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REVIEW ON IMPROVEMENT OF BANANA QUALITY AND YIELD

Abstract:-

The review paper, "Improvement of Banana Quality and Yield," delves into strategies and
practices essential for enhancing banana crop productivity and quality. Beyond securing food
sources, the focus extends to sustaining farmer livelihoods and meeting global market
demands. The paper covers recommended cultivation practices, disease and pest
management, and underscores the importance of continuous learning and adaptation for
enduring success in banana farming. By implementing these measures, banana growers can
significantly elevate the quality and yield of their crops. The paper emphasizes the broader
impact of these improvements, contributing not only to the prosperity of farmers but also
ensuring the availability of high-quality bananas for consumers globally. Ultimately, the
comprehensive approach outlined in the paper seeks to foster a sustainable and thriving

banana industry, addressing the needs of both producers and consumers.
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Introduction:

Bananas, deemed one of the most vital tropical fruit trees, stand as the fifth most crucial
agricultural crop in global trade, serving as a major export commodity and primary income
source across Latin America, Africa, and Asia (Aurore et al., 2009). In the realm of tropical
and subtropical agriculture in southern China, banana planting takes precedence. Despite this,
China's average banana productivity in 2019 was a mere 33.4 t ha—1, representing roughly
half of the highest global productivity. Numerous environmental factors, particularly
prevalent in highly weathered acid soils, act as constraints on banana productivity. These
soils are characterized by acidic pH, low organic matter content, and inadequate phosphorus
(P) availability in tropical and subtropical regions (Guo et al., 2019). Moreover, unsuitable
fertilization practices, including the excessive use of chemical fertilizers, are commonplace in
banana production. Regrettably, these practices have significantly contributed to soil

degradation, water eutrophication, limitations in nutrient absorption, and imbalances in



biodiversity, posing threats to the ecosystem services of banana plantations and, ultimately,
jeopardizing environmental quality and human health (Kumar et al., 2018). In addition to
environmental concerns, inappropriate fertilization practices also lead to diminished disease
resistance in banana plants, resulting in decreased productivity and quality (Zhong and Cai,
2007; Zhang et al., 2019). Consequently, the development of suitable fertilization practices

becomes imperative to address the current challenges facing banana production.

Crop Nutrition and Banana Quality

Biofertilizers:- Biofertilizers consist of living or latent cells of efficient strains of
agriculturally beneficial microorganisms, aiding in the enhancement of nutrient availability
and uptake by plants when introduced into soil or seeds (Richardson et al., 2009; Giri et al.,
2019). The application of biofertilizers is not only crucial for reducing the need for inorganic
nutrients or organic manures but also for fostering a positive impact on soil flora and fauna.
Inoculating crops with nitrogen-fixing microorganisms before sowing has been shown to
improve nodulation and nitrogen fixation, leading to increased growth and grain vyield.
Predominantly found in a-proteobacteria, six genera, namely Rhizobium, Allorhizobium,
Bradyrhizobium, Mesorhizobium, Sinorhizobium (formerly Ensifer), and Azorhizobium,
contribute to nitrogen fixation. Additionally, [-proteobacteria such as Burkholderia and

Ralstonia have been reported to possess nitrogen-fixing capabilities (Sawada et al., 2003).

Studies on specific strains illustrate the positive effects of biofertilizers. For instance,
Rhizobium meliloti RMP3 and RMP5 significantly improved seed germination, seedling
biomass, nodule number, and nodule fresh weight in groundnut (Arora et al., 2001). Another
study by Verma et al. (2013) demonstrated increased nodulation, root and shoot dry weight,
grain and straw yield, and nitrogen and phosphorus uptake in chickpea when treated with
Mesorhizobium sp. BHURCO03 and Pseudomonas aeruginosa BHUPSBO02. Similarly, the
application of Rhizobium laguerreae strain PEPV40 was found to enhance leaf number, size,

weight, chlorophyll, and nitrogen contents in spinach (Jimenez-Gomez et al., 2018).

Moreover, the use of phosphate-solubilizing microorganisms (PSM) contributes to a more
sustainable and environmentally friendly approach by reducing the need for expensive
phosphatic fertilizers. Viruel et al. (2014) reported that Pseudomonas tolaasii IEXb
significantly stimulated various growth parameters in maize. In another study, Garcia-Lopez
et al. (2015) observed increased total phosphorus content and uptake in cucumber with the

application of Trichoderma asperellum T34. Furthermore, co-inoculation of P-solubilizers
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with other beneficial bacteria or mycorrhizal fungi enhances phosphorus-solubilization
efficiency. Franco-Correa et al. (2010) demonstrated that treating clover with Streptomyces
MCR9 and Glomus sp. significantly increased shoot and root biomass and mycorrhizal root
length. Additionally, the inoculation of Pantoea agglomerans and Burkholderia anthina
enhanced shoot and root length, shoot and root dry matter, and phosphorus uptake in mung
beans (Walpola and Yoon, 2013).

Chemical Fertilizers:- Banana, being a high-demanding crop, requires substantial quantities
of nitrogen and potassium, followed by phosphorus, calcium, and magnesium for optimal
growth, yield, and biomass production (Purabi, 2017). These essential nutrients are typically
supplied through inorganic chemical sources in the soil. Nitrogen, a crucial component of
amino acids and nucleic acids, plays a central role in plant metabolism. While plants rely on
combined or fixed forms of nitrogen, such as ammonia and nitrate, as they cannot utilize
atmospheric nitrogen, its primary contribution in bananas is associated with promoting robust
vegetative growth. Although nitrogen is evenly distributed throughout the plant, its highest
concentration is typically found in suckers and leaves (Thangaselvabai et al., 2004).
Potassium is another vital nutrient in banana production due to its significant accumulation in
both fruit and plant tissues. Adequate potassium fertilization not only boosts growth and yield
but also enhances fruit quality, overall plant physiology, and resistance against biotic and
abiotic stresses. Potassium catalyzes critical reactions like respiration, photosynthesis,
translocation of photosynthates, chlorophyll formation, and water regulation in banana
(Kumar et al., 2020). Given the high demand, banana requires a substantial quantity of
potassium for optimal growth and development up to the flowering stage. In contrast, the

phosphorus requirement for bananas is comparatively lower than nitrogen and potassium.

Phosphorus has a positive impact on the young root system, stimulating growth. However,
excessive phosphorus application can have adverse effects on the number, weight, and size of
banana fingers. Studies on integrated nutrient management (INM) practices have
demonstrated positive effects on banana production. For instance, Azospirillum inoculation
combined with 100% nitrogen application enhanced various growth parameters and nutrient
contents in leaves of banana cv. Poovan compared to plants receiving nitrogen alone. Other
studies have highlighted the positive impact of organic manures, biofertilizers, and inorganic
fertilizers on banana growth and leaf nutrient contents in different stages of development. To
illustrate, the combined application of organic manures (FYM, vermicompost, and neem

cake), biofertilizers (VAM, Azospirillum, PSB, and Trichoderma harzianum) with inorganic

3



fertilizers improved leaf nutrient contents and overall growth parameters in banana.
Additionally, a balanced application of 80% recommended dose of fertilizer (RDF) in
inorganic form, along with 20% RDF in organic form and biofertilizers, exhibited positive
effects on plant height, pseudostem girth, and nutrient concentrations in banana leaves at

various stages of growth (Pujari et al., 2010; Hussain et al., 2015).
Increase banana yield

Optimal banana yields are achieved on well-drained soils that allow for effective water
drainage, preventing water limitations. Thorough soil preparation prior to planting, coupled
with maintaining an optimum pH, ensures robust root development and the ready availability
of nutrients. Returning crop residues as mulch serves a dual purpose, acting as both a
protective layer and a valuable nutrient source. Careful selection of banana cultivars and
appropriate spacing, tailored to the site and climate, is crucial to maximize environmental
conditions and achieve peak banana yields (Mustaffa et al., 2012). Effective control of
salinity in the root environment and efficient water supply management are essential for
maximizing banana growth and ensuring optimal nutrient availability. Fertilizer nutrition
plays a vital role in achieving high banana yields. Managing wind impact is crucial, as strong
winds can tear leaves and compromise photosynthetic activity, leading to potential damage
and destruction of plantations. The shallow-rooted nature of many banana crops exacerbates
the problem, necessitating the use of windbreaks and supports to minimize crop damage.
Additionally, hail poses a threat in subtropical regions, causing damage to leaves and
adversely affecting fruit quality and storage viability (Nyombi, K. 2020).

Addressing crop nutrition is key to enhancing banana yield. Nitrogen and potassium play
pivotal roles in promoting leaf, pseudostem, and sucker growth, optimizing flowering, fruit
set, and fill, ultimately impacting yield potential. However, excessive nitrogen use can
weaken the pseudostem, increasing vulnerability to storm damage and bunch drop (Islam et
al., 2020). Potassium, while critical for banana yield, requires careful management to avoid
inducing calcium and magnesium deficiencies, which can negatively impact overall
productivity. The peak demand for potassium coincides with the flowering stage. Phosphorus
is essential for early growth, rooting, flowering, and fruit set, while calcium ensures vigorous
root, leaf, and sucker development, contributing to high yields. Magnesium and sulfur

directly influence yield by increasing the number and weight of fruits per bunch. The poor



availability of micronutrients hampers plant growth, particularly productive leaf area,

resulting in reduced bunch weight and overall yield (Sun et al., 2020).
Influence bunch weight in banana production:-

Applied nitrogen is used for dry matter production and yield, including bunch weight in
banana. The use of nitrate-nitrogen, compared to largely urea-based sources, maintains good
uptake and availability of other nutrients e.g., calcium, magnesium and potassium. Trails
confirm that where nitrate-nitrogen sources are predominantly used, banana bunch weights
are higher. In trails, calcium nitrate increases root and sucker development through raising
soil and leaf Ca-supplies. This research also confirms reduced risk of root disease and direct
increases in leaf size form use of calcium nitrate. This improved vegetative development

increases the mean bunch weight in banana (Masters, B. L. 2019).
Magnesium

Magnesium significantly influences the weight of banana bunches. In cases of deficiency,
plant growth is adversely impacted, leading to a decline in the uptake of potassium and
calcium. Consequently, this deficiency results in an overall reduction in banana yield
(Prabhakar, N. 2015).

Boron and Copper

Experiments investigating the impact of boron, sometimes in conjunction with copper,
indicate that both micronutrients contribute positively to growth, resulting in enhanced
banana bunch weight. In the case of boron deficiency, it can impede bunch development,
leading to poor outcomes. Despite copper being required in minimal amounts (less than 1%
of the manganese rate), these small quantities play a crucial role in sustaining rapid and
productive growth (Prabhakar, N. 2015).

Crop nutrition

Applied nitrogen plays a crucial role in dry matter production and overall yield, influencing
factors such as the number of hands per banana bunch. Unlike some plants, banana plants
cannot store nitrogen within the pseudostem. Thus, any deficiency in nitrogen leads to slow
growth, causing the plant to enter a state of "shut-down." Adequate potassium nutrition
contributes to an increased number of fruits per plant. Conversely, insufficient potassium

supply results in decreased plant dry matter production, fragile branches, and diminished



plant vigor. Optimal yield responses are achieved by splitting potassium applications into
frequent and small doses, particularly beneficial in high rainfall areas and on light soils.
Adequate potassium nutrition positively influences crop height, girth, the number of green
leaves, and the overall number of fruits per plant. In contrast, low potassium supply leads to
reduced plant dry matter production, fragile branches, and compromised plant vigor.
Potassium's importance lies in facilitating the transfer of carbohydrates from the leaf to the
fruit, thereby enhancing pulp content and fruit size. Magnesium plays a critical role in
chlorophyll production and serves as a metabolic activator for carbohydrates, fats, and
proteins. It is also involved in phosphorus transport. Magnesium directly impacts bunch
weight and banana yield. Maintaining the correct potassium-to-magnesium ratios in soils is
crucial; otherwise, yields may suffer. Large applications of potassium often impede
magnesium uptake. Critical ratios for soil magnesium in comparison to potassium and

calcium are outlined in "Optimum Ca, K, and Mg Ratios in Soil" (Keshavan et al., 2011).
How to influence banana fruit length and diameter

Potassium plays a crucial role in facilitating the transfer of carbohydrates from the leaf to the
fruit, thereby enhancing pulp content and fruit size. Achieving the highest yield responses is
best attained by splitting potassium applications into frequent and small doses, especially in
areas with high rainfall and on light soils. Excessive nitrogen can lead to crops that are more
susceptible to disease, characterized by smaller fingers, reduced bunch size, and poor bunch
uniformity. Such bunches may be inadequately filled and prone to dropping from the plant,
with a diminished green life after harvest. To mitigate these issues, caution is necessary in the
use of nitrogen sources to minimize leaching, and adopting a "little and often™ approach to
applications is advisable. In tropical plantations, nitrogen is commonly applied every two
weeks. In trials, calcium nitrate has been shown to enhance root and sucker growth, expedite
leaf development, and elevate soil and leaf calcium supplies. This research also supports a
reduced risk of root diseases and direct increases in leaf size resulting from the use of calcium
nitrate (Muchui et al., 2017).

Production unit

In commercial plantations, a production unit typically consists of one 'mother plant' and a
'daughter sucker," and most plantations have a density ranging from 1500 to up to 3000
production units per hectare. In hot, dry areas, higher planting rates are deemed more suitable

to enhance yields and provide shade to alleviate heat stress. For long-term plantations lasting



4-5 years or more, less dense plantings are preferable. Larger banana varieties, such as
Williams, are also well-suited to wider spacings. However, opting for less intensive plantings

reduces disease pressure in the crop (Dadzie et al., 1997).
Conclusion

Enhancing banana quality and yield is crucial not only for securing food sources but also for
sustaining the livelihoods of numerous farmers and meeting global market demands. By
adhering to the suggested practices provided in this guide, banana growers can elevate the
productivity and quality of their crops, simultaneously addressing challenges related to pests
and diseases. A dedicated commitment to continuous learning and adaptability is pivotal for
achieving long-term success in banana cultivation. In the broader picture, these endeavors
contribute not just to the prosperity of farmers but also to ensuring the availability of high-
quality bananas for consumers worldwide, fostering a sustainable and flourishing banana
industry.

References

1. Arora, N. K,, Kang, S. C., & Maheshwari, D. K. (2001). Isolation of siderophore-
producing strains of Rhizobium meliloti and their biocontrol potential against
Macrophomina phaseolina that causes charcoal rot of groundnut. Current Science,
673-677.

2. Aurore, G., Parfait, B., & Fahrasmane, L. (2009). Bananas, raw materials for making
processed food products. Trends in Food Science & Technology, 20(2), 78-91.

3. Dadzie, B. K., & Orchard, J. E. (1997). Routine post-harvest screening of
banana/plantain hybrids: criteria and methods (\Vol. 2). Bioversity International.

4. Franco-Correa, M., Quintana, A., Duque, C., Suarez, C., Rodriguez, M. X., & Barea,
J. M. (2010). Evaluation of actinomycete strains for key traits related with plant
growth promotion and mycorrhiza helping activities. Applied Soil Ecology, 45(3),
209-217.

5. Garcia Lépez, A. M., Avilés Guerrero, M., & Delgado Garcia, A. (2015). Plant uptake
of phosphorus from sparingly available P-sources as affected by Trichoderma
asperellum T34. Agricultural and Food Science, 2015 (24), 249-260.



10.

11.

12.

13.

14.

Guo, J., Yang, J., Zhang, L., Chen, H., Jia, Y., Wang, Z., ... & Li, Y. (2019). Lower
soil chemical quality of pomelo orchards compared with that of paddy and vegetable
fields in acidic red soil hilly regions of southern China. Journal of Soils and
Sediments, 19, 2752-2763.

Hazarika, T. K., Bhattacharyya, R. K., & Nautiyal, B. P. (2015). Growth parameters,
leaf characteristics and nutrient status of banana as influenced by organics,
biofertilizers and bioagents. Journal of plant Nutrition, 38(8), 1275-1288.

Hussain, S. F., Srinivasulu, B., & Kumar, M. K. (2015). Influence of different INM
treatments on growth and leaf nutrient status (NPK) of banana cv. Grand Naine
(AAA). IJHCSR, 5, 57-62.

Islam, M. A., Sayeed, K. M. A., Alam, M. J., & Rahman, M. A. (2020). Effect of
nitrogen and potassium on growth parameters of banana. J Biosci Agric Res, 26,
2159-21609.

Jeyabaskaran, K. J., Pandey, S. D., Mustaffa, M. M., & Sathiamoorthy, S. (2001).
Effect of different organic manures with graded levels of inorganic fertilizers on

ratoon of poovan banana. South Indian Horticulture, 49, 105-108.

Jiménez-Gomez, A., Flores-Félix, J. D., Garcia-Fraile, P., Mateos, P. F., Menéndez,
E., Velazquez, E., & Rivas, R. (2018). Probiotic activities of Rhizobium laguerreae on

growth and quality of spinach. Scientific Reports, 8(1), 295.

Keshavan, G., Kavino, M., & Ponnuswami, V. (2011). Influence of different nitrogen
sources and levels on yield and quality of banana (Musa spp.). Archives of agronomy
and soil science, 57(3), 305-315.

Kumar, A., Joseph, S., Tsechansky, L., Privat, K., Schreiter, I. J., Schiith, C., &
Graber, E. R. (2018). Biochar aging in contaminated soil promotes Zn immobilization
due to changes in biochar surface structural and chemical properties. Science of the
Total Environment, 626, 953-961.

Masters, B. L. (2019). Nitrous oxide emissions from soil in mango and banana fields:
effects of nitrogen rate, fertiliser type, and ground cover practices (Doctoral

dissertation, James Cook University).



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Muchui, M. N., Mathooko, F. M., Njoroge, C. K., Kahangi, E. M., Onyango, C. A., &
Kimani, E. M. (2017). Effect of perforated blue polyethylene bunch covers on
selected postharvest quality parameters of tissuecultured bananas (Musa spp.) cv.
Williams in Central Kenya.

Mustaffa, M. M., & Kumar, V. (2012). Banana production and productivity
enhancement through spatial, water and nutrient management. Journal of
Horticultural Sciences, 7(1), 1-28.

Nyombi, K. (2020). Diagnosis and management of nutrient constraints in bananas
(Musa spp.). In Fruit Crops (pp. 651-659). Elsevier.

Prabhakar, N. (2015). Management of calcium, magnesium, sulphur and boron in tc

banana (Musa spp.) var. nendran.

Pujari, C. V., Marbhal, S. K., Pawar, R. D., & Badgujar, C. D. (2010). Effect of bio
regulators and different levels of N and K on the finger size and yield and banana cv.
Grand Naine (AAA). Asian Journal of Horticulture, 5(2), 453-457.

Purabi, S., Mahabir, D., & Chitra, R. (2017). Effect of chemicals on engineering
properties of soil. International Journal for Research in Applied Science and
Engineering Technology, 5(10), 1677-1685.

Richardson, A. E., Barea, J. M., McNeill, A. M., & Prigent-Combaret, C. (2009).
Acquisition of phosphorus and nitrogen in the rhizosphere and plant growth

promotion by microorganisms.

Sawada, H., Kuykendall, L. D., & Young, J. M. (2003). Changing concepts in the
systematics of bacterial nitrogen-fixing legume symbionts. The Journal of general
and applied microbiology, 49(3), 155-179.

Selvamani, P., & Manivannan, K. (2009). Effect of organic manures, inorganic
fertilizers and biofertilizers on the nutrient concentration in leaves at different growth

stages of banana cv Poovan. Journal of Phytology, 1(6).

Sun, J., Li, W., Li, C, Chang, W., Zhang, S., Zeng, Y., ... & Peng, M. (2020). Effect
of different rates of nitrogen fertilization on crop yield, soil properties and leaf
physiological attributes in banana under subtropical regions of China. Frontiers in
Plant Science, 11, 613760.



25.

26

217.

28.

29.

Thangaselvabai, T., & Suresh, S. (2009). Banana nutrition—A review. Agricultural
Reviews, 30(1), 24-31.

. Verma, P., Yadav, A. N., Kazy, S. K., Saxena, A. K., & Suman, A. (2014). Evaluating

the diversity and phylogeny of plant growth promoting bacteria associated with wheat
(Triticum aestivum) growing in central zone of India. Int J Curr Microbiol Appl
Sci, 3(5), 432-447.

Walpola, B. C., & Yoon, M. H. (2013). Isolation and characterization of phosphate
solubilizing bacteria and their co-inoculation efficiency on tomato plant growth and
phosphorous uptake.

Zhang, Y., Gao, T., Kang, S., & Sillanpaa, M. (2019). Importance of atmospheric
transport for microplastics deposited in remote areas. Environmental Pollution, 254,
112953.

Zhong, W. H., & Cai, Z. C. (2007). Long-term effects of inorganic fertilizers on
microbial biomass and community functional diversity in a paddy soil derived from
quaternary red clay. Applied Soil Ecology, 36(2-3), 84-91.

10



