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OPTIMIZATION OF THE TIME AND GERMINATION RATE OF SMALL 
COLA SEEDS (Garcinia kola Heckel, Clusiaceae) 

 

 

abstract :  

Despiteitssocio-economic importance, the cultivation of Garcinia kola isverylimited due to the 
slow germination of itsseeds. In order to facilitate the domestication of this plant species, the 
presentstudy set itself the objective of improving the germination rate of itsseeds in a short 
time. The methodologyinvolvedsubjecting 150 G. kola seeds to six (06) treatmentswhichare: 
the treatmentwithseedcoatwithoutsoaking in tap water (absolute control), the 24 
hoursoakingtreatmentwithseedcoat, the 48 hoursoakingtreatmentwithseedcoat, the 
treatmentwithoutseedcoat or soaking (relative control), the 24 
hoursoakingtreatmentwithoutseedcoat and the 48 hoursoakingtreatmentwithoutseedcoat. The 
seedstreateddifferentlyweresown the sameday in the nursery in bagsfilledwithsoil. Monitoring 
of seed germination, diameter and height of seedlings, length and number of 
leavesweremeasuredeveryseven (07) days. The resultsobtainedindicatethatsoaking G. kola 
seedsdevoid of seedcoat in water for 24 hoursbeforesowingpromotes a good germination rate 
of 36% withinseven (07) days. After 11 days, 50% of the seeds in thistreatmentgerminated. 
The longest germination time wasobserved in seedssownwithseedcoatwithoutsoaking. 
Soakedseedswithoutseedcoatproduced the mostvigorous plants withheightgrowth of 0.34 
cm/day and diameterincrement of 0.15 mm/day. The variations in time and germination rate 
of G. kola seeds at differenttreatmentsindicatethat the tissues of this plant species can respond 
to in vitro culture. 
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INTRODUCTION 

Garcinia kolaof the Guttiferaefamily (APG IV, 2016), commonlyknown as “little 

cola”, is a medium-sized intertropical dense humidevergreenforesttreethat can reach 12 m in 

height (Isawumi et al., 1993). Extractsfromdifferent parts of this plant species are used for the 

treatment of oral infections, coughs, heartburns, liverdisorders, infectiousdiseases, postpartum 

hemorrhage, urinary tract infections, vomiting and many more. otherdiseases (Kanmegne and 

Omokolo, 2008; Dogara et al., 2022). The woodisalsoused as toothpick, energy and service 

wood, then the leaves as fodder for animal feed (Codjia et al, 2018). These numerous virtues 

make Garcina kola a highly sought-after species today. Despite this strong demand, especially 
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in West and Central Africa (Anegbeh et al., 2006), the cultivation of G. kola is not very 

widespread due to the difficulty of germination of itsseeds, ranging from sixat twelve months 

(Adebisi, 2004). In addition, the few trees of the species in the rare forestrelics are 

stronglythreatened by the national and international development of the almondmarket 

(Kouamé et al., 2016), combinedwith agriculture. The excessive picking of fruits for the 

marketing of seeds and the uncontrolledcutting of wood and other parts of the species for 

various uses are the main threats to itssurvival. All thesefactorscould, obviously, lead to the 

extinction of G. kola. To avoidsuch a situation, itiswise to recommend a technology to 

improve the germination time and rate to facilitateits domestication. The work of Kanmegne 

and Omokolo (2008) on shortening the germination time of G. kola seedsfocused on 

hormonal treatments of the seeds. This studyshowedthat the best germination time for 

seedstreatedwithNaphthaleneAcetic Acid (NAA) wasnineweekswith germination rates 

rangingfrom 60 to 70%. As for the studies of Oboho and Ogana. (2011), 

theywerespentsoaking G. kola seedswithtap water for two to five days. Hisresultsindicated 10 

weeks as the best germination time withseedsstripped of seedcoat and soaked in water for 

twodays. Althoughthese technologies are proven, itisstillappropriate to seek to furtherreduce 

the germination time of G. kola seedswith a technologythatiseasilytransferable to farmers for 

its large-scale domestication. It iswiththis in mindthat the presentstudy set itself the general 

objective of furtherimproving the time and germination rate of G. kola seeds. Specifically, 

thisinvolveddetermining the times and germination rates of differenttreatments and evaluating 

the stage of development of the seedlings. 

1. Study site 

The studywascarried out at the Research Station of the National AgronomicResearch 

Center (CNRA) of Bimbresso, a locality in the District of Abidjan, locatedprecisely in the 

commune of Songon, between 5°18'35'' and 5°18'55'' north latitude and 4°9'15'' and 4°9'30'' 

west longitude (Figure 1). The climate of the commune of Songon isdescribed by Assiri et al. 

(2015) of Subequatorial type with bimodal rainfall. The 

averageannualtemperaturerecordedbetween 2013 and 2023 in the Abidjan District is 28.8°C 

with a minimum of 22.5°C in September and a maximum of 32.3°C in February. The total 

annualrainfallis 1,545 mm.According to climatological data from SODEXAM (2023), the 

District of Abidjan remainedsubject to four seasons: a long dry seasonfromDecember to 

February, followed by a long rainyseason, from March to July, a short dry season in August 

and a short rainyseasonfromSeptember to November. Agriculture is the main activity in the 
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commune of Songon. This agriculture ismainlydominated by foodcrops (corn, cassava, 

rainfedrice, pineapple and banana, tarot, marketgardening, etc.) and perennialcropssuch as oil 

palm, rubber and cocoa (Yéo and Amani, 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 :Location of the study site (CNRA, 2024) 

II. STUDY METHODS 

1. Collection of data 

The methodology of thisstudyfocused on the germination of Garcinia kola seeds by 

differenttreatments. The experimentwas set up with 150 seeds (25 seeds per treatment), 

selected on the basis of theirviability and vigor. Theseseedsweresubjected to six (06) 

treatmentswhichare: 

- seedswithunsoakedseedcoat (absolute control) 

- seedswithseedcoatsoaked in tap water for 24 hours 

- seedswithseedcoatsoaked in tap water for 48 hours 

- seedswithoutseedcoat not soaked in tap water (relative control) 

- seedswithoutseedcoatsoaked in tap water for 24 hours 

- seedswithoutseedcoatsoaked in tap water for 48 hours 
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 Aftersubjecting the seeds to thesedifferenttreatments, theyweresown the samedayin a 

nursery on the samesubstrateinbagsfilledwithsoil, one seed per bag, placedunder a greenhouse 

(Figure 2). During the experiment, data collection consisted of monitoring seed germination 

by observing the appearance of rootlets and seedlingseverysevendays. The diameter and 

height of the seedlingsweremeasuredeveryweekusingcalipers and a graduatedruler. The leaves 

of eachseedlingwerecounted, the length of eachleafwasalsomeasuredeveryweek. 

 

 

 

 

 

 

 

 

 

Figure 2:Garcinia kola nursery underOmbrière at the CNRA research station in Bimbresso 

 

2. Data determination 

2.1. Germination delay (GD) 

The germination delayis a time interval, a period of time duringwhich a seedstill has 

the capacity to germinate. Heis the time between the first day of sowing and the appearance of 

the first rootlets. It isexpressed in days and isformulated as follows: 

 

 

with Pf, the germination period of the seed, Pi, the sowingperiod. It isobtaineddirectlyfrom the 

first day of emergence of the rootlet. 

 

2.2. Average germination time (GMT) 

  The average germination time represents the germination energyresponsible for 

depleting the seed'sreserves. It expresses the speed of germination of seeds of a species 

(Dialloet al., 2023). In otherwords, the average germination time is the time afterwhich 50% 

of the seeds of a plant speciesgerminate (Berka and Abdelkader, 2001). It isdetermined by the 

formula: 

DG = Pf – Pi (1) 
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With:nor the number of seedsgerminated at time ti (i rangingfrom 1 to 70 days); N the number 

of seedsgerminated at the end of the test. 

 

2.3. Germination kinetics 

Germination kinetics correspond to variations over time in the seed germination rate 

during the experiment. It represents the daily germination rate of seeds up to “n” days of the 

experiment (Hajlaoui et al., 2007). The germination rate, alsocalled germination power, is the 

percentage of live seedsgerminatedunder the most favorable conditions (Chedya, 2008). The 

germination kineticsweredeterminedfrom the followingequation: 

 

 

WithTqG, daily germination rate; n, number of seedsgerminateddaily and N, total number of 

seedsgerminated. 

 

2.4. Developmental stage (SD) 

  The stage of development of the seedlingswasassessed by periodicallymeasuring the 

height and diameter of all the seedlingseveryseven (07) days.The total number of 

leaveswascounted. Leaflengthfrom the base of the petiole to the acumen wasalsomeasured. 

 

 

 

 

2.5. Seedlingdevelopment rate (VD) 

The determination of the speed of seedlingdevelopmentfocused on the 

parametersdiameter and height. The speed of seedlingdevelopmentis the ratio betweenheights 

or diameters and treatment time. It is calculated by the following formula: 

 

 

with Pf = final diameter or height parameter; Pi = initial diameter or height parameter; tf= 

final time and ti = initial time. 

 

70 
(2) 

TqG= (n/N) x 100 (3) 

 
 
 

     

(4) VD = [(Pf – Pi) / (tf – ti)] 
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3. Statisticalanalysis 

3.1. Influence of differentparameters on the vegetativevigor of seedlings 

The influence of the differentparameters on the vegetativevigor of the 

seedlingswashighlighted by the correlation test. This test makesit possible to predict a variable 

Y based on another variable X (Tomassone et al., 1992). In thisstudy, Y is the dependent 

variable and X is the independent variable. This meansthat the time to germination (DG), the 

number of leaves and the length of leaves can predict the vigor of the seedlingsresultingfrom 

the germination of G. kola seeds of the differenttreatments, but itis not certain that the 

reciprocalistrue. This analysiswascarried out with XLSTAT software version 16.0. 

 

2.4.2. Analysis of variance 

An analysis of variance and comparison of meanswasapplied to the 

differentparameterscalculated, to observe or not possible significantdifferences, with an error 

of 5% (p < 0.05). This analysiswascarried out with XLSTAT software version 16.0. 

 

II. RESULTS 

1. Germination delay 

 

Figure 3: A- Histogram of germination times of Garcinia kola seedstreateddifferently; B- 
Garcinia kola seedstripped and soaked, germinated 7 
daysaftersowing.PST:seedssownwithseedcoatwithoutsoaking; PT24H: seedssownwithseedcoat but soaked in 
water for 24 hours; PT48H: seedssownwithseedcoat but soaked in water for 48 hours; SPST: 
seedssownwithoutseedcoat and withoutsoaking; SPT24H: seedssownwithoutseedcoatwithsoaking in water for 24 
hours; SPT48H: seedssownwithoutseedcoatwithsoaking in water for 48 hours. 

 

 

Determination of the germination time indicatesthatseedsstripped of theirseedcoat and 

soaked in tap water for 24 and 48 hoursgerminatefromseven (07) daysaftersowing (Figure 3 A 

and B). The longest germination times wereobserved in seedssownwithseedcoat. Germination 

times for theseseeds range from 42 days for soakedseeds to 48 days for 

thosesowndirectlywithseedcoatwithoutsoaking. 
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3. Average germination time (GMT) 

  The average germination time represents the germination energyresponsible for 

depleting the seed'sreserves. The average time, afterwhich 50% of the seedsgerminate, 

wasbetter (11 days) for seedsdevoid of seedcoat and soaked in tap water for 24 hours 

(SPT24H). Seedsdevoid of seedcoat and soaked for 48 hours (SPT48H) follow with an 

average time of 24 days (Table I). This time wasquite long for the seedswhose kernel had not 

been removedfromitsseedcoat. However, amongtheseseedswith long germination time, 

thosethatweresoaked for 48 hours (PT48H) showed a shorter average germination time (48 

days). 

 

Table I:Averageseed germination time under the influence of differenttreatments. 

Treatments 
Total number of 

seedsgerminatedafter 
70 days 

Time afterwhich 50% 
of seeds have 

germinated (days) 

Numerical value of 50% 
of germinatedseedsafter 

70 days 

GMT 
(days) 

PST 13 70 13 70 ± 4.2 d 
PT24H 15 70 15 70 ± 3.9 d 
PT48H 17 63 13 48 ± 3.2c 
SPST 19 63 15 50 ± 4.3c 
SPT24H 25 21 13 11 ± 3.6 a 
SPT48H 25 42 14 24 ± 4.1 b 
p-value    0.0001*** 
Significancethreshold for tukey tests: ***< 0.001; a, b, c, d: treatmentsassigned to the sameletters are not 
statisticallydifferent;VMG:germination speed; PST: seedssownwithseedcoatwithoutsoaking; PT24H: 
seedssownwithseedcoat but soaked in water for 24 hours; PT48H: seedssownwithseedcoat but soaked in water for 48 
hours; SPST: seedssownwithoutseedcoat and withoutsoaking; SPT24H: seedssownwithoutseedcoatwithsoaking in water 
for 24 hours; SPT48H: seedssownwithoutseedcoatwithsoaking in water for 48 hours. 
 

 

2. Germination kinetics 

B 
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The study of germination kineticsindicates variations in germination rate of 

seedsfromdifferenttreatments. The highest germination rate in 

seedssownwithseedcoatwithoutsoaking (PST) wasobserved on the 63rd dayaftersowing 

(Figure 4). The maximum germination rate of seedssoakedwithseedcoat (PT24H and PT48H) 

islocated on the 42nd day. As for seedsdevoid of integument and soaked for 24 hours 

(SPT24H), theyrecorded a significant germination rate of 36%, only in seven (07) 

daysaftersowing. 

The cumulative germination rate curves display three (03) phases in the SPT24H and 

SPT48H treatments: progressive phase, exponentialacceleration phase followed by the plateau 

phase, corresponding to the germination of all the seeds. The phase of exponentialacceleration 

of germination of seedssownwithoutseedcoat and soaked for 24 hours (SPT24H), starts from 

the 21st to the 42nd dayaftersowing (Figure 5). Thosesoaked for 48 hourswith the 

integuments (SPT48H) start from the 46th to the 56th day. After the phase of 

exponentialacceleration of the seeds of thesetwotreatments, comes the plateau phase on the 

42nd and 56th dayrespectively. This plateau phase corresponds to 100% germination of 

seedsfromthesetreatments. The seedscoveredwithseedcoat and especially not soakeddid not 

reach maximum germination after 70 days of experimentation. 

 

 

Figure 4:Germination kineticscurves of G. kola seedstreateddifferentlybeforesowing. 
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Figure 5:Cumulative germination rates according to the 
differenttreatments.PST:seedssownwithseedcoatwithoutsoaking; PT24H: seedssownwithseedcoat but soaked 
in water for 24 hours; PT48H: seedssownwithseedcoat but soaked in water for 48 hours; SPST: 
seedssownwithoutseedcoat and withoutsoaking; SPT24H: seedssownwithoutseedcoatwithsoaking in water for 24 
hours; SPT48H: seedssownwithoutseedcoatwithsoaking in water for 48 hours. 

 

4. Seedlingdevelopment stage 

The evaluation of the diametricgrowth of G. kola 

seedlingsindicatessignificantdifferences (p-value = 0.0001) between the six treatments. 

Seedlingsfromseedsdevoid of seedcoat and soaked for 24 and 48 hours (SPT24H and 

SPT48H) recorded the highestaveragediameterswith values of 3.74 mm and 3.60 mm, 

respectively (Figure 6). Seedlingsfromseedssoaked for 24 hourswithseedcoat (PT24H) follow 

with an averagediameter of 3.32 mm.Those of seedssoaked for 48 hourswith the integuments 

(PT48H) contain the smallestdiameters (2.48 mm). 

In terms of heightgrowth, seedlingsfromseedssoaked for 24 hourswithoutseedcoat 

(SPT24H) gave an averageheight of 9.55 cm (Figure 6). Thosefromseeds of the PT24H 

treatmentrecorded the lowestaverageheightwhichis 4.81 cm. 

According to theseresults, seedsdevoid of seedcoat and soaked in tap water promote 

good diametric and heightdevelopment of G. kola seedlings in bag nurseries with large leaves 

(Figures 7 A and B). 

Figure 6:A- Measurement of the diameter of a young 63-day-old Garcinia kola plant from the 
experiment; B- Measurement of the length of a leaf of a young 63-day-old Garcinia kola plant 

from the experiment 
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Figure 

7:Box plots 
of mean 

diameters 
and mean 
heights of 

Garcinia 
kola 

seedlings 
from 

different 
treatments.

PST:seeds sown with seed coat without soaking; PT24H: seeds sown with seed coat but soaked in water for 24 
hours; PT48H: seeds sown with seed coat but soaked in water for 48 hours; SPST: seeds sown without seed coat 
and without soaking; SPT24H: seeds sown without seed coat with soaking in water for 24 hours; SPT48H: seeds 
sown without seed coat with soaking in water for 48 hours. 
 
 
 
 

 

 

 

 

 

5. Speed of seedlingdevelopment 

The study of the speed of seedlingdevelopmentindicatessignificantdifferencesbetween 

the treatmentswith p-values, rangingfrom 0.021 (growth speed) to 0.036 (diametricgrowth 

speed). The growth rates in height of the seedlings of the SPT24H and SPT48H treatments are 

A
A

B 
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0.34 and 0.35 cm/day, respectively (Table II). The seedlings of 

thesesametreatmentsstillcontain the highestdiametergrowth rates with values of 0.15 mm/day 

for the seedlings of the SPT24H treatment and 0.17 mm/day for those of the SPT48H 

treatment (Table II). . 

 

 

 

 

Table II:Development speed of Garcinia kola seedlingsfromseedstreateddifferently 

Treatments Seedlinggrowth rate (cm/day) Diametricgrowth rate of seedlings (mm/day) 
PST 0.29 ± 0.09 ab 0.11 ± 0.03b 
PT24H 0.26 ± 0.09 ab 0.15 ± 0.03 a 
PT48H 0.28 ± 0.09 ab 0.13 ± 0.03b 
SPST 0.24 ± 0.09b 0.10 ± 0.03b 
SPT24H 0.34 ± 0.09a 0.15 ± 0.03 a 
SPT48H 0.35 ± 0.09a 0.17 ± 0.03 a 
p-value 0.021* 0.036* 
Significancethreshold for tukey tests: *< 0.05;a, b: treatmentsassigned the sameletters are not 
statisticallydifferent;PST:seedssownwithseedcoatwithoutsoaking; PT24H: seedssownwithseedcoat but soaked 
in water for 24 hours; PT48H: seedssownwithseedcoat but soaked in water for 48 hours; SPST: 
seedssownwithoutseedcoat and withoutsoaking; SPT24H: seedssownwithoutseedcoatwithsoaking in water for 
24 hours; SPT48H: seedssownwithoutseedcoatwithsoaking in water for 48 hours. 

8. Influence of differentparameters on the vegetativevigor of seedlings 

The evaluation of the influence of differentparameters on the vegetativevigor of 

seedlingsindicatestwo trends. The first trend ischaracterized by the influence of the 

germination time and the number of leaves on the vegetativevigor of the seedlingswith 

coefficients of determination R² varyingbetween 0.59 and 0.97 (Figure 8 A and B). The 

germination time negatively influences the vigor of the seedlings. In otherwords, when the 

seed germination time is long, the G. kola seedlingsproducedfromtheseseeds are lessvigorous. 

As for the number of leaves, itpositively influences the vigor of the seedlings. Indeed, when 

the number of leavesisgreater, the seedlingsdevelopvigorously. Concerning the length of the 

leaves, it has no influence on the vigor of the seedlings (Figure 8 C). The coefficient of 

determinationis 3.23.10-6. 
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Figure 8:Influence of differentparameters on the vegetativevigor of seedlings. 

 

 

 

DISCUSSION 

The shortest germination time for Garcinia kola seedsachieved in 

thisexperimentisseven (07) dayswith the seedsdevoid of seedcoat and soaked in tap water for 

24 hours. This short germination time achievedwiththeseseedscouldbe due to the high 

humiditylevelfavoring the infiltration of water inside the 

seedwhichsubsequentlyswellshenceoxygenation and thereforequickly triggers the process 

germination aftersowing (Ndiaye et al., 2022). This delayisbetterthanthatobserved by 

Kanmegne and Omokolo (2008). Indeed, theseauthors in theirworkshowedthat the best 

germination time for G. kola seedstreatedwithNaphthaleneAcetic Acid (NAA) wasnine (09) 

weeks. This indicatesthatsoaking G. kola seeds in water potentially influences germination 

time. Liksowe et al. (2008) working on Terminaliasericeaseedsshowedthatsoaking in water 

for 24 hoursimproves germination. Odebunmi (2009) has alreadydiscovered in hisworkthat 

water is an important factor favoring the germination of seeds of tropical trees. The 

germination time obtainedwithseedsdevoid of seedcoat and soaked in water for 24 hours in 

thisstudyismuchbetterthanthatobtained by Oboho and Ogana (2011). Indeed, the work of 

theseauthorsindicatedten (10) weeks as the best time for germination of G. kola seedsstripped 

of theirseedcoat and soaked in water for two (02) days. The difference in germination time 

observedbetweenthesetwoexperimentswith water couldbe due to the soaking time. Indeed, 

when the seeds of a plant speciesstay in water for a long time, the oxygenation of the 

embryobecomeslimited, and this causes its respiration to stop (Sridhar et al., 2013). 

According to theseauthors, the seeds, in such conditions, willseetheir germination delayed or 
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evenstopped. Nzegbule and Mbakwe (2001) showedthat the phenolic substances contained in 

the seeds of G. kola are the factorsthatinhibitits germination. Soaking for 24 hours would be 

enough to remove these inhibiting chemicals. The water in this short soaking time hydrolyzes 

the nutrientsstored in the embryos and stimulatesseed germination. 

The germination time of 35 dayswas long for seedslackingseedcoatwithoutsoaking. 

This meansthatonlyintegumentarydormancy has been removed, while the 

inhibitorychemicalparametersremain. The germination time waseven longer for 

seedswithseedcoat. This long germination time couldbeexplained by the combination of 

integumentary and physiologicaldormancyinduced by the chemical substances contained in 

the seed (Oboho and Ogana, 2011). According to theseauthors, 

theTheseminalenvelopewhichsurrounds the seedconstitutes a real obstacle to the passage of 

water or oxygen, hence the prolongeddormancy action of theseseeds. 

The differences in heightgrowth and diameterincreasebetweenseedlings are linked to 

the treatments of theirseeds. Indeed, the seedlingsfromseedsdevoid of integument and soaked 

in water for 24 hourswere the mostvigorous, and showedbettergrowth in height and 

diameterincrease. This couldbe due to the action of the soaking water whichwould have 

stimulated the chemical substances contained in the seed, responsible for the development of 

the seedlingsafter germination. The work of Harris et al. (2000) 

alsoshowedthatseedsoakingimproves germination and increases plant vigor by approximately 

30%. The study of the correlationindicates a negative influence of the germination time on the 

vigor of the seedlings. In otherwords, the longer ittakes for G. kola seeds to germinate, the 

lessvigorous the seedlingsresultingfromtheseseeds are. The negative influence of germination 

time on seedlingvigorcouldbe due to their root system. Indeed, the short time for seed 

germination would have favored good root development and an increase in the number of 

secondaryroots as shown by the work of Hassane (2023). According to Paul et al. (2019) and 

Barrajón-Catalán et al. (2020), such root developmentimproves the vigor of plants by 

supplyingthemwithsufficientnutrients essential for theirgrowth. Plants withlessdevelopedroots 

have reducedaerialapparatus. As for the number of leaves, itpositively influences the vigor of 

the seedlings. This couldbeexplained by the important photosyntheticfunction of the leaves, 

allowing the plant to have sufficientnutrients for itsdevelopment. Ikoungou (2003), by 

studying the germination of Terminaliasuperbaseeds, observed a strong positive 

correlationbetween the diametricdevelopment of the plants and the number of leaves of 

around 94.31%. Hisworkshowedthatincreasing the number of 

Terminaliasuperbaleavesconsiderablypromotes plant vigor. 
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CONCLUSION 

The study of the kinetics and germination rate showedthat Garcinia kola seedsstripped 

of theirinteguments and soaked in tap water for 24 hoursbeforesowingpromotes a good 

germination rate withinsevendaysaftersowingwith a high germination rate of around 36%. The 

average time afterwhich 50% of seedsdevoid of seedcoat and soaked in water for 24 

hoursgerminateis 11 days. The exponentialacceleration phase of germination of 

theseseedsisbetween the 21st and 42nd dayaftersowing. The longest germination times 

wereobserved in seeds not soaked and sownwithseedcoat. Theseseedsdid not reachtheir 

maximum germination after 70 days of the experiment. 

Soakingseedsstripped of theirseedcoat in tap water has a positive effect on the optimal 

development in height and diameter of G. kola seedlings in bag nurseries. The development 

speed of theseseedlingsis 0.34 cm/day for heightgrowth and 0.15 mm/day for diametergrowth. 

This developmentispositivelyinfluenced by the seed germination time. The shorter the seed 

germination time, the more vigorous the plants. The longer the germination time, the 

lessvigorous the plants. 
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