Agroforest Syst
https://doi.org/10.1007/s10457-023-00908-1

q

Check for
updates

Improved crop productivity and soil properties
under varying planting densities of Pentaclethra
macrophylla Benth. and Acacia auriculiformis A. Cunn.

in Congo Basin

Neville Mapenzi(® - Alain L. Katayi® - Marijn Bauters
Jules Masimane® - Jolien Schure - Raphael Kweyu -
Nsharwasi L. Nabahungu

Received: 4 November 2022 / Accepted: 13 September 2023
© The Author(s) 2023

Abstract Soil fertility depletion is a major con-
straint to agricultural production in the Congo Basin
and is aggravated by climate change. Therefore,
agroforestry systems (AFS) are used to improve soil
fertility and crop productivity. Indeed, Pentaclethra
macrophylla and Acacia auriculiformis are among
the most agroforestry species used in this basin. How-
ever, smallholders are limited in their choice of agro-
forestry species and the spacing. Hence, this study
comparatively evaluated the effects of P. macrophylla
(native) and A. auriculiformis (exotic) legume tree
species on soil macronutrients and food crops’ yield
during four cropping seasons. To do this, a multifac-
tor trial design was implemented in Lobilo catchment,
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Congo Basin, with two tree species, four tree planting
densities (T;: 2500 treesxha™", T,: 625 trees X ha™,
Ty 278 treesxha™'; and Ty: crop monoculture),
and three intercrops (cassava, maize, and peanut).
The results revealed that both agroforestry species
did not significantly differ regarding their impact on
soil macronutrients. The total nitrogen and the pH
in soil have increased with the cropping seasons.
With regard to the food crops, cassava and maize
yield were greater under P. macrophylla than under
A. auriculiformis. However, the 2500 trees X ha™!
density negatively affected food crops’ yield and
did not allow food crop production after the second
cropping season. To maximize the positive effects of
these AFS, it is essential to plant or co-plant these
two agroforestry species at 625 treesxha™' density.
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Future research could investigate other native species
and include water and light interactions.

Keywords Congo Basin - Agroforestry - Food crop
yield - Soil nutrients - Pentaclethra macrophylla -
Acacia auriculiformis - Lobilo catchment

Introduction

Land-use change in the Congo Basin is mainly driven
by shifting agriculture in contrast to the commercial
logging and plantation-driven deforestation in South
America or South-East Asian (Wasseige et al. 2012;
Curtis et al. 2018). The Congo Basin’s rapidly grow-
ing population still largely depends on shifting culti-
vation for food security and incomes (Bauters et al.
2021). This nexus of population growth and ecologi-
cal impact are exacerbating the landscape degradation
in this basin. This relates to the direct dependency
of the local population on wood as an energy source
and land clearing for food security and income gen-
eration. In fact, the shifting cultivation without the
use of organic or inorganic fertilizers results in the
decline of soil fertility, which is likely to affect pri-
mary soil macronutrients (Fonton et al. 2002; Bauters
et al. 2021). Furthermore, ferralitic soils in the tropics
are generally acidic and deficient in phosphorus (P)
and nitrogen (N) (Roose et al. 1993). Thus, producing
more food for a growing population without degrad-
ing the environment, and at the same time fighting
poverty and hunger, seems a huge challenge for Afri-
can agriculture (Verchot et al. 2007; Garrity et al.
2010).

On the other hand, AFS are recognized as sus-
tainable production mode and nature-based solu-
tion for enhancing soils properties, mitigating the
climate change effects and diversifying households
income (Pretty 2008; Crous-Duran et al. 2019).
Moreover, this production system has been known
for its capacity to reconcile biodiversity conser-
vation and enhancement of food production than
conventional agriculture (Mbow et al. 2014). In
addition, previous research had established that
legumes are efficient in improving soil fertility by
fixing atmospheric N,, which is one of the limit-
ing production factors in the tropics (Fonton et al.
2002; Muyayabantu et al. 2019). However, numer-
ous smallholder farmers in sub-Saharan Africa are
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constrained by the insufficient knowledge for the
choice of agroforestry species and their spacing
(Zebene & Agren 2007; Tokede et al. 2020; Katayi
et al. 2023). Nowadays, choosing agroforestry spe-
cies can’t be limited to its capacity to restore soil
fertility, but must also take into account the produc-
tion of wood, rate of carbon sequestration, as well
as domestic utilities for local community (Lorenz
and Lal 2014; Cardinael et al. 2015; Muyayabantu
et al. 2019; Katayi et al. 2023). Despite the advan-
tages of agroforestry species, tree spacing could sig-
nificantly affect farmers’ adoption (Lékadou et al.
2009). Therefore, for early adoption, the under-
standing of tree-spacing effect on crop production,
especially in the Congo Basin is needed (Frangois
et al. 2022).

In the Democratic Republic of the Congo (DRC),
particularly in Yangambi landscape, some agrofor-
estry schemes based on A. auriculiformis have been
popularized in resolving the challenges described
above and conservation of its exceptional resources
(Schure et al. 2013; Peltier et al. 2010). While farm-
ers are encouraged to adopt this exotic species for
its rapid growth, they are often deliberately left with
some useful species in their fields for livelihood
diversification (Batsi et al. 2020; Katayi et al. 2023).
However, the development agencies and the local
community have different views on this exotic spe-
cies. From the agencies’ view, this species meets the
high demand for wood energy, while for farmers, it
is not suitable for forest ecosystems and their liveli-
hoods (Udawatta et al. 2017). Nevertheless, some
farmers have already started to plant this species on
their farms in association with crops such as cas-
sava, maize, etc. in this landscape and Congo basin
(Bisiaux et al. 2009).

However, smallholder farmers need to strengthen
their technical capacities in managing the ecologi-
cal interactions of this exotic species with food crops
in this landscape. Indeed, the interactions of woody
plant and food crop are complex in AFS; therefore,
it requires the ability of farmers to maximize ben-
efits interaction and upgrade the production, while
the negative interactions are minimized (Nair et al.
1995; Kasongo and Van Ranst 2010). On other hand,
there is a scientific deficiency of information on eco-
logical interactions between native tree species as
Pentaclethra macrophylla and food crops. In spite of
the fact that they are better adapted to environmental
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conditions, research is needed to better understand
their ecological interactions with other components
of AFS (Nair et al. 1995; Dhanya et al. 2014). Indeed,
local species are more likely to be adopted by farmers
than exotic ones (Katayi et al. 2023).

Hence, to fill these knowledge gaps, this research
was initiated to compare the effects of A. auricu-
liformis and P. macrophylla on soil macronutrients
and yields of high consumption food crops (cassava,
maize, and peanut). The research questions included:
(a) which agroforestry species have more beneficial
interaction with primary macronutrients and yield
of maize, peanut, and cassava; and (b) which tree
spacing enables smallholder farmers to produce
more cassava, maize, and peanut after two years of
intercropping?

Material and methods
Description of study area
The Lobilo catchment (Fig. 1) is located 100 km

from Kisangani town of Tshopo province situated in
North-East DRC (Kipute et al. 2021). Its geographic

Lobilo watershed
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location lies between 24°16'95" and 25°08'48" East
longitude and 0°38'77" and 1°1020” North latitude,
with varying altitudes between 400 and 500 m (Kyale
et al. 2019). The catchment is estimated at approxi-
mately 1213 km? and characterized by a plateau
area dissected by wide, flat-bottomed valleys, which
are occupied by rivers, the main ones of which form
tributaries of the Congo River (Kombele 2004). It
contains the Yangambi Biosphere Reserve (YBR)
that has a high faunal and floral diversity (Kyale et al.
2019).

This region is characterized by an average of
1837 mm of rainfall per year. Its climate is humid
equatorial, (Af) according to Koppen’s classification,
and has high temperature regimes with an annual
average of 25.1 °C (Luambua et al. 2021). This cli-
mate allows diversity of vegetation ranging from
grasses to high canopy trees (Kombele 2004).

Research and experimental design
The experiment design was a multifactorial trial

(Fig. 2) and composed of two blocks, (A. auricu-
liformis and P. macrophylla). For each block, the
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Fig. 1 Location of Lobilo catchment in Democratic Republic of Congo
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Fig. 2 Multifactorial
trial design conducted in
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agroforestry species were combined with three food
crops: cassava (Manihot esculenta var. Obama2);
maize (Zea mays var. Samaru); and peanut (Arachis
hypogea var. G17) replicated three times by food
crop. Each replication had three tree-planting densi-
ties: 2500 (T,), 625 (T,), and 278 trees (T5) per ha™!,
respectively, with T, as control plot for crop mono-
culture. This multifactorial trial had a total of 72
plots (2 trees species X3 food crops x4 planting den-
sities X 3 repetitions) and each plot size was 400 m?,
3.2 ha at total. It was implemented between March
2020 and March 2022 corresponding to four cropping
seasons. For instance, in Yangambi landscape, there
are two cropping seasons by cultural year: (1) Season
A, which starts from March to June; and (2) Season
B, which begins in September and ends in February
(Mangaza et al. 2021).

The food crops were planted at a spacing of
1 mx1 m for cassava, 1 mX0.5 m for maize, and
0.2 mx0.2 m for peanut. Their vegetative cycle is
annual — the maize and peanut being sown twice per
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year (from March to July, and from September to
January), and cassava being planted only once a year.
With regards to yield, grain yield was considered for
maize and peanut, and root yield for cassava. The
selection of agroforestry species was based on char-
coal yield, rapid growth, and atmospheric N, fixation,
whereas the food crops selection was based on local
food preferences. Also, precocity, disease resistance,
and crop yield motivated the choice of varieties (Fon-
ton et al. 2002; Lékadou et al. 2009).

Data collection
Soil parameters

The soil sample was collected using a composite
sample per treatment. The composite sample was
obtained after mixing the soil collected at four cor-
ners and center of each plot. A soil-sampling probe
was used to collect up to 30 cm depth. Thus, these
composite samples were collected before and after
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Table 1 Explanatory variables characteristics (see Eqgs. 1, 2)

Explanatory vari- Levels

able

Reason of consideration as reference level and source of verification

Tree P. macrophylla

A. auriculiformis
Density Crop monoculture
278 trees x ha™!
625 trees x ha™!
2500 trees X ha™!
Crop Cassava

Maize

Peanut
Season Season I
Season 11
Season 1T

Season IV

P. macrophylla is considered as the native species in the catchment (CIFOR 2018)

Control plots refer to farmers practice used in the catchment (CIFOR 2018)

Cassava is the most grown food crop in the catchment (CIFOR 2018)

Considered as baseline cropping season (Mangaza et al. 2021)

The values in bold are the reference levels (control) for the regression model variables

each cropping season for both years. Soil analysis
was made following the methods presented by Faith-
full (2002) at the Soil Laboratory of the University of
Kisangani to assess the macronutrients (N, P, and K)
and the pH, which mostly determine the soil fertility
level and plant growth status through this catchment.

The N was determined by the Kjeldahl method
that consisted of mineralization with sulfuric acid in
the presence of a catalyst, followed by distillation by
entrainment steam and titration with 0.05 N hydro-
chloric acid with ammonium (NH,). The P was
measured using an atomic absorption spectrophotom-
eter after extraction via the Olsen method in a ratio
of 1:10. The K was determined by atomic absorption
spectrophotometer using Mehlich extract 3. The pH
was measured with water in a ratio of 1:2 (weight/
volume).

Crop yield

The gross yield was obtained after harvesting crops
at physiological maturity. The observed area was har-
vested for each plot. After drying the harvest up to
14 percent of relative humidity (electronic moisture
test), it was then weighted with a precision scale. The
harvest was done between the first and third weeks
of July and between first and third weeks of January
(for maize and peanuts), and during the third week of
February for cassava.

Data analysis

Mixed effect regression analysis was carried out to
assess the link between soil elements and the treat-
ment combinations, as well for the crops’ yield
(Dodge 2008; Kuznetsova et al. 2017). Where
needed, the Box-Cox data transformation was applied
to fulfill criteria for regression and analysis of vari-
ance (ANOVA), applied on the transformed data, and
back-transformed to normal for interpretation (Box
and Cox 1964; Fox and Weisberg 2019). Hence:

For the soil macronutrients and pH, mixed effect
regression model (Eq. 1) with the factors tree species,
tree spacings, food crops, and cropping seasons (no
interaction for the latter) were applied, as follows:

S0ilpmen: = Bo X (B * Tree) X (P, * Density)

X (P35 * Crop) + (B4 * Season) + (1|Plot) + Error

ey

where Soil,;,e.. = {N, P,KorpH}, and p, are the
regression coefficients.

For yield data, the annual crops were analyzed by
using mixed effect regression model (Eq. 2) with the
tree species, the tree spacing, and the cropping sea-
sons (no interaction for the latter) as factors; then
submitted to multifactor ANOVA to check the differ-
ences in means of treatments.
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Yield; = f, X (ﬂl * Tree) X (p, * Density)

+ (p5 * Season) + (1|Plot) + Error 2)

where i = {cassava, maizeorpeanut}, and f, the
regression coefficOients.

Table 1 presents the characteristics of explanatory
variables used in the regression models.

The model parameters were estimated using the
maximum likelihood method; only significant regres-
sion parameters are presented. The multi-model infer-
ence was used for model selection and for checking
the accuracy (Kitamura et al. 2012). For the ANOVA,
the estimated marginal means were computed for the
significant sources of variation and treatments com-
parisons adjusted to identity homogeneous groups
(Dodge 2008; Lenth 2021). All analyses and visuali-
zation was performed using R 4.2.1 version (R Core
Team 2022).

Results
Soil macronutrients variation

Results showed that soil N varies with the cropping
season. There was an increase of soil N rate in the
third cropping season (0.02+0.04 units, p=0.043)
and in the fourth cropping season (0.34 +0.04 units,
p<0.001), both compared to the first cropping
season.

The P rate varied with cropping season, tree
spacing, tree species, and food crops. This nutrient
decreased by 1.76 +0.34 units (p <0.001) for the third
cropping season, while it increased by 4.18+0.34
units (p<0.001) for the fourth cropping season
compared to the first one. The plots with tree-spac-
ing of 2500 trees xha~! and 625 treesxha™! had an
increase of soil P rate of 2.68 +0.92 units (p=0.005)
and 2.20+0.92 units (p=0.020), respectively, both
compared to the monoculture plots. Moreover, for
the plot with A. auriculiformis, P rate decreased by
4.09+1.60 units (p=0.014) and 3.06+1.30 units
(p=0.02) at 2500 treesxha~! density and 625
trees x ha~! density, respectively, compared to P. mac-
rophylla. For the plots with maize intercropped with
A. auriculiformis at 625 trees x ha™! density, there
was an increase of 3.51 +1.72 (p=0.046) units in soil
P rate compared to cassava cropping (Table 2).
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There was a decrease of soil K rate in the fourth
cropping season (0.15+0.02 units, p=1.6e-12) com-
pared to the first cropping season. All other param-
eters were not significant.

The soil pH varied with cropping season and food
crops. There was an increase of 0.35+0.13 units
(p=0.035) in the soil pH rate for the fourth crop-
ping season compared to the first one, as well as an
increase in soil pH rate for maize intercropped plots
(0.58 +0.33 units, p=0.024) compared to the cassava
ones.

Crop yield variation
Regression analysis results

Table 3 highlights that the cropping seasons and tree
spacing influenced food crop yield.

The tree spacing negatively influences the cassava
yields. Indeed, T, (2500 trees xha™!) planting density
led to a decrease of 8.62+3.59 txha™! (p=0.022) of
cassava compared to monoculture plots. Meanwhile,
the cropping season was a main factor that negatively
affected the maize yield. This factor decreased maize
yield by 0.24+0.08 txha™! (p=0.004) for the sec-
ond cropping season, 0.27+0.09 txha~! (p=0.002)
for the third one, and 0.92+0.09 txha™' (p<0.001)
for the fourth one, all compared to the first cropping
season.

Peanut yield varied with the cropping season
and tree spacing. We found that the density of 2500
trees X ha™! (T,) decreased the peanut yield by
0.23+0.10 txha™! (p=0.023) compared to mono-
culture. With regards to the cropping seasons, peanut
yield decreased by 2.48+0.07 txha™' (p<0.001)
for the second cropping season, 2.37+0.08 txha™!
(p<0.001) for the third one, and 3.11+0.08 txha™!
(p<0.001) for the fourth, all compared to the first
cropping season.

Means comparison for ANOVA significant sources
of variation

There is a significant difference in cassava root
yield when intercropping with the tree species
(p-value=0.043) as shown in the Fig. 3. Cassava
root yield was greater when intercropped with P.
macrophylla (25.7+1.27 txha™!) than with A.
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Table 2 Significant regression parameters of soil nutrients and pH characteristics linked to the tree species, tree density, inter-

cropped crops, and cropping seasons

Dependent variable: Soil elements rate

N P K pH
Constant — 0.002%##* 16.24 %4 1.46%%* 4.25%%
(0.08) (0.68) (0.03) (0.26)
Spacing T, 0.03 2.68%* -0.03 —0.10
(0.11) (0.92) (0.05) (0.35)
Spacing T, 0.10 2.20% -0.03 0.21
(0.11) (0.92) (0.05) (0.35)
Crops Maize 0.12 —0.94 0.01 0.58%*
(0.11) (0.86) (0.04) (0.33)
Seasons III 0.02* — 1.76%%* 0.01 0.35%
(0.04) (0.34) (0.02) (0.13)
Seasons IV 0.34%%* 4.18%%*%* — 0.15%#* 0.27
(0.04) (0.34) (0.02) (0.13)
Species A.auriculiformis: SpacingT1 —0.06 —4.09% 0.04 —0.07
(0.20) (1.60) (0.08) (0.61)
Species A.auriculiformis: SpacingT2 —-0.21 —3.06% 0.11 -0.19
(0.16) (1.30) (0.06) (0.50)
Species A.auriculiformis: SpacingT2: Crops 0.20 3.51% —-0.07 -0.19
Maize
0.21) (1.72) (0.08) (0.66)
Observations 82 82 82 82
Marginal R? 0.39 0.64 0.14 0.37
Conditional R? 0.71 0.86 0.87 0.46
Residual Std. Error 0.14 1.13 0.07 0.43

*p<0.05; **p<0.01; ***p<0.001. () values are the standard error of means

auriculiformis (21.7+21.7 txha™!). Neither the tree
spacing nor cropping seasons brought any changes.
The maize grain yield varied with the intercropped
agroforestry species (p=0.003) and cropping seasons
(p<0.001). Its yield in intercropping with P. macro-
phylla (1.30+0.08 txha™!) was significantly greater
than the one with A. auriculiformis (1.13+0.09
txha™"). With regards to the cropping seasons, maize
yield had significantly decreased for the last three sea-
sons compared to the first one. However, maize yield
did not significantly vary with tree spacing (Fig. 4).
Peanut is intolerant to shading. Therefore, tree
spacing and cropping seasons had significantly
influenced its grain yield. Figure 5 highlighted
interactions between these factors and the pea-
nut yield. The shading created by the intercropped
trees, as well as the nutrients taken by intercrop-
ping, may have significantly affected peanut yield.

This could be because the monoculture plots had
produced more (1.52+0.06 txha™!) than the agro-
forestry plots (for both A. auriculiformis and P.
macrophylla plots). In addition, the average peanut
yield for T; plots (1.33+0.07 txha™!) was inter-
mediary between the monoculture plots and other
tree spacing (1.33+0.06 txha™' and 1.30+0.06
tx ha™), respectively, for T, and T,.

The peanut yield obtained in the first cropping
season (3.36+0.06 txha~!) was higher than the
ones in the second and third seasons (0.99+0.07
and 0.88+0.06 txha™!, respectively), and all of
them higher than the peanut yield at the fourth sea-
son (0.25+0.07 txha™!). In fact, agroforestry spe-
cies seems more competitive for the peanut pro-
duction after the first cropping season. In addition,
this food crop requires rotation to avoid the N effect
from legumes (peanut and agroforestry species).
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Table 3 Regression
parameters of the yield of

Dependent variable: Crop yield

cassava, maize, and peanut Cassava Maize Peanut
linked to the tree species,
tree density, and cropping 9] 2 (3)
seasons Constant 28.36%** 1.65%* 3.4 5%k
2.71) (0.10) (0.09)
Species A.auriculiformis -3.02 —-0.95 0.12
(3.59) 0.12) (0.10)
SpacingT), —-4.96 -0.03 -0.13
(3.59) 0.12) (0.10)
SpacingT, -1.16 0.14 -0.18
(3.59) 0.12) (0.10)
SpacingT; — 8.62* - 0.09 —0.23*
(3.59) 0.12) (0.10)
Seasons I1 - — 0.24%* — 2.48%**
- (0.08) (0.07)
Seasons I1I - —0.27** — 2.37%**
- (0.09) (0.08)
Seasons IV 2.00 — 0.92%** — 3.1
(1.92) (0.09) (0.08)
Species A.auriculiformis: Spacing T, - 1.71 - 0.04 —0.11
(5.76) 0.19) 0.17)
Species A.auriculiformis: SpacingT, —6.47 -0.24 —-0.02
(5.08) (0.16) (0.15)
Species A.auriculiformis: SpacingT; 4.16 -0.03 0.04
(5.08) (0.16) (0.15)
Observations 45 90 90
Marginal R? 0.29 0.60 0.96
*p<0.1; **p<0.05; Conditional R? 0.29 0.67 0.96
***p<0.01. () values are Residual Std. Error 6.22 0.26 0.25

the standard error of means

Discussion of the results
Soil macronutrients variation

The rate of N, P, and K found in this experiment were
below and at the edge of the recommended availabil-
ity ranges. According to Wolf (2000), the quantity of
primary macronutrients for agriculture are as follows:
N (0.2-0.5%), P (30-100 ppm), and K (~120 ppm).
However, after two years (Table 2), N values ranged
between 0.14 and 0.21 percent for various spacing of
P. macrophylla and 0.15 and 0.25 percent for vari-
ous spacing of A. auriculiformis. Regarding P val-
ues, these ranged between 16.24 and 17.83 ppm for
various spacing of P. macrophylla, and between 16.35
and 16.72 ppm for A. auriculiformis. For K values,
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these ranged between 1.19 and 1.12 ppm for P. mac-
rophylla, and between 1.12 and 1.11 ppm for A.
auriculiformis. These values proved that the macro-
nutrient available in the catchment are below or at the
edge of the recommended availability ranges. These
results corroborate the findings of Makelele et al.
(2022), which revealed that the flux of N is generally
decreased in agricultural systems and young fallows.
In addition, Li et al. (2019) had affirmed that tropi-
cal soils are deficit in soil macronutrients. The value
of pH ranged between four and five, confirming the
acidity of tropical soil (Roose et al. 1993).

Soil N increased with cropping seasons. This
might be explained by the fact that these tree spe-
cies are leguminous and are able to fix the N, by
the symbiosis with rhizobium (Bauters et al. 2016;
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Fig. 3 Cassava yield regarding the tree species (p=0.043*)

Ishizuka et al. 2021). Indeed, their intercropping
increases N rate in the soil. Additionally, leaf fall,
litter decomposition, and nutrient mineralization in
an agroforestry system can increase this macronutri-
ent in soil. These results corroborate those obtained
by Kasongo and Van Ranst (2010) who had found
that A. auriculiformis had increased the N in sandy
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soil of Bateke plateau. They found that in fallows of
four years, based on Acacia sp., the amounts of top-
soil N increased up to 0.280 percent and were more
than six times than those measured under the savan-
nah (0.045%).

Soil P decreased in the third cropping season but
increased in the fourth cropping season compared to
the first one. This fluctuation can be explained by the
P need of food crops and agroforestry species and the
P supplying from the agroforestry species litter min-
eralization. Dollinger and Jose (2018) reported that
the litter of Faidherbia albida could supply more
than 18 kg P ha~!xyear™!. The P decreased more in
plots with A. auriculiformis than plots with P. mac-
rophylla, especially in the second cropping season.
This might be linked to the fast-growing nature of A.
auriculiformis that needs more P compared to P. mac-
rophylla, which has a moderate growing rate (Ishi-
zuka et al. 2021).

The maize absorbs 80-90 kgxha~lof P (P,05)
over its cycle. However, the findings of this study
revealed that P rate in soil was higher in maize plots
compared to cassava ones. This might be explained
by the fact that maize could not facilitate rapid litter
decomposition than cassava due to the greatest cas-
sava area coverage rate, providing enough shade and
favorable conditions for litter mineralization. Else,
Okalebo, and Woomer (2003) in Western Kenya
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Fig. 4 Maize yield linked to agroforestry species (at left, p=0.003 **) and cropping seasons (at right, p<0.001%**)
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Fig. 5 Peanut yield regarding the tree density (p=0.014*) and the cropping seasons (p < 0.001%%*%*)

found that cassava does need much P input for its
development than maize.

The K did not vary with either the tree species
nor the tree spacing or food crops. However, the pH
increased with cropping seasons and under maize
compared to cassava. This might be explained by
the growing of trees over the fourth cropping sea-
son. During the first three seasons, tree litter was not
important. However, after two years, agroforestry
trees seem to gain important litter; thus, influence the
increase of pH in the soil. Pinho et al. (2012) reported
that the pH changes could be explained as a function
of the concentration of the organic matter. Soil acidi-
fication can be attributed to degradation of organic
matter in soils. Increased pH shows soil improvement
by decomposition of tree litter.

Crop yield variation

Results revealed that T, (2500 trees xha™!) decreased
cassava root yield compared to the monoculture
plots. This can be explained by the high competition
between these agroforestry species and cassava food
crop. In fact, the cassava and trees were planted dur-
ing the same period, but the competition for light led
to the decreasing of cassava roots. Mboka (2021) also
observed this phenomenon in hinterland of Kinshasa

@ Springer

(DRC). Streck et al. (2014) found that cassava yield
per plant and per root is higher at lower densities
in Brazil. However, ANOVA tests results revealed
that cassava yielded more when intercropped with
P. macrophylla than with A. auriculiformis. In fact,
A. auriculiformis grows faster than P. macrophylla;
hence, may be taking more resources and in strong
competition with the cassava (Fonton et al. 2002;
Lékadou et al. 2009).

The main factor affecting maize yield was the
cropping seasons. There was a general decrease of
maize yield from the first season up to the fourth.
This decrease was significant from the second crop-
ping season and onward compared to the first one.
This supports the agronomic theory that successive
crop repetition on the same soil leads to a continu-
ous decline in physical yield (Giller 2009). Although
agroforestry tree-species perform well, crop rotation
remains essential to maintain gross yield. In fact, Ber-
tomeu (2012) also found out that in the Philippines,
maize yield, in association with Gmelina arborea (a
fast-growing species), decreased up to 50 percent in
the second cropping season.

Peanut yield is negatively affected by cropping
seasons and tree spacing. Comparative analysis high-
lights the yield decrease between the first and second
cropping seasons up to 70 percent of production. This
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can also be explained by the successive crop repeti-
tion on the same soil. These results corroborate with
those obtained by Wang et al. (2021) who showed that
peanut yield was affected by year and biochar applica-
tion factors. Moreover, ANOVA revealed that peanut
yield under P. macrophylla is greater compared to A.
auriculiformis. Peanut demands a lot of sunlight (Li
et al. 2018); hence the yield of peanut was negatively
affected by the density of 2500 treesxha™'. This
situation is explained by the shading created by trees
when they are growing (Van Noordwijk and Luisi-
ana 2004). In line of this study, Rowell et al. (1999)
affirmed that the light factor influences foliage, pod,
and seed yield of peanut during his experimentation
in Georgia.

Conclusion

To sustain food security for a growing population
without significantly degrading the environment, AFS
are reputed to improve soil fertility and crop produc-
tivity and they provide ecological services. However,
household famers are uninformed about the interac-
tions of agroforestry species (exotic or native species)
and the effectiveness of spacing to practice. There-
fore, this research addresses the influence of P. mac-
rophylla and A. auriculiformis on food crop (cassava,
maize and peanut) production in the Congo Basin to
respond to these gaps.

Results revealed that both agroforestry-species did
not significantly differ regarding their effects on soil
nutrients. Their total N and the pH increased over the
growing of cropping season. With regards to the food
crops’ yield variation, the yields of cassava and maize
were greater under P. macrophylla than under A.
auriculiformis. Furthermore, the tree spacing of 2500
tress x ha™! of these two tree species negatively affect
food crops’ yield.

Hence, to maximize the positive effect of these
system, it is essential to plant or co-plant these two
tree species at 625 trees X ha-1 density. Furthermore,
research could assess the general context of the
system, including water and light interactions and
explore other native species like Milletia sp. Thus,
the popularization of these agroforestry species could
be adopted in Lobilo catchment for promoting the
livelihood of the riparian communities, maximizing

agroecosystem services, and biodiversity conserva-
tion through the reduction of deforestation rate in
Congo Basin.
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