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Abstract 
The scarcity of Colocasia esculenta L. Schott seeds available to cover the needs 
of farmers is attributed to the attacks of Phytophthora colocasiae Racib., a 
causal agent of taro blight. The direct impact of this pathogen is the lack of 
tubers for consumption and the near disappearance of monoculture taro plan-
tations. To solve this problem, the objective of this work was to realize the 
mass production of sanitized seedlings of two cultivars of C. esculenta using 
the PIF method and to evaluate the influence of some fertilizers on the growth 
of these PIF plants during acclimatization. For this purpose, two cultivars 
(Makoumba and Ehkwan’frè) of C. esculenta were used. For each cultivar, 60 
corm fragments with a mass of 500g were grown in propagators (absence and 
presence of oyster shell ash of Crassostrea spp.). Analysis of agronomic pa-
rameters was done during two months of culture in the propagators. Wean-
ing of PIF plants was performed at the end of each month. During acclima-
tion, five treatments were applied (control, arbuscular mycorrhizal fungi, Titho-
nia diversifolia leaf powder, Oyster shell ash and, dried cow dung) and their 
influence was evaluated on plant growth parameters during three months, then 
significant differences were identified by ANOVA via the Student Newman 
and Keuls test at 5%. The results obtained showed that the average number of 
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buds emitted/corm was more significant in the presence of oyster shell ash. 
From the 120 corm fragments used, a total of 599 PIF plants were produced 
(246 and 353 PIF plants for the cultivars Makoumba Ehkwan’frè respectively). 
The maximum number of weaned PIF plants was recorded in the presence of 
Oyster shell ash. The average size of these plants varied significantly in the 
propagators depending on the growth substrates. In acclimation, principal com-
ponent analyses performed showed a positive correlation between average 
leaf number and average leaf area in plants inoculated with AMFs at the third 
month of culture. Oyster shell ash propagator amendment stimulated the pro-
duction of PIF Plants. The PIF technique used boosted seed production 4.99 
times from the 120 corm fragments used. 
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1. Introduction 

Taro, Colocasia esculenta L. Schott, is a tuberous plant in the Araceae family, 
cultivated for its tubers and leaves as a carbon source [1] [2]. Studies have high-
lighted some antioxidant, nutritional and anti-diabetic properties in C. escu-
lenta. Other properties of the plant are also noted such as strengthening the 
immune system, lowering blood pressure, reducing weight gain and fatigue, the 
prevalence of cell damage, strengthening bones and, improving thyroid function 
[1] [3]. Ranked third among root and tuber crops after cassava and yam [4], this 
perennial plant of tropical and subtropical regions, is widely distributed in South-
east Asia, East, West, and Central Africa, the Caribbean, and Southeast America 
[4] [5]. Among the top ten producing countries in 2019, Cameroon ranks second 
after Nigeria with 1,909,738 tons [4]. However, in Cameroon, as elsewhere in 
Africa, its cultivation has always been carried out by smallholders, with limited 
resources and mostly female farmers [6]. The cultivation practice used for a long 
time has always been the use of corm fragments as seed from one field to an-
other, implying moreover the transfer of pathogens. The arrival of Phytophthora 
colocasiae, a fungal pathogen responsible for taro blight since the years 2009 of 
Cameroon [7], remains at the origin of a real problem limiting the cultivation of 
this plant which is the unavailability of healthy or sanitized seeds. To solve that 
problem, [8] proposed the production of vitroplants from the micropropagation 
technique. However, Arano-Avalosa et al. [9], suggested that the use of the tem-
porary immersion system, would not only reduce the costs of the production 
technique by micropropagation but also produce in large quantities and com-
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mercial scale. It’s true that, the ideal is to produce healthy seeds available to 
farmers, but questions remain. What will be the cost of these seedlings to a 
farmer or what will be the cost of expenses to cover a hectare? However, the ap-
plications of tissue culture by the PIF technique (plants grown from stem frag-
ments) have already been proven in the cultivation of bananas (Musa sp.). The 
PIF technique is a method for rapid horticultural propagation of in vivo seed-
lings [10]. It is a technique that can be used to regenerate a young plant from the 
shoot fragment or to induce the proliferation of secondary buds on either side of 
the shoot following the removal of the main bud. This method is less costly than 
in vitro culture techniques and temporary immersion systems, and thus contrib-
utes to rapid production of live-plant material; it can be carried out at any sea-
son without difficulty [10] [11] [12], requires a reduced production space, con-
tributes to the rapid production of desired varieties, allows the exploitation of 
the majority of the buds of the plant, (visible or not) and mass production of 
genetically identical offshoots, in a sanitized environment and within a reduced 
time. Until now, the culture substrate of this technique has always been the wood 
chip or sawdust substrate. Ewané et al. [13] and Ewané et al. [14] showed that it 
was possible to fertilize this substrate by adding Tithonia diversifolia leaf powder 
and clamshell powder during the production of PIF plants in bananas.  

Oyster shell ash is increasingly used in agriculture as a fertilizer due to its abil-
ity to stimulate growth in plants [15] [16]. The role of oyster shell ash of Crassostrea 
spp. in protecting and strengthening the immune system of plants against some 
pathogens such as Phytophtora megakarya is recognized [16]. Similarly, their 
application in Abelmoschus esculentus plants influenced growth, total dry mat-
ter content, photosynthetic capacity and, chlorophyll content in its leaves [15]. 
The mineral and organic compositions of these oyster shells make them unde-
niably important agronomically. They are important sources of chitin and cal-
cium oxide, which are molecules that play an important role in plant growth 
promotion [17]. These shells also contain proteins and inorganic salts. Its par-
tially deacetylated form is chitosan (polysaccharide derived from chitin). Their 
polycationic characters allow them to have several antimicrobial and eliciting 
properties of defense reactions in the plant [18]. Moreover, Djeuani et al. [19], 
showed that the presence of chitosan in the culture substrate stimulated both the 
activation of defense mechanisms and also, the growth in plants of the family 
Araceae like X. sagittifolium. Therefore, what will be the response of taro corms 
to fertilization with oyster shell powder during the production of mass sanitized 
seedlings by the PIF method? Similarly, once produced, will these PIF plants be 
able to respond positively to fertilization? It is in this line that the work aimed to 
carry out mass production of seedlings sanitized of two varieties of C. esculenta 
widely cultivated in Cameroon by the method of PIF while emphasizing the as-
pect of fertilization of the propagators of production starting from the ash of the 
shells of oysters (Crassostrea spp). In addition, a follow-up of the influence of 
some fertilizers during the growth of these PIF seedlings in acclimatization was 
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carried out for the evaluation of their influence on growth. 

2. Material and Methods 
2.1. Material 

The plant material used for this study was corm fragments of C. esculenta. These 
corm fragments were collected from C. esculenta plants ranging in age from 9 to 
12 months, in a farmer’s field in the locality of Santchou, located in the Depart-
ment of Haut-Nkam, West Region, Cameroon. Each corm fragment weighed 
500g and two cultivars of C. esculenta were used (60 corm fragments for each). 
The cultivar Makoumba (susceptible to Phytophthora colocasiae attack) and the 
cultivar Ehkwan’frè (resistant to Phytophthora colocasiae attack).  

2.1.1. Construction of Propagators for the Production of PIF Plants of  
C. esculenta 

The experimental units were represented by propagators in which corms were 
placed. Under a shaded area, propagators were built with wooden boards. Each 
propagator was 5 m long, 2 m wide and, 50 cm deep. These propagators were 
topped with a 2 m high stake to facilitate the covering of the device with trans-
parent white plastic. Each propagator was filled as follows from inside to outside; 
10 cm of coarse sand (to facilitate aeration and water circulation in the propaga-
tor) and 35 cm of the growing medium. For the two cultivars of C. esculenta 
used, four propagators were constructed, two propagators per cultivar. 

2.1.2. Growing Medium 
This was a mixture of wood shavings + sawdust at a ratio of 2:1. The nature of 
this growing medium varied according to the treatments applied. Two treat-
ments were used per cultivar for the production of PIF plants of C. esculenta. 
The control treatment (Growing medium made up of the mixture of shavings + 
sawdust) and the Oyster shell ash treatment (Growing medium made up of the 
mixture of shavings + sawdust + 1 kg of Oyster shell ash (Crassostrea spp.)). The 
culture substrate of each propagator was watered with 10L of tap water 48h be-
fore seeding. 

2.2. Methods 
2.2.1. Production of Sanitized Seedlings in Both Cultivars of C. esculenta  

by the PIF Method 
1) Disinfection of corm fragments of C. esculenta 
Corm fragments from each cultivar were stripped of their roots and then 

trimmed with a knife. The trimming here consisted of removing the dead leaf 
sheaths and cleaning the fragments from the soil. These cleaned fragments, were 
soaked in a 30 ‰ (g/L) sodium hypochlorite (NaClO) solution for 40 min. Three 
rinses were performed at 10, 15, and 30 minutes respectively. These disinfected 
corm fragments were spread on a disinfected stable for 24 h before seeding.  

2) Seeding of corm fragments of C. esculenta 
Before seeding, the first leaf sheath of the corm was removed. Disinfected 
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corm fragments with a weight of 500 g were used for seeding. A right-angled 
cross incision was also made on the main bud to destroy its apical dominance. 
The seeding consisted by placing these fragments of disinfected corms in the 
different propagators. These fragments of corms were distant at 50 cm at a right 
angle, then covered completely with the substrate. The frequency of watering of 
the seeded propagators was 10L of tap water after 72 h. 

2.2.2. Evaluation of Growth and Agronomic Parameters in the  
Propagators and Weaning of the Produced PIF Plants 

To evaluate the growth of corm fragments after seeding in the propagators, the 
following parameters were evaluated; number of buds that budded, percentage 
of bud break, average number of buds that budded/corm, and total number of 
buds emitted. Other agronomic growth parameters such as average plant size, 
average number of leaves, average leaf area, average crown diameter and average 
number of petioles were determined. In addition, the number of weaned plants 
was evaluated each month for two months. Weaning consisted in detaching the 
PIF plant of C. esculenta produced from the corm fragment with a knife. These 
weaned seedlings were then put in acclimatization under a shade house. 

2.2.3. Acclimatization of PIF Seedlings of C. esculenta 
1) Evaluation of the action of some fertilizers on the growth of PIF plants 

in acclimatization 
The weaned PIF seedlings of C. esculenta were acclimated in the shade for 

three months. These PIF seedlings of the two cultivars of C. esculenta were grouped 
into five treatments: the control consisting of sterile black soil substrate (BS), ster-
ile black soil substrate + arbuscular mycorrhizal fungi (BSAMF), sterile black soil 
substrate + Tithonia diversifolia leaf powder (BSTD), sterile black soil substrate 
+ oyster shell ash of Crassostrea spp. (BSOS) and sterile black soil substrate + 
dried powder of cow dung (BSCD). For each treatment, 30 PIF plants of each 
cultivar were used for a total of 150 PIF plants/cultivar and 300 PIF plants in to-
tal. In addition, 900 g of each treatment was applied at a rate of 30 g of the 
treatment to be applied/PIF plant. The plants were watered every 48 h. During 
growth, the success and mortality rates of PIF plants were evaluated. Each month 
for three months, the effect of the applied treatments was evaluated on the ag-
ronomic growth parameters in the two cultivars used.  

2) Statistical analysis 
The results obtained were subjected to a descriptive analysis (Mean ± standard 

deviation) and presented in the form of tables (Microsoft Excel 2016 software). 
The IBM SPSS Version 20.0 software was used to compare the means by an 
analysis of variance (ANOVA) using the Student-Newman-Keuls test at the 5% 
threshold. The principal component analysis (PCA) was used to present in a 
two-dimensional plan, the arrangement of agronomic growth parameters evalu-
ated according to the treatments during acclimatization using the XLSTAT 2007 
Software. Lnk Version 10.0. 
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3. Results 
3.1. Evaluation of the Number of Corms Having Budded according  

to the treatments 

All corms grew in the propagator containing substrate and substrate plus oyster 
shell ash of Crassostrea spp. showed a high bud break rate. A bud break rate of 
100% for corm fragments grown in propagators containing substrate only (cul-
tivar Ehkwan’frè) and substrate + oyster shell ash of Crassostrea spp. (cultivars 
Makoumba and Ehkwan’frè) was achieved (Table 1). The death of the corm 
fragment during growth was also noted in cultivar Makoumba has grown only 
on the substrate, with a percentage of 97% for 29 corms that budded. The aver-
age number of buds emitted per corm was more significant (P < 0.05), in corm 
fragments grown in propagators with the presence of oyster shell ash of Cras- 
sostrea spp. in both cultivars. Bud recovery during bud break of seeded corm 
fragments varied from fragment to fragment (Figure 1(A) and Figure 1(B)). 
These buds evolved by forming first leaf sheaths, then well differentiated plants 
(Figures 1(C)-(F)). This recovery was 06.63 ± 0.74 and 07.48 ± 0.94 buds re-
spectively in both cultivars. The total number of buds emitted was higher in 
Makoumba and Ehkwan’frè cultivars grown in the presence of oyster shell ash of 
Crassostrea spp. (236 and 253 buds emitted respectively) (Table 2). 

 
Table 1. Evaluation of the number of corms that have budded according to the treatments applied. 

Cultivars Treatments 
Number of 
corms used 

Parameters evaluated 

Number of dead 
corms 

Number of corms 
that budded 

Percentage of  
bud break (%) 

Average number 
of Buds  

emitted/Rh 

Makoumba 
Substrate 30 1 29 97 05.16 ± 0.85a 

Substrate + oyster shell 30 0 30 100 06.63 ± 0.74b 

Ehkwan’frè 
Substrate 30 0 30 100 06.70 ± 0.87a 

Substrate + oyster shell 30 0 30 100 07.48 ± 0.94b 

*Values with the same letter in the same column are not significant at 5% to the Student's Newman and Keuls test. 
 
Table 2. Evaluation of the number of PIF plants of C. esculenta produced according to the treatments applied. 

Cultivars Treatments 
Number  

of corms used 
Weight of  
a corm (g) 

Total  
number  
of Buds  
emitted 

Number of weaned 
plants/Month 

Number of 
PIF plants 

weaned 
/treatments 

Total number 
of PIF plants 

weaned/ 
cultivars Month 1 Month 2 

Makoumba 

Substrate 30 500 186 69 37 106 

246 Substrate +  
oyster shell 

30 500 236 98 42 140 

Ehkwan’frè 

Substrate 30 500 201 86 67 153 

353 Substrate +  
oyster shell 

30 500 253 106 94 200 
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Figure 1. Growth stage of Colocasia esculenta L. Schott seedlings using the PIF method. 
Fragment of corms that have budded (A) and (B), development of leaf sheaths (C) and 
(D), well differentiated PIF seedlings: Makoumba (E) and Ehkwan’frè (F), plants ready to 
be weaned (G) and weaned and acclimatized plants: Makoumba (H) and Ehkwan’frè (I). 
Buds (B), leaf (Lf), leaf sheath (Ls), petioles (P), roots (Rt), corm (Rh) and substrate (Sb). 

3.2. Number of PIF Seedlings of C. esculenta Weaned according to  
Treatments Applied 

The number of PIF seedlings weaned varied according to the treatments applied 
(Table 2). From the 120 corm fragments used, 599 PIF plants were produced af-
ter two months of cultivation in both cultivars. The number of weaned PIF plants 
was very high in Ehkwan’frè with 353 PIF plants compared to Makoumba (246 
PIF plants). In both cultivars, the number of PIF plants produced decreased over 
time (Table 2). For the two weanings carried out during the production of PIF 
plants, the maximum number of PIF plants produced and weaned was recorded 
at the first weaning (Table 2). It was 69 and 98 in the cultivar Makoumba and 86 
and 106 in the cultivar Ehkwan’frè, respectively for the substrate and substrate + 
oyster shells of Crassostrea spp. It is also noticed that at the second weaning, the 
maximum number of PIF plants weaned was 94 PIF plants in the cultivar 
Ehkwan’frè. However, in the presence of oyster shell ash of Crassostrea spp., the 
total number of PIF plants was always higher with 140 and 200 PIF plants in the 
cultivars Makoumba and Ehkwan’frè respectively. 

3.3. Agronomic Parameters of PIF Seedling Growth of C. esculenta  
during Weaning 

The results of the evaluation of agronomic parameters during the growth of PIF 
plants in propagators varied significantly according to the treatments applied 
(Table 3). In both cultivars used, average plant height, average collar diameter, 
the average number of leaves and, average leaf surface were higher and signifi-
cant (P < 0.05) in propagators fertilized with oyster shell ash of Crassostrea spp. 
These growth parameters were very high in the first month of growth (1st wean-
ing), with maxima of 40.04 ± 02.32 cm, 04.40 ± 00.54 and, 80.68 ± 12.68 cm2 in  
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Table 3. Evaluation of agronomic growth parameters of C. esculenta PIF plants during weaning in the two cultivars in Month 1 
and Month 2 according to the treatments applied in the propagators. 

Cultivars Time Treatments 
Average plant 
height (cm) 

(Std) 

Average collar 
diameter (cm) 

(Std) 

Average number 
of leaves 

(Std) 

Average leaf 
surface (cm2) 

(Std) 

Makoumba 

Month 1 
Substrate 

26.29c 
(01.41) 

02.37a 
(00.22) 

03.80ab 
(00.44) 

79.72b 
(06.33) 

Substrate + oyster shells 
40.04d 
(02.32) 

02.85a 
(00.17) 

04.40b 
(00.54) 

80.68b 
(12.68) 

Month 2 

Substrate 
15.99a 
(01.19) 

02.56a 
(00.28) 

03.40a 
(00.54) 

51.69a 
(07.05) 

Substrate + oyster shells 
21.60b 
(01.67) 

02.36a 
(00.44) 

03.60ab 
(00.54) 

65.24ab 
(09.56) 

Maen 26.35 02.54 03.80 69.38 

F 08.02 00.20 00.14 00.61 

P 00.01* 00.65 ns 00.70 ns 00.44 ns 

Ehkwan’frè 

Month 1 
Substrate 

29.29b 
(01.54) 

02.77b 
(00.15) 

02.80ab 
(00.44) 

131.38b 
(10.38) 

Substrate + oyster shells 
40.79c 
(00.94) 

02.91b 
(00.10) 

03.20b 
(00.54) 

174.81c 
(17.81) 

Month 2 

Substrate 
22.46a 
(01.60) 

02.35a 
(00.24) 

02.20a 
(00.44) 

99.72a 
(07.90) 

Substrate + oyster shells 
26.21b 
(02.63) 

02.79b 
(00.13) 

02.60ab 
(00.44) 

110.93a 
(17.09) 

Maen 29.69 02.70 02.70 129.21 

F 06.45 03.19 00.17 00.24 

P 00.02* 00.09* 00.67 ns 00.06* 

Values followed by the same letter for the same parameter are not significantly different according to the Student Newman and 
Keuls Test at 5%. ns: not significant at the 5% level, *: significant at the 5% level. Std: standard division. 

 
the cultivar Makoumba and 40.79 ± 00.94 cm, 03.20 ± 00.54 and, 174.81 ± 17.81 
cm2 in the cultivar Ehkwan’frè respectively for the average plant height, the av-
erage number of leaves and average leaf surface assessed. There was a non-sig- 
nificant effect between the parameters average collar diameter, the average num-
ber of leaves, and average leaf surface in the variety Makoumba (Table 3). There 
was a decrease in the agronomic parameters evaluated between the two weanings 
carried out in the presence of the substrate and substrate + oyster shells ash of 
Crassostrea spp. treatments. Also, these agronomic parameters were significantly 
influenced during growth in the cultivar Ehkwan’frè (Table 3). 

3.4. Evaluation of the Growth of PIF Plants of C. esculenta during  
Acclimatization 

Agronomic parameters recorded during acclimation of weaned PIF plants varied 
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according to the treatments applied. The average height of C. esculenta PIF plants 
varied over time. In Makoumba’s cultivar, the average height of the plant was 
22.63 ± 02.63 and 24.02 ± 02.48 cm during the first two months of growth in 
weaned PIF plants amended with oyster shell ash of Crassostrea spp., and 24.22 
± 05.45 cm in weaned PIF plants inoculated with AMF in the second month of 
culture (Figure 2). However, in Ehkwan’frè cultivar, it was 38.30 ± 03.61 cm af-
ter one month in the presence of oyster shell ash of Crassostrea spp., and in the 
3rd month of culture, it was 47.58 ± 04.32 cm in the PIF plants of Ehkwan’frè 
cultivar inoculated with AMFs. The applied fertilizers did not significantly in-
fluence the average diameter of the collar of the PIF plants. Similarly, the average 
number of leaves increased over time. At the third month of cultivation, it was 
04.60 ± 00.34 and 04.60 ± 00.54 for PIF plants amended and inoculated with 
Tithonia diversifolia leaf powder and AMF, respectively, for PIF plants of 
Makoumba cultivar and 02.60 ± 0.54 for PIF plants inoculated with AMF for PIF 
plants of Ehkwan’frè cultivar. However, the mean leaf area was positively influ-
enced in C. esculenta PIF plants of both cultivars in the presence of oyster shell 
ash of Crassostrea spp., and was 120.57 ± 12.50 cm2 for PIF plants of Makoumba 
cultivar and 169.86 ± 14.79 and 163 ± 11.90 cm2 during the first two months of 
cultivation for PIF plants of Ehkwan’frè cultivar.  

Principal component analysis (PCA) of the data on the effect of applied treat-
ments between the different agronomic growth parameters over time varied in 
the two cultivars used (Figure 3(a) and Figure 3(b)). From the analysis of the 
factorial diagram obtained, there is a positive and significant correlation between 
the average leaf area and the average number of leaves in PIF plants inoculated 
with AMFs at the third month of cultivation for both cultivars (Figure 3(a)). 
Similarly, oyster shell ash of Crassostrea spp. and AMF treatments applied in-
fluenced the mean size of PIF plants at the first and second months of growth for 
the cultivar Makoumba and at the third month for the cultivar Ehkwan’frè. 

4. Discussion 

The objective of this work was mass produce seeds of sanitized plants of two cul-
tivars of C. esculenta widely grown in Cameroon by the PIF method. The results 
obtained varied significantly according to the cultivars used and the treatments. 

The percentage of bud break of corm fragments of C. esculenta in both culti-
vars used was 100% except in the substrate treatment of Makoumba’ cultivar. 
The death of the observed corm fragment could be related to its physiological 
state or to the physiological stress caused during the realization of the right-an- 
gle cross incision to destroy the apical dominance of the main bud. The number 
of buds emitted was higher in Ehkwan’frè cultivar compared to Makoumba cul-
tivar (Table 4). This number of buds was also more significant in the presence of 
oyster shell ash of Crassostrea spp. in the propagator. Moreover, it should be 
noted that the sawdust substrate used is a lignocellulosic material with a C/N 
ratio between 100 - 500 and therefore would be less rich in mineral elements.  
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(a)                                                 (b) 

 
(c)                                                (d) 

     
(e)                                                     (f) 

   
(g)                                                   (h) 

Figure 2. Evaluation of agronomic growth parameters in weaned PIF plants of the cultivars Makoumba (a), (c), (e) and (g) and 
Ehkwan’frè (b), (d), (f) and (h) of C. esculenta in acclimatization according to treatments applied during three months. Sterilized 
black soil (BS), arbuscular mycorrhizal fungi (AMF), average (Avg.). 
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(a)                                                   (b) 

Figure 3. Principal component analysis (PCA) factorial plot of relative data on the effect of applied fertilizers on morphological 
growth parameters over time in the two cultivars of C. esculenta. Cultivar Makoumba (a) and Ehkwan’frè (b). Treatment applied 
to the Makoumba cultivar: Makoumba PIF plant in black soil (MBS); in black soil inoculated with AMF (MBSAMF); in black soil 
amended with Tithonia diversifolia (MBSTD); in black soil amended with Oyster shells ash of Crassostrea spp. (MBSOS); in black 
soil amended with cow dung (MBSCD). Treatment applied to the Ehkwan’frè cultivar: Ehkwan’frè PIF plant in black soil (EBS); in 
black soil inoculated with AMF (EBSAMF); in black soil amended with Tithonia diversifolia (EBSTD); in black soil amended with 
Oyster shells ash of Crassostrea spp. (EBSOS); in black soil amended with cow dung (EBSCD). M1 (Month 1), M2 (Month 2), and 
M3 (Month 3). 

 
Table 4. Evaluation of the survival rate of PIF plants of C. esculenta in the two cultivars used according to the treatments applied 
during acclimatization. 

Cultivars Treatments 
Number of  
PIF plants  
acclimated 

Number of dead 
PIF plants 

Number of  
surviving PIF 

plants 

Acclimatization 
success rate (%) 

Acclimatization 
mortality rate 

(%) 

Makoumba 

BS 30 2 28 93.33 6.66 

BS + AMF 30 0 30 100 0 

BS + Tithonia diversifolia 30 0 30 100 0 

BS + Oyster shells 30 0 30 100 0 

BS + Cow dung 30 0 30 100 0 

Ehkwan’frè 

BS 30 0 30 100 0 

BS + AMF 30 0 30 100 0 

BS + Tithonia diversifolia 30 0 30 100 0 

BS + Oyster shells 30 0 30 100 0 

BS + Cow dung 30 0 30 100 0 

 
According to [20] this high C/N ratio would indicate slow mineralization of 
carbon, slow decomposition of organic matter and consequently, immobilization 
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of the nitrogen necessary for growth. Therefore, the recovery of dormant buds 
on both sides of the corm fragment would be the result of favourable growing 
conditions in the propagators that would not influence the water uptake by the 
osmosis phenomenon that would facilitate the hydrolysis of the starch chain 
stored in the starchy parenchyma of the corm fragment of each cultivar. Osmo-
sis is a vital function for the growth and stability of plant life [21] [22]. Thus 
during the budding phase, in propagators with only sawdust + wood shavings as 
substrate, the carbohydrates needed for growth would be produced through the 
phenomenon of respiration which is responsible for the degradation of the 
starch chain contained in the corm fragments. Similarly, the presence of oyster 
shell ash of Crassostrea spp., an important source of chitin, rich in calcium 
(Ca2+) and mineral elements in the substrate would have boosted bud develop-
ment in both cultivars of Colocasia esculenta. This justifies the high values of the 
average number of buds emitted per plant and the total number of buds emitted 
in culture propagators with substrate + oyster shell ash of Crassostrea spp. treat-
ment. Mineral element availability is a key to growth improvement [23] [24]. For 
all culture conditions, PIF plants from the emitted buds exhibited growth at dif-
ferent rates. Therefore, despite the destruction of apical dominance of the main 
bud at the beginning of cultivation, there would be apical dominance among the 
different emitted buds. This explains the significant difference between the num-
ber of PIF plants weaned in the first and second months of culture. The number 
of PIF plants produced decreased over time for all cultivars. 

From 120 corm fragments of the both cultivars of C. esculenta, 599 PIF 
plants were produced and weaned. 246 PIF plants for Makoumba’s cultivar and 
353 PIF plants for Ehkwan’frè’s cultivar. This allows us to say that the PIF 
technique allowed us to multiply the number of the fragments of corm used by 
4.99 times. The results also show that the number of PIF plants weaned is higher 
after one month of cultivation. This could be justified by the availability of car-
bohydrates which would be the result of the hydrolysis of the starch chain pre-
sent in the starchy parenchyma of the corm fragments. However, in the second 
month, a decrease in the number of PIF plants produced is noted. This could be 
due to the fact that after weaning, the PIF plants that were not weaned would 
continue to exert inhibition on the buds that did not quickly recover. It is no-
ticed that the number of weaned PIF plants is higher in both cultivars when the 
fragments used were grown in the presence of Crassostrea spp. oyster shell ash, 
i.e. 140 and 200 PIF plants respectively for Makoumba and Ehkwan’frè cultivars 
after two weanings. Thus, since the wood substrate is organic matter that de-
grades slowly, the source of mineral matter needed for growth would come in 
part from the hydrolysis of the oyster shell ash used during the watering of the 
propagators. 

The results of the analysis of agronomic growth parameters during the culti-
vation and production of PIF plants in the propagators showed that, in the two 
cultivars of C. esculenta used, the parameters, average of plant height, average of 
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collar diameter, average of number of leaves and average of leaf surface were 
higher and significant (P < 0.05) in the propagators fertilized with oyster shell 
ash of Crassostrea spp. This significant increase in the presence of oyster shells 
in the medium is characterized by the availability of mineral elements for the 
plant. In addition, the richness of oyster shells in Ca2+ and chitin would have 
played a significant role as Ca2+ is a crucial regulator of plant growth and devel-
opment [17] [25] while the chitin present is a growth activator. 

Fertilizers applied in PIF plants of both cultivars during acclimation influ-
enced growth. Oyster shell ash of Crassostrea spp. and arbuscular mycorrhizal 
fungus (AMF) treatments had the greatest influence on growth, compared to 
Tithonia diversifolia leaf powder and cow dung powder applied. All these treat-
ments indeed release mineral elements into the culture medium, except for the 
AMFs, which are soil microorganisms whose role is to feed the plant as a result 
of the established symbiosis. Therefore, the growth peaks observed in the pres-
ence of oyster shell ash of Crassostrea spp. during the first and second months of 
culture would be due to the immediate availability of mineral elements while in 
the presence of these AMFs, the peaks visible during the third month of culture 
would be the result of the establishment of the symbiosis. 

5. Conclusion 

The objective of this work was to carry out mass production of sanitized seed-
lings of two cultivars of C. esculenta widely cultivated in Cameroon by the method 
of PIF, while highlighting the aspect of fertilization of the production propaga-
tors from the ash of oyster shells (Crassostrea spp.) while evaluating the influ-
ence of some fertilizers during the growth of these PIF seedlings in acclimatiza-
tion. The results obtained show that the use of the PIF method boosted the pro-
duction of sanitized seeds of PIF plants in these C. esculenta cultivars. From 120 
corm fragments of the two C. esculenta cultivars, 599 PIF plants were produced 
and weaned. This technique allowed a 4.99-fold increase in the number of corm 
fragments. Furthermore, among the fertilizers used, the oyster shell ash Crassostrea 
spp. and arbuscular mycorrhizal fungus treatments had the most positive influ-
ence on growth during acclimatization. The mastery of the mechanisms of this 
technique would be an asset for their popularization among farmers. 
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