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SUMMARY

The common bean (Phaseolus vulgaris L.) has been the subject of a number of studies and has been described by
many authors as a legume with low nitrogen fixing potential compared to other legume species. The first objective of
this study is to assess the development and growth of P. vulgaris L. var. Djedida and its yield at different
developmental stages (vegetative, flowering and fruiting), in the presence and absence of nitrogen fertilizer (Urea
46) in an arid climate and in a soil containing high level of CaCO; and assimilable phosphorus. The second
objective is to carry out a survey on nodulation, number of spores and mycorrhizal infection under these conditions.
The results showed that the nitrogen fertilizer amendment is mainly significant (p< 0.0001) for various
morphological parameters. Indeed, great improvement was observed on the majority of the morphological
parameters with considerable percentages. However, no significant effect was reported for the roots length. In
addition, a negligible number of nodules were obtained in the plot without fertilization and no significant effect on
the number of spores was recorded. Furthermore, the effect of fertilization on the arbuscular intensity (a%, A%) and
on mycorrhizal colonization (M%, m%) of the roots was found to be significant. The soil in the arid region of Biskra
showed significant mycorrhizogenic potential, although the conditions in this region were not very favorable for
their development, which could constitute an effective biological resource to improve the tolerance of host plants to
biotic and abiotic constraints.
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INTRODUCTION

Food legumes occupy an important place in the cropping systems of arid and semi-arid regions. According to
Alkama (2010), cultivation of common bean (Phaseolus vulgaris L.) can play an important role in agricultural
systems in Algeria, although its production remains marginalized by high instability of yields due to water deficit
and phosphorus deficiency, which characterize most of the Mediterranean regions. In addition to these constraints, it
is estimated that around 5 to 30% of the regions producing common bean are affected by soil salinity (Egamberdieva,
2011, Mansouri & Kheloufi, 2017; Mansouri et al., 2019). Indeed, salinity can inhibit growth and reduce common
bean yield due to ionic toxicity and imbalance, and reduced plant water potential (Kouadria et al., 2020).

In order to alleviate these environmental conditions and increase yields, farmers use chemical fertilizers. However,
the farmers lack the necessary knowledge of soil properties, so these actions affect the physico-chemical and
microbiological properties of the soil in the long term (Yoganathan et al., 2017). This change in soil microorganism
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diversity and density is reflected in a profound change in soil fertility (Piazza et al., 2019). Mycorrhizal fungi and
nitrogen-fixing bacteria are among the microbiological indicators most sensitive to changes in availability of
nutrients in the soil (Oros-Ortega et al., 2020). Indeed, these two components are strongly involved in the
biogeochemical cycle and improvement of plant growth (Lu & Hedin, 2019). In addition, numerous research studies
have shown that the development and productivity as well as the quality of common bean pods are strongly related to
the symbiosis that the plant establishes with beneficial soil microorganisms including nitrogen-fixing bacteria and
endomycorrhizal fungi with vesicles and arbuscular (Massa et al., 2020).

In this context, this paper will allow the comparison of the yields of Phaseolus vulgaris L. in two plots with or
without nitrogen fertilization. It would determine if the symbiosis could first be expressed in the arid climate, and
then if it has covered the nitrogen requirements of the plant. At the same time, this will help to assess the potential of
vesicle and arbuscular mycorrhizal fungi during various stages of the common bean growth. Several hypotheses can
arise regarding the yield of the fertilized plot. Lower yield in the unfertilized plot will indicate that the functioning of
the symbiosis is limiting. These needs may however be low, if the plant yield is strongly related to a factor other than
nitrogen nutrition. On the other hand, low yield in the fertilized plot will suggest that further amendments to the crop
should be made immediately. The first objective of this paper aims to assess the development and yield of common
bean (Phaseolus vulgaris L. var Djedida) during its different phases of development (vegetative, flowering and
fruiting), with and without nitrogen fertilizer in the arid climate of an Algerian arid region. The second objective is to
carry out a survey on the nodulation, the number of spores, and mycorrhizal infection under these same conditions.

MATERIAL AND METHODS

Cultural site location

This study was carried out during the 2018 growing season on an agricultural land in Ain Naga, a city located in the
arid region of Biskra (southeast of the capital Algiers) in Algeria. Precisely, this site is located at the latitude of
34°43'16.24" N and the longitude of 6°14'38.95" E for an altitude of 25 m. Biskra is located in an arid region
according to the De Martonne aridity index. According to the climate data (1980-2018), the climate of Biskra is
characterized by very hot and dry summers with an average temperature of 43.4 °C and an average relative humidity
of 12%. Winters are very cold (average minimum temperature 4 °C and average maximum relative humidity 89%).
Total annual precipitation is 160.6 mm with an average of 30 rainy days during the year (WCD Tutiempo, 2019).
The meteorological conditions prevailing during the experimental period are shown in Table 1. According to this
table, the amount of precipitation is low. The climatic conditions recorded during our study represent an advantage as
heavy rains could disturb our experimental design, especially if the nitrogen fertilizer moved towards the plot aimed
to represent the control (without fertilization).

Table 1. Climatic data during the experimental period at the arid region of Ain Naga (Biskra, Algeria)

Climatic parameters Months (Year 2018)
September  October November

S Quantity (mm) 13.2 27.7 0.76

Precipitations Number of rainy days 1 8 1
Maximum 35.9 27.1 21.6
Temperature (°C)  Average 30.4 22.1 16.7
Minimum 25.1 17.4 12.1
Relative humidity (%) 42.8 54.4 56.3

Source: WCD Tutiempo, 2019

The cultural site intended for this study had not been exploited for three years by any plant crops. This plot (6 x 8 m)
was divided into two subplots intended for the two fertilization treatments. The results of the soil analysis (at 25-30
cm depth) before the experiment revealed pH of 7.7; 0.17% Nitrogen (Nit); 182.8 mg/kgsi Phosphorus (P,Os) and
1.22 meq/kgsi Potassium. The soil has a silty texture with an electrical conductivity of 2.58 ms/cm. This high
electrical conductivity attributed to high soil salinity is due to high concentration of calcium ions (20.3 meq/100 gir)
compared to Mg*? (1.36 meq/100 gsi1), K* (1.18 meq/100 geir) and Na* (1.25 meq/100 gs.i). The soil is classified as
very calcareous with 53.1% of total CaCOs;. These analyzes were carried out at the Laboratory of Physical and
Chemical Analysis of Water and Soils (Limited Liability Company Echems Hydro-Construction, Batna, Algeria).
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Biological material

This study focused on one variety of common bean (Phaseolus vulgaris L. var. Djedida). This variety is the most
dominant on the agricultural market and the most cultivated in Algeria. Seeds (length: 12.9 + 0.63 mm; width: 6.46 £
0.51 mm; thickness: 5.69 = 0.42 mm; mean + SE; n = 50) were provided by SARL AgroSeed (Harvest date: 2016;
seed conditioning: France; origin: USA; reference: DJ0512). The one-thousand-seed weight was 273 g (Mansouri et
al., 2019). Seeds were treated with Thiram (a non-systemic fungicide). The seed maturity of this variety is 85-100
days.

Fertilization

The nitrogen fertilizer was supplied in the form of granulated urea for the fertilized plots. It is nitrogen fertilizer
(46% N) entirely in urea form. In the form of water-soluble granules, it provides a very rich nitrogen supply for crops
with very good spreadability due to its homogeneous and regular particle size (1.8 mm of average diameter). In the
soil, urea must first be hydrolyzed to ammonia to be fully usable for plants. Processing speed depends on soil
temperature and humidity for hours or even days after spreading. Its use requires special attention because of the
phenomenon of volatilization of ammonia in the atmosphere.

Experimental design and treatments

The experiments were laid out in a randomized complete design and replicated five times for each treatment
(equivalent to 5 lines, each line contained 150-160 seeds). The fertilizer formed the main plots, each measuring (4 x
3 m) with 0.5 m alley between the lines to minimize inter-plot interference. The plots were separated by two lines of
the same species (Fig. 1). The fertilization factor involved two levels: fertilized (0.5 kg fertilizer/plot) and
unfertilized (0 kg fertilizer/plot). The nitrogen fertilizer was added only one time before the flowering stage (50 days
after sowing) by one week. Control plot did not receive any of the nitrogen source treatments.

Fertilized

b I e
Figure 1. General overview: A - Model of drip irrigation, B - Fertilization design, C - Flowering phase, D - Fruiting phase

Land preparation was carried out manually at the end of August 2018 in two operations: plowing and harrowing.
After preparing the soil, two seeds were placed in the furrows at the recommended spacing with a density of 800
seeds per line (150-160 seeds x 5 lines) (Fig. 1). During the whole experiment, the plants did not receive any
herbicide, pesticide or insecticide treatment. Weeds were monitored and removed manually. It should be noted that
no attack of biotic origin was reported during this study.

A model for drip irrigation system was used for several reasons: fertilizer and nutrient loss is minimized due to
localized application and reduced leaching; water application efficiency is high if managed correctly and field
leveling is not necessary. The frequency of irrigation during the whole experiment was every 3-4 days. The two plots
(fertilized and unfertilized) were separated by two lines of the same plant species (Fig. 1).

Determination of growth kinetics, yield components and nodulation

The growth kinetics concerned the three main life stages of the plants viz. vegetative, flowering and fruiting. The
vegetative stage corresponded to the 2-4 leaf stage. At the completion of each growth period, plant dry biomass,
shoot and root length and the number of secondary roots were assessed. The number of samples used was 20 plants x
2 plots x 2 treatments x 3 growth stages. Plants have been carefully dug up with a shovel on moist soil to avoid an
abrupt uprooting. Shoots and roots were separated, washed several times with distilled water and oven-dried at 70 °C
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for 48 h for dry weight determination. It should be noted that the plant dry biomass was weighed without the flowers
at the flowering stage and without the pods at the fruiting stage.

Harvesting at the end of the fruiting phase was carried out 90 days after sowing when signs of maturity were
observed (yellowing of the leaves and drying of the pods). Twenty plants were randomly selected from each plot.
Soil was carefully washed from the roots. The nodules were picked from the roots and their numbers and dry weight
was recorded for each plant. The number of pods and seeds per plant was also evaluated (numbers and dry weight).
The fresh weight of pods per plant and the number of seeds per pods were also recorded. Harvest index (%), the ratio
between dry weight of grains and the weight of total dry matter at maturity, was also calculated.

Mycorrhizal infection

For each sample of the two blocks and at each stage of P. vulgaris growth (vegetative, flowering and fruiting and
even before sowing), 100 g of a composite soil mixture was analyzed by the wet sieving technique described by
Gerdemann & Nicolson (1963). The spores thus recuperated were mounted between a blade and coverslip and
observed under an optical microscope (400X total magnification).

The rate of mycorrhizal colonization of P. vulgaris plants was estimated for the two treatments at different stages of
its growth viz. the flowering and the fruiting stage. However, at the vegetative stage (2-4 leaf stage), the evaluation
could not be carried out because there were only very few secondary roots.

0% <1% <10% <50% >50% >90%

Figure 2. Notation of the degree of mycorrhization of the root fragments. Scale ranges from 0
(no mycorrhization) up to 5 (at least 90% of the fragment is mycorrhized) (Trouvelot et al., 1986)

In order to estimate the frequency of endomycorrhizal infection of the roots of P. vulgaris in the two blocks (with
and without fertilization), the method described by Philips & Hayman (1970) was followed. At each site, samples of
thin roots were provided from the root system of P. vulgaris. These roots were well washed and placed in a 10%
potassium hydroxide solution (KOH) for 15 minutes at 90 °C. They were then thoroughly washed with distilled
water. The roots were then stained in a solution of 0.1% trypan blue in lactophenol for 20 minutes. All the roots thus
treated were cut into several fragments of about one centimeter in length. A number of 50 fragments randomly
chosen were mounted between a blade and coverslip in lactophenol at the rate of 10 fragments per slide. The
fragments were then observed under an optical microscope (400X total magnification) in a drop of glycerol for
endomycorrhizal frequency estimation. This made it possible to annotate them according to a class scale and thus to
estimate the degree of mycorrhizal colonization of each fragment by means of six classes noted from 0 to 5 (Fig. 2)
and arbuscular richness by four classes noted (A0, Al, A2 and A3) (Fig. 3).

None : A0 "
Few arbuscules : Al
Frequent : A2 E
Abundant : A3 X
Al A2 A3

Figure 3. Notation of abundance of arbuscules in root fragments (Trouvelot et al., 1986)

A total of five parameters are calculated:
Frequency of mycorrhization (F%): It represents the significance of the colonization of root system points.
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number of mycorrhized fragments
total number of fragments observed

F%=( )xlOO

Mycorrhization intensity (M%): Intensity of colonization of the root cortex (proportion of the colonized
cortex estimated in relation to the entire root system and expressed in %), it reflects the importance of colonization of
the root system.

(95n5 + 70n4 + 30n3 + 5n2 +nl)

0L —
M% total number of fragments observed

where n5— the number of mycorrhized fragments noted in more than 95%; n4 — the number of mycorrhized
fragments noted from 50 to 95%; n3 — the number of mycorrhized fragments noted from 30 to 50%; n2 — the number
of mycorrhized fragments noted from 1 to 30%; n1 — the number of mycorrhized fragments noted in 1% of the
cortex. This parameter reflects better the degree of mycorrhization (Fig. 2).

Mycorrhizal intensity of mycorrhized fragments (m%): Arbuscular content of colonization in the
mycorrhizal part of the root system (colonized proportion containing arbuscules).

=F><1'00

total number of fragments observed M
m¥%= M x( ; )
number of mycorrhized fragments

Arbuscular intensity of the mycorrhizal part (a%): Intensity of colonization developed in the mycorrhized
part of the root system (proportion of the colonized cortex in the mycorrhized part of the root system expressed in
%).

y (100mA3 + 50mA2 + 10mA1)

O =
a¥% =M 100

Where mA3, mA2, mALl are % of m respectively affected by the notes A3, A2, Al. With:

(95n5A3 + 70n4A3 + 30n3A3 + 5n2A3 + n1A3) 100
X X

mA3= M

number of mycorrhized fragments m

The same applies to mA2 and mAL.

Arbuscular intensity in the root system (A%): Arbuscular content of colonization in relation to the entire
root system (proportion of the root system containing arbuscules, expressed in %).

4% = o % 155)
U—G.Xm

Statistical analysis

The results for each variable were expressed as mean + standard deviation (xSD). All the data were subjected to one-
way and two-way analysis of variance (ANOVA) and Duncan’s multiple range test (p< 0.05) using SAS (Statistical
Analysis System) version 9.0 (2002) software.

RESULTS AND DISCUSSION

Soil characteristics before the experiment

Granulometric analysis of the soil revealed that the soil was of fine silty structure. On the other hand, chemical
analyses indicate that the soil is well supplied with organic matter (3.69%), moderately rich in nitrogen (0.17%) with
a high C/N ratio (12.3%). According to Fog (1988), these values indicate reduced biological activity leading to slow
decomposition of organic matter. According to soil standards established by Hénin et al. (1969), the analysis of total
and active CaCO; revealed a highly calcareous soil (53.1%). Some studies have shown that calcareous soil is useful
for seed germination and growth of common bean (Ceyhan et al., 2014). Indeed, in our previous study by Mansouri
et al. (2019), we found that the seeds of P. vulgaris var. Djedida were able to germinate under various concentrations
and types of salt, especially under highly calcareous conditions. On the other hand, CaCO; exerts a protective role

65



Mansouri et al. Contemporary Agriculture, 69(3-4): 61-72, 2020.

against phosphoric ions against their energy absorption by free iron when pH approaches neutrality. According to the
analysis results, the soil is basic and allows CaCO; to combine with phosphorus and thus be available to the plant.
The pH of the soil studied is slightly alkaline (7.8 pH). This pH is favorable for the growth of P. vulgaris because
most common bean cultivars are sensitive to acid pH, so the optimal pH is between 6.1 and 7.6. This pH is also
favorable to microbial activity, and among these microorganisms which are able to associate with common beans are
rhizobia and arbuscular endomycorrhizae. The pH is one of the factors limiting symbiotic fixation (Hungria &
Vargas, 2000). In rhizobia, the optimal pH for growth is between 6 and 7 (Somasegaran & Hoben, 2012). Soil pH is
also one of the main factors that affect the density and germination of spores, the formation of hyphae, and the
colonization rate of arbuscular mycorrhizae (Ramirez-Viga et al., 2019; Zhang et al., 2020). Moreover, arbuscular
endomyecorrhizae develop at different pH ranges and the optimum for the majority of species is between 6 and 7
(Postma et al., 2007; Bothe et al., 2010).

The soil intended for our test is very saline with an electrical conductivity equal to 2.71 ms cm™ which can disturb
any biological activity. According to the results of the CEC (cation-exchange capacity), the soil was moderately
fertile with a value of 24.3 meq/100gs,;;, while P,Os was 182.84 mg kg'l, which indicated a high value according to
CRAAQ (2003). This assimilable phosphate content was an advantage for plants to tolerate abiotic stress and in the
establishment of the rhizobium-legume symbiosis (Bawa, 2020). For this purpose, Tembo et al. (2019) showed that
the amount of nitrogen fixed per common bean is significantly limited by the deficiency in soil phosphorus. K
content was equal to 1.22 meq kg™ which was a high value. This element promotes nodulation only in the presence
of sufficient quantities of phosphorus (Khanam et al., 2016).

Effect of N fertilization on growth Kinetics, yield components and nodulation

Before the treatment, the total dry weight of the plant at the two-leaf stage recorded 0.26 g. At this point, there is no
significant difference between the two plots (Tab. 2). The absence of the amendment is to avoid predisposing young
P. vulgaris plants to diseases such as fireblight and aphid attacks. At the flowering stage and after a week of applying
nitrogen fertilization, the treatment effect was significant on the plant dry biomass (p< 0.0001), shoot dry biomass
(p= 0.0027), root dry biomass (p< 0.0001), shoot length (p< 0.0001), root length (p= 0.0183) and the number of
secondary roots (p= 0.0002). Indeed, N fertilization improved the total plant dry biomass by 60%, the shoot dry
biomass by 65%, the root dry biomass by 34%, the shoot length by 37% and the root length by 16%, compared to the
unfertilized plants (Tab. 2). However, there was total absence of nodosities on the roots of P. vulgaris plants at the
two-leaf stage and at the flowering stage during sampling in both treatments. The positive effect of nitrogen
fertilization leads to an increase in aerial biomass but it is accompanied by a decrease in nodular biomass (De Sousa
et al., 2020).

Table 2. Effect of N fertilization and developmental stage on some growth parameters in Phaseolus vulgaris from the arid region
of Ain Naga (Biskra, Algeria) (n=20)

Developmental Stage

Parameters Vegetative Flowering Fruiting

Fertilized Unfertilized Fertilized Unfertilized Fertilized Unfertilized
Plant Dry Biomass (g) 0.26 +0.06°  0.26 +0.06° 6.66 +1.91° 2.620.78°  6.61+2.39°  4.18 +0.99"
Shoot Dry Biomass () 0.19#0.05°  0.19+0.05°  6.47#1.42* 228073 6.22+2.28"°  3.89 +0.96"
Root Dry Biomass (g) 0.07#0.01°  0.07+0.01*° 0.50#0.11* 0.33x0.07°  0.38+0.09°  0.28 +0.07"
Shoot Length (cm) - - 415333 26.3#251° 3574557  29.9%551°
Root Length (cm) -- -- 12.7+1.78°  10.7+1.31° 12.8+456°  12.9 +2.83°
Number of Secondary Roots - - 7.00+0.64" 8.30+1.26° 7.15#0.67°  8.45%1.14°
Number of pods - - - - 1324343  9.35#2.18"
Pods Dry Weight (g) - - - - 558 +1.86°  3.77 #1.11°
Number of seeds per pod - - - - 5.47 +0.65°  4.15+0.87"
Seeds Dry Weight (g) - - - - 3.6140.96°  2.21 £0.99"
Harvest index (%) -- -- -- -- 52.9+12.6° 51.1+12.2°

For each growth stage, the same alphabet letters along the column indicate no significant difference (Duncan Multiple Range
Test)

In the fruiting phase, the treatment effect was significant on the plant dry biomass (p= 0.0002), shoot dry biomass
(p=0.0001), root dry biomass (p= 0.0414), shoot length (p= 0.0019), the number of secondary roots (p< 0.0001), the
number of pods of per plant (p= 0.0002), pods dry biomass (p= 0.0006), seeds dry weight (p= 0.0072) and the
number of seed per pod (p< 0.0001). Indeed, at this developmental stage, N fertilization improved the plant dry
biomass by 37%, shoot dry biomass by 38%, root dry biomass by 26%, shoot length by 16%, the number of pods of
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per plant by 29%, pods dry biomass by 33%, seeds dry weight by 39% and the number of seeds per pod by 15%
(Tab. 2). On the other hand, N fertilization had no significant effect on the harvest index (p= 0.7776) and also on root
length (p= 0.9845). According to Table 2, a significant effect (p <0.0001) of N fertilization was observed on the
number of secondary roots at the flowering and fruiting stage. However, fertilization reduced this number by 16% at
the flowering and fruiting stage compared to the control (Tab. 2). An increase in secondary roots in the plot without
nitrogen fertilization can be explained by a hypothesis of amplification of the roots in exploration for mineral
nitrogen. Figure 4 shows the effect of N fertilization on plant growth and density at the arid region of Ain Naga
(Biskra, Algeria).

Until the fruiting stage or even maturation, there were only a small number of nodules formed on the roots of P.
vulgaris plants not having received the nitrogen fertilizer. According to Samago et al. (2018), nodulation
measurements can assess the state of the symbiosis. A small number or total absence of nodules may be due either to
a low population of rhizobia in the soil, or to inhibition of nodulation by unfavorable environmental factors such as
salinity. It is in line with the results of the soil analysis, as the soil is very saline with 2.71 ms cm™ EC. This salinity
inhibits establishment of the rhizobium-legume symbiosis during various stages of the process and in general the first
stages of nodulation (Zahran, 1999). Indeed, the growth of soil rhizobia can be affected by saline stress by restricting
root colonization, infection inhibition, nodule production and functioning (Sharma et al., 2020).

S B
Figure 4. Plants of P. vulgaris var. Djedida showing the effect of N fertilization
on plant growth and density in the arid region of Ain Naga (Biskra, Algeria)

Two other hypotheses can explain the insignificant number of nodules on the common bean roots. The first is that of
high temperatures as the region of Biskra is known for its high temperatures. In September 2018, during the common
bean cultivation, the maximum recorded temperature was 35.9 °C (Tab. 1). The nodulation capacity and the activity
of the nitrogenase from P. vulgaris were inhibited at a temperature of 35 °C and above (Hungria & Franco, 1993).
The second hypothesis is related to possible incompatibility of the native strains of rhizobia with the genotype of the
variety used which is a non-local variety. On the other hand, the modern cultivars are selected on European soils and
for their ability to establish a symbiosis with efficient strains.

Other observations at the three samplings carried out during the three stages of development of P. vulgaris are total
absence of nematodes (on root part) and aphids (on the aerial part). The reason for mentioning these two
phytopathogens is to expose the hypothesis of nematodes attack on common bean roots as this will affect the
nitrogen-fixing symbiosis by inhibiting nodulation and limiting the fixation of atmospheric nitrogen. This
nonexistence is perhaps due to the presence of endomycorrhizae which, according to several authors, could protect
the plant against attack by pathogens or the effect of high temperatures or even the resistance of the cultivated
variety.

We can conclude through this nodular survey that the growth of P. vulgaris var. Djedida requires more inorganic
phosphorus than mineral nitrogen nutrition. This requirement appears particularly high in common bean, which in
fact is more affected by phosphorus deficiency than other legumes species (Vadez et al., 1996).

Effect of N fertilization on mycorrhizal infection
Spores number

Observation of the spores by wet sieving of the soil from the two blocks (with and without nitrogen) revealed the
existence of morphotypes of important Glomeromycota spores. The spores observed are compared to specimens of
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the collection INVAM (2019). Characteristic structures such as color, shape, presence of spore-producing bags and
germination shields allow spores to be identified (Ba et al., 1996). On the other hand, it is impossible for us to
identify the spores on the basis of their morphology when their characteristic structures are absent (Bago et al.,
1998). Indeed, in this study, some structural characteristic may have been lost during the spore extraction process
and therefore it is difficult to assign a genus to a morphotype. This is how in our case differentiation of spores is
based only on color. So we were able to distinguish spores of yellow, black, translucent white and brown color (Fig.
5).

Figure 5. Microphotogra'phs‘é'f Arbuscular Mycdrrhizal Fungi spores isolated from
rhizosphere soils of P. vulgaris var. Djedida

According to the two-way ANOVA, no significant effect (p> 0.05) of N fertilization was indicated at the vegetative,
flowering and fruiting stages and also before sowing (Fig. 6). However, a significant increase in the spore numbers
was reported in the fruiting period (Fig. 6). Before sowing, the number of spores in the first plot (without
fertilization) was 103 spores/100 g, While in the second plot (with fertilization) it was 110 spores/100 g At this
stage, the presence of spores is a form of survival during unfavorable conditions such as insufficient nutrients or
drought.

In the second sample at the two-leaf stage, the number of spores increased by 18 spores in the unfertilized plot, while
in the fertilized plot the number decreases by 17 spores (Fig. 6). In the flowering period and after adding the
chemical fertilizer, the number of spores remained stable in the unfertilized plot compared to the first sampling. On
the other hand, in the plot which received the treatment the number of spores increased by 40 spores compared to the
first sampling. At the fruiting stage, the number of spores in the unfertilized plot was slightly higher than in the
second plot, reaching an average of 175 spores/100 g (Fig. 6). Moreover, there was an increase in the number of
spores between the flowering stage and the fruiting stage from 116 to 175 spores/100 g in the unfertilized plot and
from 140 to 159 spores/100 g, in the fertilized plot but the effect of fertilization was not significant (p= 0.7638).

300 m Unfertilized
o Fertilized

— 250 a
2
;ﬂ a
o
= 200
3
2 a a
3
2 a
E 150
c
m
|4 a 2 a
s
& 100 -

50

[¢]

Before Sowing Vegetative Flowering Fruiting
Sampling period
Figure 6. Effect of nitrogen fertilization (Urea 46) on the number of spores per 100 g of soil extracted from the common bean
(P. vulgaris L. var. Djedida) rhizosphere at different growth periods (including before sowing). For each period, the same
alphabet letters indicate no significant difference (Duncan Multiple Range Test)
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The number of spores in the soil depends on several factors that interfere with the physicochemical, biochemical and
microbiological properties of the soil (Mahmoudi et al., 2020). It is therefore difficult to demonstrate the effect of the
chemical nitrogen fertilizer on the dynamics of endomycorrhizal spores in the soil. Furthermore, Fisher et al. (2007)
showed that over-fertilization with nitrogenous elements negatively influences formation of endomycorrhizal fungi
spores. Gosling et al. (2006) have shown that nitrogen fertilizer (easily soluble) would reduce the colonization and/or
diversity of endomycorrhizal fungi.

Mycorrizal and arbuscular intensity

The study on the frequency of mycorrhization (F%) at the flowering and the fruiting stage remained high and stable
with a rate of 100% in the two plots (with and without nitrogen fertilization) (Tab. 2). When coloring the roots of P.
vulgaris, the presence of vesicles with spherical shape could be seen (Fig. 7C, 7D). In the presence of nitrogen
fertilizer, the intensity of mycorrhizal colonization of the root cortex (M%) reached 53.2% at the flowering stage
then it increased by only 2% giving a percentage of 55.8% at the fruiting stage (Tab. 2). However, in the absence of
nitrogen fertilizer, M% reached 37.9% at the flowering stage, and then it increased up to 53.8% at the fruiting stage
which is the same rate as the roots having received nitrogen fertilization. The effect of fertilization and the sampling
period was clearly significant (Tab. 2).

The intensity of colonization developed in the mycorrhizal part of the root system (m%) in the plot with N
fertilization reached 53.2% at the flowering stage and then 55.8% at the fruiting stage. However, in the plot without
fertilization and at the flowering stage, it reached 37.9% then it also increased up to 53.7% at the fruiting stage (Tab.
2). It can be deduced that the rate of M% and m% were proportional. Several research studies reported that
endomyecorrhizae contributed to the absorption of mineral elements, including mineral nitrogen (Giovannini et al.,
2020). Contribution of nitrogen fertilizer promotes the intensity of colonization of the root cortex at the flowering
stage so the plants require a lot of energy, including nitrogen, which can explain the increase in this intensity.

Table 2. Frequency of mycorrhization (F%), Mycorrhization intensity (M%), Mycorrhizal intensity of mycorrhized fragments
(m%), Arbuscular intensity of the mycorrhizal part (2%) and Arbuscular intensity in the root system (A%) in P. vulgaris var.
Djedida treated with two levels of N fertilization (n=50)

. S Mycorrhizal intensity Arbuscular instensity
Period N Fertilization F (%) M (%) m (%) a (%) A (%)
Flowerin Fertilized 100° 53.2+4.29% 53.2+4.29° 221+427"° 11.8+2.83°

9 Unfertilized 100 37.9+0.90° 37.9+0.90° 10.9+106° 4.11+0.36°
Fruitin Fertilized 100° 55.8+9.53" 558+9.53* 18.3+9.07 10.7 +6.45°
g Unfertilized 100* 53.8+5.84* 53.7+584* 18.2+6.33"™ 9.73+3.33%
Probability (Period) - 0.0098 0.0098 0.5615 0.2741
Probability (Fertilization) - 0.0132 0.0132 0.0846 0.0468
Probability (Period x Fertilization) - 0.0490 0.0490 0.0831 0.1087

The same alphabet letters along the column indicate no significant difference (Duncan Multiple Range Test)

In the fertilized plot, the intensity of colonization in the mycorrhizal part of the root system (a%) reached 22.1% at
the flowering stage, and then it decreased at the fruiting stage up to 18.3%. On the other hand, in the unfertilized
plot, (a%) reached 10.9% at the flowering stage and then increased up to 18.2% at the fruiting stage (Tab. 2). The
arbuscular intensity of colonization in the entire root system (A%) of the fertilized plot reached 11.8% at the
flowering stage, to decrease slightly to 10.7% at the fruiting stage. However, an increase in this same parameter was
observed in the control plants with a value of 4.11% at the flowering stage and 9.73% at the fruiting stage. According
to the results of ANOVA, the effect of fertilization on this parameter is not significant (Tab. 2).

At the fruiting stage, it was reported that there was no significant effect of nitrogen fertilization on P. vulgaris plants.
However, all parameters related to mycorrhizal infection viz. F%, M%, m%, a% and A%, were improved by the
supply of nitrogen fertilizer by 29%, 29%, 51% and 65%, respectively compared to the control plants. In the case of
arbuscules, there is difference between the roots that have or have not received the fertilizer. The available nitrogen
offers rapid mycorrhization but it decreases at the fruiting stage as the lifespan of the arbuscules is ephemeral; on the
other hand, in the roots without fertilizer it starts with a low percentage but then it reaches the same percentage as in
the roots having received the fertilizer (He et al., 2003).

69



Mansouri et al. Contemporary Agriculture, 69(3-4): 61-72, 2020.

g ™ )
Figure 7. Microphotographs of arbuscular mycorrhizal fungi structures
in root cortex P. vulgaris L. var. Djedida: A - Arbuscules, B - Hyphae (B), C-D - Vesicles

The role of arbuscules within the roots in the acquisition of nitrogen has been confirmed and several studies have
shown the involvement of mycorrhizal fungi in mobilization of nutrients such as nitrogen and phosphorus from
natural substrates (Plassard & Dell, 2010). Moreover, Miransari (2011) confirmed that the arid climate favored
aquization of nitrogen in a symbiotic way, where the hyphae of endomycorrhizae will take nitrogen in the form of
ammonium (following the hydrolysis of urea to ammonium). It is then transformed into arginine and transported
through the hyphae to the arbuscules where it is transmitted to the plant in the form of ammonium. It will be then
taken up by the plant via ammonium transporters, specifically expressed during mycorrhization in arbuscules
(Parniske, 2008). According to Baath & Spokes (1989), the nitrogen source has no influence on the reaction to
mycorrhizae. At low P levels in the soil, addition of N does not affect the rate of mycorrhizal colonization. Likewise,
a high P content and a low N content have little influence. Furthermore, germination of spores and mycorrhizal
infection of P. vulgaris could not be inhibited despite temperatures exceeding 35 °C in Biskra, whereas temperature
is one of the factors which influence the germination of spores and the root colonization (Liu et al., 2004). Indeed,
Sheikh & Sanders (1988) state that the temperature between 20 °C and 30 °C is an optimal temperature for
germination of spores. On the other hand, it was observed that despite the high salinity of the soil, the common bean
plants were mycorrhized, while Tian et al. (2004) and Sheng et al. (2008) reported that salinity suppresses or reduces
formation of mycorrhizae. Hirrel & Gerdemann (1980) and Sheng et al. (2008) showed that salinity negatively
affects the capacity for colonization, the germination of spores and the growth of hyphae of mycorrhizal fungi. In
this study, there was a relationship between the high assimilable phosphorus contents and the presence of
mycorrhizal infection, whereas De Miranda & Harris (1994) indicated that the germination of the spores of the
mycorrhizal fungi is inhibited by high assimilable phosphorus content. According to Galvan et al. (2009), there is
often no relationship between the soil content of P and the number of spores.

CONCLUSION

The soil in our experiment was a saline soil, with high contents of CaCOs;, low levels of organic matter and high
assimilable phosphorus contents. The investigation of Phaseolus vulgaris L. var. Djedida in the presence and
absence of nitrogen fertilizer on this site revealed a minimal number of nodules or almost none, which leads to
several hypotheses having repercussions on the biotic and abiotic factors constraining the establishment of
symbiosis. The salinity will then represent the abiotic factor, while the biotic factor is the variety, which is a non-
local variety which may be incompatible with the native strains of the arid region of Biskra. On the other hand,
application of nitrogen fertilizer before flowering had a significant effect on different morphological growth
variables in P. vulgaris at the flowering and fruiting stages except for the length of the root and the harvest index.
According to these results, we can conclude that this variety gave a good yield with a low nitrogen content but in a
soil rich in phosphorus. The soil in this area has shown significant mycorrhizogenic potential, although the
conditions in this region are not very favorable for their development, which could constitute an effective biological
resource to improve the tolerance of host plants to biotic and abiotic constraints. Furthermore, we recommend
research on the optimal amounts of N fertilizers in order to decrease the impact of excess chemical fertilizers on the
environment and health. Further research on N, fixation in common bean is also needed.
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