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Pigeon pea (Cajanus cajan L.)Millsp., often referred to as "the meat of
poor people,” is a valuable underutilized agricultural resource in Africa,
particularly in Senegal. This legume offers a diverse range of food and
environmental benefits, making it a key element for food security and
sustainability of agricultural systems, especially in tropical and subtropi
cal regions.The aim of this study was to evaluate the density and
diversity of arbuscular mycorrhizal fungi (AMF) associated to three
provenances of pigeon pea cultivated in three soils from two regions in
Senegal.Mycorrhizal parameters were determined in the three soil
origins; and added to growth parameters after trapping culture with
three pigeon pea provenances in these soils for 4 months. The results
revealed significant differences among the soil origins and the presence
or absence of theplant for AMF density and diversity, and mycorrhizal
potential. Seven morphotypes of AMF belonging to five genera
(Racocetra, Scutellospora, Dendiscutata, Gigaspora and Glomus) were
identified. Spore density was higher in Kaolack and lower in Kaffrine.
The presence of pigeon pea plant increased spore density and
mycorrhizal potential. Moreover, significant variations were expressed
between the three provenances on the three soils. Spore density and
root colonization were higher in Kaolack without cover with Fatick
provenance. The best growth was observed with SL provenance in
Kaolack without cover and with Kaffrine provenance in Kaffrine under
cover. This study highlights the importance of taking into account the
characteristics of soil sites for better exploitation of the agronomic and
nutritional potentials of each pigeon pea provenance.
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Introduction:-

Out of approximately 50,000 edible plant species known in the world, only around 200 species, are utilized as food.
Surprisingly, among those, only 15 crop plants provide 90% of the world’s food energy intake. And, unfortunately,
more than 50% of the calories consumed worldwide were provided by just three main crops which are wheat, rice
and maize (UNSCN, 2020). While, it exists in this category, some neglected or underutilized plant species (NUS)
which can constitute a good food supply alternative for diversification, contributing to food and nutrition security,
and reduce the negative effects of climate change (Padulosi et al., 2019, Ndlovu et al., 2024). These unexploited
plant species largely ignored in agricultural and food systems during a long period, have great potentials in food,
nutrition, economy, environment and society. These traditional and orphan plant species that can help alleviate
hidden hunger and malnutrition are now recognized as future smart crops by scientists and policymakers (Jairu et al.,
2023).

Otherwise, Senegal, like low-income African countries, is affected by malnutrition in all its forms. One of the
problems related to diet, namely undernutrition and malnutrition, affects the quality of life of many poor
communities, especially women and children. Overall, 17.8% of women of reproductive age, have a chronic energy
deficiency and 19% of children under 5 years of age suffer from stunted growth (Thiam et al., 2022; Faye et al.,
2020). At the same time, there is a rapid transition from traditional diets based on local foods to a diet high in fat,
salt and sugar, but low in fiber and essential micronutrients. However, a good diet not only meets the required level
of calorie intake, but also the right balance of foods in the household food basket. Therefore, dietary patterns with a
high diversity and variety of elements with a range of micro- and macronutrients are important to ensure nutritional
security (Weerasekara et al., 2020). The exploration and exploitation of the potentials of these NUS crops will be a
great opportunity and alternative to tackle these challenges.

Among these NUS crops, pigeon pea (Cajanus cajan, L.), caught our attention. This plant has enormous potential
that is still underexploited in West African countries like Senegal, where this crop species is little known. Although
it is the eighth most important legume crop in the world, the proportion of pigeon pea produced in West Africa
remains low (Ohanenye et al., 2021). Despite its importance, especially in certain tropical and subtropical regions
facing food and nutritional insecurity and abiotic stresses, little information on this crop in terms of genetic
diversity, production and uses is available in Senegal.Indeed, pigeon pea is a drought-tolerant, multipurpose crop
grown primarily for its edible seeds rich in dietary protein (Musokwa et al., 2021). Due to nitrogen fixation and
improved soil fertility enabling mixed or intercropping, pigeon pea plays an important role in dryland farming
systems, particularlychosen by smallholder farmers in many parts of the world (Namuyiga et al., 2022).1Its ability to
improve soil fertility is due to the association with symbiotic soil microorganisms such as nitrogen-fixing bacteria or
rhizobia (Araujo et al., 2020; Bopape et al., 2023) and plant growth-promoting bacteria or Plant Growth-Promoting
Rhizobacteria (PGPR) (Harshitha et al., 2020). This legume plant is also able to form symbiotic association with
arbuscular mycorrhizal fungi to improve its growth and productivity (Dania &Fagbola, 2022). In fact, Arbuscular
mycorrhizal fungi (AMF) might be considered as biostimulant and biocontrol agents of most terrestrial plants
(Soudzilovskaia et al., 2020; Delaeter et al., 2024). The latter are particular soil microorganisms able to form
symbiotic association with most terrestrial plants to improve plant growth and productivity through tolerance to
numerous abiotic and biotic stresses (Wang et al., 2024a; Navarro & Morte, 2024). AMF can play a protector role
against plant pathogens by improving photosynthesis and plant nutrition (Balestrini et al., 2020); and by modulating
root microbiota through their extra-radical mycelium (Pérez-De-Luque et al., 2017). Recent studies had shown
postive effects of AMF on pigeon pea growth and yield (Mathimaran et al., 2020; Yadahalli et al., 2022).

Little attention has been given to pigeon pea culture with its beneficial microbial environment and its agronomic
potential in most African countries. In this study, we investigated to understand the relationship between pigeon pea
and arbuscular mycorrhizal fungal community in theirgiven environmental conditions. We hypothized that,
environmental conditions modulated by soil properties and geographical distance affected AMF density and
diversity whatever the seed provenance.

Material and Methods:-

Study site description, soil sampling and physicochemical characterization:

In Kaolack, the study site is located in the community of Sing Sing. The geographical coordinates are 14°10'0" N
and 16°7'60" W. Sing Sing has a hot and dry desert climate according to the Koppen-Geiger classification. The
average temperature in June is around 29.8°C and the average rainfall is around 630 mm. At night, temperatures
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drop to 24.6°C and during the day they can reach 37.2°C. In Kaffrine, the study site is located in the community of
Sagna in the department of MalemHodar (14°05'12.5"N 15°23'00.0"W). The temperature is between 26°C and 39°C
during the day. The annual rainfall is around 860 mm.

In Kaolack without cover, three samping plots with 20 m of distance, were delineated in a field. In each plot, 4
points forming a 25 m square, completed by a fifth point in the center were considered for soil samples. The 5 soil
samples taken at 0-20 cm depth were mixed to get a composite soil sample; giving a total of 3 composite soil
samples. In Kaffrine, soils were sampled without cover and under pigeon pea plants. In Kaffrine without cover, the
same approach as in Kaolack was adpoted to get three composite soil samples. In Kaffrine under pigeon pea, soils
were sampled in a farm field. Three plots containing plants were considered. In each plot, five plants with a distance
of 5 m were chosen and soils were sampled in three points around the plant, then pooled. The soil samples of the
five plants in each plot were mixed to get a total of three composite soils. The distance between plots was 10 m. All
soil samples put in plastic bags were kept to the Laboratory for analyzes. It should be noted that we have not found
any pigeon pea plants in Kaolack, which is why we do not have any undercover soil in this site. However, we have a
prospect of introducing pigeon pea into the Kaolack site.

The physicochemical analyzes of soil were done at the Laboratory LAMA (Laboratoire des Moyens Analytiques,
IRD, Dakar, Senegal). The soils were air dried at room temperature, ground to pass through a 2 mm sieve, and
analyzed following the standard protocols. Soil organic carbon was estimated following the method of Bahadori
&Tofighi (2017) by the Walkley-Black oxidation. Available P was determined using Olsen method (Battisti et al.,
2021). Total N was determined using the Kjeldahl method (Hicks et al., 2022).

Evaluation of soil mycorrhizal potential from the different sites:

The most probable number (MPN) is a method that expresses the number of infective AMF propagules present in a
soil and able to colonize roots of a plant. This procedure consists to mix the composite soil from each site with a
stetilized sand in a dilution series of 0, 1/4, 1/16, 1/64, 1/256 and 1/1024 (Gagou et al., 2023). Each dilution was
repeated five times and the five pots of each, containing 50 g of the diluted soil were used as substrate to grow seeds
of maize plant (Zea mays L.), a highly mycorrhizal dependency plant. Plants were watered with demineralized water
for 45 days. At the end of the assay, roots of all plants were extracted, cleaned and stained with Trypan blue as
described in Ndoye et al. (2024). The roots were then cut into 1 cm segments and placed between a microscope slide
in a glycerol drop and a cover slip for examination with a light microscope at a magnification of 100X. The MPN of
AMF propagules that can colonize plant roots was calculated as follows: Log MPN = x log a - k, where x represents
mean of mycorrhized plants for all dilution ratios, a (factor of dilution) = 4, K= constant given by the table of Fisher
& Yates (1970).

Determination of AMF spore density and diversity from field-collected soils:

AMF spore extraction was performed according to the wet sieving and decanting method as described in Ndoye et
al. (2024). A quantity of 100 g of each dried-soil was placed in a 2L glass beaker, filled with tap water and agitated
with a spoon. Then, the soil suspension was poured onto a series of 400-50 um sieves, re-suspended in tap water and
collected in 50 ml conical tubes. Centrifugation at 3000 g/min for 3 minutes was made after adding two solutions of
sucrose at 20% and 60%. At the end, the supernatant was collected, passed through a 50 pm sieve, washed with tap
water and placed in Petri dish (Sakha et al., 2024). AMF spore observation, description and identification were done
under a dissecting microscope using the International Culture Collection of Arbuscular and Vesicular-Mycorrhizal
Fungi for AM fungi description (https://invam.wvu.edu/methods/spores/enumeration-of-spores). The AMF spore
density and abundance of each AMF species were expressed per 100 g of soil. Three replicates were made for each
composite soil from each sampled site.

Characterization of AMF spore composition after trap culture:

A trapping culture method was performed to reveal the diversity of all AMF species in soil sitesunder pigeon pea
plants. This method consisted of growing pigeon pea seeds in pots containing the sampled soils from each site.
Three pigeon pea seed provenances (Saint Louis : SL, Fatick : FK and Kaffrine : KF) were used with two replicates
per provenance in each soil site (Kaolack and Kaffrine). The seeds were pregerminated in agar Petri dish during 3
days before sowing. A total of 18 pots was displayed and watered until five days before the end of the experiment in
order to stress the plants. This temporary period of water stress stimulates fungi adaptation to drastic conditions by
favoring AMF spore production for its survival.
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Assessment of plant growth and mycorrhization parameters after trap culture:

After 4 months of nethouse cultivation, the height and collar diameter of pigeon pea plants were measured, as well
as the chlorophyll content of the leaves.The chlorophyll concentration was measured using the SPAD 502 Plus
chlorophyll meter (Uddling et al., 2007).

The plant roots were also collected, rinsed with tap water, and kept cool to determine mycorrhization parameters
(frequency and intensity of mycorrhization). For this, the plant roots were cleared with 10% KOH and stained with
0.05% Trypan blue solution as described by Ndeko et al. (2024a). Root fragments were then mounted between
slides, coverslips in a glycerol drop and observed under a light microscope at x400. The frequency and intensity of
mycorrhization were determined using the method of Trouvelot et al. (1986) as followed:

Frequency of mycorrhization (F%) = (number of mycorrhizal fragments / total number of observed fragments) x 100
Intensity of mycorrhization (M%) = (95n5+70n4+30n3+5n2+nl) /N

n5, n4, n3, n2 and nl respectively denoted the number of fragments of class 5, 4, 3, 2 and 1, and N was the number
of fragments observed.

The soils were collected in plastic bags and stored in a cold room at 4°C for determination of AMF spore density
and diversity, as previously described.

Statistical analysis:

Shapiro and Levene tests were performed on raw data to verify normality and homogeneity of variance. Normalized
data were subjected to one- or two-way analysis of variance (ANOVA). Means of variables measured at the 5%
probability level (p < 0.05) were compared using the Student Newman-Keuls test. Mycorrhization parameter values
were transformed into arcsine square root of the value before statistical analysis. Tests and statistical analysis of the
results were performed with XLSTAT software version 2010. Principal component analysis (PCA) method was
performed for the relationship between plant and soil mycorrhizal parameters after trapping culture.

Results:-

Soil physicochemical properties:

The soil of Kaolack is richer in sand and clay than that of Kaffrine with 84% and 72.3% sand, and 7.9% and 4.5%
clay, respectively (Table 1). However, the silt content is higher in Kaffrine (23.1%) than in the soil of Kaolack
(7.31%). Contrary to the Nitrogen content, the organic Carbon and available Phosphorus contents are slightly higher
in the Kaffrine soil.

The Magnesium, Calcium and Sodium contents are more important in Kaffrine and the Potassium content is
practically not different between the two soils. The pH is slightly acid in Kaffrine soil (6.40) and slightly alkaline in
Kaolack soil (7.83).

Table 1:- Physicochemical characteristics of soils without cover from Kaolack and Kaffrine

Soil components Kaolack soil Kaffrine soil
Clay (%) 7.90 4.50

Silt (%) 7.31 23.10

Sand (%) 84.40 72.30
Carbon (g/kg) 5.10 6.80
Available Phosphorus (mg/kg) 3.47 4.40

Total Nitrogen (g/kg) 0.43 0.30
Potassium (Cmol/kg) 4.60 4.50

Sodium (Cmol/kg) 0.35 1.30
Magnesium (Cmol/kg) 0.04 3.90
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Calcium (Cmol/kg) 0.07 21.10

pH (H,0) 7.83 6.40

Soil mycorrhizal potential infectivity:

The results on the most propable number of mycorrhizal propagules (MPN) in the soils from Kaolack and Kaffrine
are shown in Figure 1. It indicated that this MPN was significantly higher in the kaffrine soil under cover (256
propagules/100g of soil), followed by that of the Kaolack soil without cover, and lower in the Kaffrine soil without
cover (10 propagules/100g of soil).

Miycorrhizal potential infectivity of soils from Kaolack and Kaffrine
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Figure 1:-Mycorrhizal potential infectivity (MPN) of soils from the two sites (Kaolack and Kaffrine)

WC: soil without cover, UC: soil under cover. Bars followed by the same letter were not significantly different
according to the Student-Newman-Keuls test at the 5% threshold

AMF species diversity and spore density in soils from the study sites:

Results presented in Figure 2 revealed a total of 7 AMF morphotypes belonging to 5 genera
(Racocetra,Dendiscutata,Scutellospora, Gigasporaand Glomus) and 2 families (Gigasporaceacand Glomeraceae) in
the three soil origins.

The spore density of the AMF species (Table 2) was higher in the non-covered soil of Kaolack for 6 of the 7 species
(Racocetraaff. gregaria, Dendiscutatasp, Scutellosporasp, Gigasporaaff. gigantea, Glomus spl and Glomus sp3).
This AMF spore density was lower in the Kaffrine under-covered soil for 4 of these 7 species, namely Racocetraaff.
gregaria, Scutellosporasp, Gigasporaaff. gigantea and Glomus spl. It should be noted that the genus Glomus with
the species Glomus sp3 was the most represented in the different soils.

Otherwise, the total AMF spore density was significantly higher in the Kaolack soil without cover (99 spores/100g

of soil) than those in the Kaffrine soil under cover (49 spores/100g of soil) and Kaffrine soil without cover (45
spores/100g of soil), which were not significantly different between them.
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AMF spore density in field-collected soils from the study sites
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Figure 2:- AMF spore density in the three soil origins from the two study sites

WC: soil without cover, UC: soil under cover. Bars followed by the same letter were not significantly different
according to the Student-Newman-Keuls test at the 5% threshold

Table 2:-Diversity of AMF species in soils from different origins

Families Genera AMF species Kaolack
WC Kaffrine WC | Kaffrine UC

_ Racocetra Racocetraaff.gregaria 7a 5 ab 2b
Gigasporaceae Gigaspora Gigasporaaff. gigantea 12 a 6b 3b
Scutellospora | Scutellosporasp 6a 4b 1b
Dendiscutata Dendiscutatasp 4a 3a 3a
Glomeraceae Glomus spl 17a 8b 6b
Glomus Glomus sp2 5b 5b 9a
Glomus sp3 48 a 14 ¢ 25b

Total number of AMF morphospecies 7 7 7
Total AMF spore density 994 45bh 49h

WC: soil without cover, UC: soil under cover. In row, values followed by the same letter are not significantly
different according to the Student-Newman-Keuls test at the 5% threshold

AMF spore composition after trap culture with three provenances of pigeon pea:
A total of 7 morphospecies of AMF (Racocetraaff. gregaria,Dendiscutatasp,Scutellosporasp,Gigasporaaff. gigantea,
Glomus spl, Glomus sp2 and Glomus sp3) belonging to 5 genera

(Racocetra,Dendiscutata,Scutellospora,Gigasporaand Glomus) and 2 families (GigasporaceaecandGlomeraceae) were
found in the Kaolack soil without cover with the 3 pigeon pea provenances (Table 3). These 7 AMF species were
encountered with the 3 provenances in Kaolack without cover; with Saint Louis (SL) provenance in Kaffrine
without cover and with Fatick (FK) provenance in Kaffrine under cover. Among these 7 morphospecies, 6 were
recorded with KF (Kaffrine) and Fatick (FK) provenances in Kaffrine soil without cover, and with SL and KF
provenances in Kaffrine soil under cover. In addition, Glomus sp2 was not observed in the Kaffrine soil without
cover, with the KF provenance.

For the SL pigeon pea provenance, the density of Glomus sp3 under cover was dominant. They were followed by

Scutellosporaspand Dendiscutatasp in Kaolack, Racocetraspand Gigaspora in Kaffrine under cover; and finally,
Dendiscutataspand Racocetrasp in Kaffrine without cover.
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For the FK pigeon pea provenance, spore density was higher with Glomus sp3 in Kaolack without cover and
Kaffrine under cover; and with Glomus spl in Kaffrine without cover. They were followed by
DendiscutataspandScutellosporasp in Kaolack, GigasporaspandDendiscutatasp in Kaffrineunder cover (UC); and
finally, GigasporaspandDendiscutatasp in Kaffrinewithout cover (WC).

For the KF pigeon pea provenance, the density of Glomus sp3 and Scutellosporasppredominated in Kaolack,
followed by those of Glomus sp3 and Dendiscutatasp in Kaffrine without cover; and finally, those of Glomus
sp3 and Glomus splin Kaffrine under cover.

Furthermore, the total density of AMF spores was significantly higher in Kaolack soil and lower in Kaffrine soil
without cover, regardless of the pigeon pea provenance (Figure 3). This spore density was higher with FK
provenance in Kaolack WC and Kaffrine UC. The lowest spore density was obtained with SL provenance in
Kaolack WC, with SL and FK provenances in Kaffrine UC, and with KF provenance in Kaffrine WC.

Mycorrhizal root colonization of pigeon pea plants after trap culture :

The results on mycorrhization parameters of pigeon pea root plants from the 3 provenances grown in the three soils
were reported in Table 4. They revealed that whatever the seed provenance, frequencies and intensities of
mycorrhization were significantly higher in Kaolack soil without cover and Kaffrine soil under cover, compared to
those in Kaffrine soil without cover. Furthermore, in Kaolack soil WC, the best values were recorded with KF and
FK provenances, whereas in Kaffrine soil under cover, the frequencies and intensities of mycorrhization were higher
in root plants of SL provenance and lower with those of FK provenance.In Kaffrine soil without cover, the
provenance FK gave the greatest values of mycorrhizal parameters and the provenance KF the lowest values.

Table 3:- Density of AMF species in soils from the different origins cultivated with three pigeon pea

provenances
Families Genera Species Kaolack WC Kaffrine WC Kaffrine UC
SL FK KF SL | FK | KF SL | FK | KF
Gigasporaceae Racocetra | Racocetraaff.gregar
ia| 2b Sa 2b 3ab | 2b b | 3ab | 1b 2b
Dendiscutata Dendiscutatasp
8b 18a 6bc | Sbc | Sbc | 2¢ 2c 2c 6bc
Scutellospora Scutellosporasp
8b 15a 17a 2c Oc Oc Oc Ic Oc
Gigaspora | Gigasporaaff.gigant
€a | 2ab Sa 3ab 1b Sa Ib | 4ab | 4ab | 2ab
Glomeraceae Glomus spl | 20a | 20a | 15bc | 5c¢ 7c 4c 5c 6¢ 4c
Glomus Glomussp2 | 3¢d | 7b | 9a | 3cd | I1d | 0d | 2cd | 2cd | 4c
Glomussp3 | 15b | 25a | 17b | 6¢d | 5d | 7c | 16b | 19b | llc
Total number of morphospecies 7 7 7 7 6 6 6 7 6
Total spore density 58c | 95a | 68b | 25d | 25d | 15e | 32d | 35d | 29d

WC: soil without cover, UC: soil under cover, SL: pigeon pea provenance from Saint Louis, FK: pigeon pea
provenance from Fatick, KF: pigeon pea provenance from Kaffrine. In row, values followed by the same letter are
not significantly different according to the Student-Newman-Keuls test at the 5% threshold
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AMF spore density in soils after culture of the three Pigeon pea
seed provenances

AMF spore density /100 g of dry soil
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Figure 3:-AMF spore density in soils after culture of the three provenances of pigeon pea

WC: soil without cover, UC: soil under cover, SL: pigeon pea provenance from Saint Louis, FK: pigeon pea
provenance from Fatick: KF: pigeon pea provenance from Kaffrine. Bars followed by the same letter were not
significantly different according to the Student-Newman-Keuls test at the 5% threshold

Plant growth parameters after trap culture:

The results (Table 4) revealed that the height was higher in plants grown in Kaffrine soil under cover, followed by
those in Kaolack soil without cover and significantly lower in those in Kaffrine soil without cover. However, no
significant difference was noted between pigeon pea provenances regardless of the soil origin. Nevertheless, the
height was higher in plants from SL provenance in Kaolack and Kaffrine soil without cover; and in those from FK
provenance in Kaffrine soil under cover.

Statistical analysis showed a significant effect of the soil site on plant collar diameter with the highest values in
Kaolack soil without cover and Kaffrine soil under cover. However, in the same soil, the significant effect of the
provenance is less marked. Indeed, the provenance KF seemed to dominate in Kaffrine under cover with an average
diameter of 3.2 mm.

Leaf chlorophyll content was significantly higher in plants from the 3 provenances grown in Kaolack soil without
cover and Kaffrine soil under cover (between 37% and 50%); compared to those in Kaffrine soil without cover
(around 22%). However, in the same soil, no significant effect of provenance on leaf chlorophyll content was
noticed, even if it was higher with SL provenance in Kaolack WC and with FK provenance in Kaffrine UC.

Table 4:-Growth and mycorrhization parameters of pigeon pea plants in the different soils

Soil Pigeon pea Height (cm) Collar Chlorophyll Frequency of Intensity of
origins provenances diameter content (%) mycorrhization | mycorrhization
(mm) (%) (%)
Kaolack | Saint Louis (SL) 36.50a 2.41b 46.34a 71.11a 19.82a
WC Fatick (FK) 28.00ab 2.14b 43.22a 85.70a 29.25a
Kaffrine (KF) 27.30ab 2.44b 37.90a 86.10a 25.44a
Kaffrine
WC Saint Louis (SL) 26.80ab 1.50b 22.41b 33.87b 5.13b
Fatick (FK) 24.78b 1.67b 22.34b 37.23b 5.27b
Kaffrine (KF) 22.84b 1.75b 22.18b 25.62b 3.04b
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Kaffrine
UC Saint Louis (SL) 34.50ab 2.34b 43.71a 88.30a 35.50a
Fatick (FK) 31.18ab 2.25b 49.80a 71.13a 22.61a
Kaffrine (KF) 37.92a 3.19a 37.62a 82.24a 31.52a

WC: soil without cover, UC: soil under cover. In colunm, values followed by the same letter are not significantly
different according to the Student-Newman-Keuls test at the 5% threshold

Coorelation between mycorrhizal and plant growth parameters after trapping under the three soils by
principal component analyzis (PCA)

Whatever the soil origin, the PCA analyzes based on AMF mycorrhization and plant growth parameters (Figure 4)
showed differences between pigeon pea provenances.

In the soil of Kaolack without cover (Figure 4a), the first two axes explained the totality of the variability. The first
axis encompassed 72.36% of the total variation. This later is strongly and positively correlated to mycorrhizal
parameters and strongly negatively correlated to plant height. The second axis expressed 27.64% of the total
variation and is strongly positively related to plant collar diameter and leaf chlorophyll content. The PCA revealed a
clear separation between the three provenances. The provenance Fatick at the upper right of the PCA had the
greatest values of AMF spore density and root intensity of mycorrhization whereas the provenance Saint Louis at the
upper left of the axes had the highest values of plant height and leaf chlorophyll content. The provenance Kaffrine
with the greatest values of root frequency of mycorrhization was at the bottom right of the axes.

In the soil of Kaffrine without cover (Figure 4b), the first two axes of the PCA expressed 100% of the variability. A
clear separation bewteen the three pigeon pea provenances, was also observed through the two axes. The axis F1
which explained 83.81% of the variability was strongly positively correlated to mycorrhizal and growth parameters
except collar diameter which was strongly negatively correlated to the second axis. The first axis strongly
discriminated the Saint Louis provenance in its right with the highest values of AMF diversity, plant height and leaf
chlorophyll content; and the Kaffrine provenance in its left. The second axis showed a clear separation between
Saint Louis provenance in the upper right and Fatick provenance in the bottom right with the greatest values of root
colonization rates.

In the soil of Kaffrine under cover (Figure 4c), the total variance was explained by the first two axes. The first axis
which encompassed 78.88% of the total variability was strongly positively correlated to AMF spore density and
diversity and leaf chlorophyll content, and strongly negatively correlated to root mycorrhizal colonization and plant
height. The second axis expressing 21.12% of the total variance was strongly negatively correlated to plant collar
diameter. Along the first axis, the provenance Fatick in the upper right with the greatest values of AMF spore
density, AMF diversity and leaf chlorophyll content was clear separated in one hand to the provenance Kaffrine in
the upper left with the highest values of height and collar diameter. In the the other hand, they were distinguished to
the provenance Saint Louis in the bottom left with the best values of root mycorrhizal colonization rates.
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Figure 4:- PCA analyzes with Mycorrhizal and plant growth parameters after trapping under the three soils:
Kaolack WC (4a), Kaffrine WC(4b) and Kaffrine UC (4¢)

SL (provenance Saint Louis), FK (provenance Fatick), KF (provenance Kaffrine)

Discussion:-

To our knowledge, this study is the first one that aims to determine the diversity of AMF associated to different
provenances of pigeon pea in different regions of Senegal.

We assessed key aspects of the AM fungal community, namely its density and diversity and also soil mycorrhizal
infectivity of three soil origins ; as well as the AM colonization rate and growth of three pigeon pea provenances in
these soils.
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Soil mycorrhizal potential:

The results revealed that pigeon pea crop increased the soil mycorrhizal potential infectivity compared to the soils
without cover. This was consistent with numerous studies on the positive effect of crops on soil fertility and soil-
plant health (Tosi et al., 2023; Kabalan et al., 2024). Arruda et al. (2021) proved that cover crop might increased
AMF inoculum potential for the succeeding crop in rotation or intercropping. Otherwise, in this present study, the
soil mycorrhizal infectiity differs from one site to another. Similar results were obtained by Ech-Cheddadi et al.
(2019) in the rhizosphere of sugarcane in the Gharb region of Morocco. Benelhadj et al. (2024) also found
differences in mycorrhizal infectivity potential between three soils. Our results also emphasized that soil
mycorrhizal potential is not only under the control of it’s AMF spore density but depends more to the quality of
these spores and their capacity for infectivity. This fact was also underlined by Meddich et al. (2015).

AMTF diversity and spore abundance in soil origins:

Based on morphological criteria, seven morphospecies belonging to five genera were recorded in this study. The
same tendencies were revealed in different zones of Senegal, a sahelian area, by several studies (Diop et al., 2021;
Thiocone et al. 2023; Ndoye et al., 2024). Contrastingly, some studies have shown a high diversity of AMF in soils
from tropical regions (Zhang et al., 2022; Wang et al., 2024a). It means that other factors might contribute to explain
observed differences. For instance, Hazard et al. (2013) found that AMF community composition was strongly
dependant on abiotic variables (soil type, rainfall, ...) and not on geographical distance or land use; whatever the
plant species. Differences might also result from the AMF species preference to various host plants, abiotic factors
and agroecological variations (Masebo et al., 2023).

From this work, it also emerged that the same AMF species were found in the three soils even if differences were
observed in physicochemical characteristics. Similarly, no differences were found by Pereira et al. (2022) in AMF
species richness between natural rainforests and adjacent sugarcane plantations.However, contrasting results
showing the influence of physicochemical properties were recorded by Dilsiz et al. (2021) in some pastures of
Turkey.

In addition, Gigasporaceae family was predominant whatever the soil origin. This was consistent with the study of
Sakha et al. (2025) in tropical regions. This result was confirmed by those of Vieira and coworkers (2020) who
found the predominance of Gigasporaceaefamily in sandy soils with low nutrient contents, organic matter and
humidity. Moreover, Glomus was the dominant with three species and high spore densities in the different soil
origins. It might be the result of its strong adaptability to stresses environments and its widest habitat (Noreen et al.,
2023; Masebo et al., 2023). For instance, Yuwati et al. (2020) found the dominance of Glomus species in soils under
the Galam trees at shallow peat of South Kalimantan (Indonesia).

Otherwise, it was demonstrated that AMF communities are mainly influenced by plant cover (Pérez-Redondo et al.,
2025). We found a positive effect of pigeon pea plant on AMF spore density when compared to the non-cultivated
soil. Similar results were highlighted by Egboka et al. (2022a) in one of their two locations in Nigeria with Cassava
and Pineapple. In fact, the presence of vegetation cover is favorable for AMF reproduction (Birhane et al., 2020), as
it depends on the host plant to complete its life cycle. This is also consistent with the findings of Masebo et al.
(2023) showing greater AMF abundance in presence of plants cultivated in soil. In addition, soil carbon improvment
might contribute to the increase in AMF spore abundance (Verbruggen et al., 2021). Otherwise, low soil fertility
might induce AMF hyphae development in order to seek nutrients from host plants, thereby reducing their spore
density (Rini et al., 2021).

Between the two locatons, results revealed a significant difference in spore density in the two soils without cover as
it was found by Pérez-Redondo et al. (2025). The highest AMF spore density was recorded in Kaffrine soil under
pigeon pea plants compared to the soils without cover. It might be accredited to abiotic and biotic factors like soil
physicochemical properties and/or climatic characteristics (Olguera et al., 2023). For instance, AMF spore density
was higher in Kaolack soil with less available P content compared to Kaffrine soils. Noreen et al. (2023) also found
an inverse correlation between AMF composition and P soil level. Else, soil from Kaolack which is rich in sand and
clay contained the greatest number of AMF spores; whereas that of Kaffrine which is sandy-silt contained the
highest amounts of available phosphorus and carbon. Differences in rainfall of the two locations (Kaolack and
Kaffrine) might contributed explaining the differences in spore density, Kaffrine receiving more rain than Kaolack.

Otherwise, compared to numerous studies, low numbers of AMF spores were discovered in the soils from the
different origins in this present work. Our results were in concordance with those of Egboka et al. (2022b) reporting
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AMF spore densities between 39 to 71 spores 100 g™' soil in three land use types and soil depths at two locations of
southern Nigeria.Olguera et al. (2023) reported very low spore density (between 4 and 12 spores.100 g™ soil) in
different vegetation patches of a marginal Upland in Central Philippines. However, contradictories results were
obtained byBelay et al. (2013) in soil from Acacia tree species in Ethiopia and Dare et al. (2012) in yam cropping
systems in Nigeria with spore density that attended 1506.100 g™ soil and 529.100 g soil, respectively. The level of
soil disturbance might also justify the differences in spore density between ecosystems.

AMTF spore diversity and density after Pigeon pea trap culture:

In trap culture, AMF spore diversity varied slightly between pigeon pea provenances in Kaffrine soil whereas none
difference was observed in Kaolack soil. This result might not be directly attributed to plant genotype; but rather to
abiotic factors like soil physicochemical characteristics (Guzman et al., 2021). Similar results were observed by
Musyoka et al. (2023) on Calotropis rhizosphere under two different locations in Kenya.

Our results showed variation in spore density between the three provenances regardless the site location. Plant seed
genotype might contribute explaining this result. Compared to soil origins and whatever the location, spore density
was decreased by trap culture in the present work. This might be explained by many factors such as culture
conditions and age of plants in trap culture. This situation might be the result of the attitude of AMF in trap culture
where they opte instead to germ and colonize roots, reducing their spore density in soil. This finding was not in
agreement with the results of Husein et al. (2022) showing an increase in spore density after trapping with two plant
species (Sorghum and Corn) under three different soil rhizospheres (Bambusa sp, Cichorium intybus and Pinus
merkusii). AMF diversity was also decreased by trap culture in Kaffrine soils. Comparable results were reported
by Tenzin et al. (2022) showing a loss of AMF diversity with the first Maize and Sorghum trapping culture. These
authors demonstrated that under glasshouse conditions, one trap culture was not sufficient for AMF spore
propagation. Bencherif et al. (2023) also denoted a loss of diversity after Alfalfa trap culture; and designated the root
mycorrhizal rate as the best suitable criterion to evaluate the quality of AMF inoculum.

Pigeon pea root mycorrhizal colonization and growth after trap culture:

Regarding root colonization rate after trap culture, results revealed an influence of soil origin whatever the seed
provenance. This was consistent with the results of Chafai et al. (2025) who observed differences in root
mycorrhizal colonization rates of leek plants between four soil origins in Morocco after trapping. Abiotic factors
such as physicochemical properties might justify these results (Masebo et al. 2023; Djotan et al., 2024).

In addition, in each soil origin, mycorrhizal colonization rates varied between seed provenances. However, site
effect on mycorrhizal colonization was greater than that of seed provenance. This is in agreement with findings of
Versuliené et al. (2024) on 10 wheat varieties cultived under four pedoclimatic sites in Europe. It also aligned with
the results of Xavier Martins and Rodrigues (2020) on different rice ecosystems and varieties. Our
resultsconfirmedthese findings showing the strongest influence of site and climate on mycorrhizal colonization
compared to that of genotypes(Meyer et al., 2021).

A positive effect of pigeon pea plant on root colonization was observed in Kaffrine site. It was assumed that
vegetation has a greatest effect on soil biological properties such as colonization rate. It approved the results of
Tyburska-Wos&Kieliszewska-Rokicka (2024)showing the influence of site on the root mycorrhizal frequency of
Aesculus hippocastanum L.

Relationship between mycorrhization and plant growth parameters:

Our results revealed a positive correlation between root mycorrhizal parameters and AMF spore density and
diversity in bulk soils of Kaolack and Kaffrine; whereas the latter was negative in Kaffrine under cover. This
indicates that the presence of plant promotes the germination of AMF spores which will infect the roots improving
their mycorrhization and reducing soil spore density. This result also underlined that, at least, one or more AMF
species present in these soils were able to form a symbiotic association with pigeon pea root systems. A part of our
findings was in agreement with those of Birhane et al. (2020) demonstrating a positive and significant correlation
between root mycorrhlzal colonization and spore density of woody species in a dry afromontane forest in Northern
Ethiopia. It was also reported by other researchers in different environments and host plants (Liang et al., 2021,
Mohammed Ali et al., 2023). The study of Musyoka et al. (2023) also indicated no or negative relationship between
mycorrhizal parameters. It was the case of Salim and coworkers (2020) who found that AMF root colonization had a
negative relationship with the number of AMF spores in the soil.
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Otherwise, the relationship between AMF spore density and diversity and plant growth was negative in the three
soils except for chlorophyll content in Kaffrine soils and height in Kaffrine bulk soil. In contrast, some research
highlighted the inverse relationship between AMF spore density and diversity and plant growth in tropical
ecosystems (Wang et al., 2024b; Ndeko et al., 2024b). According to Holste et al. (2016), this situation might be the
consequences of trees growing in low fertility soils combined with a proliferation of inefficient AMF. Our results
were partially supported by Anandakumar and Kalaiselvi (2022) who found a positive correlation between AMF
spore abundance and plant growth in Vigna mungo (L.) Hepper. Da Silva da Souza et al. (2023) also found the
influence of AMF density on the growth of Handroanthusserratifolius seedlings and underlined the importance to
determine the appropriate spore density in order to assess the symbioic relationship between AMF and forest plants.

In addition, a positive correlation was noted between root mycorrhizal colonization and plant height in Kaffrine soils
compared to Kaolack soil. Chen et al. (2022) reported the same tendancy that might suggest the beneficial effect of
AMF on plant growth in this context. In contrast, root mycorrhizal colonization was negatively correlated to plant
height only in Kaolack bulk soil; to chlorophyll content in Kaolack bulk soil and Kaffrine under cover; and to collar
diameter in Kaolack and Kaffrine bulk soil. The negtaive relationship between colonization and plant height was
reported by Kilowasid et al. (2023) in rice. Many factors including environmental factors, AMF specificity and plant
genotype and development stage might explain differences observed between locations. Negative relationship might
be the result of the non-respect of the symbiosis pact between partners. In fact, symbiosis being an energy cost, the
plant might allocate some carbohydrates to the fungus; and in return, if the AMF does not provide sufficient
benefits, plant’s resources can be depleted. Otherwise, competition for resources between the two partners might
explained the negative correlation between AMF root colonization and plant growth.

Conclusion:-

This is the first report of the density and diversity of AMF associated to pigeon pea in different regions of Senegal.
Interesting differences exists between the soil origins and between pigeon pea provenances in some times. It
highlights a positive effect of thiscrop on soil mycorrhizal infectivity which can boost the native AMF propagation
in these tropical soils. However, considering the very low level of mycorrhizal infectivity in these tropical soils,
biofertilization by AMF would be very promising to improve soil fertility and productivity of crops such as pigeon
pea. Trap culture might be a good method for AMF sporulation but its duration and/or its number might be
modulated according to certain conditions.
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