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ABSTRACT
      The experiment was conducted during June to September of 2022 and 2023 in plastic greenhouse. Plantlets of the released banana cultivar Grand Nain were produced in the Plant Tissue Culture Laboratory of Kassala and Gash Research Station, Sudan. The experiment consisted of two factors, three types of foliar fertilizers arranged in the main plot and applied frequencies were arranged in the sub-main plot. The treatments were randomly laid out in a split-plot design with three replications. The results showed that the fertilizer frequencies every week recorded the highest values of plant height, plant girth, number of leaves per plant, leaf length, leaf width, root length, root girth and number of roots per plant compared to frequencies every 3 weeks. Spraying foliar fertilization every week improved growth parameters.
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INTRODUCTION
         In Sudan, banana cv. Grand Nain was released to farmers since 2001. The plant of this cultivar is taller, higher in yield potential and leses sensitive to cool temperature (Bakheit and Ali, 2001).  Also, it is an internationally well-known dessert banana cultivar and it is suitable for local consumers and export market (Ravi, et al., 2018). 
        Banana plantlets acclimatization is process of adaptation to transition from a controlled to an uncontrolled environment through in vitro techniques. The acclimatization period needs to be carried out for growth and development to obtain plants that are ready to be planted in the field (Rania, 2012). Uunsuitable fertilization practices, including the excessive use of chemical fertilizers, are common practicelace in banana production (Janardhan. et al 2024).	Comment by Alemla Imchen: Missing in reference	Comment by Alemla Imchen: Missing in reference 
        Fertilization aims to provide nutrients for optimal plant productivity application on the leaves or the soil. Leaves application or spray is more effective and increase growth, it also allows about 90% absorption of the fertilizer, while the roots only absorb 10% (Kumar and Kumar, 2007). Foliar fertilizers have been used to complete deficiency of nutrient in the plants (Christensen and Smarts, 2005). Short-term adding Mg from banana corms increased total soluble solids and soluble sugar content. (Zhang J et al., 2020)
         Optimum dose of foliar fertilizer application is important for the banana plantlets to receive sufficient nutrients for their growth and to prevent environmental pollution. Banana plantlets require sufficient amount of nutrients for growth and the production (Passam et al., 2007). Foliar feeding is an effective method for correcting soil deficiencies and overcoming the soil’s inability to transfer nutrients to the plant under low moisture conditions Magbalot et al (2019). Thalooth et al. (2006) reported that foliar application of potassium enhances the vegetative growth of the plants and improves crop yield of banana. Bashma et al (2018) conclude that the gGrowth, yield, nutrient uptake and quality parameters were found significantly inferior for the treatment which received only foliar application of 19:19:19 mixture (0.5%) at monthly intervals in addition to the recommended basal dose of organic manures. 	Comment by Alemla Imchen: Inaccurate reference. pls check
Research should be focused on creating the ideal situation for the banana plantlets under acclimatization so that it reaches a height of 25cm in less time because that is the optimum length for planting in the field. Scaranari, et al. (2009) reported that when banana plantlets reach 25-30 cm height, they are considered acclimated and become available for marketing. Therefore, the objective of this study to determine suitable types and frequency of foliar fertilizer application on growth of banana plantlets in the greenhouse.  
MATERIAL AND METHODS
        The study was conducted to determine suitable types and frequency of foliar for growth of banana plantlets in greenhouse during June to September of 2022 and 2023. The three types of fertilizers were (1) Nobel Fort NPK (20:20:20) with Fe 400ppm, Cu 150ppm, Mg 250ppm, Zn 250ppm, B 100ppm and Mo 10ppm. The application rate 15g for l/water; (2) Alnoha fertilizer NPK (20:20:20) with Fe 200ppm, Mg 600ppm, Zn 100ppm and B 100ppm. The application rate was 3g for l/water; (3) Growth Foliar NPK (20:20:20) with Fe 800ppm, Cu 100ppm, Mg 600ppm, Zn 800ppm, B 25ppm and Mo 0.25%. The application rate was 2g for 1l/water. Three types of foliar fertilizers were water soluble fertilizer and diluted in water before it was sprayed on the banana plantlets. The plantlets were uniform in size were raised in 18×20cm black polyethylene bags. The spraying was applied at three frequencies every 1, 2 and 3 weeks. The types of foliar were arranged in the main plot and frequencies were arranged in the sub-plot. The nine treatments were randomly laid out in a split-plot design with three replications and each plot encompassed 4 plants.
        The plant height (cm), plant girth (cm), number of leaves/plants, leaf length (cm) and leaf width (cm) were recorded at 1.5 month and at the end of experiment. Root length (cm), root girth (cm) and number of roots per plant were recorded at the end of the experiment.     
        Marginal rate of return was analyzed according to CIMMYT (1988) and used the field information and data collected for evaluation. 
       Data was subjected to analysis of variance procedures. Treatment means were separated using Duncans Multiple Range Test at 5% level of significance.
RESULTS AND DISCUSSION
Effect of foliar frequency on plant height, plant girth and number of leaves per plant of banana plantlets
       There were no significant differences in types of fertilizers but there were highly significant differences in spraying frequencies in plant height, plant girth and number of leaves per plant of banana plantlets in both seasons at 6 and 12 weeks after planting (Table 1 and 2). The highest values of plant height, plant girth and number of leaves per plant were recorded under spray weekly followed by spray every 2 weeks, while the lowest were obtained with spray every 3 weeks on both seasons at 6 and 12 weeks after planting (Table 1 and 2). 
       Spraying frequencies showed highly significant differences on plant height, plant girth and number of leaves per plant in both seasons at 6 and 12 weeks after planting (Table 1 and 2). The highest values of plant height, plant girth and number of leaves per plant were recorded under spraying every week on all types of fertilizers. This might be due to positive effect of short frequency of foliar application increasing plant height, plant girth and number of leaves per plant of banana plantlets. This result corroborated the findings of Noor Asma et al. (2018) who found that highest pseudostem height, pseudostem girth and leaf area of banana under applied at 1 ml L-1 compared to control.  Moreover, Naher et al. (2011) reported that foliar fertilizers can supply macronutrients, which can be absorbed by the plant through the leaves of banana.	Comment by Alemla Imchen: Check reference paper
Table 1. Effect of foliar frequency on plant height, plant girthandgirth and number of leaves per plant of banana plantlet after 6 weeks from planting
	Treatments 
	Plant height
 (cm)
	Plant girth 
(cm)
	Number of leaves per plant

	
	Season 
one
	Season 
two
	Season 
one
	Season 
two
	Season 
one
	Season 
two

	NPK (F1)
	8.8
	7.6
	1.7
	1.7
	3.2
	3.2

	Growth (F2)
	9.2
	7.0
	1.6
	1.6
	4.1
	3.2

	Alnoha (F3)
	8.9
	7.6
	1.5
	1.6
	3.5
	3.0

	LSD
	1.24
	0.26
	0.17
	0.21
	0.50
	0.10

	CV%
	10.57
	2.72
	8.06
	5.69
	10.58
	2.34

	Significant level
	NS
	***
	NS
	NS
	NS
	**

	Spray every 3week (W1)
	7.4
	5.8
	1.4
	1.5
	2.6
	2.6

	Spray every 2 week (W2)
	9.2
	7.4
	1.6
	1.7
	3.7
	3.1

	Spray weekly (W3)
	10.3
	9.0
	1.8
	1.8
	4.6
	3.7

	LSD
	1.06
	0.21
	0.12
	0.09
	0.44
	0.17

	F1W1
	7.0
	6.1
	1.5
	1.6
	2.5
	2.8

	F1W2
	9.3
	7.5
	1.7
	1.7
	3.2
	3.0

	F1W3
	10.0
	9.3
	1.9
	1.8
	4.0
	3.7

	F2W1
	7.2
	5.6
	1.4
	1.5
	3.0
	2.7

	F2W2
	9.7
	6.8
	1.6
	1.6
	4.4
	3.2

	F2W3
	10.8
	8.6
	1.8
	1.7
	5.0
	3.8

	F3W1
	8
	5.8
	1.3
	1.4
	2.3
	2.4

	F3W2
	9.5
	7.8
	1.6
	1.7
	3.4
	3.1

	F3W3
	10.2
	9.1
	1.7
	1.8
	4.7
	3.5

	LSD
	1.93
	0.40
	0.24
	0.17
	0.79
	0.25

	CV%
	11.46
	2.82
	7.33
	5.11
	11.86
	5.16

	Significant level
	***
	***
	***
	***
	***
	***


**, *** and NS; indicate significance at P< 0.01, P< 0.001and not significant, respectively.




Table 2. Effect of foliar frequency on plant height, plant girth and number of leaves per plant of banana plantlet after 12 weeks from planting
	Treatments 
	Plant height
 (cm)
	Plant girth 
(cm)
	Number of leaves per plant

	
	Season 
one
	Season 
two
	Season 
one
	Season 
two
	Season 
one
	Season 
two

	NPK (F1)
	33.4
	37.7
	2.7
	2.7
	9.6
	8.3

	Growth (F2)
	33.7
	36.0
	2.4
	2.6
	8.7
	8.2

	Alnoha (F3)
	33.2
	35.7
	2.4
	2.4
	9.1
	8.6

	LSD
	3.78
	2.08
	0.18
	0.13
	0.76
	0.59

	CV%
	8.81
	4.37
	5.38
	3.91
	6.36
	5.41

	Significant level
	NS
	NS
	***
	**
	*
	NS

	Spray every 3week (W1)
	28.7
	33.6
	2.3
	2.4
	8.3
	7.3

	Spray every 2 week (W2)
	33.1
	36.6
	2.5
	2.6
	9.2
	8.4

	Spray weekly (W3)
	36.7
	39.3
	2.7
	2.7
	9.7
	9.4

	LSD
	2.47
	1.57
	0.19
	0.10
	0.71
	0.43

	F1W1
	31.0
	35.2
	2.5
	2.6
	8.7
	7.2

	F1W2
	33.0
	37.0
	2.8
	2.7
	9.7
	8.5

	F1W3
	36.3
	41.0
	2.9
	2.8
	10.3
	9.4

	F2W1
	28.5
	33.0
	2.1
	2.4
	8.0
	7.3

	F2W2
	34.0
	35.8
	2.4
	2.6
	8.7
	8.0

	F2W3
	38.7
	39.2
	2.6
	2.7
	9.5
	9.3

	F3W1
	26.5
	32.5
	2.2
	2.1
	8.3
	7.4

	F3W2
	32.2
	36.8
	2.4
	2.5
	9.1
	8.8

	F3W3
	35.0
	37.8
	2.7
	2.6
	9.0
	9.6

	LSD
	5.11
	3.02
	0.32
	0.19
	1.25
	0.85

	CV%
	7.33
	4.18
	7.49
	3.91
	7.52
	5.05

	Significant level
	***
	***
	***
	***
	***
	***


**, *** and NS; indicate significance at P< 0.01, P< 0.001and not significant, respectively.
Effect of foliar frequency on leaf length and leaf width of banana plantlets
       Results on leaf width and leaf length showed highly significant differences in types of fertilizers and spraying frequencies in both seasons at 6 weeks after planting. In 12 weeks after planting there were no significant differences types of fertilizers but there were highly significant differences in leaf width in season two (Table 3 and 4). The maximum leaf length and leaf width of banana plantlets were recorded under weekly frequency of sprayer compaered to spray every 3 weeks at 6 and 12 weeks after planting in both seasons. 
       Interaction between types of fertilizers and spraying frequencies of fertilizer showed highly significant differences of leaf length and leaf width of banana plantlets in both seasons at 6 and 12 weeks after planting (Table 3 and 4). This might be due to availability of nutrients in the plant effective on leaf vigor. This result corroborated the findings of Fageria et al. (2009) who reported that applied macronutrients on banana plants improved leaf area compared to control and Krishnamoorthy et al (2017) who found the application of micronutrients through soil and foliage resulted in maximum pseudo stem girth, pseudo stem height, numbers leave with maximum leaf area. 
Table 3. Effect of foliar frequency on leaf length and leaf width of banana plantlet after 6 weeks from planting
	Treatments 
	Leaf length (cm)
	Leaf width (cm)

	
	Season 
one
	Season 
two
	Season 
one
	Season 
two

	NPK (F1)
	7.2
	7.0
	4.3
	4.2

	Growth (F2)
	7.5
	7.1
	4.6
	47

	Alnoha (F3)
	8.2
	7.5
	4.3
	4.2

	LSD
	0.5
	0.13
	0.04
	0.28

	CV%
	5.65
	1.34
	0.76
	4.96

	Significant level
	*
	***
	***
	***

	Spray every 3week (W1)
	3.6
	5.4
	3.0
	3.1

	Spray every 2 week (W2)
	7.0
	6.7
	4.5
	4.4

	Spray weekly (W3)
	10.2
	9.4
	5.7
	5.6

	LSD
	0.34
	0.12
	0.18
	0.17

	F1W1
	5.5
	5.3
	3.4
	3.2

	F1W2
	6.7
	6.2
	4.3
	4.1

	F1W3
	9.5
	9.4
	5.3
	5.2

	F2W1
	5.1
	5.3
	3.1
	3.2

	F2W2
	7.0
	6.3
	4.5
	4.5

	F2W3
	10.4
	9.6
	6.1
	6.3

	F3W1
	6.3
	5.7
	2.4
	2.9

	F3W2
	7.5
	7.6
	4.7
	4.5

	F3W3
	10.8
	9.2
	5.8
	5.3

	LSD
	0.73
	0.21
	6.2
	0.37

	CV%
	4.29
	1.63
	3.97
	3.77

	Significant level
	***
	***
	***
	***


***indicate significance at P< 0.001.
Table 4. Effect of foliar frequency on leaf length and leaf width of banana plantlet after 12 weeks from planting
	Treatments 
	Leaf length (cm)
	Leaf width (cm)

	
	Season 
one
	Season 
two
	Season 
one
	Season 
two

	NPK (F1)
	37.6
	32.3
	14.1
	13.1

	Growth (F2)
	34.4
	33.1
	14.8
	12.4

	Alnoha (F3)
	32.3
	33.3
	13.5
	12.4

	LSD
	5.44
	1.16
	2.21
	0.27

	CV%
	11.96
	2.69
	11.96
	1.61

	Significant level
	NS
	NS
	NS
	**

	Spray every 3week (W1)
	32.1
	30.7
	13.1
	11.6

	Spray every 2 week (W2)
	34.8
	32.5
	14.2
	12.7

	Spray weekly (W3)
	37.5
	35.5
	15.2
	13.7

	LSD
	3.36
	1.18
	1.43
	0.33

	F1W1
	34.3
	29.3
	13.0
	11.8

	F1W2
	37.1
	31.4
	14.2
	13.4

	F1W3
	41.3
	36.0
	15.0
	14.2

	F2W1
	32.6
	31.2
	13.8
	11.5

	F2W2
	34.0
	32.8
	11.7
	12.3

	F2W3
	37.2
	35.1
	16.0
	13.5

	F3W1
	29.8
	31.6
	12.3
	11.6

	F3W2
	33.2
	33.2
	13.7
	12.4

	F3W3
	34.6
	35.3
	14.5
	13.4

	LSD
	7.17
	2.01
	2.98
	0.53

	CV%
	9.39
	3.48
	9.86
	2.53

	Significant level
	***
	***
	***
	***


** and ***indicate significance at P< 0.01 and P< 0.001, respectively.
Effect of foliar frequency on roots length, root girth and number of roots per plant of banana plantlets
        The results showed highly significant differences in the roots length and number of roots per plants of banana plantlets for both seasons at 12 weeks after planting (Table 5). In the root girth, there were highly significant differences on season one but there were no significant t differences in season two at 12 weeks after planting (Table 5).  
        For interaction between types of fertilizers and spraying frequencies of fertilizer results indicated highly significant differences in the roots length, root girth and number of roots per plant of banana plantlets for both seasons at 12 weeks after planting (Table 5). The highest values of root length, root girth and number of roots per plants were observed with sprayer every week compaered to spray every 3 weeks in both seasons 12 weeks after planting (Table 5). This may be due to the effect of spraying every week in the roots systems. Similar results were reported by Rina (2021) who reported that foliar fertilizer treatment of 4 mL/L and length of containment of 20 days had the heaviest root weight and root volume of banana plantlets compared to 30 days.  
Table 5. Effect of foliar frequency on root length, number of roots per plants and root girth of banana plantlet after 12 weeks from planting
	Treatments 
	Root length 
 (cm)
	Number of roots number 
	Root girth
(cm)

	
	Season 
one
	Season 
two
	Season 
one
	Season 
two
	Season 
one
	Season 
two

	NPK (F1)
	17.2
	18.3
	8.5
	9.4
	0.50
	.050

	Growth (F2)
	15.2
	16.3
	8.3
	9.1
	0.36
	0.50

	Alnoha (F3)
	16.2
	17.4
	7.8
	8.7
	0.37
	0.40

	LSD
	0.20
	0.21
	0.23
	0.23
	0.10
	0.08

	CV%
	0.97
	0.91
	2.15
	1.95
	18.89
	13.61

	Significant level
	***
	***
	***
	**
	**
	NS

	Spray every 3week (W1)
	15.2
	16.3
	7.3
	8.2
	0.32
	0.37

	Spray every 2 week (W2)
	16.3
	17.4
	8.3
	9.1
	0.42
	0.47

	Spray weekly (W3)
	17.1
	18.3
	9.0
	9.8
	0.52
	0.54

	LSD
	0.20
	0.20
	0.14
	0.14
	0.05
	0.05

	F1W1
	16.3
	17.4
	7.8
	8.6
	0.44
	0.43

	F1W2
	17.1
	18.4
	8.6
	9.4
	0.54
	0.48

	F1W3
	18.0
	19.2
	9.2
	10.1
	0.59
	0.58

	F2W1
	14.2
	15.3
	7.6
	8.4
	0.30
	0.33

	F2W2
	15.1
	16.3
	8.5
	9.3
	0.36
	0.43

	F2W3
	16.2
	17.4
	8.9
	9.7
	0.44
	0.50

	F3W1
	15.1
	16.2
	6.7
	7.5
	0.23
	0.35

	F3W2
	16.4
	17.6
	7.8
	8.7
	0.37
	0.50

	F3W3
	17.0
	18.4
	8.9
	9.8
	0.52
	0.53

	LSD
	0.35
	0.35
	6.3
	6.30
	0.12
	0.11

	CV%
	1.22
	1.14
	1.68
	1.35
	11.31
	11.52

	Significant level
	***
	***
	***
	***
	***
	***


**, *** and NS; indicate significance at P< 0.01, P< 0.001and not significant, respectively.
Effect of foliar frequency on economic analysis of banana plantlets
      In determining the most economically acceptable treatment, Partial and dominance analysis were conducted for the data of Plantlets of the released banana cultivar Grand Naine were produced in the Plant Tissue Culture Laboratory of Kassala and Gash Research Station using market prices for plantlets and foliar fertilizers. All costs and returns were calculated on per-1000 plantlets basis in SDG. . Results showed treatment of Alnoha foliar fertilizer frequencies every week of sSprayer resulted in the highest net return.  This result indicateds the profitability and superiority of these treatments for producing banana Plantlets in Kassala. (Tables 6 and 7). Therefore, the economic evaluation based on partial budget analysis indicated that using of Alnoha foliar fertilizer frequencies every week of Sprayer was the most stable and economically feasible treatment.

Table 6 Effect of foliar frequency on economic analysis of banana plantlets
	No 
	Particulars
	Types of fertilizers 

	
	
	NPK
	Growth
	Alnoha

	
	
	Sprayers frequency per week 
	Sprayers frequency per week
	Sprayers frequency per week

	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	Variable cost (SDG/1000plantlets) 
	
	
	
	
	
	
	
	
	

	
	Cost of one kg 
	3200
	3200
	3200
	5000
	5000
	5000
	5000
	5000
	5000

	
	Total fertilizer (kg) for 1000plantlets 
	10
	5
	4
	2
	1
	0.8
	1.4
	0.7
	0.5

	
	1. Fertilizer  
	32000
	22400
	16000
	10000
	5000
	4000
	7000
	3500
	2500

	
	2. Foliar application 
	5000
	3500
	2500
	5000
	3500
	2500
	5000
	3500
	2500

	2
	Total Cost (SDG/1000plantlets)
	37000
	25900
	18500
	15000
	8500
	6500
	12000
	7000
	5000

	3
	Gross return (SDG/1000 plantlets) 
	1500000
	1500000
	2000000
	1500000
	1500000
	2000000
	1500000
	1500000
	2000000

	4
	Net return (SDG/1000 plantlets) 
	1130000
	1241000
	1815000
	1350000
	1415000
	1935000
	1380000
	1430000
	1950000


The one plantlets price depends on plant height (36-40 cm =2000 SDG) and (30-35 cm =1500 SDG). 
Weekly received 14 sprayers, every 2-week received 7 sprayers and every 3-week received 5 sprayers).
Table 7 Partial and dominance analysis for banana plantlets produced in Kassala
	Sprayers frequency per week
	Total fertilizer (kg) for 1000 plantlets
	Total Cost (SDG/1000 plantlets)
	Gross return (SDG/1000 plantlets)
	Net return (SDG/1000 plantlets)
	Dominated

	Alnoha every 3 week
	0.5
	5000
	1500000
	1495000
	

	Growth every 3 week
	0.8
	6500
	1500000
	1493500
	D

	Alnoha every 2 week
	0.7
	7000
	1500000
	1493000
	D

	Growth every 2 week
	1
	8500
	1500000
	1491500
	D

	Alnoha every week
	1.4
	12000
	2000000
	1988000
	

	Growth every week
	2
	15000
	2000000
	1985000
	D

	NPK every 3 week
	4
	18500
	1500000
	1481500
	D

	NPK every 2 week
	5
	25900
	1500000
	1474100
	D

	NPK every week
	10
	37000
	2000000
	1963000
	D



CONCLUSION	Comment by Alemla Imchen: conclusion seems to be narrow. give an overall conclusive highlight.  
        Based on the results, spraying foliar fertilization every week improved growth parameters, roots length, roots number and root diameter of banana plantlets under greenhouse at the acclimatization stage.
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