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Abstract

This study was carried out to find out how dependent are two local rice
varieties (Magitolngar and Tox-728-1) to inoculation with selected endogenous
arbuscular mycorrhizal fungi (AMF) in a field where they were isolated. The
multi-indigenous endomycorrhiza spores previously isolated and identified
were the active ingredient in the production of bioinoculants used for this
purpose. Spores massively multiplied from the rhizosphere of each rice
variety in each of the four locally collected soils substrates were harvested to
constitute 08 AMF inoculants (Kema = T1; Lama = T2; Latox = T3; Ndjatox =
T4; Koloma = T5; Kolotox = T6; Ndjama = T7; Ketox = T8). These inoculants
were field tested on the two rice varieties at Kelo, under a complete randomized
block design, comprising 10 treatments (8 inoculants, 01 positive control =
T9, 01 negative control = T10), each of which was repeated thrice. The
analysis of data indicates that AMF-inoculated plants were taller, developed
more tillers/plant, and produced more rice grains/panicle than non-AMEF-
inoculated plants for both studied rice varieties. The rice variety Madjitolngar
yielded more grains (7.5 t/ha) than the Tox-728-1 variety (5.8 t/ha). Moreover,
inoculants Koloma (T1), Latox (T3) and Kolotox (T6) on the one hand,
Koloma (T1) and Ketox (T8) on the other hand, were best suited for the
improvement of growth and yield of the rice varieties Madjitolngar and
Tox-728-1 respectively, tested under field conditions at Kelo. In this study,
the two rice varieties have shown a dependency to endomycorrhizal symbiosis at
Kelo, and therefore, an industrial-scale production of efficient endomycorrhal
inoculants is necessary to sustainably boost the productivity of this important
crop in Chad.
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1. Introduction

Arbuscular mycorrhizal fungi (AMF) and plant roots-symbiosis can modify
plant-soil interactions and improve plant growth under soil stress conditions [1].
Among the changes likely to occur, an alteration in carbon production and in
the mineral composition of the host plants has been highlighted [2] [3]. Increas-
ing the concentrations of available minerals and reducing mineral toxicity in
plants under acidic environments could be achieved by the use of arbuscular
mycorrhizal fungi (AMF) [4] [5] [6] [7]. Such beneficial effects of AMF have
been particularly attributed to the increased surface of root absorption beyond
the normal zone of root absorption [8]. According to this mechanism, plants
absorb mineral elements that would not have been available to be uptaken by
plant roots [6]. Karagiannidis and Hadjisavva-Zinoviadi [9] have shown that
certain species of mycorrhiza can increase up to 11.6 folds the biomass of culti-
vated plants and 5.4 folds their yield in comparison to non-inoculated plants. In
addition, they positively affect environmental contaminants through their ability
to capture nutrients from the soil, causing a reduction in the use of chemical fer-
tilizers, while ensuring good yields [10] [11]. It would therefore be very benefi-
cial to promote this symbiosis in cereal crops, especially rice, which is one of the
most important crops in the world.

Rice is a cereal belonging to the poaceae or grass family, cultivated in tropical,
subtropical and warm temperate regions. Rice has been cultivated almost 10,000
years since the Neolithic Revolution [12], and is a fundamental element in the
diet of many African population and livestock. It is cultivated in various crop-
ping regimes: lowland rice, cultivated without flooding, which is distinguished
from flooded rice where water level is not controlled, and irrigated rice cultiva-
tion where water is controlled. According to Agrimonde [13], food needs for
population in Sub-Saharan Africa, and rice in particular, will be multiplied 4
folds by the year 2050. Ranked as second cereal after wheat based on the culti-
vated areas, rice is the most consumed cereal worldwide [14]. In Chad for in-
stance, the cultivated rice is white in color, and is consumed in several forms in-
cluding grains, or pasta with various soups alone and/or supplemented with tu-
bers or banana. Unfortunately, the local production of this crop remains weak
and does not cover the population demands in the country. In this context, the
Chadian government has undertaken several projects to develop and improve
the cultivation of this cereal in several regions, including Tandjile, Mayo Kebbi
and the two Logones. Among the measures taken into consideration, the provi-

sion of chemical fertilizers to rice growers at low prices occupies a place of
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choice, although they are still more expensive to the common farmer. Further-
more, the inappropriate use of chemical fertilizers is likely to cause serious food
and environmental pollution [15]. Considering these observations, an intensifi-
cation of agriculture based on agro-ecological principles that respect the envi-
ronment is increasingly recommended [16]. In this context, a strategy based on
the valorisation of arbuscular mycorrhizal fungi may be one of the appropriate
solutions. Several studies have demonstrated that the use of arbuscular mycorr-
hizal fungi as biofertilizer or microbiological inoculants in agriculture can give
spectacular results in the field, in particular the improvement of biomass pro-
duction and crop yields [17] [18]. Many studies have highlighted the interest of
indigenous strains in that they are adapted to the environment conditions, and
therefore, is able to establish adequate and appropriate symbiosis [19] [20]. A
previous research conducted in the Tandjile region-Chad has revealed the exis-
tence of more efficient indigenous AMF affiliated to local rice varietie than to
Nerica rice varieties [21]. Therefore, these indigenous strains associated with rice
rhizosphere in growing areas have recently been characterized [22], but their ef-
ficacity on the improvement of rice production has not yet been investigated.
The aim of this study was to assess the impact of endomycorrhizal inoculants
formulated from the above mentioned indogenous AMF on growth and yield
attributes of two local rice varieties (Madjitolngar and Tox-728-1) grown South-
Chad.

2. Materials and Methods
2.1. Description of the Study Site

The experimental field was located within a plain at Kelo plain in the south of
Chad in the Tandjilé region, whose coordinate is N0 9°18'50.7". The site is cha-
racterized by silty clay soils formed on recent alluviums. The climate is of the
Sudanese type, characterized by the alternation of a wet season (May-October)
and a dry season (November-April). The physico-chemical properties of the ex-

perimental soil are shown in Table 1.

2.2. Biological Materials

Rice seeds were the local rice of the Madjitolngar and Tox-728-1 varieties appre-
ciated by the local population. These are known as irrigated and lowland rice va-
rieties, with a short cycle extending at 90 days at maturity.

These seeds (Figure 1) were graceously provided by the Agricultural research
station in the Tandjilé region of Chad.

Table 1. Physico-chemical properties of the experimental soil site (kelo).

Carbon Organic Total Phosphorus  Potassium  C/N
Paramters . .
(%) matter (%) nitrogen (%) (mg/1) (mg/1) ratio
Elemental
0.098 0.170 5.03 1.19 0.22 2.8 0.082
contents
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Figure 1. Rice varieties used in this study: (a) Tox 728-1; (b) Madjitolngar.

AMEF spores were isolated from soils in four regions of Chad by Nadjilom et
al. [22], using the two above cited rice varieties as trapping plants. Endomycorr-
hizal inoculants were obtained by massive multiplication of the isolated spores
per rice variety and for each of the four soil sampling sites, using the modified
method as described by Brundrett [23].

Rice of the Madjitolngar and Tox-728-1 varieties were cultivated on substrates
made up of sand and sterile clay sampled at 1 m depth. Substrates were sterilized
at 120°C for 1 hour. After cooling, the substrates were distributed in 2 kg nur-
sery plastic pots, in which 150 - 200 spores of AMF were inoculated. Rice seeds
were coated with fungal spores of the same origin, and sown separately. For
AMEF spores associated with each rice variety and for each soil site, seeded pots
were established in order to optimize the multiplication of the different spores
types. Potted rice plants were watered with tap water up to maturity. The
amount of substrate used was relatively little enough to put the plants in condi-
tions of nutritional stress. This increases and accelerates the production of spore
in large quantities by the host plants [7]. At maturity, the substrates comprising
roots and mycorrhizal propagules were collected and dried in the shade at room
temperature for 5 days, then AMF spores of each rice variety per sampled soil
multiplied in triplicate test plants were mixed to form a composite inoculum.
Inoculants obtained were endomycorrhizal complexes including soil, spores, and
fragments of mycelium and roots. Spore density of these inoculants was eva-
luated after extraction according to the method of Gerdemann and Nicholson
[24]. This density was estimated at more than 10 spores/g of soil. In order to op-
timize the quality of mycorrhizal complex, efficient and ecologically adapted to
the sampling site conditions of the study area, 8 different inoculant receipts were
formulated (4 soil x 2 rice varieties as illustrated on Figure 2. These inoclude:
Kema (spores extracted from Kelo soil with the Madjitolngar variety); Ketox
(spores extracted from Kelo soil with the variety Tox-728-1); Ndjatox (spores
extracted from the soil of Ndjamena with the variety Tox-728-1); Ndjama
(spores extracted from the soil of Ndjamena with the variety Madjitolngar); Ko-
loma (spores extracted from Kolobo soil with the Madjitolngar variety); Kolotox
(spores extracted from the soil of Kolobo with the variety Tox-728-1); Lama
(spores extracted from Lai soil with the Madjitolngar variety); Latox (spores ex-
tracted from Lai soil with the variety Tox-728-1).
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(a)

(b)

Figure 2. Mycorrhizal inoculum specific to rice produced for field assay. (a) For the
Maditolngar variety (Ndjama = T7; Kema = T1; Lama = T2; Koloma = T5); (b) for
the variety Tox-728-1 (Ndjatox = T4; Ketox = T8; Latox = T3; Kolotox = T6).

2.3. Experimental Design, Treatments and Sowing

Each field trial (Madjitolngar and TOX 728-1) was laid out in a randomised
complete bloc design (Figure 3 and Figure 4), comprising 10 treatments made
up of the 8 inoculants treatments, a negative control (TN) and a positive control
(TP). The experimental unit was a rectangular surface area (2 X 3) m’, separated
1m apart. The experiment was repeated in 3 experimental blocks per rice variety.
Each of the experimental field was extended on (41 x 22) m* = 902 m? the two
being separated 5 m apart. Seeds were sown on elementary unit plots on 15
columns and 8 rows with 20 cm between and 25 cm within rows, for a total of
120 plants per unit plot.

At maturity, rice grains were harvested on 20 plants randomly selected per
elementary plot, e 60 plants per treatment and per variety. On these selected
plants, the number of panicles per plant and the number of grains per panicle
and per treatment were determined by manual counting. The panicle length ex-
pressed in cm on the same 20 plants per plot and per treatment was measured
using a double decameter. An ADAM PGW 153i electric scale (Max 150 g, sen-
sibility = 0.001 g) was used to weigh the mass of 1000 grains per plot and per
treatment, as well as for the total mass of grains per treatment. Knowing the
surface area of the experimental unit (902 m®) and the grain mass per treated
plot, the yield per hectare (10,000 m®) was estimated by extrapolation for each

rice variety and for each treatment [18].
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Figure 3. Determination of plant size at 60 days after sowing.

2.4. Statistical Analysis

Collected data were statistically analysed using the “statgraphics” program which
performs the Analysis of Variance (ANOVA) to determine if treatments have a
significant influence on the evaluated parameters. Duncan’s multiple compari-
son test was used to judge the difference between treatment at the indicated level

of significance. The Microsoft Excel program was used to plot graphs.

3. Results and Discussion

3.1. Variation in Growth Parameters between Treatments at 60
Days after Sowing

Figure 4 illustrates the on plant size responses of rice of the Madjitolngar and
Tox-728-1 varieties between treatments evaluated at 60 days after sowing.

For Madjitolngar variety, it appears that plant height differed from one treat-
ment to another, with those from treatment T4 being significantly (p < 0.0001)
taller (0.94 cm) than all the others. In contrast, plants from treatments T9 and
T10 were weaker (0.65 cm) and similar. Meanwhile, as for rice variety Tox-
728-1, plant height from treatment T1 (1.73 cm) was 2.65 folds significantly (p <
0.0001) greater than those of treatments T2 (0.64 cm), T3 (0.63 cm), T4 (0.64
cm) and T9 (0.65), 2 folds greater than those of treatments T8 (0.86 cm), T5
(0.82 cm), T10 (0.76 cm), and 1.9 folds greater than the height of plants raised
from treatments T6 (0.91 cm), T7 (0.91 cm). Concerning the tillering of the rice
variety Madjitolngar (Figure 5), plant from treatment T2 significantly (p < 0.0001)
developed more tillers (43), whereas the weakest number of tillers accounted for
treatments T10 or negative control (9) and T9 or positive control (14). For the
Tox728-1 variety, treatment T4 significantly (p < 0.0001) enhanced the number
of tillers emerging from a single plant (40), compared to those of treatments T1
(7) and T2 (9), although tillering was surprisingly improved for negative control
plants.

3.2. Influence of Treatments on Growth Parameters at 90 Days
after Sowing

The variation of the growth parameters of rice plants of the Madjitolngar and
Tox-728-1 was effective between the different treatments 90 days after sowing is
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displayed on Table 2, and that reveals that these parameters vary between
treatments. At 90 DAS the greatest plant height (1.27 cm) for the rice variety
Madjitolngar accounted for plants inoculated with spores isolated from Lai soil
under Madjitolngar rhizosphere (treatment T2), or under Tox-728-1 rhizos-
phere (Treatment T3) was significantly (p < 0.0001) more elevated than that of
the negative control plants (0.86 cm), represented by treatment T10.

Plant height (cm)
&

Magitolngar variety Treat " Tox-728-1 variety
reatments

Tl @T2 BT3 B3T4 BT5 A@T6 WT7 OT8 @TI OT10

Figure 4. Effects of treatments on plant height at 60 days after sowing on
rice varieties Madjitolngar and Tox-728-1.
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Figure 5. Effects of treatments on tillering at 60 days after sowing on rice varieties
Madjitolngar and Tox728-1. T1: Koloma (spores extracted from Kolobo soil with
the Madjitolngar variety); T2: Lama (spores extracted from Lai soil with the
Madjitolngar variety); T3: Latox (spores extracted from Lai soil with the variety
Tox728-1); T4: Ndjatox (spores extracted from the soil of Ndjamena with the variety
Tox728-1); T5: Kema (spores extracted from Kelo soil with the Madjitolngar
variety); T6: Kolotox (spores extracted from the soil of Kolobo with the variety
Tox728-1); T7: Ndjama (spores extracted from the soil of Ndjamena with the variety
Madjitolngar); T8: Ketox (spores extracted from Kelo soil with the variety Tox728-1);
T9: Positive Witness; T10: Negative control; P < 0.0001, F = 36.10, LSD: 0.95; ddl 9;
n: 60. For each rice variety, bars affected with the same letter are not significantly
different between treatments at the indicated level of probability.
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The number of tillers emerging from positive (T9) and negative (T10) control
plants was the same, and has increased from 9 at 60 DAS to 21 at 90 DAS, but
has remained significantly (p < 0.0001) weaker compared values from other
treatment such as treatments T3 with 41 tillers. Similarly, the highest plant
length and width were recorded from treatment T3 (37.66 cm and 1.16 cm) and
were significantly (p < 0.0001) more elevated than those from treatments T9
(29.09 cm) and T10 (0.83 cm).

For rice of the Tox-738-1 variety, a significant difference (p = 0.42) was ob-
served between treatments as far as the plant size is concerned (averagely 1.02
cm) at 90 days after sowing as shown on Table 2. In contrast, treatment T1 sig-
nificantly (p < 0.0001) developed more tillers (41) per plant than all the other
treatments such as T2 (25), T6 (27), T9 (25) and T10 (25). The lowest leave
length values were registerd in plant sampled from treatments T9 (25.48 cm)
and T10 (25.28 cm), whereas the highest was measured in plants from treatment
T1 (31.77 cm). Moreover, the rice plants leaves width from treatment T1 (1.27
cm) was significantly (p < 0.0001) the highest, compared to 0.97 cm obtained
from T9 plants. Figure 6 illustrates a partial view of Madjitolngar and Tox-728-1

rice varieties fields at 90 days after sowing.

(®)

Figure 6. Rice plants of the Madjitolngar (a) and Tox728-1 (b)
varieties inoculated with mycorrhizal spores at 90 days after sowing.

DOI: 10.4236/ajps.2020.118083

1182 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2020.118083

Y. Nadjilom et al.

Table 2. Differences in growth parameters of rice varieties Madjitolngar and Tox-728-1 at
90 days after sowing.

Parameters Madjitolngar Variety
Treatments Plant height Tillering Leave lenght Leave Width

T1 1.02 £ 0.01c 31.11 £ 0.76b 34.87 + 1.68de 1.01 £ 0.081bc
T2 1.27 £ 0.04e 35.35 £ 0.45¢c 34.29 + 1.04cd 1.16 £ 0.06d
T3 1.27 + 0.08e 41.66 + 1,86d 37.66 £ 2.2e 1.16 £ 0.013d
T4 1.07 £ 0.01c 32.46 + 0.25bc 31.25 £ 0.92ab 1.07 £ 0.03cd
T5 1.14 £ 0.01d 34.2 +2.01bc 33.16 £ 1.65bcd 1.04 + 0.08bc
Té 1.05 £ 0.04c 35.88 £0.37¢ 35.52 + 1.62de 1.04 + 0.02bc
T7 1.03 £ 0.02¢ 24.25 £ 1.05ab 31.19 £ 0.10ab 1 £0.05bc
T8 1.01 £0.02¢ 31 +0.85b 31.55 + 0.54abc 1+ 0.10bc
T9 0.94 £ 0.05b 21.05+0.87a 29.09 + 0.66a 0.97 £0.11b
T10 0.86 + 0.01a 21.06 £ 0.98a 29.15+0.76a 0.83 +0.12a

P-value <0.0001 <0.0001 <0.0001 <0.0001

F-ratio 31.62 14.59 6.69 6.56

Tox-728-1 Variety

T1 1.04 £ 0.01b 41.55+0.92¢ 31.77 £ 0.71d 1.27 £ 0.11d
T2 1.02 £ 0.007ab 24.8 + 0.92a 29.00 £ 0.77c 1.17 £ 0.13bcd
T3 1.02 £ 0.011ab 31.9+1.27b 28.1 £0.21bc 1.09 + 0.12ab
T4 1.03 £ 0.01ab 40.76 = 1.17¢ 27.82 £ 0.50bc 1.22 +0.007cd
T5 1.02 + 0.01ab 34.38 +1.78b 27.31 £ 0.17abc 1.15 + 0.10bc
Té 1.01 £ 0.008ab 27 +0.86a 28.18 £ 0.55bc 1.18 + 0.13bcd
T7 1.04 £ 0.01b 35.33 + 1.66b 26.67 £ 0.12ab 1.14 + 0.12bc
T8 1.002 + 0.01a 31.96 £ 1.5b 28.76 £ 0.57bc 1.13 + 0.10bc
T9 1.006 + 0.01ab 25.1+1.07a 2548 £ 0.14a 0.97 + 0.07a
T10 1.03 £ 0.01ab 24.96 + 0.96a 2528 £0.12a 1.17 £ 0.01bcd

P-value 0.42 <0.0001 <0.0001 0.0001

F-ratio 1.02 14.65 5.35 3.72

T1: Koloma (spores extracted from Kolobo soil with the Madjitolngar variety); T2: Lama (spores extracted
from Lai soil with the Madjitolngar variety); T3: Latox (spores extracted from Lai soil with the variety
Tox728-1); T4: Ndjatox (spores extracted from the soil of Ndjamena with the variety Tox728-1); T5: Kema
(spores extracted from Kelo soil with the Madjitolngar variety); T6: Kolotox (spores extracted from the soil
of Kolobo with the variety Tox728-1); T7: Ndjama (spores extracted from the soil of Ndjamena with the va-
riety Madjitolngar); T8: Ketox (spores extracted from Kelo soil with the variety Tox728-1); T9: Positive
Witness; T10: Negative control. For each rice variety, and for each growth parameter values in a column af-
fected with the same letter are not significantly different between treatments at the indicated level of proba-
bility.

In this study, the evaluation of plant size and tillering at 60 and 90 DAS has
shown that mycorrhizal treatments generally stimulated better growth than the

non-mycorrhized and chemical fertilizer applied treatments. The length and
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width of rice leaves were also higher in the mycorrhized than in the non-my-
corrhized treatments. These good growth performances of rice plants have been
attributed to the beneficial effects of mycorrhiza in increasing the rhizospheric sur-
face explored by plants roots, as well as the optimization of nutrients uptake by
plants [1] [25]. According to Hamza [26], the infection of plant roots with
mycorrhiza facilitates better root development, thus increasing the plants’ vi-
gor. Previous research on mycorrhization of rice has shown beneficial effects at
nursery stage on growth and nutrient uptake [27]. Under field conditions, im-
provement in the growth parameters (height of the plants, the number of tillers
per plant) of rice under mycorrhization was revealed by Jangde [28]. In Togo,
the assessment of growth and production potentials of rice (Oryza sativa L.) va-
riety IR841 inoculated with four AMF strains have indicated an increased
AMF-plant size compared to that of control-plants [15]. Several authors have
noticed the beneficial effect of the symbiosis between AMF and plant-root, nota-
bly their development, growth and production [29] [30]. Mycorrhization was
shown to reduce the negative interaction between certain nutrients in the soil, by
making them much more available to seedlings, thus promoting their growth
[31] [32]. In the nursery experiment, Douira ef al. [33] reported enhanced size
and stem diameter of olive plants respectively 1.3 and 1.7 folds after AMF in-

oculation compared to the same parameters on non-inoculated plants.

3.3. Impact of Treatments on Yield Parameters at 90 Days after
Sowing

There were changes in all yield parameters between rice varieties and between
treatments at 90 days after sowing (Table 3).

Considering the rice Madjitolngar variety, the number of panicles was consis-
tently (p < 0.0001) lower in T9 plants (24), T7 plants (23) and T10 plants (24)
compared to the other treatments, particularly, treatment T3 (41) with the high-
est value (Table 3). Concerning the panicle length, treatments T2 or T3 (26 cm)
had significant (p < 0.0001) higher responses, with treatment T7 having the
shortest panicle length (22.58 cm). The number of grains/panicle from treat-
ments indicated significantly (p < 0.0001) higher values for T3 and T6 (averagly
181), compared to values from other treatments, the lowest value (149) being
recorded from treatment T7.

For rice variety of the Tox-728-1, the number of panicles/plant was signifi-
cantly (p = 0.004) differed in treatments T3 and T10 (24), compared to the ele-
vated value (33) evaluated in treatment T1. The length of the panicles/plant was
consistently very little (p = 0.040) for T7 plants (5 cm) and T9 plants (4 cm), in-
stead of 23 cm for T1 plants. The effect of the treatments on the number of
grains/panicle was less pronounced for treatment T7 with 129, as compared to
significant (p < 0.0001) greater effect observed in treatment T1 (168 grains/panicle).
In this work, the weight of 1000 seeds (Table 4) varied between 20.47 - 29.08 g
for the local rice variety Maditolngar, against 19.37 - 24.34 g for the local
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Tox-728-1 variety, the lowest values being attributed to the control plants, while

the highest accounted for AMF-inoculated plants.

Table 3. Variation of yield parameters between treatments on rice of Madjitolngar and
Tox-728-1varieties at 90 days after sowing.

Parameters Madjitolngar Variety
Treatments Number/panicles Length/panicles Grains/panicles

T1 30.56 + 0.74b 24.19 £ 0.22bcd 170.11 £ 10.61cd
T2 34.45 £ 0.49¢ 26.08 £ 0.18e 160.36 + 5.65abc
T3 40.78 +£1.83d 25.77 £0.22¢ 180.78 £ 5.94d
T4 31.61 +2.48bc 24.68 £ 0.17cde 159.61 + 12.24abc
T5 33.61 +2.03bc 23.35 + 0.14abc 152.53 + 20.63ab
T6 35.1 +£0.38c 25.49 + 0.24de 180.01 + 4.85d
T7 23.65 +1.02a 22.58 £ 0.10a 148.83 + 9.61a
T8 30.53 + 0.84b 23.94 +0.17abc 156.53 + 12.89ab
T9 24.46 £ 0.81a 22.97 + 0.14ab 159.83 + 14.80abc
T10 24.39 £0.93a 24.04 + 0.25abcd 163.3 + 18.95bc

P-value <0.0001 <0.0001 <0.0001

F-ratio 14.39 4.56 5.93

Tox-728-1 Variety

T1 32.83 £1.79d 23.50 £1.78¢ 167.71 £ 10.49d
T2 29.43 +1.83bcd 7.90 + 0.79abc 143.96 + 16.22bc
T3 24.63 + 1.65a 10.35 + lab 141.6 + 16.88abc
T4 27.81 + labc 6.79 + 0.67bc 149.58 + 18.46bc
T5 25.96 + 1.49ab 9.59 + 0.95abc 137.78 £ 19.11ab
Té 31.2 £2.25cd 8.78 £ 0.87bc 151.31 + 14.21bc
T7 27.31 £ 1.61abc 5.62 £ 0.56a 129.5 +19.06a
T8 27.25 £+ 1.91abc 11.67 £ 1.16¢ 152.35 + 12.68¢
T9 28.85 + 1.94abcd 3.81 £0.38a 147.85 + 13.65bc
T10 243+ 9a 23.91 + 0.4bc 144.1 + 4.98bc

P-value 0.004 0.047 <0.0001

F-ratio 2.70 1.92 4.21

T1: Koloma (spores extracted from Kolobo soil with the Madjitolngar variety); T2: Lama (spores extracted
from Lai soil with the Madjitolngar variety); T3: Latox (spores extracted from Lai soil with the variety
Tox-728-1); T4: Ndjatox (spores extracted from the soil of Ndjamena with the variety Tox-728-1); T5: Ke-
ma (spores extracted from Kelo soil with the Madjitolngar variety); T6: Kolotox (spores extracted from the
soil of Kolobo with the variety Tox-728-1); T7: Ndjama (spores extracted from the soil of Ndjamena with
the variety Madjitolngar); T8: Ketox (spores extracted from Kelo soil with the variety Tox-728-1); T9: Posi-
tive Witness; T10: Negative control. For each rice variety and for each yield parameter values in a column
affected with the same letter are not significantly different between treatments at the indicated level of
probability.
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Table 4. Variation in yield expressed in weight of 1000 seeds (g) of the two varieties of
rice between treatments.

Weight of 1000 grains (g)

Treatments
Madjitolngar variety Tox-728-1 variety

T1 29.08 +0.10j 22.11 £0.07de
T2 2353 +0.11d 20.26 £ 0.07ab
T3 2251 £0.11c 24.34 + 0.06f
T4 25.54 + 0.11f 22.05 + 0.07cd
T5 2447 +£0.11e 21.76 £ 0.07bc
T6 27.74 + 0.16h 23.31 £0.07c
T7 21.49 £0.11b 19.69 £ 1.21a
T8 28.95 +0.20i 21.26 £0.05b
T9 26.62 +0.15g 22.47 £ 0.02def
T10 20.47 £0.11a 19.37 £0.09a

P-value (LSD) <0.0001 (0.84) <0.0001 (1.21)

T1: Koloma (spores extracted from Kolobo soil with the Madjitolngar variety); T2: Lama (spores extracted
from Lai soil with the Madjitolngar variety); T3: Latox (spores extracted from Lai soil with the variety
Tox-728-1); T4: Ndjatox (spores extracted from the soil of Ndjamena with the variety Tox-728-1); T5: Ke-
ma (spores extracted from Kelo soil with the Madjitolngar variety); T6: Kolotox (spores extracted from the
soil of Kolobo with the variety Tox-728-1); T7: Ndjama (spores extracted from the soil of Ndjamena with
the variety Madjitolngar); T8: Ketox (spores extracted from Kelo soil with the variety Tox-728-1); T9: Posi-
tive Witness; T10: Negative witness. For each rice variety, values affected with the same letter are not sig-
nificantly different between treatments at the indicated level of probability.

Figure 7 illustrates the yield expressed in t/ha of Tox-728-1 and Maditolngar
rice varieties as influenced by treatments. For each of the two varieties, there was
a significant difference between treatments. For the two Madjitolngar and
Tox-728-1 rice varieties, all the inoculants significantly (p < 0.0001) improved
the yield compared to the negative control. Rice plants which did not receive an
inoculum (those of the negative control) significantly (p = 0.03) produced lower
grains yield (4.4 t/ha) compared to treatments which were inoculated at sowing
with a specific inoculants like T1 (7.15 t/ha), T8 (6.64 t/ha) and T6 (6.53 t/ha).
Thus, inoculant Koloma (T1), Latox (T3), were suited to rice plants of the Ma-
ditolngar variety, whereas Koloma (T1) and Ketox (T8) were appropriate for
cultivation of rice Tox-728-1 variety under field conditions at Kelo.

The number and length panicles in the two rice varieties were significantly
higher in the mycorrhized than non-mycorrhized treatments, in agreement with
previous results that have reported increased number of panicles in AMF-in-
oculated rice plants [15]. On the two studied rice varieties, a greater number of
grains were harvested from mycorrhizal than non-mycorrhized plants, confirming
similar results obtained by Jangde [28].

However, the number of grains obtained in this study was higher than 55
grains from AMF-inoculated rice revealed by Gnamkoulamba et al [15]. Other
studies on other crops such as palm have shown enhanced the yield in
AMF-inoculated plants [34]. Concerning the 1000 grains/weight, if other
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Figure 7. Variation in yield (kg/ha) of the two varieties (Madjitolngar and Tox-728-1) of
rice between treatments complétez les lettres qui manquent. T1: Koloma (spores extracted
from Kolobo soil with the Madjitolngar variety); T2: Lama (spores extracted from Lai soil
with the Madjitolngar variety); T3: Latox (spores extracted from Lai soil with the variety
Tox-728-1); T4: Ndjatox (spores extracted from the soil of Ndjamena with the variety
Tox-728-1); T5: Kema (spores extracted from Kelo soil with the Madjitolngar variety);
T6: Kolotox (spores extracted from the soil of Kolobo with the variety Tox-728-1); T7:
Ndjama (spores extracted from the soil of Ndjamena with the variety Madjitolngar); T8:
Ketox (spores extracted from Kelo soil with the variety Tox-728-1); T9: Positive Witness;
T10: Negative content. For each rice variety, bars affected with the same letter are not
significantly different between treatments at the indicated level of probability.

AME-treatments (T5, T6 for Madjitolngar variety, T4, T6 for Tox7828-1 variety)
were equal to the chemical fertilizer treatment, other were above enough com-
pared to the negative control treatment (T10), referring to as plots that received
neither chemical fertilizers nor mycorrhiza. Enhanced yields have been attri-
buted to high number of panicles developed by AMEF-plants as previously
claimed by Guei et al [35] (2003). The weight of 1000 grains obtained during
this study was closed to between 26 and 33 g obtained by Ondo Ovono ef al. [36]
in some cultivated rice varieties. Related work carried out by Ngakou et al [18],
Emadzadeh et al [37], have revealed consistent 1000 grains weight harvested on
AMF-inoculated Nerica rice varieties. According to Emadzadeh et al [37], the
main factor involved in the grains filling process is sunlight, which acts un-
iformly and at the same time on all plants growing on an experimental surface
area. The weight of 1000 grains of Madjitolngar variety (29.73 g) was closed to
that of Nerica N6 variety, while that of Tox-728-1 (23.32 g) was not too far from
24.22 g corresponding to 1000 g grains of Nerica NL28 obtained by Ngakou et al.
[18]. The 1000 grains weight of Nerica N6 ranging between 31.03 - 33.76 g and
29.48 - 31.89 g was recently reported by Gevrek et al [38]. A positive and signif-
icant correlation was observed between the weight of 1000 grains per experi-
mental unit and the grain yield expressed in t/ha. The yields obtained with the
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most performant AMF-inoculants in the Madjitolngar variety were higher, while
those of the most performant AMF-inoculants in the Tox-728-1 variety were
lower and similar to those obtained by Natebaye [39] on Nerica FKR62, which
was 5.8 and 6.8 t/ha, respectively for AMF and chemical fertilizers treatments,
compared to 4.8 t/ha for the control treatment. These results confirm the com-
patibility of indigenous AMF-inoculants with the local rice varieties, but at var-
ious degrees. For each inoculum used, mycorrhization had a positive impact on
the grain yield of the two rice varieties, treatments T1 (for Maditolngar variety)
and T3 (for Tox variety) harboring the highest yield of 7.15 and 5.21 t/ha respec-
tively. Inoculation of rice with suitable mycorrhiza under wetland rice varieties
has been reported to be beneficial to plants in terms of yield, corresponding to
half the normal dose of phosphate fertilizer used [40], in agreement with the ac-
celeration of N and P transfer from shoots and/or soils to grains in flooded con-
ditions by mycorrhiza [27] [41]. Other results on the positive responses to my-
corrhizal inoculation of lowland rice plants [42] [43], and of many cereals in-
cluding millet [44], corn [45], have been reported. Our results are either higher
than 4.2 t/ha obtained for the Nerica 11 variety, or approach 7.15 t/ha for the
Nerica 14 variety revealed in Gabon [36].

4. Conclusion

Arbuscular mycorrhizal fungi (AMF) in an agricultural ecosystem are necessary
for proper management of beneficial symbiosis. At the end of this study, it is
discovered that among the several selected AMF-inoculants produced, inoculants
referring to as Koloma (T1), Latox (T3) and Kolotox (T6) on the one hand,
Koloma (T1) and Ketox (T8) on the other hand, were respectively best suited for
the improvement of growth and yield of the rice varieties Madjitolngar and
Tox-728-1 tested under field conditions at Kelo. Although field trials are still
scheduled for other sampling sites from which AMF-spores were isolated, the
two rice varieties have shown a dependency to endomycorrhizal symbiosis at
kelo. Hence, an industrial-scale production of the efficient endomycorrhal
inoculants is necessary to sustainably boost the productivity of this important
crop in South-Chad.
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