj'u'ﬂ\..v**j*‘NS
(p=<0.05) weils (g 15 sme B

Ns, * and **, Non-significant, significant at 0.05%, 0.01%, respectively. Means followed by a different lowercase letters in a
column were significantly different according to Duncan’s multiple-range test (p<0.05).
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Figure 3- Interaction of Bacillus subtilis inoculation and different concentrations of phosphorus on yield of ‘Lollo
Rosso’ lettuce (BSy= without bacterial inoculation and BS;= inoculated with bacteria)
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Figure 4- Interaction of Bacillus subtilis inoculation and different concentrations of phosphorus on photosynthesis
rate of ‘Lollo Rosso’ lettuce (BS,= without bacterial inoculation and BS,= inoculated with bacteria)
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