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Abstract. This study aimed to evaluate the growth and production parameters of cowpea
(Vigna unguiculata (L.)) through Phosphate Solubilizing Microorganisms (PSM) associated with
vivianite powder used as Rock Phosphate (RP). A randomized complete block design with Sixty (16)
treatments (control (no treated plants): C; RKB5 isolate: RO; SSJ7: SO; BNBH2: BO; control with 10 g of
vivianite: C10; isolate RKB5 + 10 g vivianite: R10; SSJ7 isolate + 10 g vivianite: S10; BNBH2 isolate +
10 g vivianite : B10; control with 20 g vivianite: C20; RKBS5 isolate + 20 g vivianite: R20; SSJ7 isolate +
20 g vivianite: S20; BNBH2 isolate + 20 g vivianite: B20; control with 30 g vivianite: C30; RKBS5 isolate
+ 30 g vivianite: R30; SSJ7 isolate + 30 g vivianite: S30 and BNBH2 isolate + 30 g of vivianite: B30)
were used. Each treatment was repeated 20 times and 320 pots were used. The seedling emergence rate,
growth (plant height, number of leaves per plant, and leaf area), and production parameters (nodulation
and seeds yields) were assessed. Results revealed that S20 fertilizer significantly increased (P <0.05) the
dry biomass (23.06 + 1.97 g) of cowpea plants compared to C20 fertilizer and C plant. The lowest values
of studied parameters were from no treated plants. S10 fertilizer increased the plant height by 30.30%
compared to BNBH2, SSJ7, and RKB5 fertilizers. Globally, inoculated cowpea plants by S10 fertilizer
exhibited the highest seed yields (654.62 + 19.16 kg/ha). S10 fertilizer increased the cowpea seeds yield
by 53.62% and 151.90% respectively compared to C10 fertilizer and no treated plants. According to the
results obtained in this study, the combination of SSJ7 isolate + 10 g of vivianite powder per hole is
recommended for cowpea grown in Bini-Dang (Adamawa-Cameroon.

Keywords: Vigna unguiculata, Phosphate Solubilizing Microorganisms, vivianite, yield, growth,
Dang (Adamawa, Cameroon).

INTRODUCTION

In Cameroon, 75% of the staple food is cereals and legumes. Leguminous crops such
as groundnut, common bean, soybean, voandzou, and cowpea could be an alternative to
improve the nitrogen nutrition of humans and animals and increase the yields of crops used in
rotation such as sorghum, cotton, and maize (IRAD, 2013). Cowpea seeds are twice rich in
protein than cereal seeds. According to ALZOUMA (1995), this legume is characterized by its
much lower price than that of animal proteins (meat, fish, eggs). Its ability to fix atmospheric
nitrogen could allow it to enrich the soil with nitrogen. On the other hand, the availability of
phosphorus is often a limiting factor in the productivity of legumes on ferralsols (FR)
(RABEHARIOSA, 2004). The soil of the Dang site (Adamawa, Cameroon) is the ferralsol type
developed on basalt (MEGUENI et al., 2006). These soils are generally acidic and often deficient
in nitrogen and phosphorus with high retention capacities of this last element by heavy metals.
Indeed, aluminum (Al), iron (Fe), and calcium (Ca) are present in large quantities in these soils
causing the loss of phosphorus by sequestering the free form in the form of precipitates
(AIPQO4, FePO4, CaPQ.) not absorbable by plants (GYANESHWAR et al., 2002). Substantial
inputs of phosphorus, an essential nutrient for agricultural production, are necessary.
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The use of phosphate fertilizers is generally recommended to correct P deficiencies.
The phosphorus contained in chemical fertilizers comes from the exploitation of non-
renewable resources, which are predictably depleted (CORDELL et al., 2011). However, these
fertilizers are not always within the reach of middle farmers and failure to master their use
entails environmental risks (VERDURA, 2008). Faced with this situation, agricultural production
must instead focus on soil fertilization by biological means that will make it possible to obtain
significant agricultural yields and sustainable soil health.

Several soil microorganisms, such as mycorrhizal fungi, rhizobia, and phosphate-
solubilizing microorganisms (PSM) improve agricultural production (NWAGA, 2000; NGAKOU
et al., 2007; MEGUENI et al., 2011). PSMs are known for their ability to solubilize inorganic
phosphates, thus making this element available to plants (GYANESHWAR et al., 2002;
MAIMOUNA et al., 2016). In the Adamawa region, several geological materials can be used to
improve soil fertility and agricultural production. Hangloa vivianite in Ngaoundere Cameroon
is rock phosphate and one of the local geological materials rich in phosphate easily accessible
to small farmers. Thus, MSP associated with this rock phosphate provides a cheaper source of
fertilizer for crop production (SALMA, 2015; MAIMOUNA, 2017). These PSMs can make
phosphorus available to plants and play an important role in leguminous nodule development.
Nitrogen-fixing plants require adequate amounts of phosphorus for nodulation (TANG et al.,
2001). The objective of this work is to evaluate the growth and production parameters of Vigna
unguiculata by using PSM and different doses of vivianite used as Rock Phosphate from
Hangloa in Bini-Dang. Specifically, it will be a question of studying the effect of the
combination of vivianite RP and PSM on the growth, nodulation, and yield of cowpea.

MATERIAL AND METHODS

Description of the study site

The study was carried out in the pot in the experimental farm of the Laboratory of
Biodiversity and Sustainable Development of the University of Ngaoundere (Cameroon)
during the cropping season in 2019. Ngaoundere Cameroon belongs to agro-ecological zone 11
known as Sudan-Guinean savannahs with six months raining season (April to October) and six
months of the dry season (November to March). Total annual precipitation and mean annual
temperature were 1898.6 mm and 25.75°C respectively. The study site was located at latitude
North 7°25'119", at longitude East 13°33'415.83", and 1106 m elevation (DEROGOH et al.,
2018).

Biological material

Fekem variety seeds of Vigna Unguiculata from IRAD of Garoua were used (Figure
1). This variety was chosen for its great adaptability to the rainy season and its reproduction
cycle is 80 to 85 days. It is one of the varieties popularized by IRAD of Cameroon. These seeds
are white and their pods are rolled up.
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Figure 1: Fekem variety seeds of Vignha unguiculata (L.)

o

Biofertilizers
Phosphate Solubilizing Microorganisms (PSM) used in our study were isolated from
the soil and roots of maize and sorghum rhizosphere in the Sudano-Guinean (RKB5 and SSJ7)
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and Sudano-Sahelian (BNBH2) zones of Cameroon. They are tolerant to pH ranges between
3.5 and 6.5 (MAIMOUNA, 2017). The ability of these microorganisms to solubilize inorganic
phosphates was evaluated in solid media (observation of a halo zone around the colonies) and
liquid media (determination of the solubilized phosphorus concentration) containing vivianite
Rock Phosphate (RP), Calcium Phosphate (CaPQy), Iron Phosphate (FePO,) and Aluminum
Phosphate (AIPO.). The strains selected according to their ability to solubilize insoluble
phosphate were grown in Erlenmeyer flasks containing 500 ml of liquid medium (distilled
water, 3 g of NaCl, 3 g of yeast extract, and 5 g of peptone.) on a rotating shaker. Then the
inoculum was transferred into bottles (Figure 2).

Figure 2: Inoculum of Phosphate Solubilizing Microorganisms

Rock Phosphate

The Rock Phosphate was collected in Hangloa (Adamawa, Cameroon) which is
located between 7°20 and 7°30 North latitude and between 13°20 and 13°25 East longitude.
This Rock Phosphate is name vivianite (Figure 3) with a mineralogical composition of Fe,Os
(68.72%), P20s5 (9.17%): AlxOs (7.72%), and SiO: (9 .67%) (YAYA et al., 2015). This natural
Rock Phosphate was powdered with a hammer and then sieved (2 mm mesh sieve) before use.

Figure 3: Rock of Vivianite from Hangloa (A: hard ro

Experimental design

A randomized complete block design with sixty (16) treatments control (no treated
plants): C; RKBS5 isolate: RO; SSJ7: SO; BNBH2: BO; control with 10 g of vivianite: C10;
isolate RKB5 + 10 g vivianite: R10; SSJ7 isolate + 10 g vivianite: S10; BNBH2 isolate + 10 g
vivianite : B10; control with 20 g vivianite: C20; RKBS5 isolate + 20 g vivianite: R20; SSJ7
isolate + 20 g vivianite: S20; BNBH2 isolate + 20 g vivianite: B20; control with 30 g vivianite:

115



Research Journal of Agricultural Science, 54 (1), 2022; ISSN: 2668-926X

C30; RKBS isolate + 30 g vivianite: R30; SSJ7 isolate + 30 g vivianite: S30 and BNBH2
isolate + 30 g of vivianite: B30) were used. Each treatment was repeated 20 times and 320 pots
were used. These pots were arranged in two blocks and the space in both blocks was 1 m. Each
block was subdivided into 4 sub-blocks with an area of 4.95 m? (3.3 m x 1.5 m). two
consecutive sub-blocks spaced at 1 m. space between two consecutive pots for the same
treatment was 20 cm.

Data collection and statistical analyzes

The plant's emergence rate was evaluated 10 days after sowing on all treatments.
Growth parameters (plant height, number of leaves per plant, and leaf area) and production
parameters (nodulation and seeds yields) were assessed.

The vyield is calculated by the formula: average weight of grain (AWg/grams)
multiplied by the average number of grains per plant (ANg) and the number of plants per
hectare (NP/ha):

Fresh yield = (AWg) x (ANg) x (NP/ha) / 1000000. NP/ha=(X*Y) /10000

Statistical analyzes were carried out using the "Stratigraphic plus version 5.0"
software, which performs the analysis of variance (ANOVA) to determine the interactions
between the treatments. Duncan's test was used to judge the difference between treatment
means.

RESULTS AND DISCUSSIONS

Cowpea plant emergence rate

Figure 4 shows the seedling emergence rate of cowpea plants according to treatment at
10 days after sowing. The analysis of variance (ANOVA) revealed a highly significant
difference (P<0.001) between treatments (control (no treated plants): C; RKB5 isolate: RO;
SSJ7: SO; BNBH2: BO; control with 10 g of vivianite: C10; isolate RKB5 + 10 g vivianite:
R10; SSJ7 isolate + 10 g vivianite: S10; BNBH2 isolate + 10 g vivianite : B10; control with 20
g vivianite: C20; RKB5 isolate + 20 g vivianite: R20; SSJ7 isolate + 20 g vivianite: S20;
BNBH2 isolate + 20 g vivianite: B20; control with 30 g vivianite: C30; RKB5 isolate + 30 g
vivianite: R30; SSJ7 isolate + 30 g vivianite: S30 and BNBH2 isolate + 30 g of vivianite: B30)
relative to cowpea seedling emergence rate. S10 (85.5 + 3.53%) and B10 (85.5 + 2.82%)
fertilizers exhibited the highest seedling emergence rates and respectively. The lowest seedling
emergence rates were from C plots and the inoculated pots with only isolates (B0, SO, and RO0).
S10 fertilizer increased the seedling emergence rate by 28.26% compared to the C treatment.

ERKBS SSJ7 EBNBH2 0Ocontrol

w0
o

Emergencerate (%)
th
=]

Dose of RP

Figure 4. Seed emergence rate of Vigna unguiculata 10 days after sowing.
NB: the values with the same letters are not significantly different at the 5% level.

116



Research Journal of Agricultural Science, 54 (1), 2022; ISSN: 2668-926X

Cowpea plant height

Table 1 recorded the average height of cowpea plants according to the isolates and the
levels of vivianite powder (control (no treated plants): C; RKB5 isolate: RO; SSJ7: SO;
BNBH2: BO; control with 10 g of vivianite: C10; isolate RKB5 + 10 g vivianite: R10; SSJ7
isolate + 10 g vivianite: S10; BNBH2 isolate + 10 g vivianite : B10; control with 20 g
vivianite: C20; RKB5 isolate + 20 g vivianite: R20; SSJ7 isolate + 20 g vivianite: S20; BNBH2
isolate + 20 g vivianite: B20; control with 30 g vivianite: C30; RKB5 isolate + 30 g vivianite:
R30; SSJ7 isolate + 30 g vivianite: S30 and BNBH2 isolate + 30 g of vivianite: B30). It
appears that the evolution of plant's height is continuous for all the treatments and the tallest
were observed at 70 days after sowing. Cowpea plants from B10 (15.63 £ 0.93 cm) and S10
(15.50 £ 1.26 cm) were the tallest while the shortest was the C plants as well as the fertilized
plants with BNBH2, SSJ7, and RKB5. B10 and S10 fertilizers increased the cowpea plant
height by 15.26% and 14.30% respectively compared to no treated pot. The analysis of
variance at the 70 days after sowing showed a significant difference (P<0.05) between
treatments on plants height.

Table 1
Plants height
Treatment Cowpea plant's height (cm)
14 DAS 28 DAS 42 DAS 56 DAS 70 DAS

C 7.16 +£0.99* 10.26+1.332 11.26+1.03% 12.26+1.32 13.56+1.61°
RO 7.73 +1.19% 10.9+0.66° 11.860.74%® 13.3+1.26™ 14.54+1.76"
SO 7.73 +1.36% 11.06+1.23%¢ 11.941.18%® 12.8+0.97® 14.16+2.13%®
BO 7.43 + 1.4%¢ 11.30 + 1.42° 12.30 £ 1.19% 13.16+1.01™ 14.13+0.91%
C10 8.03 + 1.14° 11.6+0.89% 12.86+0.61% 13.7+0.52% 14.53+0.99%
R10 8.13+1.19¢ 12.56+0.75° 12.36+0.85°%9 14.6+0.71° 15.06:+1.03%%
S10 8.83 +1.23¢ 12.83+0.71° 13.8+0.7% 14.76+0.96° 15.5+1.26%
B10 8.80+1.2¢ 12.7+1.38° 13.93+1.149 14.9+0.94° 15.63+0.93¢
C20 7.06+1.06% 10.96+1.65% 12.63+0.93" 13.4+1.18" 14.66+1.63>
R20 7.26+0.86® 11.26+1.43> 13.33+1.39° 14.7+1.38° 15.4+1.76%¢
520 7.63+0.89° 10.66+1.23® 12.93+0.77% 14.76+0.84° 15.16+0.87%%¢
B20 8.13+1.23¢ 11.2+1.26" 13.16+1.15%f 15.03+1.42° 15.4+1.4%¢
C30 7.50+1.19%¢ 11.3+0.86> 12.63+0.71% 14.6+0.73° 14.830.720
R30 7.53+1,32%¢ 11.46+1.17 12.63+1% 14.66+1.12° 15.060.96"%
S30 7.70£1.11% 12.03+0.69% 13.16+0.48%" 14.33+0.85% 15.03+0.89"%
B30 8.16+1.27% 11.36+1.07 11.26+1.03% 14.63+1.14° 15.13+1.2°%

Legend: C: control; RO: RKB5 isolate with 0 g of vivianite; SO: isolate SSJ7 with 0 g of

vivianite; BO: BNBHZ2 isolate with 0 g of vivianite; C10: control with 10 g vivianite; R10: RKB5 isolate +
10 g of vivianite; S10: SSJ7 isolate + 10 g of vivianite; B10: BNBH2 isolate + 10 g of vivianite; C20:
control with 20 g vivianite; R20: RKB5 isolate + 20 g of vivianite; S20: SSJ7 isolate + 20 g of vivianite;
B20: BNBH2 isolate + 20 g of vivianite; C30: control with 30 g vivianite; R30: RKB5 isolate + 30 g of
vivianite; S30: SSJ7 isolate + 30 g of vivianite; B30: BNBH2 isolate + 30 g of vivianite. DAS: days after
sowing. The values of the column affected by the same letters are not significantly different at the 5%
level.

Evolution of cowpea leaves production

The analysis of variance performed at 70" DAS (Figure 5) shows a significant
difference (P <0.05) between fertilizer and leaf production (number of leaves per plant and leaf
area). Figure 6 shows the average number of leaves per plant at 70th days after sowing
according to treatments (control — no treated plants): C; RKB5 isolate: RO; SSJ7: SO; BNBH2:
BO; control with 10 g of vivianite: C10; isolate RKB5 + 10 g vivianite: R10; SSJ7 isolate + 10
g vivianite: S10; BNBH2 isolate + 10 g vivianite : B10; control with 20 g vivianite: C20;
RKBS5 isolate + 20 g vivianite: R20; SSJ7 isolate + 20 g vivianite: S20; BNBH2 isolate + 20 g
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vivianite: B20; control with 30 g vivianite: C30; RKB5 isolate + 30 g vivianite: R30; SSJ7
isolate + 30 g vivianite: S30 and BNBH2 isolate + 30 g of vivianite: B30). It appears from this
figure that the vivianite powder associated with isolates increased cowpea leaves production.
Plants from S10 fertilizers exhibited the greatest leaves (8.60 + 2.89 leaves per plant) and the
lowest was from control plants (6.60 + 1.68 leaves per plant). S10 fertilizer increased the plant
height by 30.30% compared to BNBH2, SSJ7, and RKB5 fertilizers.

14 - BRKB5 @SSJ7 @BNBH2 Ocontrol
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Figure 5. Number of cowpea leaves

Figure 6 shows the leaf area of cowpea plants depending on the treatment. It appears
that the combination of vivianite powder with isolates SSJ7 or BNBH2 increased the leaf area
of cowpea compared to the treatment without vivianite. The greatest leaf area (25.04 + 2.43
cm?) was obtained on treated plants with S30 while the lowest value (16.47 *+ 3.75 cm2) of this
parameter was from no treated plant (C). S30 fertilizer increased leaf area by 52.03%. The
combination of vivianite powder and MSP isolates improves leaf area compared to vivianite
powder alone.
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Figure 6. Vivianite Rock Phosphate and PSM on leaf area
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Cowpea nodulation

In the present study, the highest number of nodules was obtained by the combination
of 20 g of RP with BNBH2 isolate (B20: 17.66 + 2.08), and the lowest value was obtained by
the control (C: 6.66 + 1.15) (Table 2). This B20 treatment increased the number of nodules by
165.16% compared to the control. The analysis of variance shows that the association of
vivianite RP with PSM isolates presented a very high significant difference (P<0.001).

It is also recorded in this table that the combination of vivianite RP with PSM isolates
increases the efficiency of the nodules compared to the treatments amended with only RP and
not inoculated with PSM and compared to the control. The highest value was obtained by the
R20 treatment (86.52 + 8.65%), and the lowest value by the control (74.81 £ 7.14%). This R20
treatment increased the efficiency of nodules by 15.65% compared to the control. The analysis
of variance shows a highly significant difference (P<0.001) for this parameter.

Table 2
Effect of Rock Phosphate vivianite and PSM by different treatments on nodulation

Treatment Number of nodules The efficiency of nodules (%)
C 6.66 + 0.572 74.81 +1.06°
RO 10.00 + 1.00* 75.34 + 2.84%®
S0 9.00 + 1.73%* 76.40 + 3.69%°
BO 8.00 + 1.00% 77.32 + 1.59%¢

C10 10.66 + 0.57° 74.88 £2.10°

R10 13.33 + 1.05°" 78.69 + 2.75%
S10 13.66 + 1.15%" 78.88 + 1.92%
B10 12.00 + 1.64%M0 83.75 + 3.69°

C20 11.33 + 1.5200f 77.97 +2.29%¢
R20 14.33 £ 1.52 79.17 + 2,145
S20 15.00 + 2.00" 80.59 + 2.80°%f
B20 17.66 + 2.08' 82.89 + 2.07°1
C30 11.00 + 2.00f 77.74 + 2.41%¢
R30 12.66 + 3.51%fo 86.52 + 2.599

S30 12.66 + 2.51%f" 82.81 + 2.55%
B30 11.33 + 2.08°f 83.15 + 3.29°1

Legend: C: control treatment with 0 g of vivianite; RO: RKB5 isolate with 0 g of vivianite; SO:
isolate SSJ7 with 0 g of vivianite; BO: BNBH2 isolate with 0 g of vivianite; C10: control with 10 g
vivianite; R10: RKB5 isolate + 10 g of vivianite; S10: SSJ7 isolate + 10 g of vivianite; B10: BNBH2
isolate + 10 g of vivianite; C20: control with 20 g vivianite; R20: RKB5 isolate + 20 g of vivianite; S20:
SSJ7 isolate + 20 g of vivianite; B20: BNBH2 isolate + 20 g of vivianite; C30: control with 30 g
vivianite; R30: RKBS5 isolate + 30 g of vivianite; S30: SSJ7 isolate + 30 g of vivianite; B30: BNBH2
isolate + 30 g of vivianite. The values with the same letters are not significantly different at the 5% level.

Effect of Rock Phosphate and PSM on the biomass of cowpea plants

Figure 7 reveals that fertilized plants with vivianite powder and PSM isolates
significantly produced the highest biomass per plant and the control gave the lowest values
compared to the other treatments. This highest value was obtained by the combination of 20 g
of vivianite with SSJ7 isolate (34.13 £+ 3.19 g) and the lowest value was obtained with the
control (18.48 + 3.04 g). Furthermore, S20 treatment increased the biomass of plants by
84.68%. compared to the control. It is also noted that the treatments amended with RP and
inoculated with PSM improve this parameter compared with the treatments compared to the
control C. It appears from the statistical analyzes that the addition of Rock Phosphate
associated with the isolates presents high significant values (P<0.001) for the dry biomass.
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Figure 7. Dry biomass
The values with the same letters are not significantly different at the 5% level.

Production parameters

Regarding production parameters, the number of flowers, pods, and seeds yields were
assessed.

Table 3 recorded the number of flowers, pods, and yield per hectare of cowpea
according to the different treatments. The addition of vivianite Rock Phosphate associated with
PSMs increases the number of flowers and pods. The SSJ7 isolate + 10 g of RP (S10) presents
the highest value (5.66 + 3.9) and the control presented the lowest value (3.33 + 1.34) for the
number of flowers. This treatment increased the number of flowers by 69.96% more than the
control. The highest number of pods was obtained by the treatment S10 (10 g RP and the SSJ7
isolate) (5.53 + 1.71) and the lowest value was obtained by the control (3.20 £ 1.14). The
analysis of variance shows that the association of PSM and RP significantly improves (P<0.05)
the number of flowers and the number of pods. Results also saw a slight drop between the
average number of flowers and the number of pods formed per plant. This result shows that not
all flowers formed mature pods. Some flowers aborted and some immature pods dropped from
the plants. The greatest value of yield was obtained by treatment of 10 g of RP with the SSJ7
isolate (654.62 + 19.16 Kg/ha), and the lowest value was obtained with the control (259.87 +
4.65 Kg/ha). This result shows an increase of 151.90% by this treatment compare to the
control. The analysis of variance between isolates and dose of vivianite interaction shows a
very high significant difference (P<0.001). The contributions of different doses of vivianite
combined with PSM had a positive impact on yield compared to the non-inoculated and non-
amended control.

Table 3
The number of flowers, pods, and yield per hectare
Treatment Number of flower Number of pods Yield Kg/ha
C 3.33+£1.34° 320 +1.14° 259.87 £ 4.65%
RO 433 +1.67% 4,13 +1.40%° 384.25 £ 6.17%
SO 4.13 + 1.50%° 4,00 +1.3% 377.14 +4.24°
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BO 4.26 + 1.48%d 413 +1.30* 397.12 + 5.83
C10 4.46 + 1,952 4.33 + 1,58 426.11 +7.29°
R10 4.86 + 1,640 4.73 + 1.430cde 569.33 + 3.89
S10 5.66 + 1.71° 5.53+1.64¢ 654.62 + 19.16*
B10 5.40 + 1.76% 5.13 + 1.30% 621.14 + 11.25
C20 4.26 + 1.27%d 4.13 +1.06% 428.93 +7.15°
R20 5.60 + 1.99¢ 5.46 +1.50¢ 503.76 + 2.70"
S20 4.66 + 1,170 4,60 +1.05Pd 440.34 + 3.651
B20 4.80 + 1.65Pdf 4.66 + 1.440 513.16 + 4.10"
T30 3.93+1.03® 3.86 £ 0.99% 410.82 + 3.99¢
R30 5.53 + 1.68° 5.40 + 1.45° 576.50 + 7.17'
S30 5.13 + 1.59%%f 5.00 + 1.3% 627.11 + 6.501
B30 4,13 +1.95%° 4.06 +1.86% 449.60 + 2.549

Legend: C: control treatment with 0 g of vivianite; RO: RKB5 isolate with 0 g of vivianite; SO:
isolate SSJ7 with 0 g of vivianite; BO: BNBH2 isolate with 0 g of vivianite; C10: control with 10 g
vivianite; R10: RKB5 isolate + 10 g of vivianite; S10: SSJ7 isolate + 10 g of vivianite; B10: BNBH2
isolate + 10 g of vivianite; C20: control with 20 g vivianite; R20: RKB5 isolate + 20 g of vivianite; S20:
SSJ7 isolate + 20 g of vivianite; B20: BNBH2 isolate + 20 g of vivianite; C30: control with 30 g
vivianite; R30: RKB5 isolate + 30 g of vivianite; S30: SSJ7 isolate + 30 g of vivianite; B30: BNBH2
isolate + 30 g of vivianite.

NB: the values with the same letters are not significantly different at the 5% level.

Fertilization with Hangloa vivianite RP associated with PSM improved the emergence
rate. Indeed, phosphorus would have influenced the installation and the start of this plant at
emergence. FROSSARD et al. (2004) show that natural phosphate improves root development,
which leads to an increase in plant emergence. DOMMERGUES et al. (1999), report that some
rhizosphere microorganisms produce vitamins like thiamin, nicotinic acid, pantothenic acid,
and others, which stimulate germination. It would therefore be possible that the stimulation of
germination observed with these isolates, combined with vivianite, is due to the production of
these substances and the increase in the concentration of assimilable P in the vivianite by these
microorganisms. The growth parameters of cowpea were positively affected by the association
between PSM and vivianite RP. Indeed, the increase in the growth of cowpea would be due to
the phosphorus contained in this rock. The best result obtained by combining PSM and RP
could be explained by the fact that, in addition to the phosphate released, these PSM produce
vitamin B12 and auxins which play a role in stem expansion. In addition, some PSMs increase
the efficiency of nitrogen fixation and the release of certain trace elements (GYANESHWAR et
al., 1998). These results agree on many points with certain authors like BABANA & ANTOUN
(2005) studying the effect of rock phosphate in the presence of PSM on wheat, and they
obtained significant results concerning the height of this plant. ABoU-EL-SEOUD & ABDEL-
MEGEED (2012) also showed that the combination of RP and PSM improves maize growth
compared to the control. BENAGGAB-AMAR (2011) also showed that the number of leaves and
leaf areas of cowpea that received RP and PSM increased compared to the control without
inoculation of PSM and RP.

At the same time, nodulation and yield parameters such as the number of flowers,
pods, and yield in kg/ha of Vigna unguiculata were positively affected by the association of
Hangloa vivianite with PSM. This could be explained by the fact that P enhances symbiotic
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nitrogen fixation by increasing the size, the number of nodules, and the activity of nitrogenase
(TSVETKOVA & GEORGIEV, 2003). This increase in symbiotic nitrogen fixation leads to an
improvement in the total biomass of the plant (DAoul, 2007). These results are in agreement
with those obtained by KASONGO et al. (2012) who showed that the application of different
doses of Kanzi phosphate rocks significantly increased the number of soybean nodules. Studies
by FANKEM et al. (2015) showed that the combination of PSM and RP significantly increased
the number of nodules in soybeans and beans compared to the non-inoculated amended control.
MAIMOUNA et al. (2016), also showed that PSM and vivianite significantly increased the dry
mass of maize and sorghum compared to the control. These PSMs associated with RP, react
differently depending on the doses of vivianite. Strains of rhizosphere bacteria such as
Pseudomonas, Bacillus as PSM applied to the leaves and flowers of apple trees (a woody)
significantly improved the yield of trunk cross-sectional area (from 13.3 to 118.5%), fruit
weight (4.2 to 7.5%), stem length (20.8 to 30.1%), and stem diameter (9.0 to 19.8%) compared
to the control (LUTFI et al., 2007). SALMA (2015), showed that several bacterial isolates
(including Pseudomonas, Burkholderia, and Rhizobium) having a beneficial effect on plants
(biofertilizer) can stimulate growth and improve crop yield. These results corroborate those of
BABANA (2003) and ZEHRA (2010); working respectively on wheat and sunflower, these
authors have shown that the combination of MSP and PR increases the yield compared to the
amended and non-inoculated control.

CONCLUSIONS

The present work aimed to evaluate the growth and production parameters of Vigna
unguiculata by using PSM and different levels of vivianite powder from Hangloa in
Ngaoundere Cameroon. The results of the pot work showed that the doses of 10, 20, and 30 g
of vivianite associated with the isolate SSJ7 and the dose of 10 g of RP associated with the
isolate BNBHZ2, improved the emergence rate of the seeds of Vigna unguiculata. The height
parameter was improved by the 10 g of RP associated with isolates BNBH2 and SSJ7. The
number of leaves was improved by the 10 g of RP associated with isolate SSJ7. The greatest
number of nodules is noted by the 20 g of RP associated with the BNBH2 isolate. Concerning
inoculation with PSMs, the behavior and effectiveness of each of the isolates change according
to the doses of vivianite. Cowpea plants grown in control pots were less productive compared
to all other treatments. Given the results obtained, the dose of vivianite that ensures the optimal
yield of cowpea grains is the combination of 10 g of vivianite plus the SSJ7 isolate. This
combination is the most effective for growing cowpea in our study area.
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