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ABSTRACT

This work was carried out for two seasons on young banana
plants (Musa cavendishii cv. "Williams Hybrid") grown in sand
culture. The experiment included five levels of nitrogen in the nutrient
solution, namely 0%, 50%, 100 % (Standard Nutrient Solution)
(SN.S.), 200% and 400% N. Generally in both the two seasons,
removing nitrogen from the nutrient solution gave the lowest values of
all vegetative growth parameters than those of other treatments and
the old leaves at the base of plant acquired a yellowish colour which
covered most leaf blade leaving a narrow area with faint green colour
along the midrib. On the other hand, all vegetative growth parameters
were gradually increased by increasing nitrogen level in the nutrient
solution. The maximum increase was obtained by (100% N)
treatment. More increase in nitrogen level (200 % and 400%N)
treatments reduced vegetative growth of the plants.

Regarding nitrogen distribution in different parts of the plant
supplied with (S.N.S.), leaf blade had the highest amount of nitrogen
uptake which attained (73.86%) followed in decreasing order by those
in pseudostem (17.43%), leaf petioles (3.26%), corm (3.16%) and
roots (2.29%), respectively. Thus, it is clear that leaf blade had more
amount of nitrogen than those of other plant parts. This affirms that,
leaves are a proper organ to diagnose nitrogen status of "Williams"
banana plants.

Blade samples from leaves of similar age (the blade of the third
leaf from the top of the plant) were taken at three different times for
mineral analysis. Although samples were taken from leaves of similar
age, nitrogen, phosphorus and potassium contents were higher in
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August sample than those sampled in December or April. Thus, time
of sampling had a pronounced effect on leaf mineral content.

Regarding the effect of nitrogen treatments on mineral content, it
appeared that nitrogen treaimenis affected nitrogen content
considerably. Removing nitrogen from the nutrient solution reduced
nitrogen content to about 1.04-1.64%, this range means lack
{deficiency) of nitrogen. However, nitrogen content was increased and
ranged between 2.46-2.67% in leaf blades when plants were supplied
with 50%N in nutrient solution. This means that nitrogen is low.
Nitrogen content in leaf blade in plants supplied with (S. N. S.) ranged
between 2.76-2.86%. This means that nitrogen is optimum. Increasing
nitrogen supply up to 200%N, increased nitrogen content and the
percentage of nitrogen ranged between 2.85-3.09%. This means that
nitrogen is high. More increase in nitrogen supply (400%N) increased
nitrogen content and ranged between 3.07-4.10% .This could be
considered that nitrogen is very high (excess).

With respect to other elements, removing nitrogen decreased N
and P but increased K content in leaves. However, there was a gradual
increase in phosphorus content by increasing nitrogen level in the
nutrient solution. On the other hand, the increase of nitrogen in
nutrient solution decreased potassium content significantly and the
highest nitrogen level (400%) gave the least potassium value.

Key words: Nitrogen, sand culture, banana plants (Musa cavendishii
cv.: "Williams Hybrid"), content and uptake of minerals.

INTRODUCTION

This research was carried out to study the effect of different
levels of nitrogen on growth, mineral content and nutrients uptake of
young banana plants {(Musa cavendishii cv.: "Williamms Hybrid")
grown in sand culture. No doubt, this study may be helpful to
determine the low, optimum and high levels of nitrogen which in turn
will be important in arriving at a proper program for banana
fertilization.
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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
nitrogen on growth, mineral content and nutrients uptake of young
banana plants (Musa cavendishii cv. "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 vifro culture technique and repotted under
controlled conditions in plastic house up to the last week of July when
plants had 5-7 leaves, then plants were selected for uniformity and one
plant was transplanted to a new plastic container. The dimensions of
each container were 60 cm, 40 cm and 35 cm for the upper, lower
diameters and the height, respectively. These plastic containers (60-
litre- capacity)} were 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. All plants were
fertilized with the Standard Nutrient Solution (S.N.S.) of Long Ashton
(Table 1) for macronutrients and (Table 2) for micronutrienis
according to Hewitt (1966) but with different concentrations of
nitrogen. Nitrogen treatments relative to N in the S.N.S. were 0%,
50%, 100 % (S.N.S.)), 200% and 400% N. The analogous
concentrations of N in ppm were 0, 56.5, 113.0, 226.0 and 452.0.
respectively. Thus, the experiment included five treatments. Plants
were supplied every other day with the different diluted solutions at a
rate of 2 liter / plant. Each treatment was replicated five times on one-
plant-plots in a completely randomized design. It should be pointed
out that leaching requirement had been carried out every 2 weeks by a
rate of 2 liter / container with deionized water.
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Table (1): Macronutrients composition of Long Ashton standard
complete nutrient solution based on ammonium sulphate at 8 mg.

equiv. /L

Stock salntion

' . used o prepare

Salt mg. equivd pm mM, . 1981 of puirient
solation
Mg50,.7H; O Mg~ M SO7 30 Mg % s 8 L& 338 260 ml
NaHPOLI3H, 0 Na M7 POS 40 Ma 82 P 1.1 414 400 mt
K80 K 48 507 46 K 156 § 6 2 M3 460 i
CaCl C_:"+ LT ) 80 Ca 160 a4 I8 £ 444 200 ml
(¥H)50, NH 88 SOf 80 X 113 § I 44 518 200 mt

Table (2): Micronutrients composition of Long Ashton standard
complete nutrient solution.

stock solution used to

Salt mg. eguiv./l mM. Conc. ppm prepare 1000 | of
' nutrient solution

Fe NaEDTA 0.15 0.05 2.8Fe 18.6¢g/1
MaSO, 4H,0 0492 6.01 8.55 Mn 220g41
CuSO,. SH,0 0.002 0.001 0.064 Cu 0.256¢g /1
2180, .TH.O 0.002 0.661 0.065 Zu 0.287¢g .1
H,BO; 0.15(B%) 0.05 0.54B A0sg )
Na:MoO.2H:0  0.003(Mo%) 0.0005 6.048Ma , 0.07 Na 0.120¢g/1

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:-
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a- Plant height was measured from the ground surface up to the top of
the pscudostem in cm.,

b- Pscudostem circumference was measured at 5 ¢m above ground
surface in cm.

c- Total number of leaves per plant was counted.

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 balde by the factor 0.8 (Murray, 1960).

e- Total chlorophyll content was measured in 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.

At the end of each season in August (after thirteen months from
planting) all plants were taken out carefully and separated into five
parts (roots, corm, pseudostem, petioles and leaf blades). The fresh
weight of roots, corm and pseudostem were determined. Thereafter,
amples of about 100g were taken from each of roots, corm (by cutting
a longitudinal section from the middle part of the corm) and
pseudostem (by cutting a cross section from the middle part of the
pseudostem).

Regarding the leaves and petioles it should be pointed out that
the third leaf from the top of the plant was taken from each plant and
separated in two parts (blade and petiole) and the fresh weight of each
part was taken. Then the total fresh weight of leaves and petioles were
calculated by multiply the number of leaves or petioles by weight of
each part. The different fresh samples were washed with tap water
and rinsed with distilled water then oven dried at 60-70°C until a
constant weight then the dry weight of each part was determined.

Thereafter, the fresh and dry weights of total plant were calculated. -
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Chemical analysis:-

In ecarly December, April and August in both seasons, a sample
from the middle part 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 analyses. The samples
were washed with tap water and rinsed with distilled water then oven
dried at 60-70°C and ground for mineral analysis as will be mentioned
later.

At the end of each season, samples from different plant organs
(roots, corm, pseudostem, petioles and middle part of the blade
without midrib were taken for nutrient determinations to calculate
nutrients uptake in each organ and total plant.

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 nitrogen,
phosphorus and potassium .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 content was estimated by a flame
photometer according to Brown and Lilleland, 1946. The content of
each nutrient was expressed as a percent of 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 nitrogen fertilization 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 Ievels of nitrogen on vegetative growth.
A- Effect on circumference and height of pseudostem:

In the two seasons data in (Tables 3 and 4) indicated that, height
and circumference of pseudostem weré increased gradually by time
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and the highest values were obtainedin August (thirteen months after
planting). Regarding nitrogen treatments, removing nitrogen showed
significant decrease in circumference and height of the pseudostem
when compared with any other treatment on any given date. However,
the circumference and height- of the pseudostem was increased
gradually by increasing N concentration in the nutrient solution .The
maximum values were obtained by the Standard Nutrient Solution
(S.N.S) (100% N treatment). Increasing N in the nutrient solution
(200%N treatment) reduced the circumference and height of
pseudostem. More increase in nitrogen (400%N treatment) led to
induce more decrease in the circumference and height of the
pseudostem.

Thus, it seems that (S.N.S) treatment gave the highest value of
circumference and height of the pseudostem of "Williams" banana
plants in the two seasons.

B- Effect on total number of leaves:

Generally, results in (Table 5) revealed that in the two seasons,
number of leaves was increased gradually by time and the highest
values were obtained in August (thirteen months after planting). With
respect to nitrogen treatments, removing nitrogen showed the least
significant values of total number of leaves per plant. This was true in
any given month during the two seasons. On the other hand, treating
with 100%N (S.N.S. treatment) gave the highest values of total
number of leaves per plant in any given month except in August 2007.
Reducing nitrogen (50%N) or increasing nitrogen (200%N) reduced
number of leaves per plant. Excess of nitrogen (400%N) induced more
decrease in number of leaves per plant.

C-Effect on blade area:

Results in (Table 6) show that, the area of leaf blade was
increased gradually by time and the highest values were obtained in
August (thirteen months after planting). Regarding nitrogen
treatments, removing nitrogen (0%N trcatment) gave the least
significant values in any given month in the two seasons. However,
other treatments behaved in a particular manner in each season. In the
first season, treatments {50%N), (100%N) and (200%N) gave more or
less similar values in most cases. However, treatment (100%N) tended
to give higher values than those of 200 or 400 %N treatments.
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In the second season, from August to December, treatment
{200%N) gave the highest values for blade arca followed in
decreasing order by that of (100%N). Whereas, in the later period of
the season (from January to August) treatment (100%N) gave the
highest significant values. On the other hand, in both the two seasons,
the highest nitrogen level (400%N) gave lower values than those of
the preceding two treatments.

Table (3): Effect of different levels of nitrogen on pseudostem
circumference of "' Williams'' banana plants grown in sand culture
during two seasons.

Treatments Pseadoster circumference in (cm)
Areatments

N% in ‘
XS. Aug. Sep. Oct. Nov. Dec. Jan Feb. AMar Apr. May. Jm.  Jul  Awmg -

20052006 season
0 55d 66b T3 T2 T4 T 82 87 8% 10le 6 L4 144

30 78 itle 113b 166 177 I8% 1892 207 NS 232 UM% BS  dd
100SNS) 8Sab 1092 Mla 170 178 181 183a D.SuBla 24 2721 22 306
M 92 1232 M 166 16%b 174b 178 12ab 2192 2372 159% 283 208
40 Sibc 1102 1340 144 M9 IS0 151 1db 183 DS 210 20 B4
' 2007/2048 season
0  60b &7 76b 75 8.0 830 B85 884 888 113d 1L7% IL3c 1.7
50 T3 0.3 1l7a 130ab 15.0ab 1586 1672 178b 1926 223ab 247 26.0a 2.0
WHSNS) 7.7 9% 7 3% 1

o

.72 1782 I84a 1982 L3 2332 M.0a Mab X {a
W0 8.0 1032 1182 133a Id5ab 363b 172a 1786 19.0b 2L0bc 23.0ab 23.Tab 25 33
400 7.7¢ 9.7a 113z 126b 133y 137 14.3b 150c 160 190c 21.3b 3.3 WU

* N relative to mtrogen in the Standard Nutrient Soltion (SN.S).  N.S.=Nutnent Solution.
Values having the same fefters in the same columm in each season are not statistically different by Duncan snnﬂhplerangeﬁest,i!f.lml
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Table (4): Effect of different levels of nitrogen on pseudostem
height of "Williams" banana plants grown in sand culture during
iwo seasons.

Treatments Psendostein height in (cm)

N% in
xS, Aug. Sep.  Oct  Nov. Dec. Jan. Feb. Mar. Apr.  May,  Jun Jul Aug.

20052006 season o
G 5.6d 33480 MAc 358¢ 3744 3904 d0dc 4loc 428c 448c 4764 SLOc 3344

50 Ja6¢c 06a 530ab 6l8a 044D §63al F04a T62a H8a 9852  1044ab 10762 114.6ab
J00(SNS.) 424al 486a 568b 644a Tila Tl6a 738a 772a 10162 16503 1122a i132a 1200a
260 4542 498a 543ab 58.8ab 62.0bc 536bc 658ab T54a B88.6ab 91.3ab  96.2bc 100.4ab 10420
400 3841 464 483k 5260 358  580¢ 0450 606b T66b 800b  S40c¢c 8920bh S006¢
2007/3008 season
g 2400 26.3d 26.3@ 28.0c 28.0¢ 28.7c MO 33.0c Mod 47.7d 0 4904 S0 S
50 17.72 35.3bc 40.7he 45 Tab 52.0ab 560a 53.3b 65.0b FS.0b 89.0b  93Th 983 14
1008NS) 2772 37.3ab 43.0ab F0.0a 5672 6l.3a 67.32 76.7a §7.0a 10002 10672 1147a 1163a
160 1672 40.0a d45.3a 50.0n S55.0a $9.0a §7.0a 7372 80.3p 0LTb  037h  9ROD 100.0bec
£60 18.02 333 3o 41.7Tb 457h 50.3b 57.3b 62.0b 86.3c 81.Tc 858  BlBc  947c

* X% relative to rutregen in the Standard Nutrient Sofution (SNS).  N.S. = Nutment Solution.
Values having the same letters m the same column in each season are not statistecably different by Duncan 's prdfrple range test, 5% level
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Table (5): Effect of different levels of nitrogen on total number of
leaves of "Williams™ banana plants grown in sand culture during
two seasons.

Treatments No. of ieaves per plant

Nt% in

.r\'.iS, Avg. Sep. Oct. Nev. Dec. Jan. Feb. Mar. Apr.  May.  Jun.  Jul  Aug
1805/2006 season

0 92 110b 120c 1226 130b 130c 134c  148¢ I66c 178c  184c 188 195

Y 10.2a1 12.6ab 140ab 1502 160a 1642k 17.2b 19.0b 218ab 238ab 264ab 282ab 30.2a
100(S.N.5) 1642 132a 132a 6da 1742 1782 188a 2082 2342 2542 2762 206a 3062
00 H0.2al 12026 1326 1322 1682 142b 1716 196b 214b 2368 26.0ab 278ab 20.6ab
460 1062 1322 1502 162a 1702 170ak 176ab 10.6ab 21.8ab 234b 21320 272p  2°8b
2057:2008 season
0 76h 930 86¢ 167 1130 1204 12.3¢ 127%h 138h 163 170¢  173c 18
50 83ab 1202 1372 1502 16.0ab 163ak 17.0ab 18.02 20.0a 20.7ab M3a 263 270b
I00(SNS) 86ab 123 140a 1533 163a 170a 1772 180 203 24.0a 2302 Y72 203a
160 90a 128a 1332b 1432b 15.0bc 157 1630 17.42 1932 22.3b 2432 2602 27D
460 $3ab 1172 1270 1376 4.7 15.3c 1666 17.0a 19.7a I1.7b  227b  MO0b  250c

* N% relative fo mtrogen in the Standard Nutmient Sohition (S NS). NS, =Nutrient Sohution.
Values having the same Jevters in the same cohumn i each season are not statistecaly different by Duncan 's multiple range test, 3% level
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Table (6): Effect of different lcvels of nitrogen on blade area of
"Williams'" banana plants grown in sand culture during two
seasons.

Treatments Area of blade of the third leaf from the top of plant in cm’

N% in
XE Aug. Sep. Oct.  Nov. Dec. Jan. TFeb. Mar. Apr.  Mey, Jum  Jul Asg

2605/2006 seasen
] 2508 3¢ 3W0c 3Bd4c 480c 499c¢ SB4c  6l0c 629c G86c 6964 TOBd  T2e

50 Ib 11732 13952 14572 1527a 1530a 20102 1ll2a 22432 24342 2883a 2038a IW&9a
IS NS) 767al 11942 1234ab 1367ab 1554 15864 19382 21432 23472 MMa  1656ab 2771a 2870B
200 8322 11292 1261ab 12983ak 13012 1414a 1834a 19232 2193 2X38a 6L 2350h 2663 ¢
400 590c 960b 1082b 1IX2b 1196b 11960 1401b 1470Db 1500b 1685b  1822¢ 19016+« 20094
2007:2008 season

§ 36c Mdd MS¢ 379c 419 437c 4924 G2id 694d 9574 96ld 963d 987 d

50 330b ¥o4c 788c  8RADb  0STDL  1367a 1337bc IS43D 1788D 2IW9b 2199b 1221L 2177
108 XN8) 4262 1603b 1036h 1070ab 1220a% 14112 165%a 1833 s 20452 24402 2500a 2581a 2506a

200 44a 12232 12la 1259 a 1333a 1385a 1493ab 14960 1716b 2030bc 2068% 2111b 2133b
4 3¢ 645¢ 837bc 983h 1011ak 1060% 1117c¢ 1133c¢ 1387c¢ 18Mdc  1833c 1900¢ 193¢

* N% relative to nitrogen m the Standard Nutrient Solution (SNS). N5, =Nutrient Solution.
Values having the same letters m the same colunm in each season are not statstically differeat by Dunican 's multeple range test, 3% level

D-Effect on fresh and dry weight of different parts and total plant.
of “Williams” banana:

Results in (Table 7) indicted that, in the two seasons, fresh and
dry weight of different parts and total plant at the end of each season
were affected significantly by different levels of nitrogen. Generally,
in the two seasons, removing nitrogen from the nutrient solution gave
the least significant values of fresh and dry weights.

With respect to fresh weight of different parts, treatments
(100%N) and (200%N) gave similar values in the two seasons but
these values were significantly higher than those of other treatments.
On the other hand, decreasing or increasing nitrogen concentration in
the nutrient solution (treatments 50%N and 400%N) tended to
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decrease fresh weight of different parts and total plant significantly
than those of the above two treatments.

Table (7) Effect of different levels of nitrogen on fresh and dry
weights of different parts and total plant of "Williams" bananas
grown in sand culture during two seasons.

Irgg:.rnlem Fresh weight (g) Diy weishi (g} i

& ™ R (em Pmbem  Pék  Bads Topm Roe  Com  Pubem B Bhde ;‘i‘
2005/2006 season

[} Had 1% 2% 60 26d e 3k LB 6 Ak i il

E We {hb 26T 0 295k 6445b 146b  168a Bl3z  303b  3She 4%

NS a8h a8 §13a  3330ab 7878 3Bla 18I 08la Mha M ik

i} 501a 6712 34 Neab 3600 8007 280: 1542 983 2B1b  BWb S

4 136 38b  376%ab  36ab  318%hc 050b 1756 I Bida 204 Mk 4N
200742008 season

L] I55c  108d 178 6 e B M 1) 88 16d 6b He

§ b ¥ N 178 l60b 8356h  16he M4 I 14 1Mah b

HO5N5)  308b  0eb M %72 Hbdab 68la b 14 8% 182b  19%ab  380ab

0 B S B {26 8l3a W% B2 h 883 Md4a M il

400 e  3ic 2900 5 133 £946b  I36c  140b 653 6 13ab B

¥ N% relative to nitrogen it the Standord Nurient Solution (SN.5.). N5, =Nutrieat Sclubicn.
Valoes baving the same leffers tn the same colimn in each season are siof stefistically different by Dumean s smitiple ranse foct, 3% Il

Regarding dry weight, increasing nitrogen in the nutrient
solution increased dry weight of different parts and total plant but the
effect of treatments varied from season to season. In the first season,
(100%N) and (200%N) treatments gave the highest significant value
of dry weight of roots and blades when compared with any other
treatment. Whereas, dry weight of roots and blades were reduced by
increasing nitrogen up to (400%N treatment) or decreasing nitrogen in
the nutrient solution (50%N treatment). Regarding dry weight of the
corm and pseudostem, treatments 50, 100, 200 and 400%N gave
similar values without any significant differences between them. On
the other hand, treatment 100%N gave the highest significant value of
petioles dry weight than other treatments which gave more or less
similar values. In the second season, reducing nitrogen in the nutrient
solution (50% N treatment) or increasing nitrogen (400% N treatment)
gave similar dry weight of different parts and total plant but these
values were lesser than those of 100% and 200%N treatments which
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were similar from the statistical standpoint except in petioles whereas,
200%N treatment gave the highest significant values when compared
with other nitrogen treatments.

E- Effect on chlorophyll content

Results in (Table 8) proved that removing nitrogen from the
nutrient solution gave the least significant values in any given month
in the two seasons. Accordingly, plants of this treatment showed a
yellowish appearance.

Generally, in the two seasons, chlorophyll content in leaf blades
was increased gradually by increasing N concentration in the nutrient
solution .The maximum values were obtained by (S.N.S.) treatment.
More increase in the concentration of N in the nutrient solution
{treatments 200%N and 400%N) gave more or less similar values but
these values were lower than those of (S.N.S.) treatment, although the
difference lacked significance.

Consequently, it scems that the (S.N.S.) treatment tended to give
the highest value of chlorophyll content of "Williams" banana plants
in the two seasons.

From the foregoing results, it could be concluded that removing
nitrogen 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
nitrogen level in the nutrient solution. The maximum increase was
obtained by S.N.S. (100%N) followed closely by (200%N treatments).
However, these two treatments gave similar values in most cases. On
the other hand, more increase in nitrogen level (treatment 400%N)
tended to reduce vegetative growth of the plant than those of the
above two treatments. Thus, it seems that, nitrogen in the Standard
Nutrient Solution seems to be adequate for the vegetative growth of
banana plants.

In this respect, Shawky et al., (1993) proved that decreasing
nitrogen by 50% or removing it from the nutrient solution of "Hindy"
banana plants decreased vegetative growth but more increase in
nitrogen in the nutrient solution up to (500%N) significantly increased
number of green leaves per plant but other vegetative characteristics
were not affected significantly.
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Table (8) Effect of different levels of ‘nitrogen on chlorophyll
content in leaf blade of "Williams" banana plants grown in sand
culture during two seasons.

Chlorophysli content in the blade of he third leaf from the top of the plant (SPAD) value

"fm%tmeuts
(% in N5 December April August
200572006 season -
0 31.0¢c 2874 2576
50 51.7b 510¢ 527a
100¢8.X.5) 357 57.Gab 537a
200 51.7b 55.7 be 5334
400 5170 577a 337a
o 35.00¢ 3430 320¢
50 51.00ab 5174 533b
1085.N.5) 52.67ab 567 a 60.0a
200 56.33a 520a 553 ab
400 49.67b 53.7a 53.7 ab

*# N% relative to niffogen in the Standard Nutriant Solution (3NS5} N.S. = Nutrient Sofution.
Valnes havisg the same letters in the same column in each sesson are oot statistically dszefemhyl)mn 5
mmdtiple range test, 3% level.

Visual symptoms of nitrogen deficiency:

Banana plants were subjected to different levels of nitrogen in
the nutrient solution from August until the next August (about 13
months). Plants of all nitrogen treatments except those of (0%N)
treatment appeared healthy specially the third leaf from the top of the
plant which was selected as a recommended sample for all plants.

Removing nitrogen (0%N treatment) from the nutrient solution
acquired old leaves at the base of the plant a yellowish colour which
covered most leaf blade leaving a narrow area with faint green colour
along the midrib. During the rest of the growing season, some of these
leaves became completely yellow and finally turned brown and dried.
Moreover, the distance between successive leaves was reduced; giving
the plant a "rosette”" appearance and finally the colour of whole plant
became pale green due to nitrogen deficiency (Fig.l1). Under these
conditions, the total number of leaves and the blade area were
decreased compared with those of normal plants which were supplied
with (S.N.S.) (100%N). Old leaves of other treatments supplied with



1. Biol. Chem. Environ. Sci., 2009, 4 (2), 517-543 531

different levels of nitrogen did not show such symptoms but remained
green in colour. Similar symptoms were obtained by Murray, (1959)
and Shawky et. al, (1993).

A- g of tb:}":llumsh colour. B- Yellowish col most of leaf blade

F.2

C- Old [eaf became brown and dried. D- "Rosette” appearance and pale gresn plant

Fig. (1). Effect of nitrogen deficiency on leaves of "Williams"
banana plant.

Effect of different levels of nitrogen on content and uptake of
nitrogen, phosphorus and potassium in different parts
A-1 Effect on nitrogen content:

Results concerning nitrogen content (Table 9) proved that
nitrogen percentage varied from part to another. The highest nitrogen
content was in blades. On the other hand, N% was more or less similar
in pseudostem, petioles and corm but roots seem to have the least N
percentage. Similar results were obtained by Twyford and Walmsley
(1974) who found that leaves always had the highest content of
nitrogen in the vegetative phase of "Robusta" banana plants. In this
respect, Shawky et. al., (1974) found that the lamina of "Basra"
banana, Musa cavendishii had the highest nitrogen percentage,
followed by the midrib whereas, the petiole had the lowest nitrogen

percentage.
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However, in the two seasons (Table 9), nitrogen percentage was
affected significantly by the levels of nitrogen. The least significant
values of nitrogen content were obtained by removing nitrogen from
the nutrient solution. This was true in all parts of the plant. Increasing
nitrogen level gradually in the nutrient solution increased nitrogen
-content gradually and the highest values were obtained by 400%N
treatment,

A- 2 Effect on nitrogen uptake:

Regarding the distribution of nitrogen amount in different parts
of plants supplied with (8.N.S.), the results as an average of the two
seasons indicated that nitrogen uptake varied from part to another in
the plant. The percentages of nitrogen uptake were (73.86%) in leaf
blades followed in decreasing order by those in pseudostem (17.43%),
petioles (3.26%), corm (3.16%) and roots (2.29%), respectively.

Accordingly, it is clear that leaf blades had the highest amount of
nitrogen compared with those of any other plant part.

In the two seasons, nitrogen uptake of different parts of banana
plants was affected significantly by the levels of nitrogen in the
nutrient solution. In both the two seasons and in any part of the plant,
the least values of nitrogen were obtained by removing nitrogen from
the nutrient solution. However, a gradual increase in nitrogen uptake
was obtained by increasing nitrogen level up to 100%N. Increasing
nitrogen level up to 200%N, in most cases, induced a slight increase in -
nitrogen uptake. However, increasing nitrogen level up to 400%N did
not show any particular trend where this treatment sometimes
increased or decreased nitrogen uptake but in most cases treatments
100%, 200% and 400%N gave more or less similar values.

Regarding the uptake of nitrogen in total plant, in the two
seasons, removing nitrogen from the nutrient solution gave the least
significant values of nitrogen uptake. On the other hand, 50% N
treatment induced significant increase in nitrogen uptake. More
increases in nitrogen supply (100%, 200% and 400%N treatments)
tended to increase nitrogen uptake but the differences between these
treatments were not significant.
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Table (9):-Effect of different levels of nitrogen on content and
uptake of nitrogen in different parts of "Williams" banana plants
grown in sand culture during two seasons.

Treatinents N% in drv matrer Uptake of itrogen (§ )/ in_each part

LR N N/ plant
:o; ® Roots Corm Psendosters Petioles Blades] Roots Corm Psendostemn Petioles Blades (g
2002606 season
] 0513 07476 1134 D753 104e JOO17¢ 00260 0.070d 00170 0266 D34
30 08170 Li0c Lidd 0893d  250d JOilde  O.1%5ab 097% 02%0c¢ 79  935h
1008.NS) 08750 1816 21Xk L1 286c 302450 03282 2080 03%6 1 Héa
pit ] Lila 17 26% 13%h 3006 J031Ma 02652 254k 031b 109 1ld4a
408 Lifa 2252 324a 190¢ 40 JO203b 03082 270 05592 li6a 1544
20072008 sssom
B 0.714b 046514 0812 0733c  164e JO037c  002% 6080 G0ild 0426 0.849¢
50 L10ab 1l4c 135 0687  246d FOIT8H 01534 0719 {L166c 43 35b
100(S.X5) 127 td9be 208 181h  281c J0247ah 0380b 18% 2330b 5 R3ab
bl 1432  183ab 2.08a 210nh  304H §0332a 05002 183 03332 78 1l0a
400 145 1912 249 23  37a JOI9%6b 0268 162 0179 3la Tdab

* Plants were 13 months old afer planting * * N% relative to nittogen it the Standasd Nutsient Solstion (SNS). NS, = Nusriens Solution,
Values having the same letters in the same coluem in each season are ot statistically different by Duncan s sultiple mnge test, 5% fevel.

B-1Effect on phosphorus content:

Phosphorus percentages in the different parts of the plant (Table
10) were more or less similar although P content in pseudostem
tended to have the highest values.

In this respect, Shawky et. al., (1974) found that the lamina of
"Basrai" banana, Musa cavendishii had the highest phosphorus
percentage followed by the midribs and petioles.

Generally, phosphorus content in different parts of the plant
(Table 10) seems to be affected significantly by nitrogen levels.
However, the effect varied from season to season. In the first season,
the least values of phosphorus in roots, pseudostem and blades were
obtained by removing nitrogen or the extremely supply of nitrogen in
the nutrient solution (400%N treatment). However, phosphorus
concentrations in petioles were not affected by nitrogen level in the
nutrient solution.

In the second season, it is observed that phosphorus content in
different parts of the plant was not affected significantly by nitrogen
treatments. )
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B-2 Effect on phosphorus uptake:

Regarding the distribution of phosphorus in different parts of
plants supplied with (S.N.S.) (Table 10), the results as an average of
the two seasons indicated that phosphorus uptake varied from part to
another in the plant. The percentages of phosphorus uptake were
61.72%, 25.16%, 5.06%, 4.07% and 3.99 % in blades, pseudostem,
petioles, corm and roots, respectively. This proves that blades had the
highest amount of phosphorus in the plant.

In both seasons, the least values of phosphorus uptake in
different parts of the plant were obtained by removing nitrogen from
the nutrient solution. The effect of other treatments varied from season
to season. In the first season, the highest values of phosphorus were
obtained by 100%N treatment. Increasing nitrogen level up to 200%N
gave more or less similar values as those of 100%N treatment.
However, more increase in nitrogen level in the nutrient solution
reduced phosphorus uptake in the different parts of the plant.

In the second season, treatment (200%N) gave the highest
uptake of phosphorus followed by those of the 100%N treatment
although these two treatments were similar from the statistical
standpoint. However, reducing or increasing nitrogen level reduced
phosphorus content than the above two treatments.

Consequently, it could be concluded that the uptake of
phosphorus in total plant in the two seasons was affected by
treatments. Removing nitrogen from the nutrient solution gave the
least significant values of phosphorus uptake. However, phosphorus
uptake was increased gradually by increasing nitrogen concentration
in the nutrient solution up to 100%N. Thereafter, phosphorus uptake
was decreased gradually by treatments 200, 400%N. In other words,
phosphorus uptake reached the maximum by treatment 100%N.
Decreasing or increasing nitrogen level reduced phosphorus uptake. In
other words, it could be concluded that the S.N.S. gave the highest
phosphorus uptake.
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Table (10):-Effect of different levels of nitrogen on content and
uptake of phosphorus in different parts of ""Williams" banana
plants” grown in sand culture during two seasons.

Treatmenis P i dry matter Uptake of phosphorus (3 )/ In each part

AIEAUmER P /plant
;?‘S.*” Rools Corm Pseudostemn Petioles Blades | 1000 Comm Preudostem pop. pgee (g
300572006 season
0 0243 0223%h 0513c 0313 0280e] 0.008¢ Q0082 0032 0007 0073 01284
50 0.363 0.250b 05400 03602 0297€) 0051 0042a  043%b  010%b 0935¢ 15 -
1605.NS) 03506 0.360a 0546h  0343a 0390af 0.098a 00658 03302 0119 156 231a
200 0.320¢ 417a 05778 0367a 0320b§ 0.090h 00642 053%  010%  1id  194b
400 0.290d  (.360a 04674 03072 0307} 605t 0049 03%%b 00904 0868 Lk
250772008 wnacen
0 0265 0.297a 03662 0276 0338af 0014 0.01b 0020¢ 0004 GO91b  0,140¢
50 0203 027 0380a 03022 0363af 0.033h 0037 0202k 0056b 06392  0.966b
WHSNS) 0203 0310 0399 03322 03462 §0.043ab 0079a 03508 0.060ab 0683 1.2ub
260 02242 G341 0399 0333 0415a] 0052 0.09%5a 03522 O0085a 106a 164
400 02%a 032 03822 0358 040%a} 0.030b 0.044b 0249 00827 0553ab  0.904b

* Plants were 13 months old after planting  ** N% relative 1o nitrogen in the Standard Nutrient Solution (SN.S.). NS =Nutrient Solution,
Values having the same lefeers in the same colurun in each season are not statistically different by Dutncan ‘s multiple range test, 3% level.

C-1 Effect on potassium content:

Results in (Table 11) showed that potassium content in the two
seasons varied from organ to another. The highest K percentages were
existed in pseudostem followed closely by that in the petioles. Blades
and corms gave more or less similar values aithough K content tended
to be higher in corms in the first season but in the second season K%
in blades was higher than that of corms. However, in the two seasons,
roots had the least K content.

In this respect Shawky ef. al, (1974) found that potassium
percentage in petiole or midrib was twice as much as that in lamina in
"Basrai" banana.

Regarding the effect of nitrogen treatments on potassium content
in different plant parts (Table 11), it seems that potassium content was
affected significantly by the levels of nitrogen. Removing nitrogen
from the nutrient solution gave the highest significant values of K
content in all parts except pseudostem and blades. On the other hand,
the least significant values of potassium content in most parts of the
plant were obtained by the highest level of nitrogen in the nutrient
solution (400%N) except in the pseudostem and blades. Other
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treatments had no effect on potassium content in different parts since
most values were more or less similar from the statistical standpoint.

C-2 Effect on potassium uptake:

Regarding the distribution of potassium in different parts of
plants supplied with (S.N.S.), (Table 11) the results as an average of
the two seasons indicated that potassium uptake varied from part to
another in the plant. The percentages of potassium uptake were
50.07%, 35.80%, 8.37%, 3.37%and 2.40% in blades, pseudostem,
petioles, corm and roots, respectively. Consequently, the highest
amount of potassium in the plant is existed in blades.

In the two seasons, potassium content in different parts of the
plant was affected significantly by the levels of nitrogen in nutrient
solution. The least significant values were obtained by removing
nitrogen from the nutrient solution. However, other treatments
behaved diversely from season to season. In the first season, the
highest potassium uptake in different plant parts was obtained by
100%N treatment. Decreasing nitrogen in the nutrient solution (50%
N treatment) reduced potassium uptake in different parts. On the other
hand, there was a gradual decrease in potassium uptake in different
parts of plant by the gradual increase of nitrogen concentration in the
nutrient solution. In other words, the excess of nitrogen in the nutrient
solution tended to reduce potassium uptake in the different parts of the
plant.

In the second season, treatments 100%N and 200%N gave the
highest but insignificant increase in potassium uptake in the different
parts of the plant. On the other hand, treatment (50%N) gave similar
or slight lower values of potassium uptake when compared with the
above two treatments. The excess of nitrogen in the nutrient solution
(400%N treatment) tended to decrease potassium uptake than those of
the above three treatments.

Regarding the uptake of potassium in total plant, in the two
seasons, removing nitrogen from the nutrient solution gave the least
significant values of K uptake. Whereas, the uptake was increased
gradually by increasing nitrogen in the nutrient solution and the
highest values were obtained by 100%N treatment in the first season
and by treatment 200%N in the second season although the difference
between the two treatments was not significant. More increase in
nitrogen concentration (400%N treatment) reduced potassium uptake.
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Table (11):-Effect of different levels of nitrogen on content and
uptake of potassium in different parts of '"Williams'" banana
plants _srown in sand culture during two seasons.

Ee;?h:m by dry maftr Utk o potasion () /i each part —
:\’.S. Roats  Conms Preudosters Petioks Blades} Rost  Corm  Pseudostern  Pefiols Blhdes  {p
Miﬂ?ﬁmn
0 13 10k 436 6% 200 oMb 030% 013 0% Llk
K 10 26%h 355 S8 I3 B0l 045 48D 164 THab  HMH
1685.X5) 18ab 68 520 518 270a)05Ma 048 608a 1.8 it 193a
200 Vb 131 60a I 2Mdaj04iab 03 AT 143 Tiamb  153b
Hi 138 246h 3.80a 493 d0laf02dled  033%ab 483k 143h 6% 11Ab
0772008 seasom
8 18 1% 5% 63a  29taf00h 019 Ddlk 0098 O L4sd
50 132 260 811z ST 19mJ0Nm OB 32 1oh 525 Mk
1088.X8) 1% 4k 6.3% 3¢ 307aj026a Q02 SHIa 0533 G0 L3S
i 3 13 G2 470d  270a]026 0832 54N ti% i5a W5
400 1120 23 S8hb  43d 260045 03BhF 38 0333  3dkb 3k

* Phants were 13 mouths old afierplanting * * NV refative to natvogen tn the Standard Namwent Solition (SNS), N5, = Nuineent Solution.
Vahies having the same betters i the same colirm m each season are oot statistically differens by Duscan s multiple range test, 3% level.

Effect of different levels of nitrogen and sampling date on mineral
content_in leaf blades.

A- Effect on nitrogen:

Effect of nitrogen level: In the two seasons (Table 12) nitrogen
content was affected significantly by the levels of nitrogen in the
nutrient solution. Generally, treatment (400%) gave the highest values
of nitrogen content followed in decreasing order by those of (200%),
(100%), (50%) and (0%) treatments, respectively.

Effect of sampling date: In the two seasons, nitrogen content was
affected significantly by the time of sampling. Although samples were
taken from leaves of similar age, the highest significant values were
obtained by sample taken in August in the two seasons. On the other
hand, samples taken in December or April gave similar values but
they were lower than that of August.

The interaction between nitrogen level and sampling date: This
interaction was significant in the two seasons. Removing nitrogen
gave the lowest significant values of nitrogen content in any given
month in both the two seasons.
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In general, mtrogen content for any given treatment remained

stable on any sampling date except those of (400%N treatment) where
nitrogen content was lowest in December sample and increased
gradually in April and August samples. This was true in both the two
Seasons. :
Depending upon the results of the interaction in the two seasons,
it could be safely concluded that nitrogen content in leaf blades,
ranged between 1.04-1.64% due to removing nitrogen from the
nutrient solution. This range means lack (deficiency) of nitrogen.
However, nitrogen content was increased and ranged between 2.46-
2.67% in leaf blades when plants were supplied with 50%N in nutrient
solution. This means that nitrogen is low. Nitrogen content in leaf
blades in plants supplied with Standard Nutrient Solution ranged
between 2.76-2.86%. This means that nitrogen is optimum. Increasing
nitrogen supply up to 200%N, increased nitrogen content and the
percentage of nitrogen ranged between 2.85-3.09%. This means that
nitrogen is high. More increase in nitrogen supply increased nitrogen
content and ranged between 3.07-4.10% .This could be considered
that nitrogen is very high or in excess.

The foregoing data showed that, when removing nitrogen from
the nutrient solution the nitrogen content in leaf blades decreased by
about 52% when compared with plants supplied with (S.N.S.).

These results are in agreement with those obtained by Murray,

(1960) who found that nitrogen in leaves of different ages of the
banana "Dwarf Cavendish" grown in sand culture was very low in
nitrogen deficient plants. Whereas, Shawky et. al., (1993) found that
when removing nitrogen from the nutrient solution, the content of
nitrogen in the third leaf from the top of "Hindy" banana plants
attained 0.63-1.17%, this means a lack of nitrogen but N content
ranged between 1.99-2.62% when plants were supplied with the
Standard Nutrient Solution. The excess of N in the nutrient solution
(500% N treatment) increased nitrogen up to a highest value (4.22%).
B- Effect on phosphorus:
Effect of nitrogen level: In the first season, phosphorus content
(Table 12) was affected significantly by nitrogen treatment. There was
a gradual increase in phosphorus content by increasing nitrogen level
in the nutrient solution. Treatments 100, 200 and 400% N gave similar
values which were significantly higher than those of 0% and 50% N
treatments.
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Table (12):-Effect of diffcrent levels of nitrogen and sampling date
on N, P and K content in leaf blades of "Williams' banana plants
grown in sand culture during two seasons.

Treatments N % in dry matter | P % in dry matter i K % in dry matter
N5’ in Dec.  April. Aug  Mean _ Dec. April.  Awg.  Mean Dec.  April. Ang.  Menn
XS, 2005/2006 season
0 1306 1.0% 104 LIE J0233% 0267 0280 02678 J238ab 236bh 204be 2.26A
50 250h  23%h  24%h  1AID0260c Q300c 0297 02868 [240ap  18fbe 233zh 1.20AB
10(5.8N8.) 27g  279g  286fz 281C J0300c  0317he 03%nb 0.336A° J2d4iab 186bc 2702 2330
200 296ef 3100de 30%d 3018 J0300c  039%0ab D320be 0337 fll2abe 156c 204 1.91BC
100 312¢ 121b 410 3504 JO237c 04532 0307c 03304 J203bc  154c  201bc 1.86C'
Mean 253 1388 1924 02748 4.3d45A 03107 1174 184 223A
2007/2008 season
0 11 1321 164k LIGE QO218d 0233 0358ac 0270B" [2582d 234ce 20lac 2.61ARY
58 267ef 161f 246g 285D J0235d 0.266d 0363ac 0.288AB J294ab  257d 2992 283N
108(5.X.5) 280de 276de 231de 270C J026icd 028lcd 0346ac 0206AB [2832¢ 234ce 307a 175AB
200 285d  28M 30dc 2OIB JO280cd C0bA 0415 03WA' J234ce 23Me 27Mad 247BC
400 307c 32%b 3T 3MAJ0287cd (.300cd 040%b 03314 f221de 192 Zshd 226(C7
Mean 1S50B 2558 1737 0.156B 8277 0.377A 2588 131C 286A

* N2 refanive o nitrogen in the Standard Nuinent Seluhon (SN.S). NS = Nurlent Solusion. o
Means of each of treatments, months or thewr nteractions 1 each season having the same letters are not stanstically  different by Duncan
ntiple range test, 3% el

In the second season, there was a gradual increase in phosphorus
content by increasing nitrogen level in the nutrient solution. However,
there were no significant differences among treatments.

In this respect, Murray, (1960) found that nitrogen deficiency of
"Dwarf Cavendish” banana grown in sand culture, increased
phosphorus content. On the contrary, Shawky et. al., (1993) found that
removing or decreasing nitrogen in the nutrient solution decreased
phosphorus content in leaf blades of "Hindy" banana plants grown in
sand culture but increasing nitrogen in the nutrient solution increased
P content in leaf blades.

Effect of sampling date: In the two seasons (Table 12), phosphorus
content was affected significantly by date of sampling. In both
seasons, sampling in December gave the least values but the effect
varied from season to season. In the first season, phosphorus content
was similar in samples of April and August but these values were
significantly higher than that of December. In the second season,
sampling in August gave the highest significant value of phosphorus
whereas phosphorus content was similar in December and April
samples.
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It could be conclude that, the highest Values of phosphorus
content were obtained when samples were taken in April or August.

The interaction between nitrogen level and sampling date: Results
in (Table 12) revealed that the interaction was significant in the two
seasons. In the first season, the values of phosphorus were similar for
all treatments except those of 100% N in August, 200% N and 400%N
in April which were significantly higher than those of other
treatments. : .

In the second season, all treatments gave more or less similar
values except treatments 200%N and 400%N in August which gave
the highest significant values compared with other treatments.
However, the results of the two seasons clearly indicate that
phosphorus content was more or less similar for most treatments. This
is expected because all plants received similar amount of phosphorus
in the nutrient solution.

C- Effect on potassium:

Effect of nitrogen levels: Values of potassium content in the two
seasons (Table 12), were significantly affected by treatments. In the
two seasons, treatments 0, 50 and 100%N gave similar values
however, these values were higher than those of 200 and 400%N
trcatments. In other words, it seems that the increase of nitrogen in
nutrient solution decreased potassium content significantly and the
highest nitrogen level 400% gave the least potassium value. On the
contrary, potassium content was not affected when nitrogen level was
0, 50 or 100%N in the nutrient solution.

In this respect, Shawky et al., (1993) found that decreasing

nitrogen in the nutrient solution reduced K content. Removing
nitrogen had inconststent effect on K content but increasing nitrogen
increased K content in leaf blades of "Hindy" banana plants grown in
sand culture.
Effect of sampling date: In the two seasons, potassium content
(Table 12) was affected significantly by date of sampling. In the first
season, potassium content in samples of December and August were
similar but they were higher than that of April. In the second season,
potassium content in samples of, August was the highest followed in
decreasing order by those of December and April samples,
respectively. - '
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It could be concluded that, the highest values of potassium

content were obtained in August sample.
The interaction between nitrogen level and sampling date: The
inferaction was significant in the two scasons. Most treatments gave
similar potassium values on any given date in each season and
treatment 100%N in August gave the highest values in the two
5easons.

Generally, from the foregoing results about the effect of nitrogen
level and sampling date on N, P and K, it could be concluded that
although plants were in the vegetative phase, but sampling date had a
pronounced effect on mineral content although these leaves had
similar age. Therefore, it seems that leaves collected in December
(when plants were four months old after planting) had lower nutrients
content than those sampled in April (when plants were eight months
old after planting). Leaves collected in August (when plants were
thirteen months old after planting) gave the highest nutrients values.

Consequently, it could be safely concluded that date of
collection had a decisive role on mineral content of leaf although
leaves were of the same age. In other word, samples collected in early
stage of vegetative phase had lower mineral content than those
collected in the middie stage of the vegetative phase whereas, those
collected in the later stage of vegetative phase had the highest values.
These variations may be due to the environmental conditions during
this period which were suitable to maximize growth and absorption of
nutrients. No doubt the physiology of the plant was affected by age of
the plant itself and consequently the mineral content of different leaf
samples would be affected. For example, the characters of leaves,
petioles, pseudostem corms and roots varied from date to date and
consequently the metabolic activity of each part will be affected which
one way or another will affect mineral content. Therefore, sampling
date should be put in consideration if we are looking for a proper
sampling from banana plant.
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