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Abstract
The organic nutrient is considered an excellent soil amendment for soil quality and productivity and is more eco-friendly than 

chemical fertilizers. Improved banana propagation techniques, such as corm and tissue culture, increase banana production and 
quality more than traditional methods. The present study was undertaken to determine the performance of planting materials and 
organic and inorganic sources of nutrients on the growth, yield, and quality of banana. The two factors experiment consisted of two 
planting materials of banana, tissue culture plantlet (P1), corm (P2), and sources of nutrients; cowdung (M1), vermicompost (M2), 
spent mushroom compost (M3) and inorganic fertilizers (M4); which were outlined in a randomized Complete Block design with 3 
replications. The banana plants propagated through corm demonstrated superior yield and quality characteristics. Furthermore, 
vermicompost is the most effective nutrient source, enhancing yield and quality parameters of banana.  Maximum number of fingers 
(150.7), yield/plant (22.45 kg), total soluble solid (23.11) reducing sugar (17.38%), and total sugar (26.96%) were found in P2M2 

treatment. In view of overall performance, this study suggests that corm as a planting material and vermicompost as a potential 
source of nutrients for banana production. 
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Introduction

The lack of suitable planting material is the main barrier to the 
growth of banana farming. Suckers are used in vegetative propa-
gation for more than 95% of bananas [1]. This is typically a long 
procedure that results in fewer planting materials contaminated 
with soil-borne diseases, insect pests, and nematodes. Further-
more, transplanting contaminated material frequently spreads 
illnesses and reduces the lifespan of crops [2]. Furthermore, new 
techniques are needed to meet the demands because traditional 
ways of propagating bananas are inadequate to produce the vast 
numbers of genetically superior individuals needed by cultivar de-
velopment programs [3]. Under the above circumstances, macro 
propagation (corm) and tissue culture banana have been proposed 
as suitable planting materials for producing vast quantities of 
high-quality bananas.

Banana is a heavy nutrient feeder, requiring substantial amounts 
for growth and development [4]. Inorganic fertilizers were used to 
provide the majority of banana’s nutrient requirements. In addi-
tion to their negative impact on soil, inorganic fertilizers have a 
detrimental influence on the quality of fruit [5]. However, apply-
ing both organic and inorganic sources of nutrients has the benefit 
of releasing nutrients gradually and consistently while preserving 
the optimal C: N ratio, improving the soil profile’s ability to store 
water, and increasing the microbial biomass [6]. fruits that were 
harvested from plants that received organic matter had higher TSS 
and ascorbic acid, were firmer, had lower acidity, and an attractive 
color [7]. They also had a better quality and increased marketable 
fruit yield up to 58.6%. Some research has revealed that organic 
manures improve fruit quality and post-harvest life when com-
pared to inorganic nutrient sources in bananas [8]. 
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Banana (Musa x paradisiaca) is a well-known sweet fruit en-
joyed by people of all ages. It is very nutritious and a good source 
of energy (89 kcal/100g) [9]. Banana farming is a popular agri-
cultural practice in Bangladesh all year round. Planting materi-
als and fertilization methods have a significant impact on banana 
yield and quality [10]. A total of 8, 33, 309 metric tons of bananas 
were produced in Bangladesh in 2018–2019 from farmed areas of 
about 48,849 hectares [11]. Several researches have examined the 
impact of organic and inorganic fertilizers on banana growth, pro-
duction, and quality. However, there are far fewer studies on plant-
ing material and fertilizer for banana production in Bangladesh. 
Exploring the impacts of fertilizer and planting material, as well 
as completing a full evaluation, is required for sustainable banana 
production practices.  

As a result, the purpose of this study is to assess the effective-
ness of planting materials as well as the impact of both organic 
and inorganic nutrient sources. This assessment will be based on a 
thorough analysis of the morphological and physiological charac-
teristics of the plant, as well as its photosynthetic pigment, yield, 
and quality features.

Materials and Methods
Plant materials and soil properties 

The experiment took place in the Horticulture Farm, Sher-e-
Bangla Agricultural University, Dhaka 1207, Bangladesh, from 
March 2020 to April 2021. The banana variety BARI kola-1 was 
planted in pits measuring 60 cm x 60 cm x 60 cm, with a spacing 
of 1.5 m x 1.5m. To measure soil pH, organic matter content, and 
macro and micro nutrients, composite soil samples were obtained 
from the experimental field and examined at the Soil Resource De-
velopment Institute (SRDI), Soil Resource Development Institute 
(SRDI), soil testing laboratory in Dhaka, Bangladesh. 

Parameters Soil
pH 6.0

Organic matter (%) 2.10
N (%) 0.13

P (µg/g soil) 13.58
S (µg/g soil) 92.87

K (mEq/100g soil) 0.10
Ca (mEq/100g soil) 17.8
Mg (mEq/100g soil) 2.20

Be (µg/g soil) 0.64
Cu (µg/g soil) 2.42
Fe (µg/g soil) 51.52
Zn (µg/g soil) 6.69
Mn (µg/g soil) 8.47

Table 1: Chemical properties of soil collected from the 
experimental site.

Treatments and experimental design
The treatments consisted of two factors: planting materials- tis-

sue culture plantlet (P1) and corm (P2) and organic and inorganic 
fertilizers- cowdung (M1) @ 60 kg per plant, vermicompost (M2) @ 
20 kg per plant, spent mushroom compost (M3) @ 30 kg per plant, 
inorganic fertilizers (M4) @ 780 g Urea: 720 g TSP: 1000 g MP per 
plant.. The experiment was set in a randomized complete block de-
sign with 3 replications and 8 treatments were used in this experi-
ment.

Quantities of organic and inorganic fertilizers
N, P and K were applied in the form of Urea, TSP and MP re-

spectively. Inorganic fertilizers were applied @ 780 g urea, 720 g 
TSP and 1000 g MP respectively per pit. Organic manures @ 60 kg 
cowdung, 20 kg vermicompost and 30 kg spent mushroom com-
post were applied per pit at 10-15 days before planting of corm and 
tissue culture plantlets. The amount of organic manures required 
were calculated as per the available nitrogen content in the organic 
source as in Table 2 and were applied as per the treatments. Calcu-
lated quantities of cowdung, vermicompost and spent mushroom 
compost were applied during pit preparation as basal application 
followed by light irrigation. Full amount of TSP were applied as 
basal dose during pit preparation. Urea and MP were applied in 
four splits as top dressing around the plants and mixed thoroughly 
with soil followed by irrigation. The first top dressing were done 
after 2 months of plantings and continued at every two months and 
last top dressing of urea and MP were done after the emergence of 
inflorescence.

Organic manures
Nutrient %

N P K
Cow dung 0.7 0.8 1.2

Vermicompost 2.6 1.8 1.4
Spent mushroom compost 1.2 0.6 1.3

Table 2: Nutrient composition of organic manures.

Source: Soil Resource Development Institute (SRDI).

Measurement of morphological and physiological traits
Pseudo-stem length, number of leaves, pseudo-stem diameter 

of banana was measured during harvesting stage. Pseudo-stem 
height was measured from the base of the pseudo-stem to the 
base of the peduncle, number of leaves per plant was determined 
by manual counting and pseudo-stem diameter was measured at 
30 cm above the ground level and expressed in centimeter (cm) 

Citation: Shormin Choudhury., et al.  “Effect of Planting Materials and Sources of Nutrients on Growth, Yield and Quality of Banana". Acta Scientific 
Agriculture 8.6 (2024): 43-51.



45

Effect of Planting Materials and Sources of Nutrients on Growth, Yield and Quality of Banana

through the measuring tape. The chlorophyll content of the first 
fully opened leaves was measured using a SPAD-502 chlorophyll 
meter (Minolta, Tokyo, Japan). In each treatments, measurements 
were taken from the middle of the leaf lamina of five randomly cho-
sen plants.

Measurement of yield and yield contributing parameters
Days to inflorescence initiation (visual observation) was count-

ed the days from the date of corm and tissue culture plantlets 
planting and days to maturation was counted the days after inflo-
rescence initiation of banana. First hand to last hand length was 
measured from the first hand at the top up to last hand through 
measuring tape. The number of total fingers was recorded by 
counting all the fingers in each bunch and the average number of 
fingers per bunch were calculated and expressed in number. Af-
ter harvesting of the bunch, the fingers were separated from the 
bunch carefully with the help of knife and finger weight was mea-
sured by taking weight of six individual fingers on electric balance 
and average fruit weight was calculated and expressed in grams.

Measurement of quality parameters 
Total Soluble Solids (TSS) Content

The TSS concentration of bananas was determined using a digi-
tal refractometer (MA871; Bucharest, Romania). A drop of banana 
pulp was put on the refractometer prism. The refractometer indi-
cated total soluble solids. 

pH Determination 
Individual treated banana fruit juices were filtered individually, 

and pH was determined with a digital pH meter (HI 2211, Bucha-
rest, Romania). 

Total sugar content
The Phenol-sulfuric acid method was used to determine the to-

tal sugar content of banana pulp [12]. Thus, 5 gm of ripened fruit 
was with 45 ml 80% ethanol, transferred to 100 ml beaker. Then, 
it was heated for 15 minutes in water bath at 80⁰C. After cooling 
for few minutes, the solution was filtered into 100 ml volumetric 
flask and made volume up to the mark with distilled water. After 
that, 0.2 ml supernatant and 0.8 ml distilled water were taken in a 
test tube. Subsequently, 1 ml phenol and 5 ml H2SO4 were added to 
the mixture rapidly and shaken well. After 10 minutes of shaking, 
the content was placed in water bath at 25-30⁰C for 20 minutes 
for color development. The reading was recorded with the spec-
trophotometer at a wavelength 490 nm and results were obtained 
from the standard curve.

Reducing sugar content
The dinitro-salicylic acid technique was used to measure the re-

ducing sugar content of banana pulp [13]. Thus, 5 gm of fruit was 
with 45 ml of 80% ethanol transferred to 100 ml beaker. Then, it 
was heated for 15 mints in water bath at 80⁰C. After cooling for few 
mints, the solution was filtered into 100 ml volumetric flask and 
made volume up to the mark with distilled water. After that, 3 ml of 
extract was taken into test tube and added 3 ml of DNS reagent. Af-
ter mixed well, the solution was heated in water bath for 15 mints. 
After color development, 1 ml of 40% Rochelle salt was added at 
warm condition. Subsequently, the solution was cooled under tape 
water. Light absorption was recorded with the spectrophotometer 
at wavelength 540 nm for green, 510 nm for red, 575 nm for yellow.

Statistical analysis 
The collected data were statistically analyzed by SPSS software. 

When P < 0.05, the value was deemed statistically significant. The 
mean ± SE of the replicates was used to present all the results. 

Results and Discussion 
Morphological and physiological parameters

Pseudo-stem length was significantly affected by the planting 
materials and nutrients. Maximum pseudo-stem length was re-
corded in P2M2 (185.2 cm) treatment combination which was sig-
nificantly superior from all other treatments and minimum (155.2 
cm) was found in P1M1 treatment combination. This result obtained 
from this study was similar with the result of [14] who reported 
that the growth characteristics (plant height) raised from mother 
corm were significantly better than those banana plants raised 
from tissue culture plants. Pseudo-stem length of banana signifi-
cantly affected by the fertilizers treatment during harvesting stage. 
This might be due to the ability of humic acids present in vermi-
compost to act as plant growth regulators which could contribute 
significantly to enhancement of pseudo-stem height of banana [15].

Number of leaves was found statistically significant by com-
bined effect of planting materials and nutrients. Maximum number 
of leaves was counted in P2M2 (13.00) and the lowest (9.33) in P1M4 
treatment. This could be because corms have a higher concentra-
tion of stored food material than tissue culture plantlets. [16] had 
previously found similar results in terms of leaf count. The number 
of leaves was increased in M2 due to the presence of plant growth 
regulating substance in vermicompost. Moreover, it improves soil 
biological function which increases nutrient availability thereafter 
enhanced plant growth [17].
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Treatments Pseudo-stem length (cm) Number of leaves Pseudo-stem diameter (cm) SPAD value
P1M1 155.17f 10.33 e 60.00 cd 46.56 ab
P1M2 167.83 d 12.00 b 65.33 b 47.00 ab
P1M3 170.83c 11.00 cde 59.16 cd 44. 17 b
P1M4 161.83 e 9.33 f 55.00 e 43.60 b
P2M1 162.17e 11.67 bc 66.50 b 46.30 ab
P2M2 185.17 a 13.00 a 71.00 a 49.15 a
P2M3 179.33 b 11.33 bcd 61.50 c 46.30 ab
P2M4 170.33 c 10.67 de 57.00 de 46.80 ab
CV% 0.36 3.97 3.51 4.54

LSD0.05 1.0531 0.7761 3.80 3.67

Table 3: Effect of Planting materials and sources of nutrients on morphological and physiological parameters of banana.
zMeans within columns followed by different letters are significantly different according to Duncan’s multiple range tests at p < 0.05 (n 
= 9). P1 = Tissue culture plantlet, P2 = Corm, M1 = Cowdung, M2 = Vermicompost, M3 = Spent mushroom compost, M4 = NPK. Means with 

different letters significantly differ at 5% level of LSD.

The maximum pseudo-stem diameter was found in P2M2 
(71.00cm) treatment and minimum was found in P1M4 (55.00cm) 
treatment. Corm propagated plants exhibited considerably larger 
pseudo-stem diameters. This could be attributed to increased 
availability of photosynthates as a result of faster growth rates of 
vegetative plant parts following corm treatment. These results are 
consistent with those reported [18]. Vermicompost-treated plants 
had the largest pseudo-stem diameter. In this study, pseudo-stem 
diameter was assessed during the harvesting stage, and vermi-
compost-treated plants exhibited a statistically superior pseudo-
stem iameter compared to all other treatments. The treatment of 
the pseudo-stem with vermicompost may have improved the phys-
ical properties of the soil, increased nutrient uptake, and activated 
microorganisms, which showed up as increased growth and higher 
production of carbohydrates [19].

P2M2 (49.15) treatment had the highest SPAD value during 
harvesting stage and lowest was found in P1M4 (43.60) treat-
ment combination. Compared to tissue culture seedlings, bananas 
grown from corms have more reserved food and have absorbed 
more sunlight. These results support the gladiolus research con-
ducted [20]. Maximum SPAD value was observed in vermicompost 
treated plants. Vermicompost application increased the mineral 
uptake, such as, nitrogen and phosphorus [21]. N is the primary 
ingredient of chlorophyll, proteins, and amino acids, and increas-
ing N availability accelerates their synthesis [22]. Vermicompost 
includes both major and micronutrients, which contributed to the 
increased chlorophyll levels. Increase in SPAD value on account of 

vermicompost application is in accordance with the previous ob-
servations of [23].

Yield contributing parameters
Days to inflorescence initiation

Longest period was required for P2M2 (234.9 days) treatment 
combination whereas shortest period for P1M1 (204.9 days) treat-
ment combination for inflorescence initiation. The shorter crop 
cycles associated with tissue culture plants may have resulted from 
the earlier inflorescence initiation in these plants, which may have 
been caused by their quicker development as compared to corm 
propagated plants, [1].

Length of inflorescence (cm)
P2M2 (154.0 cm) had the maximum inflorescence length and 

minimum was found in P1M3 (110.8cm) treatment combination. 
P2M2 and P1M3 were significantly different from each other. This 
suggests that corm-propagated bananas develop more quickly than 
tissue-cultured plants. Inflorescence length may be associated with 
the beneficial effects of vermicompost and microorganisms on root 
surface area per unit soil volume, water use efficiency, and photo-
synthetic activity [24]. This parameter has a direct effect on physi-
ological processes and carbohydrate utilization [25].

Total no. of hands
The maximum number of hands was found in P2M2 (10.33) 

whereas minimum hand numbers was counted in P1M3 (6.00). 
P2M2 treatment combination was statistically superior from all 
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other treatment combination. The reason for this could be that 
while tissue-cultured plants are very delicate and difficult to 
establish in the field, corm-propagated plants are more suited to 
the environment because they are photo synthetically active and 
produce more bunches and hands [26]. Vermicompost-treated 
plants had the greatest number of hands among all the fertilizers. 
The increased number of hands in vermicompost treatment 
may be linked to a rise in the level of quickly converted available 
forms of important micro and macronutrients in the presence 
of either dead or living worms, resulting in higher yield metrics. 
Vermicompost also improves physical and chemical soil structure, 
as well as water uptake, which leads to increased plant growth 
and production. The current findings are consistent with those 
published [27] in banana.

Total no. of fingers
The combined effects of fertilizers and planting materials 

caused a substantial variation in the total number of fingers. The 
total number of fingers was greatly enhanced by the treatment 
combination P2M2 (150.7), whereas P1M3 (109.0) had the least 
number of fingers. Certainly, the leaves generate photosynthates 
that are used to grow the reproductive organs as a place to store 
energy for future reproduction. The quantity of leaves on a banana 
plant determines the weight, size, and features of the fingers [28]. 
According to the findings, bananas propagated via corms had the 
most leaves during the harvesting stage, which led to the produc-
tion of more photosynthates and an increase in the number of fin-
gers. Increased N levels may be the cause of the effect of vermi-
compost on the number of fingers. Microbial activity during the 
addition of vermicompost promotes greater root expansion, which 

in turn promotes greater uptake of nutrients, water, and photosyn-
thesis rate, ultimately increasing the total number of fingers [29].

Individual fruit weight (g)
Maximum fruit weight of banana per plant was recorded in P1M2 

(161.2g) whereas minimum was found in P2M3 (126.5g). Tissue 
culture plants already have numerous leaves when planted. Tissue 
culture plants have higher leaf area, resulting in an enhanced active 
photosynthetic rate and dry matter accumulation rate, and hence 
increased banana fruit weight [30]. Individual fruit weight signifi-
cantly affected by the fertilizers treatment. Vermicompost has a 
high nutrient content, which leads to increased uptake of NPK nu-
trients, allowing the plant to obtain appropriate food and nutrients, 
perhaps increasing fruit weight [31].

Yield/plant (kg)
Significant variation was found on yield per plant of banana due 

to combined effect of planting materials and nutrients. Maximum 
yield per plant (22.45 kg) was recorded from the treatment combi-
nation P2M2 which was significantly superior over the other treat-
ment combinations whereas the minimum yield per plant (14.73 
kg) was found from P1M3 treatment combination which was statis-
tically identical to P2M3 treatment combination. The vigorous and 
rapid growth seen in plants propagated from corms could be attrib-
uted to their effective utilization of the initial stored food resources, 
consequently leading to an enhanced yield [32]. The beneficial im-
pact of incorporating vermicompost into agricultural practices has 
been documented in bell peppers [33], and eggplants [34],aligning 
with our findings. This can be attributed to the nutrient-rich com-
position of vermicompost, containing essential macro and micro-
nutrients, enzymes, and growth hormones, all of which contribute 
to enhancing plant growth and fruit yield [35]. 

Figure 1: Banana fruits are grown with different propagating materials and fertilizers.
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Quality parameters
Total soluble solid (TSS)

The highest content of TSS was found in P2M2 (23.11%) treat-
ment combination and lowest TSS content was recorded in P1M4 
(18.00%). Total soluble solid was higher in corm propagated 
plants due to increased assimilate translocation and mobilization, 
resulting in sweeter fruits [36]. On the other hand, the increased 
total soluble solid content was caused by the addition of various 
organic manures to the soil and, as a result, to plants, which may 
have improved glucose biosynthesis and translocation into fruits 
[37].

pH
The treatment combination P2M1 (5.32) increased the pH val-

ues whereas minimum was recorded in P1M4 (4.62). P2M1 signifi-
cantly different from the all other treatment combination. The 
high pH in corm-propagated plants was most likely caused by 
an increase in organic acid content in the fruits. The addition of 
cowdung increased the water-soluble organic carbon. Vitamin C, 
pH, and soluble sugar concentration in fruit were all significantly 
positively linked with water-soluble organic carbon, showing that 
adding vermicompost and cowdung could improve banana fruit 
quality [38].

Total sugar (%)
The combination treatment P2M2 (26.96%) had the highest to-

tal sugar concentration, while P1M4 (21.24%) had the lowest total 

Treatments Days to inflorescence 
initiation

Length of inflo-
rescence (cm)

Total number 
of hands

Total number of 
fingers

Individual fruit 
weight (g)

Yield/plant.
(kg)

P1M1 204.9d 137.3 bc 6.33 de 113.7 f 149.5 c 16.99 e
P1M2 219.0 bc 132.3 c 7.33 c 129.3 c 161.2 a 20.84 b
P1M3 208.8 cd 110.8 f 6.00 e 109.0 f 135.2 f 14.73 f
P1M4 210.9 cd 116.0 ef 6.67 d 125.7 d 156.3 b 19.65 c
P2M1 225.0 ab 143.8 ab 7.67 c 130.7 c 142.2 de 18.58 d
P2M2 234.9 a 154.0 a 10.33 a 150.7 a 149.0 d 22.45 a
P2M3 234.0 a 121.3 de 7.33 c 116.7 e 126.5 g 14.76 f
P2M4 231.0 ab 128.1 cd 9.00 b 143.3 b 145.0 e 20.78 b
CV% 3.31 4.76 4.88 1.39 0.92 1.46

LSD0.05 0.427 10.86 0.64 3.10 2.33 0.48

Table 4: Effect of Planting materials and sources of nutrients on yield contributing    parameters of banana
zMeans within columns followed by different letters are significantly different according to Duncan’s multiple range tests at p < 0.05 (n 
= 9). P1 = Tissue culture plantlet, P2 = Corm, M1 = Cowdung, M2 = Vermicompost, M3 = Spent mushroom compost, M4 = NPK. Means with 

different letters significantly differ at 5% level of LSD.

sugar content. Different planting materials were found to consider-
ably alter the total sugar content [39]. Higher sugar content and 
better fruit quality may be attributed to the increased availability 
of nutrients, particularly exchangeable potassium, which is made 
more readily available by vermicompost. According to [40], po-
tassium played a significant role in the synthesis of proteins, the 
breakdown and translocation of starch, the synthesis of carbo-
hydrates, and the neutralization of organic acids that are vital to 
physiological processes.

Reducing sugar (%)
The combination of planting materials and fertilizers had a 

considerable impact. The P2M2 treatment combination (17.38%) 
had the highest reducing sugar content, while the P1M4 treatment 
combination (11.88%) had the lowest reducing sugar content. The 
differences in reducing and non-reducing sugar content of bananas 
were caused by varietal differences and the use of different plant-
ing materials [41]. 

Fertilizers showed significant differences in the reducing sugar 
content of banana. The maximum reducing sugar concentration 
was discovered in vermicompost-treated plants. The availability of 
nitrogen from vermicompost may have boosted leaf area and as-
similate synthesis, hence increasing photosynthesis rate. Such ef-
fects have been related to an increase in the rate of photosynthetic 
product translocation from leaves to developing fruits, resulting in 
increased reducing sugars in bananas. These findings are consis-
tent with [42].
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Treatments TSS (°Brix) pH Total sugar (%) Reducing sugar (%)
P1M1 20.22 d 4.80 d 23.44 d 14.85 bc
P1M2 21.55 c 5.08 b 25.58 ab 14.84 bc
P1M3 22.86 ab 4.77 de 21.62 e 13.10 e
P1M4 18.00 e 4.62 e 21.24 e 11.88 f
P2M1 22.33 b 5.32 a 25.30 bc 15.03 b
P2M2 23.11 a 5.00 bc 26.96 a 17.38 a
P2M3 21.33 c 4.98 bc 23.76 cd 14.32 c
P2M4 20.16 d 4.87 cd 24.39 bcd 13.74 d
CV% 2.14 1.74 3.94 2.42

LSD0.05 0.794 0.149 1.65 0.609

Table 5: Effect of planting materials and sources of nutrients on quality attributes of banana.
zMeans within columns followed by different letters are significantly different according to Duncan’s multiple range tests at p < 0.05 (n = 

9). P1 = Tissue culture plantlet, P2 = Corm, M1 = Cowdung, M2 = Vermicompost, M3 = Spent mushroom compost, M4 = NPK.

Conclusion
Regard as the above results, planting materials and nutrients 

significantly influenced growth, yield and quality of banana. Ba-
nana treated with vermicompost had the highest total soluble sol-
id, reducing sugar and total sugar content. Additionally, yield and 
quality parameters showed best results in corm propagated banan-
as. Finally, it can be concluded that, the results of this study offer 
fundamental insights that can be utilized to enhance both yield and 
quality of banana.
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