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Abstract

As an agroecological intensification
technique, the scaling up of trees assisted natural
regeneration (ANR) could help to protect Sahelian
agrosystems and to ensure crop production in the context of
high demographic pressure and climatic variability. This
study aims to evaluate agronomic and environmental
performances of a multi-specific agroforestry parkland
arising from a Maradi local community innovations in tree
resources management to support their ongoing scaling up.
The study site is located in central-south of Maradi region’s
(Niger) with annual rainfall average amount of 600 mm
and is derived from more than thirty years of trees ANR
practice. Pearl millet is the dominant cereal most often in
association with cowpea, sorghum or groundnut. Woody
trees density was evaluated on radial transects. Water
profile and soil bulk density in ANR and non-ANR areas
were determined from rainy and dry season soils sampling
at depths of 0-50 cm, 50-100 cm, 100-150 cm and 150200cm. Pearl-millet growth and it yield parameters were
monitored in 100 m2 (10x10m) plots due to 50 plots in
ANR and 50 non- ANR areas. Results showed that the two
zones had the same composition for dominant woody trees
but the average density was higher in the ANR than
non-ANR areas. Tree density was lower in fields in the
vicinity of the village than those that are far away in all
context. Soil water content was higher in ANR areas under
and out of tree canopy than in non-ANR area in surface
horizons. However, in deep horizons up to 200 cm, soil
water content was higher in H ANR and HC ANR areas
than in SC ANR areas, respectively. Apart from seeding
density (F = 1.20, P-value = 0.2756), all measured
agronomic performance parameters were significantly
higher in the ANR than in the non-ANR area. These results
show that the ANR practice improve agrosystems
productivity in a sustainable manner through increases of
crop yield as well as direct incomes to smallholders
through wood exploitation from enhanced pruning.
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1. Introduction
Expansion of cultivated area to meet an ever-rising food
demand due to high demographic growth (3.9%/year) had
led to the degradation of Sahelian agroecosystems for last
30 years (Loireau 1998; Leblanc et al., 2008; Gonzales et al.
2012). Due to excessive timber removal linked to
ever-increasing population growth natural forest
formations are in an advanced state of degradation (Drame
et al., 2008). In rural area in Niger particularly, the
cropping systems are mainly rain-fed on sandy soil
susceptible to water and wind erosion when wood cover is
reduced. At the same time, the observed intensification of
the rainfall regimes with extreme events (droughts and
floods; Panthou et al. 2014; Taylor et al. 2017) exacerbated
soil degradation and decreasing the resilience of crop
systems especially for vulnerable smallholders.
Yields were very low and cultivated area per farmer
operator are small, despite an increase of cropped area
(Guengant & Banoin 2003; Cappelaere et al. 2009). This
fact have resulting in the demise of fallow systems and
overexploitation of the limited amount of arable land
(Wezel & Boecker 1998, Valentin et al., 2004). This trend
had led to a break in ecological balances and had
contributed to the process of desertification (de Miranda
1980; Hiernaux & Turner 2002; Ali et al. 2007; Leblanc et
al. 2008). The infiltrability and fertility of the soil had no
longer time to recover and the agrosystems were continued
to worsen. The major programs to alleviate land
degradation that has been initiated since the 1980s (Vlaar
1992; Yamba 2004) had not been successful.
Several studies showed the “regreening” of the most
Sahelian areas through NDVI (Normalized Difference
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Vegetation Index) obtained by satellite remote sensing
(Hutchinson and Herrmann 2005, Dardel. et al 2014),
instead of desertification (Hein and Ridder, 2006).
Although the return to a wetter rainfall regime in the
central Sahel through the partial upward trend in annual
rainfall since 1990 (Hein and Ridder, 2006; Reinert et al.
2015) is seen as a factor, land management changes have
greatly contributed to this trend (Olsson et al. 2004; Yamba
2004). In agricultural areas in south-central Niger like
Maradi region, Assisted Natural Regeneration (ANR), as a
participatory approach of farm management, has led to
increase tree density varied from 10 to 70 per ha (Larwanou
et al, 2006). This trend is enlightening results revealing the
existence of a strong capacity of local rural populations to
innovate and organize themselves in community activities
(Yamba, 2004).
Despite the increase of woody cover in managed farms
in Maradi region, studies on the evaluation of
environmental and agronomic performances of ANR
remained scarce (Zarafi et al. 2002; Yamba 2004;
Larwanou et al, 2006; Peltier et al. 2008). In this paper, we
present some environmental and agronomic performances
of the ANR in order to support its scaling up.

2. Materials and Methods
2.1. History and Description of the Study Site
The Dan Saga site is located in central-south of Niger
(13°41’43.16’’N;
07°44’7.33’’E;
http://satellites.pro/carte_de_Dan_Saga) in Maradi Region
(~100 km East of Maradi) with annual rainfall average
amount of 600 mm. It is a multi-specific agroforestry park
(Piliostigma reticulatum, Combretum glutinosum,
Faidherbia albida mainly) on sandy soil derived from
more than thirty years of practice of assisted natural
regeneration (ANR). It is an Agro-Ecological
Intensification pathways (AEI) aimed to ensure crop yield
and incomes of smallholders through wood exploitation
from improved pruning. This site is defiantly considered as
a symbol of success of the sahelian revegetation (The
‘‘Greening’’ of the Sahel, special issue of the Journal of
Arid Environments). It is monitored by the Dan Dicko
Dankoulodo University of Maradi research team until 2013
in partnership with the IFAD (International Fund for
Agricultural Development) project ProDaf (Family
Farming Development Program).

in 50 m*50 m delimited plots. On the same transect the
plots are separated from each other by 500 m. Pearl-millet
yield components were assessed in 100 m2 (10m*10m)
plots due to 50 plots in ANR and 50 non- ANR areas. The
following variables were carried out:

Seed hole density (NSP);

Number of seed hole at the emergence (NSHE);

Seedling vigor (VAL) ;

Number of hole at harvest (NPR) ;

Number of ears at harvest (NER);

Gross weight (weight of the ear; PB);

Net weight (grain weight; PN).
Soil sampling was carried out in rainy and dry seasons in
ANR (out-and under cover of trees) and in non-ANR areas
at depths of 0-50 cm, 50-100 cm, 100-150 cm and
150-200cm using a specific auger from SDEC-France
(EIJKELKAMP). The specific auger allows to remove an
undisturbed soil using calibrated sampling cylinders of 53
mm diameter incorporated in a cylinder holder. Thus, the
moist weight of soil samples was determined directly in
fields. In the laboratory, the samples were dried at 70°C for
at least 3 days. After drying, the dry weight was determined
in laboratory on a precision Balance (PGL 12001 Adam
Equipment). The soil bulk density, ρd, was determined as
follow:
𝑊𝑠𝑜𝑖𝑙
𝜌𝑑 =
𝑉𝑠𝑜𝑖𝑙
Were Wsoil is the soil sample dry weight, Vsoil is the
volume of the sample dried and weighted.
Then, the volumetric soil moisture, θ, at each depth was
calculated using soil and water volume as follow:
𝜃 = 𝜌𝑑 ∗ 𝑊𝑤
Where Ww is the weight of water in a soil sample.
2.3. Data Analysis
Analysis of variance was performed to test the
management (ANR and non-ANR) effects on yield
component variables using R version 3.5.1 software. In
addition, a Principal Component Analysis (PCA) was
performed to estimate the correlation between yield
components and environmental variables (farm
management, soil bulk density and soil moisture).

3. Results
3.1. Characterization of the Woody Cover

2.2. Data Collection
Woody vegetation, pearl-millet yield components and
soil characteristics were monitored in ANR and non-ANR
areas. Woody vegetation survey has been done in
following a systematic sampling on radial transect as
recommended by Boudet (1984) according to the open
forest formations. Thus, all woody plants were inventoried

Trees average density in the ANR and non-ANR are
presented in table 1. Tree density was higher in ANR area
(89.68 tree ha-1) than in non-ANR area (27 tree ha-1),
although the specific composition was the same in the two
areas. Whatever the farm management type, tree density
was lower in halos near villages than those far away.
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Table 1. Average densities of dominant woody species in agrosystems under ANR and non-ANR at Dan Saga terroir
Dominant species in descending order of
density.

tree average density (N ha-1)

Context
Plots near to
the villages

plots at intermediate
distance from the
villages

plots away from the
villages

Average
density

Under
ANR

78

88

103

89.67

Without
ANR

23

27

31

27

Combretum glutinosum, Piliostigma
reticulatum, Guiera senegalensis and
Faidherbia albida
Combretum glutinosum, Piliostigma
reticulatum, Guiera senegalensis,
Faidherbia albida and Acacia nilotica

Figure 1. Profiles of soil water content in Dan Saga terroir in ANR (under and out of tree cover) and in non-ANR. In blue measurements made during
the rainy season, in red those made during the dry season and bars represent standard errors

3.2. Soil Water Profile and Soil Bulk Density
Figure 1 shows seasonal variation of soil volumetric moisture according to the depth in ANR (out-and under tree cover)
and in non-ANR. Soil volumetric moisture of the upper soil horizons (0-50 cm) was higher in ANR area under-and out of
tree cover than non-ANR area. However, soil volumetric moisture of the deep soil horizons up to 200 cm was higher in
non-ANR and out of tree cover in ANR areas than under tree cover in ANR area.
Seasonal variation of soil bulk density according to the depth in ANR (out-and under tree cover) and in non-ANR is
shown in figure 2. At the depth slices of 0-50 cm and 150-200 cm, soil bulk density was higher in ANR area out of tree
cover with high variability than in the two other areas. However, at depth slice of 50-150 cm, soil bulk density was
higher in ANR area under tree cover than in the other two areas.
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Figure 2. Variation of soil bulk density in ANR (under and out of tree cover) and in non-ANR according to the depth in Dan Saga terroir. In blue
measurements made in non-ANR, in red those made in ANR out of tree cover, in green those made in ANR under tree cover and bars represent standard
errors
Table 2. Comparison of yield component parameters of millet grown in different contexts under ANR and non-ANR in Dan Saga terroir
Contexts
Yield component parameters
Non-ANR

ANR

F

P-value

Seed hole density (SHD)

55.76±4.5

56.82±4.98

01.20

0.2756

Number of seed hole at the emergence (NSHE)

36.46±10.75

47.04±8.60

30.29

0.0000

Seedling vigor (SV)

20.38 ± 9.06

27.92 ± 17.02

07.59

0.0070

Number of hole at harvest (NHH)

33.34 ± 9.20

49.08 ± 6.91

95.77

0.0000

Number of ears at harvest (NEH)

134.36±71.35

217.98±91.16

26.60

0.0000

Gross weight of the ear (GWE)

70.5±31.90

114.34±17.88

74.73

0.0000

Net weight of seeds (NWS)

24.28±11.50

42.18±11.64

57.21

0.0000

3.3. Evaluation of the Agronomic Performance of Pearl Millet
Comparison of pearl-millet yield components cropped under different farm management (ANR and non-ANR areas) is
indicated in table 2. Although seed hole density was not varied significantly (F =1.20; P-value= 0.2756), all yield
component parameters were significantly lower in non-ANR area than those in ANR one.
3.4. Relationship between Soil Parameters, Tree Density and Yield Components in Different Farm Management
Figure 3 shows the relationship between soil volumetric moisture, soil bulk density and pearl-millet yield component.
The information contained in the variables is controlled at 67.93% by axes Dim1 and Dim2. All variables that
characterize yield components, tree density, bulk density and moisture of soil at all depth in the superficial part
contribute to the formation of the Dim2 axis and are in the same projection as the most plots in ANR.
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Figure 3. Plan of the Principal Component Analysis (PCA) between yield components and soil parameters in plots in ANR (from 1 to 50) and
non-ANR (from 1 to 50). NSP: Seed hole density, NSHE: Number of seed hole at the emergence, VAL: Seedling vigor, NPR: Number of hole at harvest,
NER: Number of ears at harvest, PB: Gross weight (weight of the ear) and PN: Net weight (grain weight) for yield components. HUM1 (volumetric soil
moisture at 50 cm), HUM2 (volumetric soil moisture at 100 cm), HUM3 (volumetric soil moisture at 150 cm), HUM4 (volumetric soil moisture at 200
cm), DAP1 (soil bulk density at 50 cm), DAP2 (soil bulk density at 100 cm), DAP3 (soil bulk density at 150 cm), DAP4 (soil bulk density at 200 cm) for
soil characteristics. DEN (tree density) for farm management

4. Discussion
4.1. ARN Practice Impact on Biodiversity
Although the practice of agroforestry is considered as a
tool for the conservation and improvement of biodiversity,
the willful selection of tree species useful for farmers use is
evident in traditional agroforestry systems (Shibu 2011,
Shibu 2012). Our results showed the same tree specific
composition between the two zones; under ANR and out of
ANR. ANR practice in the study area did not result in the
improvement of woody plants diversity. However, this
practice did simply resulted in an increase in the density of
woody species. These results are consistent with those of
Morou et al. (2016) who reported low tree specific
diversity associate with very high densities of trees with
high important value index in Dan Saga.
Indeed, agroforestry is an age-old practice in
sub-Saharan Africa involving the association of woody
species with crops. But, the woody species are selected
according to their utility (fertilizers, no competition,
feeding of welding for the humans and the animals ...).
ANR remains an agroforestry practice focused on the
selection of woody species and the improvement of the
conditions of development and growth of these recruits
leading to "revegetation" based on an increase in density. in
the semi-arid Sahelian zones of Senegal similar to our
study area, Grouzis & Akpo (2006) have shown that tree
cover improve floristic composition of the herbaceous
layer, enable their phenology, and enhance productivity
and quality of the spontaneous herbaceous due to the
improvement of edapho-climatic conditions under shading.
Furthermore, several studies (Arias et al., 2012, Costa et al.,
2012) have shown a strong similarity between the
microbial and fungal flora of undisturbed ecosystems and

those from agroforestry systems. Our results suggest that
the practice of ANR, by increasing the density of woody
species, could improve both the floristic composition of
herbaceous plants and that of soil microorganisms.
Elsewhere, the increase in tree density could improve the
quality of habitat leading to the improvement of wildlife
and microbial diversity (Ousseini-Niandou et al., 2017;
Boureima et al., 2019).
4.2. Improving Agronomic Performance through the
Practice of ANR
Our results showed very significant increases of
agronomic performances of pearl-millet cropped in ANR
area compared to crops that are out. In Sahelian regions,
Indeed, several studies showed that agro-ecological
intensification technologies such as ANR practices, led to
double or even triple crop yields in the same conditions for
the smallholders (Botoni and Reij 2009). In Niger,
pearl-millet yields have increased by 15 to 50% due to
ANR technology adoption compared to the control villages
in which it decreased by 25 to 60%. In particular, Toudou
et al. (2006) showed that the presence of trees in farms
provides yields millet ranging from 100 to 370 kg ha-1,
while in control farms it are in the order of 50 to 270 kg ha-1.
However, our results showed that pearl-millet yield
components were not correlated to an increase to the seed
hole density. In fact, although the seed hole density did not
vary significantly at the time of sowing, our results showed
that the numbers of seed hole at emergence and at harvest
were higher in ANR area than those in non-ANR one.
Indeed, it has been reported that one of the services
provided by trees in agroforestry systems is the protection
of seedlings against desiccation and silting caused by dusty
winds at the beginning of the rainy season. In addition, the
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observed difference in yields will be related to a higher tree
density in ANR areas than in non-ANR one. In the ANR
areas of the Zinder and Maradi in Niger, Baggnian et al.
(2014) reported that millet yield is positively correlated
with increasing tree density in the crop fields.
4.3. Improving Soil Water Fertility through the
Practice of ANR
Our results showed that ANR practice did not improve
soil structure because bulk soil density varied from 1.0 to
1.6 g.cm-3 remained the range of values known for sandy
soil (Yoro and Godo 1990). In contrast, ANR practice
improved soil water availability in the upper horizons
favorable to crops. In fact, our results suggest that the
increased tree density in crop fields, due to the shading
effect and the decreasing in wind speed, would have made
it possible to reduce evapotranspiration, which is very
important in this region (~ 2000mm year-1 ; Le Houerou et
al. 1988). More generally, it has been reported that, due to
the alleviation of ambient air desiccant effect, ANR
practice promotes seedling survival (Larwanou et al.
2006).
Our results showed that, beyond 1m of depth, the soil
moisture was greater in non-ANR area than in ANR one.
Indeed, by its deep rooting, the woody stratum contributes
to the process the recycling of deeper water and thus
contributes to evapotranspiration over a large part of the
year (Issoufou et al. 2019).
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