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ABSTRACT KEYWORDS
Agroforestry practices improve soil health which in turn Agroforestry; Zambia;
improves crop nutrient concentrations and quality. This study  Gliricidia sepium; legumes;
examined how the agroforestry tree Gliricidia sepium inter- ~ nutritional quality; mineral
cropped with soybean, groundnuts, or maize affects crop nutri-

ent compositions. The study was conducted in five Zambian

chiefdoms for three crop-growing seasons (2019-2022) on 13

farmer-led demonstration trial sites. Seven treatments were

tested that included maize, soybean, and groundnut plots

with and without Gliricidia interventions. Grain samples were

analyzed for crop nutrient contents using standard laboratory

methods. Results showed that the treatments significantly (P <

0.05) improved maize nutritional properties except for crude

fiber, total carbohydrate, and metabolizable energy. G. sepium

intercropping with maize and soybean decreased the antinutri-

tional contents and displayed better functional qualities. All

elemental mineral components (except potassium, calcium,

and sodium) were higher in the Gliricidia + maize intercrop

than in the control treatment. The Gliricidia+soybean intercrop

had lower mean mineral concentrations than the control (soy-

bean only) except for Mg, Cu, and Zn. The Giliricidia+groundnut

intercrop significantly increased groundnut mineral compo-

nents except for Nitrogen, Phosphorus, Potassium, and Iron. It

can be concluded that G. sepium intercropped with maize,

soybean, and groundnuts significantly improved the crops’

nutritional quality.

Introduction

Gliricidia sepium (Jacq.) is a well-known agroforestry leguminous tree growing
in different agroecological zones and provides multiple environmental bene-
tits (e.g., soil health, crop yields/quality) (Alamu et al. 2023; Tesfai et al. 2022);
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social benefits (e.g., improved farmer livelihoods and food security)
(Akinnifesi et al. 2010; Romero et al. 2020); and economic benefits (e.g.,
increase farmer income) (Alamu et al. 2023). Gliricidia is a medium-sized
leguminous tree belonging to the Fabaceae family, and it is considered
a source of relatively valuable plant protein (Grygier et al. 2022). The under-
lying hypothesis of the agroforestry fertilizer tree system is that available plant
N is the most limiting macronutrient in the soil. However, since the unreactive
N is highly abundant in the atmosphere, agroforestry practices using legumes
can replenish soil fertility through biological fixation and recycling of nutri-
ents in the soil and incorporation of the nitrogen-rich leaves of the legume
trees, thus contributing to improved crop productivity. Trees produce large
quantities of leaf biomass compared to legume crops. By incorporating nitro-
gen-rich leaves as green manure, G. sepium can replenish soil fertility through
biological nitrogen fixation and improve nutrient recycling (Kim and Isaac
2022). The Gliricidia trees produce high-quality green manure as their leaves
contain up to 4% total N. Furthermore, the trees provide a large amount of leaf
biomass, increasing soil productivity and crop yields (da Costa Leite et al.
2019). In addition, the trees have a deep root system that can intercept and
access nutrients percolating through the soil profile and drawing moisture.
Thus, nutrients absorbed by the tree’s deep root system are transferred to the
soil surface through litter and other plant residues. Several studies have shown
that the tree has been used in several applications, from being used as
a supplement in animal feed (Castrejon et al. 2016; Oloruntola 2018) to
improving soil fertility (Kuntashula and Mafongoya 2005; Vithanage et al.
2014; Wartenberg et al. 2017) to enhancing the yield and nutritional composi-
tion of crops (Ogunyemi, Otegbayo, and Fagbenro 2018; Yadav et al. 2020).
Incorporating nutrient-rich tree leaves into the soil, especially leaves of legu-
minous plants like G. sepium, has shown positive results in improving soil
fertility due to its profuse growth, deciduous nature, rapid decomposition rate,
and higher crop nutrient content properties (Mehreteab et al. 2022; Méndez-
Bautista et al. 2009; Rahman et al. 2019).

Maize (Zea mays L.) is a staple crop widely cultivated and consumed globally.
It is an essential dietary energy and protein source in human diets, with an
annual global production of approximately 967 million metric tons (Alamu,
Olaniyan, and Maziya-Dixon 2021). Maize, Groundnut, and Soybean are the
nutritional backbone of central, southern, and eastern Zambia (Alamu,
Olaniyan, and Maziya-Dixon 2021). Groundnut seeds are high in protein and
edible oil and contribute to diets (Asibuo et al. 2008). Soybean (Glycine max. L.)
is reported to be the cheapest and richest source of protein and is in the diets of
individuals and animals because soybean protein contains all the required
essential amino acids (Alamu, Popoola, and Maziya-Dixon 2018).

To a large extent, agroforestry’s role in enhancing soil quality and health has
been demonstrated, making it a viable, sustainable land management practice.
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Soil nutrient uptake and utilization are crucial for healthy development,
increased harvest yields, and improved crop quality.

The adoption of G. sepium as fertilizer trees in Malawi was analyzed by
Coulibaly et al. (2017) to increase the value of food crops by 35%, positively
affecting household food security. In addition, G. sepium intercropped with
maize enhanced soil health renewal and significantly increased the crop’s
nutritional composition (Nyirenda 2019). De Moura-Silva et al. (2015) eval-
uated the effect of combining Gliricidia with other shrubs in an alley cropping
system to improve the productivity and nutritional value of quality protein
maize. A two-year experiment evaluated the influence of shrub and herbac-
eous mulch types on soil characteristics and maize nutrient content.
Awopegba, Oladele, and Awodun (2017) reported that 5 t/ha of G. sepium,
one of the evaluated shrub mulches, improved maize’s nutrient composition
and yield.

G. sepium trees and leaves improve soil fertility by increasing total carbon,
nitrogen, available phosphorus, pH, cation exchange capacity, base saturation,
soil aggregation, bulk density, and phospholipid fatty acid (PLFA) composi-
tion (Barros et al. 2021). The mineral nutrient composition and availability in
soil significantly affect a crop’s yield and quality. Plants employ several
mechanisms to maintain internal nutrient balance, including mobilization,
uptake, chelation, transport between cells and organs, and storage
(Mafongoya, Kuntashula, and Sileshi 2006; Nyirenda 2019). A simple possible
mechanistic pathway between the high Nitrogen-litter deposition from
Gliricidia, nutrition transformation in the soil and subsequent uptake, and
the then transformation to nutrient crop enrichment is shown in Figure 1.

Step 1 Step 2

e High nutrient litter * Nutritient transformation in
deposition from Gliricidia the soil

sepium

Step 3

Subsequent uptake of the
nutrients by plant d Transformation to nutrient
crop enrichment

Figure 1. Mechanistic pathway of soil and crop enrichment using Gliricidia sepium.
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Therefore, it is essential to determine how agroforestry as a soil manage-
ment practice affects the nutrient composition of crops, as well as under-
standing whether crops produced under agroforestry systems are more
nutritious than conventional ones.

Despite comprehensive studies on Gliricidia for soil and crop improve-
ment (Alamu et al. 2023; Dinesh et al. 2010; Sileshi, Debusho, and
Akinnifesi 2012; Yadav et al. 2020), there is a shortage of knowledge on
the effect of intercropping of Gliricidia trees on the nutritional, antinutri-
tional, functional, and mineral contents of field crops. The nutritional and
mineral parameters are the chemical compounds found in crops/foods that
the human body uses to function correctly and stay healthy. At the same
time, antinutritional properties are unwanted chemical compounds that
hinder the absorption or usage of nutrients in the body. However, the
tunctional properties define how the crop components react during pre-
paration and cooking and how they affect the completed food product’s
appearance, taste, and texture. Our research questions are: Do agroforestry
practices by Gliricidia trees produce healthier and more nutrient-rich
crops? If yes, in which crops? This study investigated the effect of
Gliricidia sepium agroforestry intercropping on the nutritional, antinutri-
tional, functional, and mineral properties of maize, soybean, and
groundnut.

Materials and method
General description of the study sites

The study was implemented in the Eastern Province of Zambia (Chipata and
Lundazi districts) in five selected Chiefdoms (an area/region governed by
a chief), namely Magodi, Zumwanda, Chikomeni, Mwasemphangwe, and
Mkanda. Zambia is subdivided into 36 agroecological zones and subdivided
into 3 Agroecological regions mainly based on rainfall, and this study was
implemented within the Agroecological Region II. Region II has an average
annual rainfall of 800-1000 mm, and the growing season lasts between 100 to
140 days. The distribution of rain is not as erratic as in Regions I and III. Dry
spells contribute to low crop yields, especially on sandy soils. Average daily air
temperatures range from 23-26°C in October to 16-20°C in June and July.
Chipata lies 1140 m above sea level with a typical tropical climate regime. The
average annual rainfall is about 1023 mm, while the other study site (Lundazi)
experiences extreme seasonal variation in monthly rainfall with an average
annual rainfall of 923 mm. The rainy period lasts up to 6 months, spanning
from October to May. The primary farming system in the study areas is maize-
legume (groundnuts, beans) cropping systems with agroforestry trees such as
G. sepium (Table 1).
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Table 1. Main farming characteristics of the study districts in the eastern Province of Zambia.
Project districts

Characteristics Lundazi/Lumezi/Chasefu Chipata/Chipangali
Climate Tropical Savanna Tropical Savanna
Precipitation (mm/yr) 923 1023

Air temperature (°C) 19-27 18-25

Altitude (meters above sea level) 1143 1140

Population density (persons/km?) 224 67.6

Food crops (in their order) Maize > Groundnut > Beans Maize > Groundnut > Beans

The dominant soils in the project areas are red-brownish clayey to loamy
textured soils with moderate to strong leaching characteristics. Due to low
organic matter contents, the soils are characterized by strong acidity, low
nutrient retention, and low water-holding capacity. The topsoil is dominantly
coarse-textured and has severe capping that hinders seedling emergence. Soil
fertility declines over time and is exacerbated by burning crop residues and
weeds. This has led to low organic matter levels in the soils.

Field layout/design (including treatments and replications)

The plots were established in five Chiefdoms: Magodi, Zumwanda, Chikomeni,
Mwasemphangwe, and Mkanda, for the three crop-growing seasons (2019 to
2022). In each Chiefdom, 2-3 farmers participated in implementing the study
treatments. In total, 13 demonstration trial plots were led by 13 farmers guided
by researchers from the project team. The seven treatments (T) are shown in
Figure 2.

Each farmer prepared seven plots measuring 5m x 10 m (50 m?). Each
farmer in a Chiefdom was treated as a replicate, and the Chiefdoms were
treated as blocks (Figure 1). The treatment plots were laid out in a Completely
Randomized Design (CRD) and replicated three times, assuming that the
pedoclimatic and socioeconomic conditions within each Chiefdom are homo-
geneous. In the maize plots, the net plot size was 3 inner rows 5 m long. The

o
3

r T T 1 I 5m I I 5m 5m | 5m
——° “ o5 & 9 6, X x x X :°
TIEREE x X X X X X +++ ++ 4 xax xXx
+ + 4 x x x X + 4 + PoxXx X X Xx
.+ + XX X X X x XX X X X x
2 b + + x x x X i XX X %X X x
o 6'?‘ T+ (%% X K XXX X K x
¥ | '“.3..::;,6 g xix x X Xix
gE + xix x X X| E ° xix x x xix E
L ° “ :‘ainllxib' XX X X Xix¥
414 i+ ix x x x| xiX X X Xix
08 2 S S A R
ol + 4 + 4 x x x X XX X X X x
o R ~LEEE ++ XX X X Xx
——e L ® ¢ x x x X Malze - Feriizer  Malze + Fertilizer Soybeans Groundnuts
Gliricidio- Maize Gliicidia- Soybeans  Giricidia- Groundnuts
]
Key G p— i-"i R Key: Maize - Fertilizer f__»; Net plot
®  Maize + Fertilizer
- Maize
+  Soybeams ¥ Soybeans
x Groundnuts x Groundnuts

Figure 2. lllustration of the plot layout for the seven treatments.
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net plot for groundnuts and soybeans was 4 inner rows 4 m long (Figure 1). All
treatment combinations were compared to the control plot (T3), representing
farmer practice without mineral fertilization.

Gliricidia trees management

This study was superimposed on a field previously planted with the Gliricidia
agroforestry alley system. The Gliricidia ages ranged from 4 to 7 years at the start
of the project. The initial objective of the planted Gliricidia was also soil
conservation, but how the green leaf biomass was managed differed. Before
this study, the farmers used pit incorporation, and only two handfuls were used
per planting station, while some only applied the Gliricidia as mulch. In this
study, after the first year, the application of the Gliricidia green manure was
standardized as described below (Figure 3). Gliricidia is a coppicing agroforestry
tree; as such, under this type of agroforestry system, the tree is typically cut back
at three years from the transplanting year to develop a bush-like regrowth from
which the green leaf biomass is harvested for incorporation.

Gliricidia green manure management consists of three Prunings

I* Pruning: At the start of land preparation, Gliricidia tree branches were cut
30-50 cm above the ground. During land preparation, pruned leaves were
incorporated into the soil (ripper line) as green manure (Figure 3). The first
Pruning occurred between October and November in readiness for the grow-
ing season.

Figure 3. Farmers incorporating the Gliricidia tree leaves into the soils.
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The first Pruning and incorporation were done as follows:

e Split the planting line with a ripper creating a furrow deep enough to hold
the leaves and young tender stems of Gliricidia.

e Prune the Gliricidia trees by removing all biomass above 30 cm with
a panga knife or hand-held saw.

e Set aside any woody branches for firewood or poles. Wood should not be
incorporated into the soil, as wood will not decompose fast enough.

e Evenly distribute the leaves and young, tender branches in the planting
ripper line.

e Cover the green manure (leaves and young branches) by putting back
some soil.

2" Pruning: After the first cut-back, the Gliricidia trees coppice producing
much new growth in the wet season (December-January). This 2™ green
manure is the equivalent of the 1** dose of top dressing (inorganic fertilizer).
The second pruning operation was best combined with the first weeding.

e Prune all biomass above 30 cm. Pruning is done by cutting all the
branches that have grown from the stump from 30 cm above the ground.

e Remove any woody biomass, i.e., the brown branch part, which is not
tender (not greenish).

e Arrange the tree prunings on the sides of the planting row and cover them
with some soil during the weeding. Thus, the first weeding and second
pruning incorporation must be done simultaneously. Avoid placing the
leaves too close to the maize plant in termite-prone fields as this may
induce termite attack on the maize.

34 pruning: The third Pruning was done during the second weeding (in
February).
o The procedure is the same as the 2@ Pruning except that the leaves are left
on the surface around the maize plants rather than being incorporated.
e Consequently, the third Pruning requires less labor, as the biomass is
placed on the surface along the planting row.
e The third Pruning will act as mulch and help the soil to retain moisture.

Tested crops management

The primary test cereal crop was maize (Zea mays L, variety ZM 521); along-
side the maize trials, groundnut variety Mgv5 and soybean variety OPV were
planted under rainfed conditions.

Gliricidia tree leaves in the first year were used as mulch, while in
the second year, Gliricidia green manure quantities ranging from 2.4 to
15 tons/ha, and in the third year, incorporated Gliricidia green manure was
standardized at 12 tons across all the trial plots. Gliricidia green manure
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was incorporated a month before planting maize and soybeans on rotation
with groundnuts in the alleys. We assessed the yields against the crop seed
yield potential. The soils of the region are characterized as poor for
supporting optimal crop yields. With the intervention we were demonstrat-
ing, the yields had improved toward achieving the potential yields
described for the crop seed.

Soybeans and groundnuts were planted in rotation under Gliricidia alley or
on a non-agroforestry plot. At the same time, it may be understood that all
legume roots contain rhizobia; positive results of using legumes in rotation are
not entirely due to nitrogen credits. Using legumes in rotation may break
insect and disease cycles which are problems in monocultures. Many other
insects and some diseases are indirectly affected by crop rotations. In general,
if a management practice provides a deterrent to the life cycle of a pest or
a benefit to the life cycle of a predator, it will decrease that pest’s effects on the
economic return of the practice. Legume rotation systems also help manage
weeds (Leikam et al. 2007). Soya growth suppresses weeds more than would
groundnuts. In our case, we were also dealing with soils devoid of organic
matter such that in addition to breaking other cycles, it was meant to improve
soil organic matter that would support the soil microbes and crop productiv-
ity. We also demonstrated that continuous maize cultivation with Gliricidia
would sustain maize productivity even without the crop legume-cereal
rotation.

Data collection of crops/Gliricidia: sampling, measurements &analysis

Two hundred seventy-nine (279) crop grain samples (maize (111), soybean
(84), and groundnuts (84)) were collected from the fields in three growing
seasons (2019 to 2022) using a standard sampling protocol (Mehreteab et al.
2022). The crop grain samples were cleaned, subsampled, and milled to a 0.5
mm particle size (flour) using Laboratory Mill 3100 from PERTEN Inc. For
analysis, the milled samples (Table 2) were packed in a well-labeled Ziplock
polythene bag and shipped to the Food and Nutrition Sciences Laboratory at
IITA, Nigeria. The parameters were evaluated using standard laboratory
methods of analysis of the Association of Analytical Chemist International
(AOAC) as follows in the next sections.

Table 2. Crop nutrients and functional properties analyzed.

Properties Parameter analyzed
® Nutritional Fat, Ash, Protein, Starch, Crude Fiber, Sugar, Amylose, Total carbohydrate
properties
® Antinutritional Phytates and Tannins
properties
® functional Water absorption capacity, Oil Absorption Capacity, Bulk Density of grains, Swelling
properties power, and Solubility

® Mineral properties  Nitrogen, Sodium, Potassium, Magnesium, Manganese, Copper, Iron, and Zinc
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Determination of nutritional and antinutritional properties

The samples’ moisture, fat, and ash contents were determined using approved
methods 925.09, 920.87, and 920.39 of the Association of Official Analytical
Chemists (AOAC 2005). The Kjeldahl method was used to determine crude
protein as described in FOSS Manual using Kjeltec™ model 2300 (FOSS, 2003).
The method involved the sample digestion at 420°C for 1h to liberate the
organically bound nitrogen in the form of ammonium sulfate.

Starch was determined using the method by Alamu et al. (2019). The
samples were extracted for starch and free sugar with 95% ethanol, and the
starch residue was hydrolyzed to sugars with perchloric acid. After hydrolyz-
ing the residue, the sugar was converted to starch by multiplying by 0.9, and
the UV-Vis absorbance of both starch and sugar was measured at 490 nm.
Amylose content was also determined using a spectrophotometric method
based on forming a deep, blue-colored complex of amylose with iodine and
UV-Vis absorbance read at 620 nm (Williams et al., 1985). Total tannin and
phytic acid were also determined by spectrophotometric procedures described
by Ndidi et al. (2014).

Determination of functional properties

The procedure determined the bulk density (BD) of the samples by Ashraf
et al. (2012). 10 g of flour sample was weighed into a 50 ml graduated measur-
ing cylinder and gently tapped on the bench 10 times to achieve a constant
height. The sample volume was recorded, and BD was expressed as g/mL.
Water absorption capacity (WAC) and oil absorption capacity (OAC) were
determined using methods by Oyeyinka et al. (2013) and Sosulski et al. (1976),
respectively; however, swelling power (SP) and solubility index (SI) were
determined by methods reported by Alamu et al. (2021). Dispersibility was
measured by dispersing 10 g of the sample in distilled water in a 100 ml
measuring cylinder. The solution was made up to the 50 mL mark using
distilled water. The mixture was stirred vigorously and allowed to settle for
3 hr, after which the volume of settled particles was noted, and the percentage
was calculated (Asaam et al., 2018).

Determination of mineral content

The mineral contents were analyzed using the validated inductively coupled
optical emission spectrometry (ICP-OES) method described by Wheal et al.,
2011. 0.03 g of the dried flour sample was weighed into a 50 ml screw-cap
polypropylene tube and digested using 2 ml of HNO; and 0.5 ml of H,O, at
125°C for 120 min. The digest was made up to 25 ml with 18 MQ.cm of water
before aspiration into a radial view Spectro Ciros CCD ICP-OES (Spectro
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Analytical Instruments, Kleve, Germany). The sample solution was injected at
the flow rate of 2.0 ml/min, and the total analysis time per sample was
approximately 2.5 min. High-purity single-element standard solutions in
a 4% (v/v) HNO; matrix were used to construct the calibration curve for all
the elements.

Statistical analysis

The data generated in this study for the three growing seasons (2019 to 2022)
were pooled and subjected to descriptive and inferential statistical analysis
using the XLSTAT (Addinsoft 2021). Fisher’s least significant difference test at
P < 0.05 was used for the means separation. There was no year-over-year data
analyzed.

Results and discussion
Effect of treatment on nutrient composition of maize

Table 3 and Figure 4 show the nutritional properties (NPs), antinutritional
properties (ANPs), and functional properties (FPs) of maize samples by treat-
ment. Treatment has significant effects (P < 0.0001) on all NPs, ANPs, and FPs

Table 3. Nutritional, antinutritional, and functional properties of maize by treatment (N=111).

Maize + mineral

Gliricidia+Maize (T1) fertilization (T2) Maize only (T3)
Pr>F

SD SD SD Pr > (Farmer
Parameters Mean (n-1) Mean (n-1) Mean (n-1)  F(Treatment) *Treatment)
Nutritional
% MC 6.66 b 0.88 6.70 b 0.71 5.82a 1.30 <0.0001 <0.0001
%Ash 1.29a 0.02 135b 0.01 1.29 a 0.02 <0.0001 0.001
%Fat 488 a 0.45 5.05a 0.36 485 a 0.15 <0.0001 0.042
%Protein 7.57 a 1.63 8.28 ¢ 2.52 7.68 b 2.01 <0.0001 <0.0001
%Sugar 3.09 a 0.40 351 ¢ 0.50 336 b 0.39 <0.0001 <0.0001
%Starch 7223 b 1.09 7149 a 0.47 7170 a 0.21 <0.0001 <0.0001
%Crude Fiber 2.57a 0.95 2.71a 0.61 2.83a 0.75 0.220 0.511
%CHO 78.36a 3.11 77.31a 6.59  78.38a 5.47 0.064 0.400
%ME 387.74a 55.31 387.61a 53.62 388.26a 88.32 0.927 0.298
%Amylose 25.04 b 4.07 24.19 a 5.04 25.64 ¢ 4.08 <0.0001 <0.0001
%Amylopectin 7496 b 4.07 75.81 ¢ 5.04 74.36 a 4.08 <0.0001 <0.0001
Antinutritional
%Phytic acid 6.04 a 0.61 541a 1.38 582a 1.30 <0.0001 <0.0001
Tannin (mg/q) 6.27 b 1.04 6.78 a 1.49 6.34b 0.94 <0.0001 <0.0001
Functional
% WAC 159.53a 26535 163.81b 258.77 163.78ab 27285  <0.0001 <0.0001
BD (g/ml) 1.61 ¢ 0.01 151b 0.14 1.25a 0.02 <0.0001 <0.0001
SP 7.68 b 0.20 746 a 0.26 7.20 a 0.15 <0.0001 <0.0001
%Soluble 14.59a 8.43 1581 ab 11.91 1838 b 16.87 <0.0001 <0.0001
Dispersibility 70.64b 2239 67.369a 20.54 66.32a 6.09  <0.0001 <0.0001

MC= moisture content; CF= crude fiber; CHO = Total carbohydrate; ME; Metabolizable Energy, WAC= Water
Absorption Capacity; BD= bulk density; SP=swelling power; OAC= Oil Absorption Capacity. Mean values with
different letters in the same row are significantly different (P <0.05)
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except %Crude fiber, % Total carbohydrate (CHO), and % Metabolizable
Energy (ME). Also, considering the second level interaction of the factors
(farmer and treatment), there was a significant effect(P < 0.05) of the farmer-
by-treatment interaction effect on all the studied parameters except for fat
content, crude fiber, %CHO, %ME. It was concluded that the CHO, ME, and
fat content of maize were unaffected by the treatment and planting environ-
ment (farmer). However, it impacted ANPs, FPs, and other NPs (protein,
sugar, starch, amylose, and amylopectin). Maize with mineral fertilizer (T2)
showed the highest moisture, ash, fat, protein, sugar, and amylopectin con-
tent with mean values of 6.70, 1.35, 5.05, 8.28, 3.51, and 75.81%, respectively
and followed by Gliricidia+maize intercrop(T1) respectively. The mean
values of these parameters increased significantly compared to the control
treatment — Maize only (T3). A similar study by Awopegba, Oladele, and
Awodun (2017) also reported increased protein and ash contents of maize
grains cultivated in soil under shrub and herbaceous mulch treatments.
However, the study by Ogunyemi, Otegbayo, and Fagbenro (2018) did not
observe any significant difference in the ash content of maize samples
subjected to mineralization with different levels of NPK and Biochar fertili-
zers. However, Gliricidia-maize intercrop treatment (T1) also showed

Tannin (mg/g) .
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Phytic (%) [ Phytic (%) -
CHO () —— o e
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Protein (%) | Protein (%)
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Figure 4. Effects of treatment on the nutritional & antinutritional properties of (a) maize, (b)
Soybean, (c) groundnuts.
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a higher mean value for starch (72.23%) and protein (7.57%), although not
significantly different from the mean values obtained for T2. High starch is
a desirable trait for maize consumers. The higher the starch content, the
greater the quantity and quality of maize-based products such as Nshima
(the most important maize-based food in Zambia). We can conclude that
Gliricidia+maize intercrop (T1) improved the basic nutritional properties of
maize compared to Maize-mineral fertilizer(T2) and the control (T3). This
could be attributed to increased soil nutrient availability and maize absorb-
ing more nutrients, which would boost the development of critical nutri-
tional components. This is in line with the recent study by Nyirenda (2019),
which concluded that Gliricidia sepium intercropped with maize enhanced
soil health renewal and yield and significantly increased the nutritional
composition of the crop.

There were no significant differences (p>0.05) in the treatments’
overall mean values of phytic acid, but T1 had the highest (6.04%)
compared to T2, with the lowest (5.41%). In contrast, T1 had the lowest
tannin mean value (6.27 mg/g), and T2 had the highest (6.78 mg/g). This
implies that the Gliricidia treatment significantly reduced the tannin
contents of maize samples compared with the T2 (mineral fertilizer)
and T3 (maize only). Reducing ANPs such as tannin improves the
solubility of minerals in cereal foods and their bioavailability
(Chauhan et al., 2022). For the FPs, T1 had the highest mean values
except for water absorption capacity (WAC) and solubility. The high
values of bulk density and swelling power show the superior quality of
the flour from the Gliricidia+maize intercrop (T1) experimental field
compared to flours from other treatment fields (T2 and T3). The swel-
ling power of flour is an indicator of the flour’s swelling capacity in
water; the higher the swelling power, the better the flour. The end-users
preferred maize with high swelling power. In conclusion, the Gliricidia
+maize intercrop (T1) showed higher mean values than the control (T3)
for starch (72.23%), amylopectin (74.96%), protein (7.57%) and the
lowest value for Tannin content. This implies that Gliricidia+maize
intercrop improved the basic nutritional properties and reduced the
antinutritional component of maize compared to maize only (Control).
This finding buttressed the report of Coulibaly et al. (2017) that using
Gliricidia sepium as fertilizer trees increased the value of food crops by
35%, positively affecting household food security.

Table 4 presents the effect of various treatments on the elemental
composition of the maize samples. The 2-way interaction of farmer
x treatment had a highly significant impact on all the elemental compo-
nents studied. The results imply that the applied treatments affected all the
elements. Also, the interaction of the environment (farmers) by treatment
influenced all the elements measured. In addition to the treatments used,
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Table 4. Effect of treatment on the mineral composition of maize (N=111).
Gliricidia+Maize Maize + mineral

(T1) fertilization (T2) Maize only (T3)
SD SD SD Pr>F Pr >
Parameter Mean (n-1) Mean (n-1) Mean (n-1)  (Treatment) F(Farmer*Treatment)
N (%) 121 b 012 140c 0.1 121 b 0.06  <0.0001 <0.0001
P (mg/100g) 253.06 b 1544.89 237.12a 192225 240.90b 2113.57 <0.0001 <0.0001
Ca (mg/100g) 133.48a 957.94 184.00b 3671.14 22958 c 111829  <0.0001 <0.0001
Mg (mg/100g)) 73.60 ¢ 2223 7145b 73.99 59.78 a 15.29  <0.0001 <0.0001
K (mg/100g) 351.61 ¢ 1567.6 27521a 6636.8 220.38a 9621.79 <0.0001 <0.0001
Na (mg/kg) 20.57 a 86.83 24.17 b 40.15 25.88 ¢ 31.99  <0.0001 <0.0001
Mn (mg/kg) 1551 ¢ 729 1191b 5138 6.15a 16.20  <0.0001 <0.0001
Fe (mg/kg) 20.22 ¢ 28.75 18.85b 31.77 1644 a 1239  <0.0001 <0.0001
Cu (mg/kg) 335a 098 378b 079 352b 049  <0.0001 <0.0001
Zn (mg/kg) 14.19 a 199 2290b 16274 31.61c 16.94  <0.0001 <0.0001

Mean values with different letters in the same row are significantly different (P <0.05)

this can be because each farmer has distinct weather circumstances and soil
types. The Gliricidia+maize intercrop (T1) had higher values than the
control (T3) for all the elemental components except for Potassium,
Calcium, and Sodium.

The T1 showed higher values for Potassium, Magnesium, and Manganese
content than the Maize+mineral fertilization (T2). This agrees with the
conclusion made by de Moura-Silva et al. (2016) and Diouf et al. (2017)
that incorporating Gliricidia organic matter improves the mineral nutrition
of cultivated maize crops. There was a highly significant (P < 0.0001) effect of
treatment and farmer x treatment on all the elements evaluated. This implies
that the treatment applied impacted the mineral content of maize, as
Gliricidia contributed slightly to the increased level of the selected elements
relative to the control (T3), especially nitrogen content that indicates
a higher protein value. However, Maize+mineral fertilization (T2) gave
a higher %N than other treatments. This observation is unlike what
Nyirenda (2019) reported, where there was no significant difference between
the maize samples from integrated soil management practices treatment and
the control.

However, the range of values for Sodium and Iron obtained in this study is
lower than the results reported by Ogunyemi, Otegbayo, and Fagbenro (2018).
In this study, the magnesium and calcium contents were higher. The disparity
in the results could be due to the genotype-by-environment effect. However,
our results agree with Etiosa, Chika, and Benedicta (2017) and Swamila et al.
(2021), who reported maize samples from the Gliricidia field had
a significantly increased mineral content and decreased antinutrient content,
making them an affordable source of essential nutrients for human and animal
use. We can conclude that Gliricidia+maize intercropping improved the
mineral composition of the maize samples by showing higher values of some
minerals than the control (T3), except for Potassium, Calcium, and Sodium.
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Effect of treatment on nutrient composition of soybean

Table 5 and Figure 4 present the effect of Gliricidia+soybean intercropping
(T4) on Soybeans’ NPs, ANPs, and FPs. The effect of treatment was significant
(p<0.05) on all the NPs, ANPs, and FPs except moisture content (MC),
protein content, crude fiber, % total carbohydrate (CHO), % metabolizable
Energy (ME), Bulk density (BD) and Solubility. Also, treatment by farmer
interaction had a significant effect (p < 0.05) on all NPs, ANPs, and FPs except
for MC, crude fiber, %CHO, % ME, BD, swelling power (SP), and Solubility.
The non-significant effect (p >0.05) of treatment and farmer-by-treatment
interactions on MC, BD, and Solubility indicate that these parameters were
neither affected by treatment nor the planting environment. Treatment 4
(Gliricidia/soybean intercropping) significantly increased the average concen-
tration of sugar (5.74%), starch (22.09%), and amylose (3.00%) when com-
pared with T6 (control).

Also, T4 showed a significantly higher average concentration of WAC
(180.09%) and SP (2.45%) compared to the control 171.63% and 2.31%.
Gliricidia treatments improved the nutritional and functional properties of
soybean. However, ash content was lower in the Gliricidia+soybean inter-
cropping, which might imply a lower mineral load of these soybean samples
with the Gliricidia intercrop treatment. However, lower phytate content
achieved by T4 is desirable because phytates in diets decrease the availability
of minerals, mainly calcium, phosphorus, and zinc (Alamu et al. 2019).
Gliricidia+soybean intercropping significantly increased the soybean’s

Table 5. Nutritional, antinutritional, and functional properties of soybean by treatment (N = 84).
Gliricidia+soybean (T4)  Soybean only (T6)

SD SD
Parameters Mean (n-1) Mean (n-1) Pr > F(Treatment) Pr > F (Farmer *Treatment)
Nutritional
%MC 6.30a 0.16 6.13a 0.14 0.062 0.122
%Ash 5.07a 0.16 5.28b 0.06 <0.0001 <0.0001
%Fat 20.54a 2.83 21.33b 3.11 0.007 0.004
% Protein 38.46a 2.69 38.72a 1.86 0.102 <0.0001
%Sugar 5.74b 1.37 4.74a 0.21 <0.0001 <0.0001
%Starch 22.09b 2.11 21.86a 0.95 0.001 <0.0001
% Amylose 3.00b 1.07 2.04a 0.07 <0.0001 <0.0001
%Crude Fiber 6.91 a 0.602 6.94 a 0.630 0.783 0.804
%CHO 26.15 a 3.798 25.09 a 4458 0.409 0.996
%ME 304.18a 14616  302.70a 16.244 0.765 0.999
%Amylopectin 97.00a 1.07 97.96b 0.07 <0.0001 <0.0001
Antinutritional
% Phytate 8.36a 2.86 9.24b 2.98 <0.0001 <0.0001
Tannin (mg/qg) 12.31b 3.17 12.00a 0.88 <0.0001 <0.0001
Functional
% WAC 180.09b 299.13 171.63a 380.18 <0.0001 <0.0001
B D (g/ml) 1.67a 0.03 1.68a 0.01 0.867 0.218
SP 2.45b 0.05 2.31a 0.02 0.008 0.190
%Soluble 51.14a 18.00 52.60a 7.56 0.083 0.132
% OAC 143.47a 201.73 152.19b  209.17 <0.0001 <0.0001
Dispersibility 47.68a 20.37 51.00b 20.81 0.0001 0.002

MC = moisture content; WAC= Water Absorption Capacity; BD= bulk density; SP= swelling power; OAC= Oil
Absorption Capacity, Mean values with different letters in the same row are significantly different (P <0.05)
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nutritional and vital functional properties (WAC and SP), performing better
than the control. T4 also produced soybean with reduced antinutritional
properties.

Table 6 shows the effect of treatment 4 (Gliricidia+soybean intercrop) and
treatment 6 (control) on the elemental composition of Soybean samples.
Treatments significantly impacted (p <0.05) the soybean’s N, Mg, Na, Fe,
and Zn concentrations. In contrast, the second level interaction of treatment
and farmer significantly affected all the mineral elements except Ca. The
implication is that differences in planting environment had more effect on
the mineral composition of soybean than the effect of the difference in
treatments (Yadav et al. 2020). also reported the significant influence of
Gliricidia leat manuring on the mineral content of soybeans. T4 had a lower
average concentration for all the minerals except for Mg, Cu, and Zn, which
implies that Gliricidia+soybean intercropping does not significantly improve
the mineral composition of the samples when compared with the control. The
lower average concentration of most minerals with T4 is also reflected in the
lower average ash content, as shown in Table 3 above for the nutritional
properties. Although Gliricidia+soybean intercropping significantly impacts
the mineral composition of soybean, the effect does not improve their con-
centrations except for Ma, Cu and Zn.

Effect of treatment on nutrient composition of groundnuts

Table 7 and Figure 4 show the nutritional properties (NPs), antinutritional
properties (ANPs), and functional properties (FPs) of groundnut samples by
treatment. Treatment had significant effects (P <0.05) on the primary NPs
such as starch, amylose, amylopectin, crude fiber, CHO, and ME. This trend is
also noticeable in all FPs like bulk density (BD), water absorption capacity
(WAC), and Oil absorption capacity (OAC), except swelling power at P > 0.05.
The result for NPs of groundnut reported agrees with previously published
studies on the proximate composition of groundnut samples (Asibuo et al.

Table 6. Effect of treatment on the mineral composition of soybean (N = 84).

Gliricidia+soybean (T4) Soybean only (T6)

Parameter Mean SD (n-1) Mean SD (n-1)  Pr > F(Treatment) Pr > F(Farmer*Treatment)
Nitrogen(%) 6.40 a 010 647b 0.06 0.022 <0.0001
Phosphorus (%) 585.03a 3571.19 59422a  5679.98 0.236 0.003
Calcium(%) 1275.68a 2701473 1327.94a 41115.50 0.213 0.080
Magnesium(%) 17947 b 3299 17477 a 35.60 <0.0001 0.031
Potassium (%) 2907.27a 36987.41 2949.30a 20863.58 0.098 0.036
Sodium(ppm) 2233 a 1886 23.74b 23.42 <0.0001 <0.0001
Manganese(ppm) 24.60 a 1548 2483 a 15.76 0.093 <0.0001
Iron(ppm) 40.58 a 2372 4245Db 21.61 0.008 <0.0001
Copper(ppm) 751 a 209 744a 1.86 0.423 <0.0001
Zinc(ppm) 80.57 b 90.70 7477 a 261.34 0.011 0.027

Mean values with different letters in the same row are significantly different (P <0.05)
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2008; Atasie, Akinhanmi, and Ojiodu 2009a). Farmer x treatment interaction
had a highly significant (p < 0.001) effect on the NPs and FPs of groundnut
samples except for Moisture content, Ash, Fat, CHO, Bulk Density, and
Swelling power, respectively.

The mean values of the samples from the Gliricidia-groundnut intercrop-
ping treatment (T5) were higher for Fat, Crude fiber, CHO, and ME only when
compared to the control (T7). The Gliricidia+groundnut intercropping did
not significantly improve other nutritional properties such as protein, ash, and
starch. Also, the Gliricidia+groundnut intercropping did not suppress the
antinutritional properties (phytic and tannin). This implies that the effect of
T4 is not pronounced as it only improves a few of the nutritional properties
and there was no reduction in the antinutritional properties.

Goudiaby et al. (2020) also reported a non-significant effect of Eucalyptus
camaldulensis intercropping with groundnut on the proximate content of the
crop except for the grain yield. This implies that the Gliricidia+groundnut
intercrop is better in improving groundnut nutritional parameters when com-
pared to a treatment like the use of E. camaldulensis. In conclusion, the impacts
due to Gliricidia+groundnut intercropping do not differ much from the control
(groundnut only), as the treatment’s essential nutritional properties were unat-
fected, and the treatment did not suppress the antinutritional factors.

Table 8 shows the effect of Treatment 5 (Gliricidia+groundnut intercrop) and
Treatment 7 (control) on the mineral composition of groundnut. Gliricidia
intercropping with groundnut significantly affects all groundnut mineral com-
ponents except Nitrogen, Phosphorus, Potassium, and Iron. However, Sodium,

Table 7. Nutritional, antinutritional, and functional properties of groundnut by treatment (N = 84).

Gliricidia+groundnut intercrop (T5) Groundnut only (T7)
Parameters Mean SD (n-1) Mean SD (n-1)  Pr > F(Treatment) Pr > F(Farmer *Treatment)
Nutritional
%MC 3.86a 0.14 3.85a 0.14 0.878 0.071
%Ash 3.01a 0.05 3.00 a 0.11 0.850 0.144
%Fat 45.38a 13.50 4395 a 16.01 0.057 0.013
% Protein 24.23a 3.94 2423 a 4.74 0.973 <0.0001
%Sugar 3.97a 0.61 398 a 0.49 0.550 <0.0001
%Starch 12.73a 3.64 1393 b 2.72 <0.0001 <0.0001
% Amylose 2.70a 0.55 291 b 0.38 <0.0001 <0.0001
%Amylopectin 97.30b 0.55 97.08 a 0.38 <0.0001 <0.0001
%Crude Fiber 2.85b 0.913 242 a 0.487 <0.0001 <0.0001
%CHO 20.66 a 4479 2254Db 4.246 0.021 0.141
%ME 588.01a 18.22 582.67 a 20.47 0.004 0.008
Antinutritional
% Phytate 15.19b 28.15 8485 a 1.53 <0.0001 <0.0001
Tannin (mg/q) 29.94b 6.26 29.286 a 6.99 0.0002 <0.0001
Functional
% WAC 135441 a 604.14 141.21b 52248 0.034 <0.0001
BD (g/ml) 1407 b 0.03 133 a 0.01 0.030 0.073
Swelling power 2.135a 0.17 206 b 0.19 0.236 0.011
%Soluble 48.918a 22.86 50.65a 20.83 <0.0001 <0.0001
% OAC 93.608 a 132.57 101.38 a 59.77 <0.0001 <0.0001
Dispersibility 70.321a 5.26 69.61a 12.77 <0.0001 <0.0001

MC = moisture content; CHO = Total carbohydrate; WAC= Water Absorption Capacity; OAC= Oil Absorption Capacity,
Mean values with different letters in the same row are significantly different (P < 0.05)
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Table 8. Effect of treatment on the mineral composition of groundnut (N = 84).

Gliricidia+groundnut intercrop (T5) Groundnut only (T7)
Parameter Mean SD (n-1) Mean SD (n-1)  Pr>F (Treatment)  Pr> F (Farmer*Treatment)
Nitrogen(%) 393a 0.11 4.01 a 0.22 0.230 0.043
Phosphorus (%) 045 a 0.00 045 a 0.00 0.976 0.003
Calcium(%) 039 a 0.05 045b 0.09 0.006 <0.0001
Magnesium(%) 0.19b 0.00 0.18 a 0.00 0.0001 <0.0001
Potassium (%) 094 a 0.01 095a 0.01 0.389 <0.0001
Sodium(ppm) 21.55b 54.39 19.86 a 14.86 <0.0001 <0.0001
Manganese(ppm)  15.51 a 5396 3551b 105.67 <0.0001 <0.0001
Iron(ppm) 18.36 a 16.05 18.87 a 10.54 0.195 <0.0001
Copper(ppm) 740 b 1.82 7.05 a 1.75 0.002 <0.0001
Zinc(ppm) 29.69b 18248 16.48 a 4.29 <0.0001 <0.0001

Mean values with different letters in the same row are significantly different (P <0.05)

Copper, and Zinc values increased with treatment 5 compared to Treatment 7
(control). Manganese concentration decreased from 35.51ppm (in T7) to
15.51ppm (in T5), while Zinc concentration increased from 16.48ppm (in T7)
to 29.69ppm (in T5). This implies that Gliricidia+groundnut intercropping
inhibits manganese uptake from the soil but promotes zinc uptake by the
groundnut samples. Zinc is one of the critical micronutrients, and intercropping
groundnut with Gliricidia trees could be an approach to address Zinc deficiency
among the groundnut-consuming communities. The farmer x treatment inter-
action significantly affected all of the mineral parameters. This indicates envir-
onmental effects on groundnut sample mineral parameters, as Phan-Thien,
Wright, and Lee (2010) reported. Gliricidia+groundnut intercropping improves
the Zinc composition of groundnut samples, which implies it is a promising
option to relieve Zinc deficiency amongst groundnut consumers.

Conclusion

Our findings from this study have shown that Gliricidia sepium influences the
composition and concentration of nutrients in crops. G sepium intercropped
with maize and soybean significantly improved the crops’ nutritional composi-
tion. It shows a more pronounced effect on maize than soybean and groundnut.
However, it decreases the antinutrients in soybean but not in groundnut. The
potential of G. sepium on the agronomic and nutritional composition of other
food crops, especially root and tuber crops, should be further explored.
Mulching, biochar, intercropping, and leaf extracts must all be investigated to
see how G. sepium affects food crop nutrition. This will result in a wealth of
scientific knowledge about how to apply Gliricidia to various crops. Even though
G sepium benefits farmers in the long run, its high initial cost prevents it from
being widely adopted. To increase adoption, governments and research organi-
zations should collaborate with low-income farmers to subsidize the initial cost
of implementing the Gliricidia agroforestry technology. Agroforestry has the
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potential to increase smallholder farmers’ resistance to climate change.
Smallholders will likely experience a deterioration in food security because of
climate change. Agroforestry is an option for enhancing climate change adapta-
tion and contributing to food availability, income, health, and environmental
stability. Agroforestry can be a good way for small-scale farmers to protect the
environment and their finances by encouraging tree planting. It also creates more
resilient agricultural systems in which the risk of crop failure is minimized and
spread across various crops for food-insecure and food-starved communities.
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