Open Journal of Soil Science, 2021, 11, 216-240
https://www.scirp.org/journal/ojss

ISSN Online: 2162-5379

ISSN Print: 2162-5360

/
o2o Resmits
0.00 Publishing

Relationship between Selected Soil
Physico-Chemical Characteristics and
Mycorrhizal Status under Triumfetta cordifolia
in the Cameroon Western Highlands

Romary Tchinda Ngnipa?*, Fritz Oben Tabil, Souleymanou Adamou?, Primus Azinwi Tamfuh13,
Georges Kogge Kome?1, Alexis Boukong!, Antoine David Mvondo Ze1

'"Department of Soil Science, Faculty of Agronomy and Agricultural Sciences, University of Dschang, Dschang, Cameroon
*Department of Agriculture, Faculty of Agronomy and Agricultural Sciences, University of Dschang, Dschang, Cameroon
’Department of Mining and Mineral Engineering, National Higher Polytechnic Institute, University of Bamenda,
Bambili, Cameroon

Email: *ngniparomary@gmail.com

How to cite this paper: Ngnipa, R.T., Tabi,
F.O., Adamou, S., Azinwi Tamfuh, P,
Kome, G.K., Boukong, A. and Mvondo Ze,

Abstract

There is limited information on the pedological requirements of Triumfetta
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cordifolia. A starting point for establishing such information requires knowl-
edge on the growing environment of the species. The aim of this study was to
assess the physicochemical properties and mycorrhizal status in the rhizosphere
of Triumefia cordifolia. Soil and root samples from the rhizosphere of T.
cordifolia were collected from three localities (Santchou, Bandjoun, and Ba-
latchi) in the West Region of Cameroon. The results show that the soils are
dominated by a loamy texture and have a mean porosity > 50%. Mean bulk
density ranges from 0.91 + 0.02 to 1.26 + 0.04 g-cm . The sum of exchange-
able cations ranges from medium (6.45 + 1.02) to high (11.21 + 1.35) and are
evident of the satisfactory soil organic matter (OM) content in the various
localities (5.90% + 0.42% to 10.65% =+ 0.73%). Total nitrogen (TN) content of
the soils ranged from low (0.10%) to very high (0.41%). Biological activity is
low due to very poor OM quality (mean C/N > 20). The average available
phosphorus status ranged from medium (18.32 + 3.91 ppm) to very high
(69.39 + 26.09 ppm). The Cationic Exchange Capacity (CEC) was moderate
(19.28 - 29.28 cmol-kg™') and was mainly contributed by soil organic matter.
Base saturation ranged from low (28.0%) to medium (48.83%). Assessment of
endomycorrhizal colonization showed that the intensity (I), frequency (Fr)
and specific density of spores (Ds) were not significantly different among
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sites. A high level of available P in the Santchou soils appears to be the major
cause for the lowest values of Fr, I, and Ds observed. These results reaffirm
the link between soil physicochemical properties and endomycorrhizal infec-
tion in 7. cordifolia. Site characteristics and soil OM quality are factors to be
considered in promoting the establishment of mycorrhizal symbiosis for
profitable and sustainable cultivation of 7. cordifolia.

Keywords

Triumfetta cordifolia, Soil Properties, Arbuscular Mycorrhizal Fungi,
Sustainable Soil Management, Western Cameroon Highlands

1. Introduction

With an average food deficit of malnourished people of >300 kilocalories per
day, sub-Saharan Africa has the most undernourished population in the world
[1]. Paradoxically, African countries are endowed with important agricultural
biodiversity such as indigenous African vegetables [2], which could significantly
contribute to the fight against this scourge [3]. As opposed to exotic vegetables,
they generally show a higher value in terms of vitamins and nutritional salts [4]
and do not require high inputs of pesticides or mineral fertilizers for their pro-
duction, thus reducing the risk of environmental pollution [5]. 7. cordifiolia is
an indigenous African vegetable spread throughout the tropics and frequently
encountered in Cameroon [6] [7] [8] where it is commonly consumed in the
form of a mucilaginous sauce called Nku/in the West Region of Cameroon [9].
In the North region of Cameroon, the incorporation of 7. cordifolia gums into
sorghum and corn flours significantly improves the swelling of the paste and the
physical and organoleptic characteristics of the dough, thus substituting chemi-
cal yeasts [10]. The fiber of this plant has been used to make textile, cloth, bags,
packaging material mats, and baskets [11]. Recent studies have shown that 7.
cordifolia is widely used in African traditional medicine and can be considered a
potential source of useful drugs [12]. In Africa, it is used for the treatment of
various diseases such as gastrointestinal disorders, diarrhea ulcers [13], dyspnea,
intercostals neuralgia and benorrhoea [14], venereal diseases, liver, kidney dis-
orders and delayed labor [15]. The plant is also known to be psychotropic [16],
used for hair care [17], eases childbirth and fights sterility in women, induces
weight loss, and is said to have anti-hyperlipemic properties [18]. The decoction
of the flowers is used for the treatment of malaria and to fight against nausea
[12]. Many active biomolecules have been isolated from the leaves, stems, and
roots of 7. cordifolia such as alkaloids, saponins, tannins, steroids, terpenes, car-
diac glycosides, and flavonoids like quercetin [16], ceramides [19], and some ac-
ids such as etulinic acid, maslinic acid, stigmasterol, tormentic acid, hepta-

decanoic acid, oleanolic acid and lupeol [15] [20] [21]. This is indicative of its

DOI: 10.4236/0jss.2021.114012

217 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2021.114012

R. T. Ngnipa et al.

diverse biological activities including antidiabetic, antibacterial, antifungal, antidiar-
rhoeal, antiulcerogenic, antimicrobial, analgesic, cytotoxic and anti-inflammatory
[13] [16] [21]. Additionally, the maslinic acid and its oxidized derivative, betulinic
acid is known to have anti-HIV activity [15] [22].

Despite its multiple nutritional and medicinal values, the species is either vul-
nerable or endangered due to overexploitation and destruction of its natural
habitat by population growth associated with the absence of relevant policies for
restoration strategies and conservation. In the Western Highlands of Cameroon,
this loss of biodiversity is mainly aggravated by the acidification and nutrient
depletion in soils [23]. Thus, there is an urgent need to protect the species both
in situ in its natural environment or promote its cultivation as a cash crop. These
actions require prior knowledge of the characteristics of the site and the edaphic
and microbiological requirements of the species in order to guarantee the suc-
cess and sustainability of restoration and conservation strategies. Numerous
studies have shown that Arbuscular Mycorrhizal Fungi (AMF) improve water
and mineral nutrition in plants, particularly the absorption of phosphorus [24]
[25]. In India [26] [27] [28] and in Australia [29] colonization rates of AMF on
T. rhomboidei varied respectively from 94%, 19%, 30% and 25% - 50%. How-
ever, no study has yet been carried out in Cameroon on infection with AMF as-
sociated with 7. cordifolia. The objective of this study was to assess the physico-
chemical properties and mycorrhizal status in the rhizosphere of 7. cordifolia in
the Western Highlands of Cameroon. The information generated will be a base-
line contribution to the knowledge and sustainable management of 7. cordifolia

in this area and beyond.

2. Materials and Methods
2.1. Biophysical Description of the Study Area

This study was carried out in the localities of Santchou, Bandjoun and Balatchi
in the West Region of Cameroon (Figure 1). These localities are areas with high
consumption of 7. cordifolia. Santchou (N 5°10, E 10°20', altitude: 719 m),
Bandjoun (N 5°22', E 10°24, altitude: 1520 m), Balatchi (N 5°37', E 10°10), alti-
tude: 1849 m) are characterized by a two-season bimodal rainfall pattern, a rainy
season from March to November and a dry season from December to February.
Precipitation and annual temperatures are respectively 2429 mm and 24°C in
Santchou [30], 1517 mm and 20°C in Bandjoun [31], 1764 mm and 23°C in Ba-
latchi [32]. Hydromorphism characterizes the main pedogenetic process in
Santchou, more particularly in lowlands [33]. Bandjoun is characterized by gen-
erally ferrallitic soils (Ferrasols) on acidic rocks and on basic rocks [34] while the
Balatchi soils are classified as Humic Rhodic Ferralsol (Dystric, Clayic) [35]. The
different localities are characterized by vegetation composed mainly of food
crops (maize, plantain, beans, yams, etc.) and species such as Rafia vinifera,
Eucalyptus grandis, Imperata cylindrica and Pennisetum purpureum, Albizia

gummifera and Triumfetta cordifolia.
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Figure 1. Sampling sites for soil and roots of Triumfetta cordifolia in the study area.

2.2, Soil and Root Sampling

In each of the three localities six plots of 7. cordifolia were randomly selected.
On each of these plots, a composite sample of 500 g of the topsoil (0 - 20 cm
depth) was collected using a manual auger at three different points at the base of
3 to 5 plants of 7. cordifolia and stored in plastic bags. In addition, 50 g of a
composite sample of fine roots of 7. cordifolia from each of the plots was taken
with a knife. GPS coordinates of each sample were recorded. The samples were
transported to the Soil Analysis and Environmental Chemistry Laboratory
(LABASCE) of the University of Dschang (Cameroon). Part of the soil samples
was dried in ambient air for 72 h and stored in the refrigerator at 4°C for subse-
quent inoculation while another part was dried in the open air, crushed and
sieved using a 2 mm sieve for physico-chemical analyses. The root samples were
washed with tap water, rinsed with distilled water and then placed in sterilized
jars containing alcohol at 70°C. These jars were then stored in the refrigerator at
4°C.

2.3. Physico-Chemical Analysis of Soils

Physical and chemical properties were determined according to standard pro-

cedures described by Pauwels et al [36]. The particle size distribution was
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measured by the Robinson’s pipette method. Bulk density (Da) was measured by
the paraffin coating method. Soil porosity (Po) was calculated from bulk density
(Da) and particle density (Dp) using the formula in Equation (1):

P0=[1—E)x100 (1)
Dp
where, Da = bulk density and Dp = particle density (2.65 g/cm?).

Soil pH-H,0 and pH-KCl were respectively determined in a soil/water ratio of
1:2.5 and a soil/KCl solution of 1:2.5 and values were read with a pH-meter. Or-
ganic carbon (OC) was measured by the Walkley-Black method. Total nitrogen
(TN) and available phosphorus were determined by Kjeldahl and Bray II to wet
digestion methods, respectively. Exchangeable cations (Na*, K*, Ca’*, Mg’*) were
determined according to the Schollenberger method by leaching 2.5 g of soil
with 100 ml of a 1 M ammonium acetate solution buffered at pH 7. The concen-
trations of Na* and K" ions in the extract were obtained by flame photometry
and those of Ca*" and Mg** were estimated by complexometric titration using a
0.002 M Na,-EDTA solution. Cation exchange capacity (CEC) was estimated by
leaching 2.5 g of soil with 100 ml of a 1 M ammonium acetate solution buffered
at pH 7. A 1 N KCI solution was used to displace NH; ions from the soil com-
plex, and the displaced ions were determined by distillation and titration with
0.01 N H,SO.,.

The Fertility Index (IF) was calculated using the equation proposed by [37].

IF =P+ Da+CEC+pH-H,0+OM + NT +Po + ApH + SCE (2)

where, P = Available phosphorus, Da = Bulk density, CEC = Cation Exchange
Capacity, OM = Organic matter content, NT: Total nitrogen, Po = porosity,
ApH = pH-KCIl - pH-H,0, SCE = Sum of exchangeable cations. Soil require-

ments in basic cations were calculated using the nutrient deficiency method [38].

2.4. Root Colonization Parameters

The fine roots (1 to 2 cm) were thinned following the method of Phillips and
Hayman [39] and stained based on Vierheilig et al [40]. They were washed
thoroughly with distilled water, put in a test tube with 10% NaOH and heated in
a water bath at 90°C for 30 minutes with the aim to empty the contents of the
cytoplasm and to facilitate the observation of the structures. The sodium hy-
droxide was then discarded, filtered through a sieve, before neutralization by
rinsing with acidified water. The neutralized roots were immersed in beakers
containing 10 ml of a solution composed of 95% white vinegar and 5% blue ink
and placed in a water bath for 3 minutes at 95°C [40]. They were then sieved and
rinsed using tap water acidified with a few drops of vinegar. The discoloration
was obtained by introducing a solution composed of acetic acid, water and glyc-
erol in the ratio of 2:1:1. The discoloured roots were stored in 50% glycerol for
later observation [41]. Ten root fragments were mounted on a glass slide. The
experiment was repeated three times for each sample. The observation was made
under a light microscope (Leica LCC 50 HD, 40x). For each fragment, the fre-
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quency (Fr) and the intensity (I) of the mycorrhization were evaluated by the
method of [42].

2.5. Trapping of Arbuscular Mycorrhizal Fungi

AMF spore trapping was done in a greenhouse. The local variety of cowpea
(Vinia unguiculata) and common millet (Panicum miliaceum) were used as the
reference trap plant. For each plot, three polyethylene bags (15 x 28 cm, 250 um
thick) were used with one repetition each [43]. Each sachet was composed of 2.2
kg of substrate composed of a mixture of 2 kg of sterilized substrate and 200 g of
inoculum. In each sachet, 1.8 kg of the sterilized substrate was introduced and
three rows of seedlings were first covered with 200 g of soil inoculum evenly dis-
tributed over the three rows above the sterilized substrate. Subsequently, three
seeds from each trap plant, previously sterilized in alcohol at 90°C for one min-
ute and rinsed with distilled water, were bagged along the three lines of the in-
oculum. Each sachet was then covered with 200 g of remaining sterilized sub-
strate. The trap cultures were kept in the shelter for a period of 6 months for the
germination of the spores. The sprouted plants were watered daily throughout
the development phase. A re-sowing was carried out each time a plant reached

senescence.

2.6. Extraction of Spores and Evaluation of the Specific Density

AMEF spores were isolated from 100 g of soil taken from each sachet. The spores
were extracted by wet sieving through a series of nested sieves (150, 75, 45, 38
pum) according to Gerdemann and Nicolson [44]. Soil particles retained in the
last two sieves (45 and 38 um) were transferred into a beaker. By successive
sampling, small quantities of the solution in the beaker were introduced into
kneaders. The abundance of spores was estimated by direct observation with a
binocular magnifying glass. The specific density of the spores was calculated ac-
cording to the formula proposed by Sghir et al [45]. It indicates the spores con-

tained in 100 g and is expressed from Equation (3):

D(%)=N/100g (3)

where: N = number of spores.

2.7. Statistical Analysis

Excel 2016 software was used for data processing. SPSS 23 software was used for
descriptive analyses of soil physicochemical properties. The Student-Newman-Keuls
test was used to compare the means at the 5% threshold. Data not conforming to
ANOVA assumptions (normality and homogeneity of variance tested by the
Shapiro-Wilk test, respectively) were subjected to the Kruskal Wallis test.

3. Results and Discussion

3.1. Soil Physicochemical Characteristics

Descriptive statistics and coefficient of variation (CV) of soil physicochemical
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properties and their mycorrhizal parameters are shown in Table 1 while de-
scriptive statistics of nutrient ratios and fertility index are shown in Table 2. The
results of particle size analysis of the Santchou, Bandjoun, and Balatchi soils
showed that the sandy and silty fractions dominated the clay fraction with cu-
mulative values of 77.50%, 85.82%, 88.66% respectively for the Santchou, Band-
joun and Balatchi soils, thus giving the soils a loamy texture. Particle size distri-
bution has an important influence on soil water movement, aeration, root exten-
sion, nutrient and OM contents as well as chemical composition [46]. Soils with
a loamy texture contain enough sand to drain water, but enough clay and silt to
retain the moisture needed by many plants. These results show that the soils of
the study area are suitable for most crops including those of malvaceae such as
Okra (Abelmoschus esculentus L.) and cotton (Gossypium) [37] [47].

The mean bulk densities (Da) of the three sites are respectively 1.26 + 0.04
g/cm® (Santchou), 1.05 + 0.02 g/cm’ (Bandjoun) and 0.91 + 0.02 g/cm’ (Ba-
latchi). The A horizons of cultivated soils normally have a bulk density ranging
from 0.9 to 1.8 g/cm’, with values below this range characterizing organic layers
or volcanic ash [48] meanwhile clay soils with a Da > 1.55g/cm’ are unfavourable
to root penetration due to their compactness [49]. The normal range of bulk
densities for clay soils is between 1.0 and 1.6 g/cm’ with potential root restriction
for Da = 1.4 g/cm® [50] [51]. Thus the bulk densities of the studied soils are fa-
vourable for root development.

The porosity (Po) of soils varies respectively by 50.17% + 1.25% (Santchou),
58.83% = 0.83% (Bandjoun) and 62.83% + 0.79% (Balatchi). The soil fertility is
better when there is no excessive variation in its porosity as a function of humid-
ity [52]. Total porosity of less than 30% is considered to be poor, the best being
greater than 50% [53] and according to Yerima and Van Ranst [49], soils associ-
ated with low porosity and fine texture seriously hinder the growth of plants,
due to their more or less asphyxiating character. The soils in this study thus have
good porosity.

This could be linked to high organic matter contents, fine textures (<2 pm)
and also to the rhizosphere effect which, coupled with the strong activity of the
microfauna, has contributed to increasing the voids between the aggregates,
thereby lowering bulk density [54].

The soil pH values indicate that the Santchou and Bandjoun soils have a
slightly acidic pH-H,O while those of Balatchi are moderately acidic [38]. Soil
pH is a determining property of the availability of nutrients for plants and soil
microorganisms [55] [56]. Overall, pH-KCl is slightly lower than pH-H,O indi-
cating that the net charge balance on the adsorbent complex was negative, and
therefore exhibited cation exchange capacity (CEC). This characteristic is a fa-
vourable element for the cultivation of Malvaceae [37].

The CEC is moderate for all the soils studied [38]. This indicator represents
the capacity of the solid phase of the soil to retain and release certain cations, in
particular those directly involved in plant nutrition [57]. The CEC, which is in

fact a functional property of soil, illustrates both its function as a reservoir for
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Table 1. Descriptive statistics and coefficient of variation of physicochemical and mycorrhizal properties (n = 6).

Santchou Bandjoun Balatchi
M M M
‘ ean . osd. oV ean o sd eV “n o sd cv
Min. Max. + Median Min. Max. *  Median Min. Max. +*  Median
Dev. (%) Dev. (%) Dev. (%)
SE SE SE
6.32 6.92 5.83
pH-H,O 4.70 7.50 + 6.60 1.22 1924 550 7.60 + 7.20 0.77 11.18 5.40 6.50 + 5.75 0.38 6.57
0.50 0.32 0.16
5.07 5.88 4.62
pH-KCl 3.60 6.60 + 5.05 136 2694 4.10 6.70 + 6.35 1.00 17.01 4.50 4.80 + 460 0.12 2.53
0.56 0.41 0.05
-1.25 -1.03 -1.22
ApH -1.90 -0.90 + -1.15 0.36 —-28.96 —1.40 —0.60 + -1.00 0.29 -28.49 -1.70 —0.70 + -1.20 0.34 -27.71
0.15 0.12 0.14
0.15 0.12 029 +
TN (%) 0.11 0.20 + 0.15 0.04 25.16 0.10 0.14 + 0.13 0.02 12.21 0.21 041 (')03_ 0.27 0.07 24.29
0.02 0.01 ’
3.77 3.42 6.18
OC (%) 2.82 4.88 + 3.74 0.71 18.81 2.53 4.29 + 344 0.60 17.60 5.24 7.65 + 5.83 1.04 16.80
0.29 0.25 0.42
6.51 5.90 10.65
OM (%) 4.87 8.42 + 6.44 1.22 1880 4.36 7.40 + 5.93 1.04 17.65 9.03 13.18 + 10.04 1.78 16.75
0.50 0.42 0.73
26.00 28.17 22.00
C/N (%) 19.00 33.00 + 26.00 6.36 24.45 23.00 34.00 + 28.00 4.49 15.94 13.00 27.00 + 23.00 4.73 21.51
2.59 1.83 1.93
Availabl 69.39 20.73 18.32
vallable
P (ppm) 13.38 185.92 + 53.34 63.90 92.08 5.68 49.71 + 16.15 16.28 78.55 5.61 35.36 + 17.26 9.57 52.26
PP 26.09 6.65 3.91
K+ 1.75 1.70 0.86
o 0.74 3.76 + 1.17 1.19 68.17 1.02 2.62 + 1.31 0.72 42,55 0.23 1.62 + 0.75 0.55 63.75
(emolkg™) 0.49 0.30 0.22
Na* 0.01 0.29 0.01
i 0.01 0.01 + 0.01 0.00 0.00 0.01 0.34 + 0.34 0.13 47.27 0.01 0.01 + 0.01 0.00 0.00
(cmol-kg™)
0.00 0.06 0.00
Ca?* 4.01 7.80 4.49
o 1.52 7.04 + 3.52 230 57.34 224 11.84 + 8.72 346 4439 192 7.68 + 4.64 1.89 42.17
(cmolkg™)
0.94 1.41 0.77
Mo 0.68 1.43 2.73
( igk ) 0.24 1.04 + 0.68 0.29 4193 0.16 3.12 + 1.24 098 6890 0.64 6.08 + 2.28 2.01 73.59
cmol-
J 0.12 0.40 0.82
SCE 6.45 11.21 8.09
(cmol-kg™) 3.83 10.23 + 6.19 249 3862 532 14.00 + 12.43 3.31 29.55 4.32 10.12 + 8.73 2.04 25.16
& 1.02 135 0.83
CEC 23.79 23.23 22.53
( Ik _1) 20.32 29.28 + 22.88 3.41 14.35 19.28 26.08 + 23.12 2.63 11.32 19.68 29.28 + 21.28 3.46 15.36
cmol-
J 1.39 1.07 141
28.00 48.83 36.17
TSC (%) 16.00 48.00 + 22.50 13.25 47.33 25.00 73.00 + 47.50 16.51 33.81 21.00 46.00 + 37.50 9.28 25.67
5.41 6.74 3.79
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Continued

22.50 14.17 11.33

Clay (%) 16.00 32.00 + 21.50 6.50 2891 9.00 21.00 + 14.00 4.22 29.75 10.00 13.00 + 11.50 1.21 10.69
2.66 1.72 0.49
32.00 34.83 41.33

Silt (%) 27.00 45.00 + 29.50 6.57 20.54 31.00 42.00 + 32.50 4.96 14.23 36.00 46.00 + 41.50 3.67 8.88
2.68 2.02 1.50
45.50 51.00 47.33

Sand (%) 36.00 55.00 + 46.50 7.06 15.53 45.00 60.00 + 50.00 5.69 11.16 42.00 53.00 + 47.50 4.32 9.13
2.88 2.32 1.76
1.26 1.05 0.91

Da (g/cm3) 1.10 1.33 + 1.28 0.09 6.86 1.00 1.11 + 1.03 0.05 4.47 0.84 0.96 + 0.92 0.05 5.30
0.04 0.02 0.02
50.17 58.83 62.83

Po (%) 48.00 56.00 + 49.00 3.06 6.10 56.00 61.00 + 59.00 2.04 3.47 61.00 66.00 + 62.50 194 3.09
1.25 0.83 0.79
42.22 51.67 59.44

Fr (%) 23.33 60.00 + 40.00 12.94 30.64 23.33 90.00 + 50.00 22.19 42.94 33.33 80.00 + 61.67 18.31 30.80
5.28 9.06 7.47
2.16 5.81 3.66

1(%) 0.80 4.03 + 2.30 1.24 5750 1.60 15.47 + 432 5.04 86.72 1.10 7.13 + 293 2.71 74.04
0.51 2.06 1.11
18.00 30.33 24.17

Ds (%) 11.00 28.00 + 16.00 6.99 38.81 22.00 40.00 + 29.50 6.77 22.33 8.00 36.00 + 24.00 10.85 44.90
2.85 2.76 4.43

Notes: Fr: Frequency of mycorrhization, I: Intensity of mycorrhization, Ds: Specific density of spores, SE: Standard error, CV: Coefficient of variation, Std.
Dev.: Standard deviation.

Table 2. Descriptive statistics of nutrient ratios and fertility index (n = 6).

Santchou Bandjoun Balatchi
Mean Mean Mean
. . Std. CV . . Std. CV . . Std. CV
Min. Max. + Median Min. Max. + Median Min. Max. +  Median
Dev. (%) Dev. (%) Dev (%)
SE SE SE
TN 0.003 0.002 0.005
0.002 0.003 + 0.003 0.001 21.909 0.002 0.002 + 0.002 0.000 0.00 0.004 0.006 + 0.005 0.001 17.89
(%0)/pH-H,0
0.000 0.00 0.00
0.55 1.07 4.04
Mg/K 0.18 1.08 + 0.39 0.41 75944 0.12 3.06 + 0.74 1.08 101.08 0.85 8.33 + 3.89 290 71.81
0.17 0.44 1.18
7.77 16.31 2.97
Ca/Mg 1.73 19.33 + 5.00 6.83 87.885 1.27 74.00 + 6.15 28.36 173.86 0.32 6.86 + 2.04 2.57 86.59
2.79 11.58 1.05
3.58 6.53 11.53
(Ca+Mg)/K 0.64 7.14 + 332 215 59.960 2.50 12.40 + 6.00 4.07 62.23 4.20 18.00 + 11.26 6.01 52.16
0.88 1.66 2.45
162.82 126.80 128.21
IF 99.20292.34 =+ 145.79 71.56 43.948 103.85161.16 + 122.60 20.55 16.21 107.12 143.03 + 130.73 12.41 9.68
29.21 8.39 5.07

IF: Fertility Index, SE: Standard error, CV: Coefficient of variation, Std. Dev.: Standard deviation.
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plant nutrients and a buffer that dampens the osmotic pressure between the ex-
ternal environment and the root cells. The high CEC values recorded in the soils
of this study could be due mainly to the nature of clay minerals and OM to some
extent [58]. In the hydromorphic soils of Santchou, the contribution of the clay
fraction to soil fertility is greater than that of the organic fraction [59].
Exchangeable cations show that calcium is the most abundant cation in all the
soils studied. Nevertheless, its concentration remains low for Santchou and Ba-
latchi but medium for those of Bandjoun [38]. The mean values of magnesium
show that it is low for the Santchou and Bandjoun soils, and medium for those
of Balatchi. For potassium, the average values show that it is high for the
Santchou and Bandjoun soils and very high for those of Balatchi. Sodium is very
low (Santchou and Balatchi) to low (Bandjoun). Thus the low Ca’* and Mg**
contents recorded in this study are probably due to the high potassium concen-
tration in the soil solution which decreases the absorption of Ca** and Mg** and
its subsequent leaching [60] [61]. In general, the order of magnitude of the ex-
changeable cations on the adsorbent complex of most tropical soils follows the
trend Ca® > Mg** > K* > Na* [49] [62]. The Balatchi soils follow this trend
unlike the Santchou and Bandjoun soils so the average trend is Ca>* > K* >
Mg** > Na'. This result corroborates that of Nnomo et al. [59] where it was ob-
served that the Ca** > K* > Mg** > Na' tendency is preponderant with increasing
soil depth. However, Van Ranst ef al. [35] in the soils of Mount Bamboutos and
Azinwi Tamfuh ef al [63] in the mountain of Bamenda, found similar trends as
that of the soils of Balatchi (Ca® > Mg* > K* > Na") although variations in
cation values are observed. From the analysis of the cationic equilibria of the
studied soils, it appears that the average Mg/K ratios are higher at Balatchi (4.04
+ 1.18) than at Bandjoun (1.07 + 0.44) and Santchou (0.55 + 0.17). On the other
hand, for the Ca/Mg ratio an inverse trend is observed. The average Ca/Mg/K
ratios are 62/11/27, 71/13/16 and 53/32/11 respectively for the Santchou, Band-
joun and Balatchi soils. They show a cation imbalance in favour of K for the
Santchou (0.82/0.59/4.52*%) and Bandjoun (0.94/0.73/2.59*) soils and of Mg for
Balatchi soils (0.73/1.88%/1.77) compared to the ideal balance of 76% Ca, 18%
Mg and 6% K for optimal absorption of nutrients by plants [38]. From the
analysis of the ratios (Ca + Mg)/K, Ca/Mg and Mg/K, it emerges a potential im-
balance and risk of Ca and Mg deficiency for the soils of Santchou and Bandjoun
and Ca for the soils of Balatchi [38] [64]. It is thus necessary to restore the bal-
ance between the exchangeable cations by adjusting the cation saturation of the
soil to 50% for the topsoil (0 - 20 cm depth) (Figure 2). Since Ca** is the most
deficient exchangeable cation in all soils, it requires an average intake of 9.08
t/ha in Santchou, 5.74 t/ha in Bandjoun and 2.56 t/ha in Balatchi, respectively.
The mean value of organic carbon was higher in the soils of Balatchi (6.18% +
0.42%) compared to those of Santchou (3.77% + 0.29%) and Bandjoun (3.42% *
0.25%). The average total nitrogen (NT) content of the studied soils is average in

the Santchou soils, low in the Bandjoun soils and very high in the Balatchi soils
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10.00 - 9.08
9.00
8.00 mCa
7.00 -
6.00 uMg
5.00
4.00 A K
3.00 - 2.56

2.00 - 126 084
1.00 A 0 0 00.04

0.00 -

Fertilizer requirement (kg/ha)

Santchou Bandjoun Balatchi
Locality

Figure 2. Recommended fertilizer doses to increase the exchangeable cation saturation of
the soil to 50% for the topsoil (0 - 20 cm deep) with a Ca/Mg/K rate of 76/18/6 for the
different soils (n = 6).

[38]. The high NT values could be linked to good mineralization of OM accu-
mulated on the soil surface thanks to nitrous (Nitrosomonas sp.) and nitric (Ni-
trobacter sp.) bacteria [65] [66]. Also, there is insignificant contribution of am-
moniacal fertilizers (urea, ammonium sulphate and ammonium nitrate) to the
total nitrogen content of the soil, as these are commonly used by farmers in this
agroecological zone to improve their productivity. Also, the levels of total nitro-
gen and high OM could be associated with the regular application of household
waste, which significantly contributes to OM content. However, the quality of
this OM for all the soils studied remains very poor (C/N > 20) probably due to a
very low biological activity. In the hydromorphic soils of Santchou, Nnomo et al.
[59] have shown that these high values of C/N could be explained by a limited
humification process because it stops at the ammonification stage under anaero-
bic conditions. Thus, from this incomplete reaction, the NH, could be adsorbed
on the complex in the form of NHj and therefore the potentialities for a good
supply of nitrogen in this horizon could be limited to the ammoniacal form in-
stead of the nitrate (NOy; ) as this is the case for the majority of plants.

Average available phosphorus content varies from very high (69.39 + 26.09
ppm) for Santchou soils to medium (20.73 £ 6.65 ppm and 18.32 + 3.91 ppm,
respectively) for Bandjoun and Balatchi soils [38]. A level of available phospho-
rus of 15 ppm is generally considered to be the critical threshold below which a
soil is considered to have low phosphorus content, leading to diseases related to
phosphorus deficiency in most plants [67]. The phosphorus values obtained
could be explained by the high levels of organic matter in the soils studied.

The average NT/pH ratio varies from 0.003 + 0.00 at Santchou, 0.002 + 0.00 at
Bandjoun and from 0.005 £ 0.00 at Balatchi. According to Dabin [64], they in-
dicate poor soil fertility in terms of total nitrogen, the average pH-H,O of the
soils being slightly acidic (Santchou and Bandjoun) to medium (Balatchi).
However, the Fertility Index of all soils is high, showing that the studied soils are
in the class of fertile soils [37]. The values obtained are higher than those ob-
tained by Azinwi Tamfuh ef al [68] on the soils of Santa in Northwest Camer-

oon.
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3.2. Mycorrhization Frequency of Triumfetta cordifolia Roots

The frequency of mycorrhization reflects the percentage of roots colonized by
arbuscular mycorrhizal fungi. It varies from 42.22% + 5.28% in Santchou,
51.67% * 9.06% in Bandjoun and 59.44% + 7.47% in Balatchi (Table 1). It is
moderately variable in Santchou and Balatchi, but very variable in Bandjoun.
The variation in the frequency of mycorrhization in different samples of com-
posite soil was previously observed in Cameroon by Temegne et al [69] on
Bambara groundnut ( Vigna subterranea) in the Center Region and by Tobolbai
et al. [70] and on maize (Zea mays L.) in North Cameroon. The values obtained
in this study are not significantly different from one locality to another (p =
0.15) (Figure 3).

However, they are lower than those reported in India on Zriumfetta rhom-
boidea by Rajkumar et al. [26] where the frequency of mycorrhization was 94%.
On the other hand, they are higher than values (30%) documented by
Jayaprakash and Nagarajan [71] for 7. Rhomboidea. However, these values are
higher (10 < F(%) < 20) than that reported by Tobolbai et al [70] on maize (Zea
mays L) but very close to that (40.8 < F(%) < 46.9) reported by Temegne et al
[69] on Bambara groundnut( Vigna subterranea). For Jansa et al. [72] the low
frequency of mycorrhization can be attributed to land use patterns, in particular
ploughing, crop rotation and the application of pesticides (mainly fungicides)
which negatively affect arbuscular mycorrhizal communities, hence the fre-
quency of mycorrhizae, through substantial decrease in mycorrhizal potential. In
the present study, soils are very stressed and subject to intensive agriculture,
marked by the use of chemical fertilizers, tillage and the use of pesticides. Ac-
cording to Tester et al [73], the presence of fungi-toxic compounds at the level
of the roots is capable of reducing mycorrhizal colonization. Furthermore,
Santchou soils have the highest average phosphorus content (69.39 + 26.09 ppm)
compared to that of Bandjoun (20.73 + 6.65 ppm) and Balatchi (18.32 + 3.91
ppm). This could justify the lower colonization frequency observed in this area
because, for Lopez-Aguillon et Garbaye [74], contributions of 25 and 50 ppm of
phosphorus (Ca(H,PO,)) significantly reduced the rate of endomycorrhization.

70.00 -
60.00 A
50.00 A
40.00 -
30.00
20.00 A
10.00 -

Frequency of mycorrhization (%)

0.00

Santchou Bandjoun Balatchi

Locality

Figure 3. Variation of mycorrhization frequency in Triumfetta cordifolia by locality (n
=6).
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However for Temegne et al (2017), phosphate fertilizer application did not af-
fect the frequency of mycorrhization on Bambara groundnut. According to Te-
megne et al. [69], simple superphosphate (P,0O;) is a slow fertilizer whose solubi-
lization is progressive. This property could explain this result because, unlike
other chemical fertilizers (NPK), it behaves like organic fertilizers (natural
phosphate (rock), household waste, chicken manure, etc.), which do not reduce
the frequency of mycorrhization of AMF [75] [76]. In addition, Duponnois et al.
[77] have underlined that mycorrhizal infection of plants varies greatly from one
plant to another but also within the same species. Nevertheless, Ngonkeu [78]

reported that weak root colonization does not imply low symbiotic efficiency.

3.3. Mycorrhization Intensity of Triumfetta cordifolia Roots

The mean mycorrhization rate varies from 2.16% + 0.51% in Santchou, 5.81% =+
2.06% in Bandjoun and 3.66% + 1.11% in Balatchi. These values are highly vari-
able (CV > 35%) in all the localities and are not significantly different (p = 0.20)
(Figure 4). Such values are close to those already reported by Tobolbai et al. [70]
on maize (Zea mays L.) in Mbéré (3.48%), Vina (1.41%), Diamaré (1.4%) and
Mayo Danay (1%), but lower than that found in Mayo Tshanaga (15.38%) all in
Northern Cameroon. Likewise, these values are lower (I = 16.1%) than that re-
ported by Temegne et al. [69] on Bambara groundnut ( Vigna subterranea).

The lower rate (2.16% * 0.51%) of the average mycorrhization intensity of 7.
Cordifolia roots obtained in Santchou soils compared to other sites could be ex-
plained by the level of available phosphorus (69.39 £ 26.09 ppm), which is high-
est in this site compared to Bandjoun (20.73 £ 6.65 ppm) and Balatchi (18.32 +
3.91 ppm). For Temegne et al [69], a high level of phosphate fertilizer (200
kg/ha P,0;) considerably reduced the intensity of mycorrhization on the Bam-
bara groundnut ( Vigna subterranea). For this author, the application of this level
of fertilizer could have increased the acidity of the soil. Indeed, the extreme acid-
ity of the soils could be the cause of the low density of spores observed in certain
species of arbuscular mycorrhizal fungi (AMF) [79] [80]. Bhadalung et al [81]

pointed out that chemical P fertilization reduces the total number of AMF spores

8.00
7.00
6.00 -
5.00 a
4.00 4 a

3.00 1
2.00 “
1.00 A1
0.00 + + {

Santchou Bandjoun Balatchi

Intensity of mycorrhization
(%)

Locality

Figure 4. Variation of mycorrhization intensity (+SD) in Triumfetta cordifolia by locality
(n=6).
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in the long term. A variation in the physical properties of soils, in particular the
sandy nature of the soil, could be more favourable to the development of AMF.
Bandjoun soils with the highest average sand content (51.00% =+ 2.32%) have the
highest average frequency (51.67% % 9.06%) and intensity (5.81% + 2.06%).
These results corroborate those published by Tobolbai et al [70] which showed
that the soils of Mayo Tshanaga (Far North-Cameroon) which had the highest
sand content (73.20%) recorded the highest values of frequency (20%) and In-
tensity of mycorrhization (15.38%) on maize (Zea mays L.). Similarly, Temegne
et al. [69] found on Bambara groundnut ( Vigna subterranea) without the addi-
tion of phosphate fertilizers, a lower mycorrhization intensity (21.8%) in soils
with 46% sand, compared to those with 58% sand where it was higher (30.1%),
thus confirming the variation in the intensity of AMF spores with soil physical

characteristics.

3.4. Specific Density of Endomycorrhizal Fungi in the Rhizosphere
of Triumfetta cordifolia

The mean specific density of the spores varies from 18.00% =+ 2.85% in Santchou,
30.33% + 2.76% in Bandjoun and 24.17% * 4.43% in Balatchi. It is moderately
variable in Bandjoun (CV = 22.33%) and highly variable in Santchou (CV =
38.81%) and Balatchi (CV = 44.90%) and no significant difference was observed
between the localities (p = 0.08) (Figure 5).

The values obtained are higher than those reported by Voko et al [81] in
Ivory Coast, where the specific density of CMA in the cassava rhizosphere of
four different fields was between 8.42% and 14.69%. However, higher values
were revealed by Tobolbai et al [70] who found a specific density of CMA spores
on maize (Zea mays L.) from 91% in Adamaoua to 591% in Far North-Cameroon.
Likewise, Temegne et al [69] found a spore density of over 1930 in 100 g of soil
trapping substrate from Bambara groundnut (Vigna subterranea). The varia-
tions in the specific density of the spores could be explained by differences in the
physicochemical properties of the different soils studied, in particular phospho-
rus, pH and sand. The lowest average specific density was recorded in Santchou
(18.00% =+ 2.85%), which has the highest phosphorus content (69.39 + 26.09

ppm). Similar results have been documented by Kowalska et al [82] and
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Figure 5. Variation of specific density (+SD) of endomycorrhiza in Triumfetta cordifolia
by locality (n = 6).
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Temegne et al [69] indicating phosphorus as a factor inhibiting the develop-
ment of AMF in soil. These observations are also consistent with those reported
by Begoude et al [83] which indicate low specific densities of AMF in plots with
high phosphorus content (fertilized with NPK) and high densities in plots with
low phosphorus content (plots not fertilized with NPK). Previous research has
shown that the availability of high available phosphorus in soils has a strong
negative effect on the development of AMF [85]. In addition, P fertilization with
high dose and high solubility modifies the abundance, colonization and effi-
ciency of AMF propagules, AMF tending to associate with a low nutrient con-
tent milieu, particularly that of P [85] [86]. To this, one could also note the high
sand content and the pH which would favour the development of the spores.
The Bandjoun soils with the highest percentage of sand (51.00% + 2.32%) and
the highest pH-H,O (6.92 + 0.32) recorded the highest spore density (30.33% =+
2.76%). These results corroborate those obtained by several authors [69] [70].
The high values of spore density obtained in this study compared to that ob-
tained (8.42% - 14.69%) by Voko et al [81] could be attributed to the undis-
turbed nature of the ecosystem of the plots of 7. cordifolia. Borriello et al. [87]
pointed out that intensive tillage in conventional cropping systems negatively
affects the AMF community and decreases the number of species, which would
go a long way to reduce the sustainability of the system.

3.5. Correlation between Mycorrhization Parameters and
Selected Soil Physicochemical Properties

Table 3 presents the correlations between selected physicochemical parameters
and mycorrhizal status. It appears that the frequency and intensity of mycorrhi-
zation recorded significant and positive correlations in all soils. In the hydro-
morphic soils of Santchou, significant and positive correlations were recorded
between sand content and the intensity of colonization (r = 0.815, p < 0.05) on
the one hand, and the frequency of colonization and sand (r = 0.875, p < 0.05)
on the other hand. However, the intensity of mycorrhization was negatively cor-
related with clay (p = —0.816, p < 0.05). These results indicate that the frequency
and intensity of mycorrhization in these soils increase with sand content. Sandy
soils are generally more porous, warmer, drier, and less fertile than finer-textured
soils, and these conditions have direct and indirect effects on AMF [88]. Good
soil aeration is a prerequisite for optimal development of AMF [89].

Soil temperatures of 30°C - 35°C promote spore germination [90] and the
spread of colonizing roots [91]. Moderately high temperatures with an annual
average of 23.6°C in Santchou associated with high sand content of the soils
could be the cause of the increase in the intensity and frequency of colonization
with increase in the percentage of sand.

In the Ferrallitic soils of Bandjoun, the specific density of spores is negatively
correlated with pH-H,O (r = —0.853, p < 0.05) and available phosphorus (r =
—0.812, p < 0.05). Several studies have shown that the intensity of root coloniza-

tion by AMF decreases when the level of phosphorus increases in the soil [69]
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Table 3. Correlation between selected soil characteristics (n = 6).

pH-H,0 TN (%) ‘:‘Va‘lp Clay o) sit @) ™ T g o) Ds (o)
pp

m) (%) (%)
Santchou
pH-H,0 1
TN (%) 0.655 1
Avail. P (ppm) 0.813*  0.774 1
Clay (%) -0.920%* -0.439 -0.753 1
Silt (%) 0.448 0.550  0.867* —-0.416 1

Sand (%) 0430 -0.108 -0.114 -0.533 -0.547 1

I(%) 0.719  -0.022  0.287 -0.816* -0.068 0.815* 1

Fr (%) 0.663 0.153 0.261 -0.768 -0.180 0.875* 0.824* 1

Ds (%) 0.005 0.308  —-0.094 0.013  -0.344 0.308 -0.139 0.435 1
Bandjoun

pH-H,O 1

TN (%) 0.115 1

Avail. P (ppm) 0.607  —0.220 1

Clay (%) -0.111 0.336  —-0.632 1
Silt (%) 0.157 -0.018 -0.281 -0.238 1
Sand (%) -0.055 -0.233 0.713 -0.534 -0.695 1
1(%) 0.038 -0.702  -0.258 0.064 0.428 -0.420 1
Fr (%) 0.282  -0.699 -0.056 0.032 0.403 -0.375 0.964** 1
Ds (%) -0.853* -0.150 -0.812* 0.544 -0.320 -0.125 0.101 -0.089 1
Balatchi
pH-H,O 1
TN (%) 0.786 1
Avail. P (ppm)  0.269 0.103 1
Clay (%) 0.402 0.234 0.103 1
Silt (%) 0.531 0.170 0.599 0.420 1
Sand (%) -0.564 -0.210 -0.537 -0.637 -0.967** 1
1(%) —0.638 -0.899* 0.076 0.340 0.001 -0.096 1
Fr (%) -0349 -0.817* 0.166 0.251 0.281 -0.309 0.819* 1
Ds (%) 0.388 0.841* -0.418 0.025 -0.549 0.459 -0.618 -0.744 1

** Correlation is significant at p < 0.01, * Correlation is significant at p <0.05, Avail. P: Available phospho-

rus.

[70] [82]. Indeed, high content of available phosphorus in the substrate can in-
crease the concentration of this element in plant tissues, which could decrease
the release of root exudates, by reducing cell permeability [92]. Low levels of
exudates in the rhizosphere would therefore reduce the attraction of germinating

DOI: 10.4236/0jss.2021.114012 231 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2021.114012

R. T. Ngnipa et al.

hyphae to the roots [93]. Likewise, the solid constituents particularly iron and
aluminium sesquioxides, which predominate in Ferrallitic soils, adsorb phos-
phorus and severely limiting its availability could explain the decrease in its
content. Under these circumstances, AMF grows more widely inside the root to
support the development and functioning of the external hyphae [94].

Total nitrogen in Balatchi soils shows a negative correlation with the fre-
quency of mycorrhization (r = —0.899, p < 0.05) and the intensity of mycorrhiza-
tion (r = —0.817, p <0.05). However, this correlation is rather positive with the
specific density of the spores (r = 0.841, p < 0.05). The work of Cardoso and
Kuyper [95] on mycorrhizae and soil fertility in tropical environments has
shown that the application of nitrogen in the form of nitrate and ammonium to
soil can have a certain inhibitory or stimulating effect for colonization of AMF.
It has been proven that the nitrogen present in the form of ammonium has a
suppressive effect on the colonization of these mycorrhizae, due to the modifica-
tion of the pH of the rhizosphere [95]. For Valentine et al [96], the diversity of
inorganic nitrogen forms existing in the soil influences the percentage of coloni-
zation, the length of roots and the presence of types of colonizing structures such
as arbuscules. These assumptions could explain the results obtained in this area
characterized by the intensive use of inorganic nitrogen fertilizers for agricul-
tural production associated with the lowest average pH (5.83 * 0.16) obtained in
the soils of this study. However, in these soils, the density of spores and the fre-
quency of colonization show a significant and negative correlation. These results
disagree with those of Rajkumar et al [26], who found that increased spore den-
sity did not correlate with increased rates of mycorrhizal colonization. For some
authors [90] [97], arbuscular mycorrhizal fungal sporulation depends on a wide
range of fungal and environmental factors of the host, and their germination

potential varies at different periods of the year.

4. Conclusion

The results of physicochemical analysis of the soils of three localities in the
Cameroon Western Highlands showed variation from one site to another and
play a role in the mineral nutrition of 7. cordifolia. On average the soils had a
loamy texture, favorable bulk density, and good to very good porosity. These
soils were slightly acidic (Santchou and Bandjoun) and moderately acidic (Ba-
latchi). The exchangeable cations were moderate (Santchou and Bandjoun) to
high (Balatchi). The total nitrogen content was medium in Santchou, low in
Bandjoun and very high in Balatchi. Although the organic matter status is satis-
factory, the biological activity is reduced due to its very poor quality. Phospho-
rus contents ranged from medium (Bandjoun and Balatchi) to very high
(Santchou). The regular supply of organic matter, the undisturbed nature of the
T. cordifolia ecosystem, anthropogenic fertilization and the slightly acidic nature
of soils seem favourable to the immobilization of phosphorus. The CEC is mod-

erate for all the studied soils. These characteristics favour root development and
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could promote the cultivation of Malvaceae. However, adequate soil fertility
management options are required in order to improve the fertility status of the
soils. Such measures would involve adjusting the pH values close to neutral,
promoting biological activity through a supply of good quality OM. The link
between soil physicochemical properties and the colonization of AMF in T.
cordifolia is an important factor to be considered in promoting the establish-
ment of mycorrhizal symbiosis for profitable and sustainable cultivation of 7.
cordifolia.
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