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Abstract

The present work was carried out in the irrigated farm field of the city of Bongor in Chad. The main
objective was to study the contribution of the organic fertilizers such as Phosphate-Solubilizing
Microorganisms (MSP), Arbuscular Mycorrhizal Fungi (CMA), Dried Cow Dung (BV) and vivianite (V) rock
powder on the growth, development and yield of a local rice (Oryza sativa L.) variety named SAHEL. The
test was carried out from September to December 2020 on a plot of 104.94 m2. The experimental design
was a complete randomized blocks consisting of 3 blocks and eight treatments (5g of CMA, 1 ml of
inoculum from each of the three types of MSP (CHK1, D, RSB7), 500g of cow dung compost, 20g of
vivianite and the NPK fertilizer as the positive control). The uninoculated plants served as negative control
(T-). Each treatment was repeated three times. The results indicate that the rice plants showed good
development and better productivity for plants under the organic amendments as compared to the
negative control plants. It emerges from this study that the treatment based on cow dung (BV) increases
the recovery rate of rice plants by 16.91%, the plant height by 5%, the number of fertile tillers by 31% and
the yields of about 76.12% relative to the negative control. As compared to the negative control, the
positive control (T+) treatment improves the height of the rice plants approximately by 9.76%, the number
of tillers by 88.79% and the number of flowering tillers by 51%. The vivianite treatment as compared to
the negative control increases the number of fertile tillers by 44.65%, the number of filled kernels by
34.36% and the yields of the order of 91.44%. Improved yields about 68.46% was observed under the
CMA treatment. Fertilizers based on mycorrhizal fungi, dried cow dung, vivianite would provide important
benefits to the rice plants and can be recommended to farmers in Bongor for improving rice productivity.

Keywords: phosphate-solubilizing microorganisms, arbuscular mycorrhizal fungi, vivianite, organic
fertilizers, yields

Introduction

Erosion and loss of fertility of cultivated soils account among the major challenges usually
encountered when trying to solve some problems related to the decrease of crop yields and food
insecurity [9]. Rice (Oryza sativa L.) is ranked second after maize as the most cultivated and consumed
cereal crop in the world [12]. Rice production in sub-Saharan Africa has increased nearly by 17.9%
between 1970 and 2000 but this increment remains less than the expected rate needed to satisfy the
consumption demand [4]. For instance, in 2019, Africa has imported approximately 18.5 million tons of
rice [5], meaning that the production deficits that need to find the way to cover remain huge.

In Chad, agriculture remains the main economic activity not only due to the high percentage of
active people working in this sector, but also when considering its roles in feeding the population,
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generating their income and its contribution to the global economic revenue [1]. It is estimated that 60% of
the labour force comprising many women livings in the rural area in Chad worked in agriculture and from
which they obtained most of their means for subsistence. This means that agriculture contributes to more
than 50% to the country Gross Domestic Product (GDP).

During the period from 1980 to 2000, the main agricultural production systems have undergone
diverse mutations notably the high progression of the production rate. This progression rate of
productivity was recorded for most of the cultivated crops and was mainly driven by the high demands
expressed by many local markets in the urban areas. Although the agricultural sector in Chad has many
assets that may help this sector to play key role for the development of the country, it also faced many
constraints that limit or slow down its expansion [6]. Among the constraints, one can note the spatio-
temporal and inter-annual variabilities of rainfall, the disparity of soils fertility, the insufficiency of public
politics towards the development of agricultural sector as well as the insufficiency of adaptation strategies
to alleviate the effects of climate changes without neglecting the over-exploitation of the current cultivated
lands. Considering these constraints alongside the recent population increase, these factors limit
significantly the production of many crops of strategic importance such as rice when taking into account
the percentage of the people who rely on this crop. Nowadays, rice productivity in Chad is particularly
challenged on one hand by the problem of soils impoverishment and on the other hand by the problem of
weeds [8] in most production areas. In a report of the Chadian Institute of agricultural research for
development (generally known with its French acronym ITRAD), the intrinsic weakness of the savannah
ecosystems in Africa is aggravated by the practice of inappropriate cultural techniques often
characterized by the absence of organic or mineral turnover, leading to a rapid depletion of soil fertility.

Nowadays, due to the issues of food (nutritional) quality and environmental preservation,
consumers are giving preference to agricultural products obtained through the cultural practices judged
safe, thus, pushing farmers to consider the safe production methods known as environmentally friendly
ways [7]. These methods, notably, rely on the practices having not or fewer risks for consumers and as
well as on the production areas. Hence, the use of organic (biological) fertilizers such microorganisms
with beneficial effects to plant and rock powder as mineral nutrients source is more and more valued in
the cultural programs focusing on the environmental protection meanwhile targeting the production
improvement [18, 14]. Many experiments conducted in the past decades suggested that the use of
microorganisms, mycorrhizal fungi or other biological fertilizers resulted in a rapid development of plants
and the improvement of yields [3, 19, 15, 14]. Many researchers suggested that the inoculation of rice
plants by fungi and the plant growth-promoting rhizobacteria (PGPR) whether with ability to fix nitrogen or
not can contribute significantly to improve plant height, biomass and grain yields [3]. In Chad, the region
of Mayo Kebbi East is an important zone for rice cultivation but following a pilot investigation, to the best
of our knowledge, we noted that no scientific studies were conducted in the area to analyse the
contribution of the use of microorganisms and other biological fertilizers on rice cultivation. Therefore, it
was hecessary to conduct an experiment on the use of this kind of fertilizers in this zone. The objective of
the work was to study the contribution (effects) of biological fertilizers on the growth and yields of rice in
the region of Mayo Kebbi East. Specifically, the study aims to analyse the contribution of microorganisms,
organic fertilizers and vivianite rock powders on some growth and yields parameters of rice.

Materials and methods

Presentation of the zone of study

The region of Mayo-Kebbi East is one of the 23 regions in Chad. It has for capital city Bongor
(figure 1). The city of Bongor has the following geographical details (information): 10° 28 latitude and 15°
37 longitudes. The climate is typically the Sahelian characterized by a long period of dry season (about
eight months) and a rainy season of approximately four months. In this area, the annual rainfalls vary
between 600 and 900 mm [6]. Considering different directions around the city, the southern, western and
north-western parts sometimes experienced floods while the eastern and the north-eastern parts do not.
In the flooded lands, rice cultivation is frequent whereas in the non-flooded parts, maize, groundnut,
sesame, millet etc. are the most cultivated crops. The present study was conducted in the flooded parts
from early September to the end of December 2020.
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Figure 1. Presentation of the site of the study (After Goutaine et al. [en
a) Map of Africa presenting Chad b) Map of Chad ¢) Map of Mayo-kebbi East (site of study)

Material and Method

Plant material. The plant material used in this study was the coated grains of a local rice variety
named SAHEL (figure 2). This variety belongs to the group of Paddy rice and was provided by ITRAD,

Bongor branch. SAHEL variety is very appreciated by the local rice producers in Chad and it is frequently
cultivated in the Mayo-Kebbi East region.

Mycorrhizal fungi. The Mycorrhizal fungi employed in the investigation were obtained from the
laboratory of soil of the centre of biotechnologies of the University of Yaoundé | (figure 3). This material is
composed of a mixture of soil, sand, and root fragments of plants harbouring the spores of the fungal of
the genus Glomus and Gigaspora. The estimated concentration was about 20 spores/g of the mixture.

Figure 3. Mycorrhizal fungi
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Vivianite. The rock powder used during the investigation was sampled in the locality of Hangloa,
situated about 23 Km away from the city of Ngaoundéré in Cameroon (figure 4). This type of rock has a
mix chemical composition estimated about 68 .72% of Fe20s; 9.17% of P20s; 7.72% of Alz20s and 9.67%
of SiO2. Thus, this rock content about 671.50 mg/kg of non-assimilated phosphorus and about 81.13
mg/Kg of assimilated phosphorus [24].

Figure 4. Grinded vivianite rock

Cattle dung. Figure 5 presents a sample of the cattle dung collected in a cattle farm. It is a source
of many nutrients such as nitrogen, phosphate, potassium chloride, sodium chloride etc [13].

Figure 5. Dried cattle dung

Preparation of the site of study and experimental design

The site of study was firstly cleaned up by removing weeds and then the soil was ploughed about
25 cm depth.

Soil samples were collected across the area and were used to prepare the nursery. The sampling
was done within four distinct squares of 100 m? each. For the samples to be representative of the
experimental site; sampling was done following different directions along the sides and the diagonals of a
square and 25 sampling digs (five per sides, diagonals and the rest on the lines joining the middles of two
parallel sides) were obtained within each square. The digging depth was about 25 Cm and the collected
soil samples were mixed before filling the medium size plastic pots of 2 kg capacity. After filling, each pot
had additionally received 5 g of mycorrhizal fungi and 1 mL of aqueous solution resulted by dissolving
inoculums of Phosphate Solubilizing Microorganisms (MSP). Each pot was used as nursery in which five
rice seeds were sown and was frequently watered until they germinated and developed seedlings.

For the experiment, the plot sizes were 15.60 m length and 6.6 m width covering an area of
102.96 m2. This plot was divided into three blocks and each block had eight experimental units of equal
size (1.2 m x 0.9 m). The blocks were 1.5 m away from each other and within a block the experimental
units were separated by a distance of 1.20 m. Thus, the design was a completely randomized blocks with
eight treatments and each treatment was repeated three times. The experimental units were subjected to
equal treatment conditions. The followings were the different treatments taken into consideration:
Phosphate Solubilizing Microorganisms [Check (CHK), type D, type RSB7]; Arbuscular Mycorrhizal fungi
(CMA); Natural Mineral Fertilizer (vivianite powder); Organic Fertilizer (cattle dung); Chemical NPK
Fertilizer (positive control) and Negative control (without any fertilization).

Data collection and statistical analyses

Seedlings were transplanted from the nursery to the experimental plot. Two weeks after
transplantation, we counted the number of plants recovered. The growth parameters (plant height,
number of tillers per plant and biomass) were taken every fourteen (14) days and this started two weeks
after counting the plant recovery rate. For these data, 10 plants selected randomly per experimental unit
were considered, given a total of 30 plants per treatment (three replications). Considering the yields
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parameters (number of flowered tillers, number of grains per panicle, 1000-grains weight and estimated
yields per hectare were considered. The collected data were subjected to statistical analyses using
Statgraphic version 5.0. Duncan test was used to compare the treatment means.

Results and Discussion

Effects of the fertilizer on the number of plants recovered

After the transplantation of the rice seedlings to the different experimental units, we counted the
number of plants recovered and the results are presented in figure 6. We noted that the plants on the
experimental units treated with the phosphate-solubilizing microorganisms (MSP) that has three distinct
types (CHK1, D and RSB7) give as means of plant recovered 29.00 £ 1%, 27.33 £ 0.57 % and 28.00 £
1.73% for CHK1, type D and RSB7, respectively. With the treatment based on the Arbuscular Mycorrhizal
Fungi (CMA), we obtained 28.33 + 1.52%. Experimental units where vivianite powder and the cattle dung
were applied gave the same number of plants recovered, that was 30.00 £ 0.00%. For plants located on
the positive control units where the chemical NPK fertilizer was applied, we obtained 26 + 2.10% as rate
of plant recovered while for the negative control experimental units (without any treatment), the rate was
25.66 + 1.52%. The rate of plant recovery from the negative control was the lowest as compared to the
other treatments (figure 6). Means comparison revealed that the means of the other treatments were
significantly different (p < 0.05) from the mean of the negative control except for the one given by the
positive control that do not differ from the mean of the negative control.
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Figure 6. Rate of plants recovery after rice seedlings transplantation
TCHKZ; TD and TRSB?7 stand for the types of phosphate-solubilizing microorganisms; TCMA for
treatment based on Arbuscular Mycorrhizal Fungi; T-: Negative control treatment; T+: positive control
treatment; TBv: Cattle dung treatment; Tv: Vivianite powder treatment

Effects of treatments on plant height

The data collected on plant height exhibited much variation depending on the treatments (Fig. 7).
Overall, the plants presented a continued growing trend from the date of transplantation till about 70 days
after regardless of the kind of treatment. We noted that at 14 days after transplantation (JAT), the
average plant height was about 10 Cm for most of the treatments. However, the plants located on the
experimental units where the cattle dung and the vivianite powder were applied had an average plant
height about 15 Cm at 14 JAT. At 28 JAT, the mean plant height of five treatments (CHK1, CMA, D,
RSB7 and T-) was almost the same with a numerical value about 20 Cm. At this date (28 JAT),
treatments based on the chemical NPK fertilizer, cattle dung and vivianite powder presented the greater
value of average plant height. What was remarkable at 28 JAT was the rapid growing trend of plants
located where the NPK chemical fertilizer was applied because they were about 10 Cm tall at 14 JAT but
became taller than the average height of any other treatment. At 40 JAT, the growing trend remained
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comparable to 28 JAT. The following treatments: CHK1, CMA, D, RSB7 and T- had once again an
average mean height almost equal with more or less 2 Cm difference for CMA and T-, respectively. T+,
cattle dung and vivianite powder presented the better average height at 40 JAT with a difference of 3 Cm
more for T+ as compared to the average obtained for the cattle dung and vivianite powder.

At 70 JAT, the growing trend slowed down. At this time, the average mean height was about 50
Cm except for plants situated on the experimental units that served as negative control in which no any
kind of fertilizer was supplemented. For negative control, the mean height was 49 Cm. As compared to
the previous dates (28 and 40 JAT), plants on the units supplemented with the chemical fertilizer
exhibited the highest mean height (54 Cm) at 70 JAT followed by the average mean height for plants
located on the units treated by the cattle dung and the vivianite powder in which the average height was
52 Cm. With the other treatments, the average plant heights were comprised between 50 and 51 Cm.
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Figure 7. Chronological evolution trend of the average plant height of the different treatments
CHK1; D and RSB7 stand for the types of phosphate-solubilizing microorganisms; CMA for Arbuscular
Mycorrhizal Fungi; T-: Negative control treatment; T+: positive control treatment; Thv: Cattle dung
treatment; Tv: Vivianite powder treatment; JAT stands for days after transplantation.

Effects of treatments on the number of tillers per plant

The average numbers of tillers per plant as obtained for each treatment are presented in figure 8.
We noted that at 14 JAT (days after transplantation), the average number of tillers for all treatments was
about five (05) except for the cattle dung and the vivianite rock powder that was nine (09) and seven (07),
respectively. At 28 JAT, the experimental units amended by the cattle dung and the vivianite rock powder
still present a high average number of tillers as compared to others treatments except for the
experimental units treated with the chemical NPK fertilizer (T+) that in contrast to 14 JAT, has recorded
the higher average number of tillers than any other treatments. At 42 JAT and 70 JAT, the average
number of tillers has kept the same evolution trends as the one observed at 28 JAT that is T+ presented
the highest average number of tillers followed by the treatment consisting of the cattle dung and the
vivianite rock powder. Overall, the lower average number of tillers at different dates after transplantation
was recorded for the experimental units which had not received any treatment (negative control).
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Figure 1. Average number of tillers per plant per treatment at different dates after transplantation
(JAT)
CHKZ1; D; RSB7 are types of MSP (phosphate-solubilizing microorganisms); CMA: arbuscular mycorrhizal
fungi; T-: negative treatment; T+: positive treatment; TBv: cattle dung treatment; Tv: vivianite rock powder
treatment.

Effects of treatments on the number of flowered tillers per plant

In plant, flowering is an important characteristic that impacts the fertilization and thus influence
the productivity which remains an important agronomic parameter targeted by many studies. Hence, it
was necessary to determine the number of flowered tillers per treatment. The data were collected at the
flowering time and are presented in table 1. From this table, it can be noted that three (03) treatments
(CHK1, D and RSB7) have given almost the same average number of flowered tillers (21) and thus, no
any significant difference was detected among these treatments. Considering the experimental units
treated by the arbuscular mycorrhizal fungi (CMA) and the cattle dung (BV), these two treatments did not
reveal any significant difference from each other with regard to the number of flowered tillers but both
presented a better result (25.4 + 3.8 and 26.2 + 3, respectively) as compared to the three previously
mentioned treatments (CHK1, D and RSB7). The best results regarding the average number of flowered
tillers were obtained from the experimental units treated by the vivianite rock powder (28 + 3) and the
NPK chemical fertilizer (30 = 5.7), respectively, with the result of the later treatment been significantly
different from the result of the former. Finally, as in most cases of the data collected on different
parameters, the average number of flowered tillers was lower (20 + 2.8) for the units that served as
negative control.

Table 1. Average number of flowered tillers per treatment

Treatments Average mean of fertile tillers
CHK1 21,56 = 3,4b

CMA 25,4 + 3,81c

D 21,53 = 6,69b

RSB7 21,8+ 3,27b

T- 20 + 2,76a

T+ 30,26 + 5,68d

BV 26,2 +2,97c

\Y 28 + 3,36d
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CHK1; D; RSB7 (types of phosphate-solubilizing microorganisms - MSP); CMA: treatment based on
arbuscular mycorrhizal fungi; T-: negative treatment; T+: positive treatment; BV: cattle dung treatment; V:
vivianite rock powder treatment.

Effects of treatments on the number of filled grains per panicle

The data concerning the number of filled grains per panicle per treatment were also collected
(table 2). The table revealed that the experimental units that served as negative control (T-) and those
treated by the chemical NPK fertilizer (T+) gave the lower average filled grains per panicle, that were 77 +
8 and 80 = 4, respectively, and there was no any significant different between the two treatments as well.
Further, five (05) other treatments have gave an average number of filled grains per panicle between 93
and 99 but yet without any detected significant difference between these treatments. In contrast, these
five treatments differed significantly from T- and T+ regarding the average number of filled grains per
panicle.

The experimental units amended by the vivianite rock powder gave the highest average number
of filled grains per panicle (104 £ 6) and was the best treatment for this parameter. The other treatment
that gave a high average value was the cattle dung with 99 + 3 as average value of filled grains per
panicle. Thus, the vivianite rock powder and the cattle dung treatments can be considered as the best
treatments regarding the average number of filled grains per panicle and they were not significantly
different from each other.

Table 2. Average number of filled grains per panicle per treatment

Treatments Average number of filled grains
CHK1 93,8+ 7,19b

CMA 96,6 + 3,64b

D 95,4+ 7,53b

RSB7 95 + 5,33b

T- 77,4 +8,87a

T+ 80,4 + 4,21a

BV 99,2 + 2,86bc

V 104 + 6,40c

CHK1; D and RSB7 stand for types of phosphate-solubilizing microorganisms (MSP); CMA: arbuscular
mycorrhizal fungi treatment; T-: negative treatment; T+: positive treatment; BV: cattle dung treatment; V:
vivianite rock powder treatment.

Effects of treatments on the weight of dried 1000-grains

Generally, the productivity is measured in ton meaning that the weight of the grains plays
important role when assessing this agronomic parameter. Thus, it was necessary to evaluate the average
weight of 1000-grains under each treatment.

Table 3 presents the results of average 1000-grains weight per treatment. From this table, we
noted that there was not a significant difference between the average 1000-grains weight of the following
three treatments: CHK1, D and T-. Under CHK1 treatment, the value was 45.6 + 0.5 g while those of D
and T- were 46.66 + 0.49 g and 46.83 £ 0.28 g, respectively.

The treatments based on the arbuscular mycorrhizal fungi, the vivianite rock powder and the NPK
chemical fertilizer gave the average 1000-weight values around 47 and 49 g. These values were not
significantly different among them but differ significantly from those obtained under CHK1, D and T-
treatments. Among all the considered experimental conditions, the highest average 1000-weight values
were obtained under RSB7 and cattle dung treatments. With these two treatments, the average values
were around 50 g, suggesting that the two treatments contributed more to the grains weight although their
average weight values were not significantly different from the one obtained under T+ treatment (49.76 +
0.32 g).
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Table 3. Average 1000-grains weight (in gram) per treatment

Treatments Average weight (g)
CHK1 45,6+0,52a

CMA 47,26+0,55b

D 46,66+0,49a

RSB7 50,66+1,85c

T- 46,83+0,28a

T+ 49,76x0,32bc

BV 50,93+0,6¢

\Y 47,56+1,40b

CHKZ1; D; RSB7; (types of phosphate-solubilizing microorganisms - MSP); CMA: arbuscular mycorrhizal
fungi; T-: negative treatment; T+: positive treatment; BV: cattle dung treatment; V: vivianite rock powder
treatment.

Effects of treatments on the total rice biomass

Often, research that investigate the agronomic potentials either for some given genotypes or the
improvement of cultural practices evaluated the total biomass production. Hence, in this study, we have
taken into consideration this parameter when collecting the data. Table 4 presents the total biomass
produced under each experimental condition. The data showed that the lower average biomass
production was obtained under the negative treatment (1.93 £ 0.9 g). Treatments such as CHK1, D and
RSB7 had each gave an average bhiomass around 2.4 g while experimental units under the cattle dung,
the vivianite rock powder and the arbuscular mycorrhizal fungi treatments produced each an average
biomass around 2.6 to 2.9 g. It should be noted that the average biomass under these three treatments
were not significantly different from each other and do not also differ from the average value obtained
under the negative treatment (T-). The unique experimental condition that produced an average value of
biomass different from other conditions was the positive treatment (NPK fertilization) that produced an
average biomass of 3 g. The average value of this treatment was the only one that differs significantly
from the values obtained from the rest of the treatments.

Table 4. Total biomass under different experimental conditions

Treatments Average biomass (g)
CHK1 2,33 +1,20ab

CMA 2,93 + 0,92ab

D 2,40 + 0,96ab

RSB7 2,46 + 0,35ab

T- 1,93+0,87a

T+ 3,53 +0,60c

BV 2,63 + 0,66ab

\Y 2,83 + 0,32ab

CHK1; D; RSB7; MSP (types of phosphate-solubilizing microorganisms); CMA: arbuscular mycorrhizal
fungi; T-: negative treatment; T+: positive treatment; BV: cattle dung treatment; V: vivianite rock powder
treatment.

Effects of treatments on the yields per hectare

Some agronomic parameters such as the average number of grains per panicle per treatment
and the average weight of 1000-grains can influence the yields per hectare under different experimental
conditions. Thus, the data in table 5 were the estimate of the yields per hectare from each experimental
treatment. Based on the data, we noted that the estimated yields per hectare for the negative control (T-)
was 2.22 + 0.12 t. hal. This value was the lowest as compared to the results obtained from other
treatments. Treatments consisting of CHK1 and RSB7 gave almost equal results. These were 2.85 + 0.11
t ha'l and 2.84 + 0.06 t ha! for CHK1 and RSB7, respectively. Similarly, the results obtained from the
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treatments D (3.11 £ 0.1 t ha'') and T+ (3.33 £ 0.05 t ha'') were close and do not differ from each other.
Additionally, the treatments based on the arbuscular mycorrhizal fungi (CMA) on one hand and the cattle
dung (BV) on the other hand had the estimate yields values nearest from one another. These values were
3.74 + 0,14 t ha' for the arbuscular mycorrhizal fungi and 3.75 £ 0. 21 t ha! for the cattle dung and were
not statistically different. However, these two treatments differ significantly from the results obtained under
treatments D and T+ which in turn also differ from the estimate yields data obtained from the treatments
CHK1 and RSB7. It should be noted that the treatment that gave the highest estimate for the yields was
the treatment based on the vivianite rock powder (V). Under this experimental condition, the estimated
yields was about 4.25 + 0.11 t ha™™.

Table 5: Estimated yields per hectare under each experimental treatment

Treatments Average yields (t ha)
CHK1 2,85+0,11b

CMA 3,74 £0,14d

D 3,11 £ 0,10bc

RSB7 2,84 £ 0,06b

T- 2,22 +0,12a

T+ 3,33 + 0,05c

BV 3,75+0,21d

\% 4,25 +0,1¢

CHKZ1; D; RSB7 (Types of phosphate-solubilizing microorganisms - MSP); CMA: arbuscular mycorrhizal
fungi; T-: negative treatment; T+: positive treatment; BV: cattle dung treatment; V: vivianite rock powder
treatment.

Rice is a cereal crop largely cultivated and consumed around the world. It plays an important role
for the global food security and is termed in many countries as a crop of mass consumption. In Africa in
general, and in Chad particularly, annual rice production is largely below the demands and this situation
leads the government to authorize a huge quantity of rice importation. The consequence of the production
deficit is that many countries are exposed to food insecurity. To reduce the dependence of these
countries to rice importation, studies on the improvement of rice productivity at the national levels are
nowadays endorsed. In this way, efforts to valorise the utilization of local products in agriculture in order
to reduce the employment of chemical fertilizers in order to preserve the environment are welcomed.
Therefore, studies such as this, devoted to the utilization of bio-fertilizers in rice cultivation for yields
improvement in the region of Mayo-kebbi East (Bongor, Chad) seems important. To study the effects of
bio-fertilizers on the improvement of rice yields, eight (08) treatments including a negative control (without
any fertilization) and a positive control (NPK fertilization) were used. These treatments permitted the
monitoring of several parameters such as the rate of seedlings recovery after transplantation, plant
height, number of tillers per plant, number of flowered tillers, average number of grains per panicle,
average weight of 1000-grains, estimated yields per hectare and the total biomass. For all these
parameters, the experimental units treated by the bio-fertilizers gave the satisfactory results that were in
certain cases better than the results obtained from the positive control experimental units.

Considering the rate of recovery after transplantation, all the experimental units treated with the
bio-fertilizers (CHK1, CMA, RSB7, BV and V) have recorded a recovery rate fairly better than the results
obtained from the positive (T+) and the negative (T-) controls. The treatments consisting of the cattle
dung and the vivianite rock powder gave the better results as compared to CHK1, CMA and RSB7
treatments which in turn gave the results that were significantly different from those obtained from T- and
T+. In fact, the cattle dung and the vivianite are rich in phosphorus which is released progressively by
these materials and might have favoured a rapid fixation by the roots and thus, permitting a resumption of
plant development leading to the high rate of plant recovery. These results are in accordance with those
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obtained by Babana and Antoun [2] who analysed the effects of rock phosphate in the presence of
phosphate-solubilizing microorganisms (MSP) on wheat. The high percentage of rice plants recovery
when treated by compost derived from the cattle dung was also in accordance with the finding of Kitabala
et al. [11] who reported that the organic manure improved the recovery of tomato plants with the rate of
93.8 to 100% as compared to the control plants. Similar results were also obtained by Megueni et al. [16]
who found that the recovery rate of carrots was improved after using compost derived from the poultry
litter. These results can be explained by the fact that vivianite rock powder and the cattle dung may not
have the negative effects on the capacity of seeds germination. These results indicate that the growth
parameters of rice were positively affected by the vivianite rock powder and the cattle dung.

Regarding the plant height, we noted that the treatment consisting of vivianite rock powder and
the cattle dung permitted a rapid elongation during the first fourteen (14) days after transplantation (JAT).
After 14 days post transplantation, the action of the NPK fertilizer on the evolution of plant height became
more remarkable surpassing the height of plants located on the experimental units treated with the
vivianite rock powder and the cattle dung which in turn remain better that the height of plants in other
experimental units. This rapid growth favoured by the NPK fertilizer might be attributed to the combined
action of NPK elements found in the chemical fertilizer which are directly assimilated by the plants. These
elements are also supposed to be release by the powder of vivianite rock and the cattle dung and might
have contributed to ameliorate the soil properties in nutrient elements and thus favoured a good
development of rice plants. These results are in accordance with those obtained by Nkouathio et al. [20],
Megueni et al. [15], Yaya [23], Tchuenteu et al. [21], and Mufind et al. [17] who reported that the addition
of vivianite rock powder to the soil during the sowing period improved the plant growth vertically and
ameliorate the average number of flowered tillers in common bean. The improvement of plant height
could be due to the progressive released of nutrients in the soil.

The yields parameters such as the number of flowered tillers, the number of grains per panicle
and the yields per hectare were positively affected by four treatments that were vivianite, the arbuscular
mycorrhizal fungi (CMA), the phosphate-solubilizing microorganisms (MSP) and the cattle dung (BV).
Experimental units that received these treatments responded positively as compared to the negative
control units. This suggests that the availability of the nutrient in soil might have been improved by these
treatments and thus contributing to a better development of plants and therefore improving the yields
parameters. As compared to the negative control (T-), vivianite and the cattle dung contributed to an
improvement of the order of 1.34 and 1.27, respectively, giving approximately the rate of 34% and 28%.
These results are in accordance with those obtained by Megueni et al. [16], Tchuenteu et al. [22] and
Maimouna et al. [14] who noticed that the fertilizers from the organic or mineral origin such as the
vivianite, the phosphate-solubilizing microorganisms and the arbuscular mycorrhizal fungi improved the
productivity of common bean, peanut (groundnut) and soybean. These treatments contribute in
maintaining the soil fertility and thus sustaining the agricultural productivity. The improvement might be
related to the number of nutrient elements released in the soil. This demonstrates that the level of organic
matter in the soil remains an important factor for maintaining the soil fertility [10].

Conclusion

The objective of the work was to study the effects of the bio-fertilizers (organic and mineral) on
the productivity of rice (Oriza sativa) in the locality of Mayo-Kebbi East (Chad). During the study, plant
recovery and growth and the yields parameters were evaluated. The results indicated that the NPK
chemical fertilizer and the vivianite rock powder have favoured a good development of plant height and
the number of tillers per plant as compared to the negative control units where no any fertilizer was
applied. The treatment based on the phosphate-solubilizing microorganisms tested in the present work
seems to not have significantly influenced the growth and the yields parameters of the rice plants. Based
on the data obtained, the study suggested that the growth and the yields parameters were best when the
vivianite rock powder was employed. In contrast, the total biomass and the weight of 1000-grains were
better for the treatment consisting of the arbuscular mycorrhizal fungi. The estimated yields per hectare
for the vivianite and the cattle dung treatments were 0.91 and 0.73-fold higher than the one obtained from
the negative experimental units. The vivianite rock powder, the cattle dung and the arbuscular
mycorrhizal fungi appeared to be beneficial for the rice cultivation. Based on the results obtained from

59



JOURNAL of Horticulture, Forestry and Biotechnology
Volume 30(1), 2026, 49-61
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797
Online ISSN: 3045-1876

these three treatments, their employment for the improvement of rice yields is recommended as they can
favour sustainable agriculture. The vivianite rock powder may serve as alternative to the chemical
fertilizer for the rice cultivation.
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