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Abstract: The present study was performed to investigate the microbial content of runoff water collected from
different plots, cultivated (millet, groundnut) or not (fallow) and to determine their influence on the growth of
millet or acacia (4cacia seyal) m a soil amended with crab shell chitin, an orgamc compound used to mduce
suppressiveness against plant parasitic nematodes. Tn this study, this scil organic amendment is required to
evidence changes in microbial functional diversity among runoff water origins. The impact of runoff was
studied using simulating rainfall in the Sudano-Sahelian area of Senegal, at the end of the dry season. The
results showed that the origin of runeff water had a significant influence on their microbial composition. These
modifications induced quantitative and qualitative differences in actinomycetes, fluorescent pseudomonas and
mycorrhizal fungi after millet or 4. seyal culture. For instance, after 3 month culture of millet in glasshouse
conditions, the soil noculated with runoff water collected from fallow plots, was highly colonized by
fluorescent pseudomonas. Chitin amendment induced a higher development of actinomycetes which was
depressed by runoff water collected from fallow plots. Plant growth was also significantly stimulated by runoff
water inoculations. For instance, compared to the control, root biomass of 4. seyal seedlings was increased
(x 2) when the cultural soil was inoculated with the fallow runoff water. From a practical point of view, it could
be mnportant to manage plant cover m rainwater-harvesting agriculture to optimize runoff water i terms of plant

beneficial micro organisms.
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INTRODUCTION

The climatic conditions encountered in the Sudano-
Sahelian zone of West Africa are one of the most rigorous
of the world. They are characterized by low and lughly
variable rainfall, high temperatures and very poor soils,
generally P and N-deficient soils. In Senegal, the dry
season is very long, extending from November to June
and followed by a wet season (3 to 4 months). During this
short period, the rainfall episodes are scattered but violent
and invelve an important runoff causing dense erosion
[1]. Thlis soil erosion being a serious problem on
agricultural land, it has been widely studied [2-5]. In
Africa, different cultural practices have been described
by Le Houérou [6] to reduce climatic risk. Among them,
water storage (runoff farming) 1s used to mimmize the

interannual variations of crop production. Tt has been
tested among the Mediterranean areas (e.g. Israel,
Tunisia, Libya...) [7, 8] but also in the South of Sahara
(Mali, Sudan, Burkina Faso[6, 9]. Runoff agriculture has a
dual objective: (1) to collect and store large quantities of
water using stone-walled terraces and (ii) to create new
soils from finer, lighter-weight particles (clays, silts)
carried off by runoff [10]. This stored water can also
be used for supplementary wrigation. Whereas literature
is voluminous on the extent and severity of erosion
in  Africa, there is a dearth of scientific data for
erosion-induced effects on crop productivity. Although
the crop yield and agronomic production are particularly
mfluenced by biotic soil characteristics, mformation
on the micro flora carried out by runoff water is
lacking.
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Tt has been previously demonstrated that arbuscular
mycorrhizal fungi (AMFE) are a major factor contributing
to the maintenance of plant biodiversity [11]. These
mteractions are also mfluenced by plant species. Host
plants belonging to the legume family are known to be
highly mycotrophic [12]. Moreover, mycorthizal symbiosis
significantly changes the physiology and/or morphology
of roots which affect the quality and quantity of root
exudation and secretions [13] and cause new microbial
equilibrium in the thizosphere [14]. This mycorrhizal
effect has been named “Mycorrhizosphere effect” [14].
Earlier studies showed that strong interactions existed
between mycorrhizal fungal establishment and fluorescent
pseudomonas [15] or actinomycetes [16].

In our study, null hypotheses were (i) plant species
community does not influence microbial content of
runoff water and (ii) these runoff water collected from
different plots, cultivated (millet, groundnut) or not
(fallow) do not influence growth of millet or acacia
(A. seyal) in a soil amended with crab shell chitin. Crab
shell chutin, an organic compound usually used to mduce
suppressiveness against plant parasitic nematodes [17],
15 required to evidence possible changes m microbial
functional diversity of runoff water. This experiment was
conducted with a simulated rainfall in the Sudano-
Sahelian region of Senegal.

MATERIALS AND METHODS
Field design :

marked out and protected from the surrounding area by a
shallow, vertical metal sheet border. Their longest sides

Three rectangular plots 5 x 10 m were

were parallel to the slope. Although, they were separated
by 50 m from each other, they had the same slope (about
1%) and soil characteristics (Table 1) [18]. They were
planted with millet (MP), or Groundnut (GP) which were
harvested at the end of October the previous year. The
third plot was uncultivated and considered as a fallow
plot (FP). The study was carried out in April before the
end of the dry season in Senegal.

The rainfall simulator: The basic unit of the simulator,
designed by Esteves ef al, [19] was constituted by a
vertical galvanised standpipe (height: 6.58 m, diameter:
2.5 cm). At the top of the pipe was placed a HQ106
Spraying System nozzle which sprayed upwards.
Control of the water pressure was ensured by a valve and
an oil-immersed pressure gauge screwed at the bottom
of each pipe. Each basic unit watered a square area of

8 x 8 m. The basic umits were separated from each other by
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Table 1: Physical soil characteristics of the three experimental plots
(From Cadet et ., [18])

(&)

Clay Finesilt  Coarse silt  Fine sand  Coarse sand
G a7 11.0 20.0 43.6 18.6
FP 5.8 9.7 15.0 44.2 20.7
MP 5.7 9.2 17.9 44.9 21.8
WGP: Groundnut Plot,  MP: Millet Plot;  FP: Fallow Plot

5.5 m giving the best uniformity of ramnfall. The simulation
of the rainfall was performed in each experimental field
plot (5 x 10 m) with 6 basic units divided on 2 lines.

Experimental design: Three simulated rains of 10 mm
depth were performed during 2 weeks before the
experiment. Their intensity did not induce runoff but
moisten the top 10 mm of soil. They simulated the
conditions at the begimning of the rainy season. Then
three rains were applied on the plots on day 1, 3 and 5.
The rainfall intensity was measured with collecting
cans, placed one each square metre inside the 5 x 10 m
field plots. It was 60 to 75 mm h™". All the rainfalls lasted
30 minutes.

Runoff harvesting: Runoff water coming from each plot
was channelled into a single outlet point by a gutter
bordering the lower side of the plot. Then they were
collected from each plot in successive 15 1 pails after each
simulated rain. The suspensions were settled for at least
24 h and then, the top water was discarded to about one
litre. The samples collected from each plot were mixed
together and kept at 4°C 1n the dark. Bacterial cell counts
were performed by acridine crange direct counts (AODC)
as described by Richaume et al., [20].

Inoculation and plant culture:

Soil substrate: The soil used was collected (0-20 cm)
at Sangallkkam (about 50 km at the east of Dakar) in a
stand of Acacia holosericea. 1t was sieved through
4 mm mesh screen and autoclaved (140°C, 40 min; twice
one day apart). After autoclaving, its physico-chemical
characteristics were as follows: pH (H,0) 5.3; Clay 3.6%;
Fme silt 0.0%; Coarse silt 0.8%; Fine sand 55.5%; Coarse
sand 39.4%; Carbon 0.17%; Nitrogen 0.02%; Total P
39 ppm; Olsen P 4.8 ppm. Then the soil substrate was
mixed with an autoclaved sand (140°C, 40 min) at the rate
of 1:1 (v/v). This mixture was amended or not with 1%
crab shell chitin (w/w).

Greenhouse experiments: The study was divided into
2 sets of experiments carried out to simulate the plant
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succession which could be affected by the biological
characteristics of the run-off water. The first glasshouse
experiment (Experiment 1) was performed with a millet
plantation and the second (Experiment 2) with a sahelian
Acacia, A. seyal.

The disinfected soil mixture amended or not with crab
shell chitin was divided inte 260 cm’ plastic tubes (4.5 cm
diameter, 17.5 cm high). Both experiments were conducted
m a greenhouse under natural climatic conditions
(temperatures ranged from 20°C to 35°C; about 15 h light
per 24 h). The tubes were watered daily with tap water and
no fertiliser was added.

Experiment 1: Seeds of millet (Pennisetum typhoides cv.
TKMV) were surface sterilised in 0.1% Ca hypochloride for
5 min, rinsed with sterilized distilled water and germinated
on 1% agar. Pre-germinated seeds were planted as one per
plastic tubes. Then 5 mL of runoff water samples were
uyected with a syringe into each millet pot, one week after
transplantation. Tnoculation with sterilized runoff water,
mixed together, acted as control. The experiment was set
up as a 4 x 2 factorial design congisting of three run-off
water origins with a non-moculated control and the soil
substrate amended or not with 1% crab shell chitin. The
tubes were arranged in a randomized design with twenty
five replicates per treatment combination.

Millet plants were harvested after 3 months culture.
Roots were removed from the soil and washed under
running tap water. The dry weight of shoots and roots
(1 week at 60°C) was measured. Ground samples of leaves
were ashed (500°C), digested mn a nitric-perchloric acid
mixture (2 mL HCL 6N and 10 mL HNO, N). They were
analyzed by colorimetry for P [2]1] and by flame emission
for K. Subsamples of plant tissues were digested in 15 mT.
H,80, 36 N containing 50 g L™ salicylic acid for N
(Kjeldhal) determination.

The bacteria belonging to the group of fluorescent
pseudomonas and actinomycetes were extracted (one
gram of soil was sampled from each tube) by blending
so1l samples with 25 mL of sulphate magnesium 0.1 m
sterile solution for 60 s in a Waring Blender. The soil
suspensions were then serially diluted 10-fold in sterile
MgSO, solution. Counts of fluorescent pseudomonas
and actinomycetes were carried out by spreading 100 pl.
of each dilutions on selective agar media; fluorescent
Pseudomonas spp. on King's B medium [22] and total
actinomycetes on a medium which contamed: starch, 10 g;
casein, 0.3 g; KNO; 2 g; K,;HPO,, 2 g, NaCl 2 g
MgS0,.7H,0 0.05 g; Na,CO; 0.02 g; FeSO,.7H,0 0.01 g;
agar 20 g; distilled water, 1 L) [23]. Three plates were
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inoculated per dilution. Bacterial colonies were counted
after 4 days of mcubation at 28°C 1n the dark.
Experiment 2: Millet culture substrates of each
combination were carefully mixed and used to fill
260 cm’ plastic tubes. Seeds of 4. seval from provenance
Veluigara (Senegal) were surface sterilized for 30 min in
93% concentrated sulphuric acid, rinsed with sterilized
distilled water and germinated on 1% agar. Pre-germinated
seeds were planted as one per plastic tube. The tubes
were arranged in a randomized design with eight
replicates per treatment combination.

After 4 months culture, the plants were uprooted
and the root systems gently washed. The soil from
each tube was mixed and a 250 g subsample was taken
from which the microbial analysis have been performed.
These soil samples were kept at 4°C for 1 week before
analysis.

Soil micro organisms: Microbial biomass was measured
according to the fumigation extraction method [24].
The NH, and NO, contents were determined according to
the method of Bremmner [25]. Fluorescent pseudomonas
and actinomycetes had been isolated and counted as
described
were recovered from a 100 g sub sample from each pot,

above. Spores of endomycorrhizal fungi
suspended in 1000 mL tap water, mixed, sieved at 50 um
and centrifuged n a density gradient to further extract the
spores [26]. Then the mycorrhizal spores were counted
with the aid of a stereomicroscope (x 40 magnification).
For each combination, root nodules were counted.

Mycorrhizal colonization of A. seyal plant root systems:
The extent of endomycorrhizal colonization was estimated
m terms of frequency and mtensity (length of root
fragments colonized / total length of root fragments) of
mycorrthizal root pieces. The roots were clarified and
stamned according to the method of Phillips and Hayman
[27]. They were cut into approximatively 1 cm pieces
which were placed on a slide for microscopic observation
(% 250 magnification) [28]. About fifty 1 em root pieces
were observed per plant.

Soil enzyme activities: The soil enzyme activities
have been determined m each pot of each treatment.
The P-glucosidase activity was measured as described
by Hayano [29]. A soil sub-sample (100 mg) was
incubated at 37°C for 2 h with 100 ul. of paranitrophenyl
B-D gluco-pyranoside 5 mM and 400 pl. of a citrate
phosphate  buffer [30] at pH 5.8 The reaction was
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Table 2: Effect of the runoff water on the growth of millet plants and the leaf mineral contents after 3 month culture in a soil amended or not with crab shell

chitin (Experiment 1)

Origins of the Chitin Shoot biomass Root biomass

runoff water amendment (g dry weight) (g dry weight) P (%) N (%0) K (®0)
Control 0 1.845a 0 0.429 0.048ab 0.667ab 1.988¢c
GP®@ 0 2.017a 0.824b 0.046a 0.637a 1.841c¢
MP 0 1.970a 0.68%ab 0.051ab 0.703ab 1.655b
FP 0 1.814a 0.654ab 0.053b 0.736h 1.643b
Control + 3.077cd 1.161c 0.062c 0.984c 1.197a
GP + 3.284d 0.852bc 0.059c 1.036¢ 1.517b
MP + 2.533b 0.796b 0.065¢ 1.332¢ 1.741bc
FP + 2.811bc 0.803b 0.063¢c 1.194d 1.566b

Data in the same column followed by the same letter are not significantly different according to the one-way analysis of variance (p=0.05)

(DGP: Groundnut Plot;  MP: Millet Plot;  FP: Fallow Plot

stopped with 0.2% (w/v) of CaCO;. The amount of Para
nitro-phenol (PNP), final product of the reaction, was
measured colornimetrically at 400 nm and expressed as pg
PNP released g~' h™'. Chitinase activity was determined
as described above with paranitrophenyl N-acetyl
glucosaminide (5 mM) substrate solution. For the
measurement of xylanase activity, 300 mg of soil
subsample was incubated with 1 M (w : v) xylan and a
citrate phosphate buffer at pH 5.8 [30]. Reducing sugar
released during the incubation period (4 h) was boiled
for 20 mm after addition of 500 pL of Somogyi solution
[31] After cooling, 250 pL of Nelsen solution [32] and
4 mL of distilled water were added. The xylanase
activity was measured colorimetrically at 650 nm. Results
were expressed as ug glucose g' h™' Protease activity
determined according the method developed by
Ladd and Butler [33] and expressed as pg Tyr g~ h™".
Nitrate reductase activity was evaluated using KNO, as
substrate and determined colorimetrically at 520 nm [34]
and expressed as pg N g~ h™. Urease activity was
determined by mncubating 100 mg of soil at 37°C with
50 ul of 720 mM urea solution (Sigma) and 400 ul, of
borate buffer (0.1 M) for 1 h. Released ammonium was
extracted with 3 mL of KC1(2 M) solution and determined
colornimetrically by a modified Berthelot reaction [35].
Urease activity was expressed as ug N g~' h™'. For the
phosphatase activity, soil subsamples (100 mg) were
mcubated with 400 L of citrate-phosphate buffer and
100 ul. of a 5 mM di-sodium paranitropheny! phosphate
solution (SIGMA) at 37°C according to Tabatabai and
Bremner [36]. The addition of 100 uL of CaCl, (0.5 M) and
400 ul of NaOH (0.5 M) stopped the reaction. Tt was
necessary to add calcium chloride (CaCl,) first to prevent
any dissolution of humic substances and dispersion of

was

clay minerals [37]. Soils were mcubated for 1 h. Released
phenols were estimated colorimetrically at 400 nm with a
spectrophotometer (Ultrospec 3000, Pharmacia-Biotech).
Two controls, 1e. soil without substrate, substrate
without soil, were assayed under the same conditions
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as those for soil samples in order to check the absence
of colored components extracted by the buffer or CaCl,-
NaOH treatment and of trace amounts of p-mitrophenol in
p-mutrophenyl phosphate reagent, respectively.

Statistical analysis: All data were subjected to
analysis of variance and means were compared with the
Newman-Keuls multiple range test (p<0.05). Mycorrhizal
colenization data were transformed (arc sinv x) before
statistical analysis.

RESULTS

The number of bacteria counted m the runoff
water collected from FP (Fallow Plot) was sigmficantly
higher (2.4 10’ cfu.mL™") than those enumerated from GP
(Groundnut Plot) and MP (Millet Plot) (1.7 10 mL ™" and
1.510° mL™, respectively).

Experiment 1: After 3 month culture, shoot and root
biomass of millet plants was significantly higher in the
soil amended with chitin (Table 2). With chitin
amendment, millet root growth was significantly 1nhibited
with MP and FP inocula compared to the control (Table
2). Shoot biomass was sigmficantly lower in the MP
treatment than in the control (Table 2). Without chitin
amendment, root biomass was significantly higher with
GP treatment than in the control. No sigmficant effect has
been recorded for the shoot biomass. P and N leave
content were significantly higher in the treatments with
chitin (Table 2). Compared to the controls, no significant
effects of the runoff water were recorded for P. In
contrast, MP and FP runoff water have significantly
enhanced N contents in the chitin amended soil compared
to the control treatment (Table 2). In the soil not amended
with chitin, K content was significantly lower in MP and
FP treatments. With clutin, all the treatments have
significantly increased leaf K content compared to the
control (Table 2).
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Table 3: Counts of Actinomycetes and fluorescent pseudomonads populations in the millet soil after 3 month culture in glasshouse conditions

Origins of the Chitin Fluorescent pseudomonads Actinomycetes
runoff water amendment (10 cfiLg™ of soil) (10° cfing™! of soil)
Control 0 0.4ab 18.6a

GP®@ 0 1.5b 13.4a

MP 0 1.2ab 11.0a

FP 0 3.1c 4.8a
Control + 0.7ab 82.0c

GP + 0.1a 104.1d

MP + 0.1a 102.6d

FP + 0.la 48.4b

Table 4: Effect of the mnoff water on the growth of A. seved seedlings, thizobial symbiosis and the leaf mineral contents after 4 month culture in a soil amended

or not with crabshell chitin (Experiment 2)

Origins of the Chitin Height Shoot biomass Root biomass No. of nedules

runoff water  amendment (cm) (mg dry weight)  (mg dry weight) per root systems P (%0) N (%) K (%0)
Control 0 21.7bt 315.0b 186.7a 0.51ab 0.127bc 1.780a-d 0.984cd
GP (2 0 25.0b 461.7cd 360.0d 2.17bc 0.117b 2.013c-e 0.986cd
MP 0 25.7b 518.3d 351.7cd 2.00bc 0.107b 1.510a 0.837h
FP 0 25.5b 500.0d 378.6d 3.14c 0.128bc 1.667a-c 1.074d
Control + 12.3a 164.3a 194.3ab 0.00a 0.050a 1.610ab 0.693a
GP + 14.4a 361.4be 310.0b-d 0.14a 0.145cd 2.060de 0.871bc
MP + 25.0b 425.0b-d 283.3a-d 0.66ab 0.156d 1.967b-e 1.060d
FP + 25.1b 385.7bc 231 .4a-c 2.28bc 0.199% 2.220e 1.097d

Data in the same column followed by the same letter are not significantly different according to the one-way analysis of variance (p=0.05)

(DGP: Groundnut Plot;  MP: Millet Plot;  FP: Fallow Plot

The chitin amendment has involved a better
development of actinomycetes (Table 3). The number of
actinomycetes was significantly higher in the GP and MP
treatments compared to the control. In contrast, this
microbial population was sigmficantly lower m the FP
treatment (Table 3). No significant effects have been
recorded with the fluorescent pseudomonas in the
treatments with or without chitin, excepted for FP without
chitin where the number of fluorescent pseudomonas was
significantly higher than in the control (Table 3). The
number of actinomycetes was negatively correlated to the
number of fluorescent pseudomonas (R*=0.236, p<0.003).

Experiment 2: The height of 4. seyal seedlings was
significantly lower in control + chitin and GP + chitin
treatments after 4 months culture as compared to the
treatments with runoft water from MP or FP chitin
treatments (Table 4). A positive effect of the runoff
water inoculation has been recorded on the shoot
growth n the soils with or without chitin. For instance,
the best stimulations have been found in the MP
treatments, + 64.4% m the soil without chitin and + 159.1%
in the soil with chitin compared with the corresponding
controls. This positive effect of the runoff water has only
been recorded in the soil without chitin for the root
biomass (Table 4). FP treatment has significantly
mcreased the number of root nodules per plant in both
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solls compared with the corresponding controls (Table 4).
In the soil without chitin, no effect of the runoff water
mnoculation has been recorded for P and N leave contents.
An opposite effect has been observed with the chitin
amended soil. The P content has been sigmficantly
mcreased 1n all the treatments compared to the control
whereas N content was higher in GP and FP treatments
(Table 4). In the soil amended with chitin the K content
was significantly enhanced in MP and FP compared to the
control and GP treatments but was not higher than in
treatments with the non amended soil (Table 4).
Microbial — biomass has not been significantly
affected by mumnoff water in the soil without chitin
(Table 5). In contrast, it was significantly decreased in
the GP treatment with the chitin amended soil (Table 5).
The number of actinomycetes was significantly higher in
the control with chitin than that without chitin An
opposite effect of the chitin amendment was observed
for fluorescent pseudomonas (Table 5). The runoff water
moculation has sigmficantly mecreased the number of
actinomycetes in all the treatments with or without chitin
amendments whereas no significant effect was found
for the group of fluorescent pseudomonas excepted
for FP treatment in the soil without chitin where a
significant decrease was observed (Table 5). No
significant difference was observed on the number of
and mycomrizal colonization

mycorrhizal — spores
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Table 5: Influence of the origin of the minoff water on the microbial composition of the A. sevad cultural substrate after 4 month culture

Origins of the Chitin Microbial biomass  Fluorescent pseudomonads — Actinomycetes No. of mycorrhizal Mycormrhizal
runoff water amendment (ugCg'ofsoil)  (10° cfing™ of soil) (10° cfing™! of soil)  spores per 100 g of soil rate (%6)
Control 0 116.0a-c © 32.0c 6.0a 0.7a 0.1a
GP®@ 0 63.3a 22.8bc 49.3¢ 14.3ab 5.3ab
MP 0 109.0ab 16.0a-c 25.6b 31.2b 15.3b

FP 0 84.0a 12.1ab 33.1be 30.7b 14.6b
Control + 213.7d 5.3a 73.7d 1.9a 3.2ab
GP + 145.3bce 3.0a 119.0f 14.7ab 4.5ab
MP + 170.0cd 7.5ab 118.8f 2.7a 0.8a

FP + 170.0cd 5.4a 93.8e 12.6ab 3.8ab

Table 6: Influence of the origin of the runoff water on the NO,~ and NH,* contents of the 4. sevad cultural substrate after 4 month culture

Origins of the Chitin NH,* NOs

runoff water amendment (ug N g7! of soil) (ug N g™! of soil)
Control 0 0.16a®" 1.9a

GP@ 0 0.36ab 10.2ab

MP 0 0.21ab 3.9ab

FP 0 0.30ab 6.8ab
Control + 0.14a 17.2b

GP + 0.42b 8.2ab

MP + 0.22ab 3.9ab

FP + 0.24ab 10.1ab

(UData in the same column followed by the same letter are not significantly different according to the one-way analysis of variance (p<0.05)
AGP: Groundnut Plot;  MP: Millet Plot;  FP: Fallow Plot

Table 7: Influence of the origin of the mnoff water on the soil enzymatic activities of the A. seyvad cultural substrate after 4 month culture

Origing of the runoft water

Control Groundnut Plot Millet Plot Fallow Plot
Soil enzymatic activities - Chitin + Chitin - Chitin + Chitin - Chitin + Chitin - Chitin + Chitin
B-Glucosidase 0.00a® 5.60a 2.20a 17.80b 0.00a 2.60a 0.00a 41.90c
(ug Glucose g 'h™)
Phosphatase 5.90a 5.50a 4.70a 21.60ab 0.60a 10.00a 2.70a 86.10b
(ngPNP g Y
Urease 0.14a 0.00a 0.00a 0.00a 0.34a 0.00a 1.30a 0.40a
(ugNg'h™)
Nitrate reductase 0.00a 101.30c 2.30a 299.60d 0.00a 0.00a 48.40b 228.90d
(ugNg'h™h
Xylanase 1.8% 1.67b 0.34a 0.14a 0.35a 0.60a 0.58a 0.00a
(ug Glucose g='h™)
Chitinase 1.20a 51.70b 20.50ab 49.50b 0.00a 13.90a 7.70a 1.20a
(ng PNP g™ hh
Protease 0.30a 3.50bc 3.80c 1.10a 0.00a 3.20bc 2.60b 0.70a
(g Tyrg™'h™

(UData in the same line followed by the same letter are not significantly different according to the one-way analysis of variance (p<<0.05)

between the treatments in the soil amended with chitin.
In contrast, MP and FP treatments significantly increased
the mycorrhizal establishment in soils without chitin
(Table 5).

Soil NO,™ content was also modified by chitin as its
concentration was sigmficantly higher in the control
with chitin than in the control without chitin (Table 6).
Runeff water moculations did not mvolve sigmficant
differences excepted for GP treatment + chitin in which
NH," content was significantly higher than that measured
i the control + chitin (Table 6).

The effects of the orign of runoff water on the
soil enzymatic activities are shown in Table 7. Some
enzymatic activities measured in the soil without chitin
have been sigmficantly modified by the runoff water.
Nitrate reductase and protease activities have been
significantly stimulated by FP runoff water whereas
xylanase activity was significantly reduced by all the
runoff water inoculations (Table 7). In the soil with
chitin, B-glucosidase and nitrate reductase activities in GP
and FP treatments and phosphatase activity in FP
treatment were increased (Table 7). In contrast, chitinase
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and protease activities were significantly reduced in the
MP and FP, GP and FP treatments, respectively ( Table 7).
As 1 the soil without chitin, xylanase activity was
significantly inhibited in all the runoff water inoculations
treatments (Table 7).

DISCUSSION

Soil erosion is a large problem on agricultural land in
several regions of Africa [38-40]. Large amounts of soil
carried by runoff water are the principal causes of soil loss
m the world [41]. It has been previously demonstrated
that nematodes which are localized in the top 20 cm soil
layer [42] could be carried over large distances [18, 43]. In
the same way, the data recorded in this experiment
showed that this runoff might be used to distribute micro
organisms which could improve plant growth and soil
fertility such as fluorescent pseudomonas, actinomycetes
and mycorrhizal fungi. It 18 well known that bacteria
belonging to the fluorescent pseudomonas group can
suppress various soil bome diseases [44, 45] have PGPR
(Plant Growth Promoting Rhizobacteria) effects [46] or can
umprove mycorrhizal establishment [15]. Actinomycetes
are mvolved 1n soil functiomng especially through carbon
metabolism [47]. Mycorrhizal fungi increased plant
nutrient uptake [48, 49], enhanced water absorption [50]
and provided protection against some pathogens [51].
Moreover, hyphae of arbuscular mycorrluzal have a
significant role in the formation and stability of soil
aggregates [52]. These 3 microbial groups have been
found in the runoff water treatments after Millet or
A. seyal cultivation. However, their composition was
highly dependent from the origins of runoff water. Tn our
study, fluorescent pseudomonas were significantly more
numerous m millet rhizosphere growing n a substrate
moculated with nmoff water from a fallow plot. A larger
actinomycete community was also recorded in the soil
inoculated with groundnut runoff water after an 4. seyal
culture. In the soil without chitin, a positive effect of
the runoff water on 4. seyaf growth was detected but no
significant differences were recorded between the
runoff water origins.

Chitin amendment has sigmficantly decreased the
growth of millet or 4. seyal. It has been previously shown
that chitin could be phytotoxic at levels greater than 0.8%
when the chitin was mixed into soil for 10 weeks before
planting [53]. Thus phytotoxicity could be due to the
high level of NO;~ measured m the soil of the control
treatment soil with chitin. In contrast, no chitin
phytotoxicity was recorded after runoff water inoculation.
Runoff moculations have also induced a large
multiplication of actinomycetes. Since large part of chitin
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degradation is accomplished by actinomycetes [54],
this organic amendment was largely of benefit to this
microbial group. Unfortunately, it 1s well established that
actinomycetes may affect arbuscular mycorrhizal fungus
spore populations and the ability of hyphae to survive in
the soil [55, 56] as chitin is an important structural
constituent of the fungal cell walls [57]. Tlus negative
effect has been partially observed m this experiment.
In addition, actinomycetes can produce some antibiotic
compounds [58] which could inhibit the multiplication
of other bacterial groups as it has been recorded with
fluorescent pseudomonas 1 this experiment. An
inhibition of nodule formation has also been observed
in the treatments with chitin. This negative effect of the
actinomycetes on nodule formation has been previously
described by Meyer and Linderman [59].

Runoff water have also strongly influenced soil
functioning described by enzymatic
particular, two runoff water origins have sigmificantly
improved B-glucosidase and mtrate reductase activities in
the soil amended with chitin. P-glucosidase depends
generally on the quality and quantity of organic inputs
[60, 61] but also on specific microbial communities. This
result suggests that, at the end of the experiment, the
microbial diversity was different in the soil of each
treatment.

activities. In

CONCLUSIONS

Five major types of runoff farming are generally
distinguished: (1) micro-catchments system, (2) terraced
wadi systemn, (3) hillside conduit system, (4) liman system
and (5) diversion system [62]. Since, origins of runoff
water are very important in terms of microbial communities
carried, it could be possible to manage vegetable covers
to enhance the development of specific microbial groups
which could be beneficial to the plant growth and soil
functioning in a sustainable agriculture. For instance, the
plantation of leguminous plants or trees could be a source
of mycorrhizal fungi with thewr associated microflora or
rhizobia which could drive ecosystems functions such as
plant biodiversity, productivity and variability.
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