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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 (cm?) 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.

Treatments
Fe% in
NS

0

50
100(S.N.5.)
200

400

0

50
100(S.N.5.)
200

400

82b
50b
8.6 ab
$9a
8.4 ab

8.7 ab
9.0a
8.0 ab
9.0a
73b

Sep.

1.3¢
Il.5¢
14.0 ab
14.6a
132b

11.7b
12.2b
148 a
122b
125 b

Oct.

134¢
13.0¢
16.7 ab
17.1a

153b

12.7b
133b
16.3 a
13.0b
129b

Nov.

158b
162 b
203a
200a
18.3 ab

143 b
150b
16.5a
139b
140b

Pseudostem circumference in (cm)

Dec.

16.0h
16.2b
20.6a
204a
18.6 ab

147b
15.7b
18.0a
143b
143b

Jan. Feb.  Mar.
2005/2006 season
164h  172b  199¢
17.2 b 184 b 22.1be
208a  221a 242ab
2067a  220a 256a
190ab 20.1ab 23.0ab
2007/2008 season
163b 17.7b  180b
172b  183b  187b
200 a 216a 230a
170b 200ab 20.7ab
163b  183b  190b

Apr.

220¢
24.0 be
26.4 ab
278a
254 ab

210¢
210e
258a
24.3ab

123 be

May.

240b
254b
29.0a
294a

282a

223¢
243 be
278a
26.0 ab
243 be

Jun.

250b
26.2b
318a
31.2a

30.8a

230¢
253b
288a
27.0 ab
253b

Jul.

26.6b
280b
33da
322a

3l8a

23.3d
253¢
29.0a
27.3b
26.3 be

Ang.

26.8¢
288 h
336a
324a

326a

24.0d
Jade
30.0a
280b
26.7 be

* Fe% relative to iron in the Standard Nutrient Solution (S.N.S.).
Values having the same letters in the same column in each season are not statistically different by Duncan “s multiple range test, 5% level.

N.S. = Nutrient Solution.

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.

Treatments

Pseudostem height in (cm)

1\-‘_e2¢' in Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug.
2005/2006 season
0 36.0c  478b  S04c  634c  T44a  80.8a  884a  906b  950b  9T6c  996c  1054c 107.2¢
50 392a-c 512b 584bc 700bc 756a 820a $88%a 950ab 1026a 1094b  1156b 11780 1200b
100(S.N.S.) 430a  610a 678a B806a 8522 886a 9222 952ab 1058a 1148ab  1220a  1232a 125.6a
200 428b 592a  T04a 756ab  806a 822a 926a  968a 1074a  1162a 1228  124.0a 127.0a
400 388bc  532b 620ab  722b  768a 836a  890a  924ab  1032a  1106b  1162b 11826 119.2b
2007/2008 season
0 240b  417b  S03a  S47b  S580c  637c 677b  693c  770b  853c 8933 9333d  96.67c
50 253ab  490a S547a  577b 63.0b  727b  750b  780ab  830b  923b  98.00ab  102.0be 108 3a
100(S.N.S.) 253ab  S00a S547a  640a 737a  797a 8272 850a  913a  993a  1000a  106.7ab 110.7a
200 287a  507a  S55.0a 593ab  650b  70.7b  743b  T7.0ac  823b  910be  1010a  1073a 111.7a
400 247ab  503a  S547a  573b 60.7be  640c 693b  T2.0be  $20b  89.0bc  95.00b  1010c 1050

* Fe% relative to iron in the Standard Nutrient Solution (S.N.S.).
Values having the same letters in the same column in cach season are not statistically different by Duncan s multiple range test, 5% level.

N.S. = Nutrient Solution.
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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.

Treatments No. of leaves per plant

Fe%' in

NS, Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul.  Aug
2005/2006 season

0 102a  120a 138ab 158ab 166a 168ab 17.8ab 196ab 206b  214b  232¢  252b  256b

50 106a 114a 136b 154b 162a 166b 172b 192b  212b  228a  246b 268 274

100(S.N.S.) 110a  126a 150a 170a 176a 1782 186a 204a 2242 236a  256ab 274a 278

200 11.0a  116a 140ab 154b  162a 168ab 17.6ab 192b  212b 2282  252ab 272a 276

400 1042 124a  146ab 160ab 170a 172ab 184a 202a 2222 236a  260a 278a 282a
2007/2008 season

0 83a 117b 133ab  143a  150c 160b 170c¢ 1776 187  210b  217b 227b  237b

50 87a 123ab  130b  143a 157bc 173ab 183ac 187ab 203ac  223b 23.3ab 240ab 247ab

100{S.N.S.) 90a 130a 147a 160a 170a 180a 19.0ab 19.7a  21.3ab 250a 250a 25.7a 267a

200 90a 120b 137ab 157a 167ab 183a 193a 197a 21.7a  227b 240a 243ab  260a
400 93a 1L7b 13.7ab 147a 157bc 16.7ab 17.7be 183ab 19.7bc 223b 233ab 243ab  253ab
* Fe% relative to iron i the Standard Nutrient Solution (S.N.5.). N.S. = Nutrient Solution.

Values having the same letters n the same column in each season are not statistically different by Duncan 's multiple range test, 5% level.

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.

% Area of blade of the third leaf from the top of the plant in cm’
N.S. Aug. Sep. Oct. Nov. Dec. Jan. Feb.  Mar.  Apr.  May. Jun. Jul. Aug.
2005/2006 season
0 610b  965¢ 1353c¢ 1510c 1680c 1680c 1707¢ 1914c¢ 205Tc¢ 2462d 2778 ¢ 28574d 2869d
50 669ab 1104bc 1308¢ 1588¢ 1797 be 1800bec 1965be 2088¢ 2370b 2878¢  3191b 3346¢ 3368 ¢
100(8.N.S.) 777a 1426a 1989a 2402a 2280a 2280a 2399a 2846a 3007a 3492ab 3872a 3999ab 4016 ab
200 731ab 1271ab 1757ab 2074b 2127a 2127a 23652 2685a 2921a 3594a 3945a 4089 a 4135a
400 654 ab 1284ab 1490 be 1945b 2027 ab 2027ab 2204ab 2343 b 2801a 32320 35286b  3785b  3831b
2007/2008 season
0 308b B06e 953c¢ 1078b 1184c¢ 1288c¢ 1366c 1423¢ 1523¢ 1714d 1860 d 1880 d 1920 d
50 345ab  992b 1153b 1350a 1488b 1669b 1792ab 1850b 1996b 2241b  2343b  2427b  2530b
100(S.N.5. 442a 1321a 1422a 1522a 1710a 1861a 1968a 206la 2317a 2626a 2703 a 2800 a 2927a
200 391ab 1005b 1194b 1389a 153%9ab 1628b 1759b 1805b 1925b 2208b 2344 b 2483 b 2652 b
400 399ab 1072b 1114be 1160b 1211e¢ 1327¢ 1394¢ 1512¢ 1676c¢ 1985¢ 2085¢ 2168 ¢ 2252 ¢
* Fe% relative to iron in the Standard Nutrient Solution (S.N.S.). N.S. = Nutrient Solution.

Values having the same letters in the same column in each season are not statistically different by Duncan s multiple range test, 5% level.

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.

Treatments Chlorophyll content in the blade of the third leaf from the top of the plant (SPAD) value
(Fe% in N.S.) December April August
2005/2006 season

0 31.3¢ 38.0b 34.0d

% 44.0b 57.0a 58.7bc
100(S.N.8) 54.7a 54.7a 57.7b
200 51.0a 56.3a 62.3a
400 53.7a 57.0a 56.7¢

2007/2008 season

0 40.3b 43.3b 40.0¢

50 53.3a 57.7a 59.0ab
100(S.N.8) 53.0a 59.3a 61.7a
200 53.3a 56.7a 58.7ab
400 54.0a 56.7a 35.7b

* Fe% relative to iron in the Standard Nutrient Solution (S.N.5.). N.S. = Nutrient Solution.

Values having the same letters in the same column in each season are not statistically different by Duncan ‘s multiple range
test, 5% level.
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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.

Treatmenls N % in dry matter I P% in dry matter I K% in dry matter

Fe% in Dec.  April. Aug. Mean Dec. April. Aug. Mean Dec. April. Aug. Mean

M 2005/2006 season

0 263 267 274de 2.68C' ] 0407ad  0424a-d  0337ce 0.389A' | 2.71cd 222 3216 LTIB
50 267¢ 298bc 2R8cd  2.84B' || 0388b<  (.376b-e  0.320c-¢ 0.361A" 2.64d 1.93f 3.18b 2.58C
100(SNS)  287cd  299bc  2.8%cd  2.92B' | 0446ac  0349c-e  0313c-e  0369A' ] 2.55d 1.92f 289 245D
200 294 295¢ 3192 3.03A' ] 0491ab  0294de  0310ce  0.365A' ] 2.59d 1.96f 3216 2.58C
400 259 270de  3l15ab  281B'J 0527a 0268  0310ce  0369A'J 2.73cd  2.05f  406a 294N
Mean 274C  286B  2.97A 04524 0342B  0.318B 264 2.01C 331A

2007/2008 season
0 26lef 273 2704 2.68B' § 0404be  0370c-e  0.304ef  0359A'] 257cd  3.00ab  307ab 288N
50 264df  260ef  297he  2.74B' | 0.403he 0271 0248f  0308B' ] 232d  283bc  3.07ab 274N
100(S.N.5,) 257 2T 302b 2778 | 0339 0.253f  0319d-f 03108 223d  3.03ab 340a 289N
200 2.89b-d 3.02b 302b  298A 0.496a 0401b¢  0.313d-f 0.403A' 2.46cd 3.2Tab 3.07ab 2,934
400 276ef  285be 325 2.95A' | 0477ab  0.391cd 0272f  0380A°] 222d  3.03ab  310ab  2.82A°
Mean 2698 278B  2.99A 04284 03378 0.292C 2368 3.05A J14A
* Fe% relative to iron in the Standard Nutrient Solution (S.N.5.). N.S. = Nutrient Solution.

Means of each of treatments, months or their interactions in each season having the same letters are not statistically different by
Duncan multiple range test, 5% kvel
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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.

itk Fe (ppm) in drv matter I Zn (ppm) in dry matter I Mn _(ppm) in dry matter
Fe% in Dec.  April. Aug. Mean Dec. April. Aung. Mean Dec. April. Aug.
e 2005/2006 season
0 107 gh 9h % h 99T T1.3de 63? T6.9 ¢ T3 B 683a 53%a-c 408 cd S44 AR
50 153fh  207eh 233eh  198CD 733 de 66.7e 80.7 c¢ 7368 640 a 432 bd 440 b-d 504 AR
100(S.N.S)  213eh 300dg 07ef 213C Tiiese 820ce 8353 be 81. 68 6d5a M9 a-c 592 a-c 505 A'
200 60ce 493bd M0b  498B 114a-c 94.0be 123 ab 1A 611 ab 507 ad 421 bd 513 AR
400 HTed 500 be 833a 60D A 109 a-d 86.7 bee 134a 110 A 600 a-c 501 ad 3i6d 4798
Mean 1568 3188 4254 RO.2AB T84B 99,994 636 A S05 B 4398
2007/2008 season

0 119g 100 g Tl4g 96.8E' T48ac 59.1bc 9. Ta 76.84' 618 a-c 722 ab T48a 696 A'
S0 200 f 23lef 2Kle 37 67.6 be 38.6 be 73.8a-¢c 66.74' 506 c-f 547 bd 519ce SMB
100(S.N.5.) 291df  308de 297de  299C" 65.2 be X 85.7ab T5.6A' 493 c-g 530 ce 350 b-d SMB
200 369 ed 409 be d66ab  415B 595be Mic 83.8ab 65.94' 21z Moeg 36l d-g 0
400 470 ab 470 ab 5lba 4834 615 be MEe 83.8ab 66.7A' g g 328 fg mc
Mean 008 304 AB 3254 65.7B 60.5 B §4.84 4524 4024 501 A

* Fe% relative to iron in the Standard Nutrient Solution (S.N.5.).

N.S. = Nutrient Solution.
Means of each of treatments , months or their interactions in each season having the same letters are not statistically different by Duncan 's
multiple range test, 5% level
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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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