Seed germination and growth of Irvingiagabonensis (Aubry-Lecomte ex O'Rorke) Baill.
(Irvingiaceae) seedlings in a controlledenvironmenteast of Tai National Park (Buyo,

South-West of Ivory Coast)

Abstract

Anthropogenicactivities tend to destroy forestresourcessuch as Irvingiagabonensis, a
specieshighlyprized by the populations living near the Tai National Park (PNT). The
enormous pressure on the natural stands of thisspecies leads to . itsrarefaction,
evenitsdisappearance. In order to make the species accessible, the rates of-seed germination
and seedlinggrowth in a controlledenvironmentwereevaluatedthrough  five- (5). dormancy
lifting treatments and control seeds (TO), all in a Fisher randomexperimental ‘design. The
resultsshowedthatseedssubjected to T3 treatments (soakingseedsin 33% dilutedsulfuricacid for
96 h followed by rinsingwithwell water), T4 (soakingseeds in-well water for 96 h) and T5
(Manual scarification of seedsusing a file) have a better. germination rate (respectively
83.33%, 80% and 66.66%).The shortest germination times wererecordedwith T5 (5 days), T2
(heating at 45°C for 10 min followed by soaking the seeds in.well water for 24 h) and T3 (8
days) and T1 (soaking the seeds in well water for.24 h followed by heating at 45 °C for 10
min) with 11 days. On the other hand, T1 and T4 gave the shortest germination spans (4 and 6
daysrespectively).In addition, the heightgrowth of seedlingsfrom T2, T3 and T4 wasbetter.
However, seriousregressionswereobserved in:the diametergrowth of seedlingsfrom T2 and T3
after 21 days. This studyshowedthatalthoughseveraldormancybreaking techniques are
promising, thesoakingseeds in sulfuricacid for 96 h(T3) and in water for 96 h also (T4),
remainbetter for the domestication of Irvingiagabonensis, a crucial step for its large-
scalevalorization.
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INTRODUCTION
Tropical forests, due to
theirbiologicalrichness, play a vital role in
human life. Indeed, for many rural
communities, the forestrepresents not only
an economic, but also a social and cultural
importance [1]. Thus, manyspecies of
forestecosystems are used in different areas
of life.

thesenaturalecosystems, habitats of these

Unfortunately,

plants, are todayparticularlythreatened by
the rise of humanactivities.  As
anthropogenic pressures on
theseecosystems are increasing, the
availability of
forestspeciesremainsdependent on resource
exploitation techniques and the conditions

of the naturalenvironment[2 ; 3].

This problem of rapiddisappearance of
natural  plant  resources due to
humanactivitiesis a worryingsubject, as
highlighted by variousstudies[4; 5;6; 7 ;

8].

In Cote d'lvoire;,; human pressure
isresulting ~.in an alarmingreduction in
forest areas, mainly due to the excessive

collection of useful plants [9].

In thislvoriancontext, the Tai National
Park  (PNT), rich in biodiversity,
isfacingincreasingthreats due to
humanactivity, particularly the excessive

collection of non-timberforestproducts

(NTFPs) by local populations [10]. The
overexploitation ~ of  speciessuch  as
Ricinodendronheudelotii,

Beilschmiediamannii and
Irvingiagabonensis, essential for food and
the local economy, has led to theirscarcity
in the peripheral areas of the park. This
situation isnow pushing populations to turn
to the park for the “collection of
productsfromthesespecies, . thusdisrupting
the biodiversity  of * the park.
Despiteseveralstudies on the valorization
and conservation of plant species essential
for rural populations [11; 12; 13; 14],
few efforts-have been made in the country
for the domestication of thesespecies, a

crucial step for theirvalorization[15].

The  objective  of  thisworkis to
determinebettermethods of germination of
Irvingiagabonensisseeds in order to
facilitateitsintegrationinto cultivation

systems on the periphery of the park.

MATERIALS AND METHODS

Plant material
The fruit of Irvingiagabonensisis a smooth
drupe  resembling a  smallmango,
greenishbecomingyellowwhen ripe [16]
(Figure 1). It

veryfibrousyellowjuicypulpadhering to the

contains a

stone. The latter is hard, subspherical,
slightlyflattened, 3 to 5 cm long. It
contains a white, fleshy, mucilaginous,

discoid and veryflattenedalmond. It
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isthisediblealmondthatissoughtafter by

local populations for food and marketing.

Figurel: Fruits of Irvingiagabonensis
Methods

Choice of study site

The tests took place at the monitoring
station of the ADK/V6 sector of the Tai
National Park (PNT), in the Nawa region,
more precisely in the Buyosub-prefecture
(Figure 2). This monitoring . station,
bordered by the V villages, offered the best
conditions for carrying-out the-germination
and vegetative multiplication tests. Indeed,
the monitoring station of
thissectorislocatedalmostinside the Park.
This . .geographical location offers the
experimental ‘site favorable edaphic and
climatic conditions. Also,
thissectorbenefitedin 2014 from a plant
production project (Project financed by
GlZz and piloted by OIPR) of
threespeciesincludinglrvingiagabonensis.
This made iteasy to access plant material
of differentages.
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Figure2: Location map of the study area

Data collection

Installation of the shade

A-96 m? (8 mx 12 m) shade house was
made with local materials (palm stalks,
woodenpoles, Chinesebamboo and raffia)
and coveredwith palm leaves to
reducesolarintensity on the seedlings
(Figure 3).

In addition, 500 15 cm x 5 cm nursery
bagswerefilledwithsoilfrom the
forestundergrowth, thenplacedunder the

shade to receive the seeds.



Figure3: Shade for germination tests

Acquiring and sorting fruits

The fruiting and harvestingperiods of
Irvingiagabonensiswereidentifiedthanks to
the work of [10], coupledwith information
collectedfrom agents of the Ivorian Office
of Parks and Reserves (OIPR). Thus,
800
werecollected in the Park, at the foot af the
mothertrees (seedtrees) in Decemﬁ%f 20 2.,
In order to keeponly good qual%j frUIts
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Figure4:Sorting Irvingiagabonensis fruits

Seed extraction and pre-treatment
The

theirfleshymesocarpcovering

fruits have been stripped of

the  hard
endocarp or stone containing the seed. It
isthis stone whichrepresents the seed of the

species (Figure 5).

Figure5:Seeds of

Irvingiagabonensisstripped of the fleshy

part

Withreference to the work of[17], five
pretreatments (T1, T2, T3, T4, T5) and a
control (TO) wereadopted, at a rate of60

seeds per treatment.
- treatmentwitnessTO: untreatedseeds.

- treatment T1: the seedsweresoaked in
well water for 24 h awayfrom sunlight
beforebeingheated in the laboratory in an
autoclave at 45°C for 10 minutes.

- treatment T2: the seedswere first

heatedbeforebeingsoaked, as in treatment



T1. The seedsthuspretreatedwerekept in a
moistearthclod to betransported to the

experimental site.

- T3 treatment: the seedsweresoaked in
sulfuricacid (H2SO4) diluted to 33% for
96 h (4 days), thenrinsedwithwell water.

- T4 treatment: seedsweresoaked in well

water for 96 h.

- T5

seedsweremanuallyscarifiedusing a new

treatment: the

file at the level of the part close to the
embryo, by sandinguntil the

seedwasexposed[18].

Experimentaldevice

DInorder to standardize the level of the

tests, an experimental design in
completelyrandomized blocks
withthreerepetitions per

treatmentwasadopted ~ (Figure 6), . in
accordance with[19 ; 207 21]..Indeed, this
design makesit possible. to reduce the
effect of variations between blocks and to
betterevaluate the effect of treatments.
Thus, three blocks were set up under the
shade to-accommodate the seeds (Figure
8). Each block wassubdividedinto six sub-
blocks (from TO to T5) of 20 sachets each,

for a total of 360 sachets.

T0 T1 T4

| TS T3

T3 T4 T2

T2 TO TS

TS T2 T1

T4 T3 TO

Figure6: Diagram of the

experimentaldeviceadopted

Figure7: View of the

experimentaldeviceunder the shade

Sowing and measuringseedling
germination and growth

One seedwassown per sachet followed by
systematicwatering of the entiredevice,
once a day (in the morning) until
germination. When the leavesappeared,
wateringwasdonetwice a day (in the

morning and in the evening) except on



rainydays to ensure good growth of the
seedlings.

In thiswork, a seedwasconsidered to have
germinatedwhenitsseedlingappearedabove

the surface of the substratecontained in the
sachet [17]. The

parametersmeasuredwere: time to first

germination

germination, time to last germination and

number of seedsgerminated.

Growthparametersmeasured on
seedlingswere: seedlingheight (fromcollar
to terminal bud) using a
graduatedruler(Figure 8), diameter at the
collarusing a caliper (Figure 9). Data
collection took place weekly for four

weeks.

Figures. Measurin:t'he hauthor of a

seedling of Irvingiagabonensisusing a

graduatedruler

Figure9.Measuring the dDiameter at the

collar of an

Irvingiagabonensisseedlingusing a caliper

Data processing

Excel spreadsheetwasused for data entry. R
software -version 4.3.2 wasused to
performstatistical analyses,
includinganalysis of variance (ANOVA) to

compare treatments.

Calculating the germination rate
For eachtreatment, the germination rate
(Tg) wasdeterminedaccording to the

following formula proposed by[22] :

Tg =t x 100with

*ni: number of seedsgerminated on date i

*N: total number of seedssown.

SeedLatency Time Evaluation

Lag time (LT) is the number of
daysbetweensowing and first germination
[22]. It wasdeterminedusing the formula

below:



T, = [dy — dy]with

+d0: sowing date

+d1: date of first germination

Evaluation of the extent of germination

The germination extent (Eg) is the time
between the first and last germination [17].
It wasdeterminedusing the following

formula:

Eg = t; — tgwith
*t0: number of dayshetweensowing and
first germination

t1: number of dayshbetweensowing and
last germination

RESULTS AND DISCUSSION

Results

Effect of treatments on germination
Treatmentsapplied to _.the  kernels
significantlyinfluencedseedgerminationofir
vingiagabonensis (p=0.000013) (Table 1I).
Indeed, the
indicatesthattheTreatments T3, T4 and T5

Newman-Keuls test

induced the best germination rates,
respectively 83.33%; 80% and 66.66%. On
the other hand, the lowest germination
rates wereobserved in the control TO
(26.66%) and in the pretreatments T1
(38.33%) and T2 (21.66%).

Table I:Effect of treatments on

germination ratefromlrvingiagabonensis

Treatment Germination

rate (%)

TO (witness) 26.66 £ 7.63a

T1 (H20 soaking + 38.33+7.63a

heating)

T2 (heating + H20 21,66 £7.63a

soaking)

T3 (H2S04 soaking) 83.33
16.07b

T4 (H20 soak) 80 +10.40b

T5 (scarification) 66.66 + 7.63b

F 21,6139

p 0.000013

Effect of treatments on germination
kinetics

The
appliedpretreatmentssignificantlyinfluence
d the Ilatency time and extent of
germination. Indeed, theTreatments T2, T3
and T5 made it possible to shorten the
germination time(Table
I1),whilecontrolseeds (TO) and
thosefromtreatment T4 tookmuch longer to
germinate  (respectively 32 and 37
daysaftersowing). However, the shortest
germination  times  wereobserved in

treatments TO, T1 and T4.

Table Il:Effects of treatments on latency
and extent of germination

Latency time Extent of

Treatment ( days) germination

4 (days)
TO (witness) 32+4.04c 8+x1.15ad
T1 (H20
soaking + 11 +£2.00b 4+1.00c
heating)
T2 (heating +
H20 8+1isab ‘L%
soaking) '
T3(H2S04 5, 1 00ab 1242510
soaking)




T4 (H20 soaking)
s0ak) 37+251d  6£0.57cd T3 (H2504 1653
i 4.13 + 0.35ab
T5 5+057a 11+ soaking) 2.70a
(scarification) - 2.08ab T4 (H20 1550 = 3.40 + 0.20a
F 114,1295 13,3864 soak) 1.01a T
p 0.000000 0.000147 T5 590 +
E]s)carlflcatlo 14 +0.62a 0.62abc
Effect of treatments on seedlinggrowth F 0.7253 6,4051
. p 0.617486 0.004037
Treatmentsapplied to
Irvingiagabonensiscoreshad no 30 -
significanteffect on seedlingheight
25 A
(p=0.617486) aged 28 days (Table III).
However, the growthdynamicsduring the 820 |
first four weeksfavorsbetterheightgrowth 515
of seedlingsfromtreatments T1, T2 and T3 §
compared to the others (Figure 10). On the 3101
other hand, the 5 |
diameterwassignificantlyinfluenced by the
0 . . . .
treatments (p =0.004037) (Table 111). Thus, 1 - s o
the  best  diametric  performances S: Semaine
wereobservedwithtreatments T4 and T5 —o—T0 T1 T2 T3 —@—T4 —0—T5
(Figure 11). This influence wasalsomarked
by a regression of the diameterafter 21 Figurel0:  Heightgrowthdynamics  of
) ) seedlingsoflrvingiagabonensis over four
days in seedlingsfrom T1:and T2. weeks
Painting
Table IH:Effects of

treatmentsonthediameter and height of the

seedlingsfromlrvingiagabonensis

Averageheig  Averagediamet

Treatment ht er
(cm) (mm)
TO (witness) 15+2.85a 6.07 £1.30c
T1 (H20
soaking + 1633+ 566+ 0.900c
. 1.25a
heating)
T2 (heating 16.50 +
+ H20 2 65a 5+ 0.81abc




Diameétre au collet (mm)
I

S1 S2 S3 S4

S : Semaine

T0 T1 T2 T3 —8—T4 T5

Figurell: Diametergrowthdynamics of
seedlingsoflrvingiagabonensis over four
weeks

Discussion

The resultsobtainedprovide a positive
insight into the effectiveness of
pretreatmentsapplied to
Irvingiagabonensisseeds:" This_suggests a
certain robustness -of thesetreatments to
promote the germination of theseseeds.
Thus, seedssoaked in sulfuricacid for 96 h
followed by rinsingwith water (T3),
thosesoaked in well water for 96 h (T4)
and thosescarified (T5) led to the best
germination performances with more than
65% of germinatedseeds. The duration of
soaking of the seeds (T3 and T4) would
have Dbeen sufficient to stimulate
germination. Indeed, the hard shell of the

seedswould have been softened by the long

soakingthrough the activation of enzymes,
whichincreasedtheirpermeability essential
for water absorption. Sulfuricacid, withits
corrosive power due to itsacidic nature,
would have caused a degradation of the
shell, thusfacilitating germination. The
control seeds (TO), thosesoaked in water
for 24 h followed by heating (T1) and
thoseheatedthensoaked in_water for 24 h
(T2) did not

(lessthan 40% germination - rate). The

germinatesufficiently

germination rate of the control seedsis
close to thoseobtained by [23], [10] and
[24]withuntreatedseeds of the samespecies,
i.e. lessthan 50%.
Theseresultscouldbeexplained by  the
variability = of  the  agro-ecological
conditions of experimentation. In addition,
the control seeds (TO) and those of T4

required a long germination time

(respectively 36 and 39  days),
confirmingthatuntreatedseeds of
Irvingiagabonensis have difficult

germination in natural conditions.On the
other hand, the shortest germination time
(5 days) of scarifiedseeds (T5)
corroboratesthat of [23] whoalsoreported a
short germination time of strippedseeds (9
days) unlikethose not stripped (about 1
month).  Furthermore, seedsfrom a
treatmenttaking longer to germinatetended
to have a shorter germination time,
whilethosethatgerminated more

quicklytended to have a more extended
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germination over time. This
relationshipisillustrated by treatments TO,
T1 and T4 whoseseeds, havingtaken longer
to germinate, had a shorter germination
time, whiletreatments T2 and T3 had the
opposite  effect. These observations
couldbeexplained by the influence of
internal or externalfactorsexerted on both
the time and duration of germination.
Internally, seedviability, water content, and
nutrient content are key determinants of
seed germination. Seeds must have
sufficientreserves and
beadequatelyhydrated to
successfullyinitiate the germination

process. Externally, environmental
conditions play a major role. Temperature,
moisture, light, and nutrientavailability in
the soil must beconducive to germination.
Inhibitors in  the environment or
interactions withsoilmicroorganisms. can

alsodelay or promote germination.

Seedlingsfromtreatments. T1, T2 and T3
producedbetterheightgrowthcompared  to
the othertreatments,
althoughthisdifferencewas not
statisticallysignificant. On the other hand,
regardingdiametergrowth,

seedlingsfromtreatments T4 and T5
showed the best performance.
Theseresultssuggestthat the
differenttreatments have distinct effects on

seedlinggrowth,  depending on the

parametersmeasured. Heightgrowthseems
to be more influenced by treatments T1, T2
and T3, whilediametergrowthisfavored by
treatments T4 and T5. However, an
interesting point to note is the
observedeffect of treatments T1 and T2 on
diametergrowthafter 21 days. Despite an
initial fasterheightgrowth,
thesetreatmentsshowed a “regression in
diametergrowth. This observation
suggeststhattherewerespecificlimitingfacto
rs or  constraintsthathampered  the
diametergrowth of seedlings in
thesetreatments. Indeed, problemsrelated to
the development of the seedling root
system such as soil structure (compact
soil), lack of nutrients, or soil pH, would
have contributed to thisregression. Also,
the seedlings of thesetreatmentscould have
been confrontedwith a
specificnutritionaldeficit, whichwould have
hinderedtheirability to maintain normal

growth.

CONCLUSION
This studyhighlighted the significant
impact of differentpretreatments on the

germination of Irvingiagabonensisseeds.

The analysisrevealedlittledifference in
seedlinggrowthacrosspretreatments.

Someseedlings,
treatments T1, T2, and T3,

particularlythose in

showedfasterheightgrowth. In contrast,

those in treatments T4 and T5
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showedgreaterdiametergrowth. These
variations

indicatethatdifferentpretreatmentsmayprom
otespecific aspects of seedlinggrowth,

althoughoveralldifferencesweremodest.

Treatments T3 and T4 showed the best
overall performance. Treatment T3, with a
96-h sulfuricacidsoakfollowed by a water
rinse, and treatment T4, with a 96-h water
soak, not onlyresulted in high germination
rates but alsosignificantheight and
diametergrowth. T3
seedlingsshowedfasterheightgrowth, while
T4
seedlingsshowedgreaterdiametergrowth,
demonstrating a balanced and
significantimprovement in overall

performance.

On the other hand, treatments T1,.T2, and
T5 showedlessuniformresults. T1 and- T2
seedlingshad notable - heightgrowth but
lower germination ‘performance, while T5
promoteddiametergrowthwithoutreaching
the high germination rates of T3 and T4.

Ultimately, theseresultsofferpromising
prospects = for improving propagation
practices for thisvaluablespecies. Indeed,
T3 and T4 treatmentswereparticularly
effective in optimizingboth germination
and seedlinggrowth. A betterunderstanding
of the mechanismsunderlyingthese
performances and an assessment of the

long-term impact of differentpretreatments

on seedlinghealthcould have positive
ecological and socio-economic

implications.
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