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1. Introduction

Faba bean (Vicia faba L.), is one of the most important grain legumes grown in several environments of North
Africa thanks to its high grain protein content (20 to 41%). It has the ability to establish N.-fixing symbiosis with
soil bacteria, genus Rhizobium [1]. This symbiosis represents the important nitrogen (N) source in crop rotation
for agricultural soils [2]. However, the production of this crop is increasingly challenged by several abiotic stresses
such as salinity, drought and nutrients deficiency responsible for severe yield loss [3]. In the Haouz region of
Marrakesh, Morocco, most of the soils are phosphorus deficient. The use of chemical fertilizers could temporarily
relieve these problems, but in long-term increases soil deterioration and consequently agricultural production costs
[4, 5].

The faba bean- rhizobia symbiosis has been reported to provide about 330 Kg. ha. year? of available
nitrogen to the soil [6]. However, faba bean plants are considered to be more sensitive to water deficit and salinity
than some other legumes including alfalfa, common bean, pea and chickpea [7, 8]. In this context, ameliorating
faba bean’s production through some methods such as breeding and germplasm screening are more than ever
demanded strategies to improve the socio-economic life of the small farmers in the region. These methods are,
hence, time-consuming, expensive and have some environmental issues. The microbiological approach involving
the use of growth promoting rhizobacteria (PGPR) such as rhizobia has been reported environmentally harmless
and cheap [9].

Generally, rhizobia are sensitive to severe abiotic stresses. Meanwhile, it has been reported that some
strains may efficiently enhance legumes stress tolerance in symbioses via a variety of complex physiological and
biochemical mechanisms [10-13]. Once used as inoculum, some tolerant rhizobia strains enhance the nutrient
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uptake of the nodulated plant via the biological N, fixation (BNF), complexed phosphate solubilization and
enhancement of drought and salinity tolerance by synthesizing a variety of compatible solutes, antioxidants and
hormones [14]. Also, rhizobial inoculation has been reported as an inexpensive approach ameliorating grain
legumes yield equal to or better than chemical nitrogen fertilization, especially under stress conditions [15-17].
Rhizobia are group bacteria with high potential of phosphate solubilization [18-20]. It could produce organic
acids, protons, and enzymes that transform insoluble phosphates into easily assimilated forms by plants that may
ameliorate phosphorus supply to the soil [21].

In this context, the management of phosphates solubilizing and N»-fixing symbiosis is a key strategy for
the sustainable development of agriculture and the reduction of its dependence on chemical fertilizers. It could
improve faba bean growth and yield under stressful conditions of the region without involving genetic engineering
or traditional breeding of plants. The study aims to isolate and characterize efficient rhizobia strains to solubilize
tricalcium phosphate from faba bean plants grown in the farmers’ fields of Haouz region, Marrakesh. Thus, using
them as efficient P solubilizing inoculums next to the N> fixing and abiotic stress tolerance enhancement of faba
bean plants under the major abiotic constraints of the North African countries.

2. Material and Methods
2.1. Isolation of rhizobia

Plants of faba bean were harvested at flowering stage and collected from a farmer’s field in the Haouz region of
Marrakesh (Site: 31.4 N, -7.81 W and 620 m, pHwater = 8.22 pHkci = 7.82, EC = 0.16 ms cm™, Pros = 1.14 g Kg
sol and Poisen = 0.59 mg Kg sol?, Na* = 0.84 mg Kg? and K* = 0.85 mg Kg%). Plants were washed and their
roots were separated and carefully cleaned. The nodules were gently root detached, rinsed with distilled water and
then stored at -20 °C until use. For the bacteria isolation, the nodules were surface disinfected by soaking in 20%
sodium hypochlorite for 5 to 10 seconds and rinsed several times with sterilized distilled water. One nodule was
then crushed in a tube containing 0.2 mL of sterilized physiological water by using a Bunsen billed glass rod. The
crushed nodule was removed and sown in Petri dishes with Yeast Extract Mannitol (YEM) supplemented with
Congo red [22]. A series of dilutions were performed from the crushed material and 0.1 mL of each dilution was
used to seed new YEM Petri dishes until homogeneous and easy to characterize colonies appear. For colony
growth, the media were incubated for 48 hours at 28°C.

2.2. Nodulation test

All the isolates were passed through a nodulation test with five to six faba bean host plants used as replicates.
Seeds of (Vicia faba L.) Reina Mora variety were surface sterilized with 2.5% sodium hypochlorite solution for
20 min, rinsed several times with sterile deionized water and germinated in sterile sand at 23°C for five days.
Seedlings with homogenous growth stage were selected and then transferred to plastic pots measuring 6 cm
diameter and 12 cm tall filled with sterilized sand and peat (5:1) respectively. The suspensions of each bacterial
isolate were prepared to reach 10° CFU (Colony-formant unit) mL* YEM broth and directly used to inoculate the
seedlings roots. The plants were grown in the greenhouse with approximative temperature of 26/20°C (day/night),
50+80% of relative humidity and 16 h photoperiod at the Faculty of Sciences and Techniques, Marrakesh and
alternatively irrigated with sterilized deionized water and N-free nutrient solution according to [23]. After five
weeks, the plants were harvested and the quality of nodulation was estimated for each of the studied isolates.

2.3. Tricalcium phosphate (TCP) solubilizing capacity of the rhizobia isolates
2.3.1. Qualitative technique
The ability of rhizobia isolates to solubilize tricalcium phosphate (Cas(PQOa,)2) can be visually estimated using agar

medium selection methods. This test consists of selecting rhizobia that are able to make clear areas around their
microbial colonies in a basic medium containing Cas(PO4): as the sole source of phosphorus. These clear zones
are due to the production of organic acids in the environment surrounding the colonies in question [24]. However,
the relative efficacy test of microorganisms on agar medium is considered as a reliable and preliminary
characterization of microorganisms dissolving complexed phosphate. In this study, the isolates were tested in two
phosphate solubilizing media contained 2.5 g L™ Cas(PO.). as sole phosphorus source. (i) Sperber control (g L,
10 Glucose, 2.5 K;HPO4, 0.25 MgSQ,4 7H-0, 0.5 Yeast extract, 0.25 CaCl, with pH=7.2) [25] and (ii) NBRIP (g
L?, 10 Glucose, 0.25 MgSO.4 7H,0, 0.5 MgCl, 6H,0, 0.15 (NH) SO4, 0.2 KCI with pH=7) [26].
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2.3.2. Quantitative technique
This test is based on the measurement of soluble phosphorus in the form of orthophosphate and acidic APases,

released by the isolates in a broth media from Cas(PO.). as the sole source of phosphorus. However, the
solubilization rate of this compound is generally estimated by subtracting the final concentration of released
orthophosphates from the theoretical initial concentration of phosphorus contained in the solubilized compound.
This estimation has the drawback of neglecting the phosphorus used by the cells during growth [20]. In this study,
the ability of the isolates to release soluble phosphorus form Cas(PQ.), was estimated in Sperber broth medium.
Thus, a preculture of each of the ten rhizobia isolates was prepared beforehand in YEM broth to reach about 10°
CFU mL™ to inoculate Erlenmeyer flasks containing each 100 mL of Sperber medium with 2.5 g L™ Cas(POa,).
(solubilization media) or K:HPO, (control media) as sole phosphorus sources. 1 mL of the preculture suspension
was added to each of the ten Erlenmeyer flasks containing Sperber medium. Autoclaved and uninoculated media
served as positive controls. The inoculated media and controls were incubated for 10 days with constant stirring
at 120 rpm at 28 °C and in the dark on a shaking incubator. Three replicates per isolate per treatment were
performed. For analysis, 2 mL sample was taken daily under aseptic conditions from the incubated Erlenmeyer
flasks. The samples were then centrifuged at 2500 g for 15 minutes, 100 pL of the supernatants were used for the
quantification of soluble phosphorus in the form of orthophosphates using acid molybdate method [27]. The pH
of each suspension was also determined using an ice pH meter.

2.4. Acid phosphatase (APase) activity determination
The APase activity was determined for the isolates suspension according to Aradjo, Plassard [28]. 2 mL of the

incubated broths was taken each day under sterile conditions. The samples were then centrifuged at 2500 g for 15
min, 100 pL of the supernatants was added to 200 uL para-Nitrophenylphosphate (pNPP). After 30 minutes of
incubation at 37 °C, the reaction was stopped by adding 1 mL of 1N NaOH to the reaction medium. The blank
was prepared by adding 500 pL of the incubation medium without inoculation, 125 pL of distilled water and 1
mL of 0.5 N NaOH. The APase activity was determined by measuring the formation of para-nitrophenol (pNP)
at 410 nm and expressed in umol pNP min® mL™. Three replicates were used for each considered isolate.

3. Results and discussion

3.1. Isolation of rhizobia from Vicia faba L nodules
After 48 hours of incubation on YMA medium, 60 isolates were obtained after purification and morphological

characterization. Only 49 isolates presented circular, slightly elevated, smooth and opaque colonies. The selected
homogenous isolates have little absorbed Congo red on YEM agar. This is observed in the majority of rhizobia
isolated form legumes nodules as well as directly from the soil [29, 30]. This property is common within the genus
Bradyrhizobium. However, it has been reported that the genus Agrobacterium and the contaminant forms strongly
absorb this dye [31]. The 45 rhizobia isolates presented a variation in their nodulation capacity in association with
Vicia faba L. Reina Mora var. as plant host (Table 1; Figure 1).

Figure 1: Nodulation of the Reina Mora variety by the Fb7a, Fb11, Fb19a and Fb35 isolates after 3 weeks of inoculation
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Table 1 : Ability of purified isolates to form root nodules in Vicia faba L. Reina Mora var. plants (10 mL 10° CFU mL™!
YEM) in aseptic conditions.

Isolate | Nodulation | Isolate | Nodulation | Isolate | Nodulation | Isolate | Nodulation | Isolate | Nodulation | Isolate | Nodulation
Fb3b + Fbl4b - Fbl19a + Fb25a ++ Fb35 +++ Fb45 +
Fb4b + Fbl4c + Fb19c + Fb25b + Fb37 + Fb4s +
Fb6 + Fb15 - Fb20 + Fb26a + Fb38 + Fb49 ++
Fb7a + Fb16 ++ Fb20c ++ Fb26b ++ Fb39 - Fb50 +
Fb8a + Fbl7 + Fb21c + Fb28a ++ Fb40 +

Fb8b + Fbl8a ++ Fb22a - Fb29 +++ Fb41l ++

Fb10b ++ Fb18b + Fb23 ++ Fb30a ++ Fb42 ++

Fbl1l + Fbi8c +++ Fb24a ++ Fb33 ++ Fb43 +

Fbl4a ++ Fb18d - Fb24b + Fb34 +++ Fb44 +

+++ : high nodulation ; ++ medium ; + : low ; - : no nodulation

3.2. Solubilization of tricalcium phosphate on agar media by rhizobia isolates

The ability of the bacterial isolates from Vicia faba root nodules to solubilize inorganic phosphate was estimated
by cultivating them on Sperber and MNBRIP, two solubilization agar media containing tricalcium phosphate
(TCP) as the sole source of phosphorus. This test permits the selection of the most efficient microorganisms and
consists of measuring the area of the clear zone produced by each colony [32-34]. The results show that 23% of
the tested rhizobia isolates presented high solubilization capacity of tricalcium phosphate (Table 2). This
capability was demonstrated by the presence of solubilization halos around the colonies in the Sperber and NBRIP
agar media (Figure 2 and 3).

Table 2: Solubilization index (SI) on Sperber agar with Caz(SO.), as the sole P source by the studied rhizobia isolates after

10 days of incubation

Isolate SHD (cm) CD (cm) SI (SHD/CD)
Fb3b 2.7 0.8 3.37
Fbab 1.5 0.6 2.5
Fb7a 2.5 0.3 8.33
Fb8a 2.3 0.7 3.28
Fb8b 1.8 0.6 3

Fb20 14 0.6 2.33
Fb21c 3.1 1 3.1
Fb38 2.13 0.6 3.55

SHD: solubilizing halo diameter; CD: Colony diameter; Sl: Solubilizing index

=

Figure 2: Solubilization halos formed by the Fb3b and Fb38 isolates in per'ber agar with Casz(SO4)2 as sole phosphorus
source (10 d of incubation)

Several studies have reported that rhizobia isolates nodulating root legumes are able to solubilize large inorganic
phosphate complexes [35, 36]. High variation has been noted between the isolates in terms of solubilizing indexes
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(SI). It appears that Fb7a, Fb38, Fb3b and Fb8a isolates showed high TCP solubilizing capacity in comparison
with the other bacterial strains in Sperber medium. They presented Sl values of about 8.33, 3.55, 3.37 and 3.28
respectively (Table 2). Hajjam, Alami [37] and Kenasa, Jida [38] characterized rhizobia isolates nodulating faba
been in Morocco and Ethiopia with average SI values of 2. On the other hand, in NBRIP medium, Fb21c, Fb7a,
Fb38 and Fb43 isolates presented Sl values of 4.85, 4, 3.6 and 3 respectively (Table 3; Figure 3).

Table 3: Solubilization index (SI) on NBRIP agar with Cas(SQOa). as sole P source by the studied rhizobia isolates after 10
days of incubation

Isolate SHD (cm) CD (cm) SI (SHD/CD)
Fb3b 0.7 0.25 2.8
Fb7a 1.2 0.3 4
Fb8a 0.95 0.52 1.82
Fb8b 0.93 0.56 1.66

Fb10b 1.25 0.62 2.01
Fb20 1.2 0.8 1.5

Fb2lc 1.65 0.34 4.85
Fb23 0.43 0.2 2.15
Fb38 0.9 0.25 3.6
Fb39 1 0.4 2.5
Fb43 1.2 0.4 3

SHD: solubilizing halo diameter; CD: Colony diameter; Sl: Solubilizing index

Figure 3: Solubilization halos formed by Fb21c, Fb43 and Fb33 isolates in NBRIP agar medium with Ca3(SOa)2 as sole
phosphorus source (10 d of incubation)

The percentage of rhizobia isolates that showed phosphorus solubilization activities was close to 16.6% of all
rhizobia isolated from Vicia faba L. root nodules and tested on Sperber medium while on NBRIP medium this
percentage exceeded 22%. This confirms the results reported by Nautiyal [26] on the efficiency of NBRIP in the
detection of more P solubilization microorganisms in comparison with Sperber and Pikovskaya. In fact, despite
obtaining good results by this method, it has been demonstrated that several microorganisms incapable of
producing clear zones around their colonies can solubilize inorganic phosphates in a liquid medium [26, 39]. As
a result, a quantification of the phosphorus released and the acid phosphatase activity by these strains in a liquid
medium was then carried out.

3.3. Solubilization of TCP on broth media by the rhizobia isolates

From the results illustrated in figure 4, a progressive decrease in the K;HPO,4 concentration during the incubation
time has been noted in the all of the studied isolates with variation between them. Fb7b, Fb8a, Fb8b and Fb21c
isolates have shown a rapid decrease during the first 48 hours of incubation in comparison with other. This
decrease can be explained by the variation in Pi use of each of the studied isolate their growth and metabolism.
F8b and Fb3b were the highest Pi consumers with only 73.5 and 105 mg L left after 96h of incubation.
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Figure 4: Kinetics of K;HPO4 phosphate consumption in control Sperber media by the tested rhizobia isolates

The pH of the control media in the presence of K:HPO4 did not significantly change compared to the control for
all the strains tested, these values remained around 6.25 and 6.67 respectively for the Fb8b and Fb21c strains after
96h of incubation (Figure 5). This may be explained by the absence of any significant solubilizing activity in the
medium for all of the studied rhizobia isolates in the presence of K,HPO. as sol P source.
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Figure 5: Evolution of the pH of the control media during the incubation time in the control medium with KoHPQO, for the
selected rhizobia strains in comparison with the control T (without inoculation).

The results showed that Cas(PO4). solubilization in the culture medium for each of the studied isolate gradually
(p<0.001) increased during the first days and reached its maximum values after 96 h of incubation (Figure 6).
Indeed, Fb38 and Fb3b isolates released the highest Pi concentrations of 1176.5 and 966.4 mg L* after 96h of
incubation. Meanwhile, Fb8b released only 575.6 mg L in the same conditions. It should be noted that most of
the isolates started to solubilize phosphate in the first 24 hours. Similar results for Rhizobium leguminosarum and
Rhizobium sp. have been reported by Rodriguez and Fraga [20] and Halder and Chakrabartty [40] respectively
and showed that the P; released in the presence of hydroxyapatite and tricalcium phosphate was 356 and 300 mg
L respectively. The pH of the media was progressively decreased during the incubation period to reach 3.25,
3.28 and 3.31 respectively for Fb3b, Fb38, and Fb7b after 96h of incubation (Figure 7). This correlation between
the decrease in pH and the release of orthophosphates in all of the tested isolates has been reported by several
authors [20, 26, 41, 42]. Indeed, the authors demonstrated that the pH decrease is strongly related to the release
of organic acids by the bacteria. In addition, the solubilization of inorganic phosphate in some cases may be
attributed to the production and distribution of acids [43]. They are carboxylic acids synthesized and released by
microorganisms. This operation is also responsible for the decrease in pH [44]. Pi can also be released from
inorganic phosphate by proton substitution [45].
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Figure 6: Quantities of orthophosphates (mg mL™?) released into the Sperber broth by the tested rhizobia isolates after 96h
of incubation in the presence of Caz(POs). (m) and K:HPO, (m) as sole P sources.
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Figure 7: Evolution of the pH of the solubilization media Cas(POa4), with respect to the incubation time for the selected
strains in comparison with the control.

3.4. APase activity released by the rhizobial isolates

The results show that the APase activity released by the tested isolates were significantly higher in the presence
of TCP in comparison with the K:HPO4 medium as sol P sources. In the presence of Cas(PO4). a progressive
APase increase has been noted in all of the studied isolates with variation between them (Figure 8).
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Figure 8: Activity of APase released by the studied isolates after 96h of incubation in the presence of Ca3(PO4). (m) and
K2HPO, (m) as sole P sources.
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On the other hand, no significant changes have been observed in the presence of K;HPO,. Fb38, Fb7b and Fb8a
isolates presented the highest APase activity of in the medium after 96 hours of incubation with values of 3.21,
3.47 and 2.56 pmol pNP min™t mL* respectively which were the highest recorded values in this trial. Meanwhile,
the lowest APase activities of 33 and 1.48 umol pNP min™ mL™ were presented by Fb21c and Fb8b respectively
(Figure 8). Several studies have shown that P solubilizing microorganisms are capable of producing acid
phosphatases in the medium, which are enzymes that mobilize organic phosphates and attached phosphory! groups
[46].

Conclusion

The results obtained on solid and liquid Sperber and NBRIP media showed the real ability of the studied rhizobia
isolates nodulating faba bean plants, to mobilize large quantities of phosphorus from TCP (Cas(PO4)2) inorganic
source. 22% of the rhizobia have shown solubilization halos in NBRIP agar. Meanwhile, only 16.6% have
presented halos in Sperber. The P solubilization was strongly correlated with the decrease of the pH and also an
increase in APase activity, especially for Fb7b and Fb38 isolates.

The beneficial effects of these rhizobia isolates on faba bean plants in symbioses should be studied particularly
under the major abiotic circumstances of the region. This may be possible to ensure biological nitrogen and
phosphate nutrition as well as for the other crops in intercropping or in rotation systems.
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