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ABSTRACT

This study was carried out in Daloa for the preservation of Ziziphus mauritiana, a drought resilient wild
plant species and multipurpose shrub which is affected by human actions like bush-fire and deforestation.
For this purpose, dried seeds were sown in a four-duplicate sub-blocks of polyethylene bags to assess the
influence of four (4) substrates on the germination and seedlings growth. The tested substrates were: S1
(cocoa pod + topsoil: %; %), S2 (sawdust + topsoil: %4; %), S3 (poultry dung + topsoil: %; %), and S4 (topsoil)
as control. Results showed that germination rates were 50%, 63%, 62% and 68% respectively in S1, 52, S3
and S4. However, the duration for germination was the shortest and the best in substrate S2 (14 days),
about 17 days with the control and over 30 days with S1 and S3. The seedlings height was significantly
better (P<0.05) during the month 3 in substrate S2 (34.4+4.18 cm) compared to the control (26.8+3.94 cm).
And, over the months 5 and 6, the seedlings heights in substrate S3 were respectively 62.5+7.86 cm and
110.8+32.30 cm, and significantly different to the control (35.1+4.01 cm: 44.0+10.55 cm). The other parameters
evaluated were not impacted by the addition of agricultural inputs to topsoil. Conversely, substrate S1 has
given the lowest values. Therefore, mixture of sawdust + topsoil or poultry dung + topsoil (44;*/, proportion)
has improved seedlings height, which would be beneficial to promote domestication of Z. mauritiana.
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Introduction

Ziziphus mauritiana, also known as the jujube tree, is
a shrub with a dense, rounded crown belonging to
the family of Rhamnaceae. It is native from arid and
semi-arid regions of the pantropical world including
India, where it is originates. This plant species can
develop in various soils, dried or partially flooded
grounds due to its strong taproot system. This rustic
plant is therefore found in Sahelian countries
(Kalinganire and Koné, 2011).

This plant resource still be spontaneous in many

areas like in Nigeria (Meer et al., 2024) whatever it
co-exists with the domesticated varieties produced
in India. The jujube cultivated in India has a variety
called “gossi” that is one which produce more fruits,
bigger with high nutritional potentialities. There is
genuine interest in fruit, both for human popula-
tions and for the rural economy in sub-Saharan Af-
rica (Aké, 2015; Pasternak et al., 2016; Kalinganire
and Konég, 2011). Naarz et al. (2020) reported that Z.
mauritiana is a woody plant species with multiple
uses including fodder for livestock. The benefit of
the jujube is also recognized to low-input
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agroforestry systems and is used in hedgerows to
protect agricultural land from livestock (Ba et al.,
2021; Kalinganire et al., 2009).

The fruits of local varieties are smaller than those
of the “gossi” variety. This sometimes results in a
loss of income for marketers. Therefore, to improve
productivity and increase the income of local stake-
holders, this variety was introduced a few years ago,
for replacing the local (wild) variety. However, this
choice did not achieve the expected productivity in
these countries, as it remains lower compared to
production in India and restricted to certain ecologi-
cal zones. The reasons for low yields are not due to
the condition of the seeds, but rather linked to
edaphic and climatic factors, as highlighted by Aliou
et al. (2018).

As a result, the local jujube tree still survives
alongside the exotic variety. Due to deforestation,
climate change, the development of farming prac-
tices and bush fires affecting biodiversity, its fre-
quency is declining throughout the Sahel
(Kalinganire and Koné, 2011). The presence of the
local jujube tree in the natural landscape is as vital as
other wild plants species, although the threat to it is
minor.

Further documentation of local jujube propaga-
tion techniques is needed for conservation purposes,
regarding the interest of rural communities in do-
mesticating this species (Leakey et al., 2022). Vegeta-
tive propagation study has already been undertaken
with satisfactory results (Kalinganire and Koné,
2011). Seed germination was previously considered,
with different approaches from one author to an-
other (Depommier, 1988; Boubacar et al., 2022). In
this study, the objective was to examine the effect of
different substrates on germination and seedlings
vigour of Ziziphus mauritiana in nursery.

Materials and Methods

Study site

The study was carried out at the Jean
LOROUGNON GUEDE University (JLoGU) of
Daloa in the same space described by Aké et al.
(2025).

Plant material

The biological material used was the dried and
healthy seeds of Ziziphus mauritiana batch N°3291
(Fig. 1) supplied from the National Tree Seed Centre
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Fig. 1. Seeds image of Z. mauritiana

(NTSC) in Burkina Faso. The seeds were packaged
in safe conditions and sent to JLoGU.

Proceeding and sowing

Before the sowing, the seeds were soaked for 24
hours in water at ambient temperature. In the mean-
time, 120 polyethylene bags were filled up with 4
substrates named S1, S2, S3 and S4. S1 was com-
posed of a mixture of cocoa pod + topsoil (%4; %), S2
was the mixture of sawdust + topsoil (%; %), S3 was
made of poultry dung + topsoil (%; %), whilst 54
was the topsoil serving as control. There were 4
blocks of 30 polyethylene bags, each arranged in 2
rows of 15, representing the substrates in the follow-
ing order: S1, 52, S3 and S4. Two seeds were put into
each polyethylene bag at 1cm depth and recovered
with substrate. About 240 seeds were finally sown
and watered regularly twice a day, except when it

Fig. 2. Sowing the seeds of Z. mauritiana into polyethyne
bags
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rained (Figure 2).
Collect of data

Measures of germination parameters were recorded
on data sheets for 35 days, while the growth param-
eters were reported once a month during 6 months.

Germination parameters

The germination parameters considered in this
study were the latency time, germination rate and
duration of germination. Data were recorded every
day in a period of 35 days. The latency time is the
time between the sowing and the first germination.
The duration of germination is the time (in day) be-
tween the first germination and the last germination
in the same batch. And the germination rate (%) is
the number of seeds germinated among the seeds
sown during the period of observation. It is calcu-
lated as follows:

—Ne
TG = - x 100 (Logbo et al., 2022)

where, %TG = germination rate, Ng = number of
germinated seeds, Ns = number of seeds sown.

Growth parameters

The vigour of the seedlings was performed all along
the experience. The height, collar diameters, and
number of leaves were determined from the second
month after sowing, when seedlings appeared up-
per to the substrate. Then, measurements were
taken regularly every month for the following six
months. Leaves were simply counted, while an ap-
propriate material like a tape measure and a caliper
were used for the other tasks. Furthermore, the dry
biomass of organs (leaves, stems and roots) and the
root growth were assessed after 9 months of grow-
ing in nursery. A sample of 10 seedlings in each sub-
strate was considered for this purpose. The dried
leaves, stems and roots of each seedling were
weighted after 72 hours of drying of fresh material
in a stove at 60 °C.

Statistical analysis of data

A one-way ANOVA test was performed to analyz-
ing the data using R software version 4.0. The
Shapiro test was considered to establishing equality
in residuals and Levene’s test was executed to verify
the homogeneity of variances. The Student’s t test
was then used to form groups. Significance was con-
sidered for P<0.05.

S3
Results

Germination

Latency time was almost the same in all the sub-
strates ranging between 6 and 8 days. Germination
started firstly with the control and was about 7
days for both substrate S2 and S3. It was about 8
days with the substrate S1. Then the germination
duration was approximately 35, 14, 35 and 17 days
respectively in S1, S2, S3 and S4. Most of the seeds
germinated faster in the substrate containing saw-
dust than the others. The germination rates ranged
between 50% and 68% (Figure 3). The simple topsoil
was rather good for the seeds germination than
when it was mixed with any other ingredient. How-
ever, whatever the composition of the substrate, the
germination reached at least 50%.
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Fig. 3. Germination rates of Z. mauritiana in different
substrates

Seedlings growth

Data recorded during 6 months of experience were
used for establishing Z. mauritiana growth. Seedlings
height, diameter of collar and number of leaves
were evaluated every month after measurement or
counting. Also, the dried biomass was determined
after 9 months of seedlings growth. The Table 1 pre-
sents the average height of seedlings. Overall, dur-
ing the first two months and in the fourth month, no
substrate had more favourable impact on jujube
growth than the control substrate. However, the
seedling height in substrate S2 was as better as in the
control, and better than in S1 and S3. At the third
month, the seedling height reached 34.4+4.18 cm in
substrate S2 and was significantly different (P<0.05)
from those obtained in the control (26.8+3.94 cm), S1
(20.0+£7.02 cm) and S3 (15.4+1.90 cm). During the
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months 5 and 6, the seedlings height was upper in
the substrate S3, respectively 62.5+7.86 cm and
110.8+32.30 cm, and significantly different from
those bred in S1, S2 and the control.

The radial growth expressed as the diameter of
collar was not measured during the first month. It
was effective from the second month and data re-
corded showed that the diameter of collar did not
vary significantly (P>0.05) along the first three
months for the seedlings bred in any substrate
(Table 2). At the month 4, only the seedlings ob-
tained in substrate S1 grew less radially (1.77+0.69
mm) than the control (2.80+0.96 mm) and differed
significantly (P<0.05). Conversely, between seed-
lings from substrates 52, S3 and the control there

Table 1. Seedlings height (cm) along the time of observation
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was no significant difference. Then during the
months 5 and 6, the collar diameter of seedlings in
substrate S1 never overpassed the others, and was
significantly different to them. However, there was
no significant difference between seedlings in sub-
strates 52, S3 and the control. They look similar for
the collar diameter. Values for S2, S3 and the control
were respectively 3.60+0.71 - 3.94+0.75 mm,
3.72+0.82- 4.14+0.81mm and 3.64+0.73 - 4.00+0.68
mm.

Likewise, the average number of leaves for seed-
lings increased regularly over the months in each
substrate (Table 3). All along the six months, the
number of leaves for seedlings obtained in substrate
52 was not significantly different from the control.

Time Substrate Statistical test
S1 S2 S3 S4
Month 1 10.5+5.21a 18.9+3.63b 8.9+1.91a 17.8+0.79b 22.9***
Month 2 14.10+6.19a 24.35+3.87b 11.10+1.79a 22.75+3.33b 24.79%**
Month 3 20.0+7.02a 34.4+4.18b 15.4+1.90a 26.8+3.94¢ 31.94%**
Month 4 24.92+7.16a 36.77+6.12b 38.30+6.38b 31.90+4.84ab 9.48***
Month 5 31.3+7.62a 41.4+8.53b 62.5+7.86¢ 35.1+4.01ab 37.15%**
Month 6 37.7+8.43a 52.0«11.01a 110.8+32.30b 44.0+10.55a 33.59***

Means with different superscript in the same raw are significantly different (P<0.05)
**** very highly significance, *** highly significance, ** medium significance; * lowly significance

Table 2. Diameter of collars (mm)

Time Substrate Statistical test
S1 S2 S3 S4
Month 1 - - - - -
Month 2 0.62+0.46a 1.11+0.44a 0.65+0.51a 0.89+0.40a 2.53
Month 3 1.37+0.69a 1.73+0.30a 1.55+0.68a 1.55+0.26a 0.78
Month 4 1.77+0.69a 2.69+0.58ab 2.50+0.92ab 2.80+0.96b 3.34%
Month 5 2.39+0.80a 3.60+0.71b 3.72+0.82b 3.64+0.73b 6.82%*%
Month 6 2.72+0.68a 3.94+0.75b 4.14+0.81b 4.00+0.68b 8.17***

Means with different superscript in the same raw are significantly different (P<0.05)
**** very highly significance, *** highly significance, ** medium significance; * lowly significance

Table 3. Number of leaves

Time Substrate Statistical test
S1 S2 S3 S4
Month 1 9.1+3.25a 11.5+2.46ab 8.9+1.91a 13.3+1.89b 7.88%**
Month 2 10.3+3.68a 13.8+1.93bc 11.1+1.79ab 16.3+2.79¢ 10.54***
Month 3 14.1+4.51a 19.2+2.53ab 15.4+1.90a 23.4+7.06b 8.75%**
Month 4 24.3+10.84a 39.5+9.38b 38.3+6.38b 39,9+6.74b 7.71%%*
Month 5 51.9+23.50a 71.4+20.37a 62.5+7.86a 62.2+7.28a 2.35
Month 6 80+39.15a 128.1+29.41b 110.8+32.30ab 95.3+17.40ab 4.55%*

Means with different superscript in the same raw are significantly different (P<0.05)
**** very highly significance, *** highly significance, ** medium significance; * lowly significance
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There were more leaves on the seedlings from the
control than those obtained from the substrates S1
and S3 during the months 1, 2 or 3. Thereafter, from
month 4 to 6, the seedlings in substrate S3 had ap-
proximately the same number as those of the con-
trol. Overall, no substrate had induced the appari-
tion of more leaves than the control.

Furthermore, the biomass of the leaves, stems,
roots and roots growth were evaluated after 9
months of seedlings cultivation in nursery. Results
showed that there was less dried material produced
in substrate S1 compared to the control. Seedlings in
substrates S2 and S3 were similar to those obtained
in the control as there was no significant difference
in their dried material whatever the organ consid-
ered (Table 4). There was a significant difference in
roots length between the substrate S1 and the others.
Conversely, there was no significant difference in
their diameter (Figure 4).
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Fig. 4. Roots growth of Z. mauritiana after 9 months of
cultivation in nursery

Discussion

The germination rates for the soaked seeds of Z.
mauritiana all along the trials were 50%, 63%, 62%
and 68% respectively with substrates 51, 52, S3 and
the control. This result means the highest germina-
tion rate was obtained with the control. Neither the
addition of cocoa pod, neither the sawdust, nor the
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poultry dung, mixed to topsoil has improved seeds
germination. Conversely, they did not affect drasti-
cally the germination potential of the seeds. There is
a concordance with the results of Depommier (1998)
showing that the germination rate of the jujube in
Northern Cameroun ranged between 30% and 70%.
The regeneration of this plant species based on seeds
was also reported by Kalinganire and Koné (2011).
Moreover, they highlighted higher vegetative regen-
eration through grafting, reaching 95%. Further-
more, there was a necessity to evaluate the latency
time since the remove of dormancy is a requirement
and the first step in seed germination process. In this
study, the latency times ranging from 6 to 8 days
showed that the seed dormancy was removed faster.
It started in the control, later on the 7* day appear-
ing in substrates S2 and S3, then 8 days after sowing
in substrate S1. There was no difference according to
the substrates used. Anyway, these delays were
short, just about one week and could meet very fast
germination (Diawara et al., 2020). The duration of
germination varied among substrates: 14 days for
52, then 17 days for the control and 35 days both for
S1 and S3. This result indicated that the sawdust-
based substrate has promoted germination in
shorter time compared to the control and the other
substrates. The sawdust may have promoted good
water retain in the soil and made it available for an
adequate seed’s swelling which is essential in the
development of the embryo. Available water is eas-
ily absorbed by the embryo due to osmotic pressure
and needful oxygen is provided to the seed for res-
piration.

Furthermore, the development of seedlings
shaped after germination in each substrate has been
examined over a period of six (6) months. The seed-
lings from the substrate containing cocoa pod were
not higher compared to the control. This agricultural
input has not improved the growth. Cocoa pod did
not mineralize and probably had antagonist action
to the absorption of soil minerals. On the third

Table 4. Dried material (g) of Z. mauritiana after 9 months of cultivation in nursery

Organ Substrate Statistical test
S1 S2 S3 S4

Leaf 0.32+0.13a 0.35+0.13ab 0.78+0.13ab 1.00+0.13b 0.003443 **

Stem 1.44+0.42b 3.2+0.39ab 3.62+0.58a 3.76+0.68a 0.01346 *

Root 1.31+0.36a 2.45+0.36ab 2.58+0.36ab 3.25+0.36b 0.001537 **

Means with different superscript in the same raw are significant different

** medium significance; * lowly significance
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month, the seedlings height was more important
and significantly different (P<0.05) in the substrate
of sawdust (34.4+4.1 cm) than the others, particu-
larly the control (26.8+3.94 cm). Such observations
were effective on the fifth and sixth months with the
poultry dung-based substrate too. The height of
seedlings was significantly high in the substrate of
poultry dung, respectively 62.5+7.86 cm and
110.8+7.86 cm, compared to the control
(35.1+4.01cm, 44.0+4.01cm) and the other substrates.
According to Tokpa et al. (2024), sawdust contains
less nitrogen (0.34%); nitrogen is about 1.26% in co-
coa pods and 2.66% in poultry dung. Sawdust
mixed with topsoil presented fine in appearance
opposite to cocoa pod. Its ability to retain water
compared to cocoa pod suggests a fast activity of
microorganisms to breaking down, mineralizing this
component and increasing availability of nitrogen to
seedlings in substrate S2, thereby promoting their
growth. Availability of nitrogen in soil is influenced
by its solubility in water and biological activity, and
fluctuates greatly over time (Cloutier, 2000). This
situation also results in an additional supply of min-
eralized nitrogen in 52 during the third month. This
is demonstrated by significantly greater growth of
the seedlings than in the control. Cocoa pods take
time to mineralize and enrich the S1 substrate, and
act as antagonists to the absorption of nutrients
available in the topsoil that are necessary for seed-
ling growth. On the other hand, poultry manure
mineralizes later (months 5 and 6) when the amount
of nutrients becomes stable in S2. It releases nitro-
gen, phosphorus and potassium, in more greater
quantities than sawdust and cocoa pods (Tokpa et
al., 2025) leading to spectacular growth compared to
the control.

Over the time, the collar diameter ranged be-
tween 0.62+0.46 to 2.72+0.68 mm, 1.11+0.44 to
3.94+0.75 mm, 0.65+0.51 to 4.14+0.81mm, 0.89+0.40
to 4+0.68 mm respectively for S1, S2, S3 and the con-
trol. Low collar diameter was recorded in substrate
S1 and significantly different to others from the
month 5 to 6. Once again, cocoa pod did not pro-
mote radial growth indicating that safe mineraliza-
tion is so necessary to ensure growth. There was no
significant change too in number of leaves across the
substrates. These agricultural inputs did not en-
hance radial growth and number of leaves. This
finding was in full agreement with results reported
previously by Aké et al. (2025). However, the low
mineralization of cocoa pod has great effect on the
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radial growth after the fifth month. Over nine (9)
months growth in nursery, the roots diameter and
length shown, seemed correlate to the dried mate-
rial, since no substrate has influenced positively the
development of Z. mauritiana compared to the con-
trol. After a long time, the substrate compositions
become probably the same. Almost all agricultural
inputs have been employed by the seedlings for
their growth. Conversely, the cocoa pod becomes a
limiting factor to seedlings” growth because of weak
growth observed. Djeke et al. (2011) reported that
cocoa pod can lower mineralization of organic car-
bon in soil if it does not decompose properly to en-
hance fertility, which could impact negatively the
growth of plants in nursery.

Conclusion

The search for possibilities to domesticate Ziziphus
mauritiana in sub-saharian area still be of actuality
for the purpose to preserve this species which is
prone to bush-fire and other human actions that
promote biodiversity loss. Though this study has
highlighted the influence of different substrates on
the germination and growth of the jujube. The addi-
tion of cocoa pod, sawdust and poultry dung to top-
soil did not improve the germination rate compared
to the control (topsoil). They were respectively 50%,
63%, 62% and 68%. However, the substrate contain-
ing sawdust had the shortest and best duration of
germination which was 14 days whilst in the control
it was 17 days. With regard to the seedlings’ growth,
it appeared that seedlings grew significantly faster
at the third month in sawdust than all other sub-
strates. Then from the month 5 to 6, the seedlings
had significant growth in the poultry dung substrate
compared to others. In opposition, no substrate in-
cluding the control was better than other if consider-
ing the parameters like the collar diameter, the num-
ber of leaves, the dried material and the root growth.
But an exception must be notified with the substrate
containing cocoa pod, which was less beneficial to
seed germination and seedlings growth. Finally, the
promotion of Z. mauritiana regeneration is possible
with addition of sawdust or poultry dung to topsoil
to enhance fertility. Such finding would be of great
importance in the domestication and preservation of
this spontaneous plant species. A future study on
the monitoring of seedlings after their transfer to
plantation should be carried out.
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