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Abstract

Water is a fundamental requirement for plant growth, playing a crucial role in food
production and nutrient transportation. This study evaluates the effects of water stress on
the germination and growth performance of Adansonia digitata seedlings. The experiment
was carried out at the Forestry Research Institute of Nigeria, Ibadan, using mature fruits
sourced from Federal Department of Forestry, Ibadan. Germination trials were conducted
with twenty seeds per treatment, replicated three times. Fifty robust two-month-old
seedlings were transplanted into polythene pots, with 10 replicates per treatment. The
watering treatments consisted of five watering regime, arranged in CRD. Seedling height,
collar diameter, leaf area, and number of leaves were recorded fortnightly over a twelve-
week. Biomass measurements were taken at weeks six and twelve, with calculations for
RGR, NAR and AGR. Data were analyzed using ANOVA, and mean differences were
determined using LSD. The results revealed that seeds subjected to daily watering achieved
the highest germination percentage (75.4%), whereas the lowest germination rate (10.0%)
was observed under the seven-day watering interval. Although no statistically significant
differences (p > 0.05) were detected among treatments for growth parameters, seedlings
under daily watering consistently exhibited the highest values for height, collar diameter,
leaf area, and leaf production, while those subjected to the longest watering interval (T5)
showed the lowest values. Water stress negatively affected biomass production and other
physiological parameters. The study underscores the importance of adequate water
availability during the nursery stage to promote the successful establishment of healthy A.
digitata seedlings.
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Introduction changes in environmental conditions. This

The global climatic change has created condition has influence on the weather
different reactions in plants and animals, elements like rainfall pattern giving rise to
even among microorganisms due to unpredictable flooding and drought
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conditions all over the world which have
created a new way of regenerating forest
species of  economic  importance
(Gbadamosi, 2006). Water plays an
important role in plant survival, growth
and productivity either sourced naturally
or artificially. Plants require water to
manufacture their own food
(carbohydrates) and useful in movement
of foods including mineral elements
within their systems; however, variation in
food and water availability makes
seedlings rely on photosynthesis for
continuous existence. The availability of
sufficient water in plants supports
important physiological processes such as
cell elongation, cell division, stem and leaf
enlargement, including  chlorophyll
formation (Shao et al., 2008). Any change
in all processes may lead to death due to
water deficiency in the plants below the
critical level. Similarly, water available
above critical levels in plants could cause
reduction in the physiological
performances. It has been reported that
soil-water balance affects stomata and
xylem pressure (Buckley, 2000). One of
the problems faced in the establishment
and management of forest nursery is the
permanent water supply availability and
determination of the exact period of
watering for the survival and growth of
nursery seedlings (Adelani, 2019) which
include Adansonia digitata.

A. digitata L. is a tropical tree with
important uses across the African
continent (Rashford, 2015). It has global
prominence especially in the food,
cosmetic and pharmaceutical industries
worldwide (Gruenwald and Galizia 2005).
The demand for A. digitata as agricultural
products is rising daily. Baobab helps
subsistence and commercial objectives
such as improving nutrition, food security,
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fostering  rural  development and
supporting sustainable landscape
management (Gebauer et al., 2016 and
Jackering et al., 2019). It is increasingly
threatened by habitat loss and ecosystem
degradation as a result of climate change
and population growth-related land-use
changes (De Smedt et al, 2012 and
Venter, and Witkowski 2013). Despite its
importance, the tree remains in the wild
undomesticated. As a result of its status,
there is a growing interest in
domesticating it (Jensen et al., 2011). It is
considered one of the most important
underutilized crops for domestication
(Gebauer et al., 2016). One of the
contributing factors to the underutilization
of A. digitata is its undomesticated state.
Its availability is not controlled by man. A.
digitata is especially vulnerable due to its
low cultivation status and low natural
regeneration as well as the ‘scattered’
dispersal of the species resulting in many
A. digitata populations consisting of old
individuals and/or decreasing in number
(Venter and Witkowski, 2013).
Overexploitation of natural stands is a
pressing issue for conservation of the
species’ genetic resources, as human A.
digitata propagation is uncommon and
conservation strategies have not been
widely implemented so far (Gebauer et al.,
2016). As anthropogenic pressure on the
tree is expected to increase with the
international approval of A. digitata fruit
pulp as a food ingredient, the tree has
become a  priority species  for
domestication. Widespread decline of A.
digitata populations would have negative
effects on African societies with locals
losing nutritional, pharmaceutical and
income-generating resources. While A.
digitata and its products have the potential
to become a 1bn USD industry that could
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generate significant foreign exchange
reserves for African countries,
exploitation of the species might not be
sustainable in the long run in absence of
sustainable harvesting and propagation
practices as well as of targeted breeding
operations to maintain A. digitata
populations. Solving these problems
would secure a continued supply of A.
digitata products to foreign and domestic
markets (Jenya et al., 2016). Despite the
usefulness of the species, it remained
undomesticated because its silvicultural
requirements are not well documented,
hence, the study investigated the growth
performance of A. digitata in water stress
conditions with a view to enhance its
regeneration and promote its
conservation.
Study Area

The experiment was conducted at the
Forestry Research Institute of Nigeria,
Ibadan, Nigeria. Mature fruits of A.
digitata  collected  from  Federal
Department of Forestry nursery beside

217

Federal College of Forestry, Jericho,
Ibadan. They were depulped to extract the
seeds at the Tree Physiology nursery,
Sustainable Forest Management
department, Forestry Research Institute of
Nigeria (FRIN), Jericho, Ibadan. The
Forestry Research Institute of Nigeria is
located  between  07023'18"N  to
07023'43"N longitude and 0305120"E to
03051'43"E latitude. The climate of the
area is the West African monsoon with
distinct dry and wet seasons. The dry
season usually starts in November and run
through March and is generally
characterized by dry wind of harmattan.
The wet season, on the other hand,
generally runs through April to October
with strong winds and thunderstorms
occasionally. Mean annual rainfall falls
around 1548.9 mm approximately, within
90 days. The temperature ranges from
31.9°C maximum to 24.2°C minimum,
while the relative humidity is about 71.9%
daily (FRIN, 2015).
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Fig. 1: Map of study area

Materials and Methods
Experimental Design

Twenty (20) seeds were sown in
germination tray containing topsoil and
watered with 200ml of water. Daily (T1)
(Control), 2-day interval (T2), 3-day
interval (T3), - day interval (T4) and 7-day
interval (T5). The 5 treatments were
replicated 3 times and arranged in a
Completely Randomized Design. 300
seeds were used for the experiment.
Observations were made on seed
emergence every day. Fifty (50) 2-month-
old of A. digitata seedlings with good
vigor and relatively uniform growth were
randomly selected from germinated seeds
raised with topsoil. They were pricked
into poly pots (16x14x12cm) 2kg filled
with forest topsoil at 8 weeks after
germination and placed under the
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following treatment with 200ml using
measuring cylinder of Daily watering
(T1), 2-day interval (T2), 3-day interval
(T3), 5-day interval (T4) and 7-day
interval (T5).

The experiment was laid in a
Completely Randomized Design (CRD)
with 10 replicates. The following
variables: Seedlings height (Meter rule),
Collar diameter (veneer caliper), leaf area
(Area meter) and Number of Leaves (by
counting) were assessed fortnightly for
twelve weeks. The experiment was
monitored for a period of 12 weeks.
Biomass (root, stem and leaves dry
weights) was determined at the 6th and
12th weeks of the study by destructive
method. Fresh weight of root, stem and
leaves were taken with weighing balance
before oven dried to constant weight. The
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dry weight and leaf area were used to
calculate the relative growth rate, net
assimilation rate and absolute growth rate.
Data collected on dry weights and leaf
areas were used to calculate Relative
Growth Rate (RGR), Absolute Growth
Rate (AGR) and Net Assimilation Rate
(NAR).
Data Analysis

Data collected on other growth
parameters were subjected to Analysis of
Variance (ANOVA). LSD test was used to
separate the means at 5% level of
probability. According to Adewusi (1997),
Relative Growth Rate (RGR), Absolute
Growth Rate (AGR) and Net Assimilation
Rate (NAR) were calculated as shown
below:

RGR (g/g/wk) =

InNnTDW, —InTDW,

L Tr e 1)
AGR (g/g/wk) =
TDW, —TDW, ii)
T TrL e (i1
TDW,—TDW,
NAR(g/cm?/wk) = A TiA
lnLA2 —ll’lLA1 ...)
T I, s (i1
Where

TDW: = Initial total dry weight (g)

TDW: = Final total dry weight (g)

ti = Initial time

t2 = Final time

LA, = Initial leaf area (cm?)

LA: = Final leaf area (cm?)

In = Natural Logarithm

Data collected were subjected to Analysis
of Variance (ANOVA).

Results
Germination Performance

Analysis of variance Table 1 shows that
there is significant difference among the
treatments at 5% level of probability
which implies that different water stress
used had influence on germination of A.
digitata.

The highest germination rate (75.4%)
was recorded under daily watering (T1),
while the lowest (10.0%) occurred in the
seven-day watering interval (T5) (Table
2). Germination percentage declined
progressively with increased water stress.
The trend suggests that water scarcity
adversely affects the metabolic processes
involved in seed germination, likely
limiting enzymatic activities and delaying
radical emergence.

Table 1: Analysis of Variance Table for Germination of Adansonia digitata

SV df SS MS F P-value
Treatments 4 336.67 84.17 29.36 * 0.001
Error 10 28.67 2.87

Total 14 365.33

* Significant at a level of 5% of probability (.01 =< p < .05)

Table 2: Means Separation of A. digitata seeds Percentage germination with DMRT

Treatments Percentage (%) Mean
T, 75.4 15.00°
T, 55.0 11.00°
Ts 31.5 6.33¢
Ty 20.0 4.00¢¢
Ts 10.0 2.00¢

Note: Means with the same letter are not significantly different from each other
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Growth Performance

Although statistical analysis indicated
no significant differences (p > 0.05)
among treatments (Table 3), seedlings
subjected to daily watering (T1) exhibited
superior growth performance across all
measured parameters, including height,
collar diameter, leaf area, and leaf
production. In contrast, seedlings under
the seven-day interval (T5) displayed the
lowest values. A notable trend observed
was that seedlings in intermediate
watering treatments (T2 and T3) showed
moderate growth, indicating a potential
threshold beyond which water stress
significantly ~ impacts  physiological
development (Table 4).

The analysis of variance (ANOVA)
above shows that there was no significant
difference among the water stress

(treatments) applied at the 5% probability
level (Table 3). This means that water
stress has no influence on the height,
collar diameter, leaf area and leaf
production of A. digitata seedlings.
However, seedlings watered daily have
the best performance. Seedlings watered
daily had highest means in stem height
(15.20cm), leaf area (32.51cm?), collar
diameter (3.58mm) and number of leaves
(6.5) followed by the seedlings that
watered at 2 days interval with stem
height, leaf area, collar diameter and
number of leaves having 14.85cm, 32.51
cm?, 3.47mm and 6.3 respectively and the
least were found in seedlings treated with
water at 7days interval having 14.50cm,
31.3 cm?, 3.15mm and 6.2, stem height,
leaf area, collar diameter and number of
leaves respectively (Table 4).

Table 3: ANOVA for the Effect of Water stress on the Growth variables of A. digitata

Seedlings

Variables SV df SS MSS F.cal F.tab

Seedling Height (cm) Treatment 4 4.70 1.18 0.52 2.60ns
Error 45 101.84 2.25
Total 49 106.54

Collar Diameter (mm) Treatment 4 6.20 1.55 0.68 2.60ns
Error 45 102.96 2.29
Total 49 109.16

Number of Leaf Treatment 4 47.68 11.92  0.89 2.60ns
Error 45 603.72 13.42
Total 49 651.40

Leaf Area Treatment 4 85.42 21.36  0.46 2.60ns
Error 45 2089.35 46.43
Total 49 2174.77
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Table 4: Mean Values of Growth parameters of Adansonia digitata seedlings under water

stress
Treatment No of leaf Collar diameter Seedling height Leaf area (cm?)
(mm) (cm)

T1 6.5 3.58 15.20 32.51

T2 6.3 3.47 14.85 32.50

T3 6.2 3.38 14.65 31.85

T4 6.3 3.36 14.62 31.60

T5 6.2 3.15 14.50 31.3

Biomass Production

Water stress had a detrimental effect on
biomass accumulation, with biomass
production decreasing from T1 to TS.
Seedlings in T1 had the highest dry
weight, while those in TS had significantly
reduced biomass, indicating limited

photosynthetic activity under prolonged
water deficit. The reduction in biomass
with increasing water stress suggests that
limited moisture availability constrains
carbon assimilation and nutrient uptake,
ultimately  affecting  overall plant
productivity (Table 5).

Table 5: Effect of water stress on seedling biomass production (g) of Adansonia digitata

Treatment Root Stem Leave Total
T1 4.24 15.26 6.85 26.35
T2 2.18 8.32 3.61 14.11
T3 2.01 6.83 2.85 11.69
T4 1.16 4.57 0.66 6.39
T5 0.36 1.41 0.52 2.29

Leaves Dry Weight (LDW)

Water stress has significant effect on
biomass production of A. digitata
seedlings and followed downward trend
from T1 —TS5. Seedlings watered daily had
LDW of 6.85g as the highest closely
followed by seedlings water at 2-day
interval (3.61g) while the least was found
in seedlings watered at 7 days interval
(Table 5).

Stem Dry Weight (SDW)

Water stress had significant influence
on SDW where seedlings that treated with
water once daily had the highest SDW
(15.26g), followed by seedlings watered
in 2-day interval having 8.32g while the
least was found in 7-day interval with
1.41g (Table 5)
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Root Dry Weight (RDW)

Table 4 shows that mean RDW of
seedlings exposed to water stress were
affected significantly. The seedlings
watered daily had the highest RDW
(4.24¢g) followed by those watered in 2-
day interval (2.18g) and the least was in
7-day interval watering (0.36g).

Total Dry Weight (TDW)

Water stress had significant influence
on TDW where seedlings that treated with
water once daily had the highest TDW
(26.35g), followed by seedlings watered
in 2-day interval having 14.11g while the
least was found in 7-day interval (2.29g)
(Table 5)

Physiological Parameters

The seedlings that received daily

watering demonstrated the highest
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performance in terms of NAR, RGR, and
AGR, with values of 0.00428 g/cm?week,
0.03130 g/g/week, and 0.16802 g/g/week,
respectively. Following them, seedlings
watered every two days had moderate
results, with NAR, RGR, and AGR values
of 0.00286 g/cm?/week, 0.02110
g/g/week, and 0.08510 g/g/week,
respectively. The lowest performance was

observed in seedlings watered every seven
days, with NAR, RGR, and AGR values of
0.00068 g/cm?week, 0.00148 g/g/week,
and 0.00624 g/g/week, respectively (Table
6).

Table 6 above shows the effect of water
stress on Net assimilation rate (NAR),
Relative growth rate (RGR) and Absolute
growth rate (AGR) of A. digitata seedlings

Table 6: Effect of water stress on Physiological Parameter (AGR, RGR and NAR) of A.

digitata
Treatment AGR (g/g/wk) RGR (g/g/wk) NAR (g/cm*wk
Tl 0.16802 0.03130 0.00428
T2 0.08510 0.02110 0.00286
T3 0.02680 0.00652 0.00147
T4 0.01520 0.00345 0.00052
T5 0.00624 0.00148 0.00068
Discussion Water stress and growth variables

Water stress on seed germination

A significant difference was observed
among the treatments at the 5% level of
probability, indicating that varying water
stress levels affected the germination of A.
digitata. The highest germination
percentage was recorded for seeds
watered daily, while the lowest percentage
occurred in seeds watered only once every
seven days. This highlights the critical
role of water availability in seed
germination. This finding aligns with
Yigit et al. (2016), who observed a decline
in germination percentages for Sophora
Jjaponica, Ailanthus altissima, Cupressus
arizonica, Pinus nigra, Cupressus
sempervirens, and Pinus brutia under
increased water stress. A similar trend was
reported by Khera and Shing (2005) for
the germination of Acacia catechu, Acacia
nilotica, Albizia lebbek, Dalbergia sissoo,
and Tectona grandis under various water
stress conditions.
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No significant differences were
observed among the treatments at the 5%
probability level, indicating that water
stress did not influence the height, collar
diameter, leaf area, or leaf production of
A. digitata seedlings. However, seedlings
that were watered daily performed the
best. Awodola and Nwoboshi (1993)
emphasized that water is a critical factor
in forest ecosystems, influencing seedling
growth and development. As water stress
increases, seedling growth and
development tend to decrease. Daily
watering had the most significant impact
on all the assessed growth variables, likely
because water was readily available,
allowing seedlings to absorb nutrients
from the soil more efficiently. Water stress
did affect the early growth of A. digitata,
with daily watering and the two-day
interval treatment showing better growth
than the other treatments.

Despite water stress, A. digitata is
considered a drought-tolerant species, as
evidenced by the survival of seedlings
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watered only once every seven days, albeit
with slow growth. This supports the
findings of De Smith er al. (2011) and
Larwanou et al. (2014), who found that A.
digitata seedlings can retain water well in
drought conditions and avoid xylem
cavitation, thus surviving water stress.
Relative turgidity positively influences
physiological traits such as leaf
production, leaf area, and shoot height. In
contrast, Iroko et al. (2020) reported that
reduced relative water content negatively
affected plant growth and morphological
processes in E. angolensis seedlings.
Water plays a vital role in plant survival,
growth, and productivity, whether sourced
naturally or artificially. Daily watering
yielded the best growth results in all
variables assessed, which contrasts with
the findings of Isah et al. (2013), who
reported that Acacia senegal seedlings
watered every three days showed better
growth than those watered daily, twice a
day, or every two days.

Seedlings watered daily exhibited the
highest growth in stem height, collar
diameter, leaf production, leaf area, and
biomass, although no statistical
differences were found compared to other
treatments. Seedlings watered once every
seven days survived the experiment but
exhibited stress. This supports Olajuyigbe
et al. (2012), who noted that deciduous
species are drought-tolerant and tend to
delay leaf flushing 1in low-water
environments. It also aligns with Sale
(2015), who stated that water stress affects
a tree species' physiological functions,
thus influencing growth and yield.
Additionally, Jajarmi (2009) highlighted
that soil water conditions can significantly
affect a plant's morphological and
physiological processes. Nutrient uptake
from soil water is closely tied to root and
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soil water status, as well as the species and
genotype of the plant. Growth variables in
forest seedlings depend on the water needs
of the seedlings and their developmental
stage (Mng'omba et al., 2011).

Akinyele (2007) also observed the
highest growth in Buchholzia coreacea
seedlings watered once a day. This is
consistent with Larwanou (2014), who
found that water favored the growth of
Moringa oleifera seedlings. However,
Suberu (2014) and Oyun et al. (2010)
reported that Acacia senegal seedlings
watered twice a week exhibited the best
growth, suggesting that water
conservation capacity could be a
determining factor. This study confirms
that while A. digitata can tolerate water
stress, the best growth performance was
observed in seedlings watered daily,
although those watered every seven days
still survived throughout the experimental
period.

Biomass Accumulation

Water stress has significant effect on
biomass production of A. digitata
seedlings and followed downward trend
from T1 — T5. Generally, plant species
grown in drier condition may increase
water capture by increase in root biomass
and in production of adventitious roots
with high specific root length (SRL) and
more root length per unit plant mass
(RLPM) in the whole plant level (Poorter
and Markesteijn, 2008). De Smedt, (2012)
reported that the seedlings of Baobab
provenances from drier conditions had
developed root mass fraction, so as to
store more water in their systems, and
resulted in higher conductance and
photosynthetic rates during drought. The
increased biomass in leaves under shade
was not only at the expense of stem
biomass reduction, but also at the expense
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of root biomass reduction (Amissah et al.
2015).
Physiological Variables (AGR, RGR and
NAR)

The results for relative growth rate
(RGR) did not show a clear trend, but
seedlings watered daily performed the
best, while those watered every seven
days showed the lowest performance.
Similarly, the net assimilation rate (NAR)
did not follow a distinct pattern, but
seedlings watered daily performed the
best, indicating they had more
photosynthesizing tissues than those
watered every seven days. The absolute
growth rate (AGR) also lacked a
consistent trend, but seedlings watered
daily showed the best performance, with
the least growth observed in seedlings
watered at seven-day intervals. These
findings are consistent with the results of
Oyedeji and Akinyele (2016), who found
no specific trend in RGR, NAR, and AGR
when studying the effect of light intensity
on  Dialium  guineense  seedlings.
However, these results contrast with those
of Amadi et al. (2022), who observed an
increase in RGR, NAR, and AGR with
higher light intensity in African walnut
seedling growth.

RGR was significantly reduced under
wet conditions compared to dry
conditions, which is inconsistent with the
observations of Sack and Grubb (2002)
and Sack (2004), who reported a
proportional reduction in RGR wunder
varying conditions. It has been noted that
water deficiency can lower leaf water
potential and stomatal conductance
(Amissah et al., 2015), resulting in a
reduced assimilation rate (Aranda er al.,
2005), which explains the slower growth
of water-stressed plants (Amissah et al.,
2015). Stomata responses to drought range
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from water avoidance, where stomata
close at a critical water potential to
minimize leaf transpiration and prevent
cavitation, to water tolerance, where
stomata control is less restrictive, allowing
higher transpiration rates (Allen et al.,
2010; McDowell et al., 2008). High
stomata conductance supports higher
assimilation rates, thus facilitating faster
growth in plants exposed to high light
compared to those in shaded conditions
(Amissah et al., 2015).

Conclusion and Recommendations

This study demonstrates that water
stress adversely affects the germination
and growth performance of A. digitata.
While statistical differences were not
observed, trends indicate that daily
watering supports optimal seedling
development. The results suggest that for
successful domestication and
conservation of A. digitata, adequate
water supply during the nursery phase is

crucial. The decline in biomass
accumulation under water-stressed
conditions further wunderscores the

importance of proper watering regimes to
ensure seedling vigor and survival. Given
the economic and ecological significance
of A. digitata, conservation efforts should
focus on developing adaptive irrigation
strategies to improve seedling
establishment in water-limited
environments. Future research should
explore the physiological mechanisms
underpinning water stress tolerance in A.
digitata, such as osmotic adjustment, root
morphology adaptation, and stress-related
gene expression, to develop more resilient
cultivation  strategies.  Additionally,
investigating the long-term effects of
varying watering regimes on field
establishment and productivity will
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provide further insights into the

domestication potential of this species.
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