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The dual challenges of climate change and global food insecurity have intensified interest in
integrated land-use systems that combine tree plantations with food crops. This study evaluated
agro-physiological attributes and yield of Colocasia esculenta under Elaeis guineensis plantations
of different ages. The experiment employed a split-plot design with three replicates. These included
canopy treatments assigned to main plots and sampling periods assigned to subplots. Canopy
treatments included oil palm plantations established in 2008 (TC1) and 2013 (TC2) and an open-
field plot as the control (C). Results indicated that C. esculenta grown under E. guineensis canopy
exhibited enhanced vegetative performance as reflected in increased number of leaves, leaf area,
chlorophyll content, and plant height following the order of TC1 > TC2 > C across both years.
However, corm yield was significantly reduced under canopy, with reductions of 48.5% (TC1) and
75.6% (TC2) in 2020 and 52.7% (TC1) and 77.8% (TC2) in 2021, compared to the control. The age
of the oil palm plantation positively influenced the agro-physiological traits of C. esculenta,
suggesting that TC1 allows better light penetration and improved microclimatic conditions. Canopy
treatments also led to increased soil moisture content and leaf area ratio (LAR), but decreased soil
temperature and net assimilation rate (NAR), relative to the open field. The results suggest that C.
esculenta can be integrated into mature oil palm systems as a shade-tolerant, understorey crop with
increased vegetative properties; however, the yield penalties remain substantial. Therefore, targeted
agronomic interventions are needed to enhance productivity under canopies.
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Global population growth continues to exert increasing
pressure on natural resources. As of 2019, the world
population was approximately 7.7 billion and is projected
to exceed 9 billion by 2050, with the majority of this
growth expected to occur in developing regions such as
Africa and Asia (Vollset et al., 2020; Brook et al., 2021).
This demographic shift is accompanied by increasing
demands for food, land, and environmental sustainability.
To meet future food requirements, global food production
must rise by an estimated 50-60% by 2050 (Van Dijk et al.,
2021; Falcon et al., 2022). Simultaneously, the climate
crisis has intensified calls for widespread afforestation and
reforestation to mitigate carbon emissions, combat
biodiversity loss, and restore ecosystem functionality
(Andres et al., 2023; Zhang et al., 2023).

In response to these pressures, global tree plantations
have increased significantly from 178 million hectares in
1990 to 264 million hectares by 2010, and are projected to

reach 345 million hectares by 2030 (Carle and Holmgren,
2008; Payn et al., 2015; Sharma and Perrings, 2018). This
expansion reduces the availability of land for food
production, thereby highlighting the need for an integrative
land-use system.

Oil palm (Elaeis guineensis) has become one of the
fastest-growing tropical monocultured plantation, largely
due to its high economic value (Okolo et al., 2019; Qaim
etal., 2020). Typically, oil palm plantations are established
at a wide spacing distance to ensure sufficient penetration
of sunlight for optimal photosynthetic activities for growth.
As aresult, approximately 60—65% of the understorey land
area remains underutilised (Dissanayake & Palihakkara,
2019). The unutilised space presents an opportunity for
intercropping; however, its suitability for food production
remains unknown. The arrangement and overlap of
matured fronds can significantly reduce light penetration,
alter soil microclimatic conditions, and affect soil water
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and nutrient dynamics; hence, influencing the performance
of understorey crops (Reddi et al., 2015; Jager et al., 2022).

The study of Haile et al. (2021) showed that the yield
of Eragrostis tef decreased significantly under Acacia
albida canopy. However, findings from agrovoltaic and
agroforestry systems suggest that certain crop species can
tolerate, or even benefit from, partial shade (Guidi et al.,
2019; Weselek et al., 2019). For instance, shade can reduce
evapotranspiration and improve moisture retention,
especially for crops sensitive to heat and high radiation
(Aroca-Delgado et al., 2018; Guidi et al., 2019; Weselek et
al., 2019), but the resulting physiological and growth
responses differ markedly among plant species, especially
in relation to their tolerance to heat and high radiation
(Laub et al., 2022). These potential benefits show the
importance of assessing crop responses under shaded
conditions to determine adaptable crop varieties for
efficient land use.

Despite promising outcomes, intercropping under E.
guineensis plantations remains largely underexplored
(Abas et al., 2021; Arifin et al., 2024). Farmers often avoid
this practice due to uncertainties about crop performance
and economic returns (Rao et al., 2024; Suherman et al.,
2025). Notably, the majority of existing research has
focused on young oil palm plantations (3-4 years old),
where light interception by the canopy is minimal and the
competition for belowground resources is reduced (Reddy
etal., 2019; Dhandapani et al., 2020). The study of Nchanji
et al. (2016) shows that there is a significant knowledge
gap concerning the intercropping potential of matured E.
guineensis, particularly at the productive stage of fronds
development.

Colocasia esculenta (L.) Schott (commonly known as
cocoyam) is a root crop that is tolerant to a range of
climatic and soil conditions, with an adapting ability to
low-light environments (Lasso-Rivas et al., 2025). Despite
its potential as a shade-tolerant and underutilised crop,
little is known about its agronomic performance under the
E. guineensis canopy. Understanding its response to
shaded microclimates provided by E. guineensis plantation
could enhance land-use efficiency and food security.
Therefore, this research aimed to assess (i) the possibility
of cultivating cocoyam beneath mature oil palm canopies
and (ii) the influence of E. guineensis canopy-induced
shade on the agro-physiological traits and yield of
cocoyam. This is to support integrated agroforestry
practices and optimise the use of understorey land for food
production.

Materials and Methods

Site Description

The field experiment was conducted over two growing
seasons (2020 and 2021) at the Elaeis guineensis plantation of
the Federal University of Agriculture, Abeokuta, Nigeria. The
experimental site is located at latitude 7°13’00"N and
longitude 3°31'00"E. During the study period, average
environmental conditions included daily temperatures ranging
from 30°C to 34°C, relative humidity between 59% and 60%,
and soil pH values ranging from 7.0 to 8.5.

Soil samples were collected at a depth of 0-20 cm, and
the composite soil at the study sites was classified as sandy
loam (Akinde et al., 2020). Particle size distribution was

determined using the hydrometer method following
standard procedures, and soil texture was classified
according to the USDA texture classification method.
Also, total nitrogen was determined using the Kjeldahl
method, organic carbon by the Walkley—Black method,
available phosphorus by the Olsen method, and
exchangeable sodium and potassium were measured using
flame photometry.

In 2020, the particle size distribution comprised
70.46% sand, 1.12% clay, and 24.46% silt. In 2021, this
changed slightly to 73.94% sand, 1.64% clay, and 28.42%
silt. The physicochemical properties of the composite soil
in 2020 were as follows: total nitrogen (0.22%), sodium
(0.37 mol/kg), organic carbon (0.77%), potassium (0.55
mol/kg), and available phosphorus (20.82 mg/kg).

Experimental Design

The experimental design was a split-plot with three
replicates. Canopy treatments were assigned to main plots,
while sampling periods, ranging from 20 t0120 days after
planting, were assigned to the subplots. The canopy
treatments comprised two oil palm plantations and an
open-field control. The plantations were established in
2008 (TC1) and 2013 (TC2). The open-field plot without
trees served as the control (C).

The average morphological characteristics of the palms
in TC1 included a height of 10.5 m, diameter at breast
height (DBH) of 2.32 m, crown spread of 11.02 m, and an
average of 42 fronds per palm. The second plantation,
designated as TC2, was established in 2013 (7 years old in
2020), with the palms exhibiting an average height of 9.23
m, DBH of 2.07 m, crown spread of 9.88 m, and an average
of 44 fronds per palm. An adjacent open field without oil
palm trees served as the control (C).

Oil palm trees in the plantation were established in a
triangular pattern at 9 m spacing. Each experimental plot
measured 1,800 m2 (60 m x 30 m). Colocasia esculenta
was planted within these plots using a spacing of 1 m x 1
m, resulting in 8 rows of crops between palms. Corm sets
weighing 0.03-0.05 kg and containing 3-4 nodes were used
for planting. No fertilizer, compost, or soil amendment was
applied on either the intercropped plots or the open field
during the experimental period.

Data Collection

Agronomic parameters including number of leaves, leaf
area, SPAD chlorophyll content, plant height, fresh weight,
and dry weight were recorded from 10 randomly selected
plants per subplot at 20, 40, 60, 80, 100, and 120 DAP.
Number of leaves was manually counted at each sampling
interval. Leaf area was measured using a portable leaf area
meter (Hangzhou Mindfull Technology Co., Ltd., China).
SPAD values were recorded from the three most fully
expanded upper leaves using a SPAD-502 chlorophyll meter
(Minolta Corporation, Osaka, Japan), and the average value
was recorded. Plant height was measured from the soil
surface to the shoot apex using a measuring tape. Fresh
weight was recorded immediately after harvest using a
digital weighing balance. Dry weight was determined by
oven-drying samples at 70 °C to a constant weight. In
addition, physiological growth parameters associated with
photosynthetic activity were calculated using the following
standard equations (Li et al., 2016).
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where W and W2 represent plant dry weights at time
points T and T2. Al and A? represent the leaf areas at time
points T* and T?, respectively, and "log" denotes the natural
logarithm.

At crop maturity, C. esculenta within a 3 m? area in
each plot were harvested to determine yield. Yield per
hectare was calculated according to Misganaw and Bayou
(2020) as indicated below:

(plot yield (kg) x 10,000
Plot size in square meter

. kg
Yield per hectare (E) =

Statistical Analysis

Data were subjected to statistical analysis using SPSS
Version 22 (IBM Corp., Armonk, NY, USA). Analysis of
Variance (ANOVA) was employed to assess the effects of
treatment conditions (TC1, TC2, and Control) on measured
variables. Means were compared using Duncan’s Multiple
Range Test at a 5% significance level (p < 0.05).

Results

Soil moisture content and soil temperature varied
significantly among the treatments during the 2020 and
2021 growing seasons.

On average, soil moisture content was consistently
higher under E. guineensis canopies (TC1 and TC2)
compared to the control plot (C). In contrast, soil
temperature was significantly higher in the control plot,
which lacked canopy cover, than under either of the oil
palm canopy treatments. Notably, soil temperature and
moisture levels were comparable between TC1 and TC2
throughout both years. Across the sampling periods, soil
temperature ranged between 28°C and 32°C, while soil
moisture content ranged from 59% to 74% under both
canopy treatments (Figure 1).

The number of leaves produced by C. esculenta was
generally similar across treatments during all growth stages
in both 2020 and 2021, with the exception of the tuber
initiation stage in 2020, where significant differences were
observed (Figure 2).

In both years, C. esculenta grown under the E.
guineensis canopy produced more leaves compared to the
control (open field), following the trend: TC1 > TC2 >
Control (C). However, during the tuber initiation stage in
2020, the control plot recorded a significantly higher
number of leaves, with an increase of 24.3% compared to
TC1 and 76.9% compared to TC2.

The total leaf area of C. esculenta was consistently
greater under the E. guineensis canopy (TC1 and TC2)
compared to the open control plot at all data collection
points in both 2020 and 2021 (Figure 3). Significant
differences were particularly evident at 80 and 100 days

after planting (DAP), where C. esculenta grown under E.
guineensis canopy conditions exhibited significantly larger
leaf areas than those in the control plot during both years.
Furthermore, within the canopy treatments, C.
esculenta grown under TC1 recorded significantly larger
leaf areas than those under TC2. Notably, in 2020, leaf area
under TC1 was 35.1% and 31.1% higher than TC2 at 80
and 100 DAP, respectively. Also, in 2021, the
corresponding increases were 13.0% and 13.1% (Figure 3).
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Figure 1. Average soil moisture and soil temperature
during data collection periods of 2020 and 2021. TC1 and
TC2 denote E. guineensis plots established in 2008 and
2013, respectively, while C indicates an open plot
(control) without trees.
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Figure 2. Number of leaves of Colocasia esculenta at
different growth stages in 2020 and 2021 under E.
guineensis canopy treatments (TC1: 2008 establishment,
TC2: 2013 establishment) and an open control plot (C).
The different lowercase letters bars at each growth stage
indicate significant difference at p<0.05.
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Figure 3. The sum of leaf area of C. esculenta at different days after planting (DAP) in the year 2020 and 2021under
Elaeis guineensis canopy treatments. TC1 and TC2 denote E. guineensis plots established in 2008 and 2013, respectively,
while C indicates an open control plot. * and ** indicate significant difference at p<0.05 and p<0.01, respectively.

In 2020, the average relative chlorophyll content of C.
esculenta leaves showed no significant differences across the
treatments (TC1, TC2, and control). However, in 2021, plants
grown under TC1 exhibited markedly higher chlorophyll
content, with SPAD values increasing by 23% and 45%
compared to TC2 and the control, respectively (Figure 4).
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Figure 4. Relative chlorophyll content and plant height of
Colocasia esculenta in 2020 and 2021 under Elaeis
guineensis canopy treatments (TC1 and TC2). TC1 and
TC2 denote E. guineensis plots established in 2008 and
2013, respectively, while C indicates an open control plot.
The different lowercase letters on bars in each year
indicate significant difference at p<0.05.

Similarly, plant height of C. esculenta was significantly
influenced by canopy cover in both years. In 2020, average
plant height under TC1 increased by 16.4% compared to
TC2, and by 91.4% relative to the control. In 2021, the
height increase under TC1 was 10.1% compared to TC2
and 20.1% compared to the control (Figure 4).

The fresh weight of C. esculenta showed no significant
difference among the treatments in either 2020 Or 2021.
Similarly, dry weight of C. esculenta was not significantly
affected by canopy presence or by the vyear of
establishment of E. guineensis stands. However, in 2021,
the dry weight of C. esculenta in the control plot was
significantly higher by 41% compared to TC1 and 52%
compared to TC2. No significant difference in dry weight
was found between TC1 and TC2 (Figure 5).

In 2020, significant variations were observed in the
RGR and NAR of C. esculenta under the different
treatments. The RGR of C. esculenta grown under TC1
was significantly reduced by 50% compared to those under
TC2 and the control plot. Similarly, NAR was significantly
lower under both canopy treatments compared to the
control, with reductions of 57% in TC1 and 43% in TC2
(Figure 6). Although C. esculenta cultivated under TC2
exhibited a higher RGR than under TC1, their NAR values
were statistically similar. In contrast, in 2021, no
significant differences in RGR and NAR were observed
among the treatments (Figure 6). Notably, there was no
significant difference in the AGR of C. esculenta under the
varying treatments in either year.

LAR showed no significant differences among
treatments in 2020. However, in 2021, C. esculenta grown
in the control plot exhibited significantly lower LAR by
42% and 39% compared to those under TC1 and TC2,
respectively (Figure 6).

Tuber vyield of C. esculenta was significantly
influenced by canopy conditions in both 2020 and 2021
(Figure 7). Plants cultivated under the E. guineensis canopy
produced markedly lower yields compared to those grown
in the open control plot.
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Figure 5. Fresh and dry weight of Colocasia esculenta in
2020 and 2021 cultivated under Elaeis guineensis
plantation in 2020 and 2021.

TC1 and TC2 denote E. guineensis plots established in 2008 and 2013,
respectively, while C indicates an open control plot (control). The
different lowercase letters on bars in each year indicate significant
difference at p<0.05.
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Figure 6. Relative growth rate (RGR), absolute growth
rate (AGR), net assimilation rate (NAR), and leaf area
ratio (LAR) of Colocasia esculenta cultivated under E.
guineensis canopy treatments (TC1 and TC2) and the

open control plot (C) in 2020 and 2021.
TC1 and TC2 denote E. guineensis plots established in 2008 and
2013, respectively. The different lowercase letters on bars in each year
indicate significant difference at p<0.05.
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Figure 7. Yield of Colocasia esculenta in 2020 and 2021
cultivated under Elaeis guineensis canopy treatments
(TC1 and TC2) and an open control plot (C).
TC1 and TC2 denote E. guineensis plots established in 2008 and 2013.
The different lowercase letters on bars in each year indicate significant
difference at p<0.05.

In 2020, yield under TC1 and TC2 decreased by 48.5%
and 75.6%, respectively, compared to the control. A similar
pattern was observed in 2021, with yield reductions of
52.7% under TC1 and 77.8% under TC2 relative to the
control plot (Figure 7).

However, corm vyield of C. esculenta under TC1l
significantly increased by 110.7% and 112.6% in 2020 and
2021, respectively compared with TC2 (Figure 7).

Discussion

The results demonstrate that Elaeis guineensis canopy
significantly influenced the microclimate, vegetative
attributes, and corm yield of C. esculenta.

Previous studies on the coexistence of trees and crops
have been controversial. Some reports showed positive
synergistic effects among trees and understorey crops
(Dilla et al., 2019; Sida et al. 2018; Tadesse et al., 2021);
whereas, others recorded negative impact of trees on
understorey crops (Tartarino et al., 2020; Haile et al.,
2024). However, this study demonstrates that Colocasia
esculenta exhibited enhanced vegetative characteristics
under the canopy of Elaeis guineensis compared to open-
field plots. The discrepancies in observations could be
attributed to the variations in tree species characteristics,
understorey crop adaptability, light availability, and other
site-specific environmental factors.

The higher leaf area, increased chlorophyll content of
C. esculenta and the insignificant differences observed in
its number of leaves under E. guineensis canopy compared
with control could be ascribed to the crop’s shade
tolerance. As a shade-tolerant plant, C. esculenta utilizes
increased leaf expansion as a mechanism to maximize light
interception under low irradiance conditions (llic and
Fallik, 2017; Assefa and Gobena, 2019). However, the
reduction in the number of leaves at the tuber initiation
stage under canopy in 2020 could be as a result of chlorotic
symptoms, potentially caused by nitrogen deficiency or
pathogen attack, leading to premature leaf senescence. On
the other hand, leaf senescence could also reflect a
redistribution of photoassimilates where plants redirect
metabolic resources from foliage to support corm
development.

The increased chlorophyll content and plant height
under canopy conditions agrees with the findings of Chen
et al. (2019) and Gjindali and Johnson (2023), who
reported increased chlorophyll synthesis in plants,
especially those exposed to low light as a strategy to
maintain photosynthetic efficiency. Taller plant stature
under shade likely results from elongation growth as plants
reach upward toward light (Rezai et al., 2018). Similarly,
Assefa and Gobena (2019) reported that competition for
light enhances the allocation of more carbon and nitrogen
to shoots; hence, promoting vertical growth.

Also, the increased fresh weight of C. esculenta under
tree canopy compared to open plot could be linked to the
larger leaf area, increased leaf moisture content, and the
moderated microclimatic conditions under the canopy
(Nilsen et al., 2025; Sitohang et al., 2022). The overlapping
fronds of E. guineensis reduce incident solar radiation and
wind speed, leading to cooler soil temperatures and
reduced evapotranspiration conditions that enhance soil
moisture retention and plant water status (Kokila et al.,

1309



Bankole et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(5): 1305-1312, 2026

2024). In contrast, C. esculenta grown in shaded plots
exhibited higher leaf area but lower dry matter
accumulation (Li et al., 2024; Magali et al., 2025). Lower
net assimilation rate (NAR) and leaf area ratio (LAR)
under canopy conditions are consistent with the
observations of Poorter et al. (2020) and Solofondrano et
al. (2021), who reported that shade-grown plants typically
develop leaves with higher specific leaf area (SLA) and
lower leaf mass per area. These traits represent adaptive
responses aimed at improving light capture in shaded
environments.

Crop species vary significantly in their response to
shade. For instance, soybean yield has been shown to
decrease when tree canopies intercept over 50% of solar
radiation (Sgarbossa et al., 2018), whereas moderate
shading improved tomato fruit yield (Dal et al., 2025). In
this study although C. esculenta displayed shade-tolerant
vegetative traits under E. guineensis canopy, the corm yield
decreased significantly in both years compared to the open
plots. The yield reduction in canopy plots (TC1 and TC2)
could be attributed to reduced photosynthate production
due to limited light availability, leading to insufficient
translocation of assimilates to the storage organs. This
trade-off signifies while C. esculenta can acclimatize and
survive under low-light condition by adjusting its
photosynthetic apparatus, which often results to yield
penalty.

Photosynthetically active radiation (PAR) plays a vital
role in biomass accumulation and yield formation. While
moderate shade can reduce photo-inhibition and enhance
photosynthetic efficiency, excessive shading may reduce
PAR below the threshold needed for optimal crop
performance (Li et al., 2024; Prakash et al., 2023). In this
study, the canopy of E. guineensis significantly reduced
PAR, which likely led to decreased photosynthetic carbon
assimilation in C. esculenta, and consequently lower
biomass and reduced allocation of photoassimilates to
corms. Conversely, open-field conditions allowed greater
light penetration, contributing to improved NAR, biomass
production, and yield (Durand et al., 2021; Wang et al.,
2020).

In addition to light availability, soil nutrient availability
played a crucial role in crop performance. The reduced
yield of C. esculenta under the canopy could be ascribed to
nutrient competition with the host plant and/or the absence
of fertilization. Essential mineral nutrients are critical for
plant growth, and their deficiency especially under
competitive conditions with trees can hinder yield
potential. The lack of soil amendments, either chemical or
organic, likely exacerbated this limitation in TC1 and TC2
plots. In contrast, reduced competition in open plots may
have improved nutrient uptake and, consequently, yield.

Interestingly, the yield of C. esculenta differed
markedly between TC1l and TC2. The E. guineensis
plantation established in 2008 produced a higher C.
esculenta yield than the plantation established in 2013.
This could be linked to the difference in canopy structure
and light distribution beneath the palms. These factors are
strongly influenced by tree age and maturity (Majasalmi
and Rautiainen, 2020).

The TC1 plot had fewer and more vertically orientated
fronds. This structure created a more open canopy and
allowed greater sunlight penetration to the understorey C.

esculenta, enhancing photosynthesis and supporting higher
yields (Fotis and Curtis, 2017).

In contrast, TC2 consisted of younger palms with
denser crowns and more horizontally spread fronds. This
configuration increased leaf area index and reduced canopy
openness. The denser canopy limited light availability to
the understorey. The reduced light interception by C.
esculenta likely contributed to its lower productivity in
TC2 (Zhou et al., 2025).

Conclusion

This study showed that C. esculenta can be successfully
cultivated under the canopy of E. guineensis plantation,
particularly due to its shade adaptability and favourable
vegetative attributes under low-light environments.

Vegetative growth characteristics such as leaf area,
chlorophyll content, and plant height were more
pronounced under partial shade, confirming the suitability
of C. esculenta cultivation for vegetative properties under
an E. guineensis-based agroforestry system. However,
despite the improved vegetative performance under canopy
conditions, corm yield was significantly reduced compared
to open-field plots. This reduction is ascribed to limited
light availability, lower soil temperatures, and potential
nutrient competition, all of which constrain biomass
accumulation and assimilate partitioning towards yield
components.

Notably, C. esculenta grown under the older E.
guineensis plantation (TC1) exhibited better agro-
physiological traits and higher yield than under the younger
plantation (TC2), likely due to differences in canopy
structure, light penetration, and microclimate modification
as a result of differences in the year of establishment.

To improve crop productivity under canopy conditions,
future research should investigate canopy manipulation
techniques, such as selective frond pruning, strategic
thinning, and crown lifting, to enhance light penetration
and increase understorey photosynthetic active radiation
(PAR). Additionally, a more comprehensive understanding
of tree—crop interactions is also necessary to assess the
broader ecological benefits and trade-offs associated with
integrated systems.
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