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ABSTRACT
Background: Algerian agriculture, like many developing countries, has developed production systems based on the use of phytosanitary
products. But today, the use of these products is called into question, with the awareness of the risks they can generate for agriculture,
the environment and even for human health.
Methods: A trial was conducted in the greenhouse on two varieties of pea (Pisum sativum), with and without thiram treatment
(recommended dose), to estimate the effect of the latter on the establishment of symbiosis and biological nitrogen fixation. In addition,
a rhizospheric soil microflora count was carried out to determine and assess the bacterial concentration including PGPRs in each
sample from two varieties tested with and without treatment.
Result: The fungicide treatment and variety choice have no effect on the number of nodules and the fresh and dry weight of the aerial
and root parts and the low nodulation can be attributed to the low population of native rhizobia in the soil. A low bacterial concentration
was observed in the rhizospheric region of the Gros Vert variety treated with the fungicide compared to the untreated control and
Onward variety; this result may be due to the effect of fungicide thiram influencing the abundance of microflora in the soil and the
differential response between cultivars of the same species.
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INTRODUCTION
Food pulses have become an essential component of food
and feed for the whole world and especially for low-income
populations (Asia and Africa) (Pachico, 2005). Among these
legumes, the pea is an appreciated vegetable and
constitutes a staple food and its consumption is linked to its
dietetic virtue. On the other hand, food legumes constitute
a means of improving soil fertility and the yields of crops
associated with them (Baudoin, 2001), thanks to their
characteristic feature of symbiotic nitrogen fixation with BNL
(Bacteria Nodulating Legumes) (Graham and Vance, 2003),
which has earned it a prominent place as the crop of choice
for sustainable agriculture (Babar et al. 2009).

However, this natural process of symbiotic nitrogen
fixation promote the growthand the soil microbial community
like PGPRs (Plant Growth-Promoting Rhizobacteria) are
affected by several constraints that reduce their efficiency
via disruption of nodulation processes and thereby hindering
natural nitrogen fixation.

Edaphic factors (Hatimi, 2001) and toxicity due to certain
phytosanitary products (Wani et al. 2005), including
fungicides which in treating fungal diseases (Rocher, 2004);
are among these constraints. In Algéria thiram is a fungicide
widely used in the cultivation of legumes, including the pea
(Pisum sativum).

A comparative trial was carried out in a greenhouse on
two varieties of peas (Onward and Gros Vert) with and
without treatment with the fungicide (thiram). The objective
of this study is to evaluate the effect of treating pea seeds
with this fungicide on the establishment of symbiosis via
the comparison of the number of nodules formed on the

roots and the comparison of dry and fresh weight from the
aerial and root parts of the two varieties tested.

Physico-chemical analyses of the soil were carried out
to estimate its natural fertility and to look for possible
correlations between the presence, absence and abundance
of nitrogen-fixing bacteria and PGPRs.

A bacterial microflora count was performed to evaluate
the concentration of microorganisms present in the
rhizospheric soils of plants from two varieties tested with
and without thiram treatment.

MATERIALS AND METHODS
Soil sampling
Sampling was conducted from an agricultural field set aside
for fallow, having durum wheat as the previous crop, in
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Tissemsilt region (Algeria) (50 35 62. 23 N 271 54. 042 E),
during March 2021. A transect is drawn at field level (10 m/
10 m) and soil samples were taken randomly at 10 cm depth
on both sides of this transect. A mixture of soils that was
formed was homogenized and used for the pot experiment
and physico-chemical analysis. Soil analyses for physical
(granulometric) and chemical (carbon, pH, conductivity,
organic matter, nitrogen, phosphorus, etc) parameters were
carried out at the FERTIAL agronomic laboratory (Annaba).
Plant material
The pea (Pisum sativum) seed cultivars used in this
experiment (Onward and Gros Vert) originated from New
Zealand and France, respectively and were delivered by
SARL CASAP (Algiers). The seeds tested were treated with
thiram at a recommended dose of 0.2% (w/w), by preparing
fungicide slurry a 5 ml water/kg of seed  (Graind et al. 2007).

Greenhouse experiment
Planting seedlings
The seeds were sown in pots of 500 g capacity containing
sampled soil, each pot was sown with 3 seeds of pea
(Onward and Gros Vert varieties), six replicates were made
for each variety tested, (the same varieties used without
seed treatment with thiram is considered as control). The
experiment was arranged in a randomized block and the
seedlings were watered every week till flowering.

Estimation of biological nitrogen fixation
At flowering stage, the plants were dug up and the
rhizospheric soils were recovered and stored at -20C for
enumeration of the native soil microflora. The nodules
formed at the roots were detached and counted to estimate
the symbiotic power, then kept dry in tubes containing CaCl2
(Vincent, 1970). Biological nitrogen fixation was estimated
by comparing the fresh and dry weights of the aerial and
root parts of plants treated with thiram and controls.

Statistical analyses
Statistical analysis was performed using SAS software
(version 09). A one-way analysis of variance test was
conducted (varietal effect and the effect of thiram treatment
on the nodules number and the fresh and dry weight of aerial
and root parts) and the probability threshold used to
determine significance is p0.05.

Quantification of the microflora of rhizospheric soils
Rhizospheric soil is the soil adhering to the roots of plants,
intense microbial activity is observed. The aim is to evaluate
the concentration of this microflora present in the
rhizospheric soils of two varieties of plants tested with and
without seed treatment with thiram. 10 g of soil was stirred
in 90 ml of physiological (NaCl 0.9%) water for 30 minutes.
From this stock suspension, cascade dilutions of 10-1 to 10-5

were made, 0.1 ml of each dilution was spread on a solid
medium (Nutrient Agar) and incubated at 30C for 24 hrs.
The plates containing a number of colonies between 30 and
300 are taken into consideration, then the number of

microorganisms is expressed in number of Colony Forming
Units (Bonnefoy et al. 2001).

RESULTS AND DISCUSSION
Physico-chemical analysis of soils
All physico-chemical parameters have been included in
Table 1. These analyses make it possible to search for
possible relationships between the abundance of
rhizospheric bacteria and the natural fertility of the soil
studied (Soltner, 2005).

The results show that according to the texture triangle,
the soil sampled is clay soil (72%); it is a very heavy soil,
with very poor internal drainage and a very high water
retention capacity. The soil tested has a low total nitrogen
content (0.1%) and very low phosphorus concentration (8.4
ppm). It is a non-saline soil (0.21 ms/cm), with an alkaline
pH (8.44). The limestone content is high (20.58%) and its
organic matter content is very low (1.34%). According to
Robert, (1996), this is an indication of low fertility and does
not favor microbial activities.

Table 1: Results of chemical analyzes of sampled soil.

Sand 8% Silt 20% Clay 72%

Conductivity (1/5 mS/cm) 0.21 Non saline
pH eau (1/2.5) 8.44 Alkaline
C/N 7.79 Weak

% p.p.m.
Carbonates  20.58 205800.00
Active limestone - -
Organic material 1.34 13400.00
Total nitrogen 0.1 1000.0

Meq/100gr p.p.m.
Phosphorus (Olsen) 0.03 8.4
Exchangeable potassium 0.5 203.3
Magnésium échangeable 2.4 289.4
Exchangeable calcium 35.8 7166.3
Exchangeable sodium 1.0 239.2
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Estimation of biological nitrogen fixation
Nodule number
The differences in the responses of the root systems
regarding the establishment of symbiosis is considered by
the number of nodules formed at the root level. Low
nodulation was observed in this experiment for both the
varieties tested (treated or untreated with thiram) indicating
statistically, the varietal effect on nodulation was not
significant (p= 0.15). Nevertheless, the highest nodulation
rate was recorded in the roots of the Gros Vert variety (Fig 1)
compared to the Onward variety.

According to Andrade and Hungria (2002), the rate of
nodulation varies with variety sown and genetic factors of
the plant. The potential of symbiotic nitrogen fixation
depends on symbiotic partners Aaccording to Maj et al.
(2010), when Rhizobium is present in a population of legume
crop that is specific to Rhizobium species, it prefers certain
genotypes to form root nodosities.

The low or total absence of nodulation in certain plants
may be due to low population of native and efûcient rhizobial
strains in the soil; survival and persistence of rhizospheric
bacteria are major characteristics to infect the roots of the
plant and form nodules (Date, 1976). The low of nodulation
my also due to the inhibition of the establishment of
symbiosis by some unfavorable environmental factors such
as the physical and chemical properties of soil (salinity, clay
soil, etc) (O’hara et al. 1988; Peoples and Crawell, 1992).
Similarly, the nitrogen concentration is low to prevent the
establishment of symbiosis because it is widely accepted
that a high ammonium concentration is always depressive
for nodulation (Munns, 1977).

According to Tibaoui and Zouaghi, (1989), phosphorus
improves symbiotic nitrogen fixation through increased
nodulation. Deficiency of this element nodular activity,
therefore resulting in the reduction of symbiotic nitrogen
fixation (Christiansen and Graham, 2002).

It is well known that factors such as chemical fertilizers,
heavy metals and pesticides compromise the survival,
growth and nitrogen-fixing capacity of rhizobia strains (de
Lajudie, 2004). Thiram treatment had an effect on the

inhibition of nodulation in the case of the Onward variety
in this experiment (Fig 2) but this effect was not significant
statistically (p= 0.65); Isoi and Yoshida (1988), have shown
that thiram has a negligible effect on the growth of
rhizospheric bacteria like Rhizobium leguminosarum bv
phaseoli. Other studies have also shown positive effects
of pesticide seed treatment especially borax on weight and
nodule number of blackgram (Vigna mungo L.) (Yamini and
Anilkumar, 2022). However, Lal and Lal (1988) afûrmed
that pesticides influence the Rhizobium-legume symbiosis
and in turn nitrogen fixation through direct action on free
living soil Rhizobium population that subsequently affects
the degree of infection and the number of nodules formed.
These results presumably imply that the sensitivity to thiram
is very different among Rhizobium species (Isoi and
Yoshida, 1988).

Fresh weight of aerial and root parts
The highest aerial and root fresh weight was recorded in
the Onward variety compared to the Gros Vert variety (Fig 3),
but statistically, this response had no significant effect in
this study (p>0.05). McMichael and Quisenberry (1993)
suggest that the growth and development of the root system
and the plant, in general, are under genetic control and can
be altered by factors such as soil composition.

Contrasting results have been obtained by other
researchers who have shown that varietal choice will have
important consequences on the functioning of aerial and
root system whose result may explain the differences in
performance between varietal types. The difference in
response between varieties of the same species has been
observed in corn and soybeans crops (Bushamuka and
Zobel, 1998) and peas too (Tsegaye and Mullins, 1994).

The soil structure also affects the development of the
aerial and root system and the yellowing of the leaves in
the two varieties tested,  may be due to the low concentration
of phosphorus (8.4 ppm), or to the deficiency of nitrogen
(0.1%) in the soil used (Kolef, 1974).

Seed treatment with thiram did not significantly influence
fresh aerial and root weights (p>0.05); this result is in
agreement with Lal and Lal (1988), who showed that

Fig 1: Appearance of nodules formed at the roots of a pea (Pisum sativum) variety Gros Vert.
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treatment with fungicides may not affect plant growth and
their influence differs depending on the class, chemical
formulation and applied dose. On the other hand, remarkable
negative effect of fungicides, especialy thiram, was observed
on the performance of nitrogen-fixing bacteria, root biomass
(Gaind et al. 2007), plant biomass and grain yield of chickpea
(Aamil et al. 2004), bean (Phaseolus vulgaris) (Guene et al.
2003) and pea (Pisum sativum) (Ahmad et al. 2006).

Dry weight of aerial and root parts
The treated onward variety showed a slightly higher root
dry weight compared to the Gros Vert variety (Fig 4),
however, this effect was not statistically significant (p= 0.88).
The same result was observed on the aerial dry weight of
treated plants and without treatment (p=0.44), which explains
why varietal choice has no effect on the development and
behavior of the plant in this study. The result obtained
confirms the suggestion of McMichael and Quisenberry
(1993), that the development and growth of the plant are
genetically controlled and can be modified, by certain soil
factors such as clay texture (72%), low concentration of
phosphorus (8.4 ppm) and nitrogen (0.1%) and the low
content of organic matter (1.34%) which are indicators of

low soil fertility and which are essential for microbial activity
according to Robert (1996).

A slight reduction in aerial dry weight was observed in
both varieties treated with fungicide compared to untreated
controls; however, the effect of thiram on air-dry weight is
not significant  statistically (p=0.60). On the other hand, the
root dry weight was more in the Onward variety treated with
thiram compared to the untreated control, but without any
statistically significant effect (p=0.66); the same observation
was made when measuring the fresh root weight and this
result was attributed to the dose of fungicide used (Lal and
Lal, 1988).

Quantification of the microflora of rhizospheric soils
This step consists in determining and evaluating the bacterial
concentration in each rhizospheric soil samples (from two
varieties: Onward and Gros Vert with and without thiram
treatment). A low bacterial concentration is observed in the
tested soils, the soil type may be the cause of such results
as it was suggested by Hatimi, (2001), who found that
edaphic factors such as low organic matter content (1.34%),
alkaline pH, soil texture (Clay soil) significantly affect the
development of soil microbial flora essential for plant growth
and nutrition (PGPR) and nitrogen-fixing bacteria.

The lowest bacterial concentration was found in the
rhizospheric soil of the Gros Vert variety treated with thiram,
with a concentration of 1.40  105 cells/ml (10%), compared
to the untreated control where the concentration was 1.21   106

cells/ml (90%); this result may be due to the seed treatment
with thiram which affects the abundance of microflora in
the soil. The development and inhibition of nitrogen-fixing
bacteria and PGPR activities by fungicides, including
thiram has been proven by several researchers, Drouin
et al. (2010) showed that fungicides such as thiram,
captan and mancozeb significantly reduce the number,
growth and survival of Rhizobium, Mesorhizobium and
Sinorhizobium strains.

Unlike the Gros Vert variety, thiram treatment has no
effect on the bacterial microflora of the rhizospheric soil of
the onward variety and their concentration was almost equal

Fig 2: Number of nodules on the roots of two varieties of peas
(Pisum sativum) with and without thiram treatment.

    Fig 3: Fresh weight of the aerial and root parts of two varieties of peas (Pisum sativum) with and without thiram treatment.
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to that recorded in the control (50%), according to Ahemad
and Khan, (2012), fungicides at recommended doses have
a minor reducing effect on beneficial bacterial microflora.

A remarkable difference in bacterial concentration was
observed between the rhizospheric soils of the cultivars
tested (Onward, Gros Vert), which explains the difference
in response between varieties of the same species and that
plants select their own rhizosphere community (Maougal
et al. 2020). According to Khan et al. (2009), the growth of
plants and microorganisms in the rhizosphere, reciprocally
depend on their secreted molecules such as carbohydrates,
amino acids, vitamins and plant growth regulators. Most of
them act as attractants to harbor the various microbial
communities. The composition of these exudates depends
on the physiological state and the species of plants and soil
microorganisms (Zaidi et al. 2009).

CONCLUSION
During this study, low nodulation was observed for both
varieties tested; suggesting the presence of a low population
of native rhizobia in the soil, or inhibition of the development
of both the symbiotic partners because of unfavorable factors
of the environment such as the soil structure (clay texture,
low phosphorus and nitrogen concentration, and low organic
matter content). On the other hand, a difference was
observed in the number of nodules formed between the
treated and untreated plants of each variety, however the
analysis of variance did not reveal any significant effect of
thiram treatment on the number of nodules, which confirms
some hypotheses that show that pesticides, especially
thiram, have negligible effects on the establishment of
symbiosis. Fungicide treatment with a recommended dose
and varietal choice also has no significant effect on the fresh
and dry weight of aerial and root parts of plants, suggesting,
that the development and growth of the plant are genetically
controlled, can be altered, by certain unfavorable factors,
and the influence of fungicide differs depending on the class,
chemical formulation and the dose applied. These results
confirm that the recommended dose of thiram has no
significant effect on the Rhizobium-legume symbiosis,

nitrogen fixation and subsequently the degree of infection
and the number of nodules formed. However, a remarkable
difference was observed between the bacterial
concentrations of the rhizospheric soils from the cultivars
tested, which explains the difference in response between
the varieties, which in turn depends on the molecular
dialogue established between the variety and the microbial
community present in the soil. On the other hand, the lowest
bacterial concentration is observed in the rhizospheric soil
of the Gros Vert variety treated with thiram, compared to
the untreated control; which shows that the fungicide affects
the abundance of microflora in the soil.
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