
Advances in Environmental Biology, 9(24) November 2015, Pages: 234-246 

 

 
AENSI Journals 

 
Advances in Environmental Biology 

 
ISSN-1995-0756      EISSN-1998-1066 

 
Journal home page: http://www.aensiweb.com/AEB/ 

 
 

Corresponding Author: Awad A.M., Soils Fertility and Plant Nutrition Dept.; Soils, Water and Environment Res. Inst. 
ARC, P. O Code12619, Giza, Egypt 

                                          E-mail: awadam40@hotmail.com      

Banana Plants Productivity, Nutrients and Quality Acquisition Response  to Foliar 
Application of Microelements and Humic or Amino Acids 
 
1ElShenawi, M.R.; 2A.M. Awad and 2A.H., Abd Elhadi 
 
1Tropical Fruits Dept., Horticulture Res. Institute, ARC, P. O Code 12619, Giza, Egypt  
2Soils Fertility and Plant Nutrition Dept., Soils, Water and Environment Res. Inst. ARC, P. O Code 12619  Giza,. Egypt 
 
A R T I C L E  I N F O   A B S T R A C T  
Article history: 
Received 28 September 2015 
 Accepted 15 November 2015 
Available online 24 November 2015  
 
Keywords: 
Banana, foliar fertilization, sandy 
soils, micronutrients, humic acids, 
amino acids, productivity, NPK use 
efficiency. 
 

 Foliar feeding is a supplement to soil feeding, micro nutrients are essential plant 
nutrients and each contributes to a healthy plant growth. Amino acids and humic acid 
gives strength to plants against drought, diseases and reduces immature flower/fruit 
dropping. The present study was carried out during two successive years of 2011/2012 
and 2012/2013 on GrandNain banana cultivar (Musa cavendishii Lamb.). The 
experimental site belongs to the newly reclaimed sandy soils irrigated by drip irrigation 
system. The Experiment was conducted to investigate the response of banana plants to 
microelements (ME), humic acid (H.A.) and amino acids (A.A.). ME mixture was 
contained iron (Fe), zinc (Zn) and manganese (Mn) sprayed with four concentrations (0, 
1, 2, and 4g ME/l). After emergence of the inflorescence pseudostem length (PSL) and 
pseudostem girth (PSG) were measured. Number of  green leaves (NGL) was counted. 
Total leaf area (TLA, m2) and finally percentage of bunch maturation (PBM) from 
September to October were calculated. At harvesting time bunch weight in kg (BW) 
and bunch harvested yield (BHY), t/fed were estimated. In addition to, finger weight 
(FW, g), number of fingers per bunch (NFB), and number of hands per bunch (NHB) 
were counted as bunch characteristics. After artificial ripening, total sugars (TS) and 
reducing sugars (RS)%, starch percent (ST)%, total soluble solids (TSS)%, and total 
acidity (TAC)% were determined. Macro-elements (N, P, K) and microelements (Fe, 
Zn and Mn) were determined in banana leaves. Nitrogen, phosphorus and potassium 
use efficiencies (NPK-UE) were calculated. Collected data indicated that, significant 
and/or positive differences due to foliar application of the H.A., A.A. and without were 
showed. The data presented that A.A more effective in improving banana vegetative 
growth parameters (PSL, PSG, NGL, TLA and PBM) more than H.A. Significant 
effects due to the treatments on the banana plants yield (BW and BYF) and yield 
components (FW, NFB, and NHB) were allocated. Concerning the effect of ME on the 
yield and bunch characteristics, increasing level of ME fertilizers caused significant 
increase in BW, BYF, FW, NFB, and NHB as example increasing fertilization level 
from zero to low, caused BW increased by 18.0% and when ME increased to high level 
the BW increased by 27.8%, the same trained of data were located for the rest of yield 
components. Significant property due to the treatments on the banana fruit chemical 
quality (TS, RS, ST, TAC and TSS) were demonstrated. The data elucidate that 
spraying A.A. increased significantly TS% 17.22% over control, ST% 27.89%, AC 
19.51% and TSS 17.53% whereas RS% obviously respond to application of the two 
organic acids comparing to control with average 17.43%. The illuminated data 
indicated that increasing ME spraying level insignificantly affects N, P and K leaves 
content. Whereas ME were affected significantly with increasing rate of application. 
Nutrients use efficiencies (NPK-UE) generally increased with applying organic acids, 
moreover increasing concentration of ME from zero to 4g/l enhanced the UE 
significantly which expects increase yield quality, farm profitability and decrease 
environmental stresses. 
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INTRODUCTION 

 
Banana requires large amounts of nutrients for proper growth and production. Its nutritional requirement is 

estimated to be around 320 kg N, 32 kg P2O5, and 925 kg K2O/ha per year [1]. High nutrient availability is 
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important at that stage to support plant requirements until harvest since large quantities of photosynthates are 
beginning to move from the source to the sink—developing fruit bunches. Any limitation in the supply of 
nutrients at this time will negatively affect bunch size and quality. However, it has not been wise to apply 
fertilizers basally at finger development stage, since the uptake is slow and low [2]. 

Agriculture production is a very intensive business and is related to better quality and better yield leading to 
better profitability. Many reports have indicated usefulness for a post-shoot stage spray of various nutrients in 
influencing fruit yield, shelf life, and quality [3, 4]. Foliar application is recommended for quick corrections of 
nutrient deficiencies (foliar applied nutrients are rapidly absorbed by the leaves) or when uptake of nutrients 
from the soil is disturbed. Foliar feeding is a supplement to soil feeding, micro nutrients are essential plant 
nutrients and each contributes to a healthy plant growth. Even though the amounts required are small, a 
deficiency of any trace element can cause important production and quality losses. Amino acids and humic acid 
gives strength to plants against drought, diseases and reduces immature flower/fruit dropping. The requirement 
of amino acids in essential quantities is well known as a means to increase yield and overall quality of crops. 
Amino Acids have a chelating effect on micronutrients. When applied together with micronutrients, the 
absorption and transportation of micronutrients inside the plant is easier. This effect is due to the chelating 
action and to the effect of cell membrane permeability. L - Glycine & L - Glutamic acid are known to be very 
effective chelating agents [5]. Humic acid is considered to increase the permeability of plant membranes and 
enhance the uptake of nutrients. Moreover, it (humic acid) is also considered to improve soil nitrogen uptake 
and encourage the uptake of potassium, calcium, magnesium and phosphorus, making these more mobile and 
available to plant root system [6,7,8]. 

Mode of action for micro-elements was explained by [9]. Iron (Fe) complexes with proteins to form 
important enzymes in the plant and is associated with chloroplasts, where it has some roles in the synthesizing 
chlorophyll. Zinc (Zn) has been identified as component of almost 60 enzymes, therefore, it has a role in many 
plant functions, and it has a role as an enzyme in producing the growth hormone IAA. Manganese (Mn) 
participates in several important processes including photosynthesis, and metabolism of both nitrogen and 
carbohydrate. 

 
MATERIALS AND METHODS 

 
The present study was carried out during the two successive years of  2011/2012 and 2012/2013 in a private 

orchard farm at Nagueeb Mahfouz village, El-Bostan area Hosh Essa district,  Bohera Governorate on 
GrandNain  banana cultivar (Musa cavendishii Lamb.). Plants were grown at 3.5 × 3.5m apart. The suckers 
were planted in March 2011 (Three offshoot/mother plant) (1000 plant/fed). The experiment started on the first 
ratoon and its suckers were chosen on the 1st week of July 2011 as well as on the third ratoon and its suckers 
were chosen at the same time in 2011. The stools were thinned and three suckers were left for fruiting in the 
following season. In addition, three plants were left to give the crop in the current season. 

The drip irrigation system used in the orchard farm includes an irrigation pump connected to sand and 
screen filters and a hydraulic fertilizer injection pump. Laterals are 50m long with standard drippers of 4 L/h 
discharge rate spaced at 0.5m apart. Two laterals served each row of banana trees. The system was setup such 
that 6 drippers/tree was used. 

The experimental site belongs to the newly reclaimed sandy soils irrigated by drip irrigation system. 
Nutrient fertilizers were injected in the irrigation water (fertigation). Ammonium sulfate (NH4)2SO4 fertilizer 
(20.5% N) and potassium sulfate (48% K2O) was added at rate of 400 g N and 600g K2O per plant respectively. 
N and K fertilizers were injected 5 days a week during the period from April to October (28 weeks). Phosphoric 
acid (1.6 kg/l and 85% purity,) was applied at a rat of 5 liters/week per feddan (5 kg P2O5) during the period 
from May to August (80 kg P2O5/fed). Magnesium sulfate (16 % MgO) was applied at weekly intervals at a rat 
of 3 kg/fed during the period from April to August. 

The Experiment was conducted to investigate the response of banana plants to microelements (ME), humic 
acid (H.A.) and amino acids (A.A.).  ME mixture was contained iron (Fe) zinc (Zn) and manganese (Mn) with 
ratio of 2:1:1 respectively. HA and AA were sprayed with rat of 2g H.A./l or 2 ml A.A./l spraying solution. 
Twelve treatments were done to evaluate foliar application effect on banana plants growth, productivity and 
quality as follow:  

 
1- control (without spray) 7- 2g ME/l + H.A. 
2- 1g ME/l 8- 4g ME/l + H.A. 
3- 2g ME/l 9- AA 
4- 4g ME/l 10- 1g ME/l + A.A. 
5- H.A. 11- 2g ME/l + A.A. 
6- 1g ME/l + H.A. 12- 4g ME/l + A.A. 
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The foliar application was applied two times per season on the first week of May and July with application 
rate about 600 l nutrients solution /fed (1000 plant). 

 The experimental design was randomized complete blokes design (RCBD) with three replicates. During 
December all plants were received 30 m3 fermented cattle manure mix with super phosphate fertilizer with rate 
of 500 kg/fed (77.5 kg P2O5) and elemental sulfur with rate of 250 kg/fed. The mixture was incorporated in the 
25 cm surface around banana plants under irrigation lines. The injection of fertilizers through the irrigation 
water usually starts after 10 minutes from the beginning of the irrigation period and stops few minutes before 
the termination of irrigation to insure the washing of irrigation lines. 

Surface and subsurface soil samples were collected at beginning of the trial, dried, sieved prior to laboratory 
analysis according to [10,11]. Some main soil physical and chemical characteristics were presented in Table (1).  

 
Table 1: Some physical and chemical characteristics of the experimental soils location at El-Bostan area. 

Characteristics 
Growing season 
2011/2012 
0-30,cm 30-60,cm 

Sand; % 92.50 93.40 
Silt, % 3.50 4.50 
Soil texture class Sandy Sandy 
FC; % 13.50 13.00 
PWP; % 7.70 6.50 
EC; dS m-1 (Soil paste)  1.72 1.65 
pH (1:2.5) 8.75 8.65 
OM; % 0.12 0.10 
CaCO3; % 5.70 4.52 
NO3+NH4;mg kg-1 25.65 20.56 
NaHCO3-P;mgkg-1 10.56 9.45 
Exch.-K; mg kg-1 125.36 120.25 
DTPA-Fe, mg kg-1 5.50 3.68 
DTPA-Zn, mg kg-1 1.36 1.10 
DTPA-Mn, mg kg-1 3.50 3.02 

FC, field capacity PWP; permanent wilting point  
 

Standard annual measurements were made of banana plants vigor, yield and leaf nutrients content. The 
following parameters were used to evaluate the tested treatments: 

 
2.1. Vegetative growth: 

After emergence of the inflorescence (second week of August 2012 and 2013) pseudostem length (PSL) 
(from ground level to the top of the curve of the bunch stalk) and pseudostem girth (PSG) (20 cm above ground 
level) were number of the green leaves (NGL) was counted. Total leaf area (TLA, m2) was measured according 
to [12]  using the formula:  LA = 0.67 (L W) + 107.15 

Where LA= leaf area L = leaf length, W = leaf width; and finally percentage of bunch maturation (PBM) 
from September to October. 

 
2.2. Yield and bunch parameters: 

At harvesting time bunch weight in kg (BW) and bunch harvested yield (BHY), t/fed were estimated. In 
addition to, finger weight (FW, g), number of fingers per hand (NFH), and number of hands per bunch (NHB) 
were counted as bunch characteristics. 
 
2.3. Chemical properties: 

After artificial ripening, total sugars (TS) , reducing sugars (RS)%, starch percent (ST)%, total soluble 
solids (TSS)%, and total acidity (TAC)% (as malice acid/100g pulp) were determined  according to [13].  

 
2.4. Leaves mineral content and nutrients use efficiencies: 

Leaf samples were collected at bunch shooting stage from the third upper leaf in the succession of leaves 
from the top of the plant as recommended by [14,15,1]. Macro-elements (N, P, K) and microelements (Fe, Zn 
and Mn) were determined in banana leaves. Leaf samples were washed, then dried at 70 °C, ground and wet 
digested using H2SO4 and H2O2 [16]. N, P and K concentrations were determined using semi-automatic nitrogen 
distillation unit (Vap dust 50), spectrophotometer 21D and Jenway flame photometer, respectively, whereas 
micronutrients were determined using atomic absorption spectrophotometer ( Perkin Elmer 3300) [17]. 

Nitrogen, phosphorus and potassium use efficiencies (NPK-UE) were calculated according to [18]: 
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NPK-UE = Bunch harvested yield (BHY), kg fed-1 ÷ added NPK fertilizers kg fed-1: 
Appropriate analyses of variance and regression were performed for the two experiments using MSTAT-C 

software. Comparisons among means of the different treatments were carried out using Duncan’s multiple range 
tests as illustrated by [19]. 

 
RESULTS AND DISCUSSION 

 
3.1. Trial Location Features: 

Soil analysis indicates the characteristics of the trial location at El-Bostan, as a part of sandy soils in 
Nubaria region, Table (1). Analysis for the surface and subsurface soil layers (0-30 and 30-60 cm) showed that, 
low content of CaCO3 ranged from 4.52-6.20% and sandy texture class with low field capacity, permanent 
welting point and relatively low plant available water (5.90 %). Very low organic matter content were observed, 
moderate salinity level was recorded, the electrical conductivity (EC) ranged from 1.72 to 1.68 dSm-1, for the 
two growing seasons, respectively with no salinity problem. Also, soil samples have low content of mineral N 
and low available P and K in the two growing seasons (poor soil for banana). Correspondingly, low fertility and 
insufficient water available for plant growth characterized the soil under consideration. [20] concluded that 
banana needs big amounts of fertilizers especially N and K, moreover it drowse nutrients from a very limited 
soil depth because of its shallow root system. Modern irrigation systems were the optimum irrigation method in 
the area conditions, whereas organic fertilizers like humic acid and amino acids widely used in the sandy soils as 
foliar application. Effect of organic acids combined with microelements on banana plants performance in typical 
modern orchards in sandy soils -Egypt, under adoption of integrated fruit production (IFP) techniques needs 
more intention. 

 
3.2. Vegetative Growth: 

Data existing in Table (2) show main and interaction effects of the two tested factors including organic acids 
(H.A., A.A.), and microelements concentration (ME). The results indicated that there were significant effects due 
to the treatments on the banana plants vegetative growth parameters including PSL, PSG, NGL, TLA and PBM 
during the two growing seasons. 

 
3.2.1. Main effects: 

As shown in Table (2) significant differences due to foliar application of the two organic acids comparing with 
the control treatment (H.A., A.A. and without) were presented. The results indicated that spraying A.A. increased 
all vegetative growth parameters more effective than H.A. and over the control treatment. A.A. improved the 
vegetative growth during the two growing seasons. The data showed that A.A. more effective in improving banana 
vegetative growth parameters (PSL, PSG, NGL, TLA and PBM ) more than  H.A.  

The data clarified that increasing microelements (ME) concentrations increased significantly PSL, PSG, 
NGL, TLA and PBM over control treatment, which means increasing rate of ME enhancing vegetative growth 
and TLA and increased percentage of bunch maturation, meaning fastening harvesting banana bunches. The 
results presented that 4g/l microelements (ME) mixture increased vegetative growth indicators significantly 
during the two growing seasons.  

Many researchers remembered that banana plants need heavy manuring and balanced mineral fertilization 
applied near the soil. [21, 22, 23, 24] Improving growth characters due to response to micronutrients may be due 
to their positive action on increasing cell division in the meristimatic tissues and accelerating carbohydrates and 
proteins formation and other researchers concluded that, application of Zn and or humic acid increased growth 
vigor and caused noticeable increase in height and girth of pseudostem, number of green leaves and accelerated 
fruit maturity for Williams and GrandNain banana cultivars grown [25, 26] . 

 
3.2.2. Interaction effects: 

Combined effect of organic acids type (H.A. and A.A.), level of microelements (ME) to GrandNain banana 
on the vegetative growth characteristics were presented in Table (2). It is clearing that all possible interactions 
were statistically significant, which indicate a high degree of interdependence between the studded factors. This 
was apparent with all considered vegetative growth parameters.  

 
Table 2: Effect of microelements (ME) foliar application with different concentrations and organic acids in some vegetative growth 

indicators on GrandNain banana plants during two successive seasons of 2011/2012 and 2012/2013. 

Treatments level 
PSL PSG NGL TLA PBM PSL PSG NGL TLA PBM 
cm cm no m2 % cm cm no m2 % 
2011-2012 2012/2013 

Organic 
acids 

Without 262.08 73.92 12.33 26.33 75.92 283.41 75.00 13.00 27.50 74.58 
H.A. 267.08 78.08 13.58 28.92 78.25 278.08 79.33 14.83 29.58 77.67 
A.A. 276.83 85.00 15.42 32.75 81.25 276.83 84.75 16.58 34.41 81.83 
LSD0.05 1.18 1.30 0.62 0.64 0.83 1.23 0.96 0.53 0.52 0.94 
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Micro 
Elements 
(ME) 

Zero 259.89 74.56 12.44 26.55 75.33 265.22 75.11 13.44 28.11 72.44 
1g/1ME 264.89 76.11 13.00 28.22 77.56 274.22 76.66 13.89 29.11 77.89 
2g/1ME 271.00 80.78 14.11 30.11 79.56 279.55 79.77 15.00 31.33 80.00 
4g/1ME 278.89 84.56 15.56 32.44 81.44 285.11 87.22 16.89 33.44 8.78 
LSD0.05 1.36 1.50 0.72 0.74 0.96 1.42 1.11 0.61 0.60 1.08 

Zero 254.70 70.00 11.00 24.00 73.30 260.00 72.00 11.30 25.70 69.00 
1g/1(ME) 259.70 72.00 12.00 25.70 75.00 263.70 73.00 12.70 26.30 74.00 
2g/1(ME) 264.70 74.70 12.70 27.00 76.70 269.00 75.00 13.30 28.30 77.00 
4g/1(ME) 269.30 79.00 13.70 28.70 78.70 274.70 80.00 14.70 29.70 78.30 
H.A. 261.00 75.30 12.70 27.30 75.70 266.30 73.00 14.30 28.70 73.00 
1g ME+H.A. 263.00 75.00 12.70 27.30 77.00 277.70 77.00 13.70 28.30 77.70 
2g ME+H.A. 269.30 79.30 13.70 29.30 79.70 281.70 81.30 14.70 30.00 79.00 
4g ME+H.A. 275.00 82.70 15.30 31.70 80.70 287.00 86.00 16.70 31.30 81.00 
A.A. 264.00 78.30 13.70 28.30 77.00 269.70 80.30 14.70 30.00 75.30 
1g ME+A.A. 272.00 81.30 14.30 31.70 80.70 281.30 80.00 15.30 32.70 82.00 
2g ME+A.A. 279.00 88.30 16.00 34.00 82.30 288.00 83.00 17.00 35.70 84.00 
4g ME+A.A. 292.30 92.00 17.70 37.00 85.00 294.70 89.70 18.70 39.30 86.00 
LSD0.05 2.35 2.59 1.25 1.29 1.67 2.47 1.93 0.54 1.05 1.89 

PSL = Pseudostem length; PSG = Pseudostem girth;  NGL = No of green leaves; TLA= Total leaf area; PBM = Percentage of bunch 
maturation, H.A. = Humic acid; A.A. = Amino acids; ME mixture was contained iron (Fe), zinc (Zn) and manganese (Mn) with ratio of 
2:1:1 respectively. 

 
The most pronounced increases in the vegetative growth indicators (PSL, PSG, NGL, TLA and PBM) were 

obtained from the combination of amino acids followed by humic acid with high rates of microelements (ME) in 
the both growing seasons. The highest results recorded in this regard were (293.5 cm, 90.8 cm and 18.2) 
averaged over the two growing seasons for treatment of 4g ME + A.A. for PSL, PSG and NGL respectively. The 
TLA and PBM, on the other hand, increased to the largest values of 38.15 m2 and 85.5% for the same treatment. 
In general Appling foliar applications increased vegetative growth indicators over control with different values. 
Spraying amino acids enhanced vegetative growth clearly more than humic acid which affect vegetative growth 
indicators over control treatment. The ranking of foliar treatments according to their vegetative growth 
improvement were 4g ME + A.A > 2g ME + A.A > 4g ME + H.A. as example which mean applying foliar spray 
of amino acids or humic acid in combination with microelements (ME) by high rats (4g/l or 2g/l) improved 
vegetative growth. The superiority of previous 3 foliar treatments over the other treatments may due to the 
enhances growth at various key stages of plant growth, it may increasing NPK fertilizers uptake and use and 
activates producing plant growth promoters like auxin, cytokines and provided ready nutrients for growth which 
enhances overall growth. Applying amino acids may gives strength to plants against drought, diseases and 
reduces immature flower/fruit dropping. The received results were in agreement with thus reported by [27]. 

 
3.3. Yield and Yield Components: 

Data presented in Table (3) illustrate main and interaction effects of the two tested factors including organic 
acids (H.A., A.A.) and microelements concentration (ME) on GrandNain banana productivity (yield and yield 
components) under sandy soils conditions. The obtained results showed that their were significant effects due to 
the treatments on the banana plants yield (BW and BYF) and yield components  (FW, NFH, and NHB) during 
the two growing seasons. 

 
3.3.1. Main effects: 

Table (3) shows significant differences between the organic acids type on banana yield and yield components. 
The results indicated that amino acids (A.A.) more effective than humic acid in enhancing the studded parameters 
during the two growing seasons. BW and BYF were increased significantly with spraying A.A. over control by 
26.4%; whereas H.A. foliar application increased BW and BYF by 11.41%. Whereas the yield components 
parameters (FW, NFH, and NHB) increased insignificantly with applying organic acids generally over control 
treatment, A.A. as previously noticed more effective in increasing FW, NFH and NHB by 12.0%, 15.4% and 
23.1% respectively over control average over the to growing seasons. The data elucidate that increasing ME 
increased significantly banana GrandNain BW, BYF, FW, NFH, and NHB with increasing microelements 
concentrations which means increasing rate of ME reflecting the good nutritional status of sprayed plants than 
non-sprayed plants. Concerning the effect of ME on the yield and bunch characteristics, increasing level of ME 
fertilizers caused significant increase in BW, BYF, FW, NFH, and NHB as example increasing fertilization level 
from zero to low, BW increased by 18.0% and when ME increased to high level the BW increased by 27.8%, 
the same trained of data were located for the rest of yield components. 

[26,28,29] explained that banana can achieving high yield by applying micronutrients and by mineral 
fertilizers which supply nutrients in a concentrated and readily available form, but at the same time, poor yields 
are common due to inadequate inputs and low technology management practices. [24,15] indicated that effect of 
treatments on BW and BHY could be attributed to their effect on the NHB, NFH and AFW. 
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3.3.2. Interaction effects: 
Interaction effects of organic acids (without, H.A. and A.A.) and microelements (ME) concentrations to 

GrandNain banana plants on the yield (BW, BYF) and yield components (FW, NFH, and NHB) were presented 
in Table (3). It is clearing that all possible interactions were statistically significant. This was clear with all 
considered yield and yield parameters. Nearly all prominent increases in BW and BYF were obtained for the 
combination of high rate of ME and foliar application of A.A. and H.A. in the both growing seasons. The 
highest results recorded in this regard were (38.8.0kg and 38.8 t fed-1) averaged over the two growing seasons 
for treatment of (4g ME + A.A.), whereas treatment of (4g ME + H.A.) produced less 6kg or 6 ton respectively. 
The humic acid, on the other hand, produced the second highest yield comparing with spraying treatments of 
ME without organic acids. Enhancing growth of FW, NFH and NHB in banana affect directly BW and BYF. 
The presented data showed that cultivating banana with insufficient ME concentration and without organic acids 
consequences in poor vegetative growth, therefore, bunch yield and yield parameters were decreased 
significantly. [30,31,23,32,33] accomplished that, supplying organic manure, increasing fertilization rats caused 
augmented increase in yield and yield parameters specially bunch weight for banana cultivars grown in newly 
reclaimed lands. The application of amino acids for foliar use is based on its requirement by plants in general 
and at critical stages of growth in particular. Plants absorb Amino Acids through Stomas and are proportionate 
to environment temperature.  
 
Table 3: Effect of microelements (ME) foliar application with different concentrations and organic acids in some yield and yield 

components on GrandNain banana plants during two successive seasons of 2011/2012 and 2012/2013. 

Treatments level 
BW FW NFB NHB BYF BW FW NFB NHB BYF 
kg G no no ton kg g no no ton 
2011-2012 2012/2013 

Organic 
Acids 

Without 26.08 137.40 187.42 11.42 26.08 27.17 132.54 197.33 11.25 27.17 
H.A. 29.00 141.27 205.33 12.42 29.00 30.33 141.75 214.33 12.92 30.33 
A.A. 32.50 149.23 217.17 13.58 32.50 34.83 152.97 226.92 14.33 34.83 
LSD0.05 1.00 4.85 3.80 0.48 1.00 0.82 7.82 2.40 0.42 0.82 

Micro 
Elements 
(ME) 

Zero 25.78 138.14 186.33 11.44 25.78 27.00 136.52 195.11 1178 27.00 
1g/1ME 28.00 141.94 197.00 11.89 28.00 29.33 141.28 207.00 12.11 29.33 
2g/1ME 30.33 144.60 206.44 12.67 30.33 32.00 142.31 217.33 13.11 32.00 
4g/1ME 32.67 145.83 223.44 13.89 32.67 34.78 148.67 232.67 14.33 34.78 
LSD0.05 1.15 5.60 4.39 0.55 1.15 0.95 9.02 2.77 0.49 0.95 

Zero 23.00 131.90 174.33 9.67 23.00 25.00 131.60 182.30 9.30 25.00 
1g/1(ME) 25.30 138.60 182.67 11.30 25.30 26.00 135.90 191.30 11.00 26.00 
2g/1(ME) 27.00 140.90 191.67 11.70 27.00 27.30 124.70 198.00 11.30 27.30 
4g/1(ME) 29.00 138.20 210.00 13.00 29.00 30.30 137.90 217.70 13.30 30.30 
H.A. 27.00 145.70 192.30 11.70 27.00 27.60 136.10 203.30 12.00 27.70 
1g M+H.A. 27.30 141.70 193.30 11.70 27.30 28.00 138.20 202.70 11.70 28.00 
2gM+H.A. 30.30 142.40 213.00 12.70 30.30 31.60 142.00 223.00 13.70 31.70 
4gM+H.A. 31.30 140.80 222.70 13.70 31.30 34.00 148.00 229.70 14.30 34.80 
A.A. 27.30 142.10 192.30 13.00 27.30 28.30 141.90 199.70 14.00 28.30 
1gM+A.A. 31.30 150.50 215.00 12.70 31.30 34.00 149.80 227.00 13.70 34.00 
2gM+A.A. 33.60 158.50 223.70 13.70 33.70 37.00 160.20 231.00 14.30 37.00 
4gM+A.A. 37.60 142.10 237.00 15.00 37.70 40.00 160.00 250.00 15.30 40.00 
LSD0.5 1.99 9.70 7.61 0.95 1.99 1.64 15.63 4.80 0.85 1.64 

BW= bunch weight; FW= finger weight; NFB= number of fingers per hand; NHB number of hands per bunch; BYF = bunch yield per 
feedan. H.A. = Humic acid; A.A. = Amino acids; ME mixture was contained iron (Fe) zinc (Zn) and manganese (Mn) with ratio of 2:1:1 
respectively. 

 
3.4. Chemical Properties: 

Data accessible in Table (4) highlight main and interaction effects of the two tested factors in the trial on 
GrandNain banana chemical fruit quality. The obtained results showed that their significant property due to the 
treatments on the banana fruit chemical quality (TS, RS, ST, TAC and TSS) during the two growing seasons. 

 
3.4.1. Main effects: 

Table 4 show significant differences between the two organic acids types on banana fruit chemical properties. 
The results indicated that amino acids (A.A.) more pronounced than humic acid (H.A.) and over control in 
enhancing the studded properties during the two growing seasons. Total sugars%, starch%, total acidity were 
increased with applying A.A. to the highest values comparing with H.A. and control whereas reduced sugars (RS) 
was decreased to the lowest value. The data elucidate that spraying A.A. increased significantly GrandNain 
banana TS% 17.22% over control, ST% 27.89%, AC 19.51% and TSS 17.53% whereas RS% obviously respond 
to application of the two organic acids comparing to control which means applying organic amendments 
decreased RS% with average rate 17.43% during the two growing seasons. 

Concerning to the effect of ME foliar application on the measured quality characteristics, increasing level of 
ME concentration caused significant increase in TS, ST, and TSS, whereas RS and TAC were decreased. The 
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results indicated that increasing foliar application level from zero to low (1g/l) increase or decrease the 
measured parameters with small insignificant values whereas increase the concentration to medium level, (2g/l) 
increased TS, ST and TSS or decreased RS and TAC significantly over control, when ME increased to high 
level (4g/l) the parameters increased to the highest or lowest values (Table 4) [32, 34] indicated that foliar spray 
application technique is considered a practical way to supply macro- and micro-elements could avoid the soil 
environmental factors and result in rapid absorption. Foliar application is particularly useful under conditions 
where nutrient uptake from the soil is restricted. This is often the case for the micronutrients such as Fe, Zn, Mn 
and Cu applied. These nutrients are frequently fixed by soil particles and for this reason are scarcely available to 
plant roots. 

 
3.4.2. Interaction effects: 

Interaction effect of organic acids (without, H.A. and A.A.) and microelements (ME) concentrations to 
GrandNain banana plants on the fruit chemical quality were presented in Table (4). It is comprehensible that all 
possible interactions were statistically significant or positive insignificant. Nearly all prominent increases TS, 
ST, and TSS and decreases in RS and TAC were obtained for the mixture of high rate of ME and A.A. followed 
with H.A in the both growing seasons. The highest results recorded in this regard were (22.83%, 2.48%, 0.45%, 
and 3.00%) for TS, ST, TSS and TAC respectively whereas RS recorded 4.38% averaged over the two growing 
seasons for AA. + 4g/l ME. The Humic acid, on the other hand, produced the second highest values for the same 
parameters (20.48%, 1.92%, 0.40% and 21.33) respectively whereas RS recorded 6.33% when it was applied 
with combination by high le0vel of ME. Enhancing values of TS, ST, TSS and TAC in addition to lowering 
RS% in banana affect directly BW and BYF. Amino acids and humic acid applied with high rate combined by 
the highest ME level were demonstrating the favorable fertilization treatments under trial conditions. The 
received results were in agreement with thus reported by [25, 26, 28, 35, 36].      

 
Table 4: Effect of microelements (ME) foliar application with different concentrations and organic acids on some chemical properties in 

GrandNain banana plants during two successive seasons of 2011/2012 and 2012/2013. 

Treatments Level TS% RS% ST% TAC% TSS% TS% RS% ST% TAC% TSS% 
2011-2012 2012/2013 

Organic 
acids 

Without 17.29 7.17 1.40 0.32 17.75 17.75 7.29 1.48 0.33 17.50 
H.A. 19.42 6.63 1.67 0.37 19.92 19.91 6.46 1.66 0.38 19.50 
A.A. 21.08 5.92 2.03 0.41 21.25 21.25 5.58 1.97 0.41 21.50 
LSD0.05 0.67 0.26 0.08 0.008 0.46 0.46 0.28 0.059 0.009 0.59 

Micro 
Elements 
(ME) 

Zero 18.16 7.05 1.43 0.40 18.44 18.44 7.00 1.47 0.33 17.33 
1g/1ME 18.66 6.94 1.55 0.38 18.89 18.89 6.83 1.57 0.36 18.22 
2g/1ME 19.55 6.39 1.79 0.35 20.11 20.11 6.22 1.74 0.39 20.50 
4g/1ME 20.66 5.89 2.04 0.33 21.11 21.11 5.72 2.03 0.41 21.94 
LSD0.05 0.77 0.30 0.09 0.01 0.53 0.53 0.32 0.068 0.010 0.68 

Zero 15.50 7.83 1.17 0.28 15.40 15.67 8.17 1.30 0.29 15.67 
1g/1(ME) 16.67 7.33 1.30 0.31 16.07 17.00 7.67 1.37 0.32 16.30 
2g/1(ME) 18.00 6.83 1.47 0.34 17.53 18.67 6.83 1.53 0.36 18.00 
4g/1(ME) 19.00 6.67 1.70 0.37 19.67 19.67 6.50 1.73 0.36 20.00 
H.A. 19.00 6.83 1.50 0.36 17.33 19.60 6.67 1.53 0.36 17.67 
1g ME+H.A. 19.00 6.83 1.47 0.36 17.40 19.30 6.67 1.53 0.39 17.67 
2g ME+H.A. 19.30 6.67 1.77 0.39 20.00 20.00 6.50 1.73 0.38 20.67 
4g ME+H.A. 20.30 6.17 1.97 0.40 20.67 20.67 6.50 1.87 0.41 22.00 
A.A. 20.00 6.50 1.63 0.37 17.67 20.00 6.17 1.60 0.36 18.67 
1g ME+A.A. 20.30 6.67 1.90 0.39 20.00 20.30 6.17 1.83 0.40 20.30 
2g ME+A.A. 21.30 5.67 2.13 0.42 21.67 21.67 5.33 1.97 0.42 22.80 
4g ME+A.A. 22.67 4.83 2.47 0.45 23.00 23.00 4.67 2.50 0.45 23.80 
LSD0.05 1.35 0.52 0.16 ns 1.35 0.92 0.56 0.12 ns 1.18 

TS = Total sugars; RS = Reducing sugars; ST = Starch percent; TAC = Total acidity; TSS = Total soluble solids  
H.A. = Humic acid; A.A. = Amino acids; ME mixture was contained iron (Fe) zinc (Zn) and manganese (Mn) with ratio of 2:1:1 
respectively. 

 
3.5. Leaves Mineral Content and Fertilizers Use Efficiencies: 
3.5.1. Leaves mineral content: 

Data presented in Table (5) shows that main and interaction effects of the two tested factors in the trial on 
GrandNain banana leaves macro and micro-elements. The results indicated that there were some significant effects 
due to the treatments on the banana leaves elements content including (N, P and K%) (Fe, Zn, Mn, and Cu µg/g) 
during the two growing seasons of 2011/2012 and 2012/2013. 

 
3.5.1.a. Main effects: 

Significant differences between organic acids treatment were located in N due to the application of H.A. 
and A.A. comparing with the without treatments. The results indicated that A.A. more effective than H.A in 
enhancing N content during the two growing seasons. N was increased with applying A.A. over H.A. to 2.96 
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and 2.83%, comparing with control (2.57%) respectively, averaged over the two growing seasons. Whereas P 
not responded to applying organic acids. At the same time K content were significantly increased to 4.03, 3.55, 
and 3.55% for treatments of H.A., A.A. and without spraying, respectively, averaged over the two growing 
seasons. These results clarified that A.A. and H.A characterized with high nitrogen and potassium content 
respectively. [37], found that foliar spray of both amino acids and micronutrients together on onion plants could 
improve the onion yield and its components. Amino acids have act as chelating effect on micronutrients, when 
applied together with micronutrients, the absorption and transportation of micronutrients inside the plant is 
easier [38]. These results were confirmed with the results obtained by [37, 39, 40]. 

The data in Table (5) illuminate that increasing ME spraying concentration level insignificantly affects N, P 
and K leaves content. Whereas micronutrients (Fe, Zn and Mn, with excluding Cu) were clearly affected 
significantly with increasing rate of amendments during the two growing seasons. The leaves ME concentrations 
were increased significantly with every increase in spraying mixture concentration up to 4g/l. Foliar application 
is particularly useful under conditions where nutrient uptake from the soil is restricted. This is often the case for 
the micronutrients such as Fe, Zn, Mn and Cu applied. These nutrients are frequently fixed by soil particles and 
for this reason are scarcely available to plant roots [41, 32, 42]. 

 
3.5.1. b. Interaction effects: 

Combination Effect of H.A or A.A. with ME were clearly affected positively and or significantly nutrients 
concentration of macro (N, K ) and micro (Fe, Zn and Mn) nutrients on banana leaves during the tow growing 
seasons. Generally nutrients concentrations were increased form without organic acid to with H.A. followed 
with the superiority of A.A. specially with increasing ME mixture concentration to 4g/l (Table 5). Humic acids 
are reported to increase the permeability of plant membranes, so promoting the uptake of nutrients. 

N concentration was affected significantly with type of organic acid more than ME concentrations, the 
results showed that grouping the results to three groups , low N concentration when ME sprayed without organic 
acids ,whereas applying A.A. increased leaves N concentration to the highest N values even more than H.A. 
effect during the tow growing seasons. Values of N concentration for without, H.A. and A.A. were 2.58, 2.81, 
2.93 respectively, at the same time applying ME with increasing concentration were reached to the highest 
values  of 2.58, 2.86, 2.98 for treatment of spraying 2g ME/l for the same organic acids respectively the 
superiority of A.A. may be due to increasing N content. Potassium concentration significantly respond with 
different phenomena were the H.A. have the better effect more than A.A. and comparing with without 
treatments without no effect to ME concentration,  it may be due to increasing K concentration in humic acid 
more than amino acids and without organic acids treatments. 

Micronutrients banana leaves concentrations were significantly affected to spraying treatments. Iron 
concentration more responded to A.A. than H.A. comparing with control treatments, increasing mixture 
concentration increased Fe leaves concentration positively and significantly during the two growing seasons, at 
the same time Zn and Mn concentrations were significantly responded to ME concentration more clearly than 
the organic acids type which have no significant effect between H.A. and A.A. but with positive and significant 
effect comparing with no organic acids treatment. The importance of micronutrients to plant growth and 
productivity is due to their role on the multibiological processes like the role of iron is essential for the synthesis 
of chlorophyll, electron transfer and carrier, involved in oxidation-reduction reactions, respiratory enzymes [43]. 
Zinc is a metal component in a number of enzyme systems that function as part of electron transfer and in 
protein synthesis and degradation. Zn is a part of auxin, one of the best-known enzymes regulating plant growth 
[44, 45]. Manganese is a structural component of certain metallo-proteins, it is a component in several enzyme 
systems and electron transfer and transport (oxidation-reduction) reactions [43].  
 
3.6. Fertilizers Use Efficiencies: 

Data presented in Figs. (1 and 2) shows main and interaction effects of the two tested factors in the trial on 
GrandNain banana nutrients (N,P and K) use efficiency (UE). N, P and KUE were improved positively and/or 
significantly due to effects of the treatments on the banana BYF averaged over the two growing seasons of 
2011/2012 and 2012/2013. 

Nitrogen use efficiency (NUE) was affected directly with application of organic acids. Fig. 1 shows clearly 
that application of H.A. or A.A. improved NUE comparing with without application treatment (72.5, 81.2 and 
65.2 kgBY/kg N fertilizer respectively). the same trend of data were located for PUE (362.5, 406.3 and 326.0 
kgBY/kg P2O5 fertilizer respectively), finally KUE values was (48.3, 54.2 and 43.5 kgBY/kg K2O fertilizer 
respectively). On the same time Fig. 1 showed that increasing concentration of ME foliar fertilization increased 
sharply all nutrients use efficiency. NUE for control treatment was 64.45 kgBY/kg N fertilizer whereas 
increasing concentration of foliar ME from 1, 2 and 4g/l increased NUE by 5.55, 11.38 and 17.23 kgBY/kg N 
fertilizer over control, the same tendency were located for PUE and KUE. 
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Table 5: Effect of microelements (ME) foliar application with different concentrations and organic acids on macro- and micro-nutrients 
concentration on GrandNain banana plants during two successive seasons of 2011/2012 and 2012/2013. 

Treatments level 
N P K Fe Zn Mn Cu N P K Fe Zn Mn Cu 
% µg/g % µg/g 
2011-2012 2012/2013 

Organic 
Acids 

Without 2.44 0.22 3.53 210.00 16.91 32.91 9.00 2.71 0.24 3.58 213.00 18.00 30.83 9.00 
H.A. 2.62 0.22 3.98 214.00 17.41 34.41 9.20 3.05 0.25 4.08 218.00 19.00 33.50 9.00 
A.A. 2.70 0.22 3.50 218.00 17.91 35.41 9.10 3.22 0.25 3.61 221.00 19.00 34.50 9.10 
LSD0.05 0.09 ns 0.13 3.63 0.44 1.58 ns 0.12 ns 0.12 2.50 0.48 1.26 ns 

Micro 
Elements 
(ME) 

Zero 2.60 0.22 3.67 192.00 15.66 24.77 9.20 2.97 0.25 3.67 191.66 16.00 24.11 8.90 
1g/1ME 2.60 0.22 3.66 212.00 16.66 32.00 9.00 3.00 0.25 3.67 216.33 17.00 30.44 9.10 
2g/1ME 2.59 0.22 3.68 220.00 17.77 37.33 9.00 3.01 0.25 3.77 224.11 19.00 36.44 9.10 
4g/1ME 2.56 0.22 3.69 233.00 19.55 43.88 9.10 2.99 0.25 3.74 236.00 20.00 40.77 9.00 
LSD0.05 ns ns ns 4.20 0.51 1.83 ns ns ns ns 2.89 0.55 1.46 ns 

Zero 2.47 0.23 3.50 188.20 15.00 25.00 9.00 2.70 0.25 3.53 185.00 16.00 23.00 9.00 
1g/1(ME) 2.43 0.22 3.57 208.00 16.00 30.00 9.00 2.70 0.24 3.63 213.00 17.00 28.00 9.00 
2g/1(ME) 2.47 0.22 3.50 218.00 17.00 35.00 9.00 2.70 0.25 3.60 220.00 18.00 34.00 9.00 
4g/1(ME) 2.40 0.22 3.57 228.00 19.00 42.00 9.00 2.73 0.24 3.57 232.00 20.00 38.00 9.00 
H.A. 2.63 0.22 4.00 192.00 16.00 24.00 9.30 3.00 0.26 4.10 194.00 16.00 24.00 9.00 
1g ME+H.A. 2.60 0.22 3.93 213.00 17.00 32.00 9.00 3.10 0.25 4.07 216.00 17.00 31.00 9.00 
2g ME+H.A. 2.63 0.22 4.00 220.00 18.00 38.00 9.00 3.10 0.25 4.10 224.00 19.00 37.00 9.00 
4g ME+H.A. 2.60 0.22 4.00 231.00 20.00 43.00 9.30 2.96 0.25 4.07 236.00 20.00 42.00 9.00 
A.A. 2.70 0.22 3.53 197.00 16.00 25.00 9.30 3.17 0.25 3.63 196.00 16.00 25.00 9.00 
1g ME+A.A. 2.77 0.22 3.50 214.00 17.00 34.00 9.00 3.20 0.25 3.60 219.00 18.00 32.00 9.30 
2g ME+A.A. 2.67 0.22 3.53 223.00 18.00 39.00 9.00 3.23 0.25 3.60 228.00 19.00 38.00 9.30 
4g ME+A.A. 2.67 0.22 3.47 239.00 20.00 44.00 9.00 3.27 0.25 3.60 240.00 21.00 42.00 9.00 
LSD0.05 0.18 ns 0.26 7.27 0.90 3.17 ns 0.26 ns 0.23 5.00 0.96 2.53 ns 

N= Nitrogen; P = phosphorus; K= potassium; Fe = Iron; Zn = Zinc; Mn = Manganese  
H.A. = Humic acid; A.A. = Amino acids; ME mixture was contained iron (Fe) zinc (Zn) and manganese (Mn) with ratio of 2:1:1 respectively. 

 
Interaction of treats were affects use efficiency of nutrients as demonstrated on Fig.2.  In general increasing 

nutrients use efficiency were found with increasing ME concentrations with combination of A.A. as a superior 
effect followed application of H.A. , then the lowest effect on without organic acids treatments. NUE for the 
best treatments of 4g/l ME under A.A. , H.A. and without were located 94.25, 78.25 and 72.50 kg kgBY/kg N 
fertilizer respectively. PUE showed the same trend of efficiency like previously demonstrated in NUE, 471.25, 
391.25 and 362.5 kgBY/kg P2O5 fertilizer respectively. KUE too not differ on the response to the treatments. 
The productivity of fertilizer unite (fertilizer use efficiency) were 62.83, 52.17 and 48.33 kgBY/kg K2O 
fertilizer respectively. 
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Fig. 1: Main effects of organic acids (Humic and amino acids) and microelements concentration on NUE, PUE and 

KUE for banana plants. 
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Fig. 2: Interaction effects of organic acids (Humic acid and amino acids) and microelements concentration on NUE, 

PUE and KUE for banana plants. 
 

Conclusions: 
Under newly reclaimed sandy soils irrigated by drip irrigation system and nutrients supplied using 

fertigation on GrandNain banana cultivar (Musa cavendishii Lamb.) productivity and quality response to 
micronutrients and to humic acids or amino acids as growth stimulators were studded. 

There were significant effects due to the treatments on the banana plants vegetative growth parameters 
including PSL, PSG, NGL, TLA and PBM. 4g/l microelements (ME) mixture increased vegetative growth 
indicators significantly. The most pronounced increases in the vegetative growth indicators were obtained from 
the combination of amino acids followed by humic acid with high rates of microelements (4g/l) in the both 
growing seasons. GrandNain banana plants yield (BW, BYF) and yield components (FW, NFH, and NHB) were 
responded clearly to A.A. more than H.A. with combination  by ME specially 4g/l concentration. The obtained 
results showed that their significant property due to the treatments on the banana fruit chemical quality (TS, RS, 
ST, TAC and TSS). Also banana leaves macro and micronutrients content increased significantly with 
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application of  amino acids with combination by ME mixture . Nutrients use efficiencies (NPK-UE) generally 
increased with applying organic acids, moreover increasing concentration of ME from zero to 4g/l enhanced the 
UE significantly which expects increase yield quality, farm profitability and decrease environmental stresses. 
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