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Abstract 

The use of phosphate rocks has become agronomical and economically more beneficial compared to chemical fertilizers. In 

this study, the fertilizing effect of vivianite (a phosphorus rich mineral) from Hangloa on the growth and yield of the bean plant 

‘‘Phaseolus vulgaris’’ on oxisoils from Ngaoundere is assessed. To this end, field investigations along with geochemical 

analysis, tests solubility and pot experiments have been carried out. Vivianite is located in the Hangloa lacustrine basin, 

situated at 25 km NW of the Ngaoundere town. Three different types of vivianite were identified: rosette, disk and vivianite in 

fragments within argillites. The solubility test was carried out by using the acid formic method. For the pot experiments, the 

design consists in a randomized complete block and constituted of two series of four treatments each: the control (T0) without 

any addition of vivianite, the control with 20g of vivianite in the hole of sowing (T1), the control with 20g of vivianite at the 

germination stage (T2) and the control with 20g of vivianite at the flowering stage (T3). Each treatment was replicated ten 

times. All the treatments were irrigated with 250 ml of water once every 2 days during the growing stage. The growth and yield 

parameters were measured after each three days. 12320 measures of growth components and 30721 measures of yield 

components were made. The geochemical analysis revealed that the vivianite of Hangloa has a high phosphorus content (9.17 

%.) which can be easily dissolved in soil as revealed by the solubility test. A total dissolution rate of 53.48% was obtained at 

the end of experiment. The application of vivianite has a positive effect on the growth and the yield of the bean plant in the 

oxisoils from Ngaoundere: an increase of length and ramifications of stem, densification and extension of leaves, development 

of root system along with an increase of bean yield is observed in amended soils. The best periods for amendment of oxisoil 

with vivianite are the germination and flowering stages. The overall results indicate that vivianite can be used to enhance the 

bean crop yield in oxisoils from Ngaoundere and therefore is a good alternative local agromineral to chemical fertilizers 

commonly used. 
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Introduction 

To ensure food security in developing countries, the valorization 

of natural phosphate is needed in order to improve agricultural 

productivity and increase revenues. In this context, new 

technologies applied to soils should be developed, implemented, 

tested and transferred to farmers
1,2

. Currently mineral fertilizers 

are essential including phosphorus (P), which allows increasing 

crop yields. Thus the water-soluble phosphate fertilizers such as 

superphosphates manufactured are generally recommended to 

increase agricultural yield
3-5

. Those fertilizers are imported, but 

still very expensive for poor farmers of most developing 

countries, and as consequence they are often used in limited 

quantities. Agricultural production in those countries requires P 

to improve soil P status in view to increase crop yield, to avoid 

soil degradation and infertility
6, 7

. Thus, in several countries such 

as Morocco, China, the United States, Denmark, Brazil etc., the 

use of phosphate rocks (PR) from geological formations has 

became an agronomical and economically attractive alternative 

compared to chemical fertilizers. These PR have the potential to 

compensate the low phosphorus content of tropical and 

subtropical soils
1
. Like many developing countries, the direct 

use of local raw materials such as PR not only contributes to the 

substitution of imported products but it also improves the 

fertility of depleted soils. Vivianite is very rich in iron and 

phosphorus (Fe3(PO4)28H2O)
8
. In Cameroon, it outcrops in the 

small lake basins of Hangloa in Adamawa more specifically in 

the NW of Ngaoundere (figure-1). Vivianite is of little interest 

in this sub region because it is not valued, yet the majority of 

inputs (phosphorus, calcium, magnesium, iron, etc.) necessary 

for good plant growth is from geological materials, except 

nitrogen that can be provided by sources such as crop residues 

and other organic products
1
. These geological materials which 

have the advantage of locally available and inexpensive 

contribute significantly in some countries to provide the 

essential elements for high-quality agriculture and restore at the 

same time the balance of the soil
1
. The developing countries and 
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therefore Cameroon should face major challenges in valorizing 

mineral rich in phosphorus to achieve sustainable food security. 

The valorization of locally available resources could solve the 

problem of high cost, adverse effects of fertilizers and help 

increase crop yield per square meter of cultivated land. 

Moreover, it was shown that the substantial contribution of 

phosphorus is needed for optimal growth and production of 

suitable plants. In order to assess the fertilizing effect of 

vivianite, geochemical analysis was made to ascertain the 

elemental composition of vivianite and afterwards, a dissolution 

phosphorus test was realized on vivianite and finally an 

experimental study was undertaken by measuring the parameters 

of growth and yielding of beans when vivianite is added to the 

soils at different evolution stages of the bean. 

 
Location and Geological Setting: The vivianite lake basin of 

Hangloa is located at the Center North Cameroon, 25km North-

West of Ngaoundere chief town of the Adamaoua region 

(figure-1). Topographically, it is a depression of about 2km² and 

surrounding by Panafrican granitic rocks and more and less 

altered Cenozoic basaltic lavas. In this depression, a lacustrine 

sedimentary sequence is made up essentially of clays, coarse 

sediments and of various sizes of vivianite crystals. Three types 

of vivianite crystals have been identified in this basin: i. - 

Vivianite in the form of disk. They outcrop as shape ellipsoid 

flattened blocks and display a diameter varying between 20 cm 

and more than one meter. ii. - Vivianite in form of fragments 

within argillites. iii. - Vivianite in rosette, which appears as a 

collection of crystals that radiate from a center. 

 

These different forms of vivianite encounter oxidation on 

contact with air and become very dark in color which is an 

indication of the beginning of their alteration or degradation. 

 

Material and Methods  

Materials: Materials used in the present study are vivianite, 

oxisoils and a plant material (bean: Phaseolus vulgaris). 

 

Vivianite: Two samples of vivianite and one vivianite within 

argillite were subject to geochemical analyses (figure-2): the 

sample S1 is the core of the vivianite in rosette shaped; the 

sample S2 is collected to the altered border of the vivianite in 

rosette shaped and the sample S3 is the argillite which contents 

millimeter crystals of vivianite. The sample S1 was used for pots 

experiments.

 

 
Figure-1 

Site location 
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Figure-2.a      Figure-2.b 

Vivianite in disk     Vivianite in rosette 

  
Figure-2.c            Figure-2.d 

Vivianite in rosette     Vivianite within argillite 

 
Oxisoils: The oxisoils were collected at different points of the 

surface horizon (organo mineral horizon: 0-10 cm) at Marza, a 

locality of Ngaoundere town (figure-1). Then after air dried, a 

composite soil sample was obtained by mixing all the soil 

samples and quartered. 2 kg of composite soil were put in pot 

containers. 

 
Plant material: Common bean Phaseolus vulgaris was used as 

plant test. This variety was chosen because of its need for 

phosphorus and its alimentary importance in the sub-region. It 

also adapts easily to the conditions of the experimental 

environment. Three (03) seeds were planted in 3 cm depth of 

soil. Pots were irrigated immediately after sowing.  

 
Methods: Geochemical Analysis: Geochemical composition 

was determined by X-ray Fluorescence dispersion wavelength 

(wavelength-dispersive X-Ray Spectrometers) on the three types 

of vivianite mentioned above (S1, S2 and S3). This qualitative 

and quantitative method is non-destructive and enables to 

determine the elemental composition of the material. 

 

Dissolution Test of phosphorus: The dissolution test has been 

carried out on sample S1at Ngaoundere University’s laboratory 

of National School of agro industrial Sciences (ENSAI). To this 

end, a kinetic experiment was implemented and the obtained 

solution was extracted at six different times: 4h, 4h20, 4h40, 5h, 

5h20 and 5h40. The extraction method adopted for the 

dissolution test of phosphorus is that of Truong et al.
9
. The 

solution used in this experiment is a concentrated formic acid 

(2%). The advantage of this method is that it removes a great 

part of phosphorus in the natural phosphate. After extraction, 20 

ml of each solution sequentially obtained is put into control 

tubes for the determination of orthophosphate ion (PO4
3-

). 

 
Pots experiment: A pot experiment was carried out in a familial 

greenhouse at Ngaoundere town. 2 kg of a composite oxisoil 

sample was put in pot containers. The experimental design is a 

duplicated randomized block design constituted by four 

treatments each one: the control (T0) without any addition of 

vivianite, the control with 20g of vivianite in the hole of sowing 

(T1), the control with 20g of vivianite at the germination stage 

(T2) and the control with 20g of vivianite at the flowering stage 

(T3). Each treatment was replicated ten times in every serie and 

irrigated 3 times before the sowing. The treatments were 

repeated twice in order to validate the obtained results. 

 

Experimental monitoring and data analysis: The 

experimental monitoring consisted to measure growth 

parameters (observation of rising date, stem length, leaf width, 

number of leaves, length of the main veins, number of branching 
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roots and root length). Leaf area was determined using the non-

destructive method
10

: 

 

LA= 11.98+ 0.06 x (LL x LW) 

 

Yield parameters (flowering, pods number, average weight per 

pods, grain number and grain mass) were also measured. This 

monitoring took place over a period of 82 days. All the 

treatments were irrigated with 250 ml of water once every 2 

days during the growing stage. Measurements were made every 

three days. Data analyses and graphs were done with excel 

program (2007) and XLSTAT software. Pearson’s correlation 

was used in order to determine relationships between growth 

components and yield parameters. 

 

 

Results and Discussion 

Geochemical composition of vivianite: The results of 

geochemical analyses, presented in table-1, revealed that 

vivianite is constituted mainly of silica, alumina, iron and 

phosphorus. The content of alkali and alkali elements is less 

than 1 and titanium amounts vary between 0.83 and 2.3%.  

 

Table-1 
Representative analyses of vivianite samples 

Samples S1  S2  S3  

sample 

characteristics 

core of  

vivianite 

crystal 

alterated 

border of 

the 

vivianite 

crystal 

vivianite within 

argillite 

Oxides (%) 

SiO2 9.67 59.35 51.06 

TiO2 0.83 1.91 2.37 

Al2O3 7.72 12.89 14.61 

Fe2O3T 68.72 12.75 14.44 

MnO 0.18 0.03 0.12 

MgO 0.12 0.1 0.35 

CaO 0.09 0.1 0.83 

Na2O - - 0.05 

K2O 0.05 0.14 0.21 

P2O5 9.17 3.09 1.11 

SO3 0.13 0.51 0.67 

LOI 3.2 8.96 13.87 

Sum 99,88 99.83 99.69 

Trace elements (ppm) 

Ba - - 626.962 

Cu - 79.884 79.884 

Nb - 79.889 79.889 

Ni 157.168 78.584 157.168 

Sr 253.677 338.677 507.354 

Tb - 90.853 90.856 

Zn 370.15 471.504 444.18 

Zr 335.682 402.819 402.819 

It appears in figure-3 that sample S1 displays highest content in 

Fe2O3 (68.72%) and P2O5 (9.17%) and lowest content in SiO2 

(9.67%) and Al2O3 (7.72%), whereas samples S2 and S3 display 

highest content in SiO2 (51.06 – 59.35%), average in Fe2O3 and 

Al2O3 (12 – 14%) and lowest content in P2O5 (1.11 – 3.09%). 

 

 
Figure-3 

Major oxides content in the analyzed vivianite samples 

 
Dissolution of phosphorus: The result of the dissolution test 

revealed that all the extracted solution turned in blue which is an 

indication of the presence of orthophosphate and implies that the 

phosphorus contained in vivianite is dissolved. The dissolution 

rate decreases with time; it is higher (20%) at the first extraction 

(4h) and very low (1.69%) at the end of the experiment (5h40) 

(figure-4). The total dissolution rate obtained at the end of 

experiment is 53.48%. 

 

 
Figure-4 

Dissolution rate of vivianite with time 
 

Agronomic effectiveness of vivianite on the growth and yield 
of beans: Growth parameters: The table-2 shows the variation 

of growth parameters during the growing stage. 
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Germination: Germination of beans during the experiment did 

not occur at the same time. The germination started 5 days after 

sowing (DAS) in the control treatment (T0) and 8 DAS in the 

soil where vivianite was incubated before sowing (T1). So a 

delay of 3 days is observed in treatment T1. Therefore it can be 

deduce that the addition of vivianite before sowing does not 

induce a rapid growth of bean. 

 
Length stem: 3040 measurements were made. A gradual 

increase of length stem is observed up to the end of the 

experiment in all treatments. The maximal mean values of stem 

length varied between 18.6 and 26.135 cm (figure-5). The 

lowest value is observed in T0 and the highest in T1 and T2 

(figure-5; table-2). So it appears that an amendment with 

vivianite induces stem elongation. 

 

 
Figure-5 

Stem length in different treatments 

 
Number of leaves per plant (NL): The variation of leaves per 

plant in different treatments during the experiment is presented 

in figure-6. The number of leaves gradually increases and begins 

to decrease at 51 DAS in T0 and 57 DAS in the fertilized 

treatments with vivianite up to the end of experiment. 

 
The defoliation is more pronounced in the control soil. In this 

soil the maximum number of leaves per plant in serie A was 8 

and 11 in serie B. which gave an average of 9.5 leaves per plant. 

In T1 14 leaves were observed in serie A and 15 leaves in serie 

B with an average of 14.5 leaves. On the soil where vivianite 

was added at the germination stage (T2) there are 18 leaves in A 

serie and 16 in B serie with an average of 17 leaves. In the T3 

treatment the maximum number of leaves per plant in both 

series is 13. These results show that plants from fertilized soils 

have more leaves compared to that of the reference. On these 

fertilized soils the plants of T2 recorded more leaves than others. 

The contribution of vivianite as fertilizer allows the beans to 

produce more leaves per plant. 

 
Leaf width (LW): The obtained result from leaf width measures 

reveals an increase of the width in all treatments up to the end of 

monitoring. Control soil (T0) gave a maximum width of 8.25 cm 

while in T1 and T2 treatments a maximum width of 9.9 cm is 

observed (table-2). The treatment T3 displays the lowest value 

with leaves with maximum width value of 7.48 cm, so leaves in 

T1 and T2 treatments are more developed than that of the control 

and T3 treatment. Therefore it can deduce that vivianite has 

significantly influence the leaf width in T1 and T2 than in T3 

treatment.  

 
Leaf Length (LL) and leaf area (LA): 3040 measures of the 

leaf length have been done. A gradual and continuously 

increases is observed in all treatments during the experimental 

period. The maximal leaf length obtained in the control soil 

(T0) is 9.26 cm in A serie and 9.41 cm in B serie which gave 

an average of 9.34 cm. In T1 treatment the values of leaf length 

in both series are respectively 8.92 cm and 8.98 cm for an 

average of 8.95 cm (table-2). In T2 treatment 9.81 cm of leaf 

length is recorded in A serie and 9.89 cm in B serie with a 

mean of 9.85 cm. In the T3 treatment where vivianite was 

added at the flowering stage, A and B series gave respectively 

9.29 cm and 9.19 cm of leaf length with an average of 9.24 cm. 

These results show that in general treatments with vivianite 

display higher leaf length that that of the control (T0) except 

for T3 treatment. This implies that adding vivianite at the 

sowing and the germination stages induces leaf elongation. 

Since the LA is deduced from leaf length and leaf width it 

appears that the highest values of leaf area are observed in T1 

and T2 treatments while T0 and T3 display similar values of leaf 

area.  

 

Roots ramification: The number of roots obtained after 

monitoring is 7 in the treatment T0 while T1 and T2 treatments 

display an average of 8 and 9 roots respectively. Treatment T3 

has the highest number of roots (10 roots). So the number of 

roots in soils amended with vivianite is higher than that of the 

control soil. The addition of vivianite at the flowering stage 

appears to be the best period since it can induce the development 

and the increase of the number of branching roots. But the roots 

are longer in the control treatment than in the soils amended 

with vivianite. 

 

Yield parameters: Data on charge of yield parameters are 

gathered in table-3.  

 

Flowering and bean grains output: The period at which beans 

come into bloom varies with treatments. The blooming period 

occurs thirty four (34) days after sowing (DAS) in T1and T3 

treatment and 36 DAS in T2 and T0. A maximum of 8 flowers 

were recorded in T0 and T2 while in T1 and T3 11 and 9 flowers 

were obtained (table-3). Soils amended with vivianite display 

higher number of flowers than the control. All these flowers 

have produced pods; however all pods have not reached 

maturity (figure-7). The number of flowers obtained is higher in 

T1 and T3 treatments. Application of vivianite before sowing 

increase flowers production per plant. 
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The average value of growth parameters

 

Length 

stem 

Treatments / Range A B 

T0 19.50 17.70

T1 25.47 26.80

T2 24.30 23.70

T3 19.90 21.00

 

 

Treatments 
Number of 

flowers 

Pods per 

plant 

T0 8 8 

T1 11 11 

T2 8 8 

T3 9 9 

Average number of flowers and beans in different treatments
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Table-2 

The average value of growth parameters 

Number of 

leaves 
Leaf wide 

Leaf 

length 

Number of 

roots 

A B A B A B A B 

17.70 8.00 11.00 8.20 8.30 9.26 9.41 7.50 7.00 

26.80 14.00 15.00 10.60 9.20 8.92 8.98 8.57 8.25 

23.70 18.00 16.00 10.30 10.30 9.81 9.89 9.80 7.50 

21.00 13.00 13.00 7.36 7.60 9.20 9.18 10.20 8.33 

Figure-6 

Number of leaves per plant 

Table-3 

Variation of yield parameters 

Number of maturity 

pods 
Weigth per pods Number of grain

6 1.40 2.33

7 1.20 2.30

6 1.40 2.41

6 1.50 2.90

 

Figure-7 

Average number of flowers and beans in different treatments 

15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Days after sowing (DAS)

T0

T1

T2

T3

T1 T2 T3

Treatments

Number of flowers

Pods per plant

Number of maturity pods
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Number of Leaf 

area 

Length 

roots 

average average 

 16.60 26.30 

 17.30 18.70 

 18.07 17.90 

 16.10 22.12 

 

Number of grain mass per grain 

2.33 0.33 

2.30 0.295 

2.41 0.335 

2.90 0.335 

 

Number of flowers

Number of maturity pods
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Number of matured beans pods: Figure-7 shows that all the 

flowers gave beans grains. However the number of beans at 

maturity is less than the number of beans out. Plants from T0, T2 

and T3 Treatments have recorded the same number of matured 

pods (6) while T1 displays the highest number of pods (7 pods). 

This indicates that the addition of vivianite during the sowing 

stage improves the production of pods. 

 

Pods Weight: The weight of beans pods obtained in different 

treatments ranges from 1.1g to 1.5g. Treatment T0 resulted on 

the average mass of beans equal at 1.4g. The weight of the beans 

pods in the treatment T1 is 1.2g while it is 1.4g in T2. In 

treatment T3 the average mass of bean is 1.5g (table-3). 

 

Number of grains per pod: The number of grains obtained per 

pod is similar (2.3) in T0 and T1 treatments (table-3). In T3 this 

number is slightly higher (2.9) than those of others treatments 

(table-3). So, vivianite has not influenced the number of grains 

in T0 and T1 treatments; while in T2 and T3 treatments the 

addition of vivianite has positively influenced grain production 

by pod. 

 

Grain weight: The grain weight in different treatments ranges 

between 0.295 and 0.335g. Grains from T0, T2 and T3 treatments 

are similar and display highest weight while those from T1 

display the lowest number (table-3). It appears that T1 which has 

a higher number of matured pods recorded a lower grain weight. 

 

Yield per hectare: The maximum number of matured pods in a 

plant and the maximum number of grains by pods are observed 

in soils amended with vivianite (table-4). Among the main 

treatments it appears that the addition of vivianite during 

seeding provides a number of beans yielding significantly higher 

than the two other treatments (table-4).  

 

Statistical analyses: Pearson’s correlation result is presented in 

table-5. The Pearson matrix shows significant relationships 

between NP and NF (0.943), Y and NG (0.841).There is also a 

significant relationship between LA and LW (0.967). The others 

correlations are not significant: Y and NP (-0.526), Y and WS 

(0.592), NG and NP (-0.422), Y and NF (-0.219). 

 

Table-4 

Average yield of beans and seeds per hectare 

Treatments 
Average 

number of 

grain/pods 

Average 
weight of 

grain 

Yields 
Ton/ha 

T0 13.86 0.330 2.744 

T1 16.10 0.295 2.849 

T2 14.46 0.335 2.906 

T3 17.40 0.335 3.497 

 

Discussion: Geochemical composition of vivianite from 
Hangloa: Vivianite is an oxide of iron and phosphate; its 

formula is Fe2
3+

 (PO4)28H2O and it crystallizes in the monoclinic 

system
8
. The high content of silica and alumina of the analyzed 

samples may be due to contamination by clay materials. The 

studied vivianite contains some Mn (2.6% MnO), Mg (1.9% 

MgO), Ca (0.1% SiO2) implying that there is a substitution of 

iron by Mn, Mg and Ca
8
. The phosphorus contents in vivianite 

are much higher than those generally obtained in granites and 

basalts (P2O5<1%) in the region of Ngaoundere
11-13

. The high 

concentration of phosphorus in the vivianite suggests that this 

mineral can be used for soil improvement fertility provided that 

the phosphorus can be released from the crystal lattice and 

dissolved in the soil as many phosphate rocks and minerals
3,4,6,7

. 

The variation of oxide contents found in the analyzed samples 

suggests the mobility capacity of those oxides. Their mobility is 

induced generally by alteration of the mineral in contact with air 

and water which promotes the release of some elements or their 

substitution by other elements. 

 

Table-5 
Pearson’s matrix showing linear correlation between the beans growth and yield parameters 

Parameters ST NL LW LL NR LA RL NF NP NG WG Y 

ST 1  -  -  -  -  -  -  -  -  -  -  - 

NL 0.797 1 - - - - - - - - - 

LW 0.824 0.732 1 - - - - - - - - - 

LL -0.086 0.416 0.356 1 - - - - - - - - 

NR 0.362 0.637 -0.035 -0.001 1 - - - - - - - 

LA 0.698 0.756 0.967 0.581 -0.021 1 - - - - - - 

RL -0.915 -0.969 -0.765 -0.199 -0.611 -0.726 1 - - - - - 

NF 0.670 0.188 0.220 -0.796 0.257 -0.022 -0.419 1 - - - - 

NP 0.752 0.213 0.457 -0.668 0.013 0.217 -0.445 0.943 1 - - - 

NG 0.188 0.170 -0.384 -0.569 0.806 -0.481 -0.253 0.570 0.268 1 - - 

WG -0.685 -0.110 -0.426 0.691 0.104 -0.183 0.347 -0.915 -0.993 -0.192 1 - 

Y -0.205 0.093 -0.604 -0.162 0.816 -0.562 -0.042 0.034 -0.294 0.841 0.370 1 
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Values in Bold character are significantly correlated at the level 

of 0.08%; NL: Number of Leaves; LW: Leaf width; LA: leaf 

area; SL: stem length; LL: Leaf length; RL: root length; NR: 

number of root ramifications; NF: number of flowers; NG: 

Number of grain; NP: number of pods at maturity; GW: Grain 

weight; Y: Yield.  

 

Dissolution of phosphorus in vivianite: The blue color 

obtained after determination of orthophosphate in the extraction 

solution of formic acid is indicative of the presence of 

phosphorus
3,4,14-17

. The phosphate ions react with acidic 

ammonium molybdate to form a complex phosphor molybdic 

which displays a blue color after reduction by ascorbic acid. It 

appears afterwards that formic acid can induce the release of 

phosphorus contained in the vivianite
1,3,4

. Therefore, the roots of 

plants (such Phaseolus vulgaris) which have the ability to 

secrete enzymes such as phosphate organic acids (citric acid, 

formic acid) can then promote the dissolution of 

phosphorus
17,18,19,20

. Vivianite spread on the soil can increase 

soil nutrients following the phosphorus organic secretions of 

enzymes by microorganisms or roots of some plants. 

 

Fertilizing effect of vivianite on the growth and yield of 
beans on oxisoil from Ngaoundere: Results of growth 

parameters have revealed that Phaseolus vulgaris has shown a 

good response to the addition of vivianite. However when 

considering the ratio root / stem. It appears that plants that have 

not received vivianite show an important RL/SL ratio (table-6). 

This result is similar to that obtained by
17 

who stated that plants 

respond to the lack of phosphorus by the growing of root / shoot 

ratio.  

 

Table-6 

Ratio Root / Stem 

Treatments T0 T1 T2 T3 

Root length (RL)/Stem 

Length (SL) 
1.413 0.715 0.745 1.081 

 
This author further states that treatments with high root / shoot 

ratio values have a large phosphorus demand. The results 

obtained in the present study show that bean have developed 

more roots in amended soils with vivianite than in the control 

soil. The consequence is that a more ramification of roots allows 

the plant to uptake more nutriments and therefore phosphorus. 

The addition of vivianite does not influence the length of the 

stem but allows the roots to have more branching. 

 

The effect of the use of vivianite as fertilizer appears clearly at 

the end of the monitoring: the yield of bean in the soil amended 

with vivianite is higher than in the control. This result is similar 

to those of several authors
21,22

 which confirm that phosphorus 

contributes to increase the efficiency of plants and weight of 

grains. In addition they noted that the addition of fertilizer at 

planting provides a good yield of plants which is consistent with 

the results obtained in the present study with T1 and 

T2treatments. There is a relationship between grain weight and 

the uptake of phosphorus by the plant
17

: heavier are the grains 

more phosphorous are uptake. This result is consistent with the 

one obtained in the present study with T3 treatment which 

displays heavy grains than other treatments. Thus to obtain a 

great efficiency in grain weight without considering other 

factors such as number of grains it is advice to bring vivianite 

during the flowering stage as suggest by many authors
23.24.25

. 

This result indicated clearly that the best period to use vivianite 

as fertilizers correspond at period of intense absorption of plant 

(flowering). 

 

Overall, the use of vivianite as fertilizer greatly impacts the 

growth and the yield of bean. This is due to an important 

phosphorus uptake by plant test. In general, the bean crop has 

responded positively to the contribution of vivianite by 

improving the parameters of growth and yield. 

 

Conclusion 

This study aimed to assess the fertilizing effect of vivianite on 

the growth and yield of beans on the oxisoils from Ngaoundere. 

The work has resulted in the following main results: vivianite 

from Hangloa contains a very high amount of phosphorus oxide 

which can be greatly released from its crystal lattice and be 

dissolved in the soil and be available for plant nutrition. The 

growth and yield of beans have responded positively to the 

contribution of vivianite as a source of phosphorus. In fact, an 

increase of ramifications of stem, densification and extension of 

leaves, development of root system along with an increase of 

bean yield is observed in amended soils. The germination and 

flowering stages are the best periods for amendment of oxisoil 

with vivianite. The overall results indicate that vivianite from 

Hangloa located in a sedimentary basin can be used as natural 

phosphate fertilizer alternative to chemical fertilizers commonly 

used. 
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