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Abstract 
Plantain contributes significantly to income generation and food security for 
millions of people in the world. However, it faces problems of seedlings 
quantity, quality and availability. The innovation of the “plants issus de frag-
ments de tiges” (PIF) technique could be a solution to these problems for 
small holders’ farmers. The aim of this research is to evaluate the effect of 
clam shells through amendment of Batard and Big Ebanga PIF substrate, on 
the growth promotion of seedlings and their protection against black Sigatoka 
disease (BSD). Plantain PIF seedlings of the two varieties were grown in a 
substrate amended with 1% concentration of the clam shells powder in the 
presence of negative control in the sterile and non-sterile conditions. Agro-
morphological characteristics, susceptibility level to BSD, total proteins and 
polyphenols content were assessed. Because of the presence of clam shells in 
the substrates, explants germinated quickly, generated high number of shoots, 
grew taller by 32%, with a diameter of pseudo stems of 30%, and area of 
leaves of 18% compared to control. In addition, the seedlings were less sus-
ceptible to BSD by 73% compared to those of controls. The treatment seems 
to allow the accumulation of larger amounts of total proteins and polyphenols 
before inoculation and after inoculation that could participate in the growth 
promotion and the reduction of plant’s susceptibility level. Clam shells treat-
ment acts as a biofertilizer/biopesticide and could be helpful to boost produc-
tion of plantain seedlings, the use of the by-products of fishing in agriculture 
and helps alleviate poverty of small holders’ farmers. 
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1. Introduction 

Bananas are one of the most important fruit crops in the world and are perennial 
monocotyledonous plants that grow in tropical and subtropical regions. The 
Musaceae family (Musa spp.) regroups diverse cultivar amongst which the des-
sert banana that can be eaten raw when they are ripe, sweet and easily digestible, 
and cooking banana type like plantains which are usually starchy even when 
ripped and need to be cooked before consumption. Plantain contributes signifi-
cantly to income generation and food security for millions of people in tropical 
and sub-tropical countries. It belongs to the subgroup of hybrid triploid AAB 
generated by hybridization between wild ancestors Musa acuminata (genome 
AA) and Musa balbisiana (genome BB) [1]. Plantain with a high energy value 
and a rich mineral, dietary fiber and vitamin content, plays a vital role in con-
tributing to food security for more than 250 million people in Central and West 
Africa. 

Cameroon is ranked 2nd in the world (4.54 million tons in 2017) in terms of 
plantain production and the first in the Central African Economic and Monetary 
Community (CEMAC) zone [2]. Plantain consumption in CEMAC zone is very 
high as well as income generation for millions of people in these regions. The 
per capita consumption of plantain in Gabon and Cameroon is over 203 
kg/person/year nowadays [2] and was respectively 159 and 126 kg/person/year 
in 2012 for both countries. This high consumption has caused demand of plan-
tain to largely outweigh supply, resulting in very high prices for the commodity 
on local, urban and trans-border markets. Indeed, plantain prices have recently 
increased with a peak price of CFA F 322 (US$ 0.63) per kg in August 2017, it 
was 2.3 times higher than that of six months before in February 2017 [3] and 5.3 
times higher than that of the highest prices in 2002 [4]. Consumers thus, turn to 
consume more rice which is not commonly produced in these countries and is 
mostly imported than plantain which could be produced even behind houses in 
family farms. Plantain production for food or for sale on local markets is ma-
naged by smallholder farmers in small sized family farm holdings and in-home 
gardens which are characterized by low productivity. As a result, demanding 
largely outstrips supply provokes very high prices for this commodity on rural, 
urban and trans-border markets. There is a great need to improve the perfor-
mance of this crop from about 10 tons/ha/year to more than 30 tons/ha/year. To 
meet up with this demand, we need to create new plantations whereas the crea-
tion of these new plantations is difficult because of the problem of unavailability 
of seedlings in quantity, but also seedlings of quality. 
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In the traditional practice, plantains seedlings come from suckers extracted 
from field in production. Banana cultivars, mainly the triploids have a very low 
fecundity and there is a need of vegetative multiplication technique for massive 
production, notably the micropropagation and the macropropagation to obtain 
respectively vitroplants (plants from tissue culture) and vivoplants (plants from 
axillary buds). The use of vitroplants in intensive agriculture to mitigate the 
problem of seedlings availability especially the clean ones is very expensive and 
not affordable to smallholder farmer. An innovative macropropagation tech-
nique called PIF (Plants Issus de Fragment de tiges) is that plants resulting from 
stem fragments were set up by the African Centre for Research on Banana- 
plantain (CARBAP) located in Njombé (Cameroon). This technique has been 
recommended for few years now to farmers for massive production of seedlings 
at low cost, within a very short period of time (2 to 3 months) and quickly gene-
rates plantains seedling in large amounts [5]. Indeed, one plantain sucker can 
produce between 20 and 100 seedlings depending on the variety of plantain and 
the experience of the farmer. However, despite these advantages, seedlings pro-
duced by PIF technique face many problems during acclimatization, as well as 
contamination of the seedlings on farmlands. These problems faced by PIF seed-
lings could be responsible of plants mortality of about 60% during the estab-
lishment of new plantations and are now rejected by some farmers. Even when 
plantains seedlings are generated from PIF, they are disseminated on farmlands 
in a soil that often contains pathogenic microorganisms, causing their attack by 
diseases. In addition, the position (in the centre or at the ends) of the seedling on 
explants influences the vigour of the plant. 

Banana tree is permanently threatened by Mycosphaerella leaf spot disease, 
which influences the fruit’s physiology, the green life of bananas fruit and the in-
cidence of diseases [6]. Black Sigatoka disease (BSD) is a leaf spot disease of ba-
nanas caused by the ascomycetous fungi Mycosphaerella fijiensis, a virulent, an 
invasive and predominant pathogen in all banana-growing countries. In case of 
severe infections, this foliar disease can lead to a substantial reduction of the leaf 
area. Moreover, BSD is the most economically destructive disease of bananas, 
which accounts for loses of bananas production estimated at about 50% [7]. The 
extensive use of chemical inputs (weed-killers, fertilizers, fungicides, pesticides) 
in PIF seedlings production and on farmlands is unattractive. Indeed, commonly 
used in agriculture to increase plant productivity and resistance against patho-
gens they can cause irreversible damage to the ecosystems due to their accumu-
lation in the environment and in the living organisms, can induce the appear-
ance of resistance in plant pathogens increasing then the use dosage of existing 
products [8] and are costfull to the smallholder farmers. 

So far, the potential impact of clam shells in agriculture as biofertilizer and/or 
as biocontrol agent has received limited attention. However, a recent study car-
ried out in Cameroon has demonstrated that snail shell powder has a strong in-
fluence on cocoa growth and resistance in nurseries by acting as a biofertilizer 
and as a biofungicide in the control of cocoa black pod disease [9]. Moreover, 
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the clam shells are abundant waste products regularly found along the coasts of 
rivers that become pollutants for the environment when accumulated for a long 
time. The use of the by-products of fishing in agriculture could be a solution to 
clean the river around and promote a green agriculture, since they have very 
good biological properties amongst which antimicrobial ones. In fact, the main 
components of crustacean shells are chitin (15% - 40%), protein (20% - 40%), 
calcium and magnesium carbonate (20% - 50%), together with other minor con-
stituents, such as astaxanthin, lipids and other minerals [10]. Chitin is a linear 
chain polysaccharide composed of units of N-acetyl-2-dioxin-D-glucopyranoside 
linked by glycosidic β (1 → 4) bonds. Moreover, it’s a renewable material from 
natural sources and is biodegradable, nontoxic and insoluble in water and many 
organic solvents [11]. A plant biostimulant is any substance or microorganism 
applied to plants with the aim to enhance nutrition efficiency, abiotic stress tol-
erance and/or crop quality traits, regardless of its nutrients content [12]. There-
fore, the clam shells are good candidate for PIF plantain seedlings biostimulation 
regarding on their properties. The use of the biostimulant potential of clam 
shells in the production of PIF seedlings can be a new approach to improve the 
quality of plantain seedlings while enhancing their quantity. 

The aim of this work is to examine the potential biostimulant effect of clam 
shells through amendment of PIF substrate, on the growth promotion of plan-
tain seedlings in nursery and on their protection against diseases, notably black 
sigatoka disease. This work was conducted in Yaoundé, Cameroon from Sep-
tember 2014 to March 2015 and September 2015 to March 2016 respectively for 
the Big Ebanga variety and the Batard variety. 

2. Materials and Methods 
2.1. Materials 

Suckers of plantain (Musa spp., genome AAB) of Big Ebanga and Batard varie-
ties were obtained respectively from Mbam and Kim division (Ntui) and Lékié 
division (Obala) of Centre region of Cameroon. These varieties were selected 
and used during this experiment due to their short cycle of production and their 
capacity to produce a great number of plantain seedlings. 

The clam shells constituting our organic matter come from the municipality 
of Mouanko, located in the Littoral region and more specifically in the Sanaga 
Maritime division, precisely on the north bank of the Sanaga River about twenty 
kilometers east of its mouth in the Gulf of Guinea. The clam shells powder was 
obtained as follow: the fresh clams were washed, dried in the sun, broken into 
large pieces, then reduced to powder and finally sifted. 

Strain of Mycosphaerella fijiensis, causal agent of black Sigatoka disease was 
provided by the African Centre for Research on Bananas and Plantains 
(CARBAP) of Njombé in the Littoral region of Cameroon. 

The substrates used for this experiment (sawdust, sand and black soil) were 
sterilized in an oven at different temperatures and time intervals as follow: 04 
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hours at 121˚C for 3 kg sawdust, 05 hours at 121˚C for 10 kg of sand and 09 
hours at 121˚C for 25 kg of black soil. The soil used in this experiment was col-
lected from Yaoundé (Centre region, Cameroon). The white sawdust was used 
for growth of banana seedlings in the greenhouse. A mixture at a ratio of 2/3 of 
black soil and 1/3 of sand was used as substrate for the growth of seedlings in the 
shade. 

2.2. Experimental Design 

This study was conducted in the Centre Region of Cameroon (Yaoundé), located 
in the agro-ecological zone known as wet Rainforest with Bimodal Rainfall. The 
acclimation phase for plantain seedlings under shade was extended over the pe-
riod from November to January marked by high temperatures (26˚C - 30˚C) and 
low rainfall (25 - 80 mm/month). The other phases of the study were conducted 
under controlled conditions that are in the laboratory and in the greenhouse. 

The banana propagation by the PIF method is done in two phases: 
- A germination phase of the explants in the greenhouse; 
- A phase of acclimatization of the seedlings under shade. 

We have the same experimental device both in the greenhouse and in the 
shade, and each treatment was considered as an experimental unit (EU). How-
ever, differences were observed in: 

1) The substrate to amend: 
- Sawdust in greenhouse for the production of the PIF seedlings; 
- Black soil and sand for survey of the seedling’s growth in the shade. 

2) The number of plants per experimental unit (EU): 
- In the greenhouse, three (03) explants per EU (propagator) were introduced 

for production of seedlings in the greenhouse; 
- In the shade, at least three (3) plants per EU (plastic planter bags). 

Our experiment was done on a completely randomized block device with two 
(02) treatments that are: 1% clam shells (CS) powder amendments and the con-
trol (EU not receiving any treatment) and at two (02) blocks: a sterilized sub-
strate block (B1, SS, controlled condition) and a non sterilized substrate block 
(B2, nSS, farmer condition). The treatments for both blocks and each variety 
were: 
- Sterile Substrates + Clam shells (SS + CS); 
- Sterile Substrates only as control (SS); 
- Non-Sterile Substrates + Clam shells (nSS + CS); 
- Non-Sterile Substrates only as control (nSS). 

The plantain suckers of Batard and Big Ebanga varieties were prepared fol-
lowing the PIF technique recommendation in order to obtain the explants in 3 
successive steps: trimming, shelling and the trauma of the shoot apical meristem 
following the method of [13]. 

The different experimental units were finally classified by block on the shelves 
in a greenhouse and covered with a white and transparent plastic. Explants 
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tracking (watering) in the greenhouse allowed them to germinate and produce 
seedlings. 

2.3. Assessment of Germination Rate of Explants in the  
Greenhouse 

The evaluation of germination parameters (germination rate and number of PIF 
seedlings produce) per experimental unit was done after every seven days start-
ing from the second week of introduction of explants in the greenhouse. This 
evaluation was done for a period of four weeks. We proceeded by counting the 
germinated bulbs and the number of seedlings emitted in each experimental unit 
(propagator). The germination rate and the number of seedlings emitted for 
each EU were evaluated. The ratio of the number of germinated bulbs and the 
total number of initial bulbs multiplied by 100, gave us the germination rate for 
each EU expressed as a percentage. However, a period of six weeks was sufficient 
for all the explants to produce PIF seedlings. After eight weeks, the seedlings from 
the greenhouse were weaned in plastic planter bags at the state of two to three 
small open leaves per seedling and from three to four radicles, then transferred in 
the shade following the same experimental disposal as in the greenhouse. 

2.4. Evaluation of Agromorphological Characteristics 

For each experimental unit, three plants were selected and labelled in the shade. 
The effect of different treatments on the growth and development of the seed-
lings was evaluated by measuring different agromorphological characteristics: 
- The height of the seedlings;  
- The diameter of the seedlings pseudo-stems; 
- The total area of the seedlings’ leaves. 

The total leaf surface (TLS) of each plantain seedling was determined using the 
length (L), the width (W) and the number of leaves and 0.8 and 0.662 being con-
stants following the formula of [1]: TLS = L × W × 0.8 × number of leaves × 
0.662 (cm2). Its average value was taken as a measure of total area of the seed-
ling’s leaves. 

The evaluation was done every seven days starting from the day the seedlings 
entered the shade and was done for a period of seven weeks. 

2.5. Evaluation of Susceptibility of Plantain Seedlings to  
Mycosphaerella fijiensis 

2.5.1. Fungal Strain 
The strain of M. fijiensis was used for artificial inoculations. All the cultures 
were done in Petri dishes containing Potato Dextrose Agar medium (PDA) and 
were incubated under a white light at 25˚C for 21 days. Thereafter, the mycelia 
disks of the strain were transplanted 3 times on the modified V8 medium (pH 
6.64) [7] and incubated at 25˚C for 14 days to obtain pure strain, which were 
conserved at 4˚C. After the growth of M. fijiensis, the mycelia disks were taken 
with the help of a punch from the Petri dishes in an aseptic manner and were in-
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troduce in tubes containing physiological water (NaCl 9 g/L). The mixture was 
homogenized with the help of a vortex for 15 minutes that permitted the forma-
tion of spores. A drop of the zoospore’s suspension was calibrated with a Neu-
bauer cell at a concentration of 106 zoospores/mL for BSD inoculations. 

2.5.2. Evaluation of Susceptibility to BSD 
The susceptibility of plantain seedlings to BSD was evaluated through artificial 
inoculation of the leaves of plantain seedlings with M. fijiensis. The leaves of the 
same age period (12 weeks) were used for inoculation and three plants per 
treatment were used (three leaves per treatment). Before inoculation, a leaf of 
each plant was detached and conserved at - 45˚C in a plastic sachet for bio-
chemical analysis of the before inoculation stage. One hour after the preparation 
of the zoospore’s solution according to the protocol of [7], a 100 µL droplet of 
M. fijiensis suspension was then deposit midway through the exposed surface of 
the leaf. The infected leaves were kept under controlled condition of relative 
humidity in the greenhouse. After inoculation, the follow up of the evolution of 
necrosis was done by measuring the length (L) and the width (W) of the necrotic 
surface after every two days and for every seven days from 14 days in order to 
visualized the rot spreading on the leaf’s surface and it was during a period of 
four weeks. The “necrotic surface area” (NSA) in (mm2) was calculated for each 
measurement by assuming a rectangular shape to the necrosis as in the formula 
of [14]: NSA = L × W. 

2.6. Biochemical Analyses 

Biochemical analyses were carried out in two stages (before inoculation and after 
inoculation) on the whole leaves. The leaves samples involved were cut at 1 cm 
beyond the necrosis point or beyond the marked scar (sections with no symp-
toms). For biochemical analyses, each treatment was repeated trice. 

2.6.1. Determination of the Content of Total Native Protein 
Extraction samples were carried out according to the method reported by [15] 
with modification. This method allows the extraction of the total native protein. 
1 g of fresh leaf was placed in a mortar and ground with a pestle in 10 mL 
Tris-Maleate buffer (0.1 mM, pH 7.2) at 4˚C. The mixture was then vortexed for 
10 min and centrifuged at 10.000 g for 25 min at 4˚C (Beckmann-Coulter mi-
crofuge 20 R centrifuge). The supernatant was conserved while the pellet was 
centrifuged following the same conditions. Both supernatants were mixed and 
supplemented with 0.4 volume of n-butanol and 1/10 of 3 M sodium acetate 
buffer, pH 4.5. The samples were kept on ice for 30 min with agitation every 10 
min followed by centrifugation at 10.000 g for 15 min and stored at 4˚C. The 
quantity of total proteins was determined according to the method of [16] with 
Coomassie blue G250. The absorbance was measured at 595 nm using the Shi-
madzu Spectrophotometer UV-1605 against a control in which the extract was 
replaced by distilled water. The protein concentration was expressed in mg 
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equivalent (Eq) of bovine serum albumin (BSA) per g of fresh weight (FW). 

2.6.2. Determination of the Content of Total Phenolic Compounds 
Extraction samples were carried out according to the method reported by [17]. 
This method allows the extraction of the total phenolic compounds. 1 g of fresh 
leaf was pounded at 4˚C in 10 mL methanol 80% (V/V). The mixture was then 
vortexed for 10 min and centrifuged at 10.000 g for 10 min (Beckmann-Coulter 
microfuge 20 R centrifuge). The supernatant was conserved while the pellet was 
centrifuged following the same conditions two other times. The three super-
natants were mixed to make up the total extract of phenolic compounds. The 
concentration of phenolic compounds was determined spectrophotometrically at 
760 nm against a control where the extract was replaced by distilled water fol-
lowing the protocol of [18] using the Folin-Ciocalteu reagent. The concentration 
of total polyphenols was measured in mg equivalent (Eq) of gallic acid per g of 
fresh weight (FW). 

2.7. Statistical Analyses 

The effects of clam shells on plantain seedlings growth, susceptibility to BSD and 
total proteins and polyphenols were analysed. The different variables were ana-
lysed by subjection of the value (germination percentage, number of shoots, 
height and diameter of seedlings, leaves surface area, necrotic surface area, total 
proteins and total polyphenolic) to mixed three-way analysis of variance (ANOVA) 
performed with XLSTAT software, each plant being taken as experimental unit 
and variety, treatment and day as factors. Multiple comparisons of the means 
were done by applying Tukey’s test at 5% probability level. Pearson correlation 
analysis between the different variables was also performed with XLSTAT soft-
ware. 

3. Results 
3.1. Effect of Clam Shells on the PIF Seedlings Growth Promotion 
3.1.1. Effect of Clam Shells on the Germination Rate of Explants in the  

Green House 
The variety, the treatment and the day were found to significantly influence (P < 
0.0001) germination rate and the number of shoots with respective R2 values of 1 
and 0.98 and the most influential variable was the day. The percentage of ger-
mination and the number of shoots were consistently higher in the treated PIF 
substrates compared with the untreated ones. Hence, two statistically different 
groups were distinguished between the treated and the untreated PIF seedlings 
regardless the condition. Controlled condition (SS and SS + CS) and non-controlled 
condition (nSS and nSS + CS) differed by about 33% germination respectively 
for the treated substrate 14 days after seeding (das) and for the number of 
shoots, this difference was very weak on the 42 days after weaning (daw) (Table 
1). 

Treatment effect was especially marked for the Batard variety with 100% of 
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germination obtained 14 das for the treatment SS + CS. However, 21 das was 
enough for total germination regardless of variety as confirmed by the signifi-
cant interaction (P < 0.0001) between variety and treatment, variety and day, 
treatment and day, and variety, treatment and day (Table 2 and Figure 1). The 
total germination (100%) was obtained in the untreated substrates (SS and nSS) 
28 das in both varieties. 

 

 
Figure 1. Interaction plots (variety, treatment and day) of the clam shells effects on the percentage of 
germination in both varieties (Batard and Big Ebanga) of plantain PIF seedlings in course of time. 
Each point represents the average mean of three replicates for each treatment. 
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Table 1. Difference of the mean values of the different variables (percentage of germination, number of shoots, height of shoots, 
diameter of pseudo-stems, area of leaves, BSD severity, total proteins and total polyphenols) between the sterile substrate 
condition (SS and SS + CS) and non-sterile substrate condition (nSS and nSS + CS) in the Batard and the Big Ebanga varieties. 

Variable Variety Day/stage Ss Nss Difference 1 Ss + cs Nss + cs Difference2 Global difference 

% Germination Batard 14 33.0 33.0 0.0 100.0 67.0 33.0 33.0 

 Big ebanga 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Number of shoots Batard 42 9.0 8.0 1.0 15.3 18.3 3.0 2.0 

 Big ebanga 42 13.3 14.3 1.0 18.3 17.3 1.0 0.0 

Height (cm) Batard 42 16.4 15.9 0.5 20.6 21.2 0.6 0.1 

 Big ebanga 42 15.2 12.3 2.8 16.3 16.5 0.2 2.7 

Diameter (mm) Batard 42 13.8 15.3 1.5 16.5 16.6 0.1 1.4 

 Big ebanga 42 13.8 13.2 0.6 16.2 15.0 1.2 0.6 

Area of leaves (cm2) Batard 42 167.0 147.5 19.6 301.1 270.4 30.7 11.1 

 Big ebanga 42 289.7 364.5 74.8 522.4 381.5 140.9 66.1 

Bsd severity (cm2) Batard 28 31.4 35.4 4.0 4.3 6.1 1.9 2.2 

 Big ebanga 28 23.2 24 .3 1.1 2.9 6.7 3.7 2.7 

Total proteins Batard BI 1.3 1.0 0.3 3.3 2.5 0.8 0.5 

(Mg eq bsa/g fw) Batard AI 6.7 6.0 0.6 7.2 7.1 0.1 0.6 

 Big ebanga BI 3.2 4.5 1.3 5.0 5.7 0.7 0.6 

 Big ebanga AI 2.6 4.0 1.4 4.5 5.3 0.8 0.6 

Total polyphenols Batard BI 0.6 1.0 0.4 0.9 1.2 0.3 0.1 

(Mg eq cat/g fw) Batard AI 2.0 1.7 0.3 2.6 2.3 0.4 0.1 

 Big ebanga BI 2.0 2.5 0.5 4.9 5.6 0.7 0.2 

 Big ebanga AI 2.4 3.0 0,7 5.4 6.7 1.4 0.7 

BI: before inoculation, AI: after inoculation. 

 
Table 2. Variance analysis of clam shells treatments effects on the percentage of germination and number of cumulative shoots of 
plantain PIF seedlings in the greenhouse. 

 Percentage of germination/R2 = 100% Number of shoots/R2 = 98% 

Source DF F P DF F P 

Variety 1 1416 < 0.0001 1 438 < 0.0001 

Treatment 3 3596 < 0.0001 3 175 < 0.0001 

Day 3 16,279 < 0.0001 4 561 < 0.0001 

Variety*treatment 3 87 < 0.0001 3 7 0 

Variety*day 3 640 < 0.0001 4 16 < 0.0001 

Treatment*day 9 1255 < 0.0001 12 6 < 0.0001 

Variety*treatment*day 9 248 < 0.0001 12 1 0 

DF is the degree of freedom; F is the value of F test and P is the probability. 
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Treatment effect was especially marked for the Big Ebanga variety that gener-
ate more shoots in the treated PIF substrate 42 das (average value: 17.83) com-
pared to the Batard variety (average value: 16.83) as confirmed by the significant 
interaction (P < 0.0001) between variety and day, treatment and day, although 
no significant interaction was observed between variety, treatment and day 
(Table 2 and Figure 2). 

 

 
Figure 2. Interaction plots (variety, treatment and day) of the clam shells effects on the number of 
cumulative shoots in both varieties (Batard and Big Ebanga) of plantain PIF seedlings in course of time. 
Each point represents the average mean of three replicates for each treatment. 
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3.1.2. Effect of Clam Shells on the Agromorphological Characteristics of  
PIF Seedlings 

The variety, the treatment and the day were found to significantly influence (P < 
0.0001) PIF seedlings agromorphological characteristics with respective R2 val-
ues of 0.99, 0.99 and 1 (Table 3), and the most influential variable was the day. 
The height, the diameter and the leaves surface area were consistently higher in 
the treated PIF seedlings compared with the untreated ones. Hence, two statisti-
cally different groups were distinguished between the treated and the untreated 
PIF seedlings for all the agromorphological characteristics. The difference be-
tween the controlled condition (SS and SS + CS) and non-controlled condition 
(nSS and nSS + CS) was very insignificant for height and diameter of pseudo- 
stems and less than 15% difference for the leaves area surface (Table 1). 

Treatment effect was especially marked for the Batard variety that had seed-
lings with higher height and diameter of pseudo-stems 42 daw (average value: 
respectively 20.93 cm and 16.57 mm) compared to the Batard variety (average 
value: respectively 16.41 cm and 15.6 mm) as confirmed by the significant inter-
action (P < 0.0001) between variety and treatment, variety and day, treatment 
and day, and variety, treatment and day (Table 3, Figure 3 and Figure 4). 

Treatment effect was especially marked for the Big Ebanga variety that had 
seedlings with consistently higher leaves surface area 42 daw (average value: 
451.95 cm2) compared to the Batard variety (average value: 285.79 cm2) as con-
firmed by the significant interaction (P < 0.0001) between variety and treatment, 
variety and day, treatment and day, and variety, treatment and day (Table 3 and 
Figure 5). 

3.2. Effect of Clam Shells on the PIF Seedlings Protection against  
BSD 

3.2.1. Effect of Clam Shells on the Susceptibility of PIF Seedlings to  
M. fijiensis 

The variety, the treatment and the day were found to very significantly influence 
(P < 0.0001) PIF seedlings susceptibility to M. fijiensis with R2 value of 0.97 (Table 
4) and the most influential variable was the day. The black Sigatoka disease  

 
Table 3. Variance analysis of clam shells treatments effects on the agromorphological characteristics (height, diameter of 
pseudo-stems, foliar surface area of leaves) of plantain PIF seedlings in the shade. 

 Height of shoots (cm)/R2 = 99% Diameter of shoots (mm)/R2 = 99% Area of leaves (mm2)/R2 = 100% 

Source DF F P DF F P DF F P 

Variety 1 2925 < 0.0001 1 720 < 0.0001 1 264,995 < 0.0001 

Treatment 3 1791 < 0.0001 3 738 < 0.0001 3 85,686 < 0.0001 

Day 6 1953 < 0.0001 6 860 < 0.0001 6 271,967 < 0.0001 

Variety*treatment 3 325 < 0.0001 3 86 < 0.0001 3 4349 < 0.0001 

Variety*day 6 69 < 0.0001 6 6 < 0.0001 6 26,040 < 0.0001 

Treatment*day 18 34 < 0.0001 18 6 < 0.0001 18 5942 < 0.0001 

Variety*treatment *day 18 10 < 0.0001 18 5 < 0.0001 18 1191 < 0.0001 

DF is the degree of freedom; F is the value of F test and P is the probability. 
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Table 4. Variance analysis of clam shells treatments effects on the plantain PIF seedlings 
susceptibility to black Sigatoka disease. 

 BSD severity (cm2)/R2 = 97% 

Source DF F P 

Variety 1 70 < 0.0001 

Treatment 3 396 < 0.0001 

Day 9 330 < 0.0001 

Variety*treatment 3 20 < 0.0001 

Variety*day 9 8 < 0.0001 

Treatment*day 27 56 < 0.0001 

Variety*treatment*day 27 2 0 

DF is the degree of freedom; F is the value of F test and P is the probability. 

 

 
Figure 3. Interaction plots (variety, treatment and day) of the clam shells effects on the height 
of plantain PIF seedlings in both varieties (Batard and Big Ebanga) in course of time. Each 
point represents the average mean of three replicates for each treatment. 
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severity was consistently lower in the treated PIF seedlings compared with the 
untreated ones. Hence, two very statistically different groups were distinguished 
between the treated and the untreated PIF seedlings. The difference between the 
level of severity in the controlled condition (SS and SS + CS) and non-controlled 
condition (nSS and nSS + CS) was very weak (Table 1). 

 

 
Figure 4. Interaction plots (variety, treatment and day) of the clam shells effects on the diameter of plantain 
PIF seedlings pseudo term in both varieties (Batard and Big Ebanga) in course of time. Each point represents 
the average mean of three replicates for each treatment. 
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Treatment effect was especially marked for the Big Ebanga variety that had 
seedlings with consistently lower necrotic surface area 42 daw (average value: 
4.80 cm2) compared to the Batard variety (average value: 5.18 cm2) as confirmed 
by the significant interaction (P < 0.0001) between variety and treatment, variety 
and day, treatment and day, although no significant interaction was observed 
between variety, treatment and day (Table 4 and Figure 6).  

 

 
Figure 5. Interaction plots (variety, treatment and day) of the clam shells effects on the plantain PIF seedlings 
leaves surface area in both varieties (Batard and Big Ebanga) in course of time. Each point represents the average 
mean of three replicates for each treatment. 
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Figure 6. Interaction plots (variety, treatment and day) of the clam shells effects on the plantain PIF 
seedlings susceptibility to BSD in both varieties (Batard and Big Ebanga) in course of time. Each point 
represents the average mean of three replicates for each treatment. 

3.2.2. Effect of Clam Shells on Proteins and Polyphenols Accumulation in  
PIF Seedlings 

The treatment and the stage were found to very significantly influence (P < 
0.0001) proteins accumulation (R2 = 0.94) in PIF seedlings while the ones influ-
encing very significantly the polyphenols accumulation (R2 = 0.99) in PIF seed-
lings were the variety, the treatment and the stage (Table 5). The most influen-
tial variable in the accumulation of proteins and polyphenols was the stage for 
the Batard variety and the treatment for the Big Ebanga variety. The proteins  
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Table 5. Variance analysis of clam shells treatments effects on the accumulation of 
proteins and polyphenols in plantain PIF seedlings for both stages (before inoculation 
and after inoculation). 

 
Total proteins  

(mg Eq BSA/g FW)/R2 = 94% 
Total polyphenols  

(mg Eq Cat/g FW)/R2 = 99% 

Source DF F P DF F P 

Variety 1 0 1 1 1459 < 0.0001 

Treatment 3 26 < 0.0001 3 263 < 0.0001 

Stage 1 248 < 0.0001 1 196 < 0.0001 

Variety*treatment 3 7 0 3 163 < 0.0001 

Variety*stage 1 162 < 0.0001 1 19 0 

Treatment*stage 3 1 0 3 3 0 

Variety*treatment*stage 3 1 1 3 6 0 

DF is the degree of freedom; F is the value of F test and P is the probability. 

 
and polyphenols amounts were high in the treated PIF substrates compared with 
the untreated ones regardless of the stage. Hence, two statistically very different 
groups were distinguished between the treated and the untreated PIF seedlings. 
The difference between the amount of proteins and polyphenols accumulated in 
the controlled condition (SS and SS + CS) and non-controlled condition (nSS 
and nSS + CS) was very low (Table 1). 

The stage effect was especially marked for the Batard variety that had seed-
lings with consistent amount of proteins and polyphenols after inoculation 
compared to the amount before inoculation as confirmed by the significant in-
teraction (P < 0.0001) between variety and stage.  

For proteins accumulation, no significant interaction was observed between 
variety, treatment and stage (Table 5, Figure 7 and Figure 8). 

The treatment effect was especially marked for the Big Ebanga variety that had 
seedlings with consistent amount of proteins and polyphenols before and after 
inoculation in the treated seedlings compared to the untreated ones as con-
firmed by the significant interaction (P < 0.0001) between variety and treatment 
(Table 5, Figure 7 and Figure 8). 

The amount of proteins before inoculation in the Batard variety PIF seedling 
was inversely proportional to the one after inoculation regardless of the treat-
ment, while the polyphenols amount was more important in the Big Ebanga va-
riety PIF treated seedling after inoculation (Figure 7 and Figure 8). 

3.3. Pearson Correlation Analysis between the Different Variables 

The patterns found in the scatter plots indicate that the total proteins and total 
polyphenols in the Big Ebanga variety were negatively correlated with the agro-
morphological characteristics (height of shoots, diameter of pseudo-stems and 
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area of leaves) and BSD severity, while in the Batard variety only the total poly-
phenols was negatively correlated with all these variables (Figure 9). Further-
more, a strong positive correlation was found between the agromorphological 
characteristics (height of shoots, diameter of pseudo-stems and area of leaves). It 
was evidenced that height of shoots, diameter of pseudo-stems and area of leaves 
where positively correlated to BSD severity in both varieties; as well as proteins 
content for the Batard variety, poorly linked to these variables. 
 

 
Figure 7. Interaction plots (variety, treatment and day) of the clam shells effects on the plantain PIF seedlings 
accumulation of total proteins in both varieties (Batard and Big Ebanga) and at both stages (before inoculation and 
after inoculation). Each point represents the average mean of three replicates for each treatment. 
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Figure 8. Interaction plots (variety, treatment and day) of the clam shells effects on the plantain PIF 
seedlings accumulation of total polyphenols in both varieties (Batard and Big Ebanga) and at both stages 
(before inoculation and after inoculation). Each point represents the average mean of three replicates for 
each treatment. 

4. Discussion 

It was hypothesized that clam shells treatment could biostimulate the growth of 
plantain PIF seedlings and their susceptibility to black Sigatoka disease. Our data 
confirmed this hypothesis and provided evidence for wide variations in the ger-
mination rate, in the growth characteristics (number of shoots, height of shoots, 
diameter of pseudo-stems, area of leaves, length of roots), in the susceptibility to 

https://doi.org/10.4236/ajps.2019.1010125


C. A. Ewane et al. 
 

 

DOI: 10.4236/ajps.2019.1010125 1782 American Journal of Plant Sciences 
 

BSD, and in the accumulation of total proteins and polyphenols before and after 
inoculation for the treated plantain PIF seedlings as previously shown on differ-
ent plants treated with shells in nursery and/or in the field [8] [9] [19] [20]. 
These positive effects of clam shells treatment was observed the sterile condition 
(SS) and the non-sterile condition (nSS), with less difference between both con-
ditions. Suggesting thus that the treatment could be efficient in sterile condition 
as well as in the non-sterile condition appropriate for the poor small holders 
farmers. However, there is a need to access the effect of clam shells treatment on 
plantain PIF seedlings biomass and dry matter of shoots and roots. 

Such effects of shells or chitin-source treatments on growth promotion and/or 
host resistance have also been reported for other pathosystems such as cocoa/snail 
shells/Phytophthora megakarya [9], tobacco/nanochitin/Fusarium spp. [21], chil-
li/chitosan/Colletotrichum capsica [22], millet/chitosan derivatives/Pyricola grisea 
[23], tomato/crab shells/Fusarium oxysporum [24] and cocoa/oyster shells/P. me-
gakarya [20] through the possible triggering of biochemical pathways associated 
with growth promotion and disease resistance [8] [25] [26]. 
 

 
(a) 
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(b) 

Figure 9. Scatter plots showing positive (red) or negative correlation (blue) but also the strength of the relationship between the 
variables (height of shoots, diameter of pseudo stems, area of leaves, BSD severity, total proteins and total polyphenols) in plantain 
PIF seedlings of the Batard (a) and the Big Ebanga (b) varieties. 

 
Shells, chitin sources and derivatives (chitin and chitosan-based polymers) 

contents chitin, calcium and magnesium carbonate, protein … [10]. It has been 
shown that this content provides excellent protection against diseases and has 
influence on growth promoting components, yield, thousand seeds weight and 
reduced post-harvest disease incidence and percent disease index [8] [22]. Due 
to its high nitrogen content and low carbon-nitrogen ratio (C/N), chitin can be 
directly used as a fertilizer to enhance crop growth [8]. The sufficient nitrogen 
availability in chitin seems to stimulate the seed germination especially in the 
Batard variety, the number of shoots generated notably for the Big Ebanga va-
riety and the seedlings growth of both varieties through its direct role in plant 
nutrition. Clam shells seem to act in the plantain PIF substrate as a biostimulator 
that induces different reactions leading to the accumulation of nutrients impor-
tant for the stimulation of plant growth. 

https://doi.org/10.4236/ajps.2019.1010125


C. A. Ewane et al. 
 

 

DOI: 10.4236/ajps.2019.1010125 1784 American Journal of Plant Sciences 
 

Beneficial effects of clam shells treatment start from the positive modification 
of the soil physicochemical and biological characteristic to the interaction be-
tween the substrate, the plant and the plant microbiome. Indeed, plant roots are 
surrounded by a thin film of soil called the rhizosphere which represents the 
primary location of nutrient uptake, and is also where important physiological, 
chemical, and biological activities are occurring [27]. Moreover, the addition of 
chitin to the soil also improves microbial communities in both the abundances 
and structures [8]. It would be interesting to identify the microbiome of plantain 
PIF substrate amended with clam shells and the potential antagonistic and syn-
ergistic interactions. 

The significant less susceptibility to BSD of the treated plantain PIF seedlings 
compared to the control ones in both varieties 28 days after inoculation (dai) 
have been shown in this study. Bananas are commonly known as being sus-
ceptible to BSD [14] but these two plantain varieties respond to the treatment 
through a less susceptibility to M. fijiensis. The treatment seems to generate a 
tolerance against BSD pathogen, suggesting thus a protective role of clam shells. 
Indeed, the clam shells treatment in the PIF seedlings reaches up to 86.3% and 
87.5% of protection 28 dai respectively in the Batard and the Big Ebanga varie-
ties compared to the control ones in the sterile condition (SS). The less suscepti-
bility observed for the treated plantain PIF seedlings could be due to the fact that 
chitin present in the PIF treated substrate is recognized by specific receptors 
present on the plant cell plasma membrane, such as the pathogen-associated 
molecular pattern (PAMP) receptor and this recognition can activate PAMP- 
triggered immunity that is able to induce defense responses [28], notably sys-
temic acquired defense. This protective effect could probably be effective for 
other potential phytopathogens and need to be accessed. Our results also show 
that the Big Ebanga variety is less susceptible to BSD in the nursery compare to 
the Batard variety. Since the BSD severity increase with the plant ages [29], it 
would be interesting to access this clam shells protective effect on plantain seed-
lings at different ages. 

Some proteins and polyphenols were present in plantain PIF seedling before 
inoculation and were considered constitutive compounds in contrast to de novo 
ones produced after inoculation. The amount of constitutive proteins and poly-
phenols compounds in the Big Ebanga variety is more important than in the 
Batard variety and it rises significantly after inoculation especially for the total 
proteins of the Batard variety. It is known that phenolics compounds have dif-
ferent rates of accumulation depending on whether plant pathogen interaction is 
compatible or incompatible [30], and low level of phenolics is link to diseases 
susceptibility. Therefore, the Big Ebanga has constitutive important pool of pro-
teins and polyphenols that seems to be enough to participate in defense reactions 
and to overcome infection without large amount of de novo synthesis as com-
pared to the proteins in the Batard variety. Our results are in accordance with a 
previous study where a significant improvement in total proteins and phenolics, 
and other compounds was observed when banana plants where fertilized with 
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feather degradation products [31]. 
In the case of Batard variety, a positive correlation was found between the to-

tal amount of proteins before and after inoculation, and all the agromor-
phological variables which are involved in their growth promotion and BSD se-
verity, while it was negative for the total polyphenol’s ones. In the Big Ebanga 
variety, a negative correlation was found between the total proteins and poly-
phenols, and all the variables; it is unfortunately not link to the enhance growth 
characteristic and the BSD severity observed. A lack in this study lies in the fact 
that 28 dai seem to be almost too late for the assessment of the biochemical 
events occurring in plantain PIF seedlings in the first hours and days after in-
oculation and the establishment of infections. Moreover, it cannot be deter-
mined if there was fluctuation in the quantity of proteins and polyphenols be-
tween the stage before inoculation and 28 dai and/or potential positive correla-
tion between the agromorphological characters, BSD severity and the biochemi-
cal compounds accumulated, putting to question, the early biochemical reac-
tions that occurs in plantain PIF seedlings after inoculation with M. fijiensis. 

The treatment of PIF substrate with 1% clam shells for both varieties seems to 
have induced the synthesis of polyphenols which act either as chemical or 
physical barriers to M. fijiensis. Indeed, plant antifungal metabolites are pre-
formed inhibitors that are constitutively produced in healthy plants (phytoan-
ticipins), or they may be synthesized de novo in response to pathogen attack or 
various non-biological stress factors [28] [32]. Our data confirmed results of ear-
lier studies, which found an increase in phenolics identified in banana tissues, 
considered as chemical or physical barriers and they play key roles in the defense 
against pathogens infection [33] [34] [35] [36]. The important phenolic content 
of plantain PIF seedlings treated with 1% clam shells especially for the Big 
Ebanga variety could thus be explained by the fact that they behave as markers of 
resistance to diseases. Therefore, they could be part of the biochemical response 
of the mechanism involved in the less susceptibility of treated plantain PIF seed-
lings to BSD. 

Clam shells treatment has promoted growth and induced PIF seedlings resis-
tance against M. fijiensis and this could be effective through his indirect role in 
plant as for plant-growth promoting rhizobacteria (PGPR). The direct mecha-
nism of PGPR include the synthesis of many secondary metabolites, hormones, 
cell-wall-degrading enzymes, and antioxidants that assist the plant in its defense 
against pathogen attack, while indirectly it includes the stimulation of plant 
growth and the induction of acquired systemic resistance [27]. Therefore, there 
is a need to access the physiological mechanism involves in clam shells effect on 
growth promotion and protection against diseases in plantain PIF seedlings. 

5. Conclusion 

In the level of the greenhouse and shade (nursery), our 1% clam shells treatment 
enhances efficiently plantain PIF seedlings vigor and can thus reduce signifi-
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cantly mortality in the fields level. Our results have shown that clam shells 
treatment is able to play a dual role (biofertilizer and biopesticide) in plant 
growth positive regulation and improved defense responses on plantain PIF 
seedlings against phytopathogens in terms of germination rate, number of 
shoots, length of shoots, diameter of pseudo-stems, area of leaves, BSD severity, 
proteins and polyphenols accumulation. It would be interesting to investigate 
the biochemical and molecular mechanisms involved in clam shells growth 
promotion and induced resistance against pathogens, as well as set up fields tri-
als to understand the bioactivity of clam shells notably possible synergistic and 
antagonistic interactions. Hence, this study should be the starting point of the 
improvement of plantain PIF seedlings quality in terms of growth and less sus-
ceptibility to diseases. 
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