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ABSTRACT 
This work was carried out for two seasons on young banana 

plants (Musa sp. "Williams Hybrid") grown in sand culture. The 
experiment included five levels of iron relative to iron in the standard 
nutrient solution (S.N.S.). These levels were 0%, 50%, 100 %, 200% 
and 400% Fe. Removing iron from the nutrient solution gave the 
lowest values of vegetative growth than those of other treatments but 
no symptoms of chlorosis were detected on leaves.  However, all 
vegetative growth parameters were gradually increased by increasing 
iron level in the nutrient solution. The maximum increase was 
obtained by S.N.S. (100%Fe) and (200%Fe) treatments which in most 
cases gave similar values. More increase in iron level (400% Fe) led 
to reduce growth comparing with the other treatments. Removing iron 
from the nutrient solution decreased N and Fe content but led to 
increase Mn content in leaf blades. Iron content was in plant gradually 
increased by increasing iron in the nutrient solution. However, there 
was a gradual decrease in manganese content by increasing iron level 
in the nutrient solution. On the other hand, it seems that iron 
treatments had no clear effect on N, P, K and Zn contents. Depending 
upon the interaction between iron treatments and sampling dates, in 
the two seasons  the different limits of iron content in leaf blades were 
71.4-119ppm, 153-281 ppm, 213-308 ppm, 360-640 ppm and 447-853 
ppm for plants grown under lack, low, optimum, high and very high 
level (excess) of iron, respectively.  
Key words: Musa sp.  "Williams Hybrid", iron, sand culture, banana 

plants, vegetative growth, mineral content 
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INTRODUCTION 
 

This research was carried out to study the effect of different 
levels of iron on growth and mineral content of young banana plants 
(Musa sp "Williams Hybrid") grown in sand culture. No doubt, this 
study may be helpful to determine the low, optimum and high levels 
of iron which in turn will be important in arriving at a proper program 
for banana fertilization. 

 

MATERIALS AND METHODS 
 

The present study was conducted for two successive seasons 
(2005/2006 and 2007/2008) to study the effect of different levels of 
iron on growth and mineral content of young banana plants (Musa sp. 
"Williams Hybrid") grown in sand culture. Plants were growing in a 
plastic house, Faculty of Agriculture, Ain Shams Univ., Shoubra EL- 
Kheima, Egypt. 

To start the experiment with similar plants of banana, plantlets 
were produced by in vitro culture technique and planted in small 
plastic pots (50 ml capacity) filled with peat moss and perlite under 
plastic house. After two months of acclimatization (at the end of May) 
in each season, plantlets were removed carefully from these pots then 
washed with deionized water to clean the roots from the root medium 
(peat moss and perlite). Plantlets were transferred to large plastic 
containers(one litre capacity) filled with sand which was previously 
treated with 10% commercial hydrochloric acid for 24 hours, then 
thoroughly washed with tap water then washed again several times 
with deionized water to free it from all solutes and any trace of acid. 
Banana plants were left to grow in these containers, irrigated with 
deionized water and sprayed three times weekly with a commercial 
fertilizer (Newlife) which contained N-P-Kat 19:19:19 +some 
micronutrients, until five-seven leaves had emerged per plant. In the 
last week of July plants were selected for uniformity and one plant 
was transplanted to a new plastic container. The dimensions of each 
container were 60, 40 and 35 cm for the upper, lower diameters and 
the height, respectively. These plastic containers (60- litre- capacity) 
were filled with treated sand as mentioned previously. All plants were 
fertilized with the Standard Nutrient Solution (S.N.S.) of Long Ashton 
for macronutrients and micronutrients according to Hewitt (1966) but 
with different concentrations of iron.  Iron treatments relative to Fe in 
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the S.N.S. were 0%, 50%, 100 % (S.N.S.), 200% and 400% Fe. The 
analogous concentrations of Fe in ppm were 0, 1.4, 2.8(S.N.S), 5.6 
and 11.2respectively. Thus, the experiment included five treatments 
and each treatment was replicated five times on one-plant-plots in a 
completely randomized design. Plants were supplied every other day 
with the different nutrient solutions at a rate of 2 liter / plant. It should 
be pointed out that leaching had been carried out every 2 weeks with 
deionized water by a rate of 2 liter / container.  

Vegetative characteristics 
The following measurements were determined monthly from the 

last week of August up to the last week of the next August in each 
season:- 
a- Plant height was measured from the ground surface up to the top of 

the pseudostem in cm. 
b- Pseudostem circumference was measured at 5 cm above ground 

surface in cm. 
c- Total number of leaves developed per plant was counted monthly 

from the beginning of August up to the next August of each season. 
d- Blade area (cm2) was calculated by measuring the length and width 

of the blade of the third full expanded leaf from the top of the plant. 
The area was calculated by multiplying the product of length and 
width of the blade by the factor 0.8 (Murray, 1960). 

e- Total chlorophyll content was measured in the blade of the third full 
expanded leaf from plant top in early December, April and August 
in each season by using a SPAD – 502 MINOLTA chlorophyll 
meter. The SPAD – 502 meter determines the relative amount of 
chlorophyll present by measuring the transmittance of the leaf in 
two wave length regions (the red and near-infrared). Using these 
two transmittance, the meter calculates a numerical SPAD value 
which is proportional to the amount of chlorophyll present in the 
leaf. 

In early December, April and August in both seasons, a sample 
from the middle part of the blade of the third leaf from the top of each 
plant was taken by cutting about 10 cm wide strips from both sides of 
the midrib as recommended by Hewitt, 1955 for nutrient analysis. The 
samples were washed with tap water and rinsed with distilled water 
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then oven dried at 60-70°C and ground for mineral analysis as will be 
mentioned later. 

Methods of nutrients determination 
Dried samples were ground by means of stainless steel rotary 

knife mill then digested according to the method of Jackson, 1967 
and the digested solutions were used to determine each of N, P, K, Fe, 
Zn and Mn .Total nitrogen was determined by micro Kjeldahl method 
as described by Pregl, 1945. Phosphorus was determined by means of 
a spectrocolourimeter, using the method of Truog and Meyer, 1929. 
Potassium was estimated by a flame photometer according to Brown 
and Lilleland, 1946. Iron, zinc and manganese were determined with 
an atomic absorption spectrophotometer. 

Each of nitrogen, phosphorus and potassium content were 
expressed as a percent of dry matter, whereas iron, zinc and 
manganese were calculated as parts per million (ppm) in dry matter.  

Statistical analysis   
As mentioned before, the experiment included five treatments 

and each treatment was replicated five times on one-plant-plots in a 
completely randomized design. The part concerned with the effect of 
different levels of iron and sampling dates on banana plants was 
statistically analyzed as a factorial experiment in a completely 
randomized design. All data obtained were statistically analyzed by 
using the analysis of variance (Snedecor and Cochran, 1980). Means 
were differentiated by Duncan's multiple range test at 5 % level 
(Duncan, 1955). 

 

RESULTS AND DISCUSSION 
Effect of different levels of iron on vegetative growth 

A- Effect on circumference of pseudostem 
In the two seasons, removing iron (0%Fe treatment) generally 

gave the least significant values in any given month in the two seasons 
(Table 1). However, the circumference was increased gradually by 
increasing iron concentration up to S.N.S. treatment which gave in 
most cases the highest values. More increase in iron level reduced the 
circumference and the lowest values in most cases were obtained by 
400% Fe treatment. However, the difference between these treatments 
(100, 200 and 400 % Fe) in most cases lacked significance. 
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Table (1):  Effect of different levels of iron on pseudostem circumference 
of "Williams" banana plants grown in sand culture during two seasons.  

 
B- Effect on height of pseudostem 

In the two seasons, removing iron decreased in height of the 
pseudostem when compared with any other treatment except in 
January and February in the first season (Table 2). However, the 
height of pseudostem in the two seasons was increased gradually by 
increasing Fe concentration. The maximum values were obtained by 
(100% Fe) and (200%Fe) treatments. More increase in iron (400%Fe 
treatment) led to decrease the height of pseudostem. 
Table (2):  Effect of different levels of iron on pseudostem height of 
"Williams" banana plants grown in sand culture during two seasons. 
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C- Effect on total number of leaves 
Generally, removing iron tended to reduce number of leaves 

especially in the later period of the first season and in most months in 
the second season when compared with other treatments (Table 3). 
Other treatments in all months gave more or less similar values from 
the statistical stand point. However, treatment 100% Fe gave the 
highest values especially in the second season. 

Table (3): Effect of different levels of iron on total number of leaves of 
"Williams" banana plants grown in sand culture during two seasons.    

 

D-Effect on blade area 
Removing iron (0%Fe treatment) gave the least significant 

values in any given month in the two seasons (Table 4). Blade area 
was increased gradually by increasing iron up to (100% Fe treatment). 
More increase in iron (treatments 200% and 400%Fe) tended to 
reduce the area of blade gradually and treatment 400% Fe gave 
significantly lower values than those of 100% or 200% Fe treatments. 
This was true in the two seasons of the experiment. In this respect, the 
size of the blade of the third leaf from the top of the plant of the zero 
iron treatment was about 60% and 70% that of S.N.S. treatment in the 
first and second seasons respectively. 
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Table (4):  Effect of different levels of iron on blade area of "Williams" 
banana plants grown in sand culture during two seasons.  

 
 

E- Effect on chlorophyll content 
Removing iron from the nutrient solution gave the least 

significant values of chlorophyll in any given month in the two 
seasons (Table 5). Generally, in the two seasons, chlorophyll content 
in leaf blades of other treatments was more or less similar from the 
statistical standpoint. Although banana plants were subjected to 
different levels of iron in the nutrient solution from August until the 
next August (about 13 months). Plants of all iron treatments appeared 
healthy and no symptoms of chlorosis were detected on leaves (Fig. 
1). Thus, it seems that preventing the supply of iron for about 13 
months after planting had no effect on the appearance of the leaves 
which in turn, proves the low iron requirements of banana plants. 

From the foregoing results, it could be concluded that in the two 
seasons all vegetative growth parameters were increased gradually by 
time except the period from December to January (winter period). 
Thereafter, the plant resumed its active growth to reach the maximum 
values in August.  Regarding the iron treatments, the data proved that 
removing iron from the nutrient solution gave the lowest values of 
vegetative growth than those of other treatments. However, all 
vegetative growth parameters were gradually increased by increasing 
iron level in the nutrient solution. The maximum increase was 
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obtained by S.N.S. (100%Fe) and (200%Fe) treatments which in most 
cases gave similar values. On the other hand, more increase in iron 
level (400%Fe) tended to reduce vegetative growth of the plants than 
the above two treatments. Thus it seems that, iron in the Standard 
Nutrient Solution seems to be adequate for the vegetative growth of 
banana plants. 

 

 
Fig. (1). Effect of removing iron from the nutrient solution on leaves of 

"Williams" banana plant at the end of   the growing season. 
 
Table (5):- Effect of different levels of iron on chlorophyll content in leaf 
blade of "Williams" banana plants grown in sand culture during two 
seasons.   
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Effect of different levels of iron and sampling date on mineral 
content in leaf blades 

A- Effect on nitrogen 
Effect of iron level. In the two seasons removing iron (0%Fe 
treatment) gave the least values of N content. Nitrogen content was 
gradually increased by increasing iron up to 200% Fe treatment which 
gave the highest values comparing with any other treatment followed 
by a slight decrease by 400% Fe treatment (Table 6).  

Effect of sampling date. Although samples were taken from leaves of 
similar age, the highest significant values of nitrogen were obtained 
by samples taken in August in the two seasons followed in decreasing 
order by April and December samples respectively. 

The interaction between iron level and sampling date. Removing 
iron reduced the values of nitrogen significantly in any given month in 
both the two seasons. On the other hand, other treatments gave similar 
nitrogen values but treatments 200%Fe in August in the first season 
and 400%Fe in August in the second season gave the highest values in 
the two seasons. 

 
Table (6):-Effect of different levels of iron and sampling date on 
N, P and K content in leaf blades of "Williams" banana plants 
grown in sand culture during two seasons. 
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B- Effect on phosphorus 
Effect of iron level. In the first season, there were no significant 
differences among iron treatments (Table 6). The highest values of 
phosphorus were obtained by treatments 200%Fe, 400%Fe and 0%Fe 
respectively. Since the results varied from season to season. So it could 
be safely concluded that iron level had no particular trend on phosphorus 
content.  

Effect of sampling date. In both seasons, sampling in December gave 
the highest values followed in decreasing order by sampling in April and 
August, respectively. Thus, it seems that date of sampling had an 
important effect on phosphorus content.   

The interaction between iron level and sampling date. The interaction 
was significant in the two seasons. The values of phosphorus in a given 
month were similar for all treatments except those of 200 and 400% Fe 
treatments which showed the highest values in December.  

C- Effect on potassium      
Effect of iron level. In the two seasons iron treatments had no clear 
effect on potassium content especially in the second season where all iron 
treatments gave more or less similar values (Table 6). 

Effect of sampling date. In the first season, sampling in August was the 
highest followed in decreasing order by those in December and April, 
respectively. In the second season, in sampling in April and August were 
similar but they were higher than that of December.        Thus, it could be 
concluded that, the highest values of potassium content were obtained in 
August sample.  

The interaction between iron level and sampling date. Most 
treatments in each sampling date in each season gave similar potassium 
values. However, treatment 400%Fe in August gave the highly  
significant value in the first season whereas 100% treatment in August 
gave the highest value in the second season. 

D- Effect on iron      
Effect of iron level. In the two seasons iron content was gradually and 
significantly increased by increasing iron level. (Table 7) The highest 
values were obtained by 400%Fe treatment. 

Effect of sampling date.  Although samples were taken from leaves of 
similar age, the highly significant values were obtained by sampling in 
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August in the two seasons. On the other hand, samples taken in 
December or April were similar from the statistical standpoint although 
sampling in April gave slight higher values than those of December.  

The interaction between iron level and sampling date. Removing iron 
reduced values of iron significantly in any given month in both the two 
seasons. The highest values were obtained in August by treatment 400% 
Fe in the two seasons. 

Depending upon the results of the interaction in the two seasons, 
the minimum and the maximum values of Fe (ppm) of different 
treatments are illustrated in (Fig.2). Therefore, it could be concluded that 
iron content in leaf blades ranged between 71.4-119ppm due to removing 
iron from the nutrient solution. This range means lack of iron but without 
any deficiency symptoms on the leaves. However, iron content was 
increased and ranged between 153-281 ppm in leaf blades when plants 
were supplied with 50%Fe. This means that iron is low. Iron content in 
leaf blades of plants supplied with the S.N.S. ranged between 213-308 
ppm. This means that iron is optimum. Increasing iron supply up to 
200%Fe increased iron content and the percentage of iron ranged 
between 360-640 ppm. This means that iron is high. More increase in 
iron supply increased iron content and ranged between 447-853 ppm 
.This could be considered that iron is very high (excess). 
Table (7):-Effect of different levels of iron and sampling date on Fe, Zn 
and Mn content in   leaf blades of "Williams" banana plants grown in 
sand culture during two seasons.  
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Fig. (2). The minimum and maximum values of iron in blades of 
"Williams" banana plant as affected by different levels of iron in the 
nutrient solution. 

 

E- Effect on zinc  
Effect of iron level. Results in (Table 7) showed that the effect of 
treatments varied with the season. In the first season, zinc content was 
gradually increased by increasing iron level and the highly significant 
values were obtained by 200 and 400% Fe treatments which gave similar 
values. In the second season, the different iron levels gave similar values. 
Thus, it seems that iron treatments had no clear effect on zinc content. 
Effect of sampling date. Although samples were taken from leaves of 
similar age, the highly significant values of zinc were obtained by 
sampling in August in the two seasons. On the other hand, samples taken 
in December or April gave similar values without any significant 
difference between them but. 
The interaction between iron level and sampling date. Most 
treatments gave similar zinc values on any given date in each season and 
treatments 200% ,400%Fe in August gave the significant highly values in 
the first season, whereas most iron treatments in August gave the highest 
values in the second season without any significant difference between 
them. 

F- Effect on manganese     
Effect of iron level. In the first season manganese content (Table 7) of 
most treatments was similar without any significant difference between 
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most treatments. In the second season, Mn content was gradually 
decreased by increasing the level of iron. However, in both the two 
seasons the least values were obtained by the highest level of iron 
(400%Fe). 
Effect of sampling date. Although samples were taken from leaves of 
similar age, the highly significant values in the first season were obtained 
by sampling in December whereas, samples taken in April or August 
gave similar values without any significant difference between them.  In 
the second season samples taken in August gave the highest values of 
manganese content although there were no significant differences 
between the different sampling dates. Thus, time of sampling seems to 
have a minor effect on Mn content. 
The interaction between iron level and sampling date. Removing iron 
gave the highest values of manganese content in December and April in 
the first season and in all months in the second season. Other treatments 
in general gave more or less similar values.So, on any sampling date 
removing iron from the nutrient solution increased the content of Mn.  
Similar work in the literature was not available. 
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تأثير المستويات المختلفة من الحديد على النمو الخضرى و المحتوى المعدنى 

 لنباتات موز الوليامز النامية فى مزرعة رملية
  نـهى منصـور-أحمـد الـجزار-إبـراهيم شوقـى 

   جامعة عين شمس– آلية الزراعة –قسم البساتين 
  

نباتѧѧات المѧѧوز  علѧѧى 2007/2008– 2005/2006أجريѧѧت هѧѧذه الدراسѧѧة خѧѧلال موسѧѧمي  
صنف وليامز ناتج زراعة الانسجة و النامية فى مزرعة رمليѧة  تحѧت صѧوبة بلاسѧتيكية بكليѧة              

و ذلك بهدف دراسة تأثير المѧستويات المختلفѧة مѧن    . الزراعة جامعة عين شمس بشــبرا الخيمة    
لبحѧث  الحديد فѧى المحلѧول الغذائѧـى علѧى النمѧو والمحتѧوى المعѧدنى لنباتѧات المـѧـوز و اشѧتمل ا                   

مѧن الحديѧد فѧى    ) Fe %400 %200 ,% 100 ,%50 ,%0(علѧى خمѧسة معѧاملات هѧى     
  .المحلول الغذائى 

أدى ازالѧѧة الحديѧѧد مѧѧن المحلѧѧول الغѧѧذائى الѧѧى نـѧѧـقص الѧѧـنمو الخѧѧضرى و لѧѧم يظهѧѧر علѧѧى      
فѧى حѧين أدت زيѧادة الحديѧد الѧى زيѧادة معنويѧة فѧى         .  علѧى الاوراق  النباتات أى أعراض نقѧص 

أعلѧى القѧيم بѧدون فѧارق معنѧوى      )  (Fe%200 ,%100عطى المعاملتــــــان النمو الخضرى لت
الѧى نقѧص النمѧو الخѧضرى عѧن        ) Fe%400(فى حين أدت زيادة مѧستوى الحديѧد الѧى           . بينهما  

  . المعاملتين السابقتين
بالنسبة لتأثير معاملات الحديد على العناصر الاخѧرى فقѧد أدى ازالѧة أو نقѧص الحديѧد فѧى                 
المحلول الغذائــى الى نقص محتوى النتروجين والحديد و زيادة محتوى المنجنيѧز  فѧى أنѧصال                
الاوراق ومѧѧع زيѧѧادة مѧѧستوى الحديѧѧد فѧѧى المحلѧѧول الغѧѧذائى حѧѧدثت زيѧѧادة تدريجيѧѧة  فѧѧى محتѧѧوى 

فى حين حدث نقص تѧدريجى      . على التوالى ) Fe%400(و  ) Fe%200(املاتالحديد مع المع  
لكѧѧن لѧѧم يكѧѧن هنѧѧاك تѧѧأثير واضѧѧح لمعѧѧاملات الحديѧѧد  . فѧѧى محتѧѧوى المنجنيѧѧز بأنѧѧصـــال الاوراق

  .المختلفة على محتوى الفوسفور و البوتاسيوم و الزنك
د تѧѧم أخѧѧذ   الاوراق فقѧѧبالنѧѧسبة لتѧѧأثير معѧѧاملات الحديѧѧد علѧѧى محتѧѧوى الحديѧѧد فѧѧى أنѧѧصال       

المســــــتويات المخـتلفة اعتمادا على قيم التفاعѧل بѧين المعѧاملات و ميعѧاد أخѧذ العينѧة فѧى آѧلا                      
) 281ppm-153(و) ppm 119-71.4(الموسمين فكانѧت المѧستويات المتحѧصل عليهѧا  هѧى      

و ذلѧѧѧك للنباتѧѧѧات الناميѧѧѧة تحѧѧѧت ) 853ppm-447(و )640ppm-360(و )308ppm-213(و
مѧѧѧستوى المنخفــѧѧѧـض و المѧѧѧستوى الامثѧѧѧل و المѧѧѧستوى المرتفѧѧѧع و المѧѧѧستوى  حѧѧѧد النقــѧѧѧـص وال

  . المرتفع جدا من الحديد على التوالى
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