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ABSTRACT

INTRODUCTION

Banana (Musa spp.) s a trepical plant  banana in Egypt progressively
and considerod as a one of the most popular through the former soade whlehﬁm
frult in Bgypt for its high nutritive value and  about 28750 and 58607 Fed. in 1986 and

palatabllity for the Egyptian consumer. Also 1999, respectively (Ministry of Agriouiturs,
from the economical point of view, banana A.RE, 1999). This average mainly concen-
net trated in the delta and tho Nile valley 32841

id lift  Fed. as there is an ample water supply, which

cycle of banana plant, The over all average of is noed to have good production. Nowadays,
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there is a great plantation of banana in new
reclaimed lands especially Noubaria as the
acreage reached 20752 fed. in 1999.

The efficient use and preservation of
water resources in Egypt ie., River Nile,
underground (well water) reuse of agriculture
drainage are the critical challenge that cer-
tainly determine the future of agriculture
development. So, the shortage in available
fresh water supply needed to meet the
extensions especially plantation of such crops
having higher water requirements like as
banana leads to consideration of reuse other
resources like as waste water and well or sea
water after mixing with fresh water that can be
reutilized in irrigation purpose for the newly
cstablished banana orchards in reclaimed
lands which reached 20752 Fe (1999).

Guide lines of interpretation of water
quality for irrigation water indicated that there
was no problem when the EC of the irrigation
water was < 0.75 mmhos/cm and severe prob-
lems took place when EC was > 3.0 mmhos
/fem (Ayers, 1977, Gupta, 1979 and Russell,
1982). Many authors were interested in
exploring the mechanism of salt injury in
different plants. Bernstein (1975) and Miller ef
al. (1990) they explained the adverse effects
of salinity on plants growth in the following
two topics:

Annals Of Agric. Sc., Moshtohor, Vol. 46(1), 2008

1- The increase in the osmotic potential of
the soil, which certainly result in reduce-
tion in the availability of water to the
plant.

2- The specific toxic effect of some ions,
such as CI, Na' and especially in the
certain sensitive crops, consequently
caused a disturbance in the normal meta-
bolism of plants.

Fenn et al. (1968) showed that chlo-
rides were more toxic than sulphates in the
mechanism of plant injury. In addition, Gomes
et al. (2001); Mohamed (2001), Abo EI-Ez
(2003), Carmo et al. (2003) and Gomez ef al.
(2004) on some banana cultivars demonstrated
the effect of salinity on both vegetative and
chemical propertics. Recently, mutualistic
association of foliar sprayed salt stressed
plants with nutrient elements as (P, K and Zn),
have attracted the attention of agricultural
researchers due to understanding the impor-
tance of spray elements, Sharaf ef al. (1984),
Khamis ef al. (1985) and Ali (2005).

The present study was devoted to
minimize the injuries resulted by using saline
irrigation water through foliar spray with
some nutrient elements in order to alleviate
such disorders observed on growth and nut-
ritional status of two banana cvs. (Williams
and Grand Nain).

MATERIAL AND METHODS

This study was conducted during two
consecutive 2006 and 2007 experimental
seasons in the greenhouse of the Horticulture
Research Station at El-Khanater, Qalyoubia
Governorate on 3 months old banana plants of
"Williams and Grand Nain cvs".

In mid-March during both seasons
banana suckers were transplanted individually
in plastic bags (30 cm. in diameter), each field
with 10 kg clay and sand mixture (2:1 by
volume), then regularly supplied with tap
water twice weekly (1 liter/each) until the
investigated treatments had been started two
weeks later (April 1¥). Taking into considera-
tion that all banana plants devoted for the
present work were also subjected to the same

N, P or K fertilization program adopted in 1*
paper.

The main objective was hopped to
alleviate the hanmful salinity influence exhibit-
ted on both vegetative growth and nutritional
status of the salinity stressed Williams and
Grand Nain banana suckers (irrigated with
3000 ppm saline solution of SAR 6 and lower
/higher CL:SO, ratio) through investigating
their response to foliar spray with P, K or Zn.
Thus, a factorial experiment was devoted to
investigate the specific effect of banana
cultivar (Williams & Grand Nain), CI:SO,
ratio of saline solution (low & high) and foliar
sprayed nutrient element (P, K, Zn at 250,
250, 100 ppm, respectively; besides tap water
spray as control), as well as the interaction
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effect of their combinations. The complete
randomized block design with five replica-
tions (each represented by two plants) was
used for arranging the investigated treatments
i.e., sixteen combinations (2 banana cvs. x 2
Cl:SO, ratios x 4 spray treatments), whereas
plants of each banana cultivar were subjected
to the following eight treatments [(saline
solutions of 3000 ppm and SAR 6 with either
low or high Cl:SO, ratios) and four spray
treatments (tap water, P, K and Zn)).
1- Saline stressed plants” of lower C1:SO, ratio
+ water spray.
2- Saline stressed plants” of higher CI:SO,
ratio + water spray.
3- Saline stressed plants’ of lower C1:SO; ratio

+ P spray (250 ppm).
4- Saline stressed plants’ of higher Cl:SO,
ratio + P spray (250 ppm).
5- Saline stressed plants of lower Cl:SO; ratio
+ K spray (250 ppm).
6- Saline stressed plants’ of higher C1:SO,
ratio + K spray (250 ppm)
7- Saline stressed plants’ of lower Cl:SO; ratio
+ Zn spray (100 ppm).
8- Saline stressed plants’ of higher C1:SO,
ratio + Zn spray (100 ppm).
Two saline solutions used for

irrigation (3000 ppm and SAR 6 of cither
lower or higher C1:SO, ratio) were prepared as
shown in Table (1) for being applied at the
rate of | litter/pot every three other days from
April 1* tll October 1* Te prevent salts
accumulation rowatering with fresh water was
done fortnightly till October 1® However,
foliar spray with either tap water; P, K or Zn
solutmm were applied monthly from April
15" to mid September, where tween-20 at the
rate of 0.1% was used as surfactant agents.

1. Vegetative growth:

On October 1* during both experi-
mental seasons whersas the experiment was
torminated the following morphological meas-
urements were recorded:

1. Pascudostem length and circumference (om).

2, Leaves measurements [total number,
Sencscent rate of leaves (ysllowish : total)
and average area.

* Irrigated with 3000 ppm saline selution of
SAR 6,
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3. Fresh and dry weight of plant organs
(leaves, pseudostem, corms and roots)

In each season the aforesaid growth
measurements (except leaf area) were deter-
mined for every individual plant, then an
average of two plants represented the same
replicate was estimated. However, leaf area
was determined in collected adequate samples
from each plant. These samples were washed
several times with distilled water, then, oven
dried at 70°C till a constant weight for the dry
matter estimation. Meanwhile, dried leaves
were finally ground with stainless steel knife
mill and stored in small light bags for N, P; K;
Ca; Mg; Fe, Zn; and Mn determination.

2. Chemical analysis:

In this regard leaf photosynthetic
pigments ( chlorophyll A, B and carotenoids)
and leaf (proline) as well as leaf mineral com-
position in response to various investigated
treatments were concerned.

2.1.  Photosynthetic
pigments)

Leaf photosynthetic pigments (chlo-
rophyll A & B and carotenoids compounds)
were extracted by pure acetone and deter-
mined colorimetrically in each sampled levels,
at the optical densitics of (662, 644 and 440
mm for chlorophyll A, B and carotenoides
compounds, respectively, according to Saric er

al. (1967) using the following equations:
Chl. A=(9.784 x E 664) - (0.99 x E 644) =

mg/L.
Chl. B =(21.426 x E 644) - (4.650 x E 663) =

mg/L.
Carotenoides = (4.685 x E 440) - 0.268 (chl.
A +chl. B) = mg/L.

2.2, Estimation of proline content:

The proline was determined in fresh
leaves according to the methods described by
(Batsls ef al,, 1973) and confirmed by Draz,
(1986).

2.3, Leaf mineral deter:nination:
From each dried leaf sample 0.2 g
was digested using perchloric acid and
sulphoric acid mixture (1:1) (Piper, 1950) for
the following mineral analysis:

pigments  (foliar
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1. Total nitrogen by semi micro-Kiel Dahl
method as out lined by (Pregl, 1945).

2. Phosphorus using spekol spectrophotometer
at 88.2 U.V. according to method described
by (Murphy and Riely, 1962).

3. Potassium and Sodium were estimated
photometrically using the methods recom-
mended by (Bmwn and Lllleland, 1964).

4. Calcium, magnesium, iron, zinc and man-
ganese were determined using Atomic

Ho 6;

3. Statistical analysis:

All data of the present investigation
were subjected to’ analysis of variance and
significant difference among means were
determined according to (Snedecor and
Cochran, 1972). In addition significant differ-
rence among mean were distinguished accor-
ding to the Duncans, multiple test range
(Duncan, 1955) whereas, capital and small
letters were used for differentiating the values

absorption  spectrophotometer  "Perkin  of specific and interaction effects of invest-
Elmer 3300" after (Chapman and Pratt, tigated factors respectively. -
1961). :

RESULTS AND DISCUSSION

1. Vegetative growth:

Data obtained regarding the response
of vegetative growth measurements to the
pecific and interaction effects of three
wvestigated factors, ie. banana cultivar
(Williams and Grand Nain); Cl1:SO, ratio of
saline solution used for irrigation (low and
high rates of 3000 ppm and SAR6) and spray
treatments (tap water, P, K and Zn sprays)
during 2006 and 2007 seasons are presented in
Tables (2, 3, 4 and 5).

1.1. Pseudostem length and circumference:
A- Specific effect:

Regarding the specific effect of
banana cultivar, Table (2) shows obviously
that both pseudostem parameters followed the
same trend, where Grand Nain cv. had
significantly taller and thicker pseudostem
during two seasons of study. As for the
specific effect of C1:SO, ratio of saline
solution, it was quite clear that raising it
resulted significantly in reducing both pseudo-
stem height and cirecumference during two
seasons, Nervertheless, Table (2) displays also
that both pseudostem parameters were increa-
sed significantly as a result of spraying any of
P, K or Zn nutrient elements in comparision
with those of control (water sprayed saline
stressed plants) during two seasons. However,
Zn spray was the most effective as compared
to either P or K spray. Superiotity of Zn spray
over P and K was significant with pseudostem
height only, while with pseudostem circum-
forences did not reach level of significance.
Thess results are in general agreement with
that teported by Rajupt ef al. (1976) on mango
trees who found that spraying ZnSO, at 0.2-
0.8% increased length of the terminal shoots.

In this respect zn stimulated cell elongation by
encouraging cell walls to strech Nason (1950).
In addition, Behairy er al. (1985) on guava
and olive, Omar (1996) on apricot and almond
seedlings, Abd-El-Magied (1998) on almond
seedlings and Ali (2005) on some apple roots-
tocks.

B- Interaction effect:

It was quite evident as shown from
Table (2) that specific effect of each invest-
tigated factor reflected directly on its own
combinations. Anyhow, the tallest and thick-
est pseudostems were significantly in closed
relationship to the saline stressed banana
plants (especially at lower Cl:SO, ratio) of
Grand Nain cv., when sprayed with either Zn
or K solutions. However, in most cases slaine
stressed plants sprayed with Zn solution
tended to have taller and thicker pseudostem
than the analogous ones K sprayed plants. On
the contrary, water sprayed saline stressed
plants (control) were statistically the most
stunted ones, regardless of banam cultivar.
However, in most cases those i with
3000 ppm and SAR6 of the higher C1:SO,
showed the greatest rate of reduction for both
pseudostem parameters. In addition, other
combinations were in between the aforesaid
two extremes.

1.2. Leaves  measurements (total
number /plsit; senescent rate
yellowish : tutal and average leaf
aArén): '

A- Specific effect:

With regard to the specific effect of
banana cultivar, it was quite evident the each
studied leaf measurement followed its own
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trend. Herein, two banana cvs. had statistically
the same number of total leaves per plant,
Meanwhile, two other leaves parameters
followed two conflicted trends. Whereas
Wilhams cv. showed significantly higher rate

Annals Of Agric. Sc., Moshtohor, Vol. 46(1), 2008

of senescent leaves, but the reverse was true
with average leaf area since Grand Nam cv.
was significantly the superior during both
seasons.

Table (2): Pseudostem length and circumference (cm) of saline stressed banana plants
as influenced by specific and interaction effects of banana cultivar, C1:SO,,
ratio of saline solution (3000 ppm & SAR 6) used for irrigation; foliar
sprayed nutrient elements and their combinations during 2006 and 2007

seasons.

Treatment of saline .
stressed plants Pseudostem length (cm) Pseudostenz :;:;c umference
(3000 ppm x SAISI6)
Foliar CL:SO, e Grand - Grand
spray ratio Williams Nain Mean* | Williams Nain Mean*
2006 season
Water spray | Low 41.2¢c-¢ 43.0e 5.11g 7.0ef
(control) | High | 40.6de | 42.0c | > >°C [ a8fs [ 5.6z | OB
Low 44.0b-¢ 47.Tbc 8.2b-d 9.2b-d '
Pspray | High | 43.0cc | 46.8cc | 0 [ 69de | 7ded | SOA
Low 44.2bd 50.8ab 8.5bc 10.4bc
Kspray High | 434ce | d6dce | 0B [75d [ s8bd | A
Low 474b-d 51.8a 9.0ab 11.0a
Znspray |ioh | 466 | 48.0bc | 1!A —gobd [ 8obd | A
Mean** 43.9B 47.1A 7.5B 8.5A
Mean of low and high
CI:SO. ratio 46.3A 46.5B 8.4A 7.4B
2007 season
Water spray | Low [ 42.8f42.8f | 45.2¢ 6.1fg 6.5¢
(eontro) | High | 413f | alar | 7C 52, [ 58 | >°B
Low 47.2¢c-¢ 53.0b 8.0cd 9.1ab
Pspray —Hon | 45.6de | 514b | °4B —7icd [ 88ab | 4A
Low 48.2¢ 53.8b 8.0cd 9.4ab_
Kspray High [ #6.0c< | 5226 | 0388 75 [ g9ap ] A
Low 48.0cd 56.4a 8.2¢ 9.5a
Znspray ioh | 46.7ce | 524b | 0A [T 7éed [ 90ab | 57A
Mean** 45.7B 50.7A 7.3B 8.4A
Mean of low and high
CI:SO. ratio 49.28A 47.11B 8.11A 7.6B

Means followed by the same letter/s are not significantly different at 5% level.
*, ¥* refer to specific effect of foliar spray treatment and banana cultivar, respectively.

Referring the specific effect of
sprayed nutrient elements (Table 3) displays
that three leaves measurements responded
significantly, however two opposite trends
were detected. Anyhow, both total leaves
number/plant and average leaf area signifi-
cantly increased in P, K or Zn sprayed plants
from one hand and Zn spray was the superior
from the other especially with later measur-
ement whereas variances were significant. The
trend took the other way around with sen-

escent rate, whereas three sprayed ele-ments
decreased it significantly and resulted approxi-
mately in the same value. These results go line
with the findings of Sari El-Deen ef al. (1979)
who mentioned that vegetative area and total
leaves number/olive transplant grown under
salinity stress were greatly affected by mineral
foliar spray. Meanwhile, Behairy ef al. (1985)
on salt stressed guava and olive seedlings,
reported that spraying with Zn improved their
vegetative growth.
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Table (3): Some leaves measurements (total number, senescent rate and average leaf
area) of saline stressed banana plants as influenced by specific and
interaction effects of banana cultivar, CL:SO,, ratio of saline solution (3000
ppm & SAR 6) used for irrigation; foliar sprayed nutrient elements and
their combinations during 2006 and 2007 seasons.

Treatment of
““”l m;med Total number Senescent rate Averags leaf area (em’)
plants leaves/plant (yollowish:total) ¥
(3000 ppm x
SARE)
Follar | Ci8O, Williams Grand Meanv | Willlams Grand Moean* | Williams Grand Moan*
spray | ratio Nain Nain Nain
2006 senson
Water | Low 9.6d 9.4de 0.509s | 0.47% 5244 447
9.2B 0.5
P | High | 9.0d0 | 8.6 053 | 0536 | "Ml 4230 | 2mar | 1€
{control)
8¢~ . 0. , 7
P spray Low | 11.8¢c-e | 12.0ab 11.5A 200b 0.183b 0.236B 662bc 22ab 685B
Hlﬂl 10.8q 11.4a-c 0.229b 0.240b 636¢ 718ab
\ , .23 ¥
K spray Low 12.23b | 11.8a¢ 1L6A 0.231b 0.229 02288 663bc | 73%ab 685B
High | 11.2bc | 11.2bc 0.252b | 0.232b | 636 | 706a-c
z.i spray Low 1240 | 124a 1L.9A 0.226h | 0,195b 0.213B 714ab | 754a 1124
High | 11da-c |11des 0.246b | 0.245b 700a-c | 719ab
Mean** 11.1A II.OA 0.304A | 0.293B 620B T35A
Mean of low and
high 11.5A | 10.6B 0.281B | 0.315A 653A 603B
Chi80O, ratio
2007 season
Water | Low | 98¢f | 92f 0.522b | 0.449%¢ 463f | 631d
pra 938 0,521A 421C
.:“_:l High | 9at | a8 0392 | 05230 J8g | 623d
P wpray Low ll.ﬂ-d_,‘_ll.& 1L4A 0.3121-f, MOMGB 628¢ 47 oy
High | 108de |113bd 1 023494 | 03384d-F | 1 873 |708s ;
L 88 ! 0.180ef | 0.210.d-f 631 77
Kpray L2 dibed Lidoes ), | 018060 | 0IOSE) ), | OS16d | 7788 ) o
L High | 11.0cd |10.8de 1 0.346de | 0222d-f 333 | 722ab .
Low | 114ud | 1244 0.176f | 0.210d-f 654b-d | 775a
74 spray [ — ~—f——==1 11.5A - i 0.214B S ~—=oet §11A
CHUPTY g | 108de [1ised| | 023d0] 02001 | | e | 7ata |
o Mean*= | 108A | 11.0A 0.300A | 0.2898 526.3B [68835A
Maean of low and
high 11.3A | 10.5B 0.275B | 0.313A 33.75A 56:25
CI:SO, ratio

Means followed by the same letter/s are not significantly different at 5% level.
* ** refer to specific effect of foliar spray treatment and banana cultivar, respectively.
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B-Interaction effect:

Table (3) displays obviously that all
combinations of saline stressed plants sprayed
with P, K and Zn solutions varied significantly
than those of water sprayed ones during two
seasons. However, spray with either K or Zn
solution for Grand Nain and Williams plants
irrigated with 3000 ppm, SARG saline solution
of lower CL1:SO, ratio especially with former
banana cultivar were generally the most
effective. Herrin, the highest values of both
total number of leaves per plant and average
leaf area associated with the least senescent
leaves rate were observed during both seasons.
The reverse was true for the water spray saline
stressed plants especially those irrigated with
saline solution of higher CL:SQ, where the
least values of both total number and average
arca coupled with the highest senescent rate
were generally found, regardless of banana
cultivars. In addition, other combinations were
in between, however significant differences
were less pronounce with senescent rate
especially as those combinations of P, K and
Zn sprays were compared each other during
two seasons.

1.3. Fresh and dry weights of aboveground
(aerial) and underground organs:
Aboveground organs (pseudostem
and leaves):
In this regard fresh and dry weights of
both pseudostem and leaves were the two
aboveground organs investigated.

A. Specific effect:

With regard to the specific effect of
banana cultivar (Table 4) clears that two
organs followed the same trend, whereas
Grand Nain cv. had significantly heavier
organs than Williams. However, the variance
was more pronounced with leaves than
pseudostem during both seasons. As for the
specific effect of Cl:SO, ratio of saline
solution, Table (4) shows that raising it
decreased both organs weights. However, both
aboveground organs responded specifically to
the 3 sprayed elements, whereas 3 elements
solutions exhibited significant increase over
control. Zn in most cases was significantly the
superior descendingly followed by K and P

solutions.

1.3.1.
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B. Interaction effect:
Table (4) displays obviously that
specific effect of each investigated factor

_(cultivar, C1:SO, of saline solution and foliar

spray of saline stressed banana plants with P,
K and Zn solutions) was directly reflected on
interaction effect of their combinations. Herin,
the heaviest fresh and dry weights of both
pseudostem and leaves were significantly in
closed relationship to the Zn and K sprayed
Grand Nain saline stressed plants especially
those irrigated with lower CL:SQ, solution
lightest weights of both organs was markedly
linked to water spray saline stressed plants
especially of higher CI:SO, irrespective of
cultivar. In addition, other combinations were
in between.

1.3.2. Underground organs {(corms and

roots):

A. Specific effect:

Referring the specific effect of
cultivar (Table, 5) reveals that fresh and dry
weights of both corms and roots (underground
plant organs) followed the same trend
previously found with two aboveground
organs, whereas Grand Nain was statistically
the superior during two scasons. Moreover,
the response to specific effect of three nutrient
clements sprays was significantly cleared.
Hence, foliar spray with any of P, K or Zn
solution resulted significantly in an obvious
increase in fresh and dry weights of true
underground organs as compared to control
(unsprayed saline stressed banana plants).
However, Zn sprayed saline stressed plants
was the most effective. Differences were
significant except as compared to the K
sprayed plants whereas the increase did not
reach level of significance during both

scasons.

B- Interaction effect:

It was quit evident that the same trend
of responsc previously found with two
aboveground plant organs was also detected
with both underground organs, whereas saline
stressed Gran Nain banana plants irrigated
with 3000 ppm of SAR6 and lower CL:SO,
ratio) sprayed with rather Zn or K solution
exhibited the highest weights of two organs.
However, the increase was not significant
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either compared to the combination of Grand

Nain plants sprayed with P solution subjected

to the same saline solution (C1:SO, ratio) or to

the Zn sprayed Williams plants irrigated with

~ 3000 ppm solution of SAR6 and lower C1:SO,
ratio during both seeds.

The present results the
depressive effect of raising C1:SO, in saline
solution on vegetative growth measurements
are in accordance with the findings of Ivanov
and Iranova (1977) and Leon (1980) who
demonstrated that NaCl inhibited trees growth
more than Na,SO,. Moreover, the beneficial
effect of P, K and Z spray on improving saline
stressed banana plants is in congeniality with
findings of Sharaf et al. (1985) on (olive and
guava seedlings) and Khamis et al. (1985) on
wo grape species (American and European
grape rooted cuttings). The same findings
were obtained by Khdr et al. (1981) on guava
and Cleopatra mandarin and Khamis e al.
(1985) on Thompson seedless, they reported
that both P and K foliar spray gave a
significantly increase of leaves, stem, roots
and total dry weights. In addition Rajput ef al.
(1976) on mango and Behairy ef al, (1985) on
guava and olive, and Ali (2005) on apple
rootstocks, found that ZnSO, spray increased
both fresh and dry weights of different plants

organs.

II. Chemical compositions:
IL1, Leaf photosynthetic piginents and
proline contents:
A, Specific effect:
Table (6) reveals that both photosy-
nthetlo p (chlorophyll A and B and
compounds) and proline in banana
eaven mpended significantly to specific
offoet of threo in factors (banana
cultivar, C1:80, ratlo ef saline solutien and
putrlent clements spray). How=ewver, two
eonflicted trends were detected for the
response of three photosynthetic pigments
from one hand and proline from the other to
specific offoct of each investigated fhoctor,
Hersin, Grand Nain was significantly richer
than Williams ov. in their leaves photosy-
nthetic pigments, but the reverse was true with
leaf proline content. Moreover, foliar spray
with any of P, K or Zn solution increased leaf
chlorophyll A, B and carotein, but decreased
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proline, whereas differences were more
pronounced with Zn and K especially former
clement. Rasing Cl1.SO, ratio _resulted in
decreasing leaf photosynthetic pigments but
increased proline content.

B- Interaction:

It was quite evident as shown from
Table (6) that specific effects of three
investigated factors reflected on their com-
binations. Anyhow, the highest leaf
chlorophyll A, B and carotein contents asso-
ciated with the least proline level were
significantly coupled to the saline stressed
Grand Nain plants (irrigated with saline
solution of lower Cl:SO, ratio) when sprayed
with Z and/or K solutions during two seasons.
However, the reverse was true with unsprayed
saline stressed banana plants irrigated with
saline solution of higher Cl:SO, ratio,
regardless of cultivars, whereas the least
photosynthetic pigments and highest proline
levels were detected. In addition, other
combinations were in between.

This result is in partial agreement
with the finding of Ali (2005) on some apple
rootstocks, who found that foliar spray with
Zn, P and K increased leaves photosynthetic
pigments and reduced leaf proline content.

IL.2. Leaf mineral composition:
I1.2.1. Macro-nutrient elements:

In this regard leaf N, P, K, Ca and
Mg, besides Na in response to three
investigated factors (banana cultivar, C1:SO,
ratio of saline solution and sprayed nutrient
clomonts) and tholr combinations were
concerned,

A Bpecifie offest
Refo the lpealﬂe of banama
cultivar (Tables 7 and ) declear that however
each clement followed its ewn trand but twe
mﬂimdtmdawmm Henes, Grand
Nain was richer in its leaf P, X and M than
Williams, while the reverse uue both

Ca and Na. Diffbrcices were significant
during both 2006 and 2007

soasons exocept with both N and Ca which
were 100 little to be significant. Moreover, leaf
macronuttient eclements content responded
specially to C1:SO, in saline solution, where
leaf N, P, K and Mg levels were significantly
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in negative relationship but the opposite was
found with Ca & Na contents during two
seasons of study. In addition, specific effect
offoliar sprayed nutrient elements was quite
clear, where all three clements (P, K or Zn)
affected significantly leaf contents of 6 macro-
elements compared to the unsprayed saline
stressed plants (water spray/control). How-
ever, K and/or Zn was more effective except
with leaf P content whereas P foliar spray was
the superior. Anyhow, two conflicted trends
were detected whereas a significant increase
was observed in leaf N, P, K and Mg content,
while with Ca and Na content the reverse was
found.

B- Interaction effect:

Data in Tables (7 and 8) show that the
specific effect of each investigated factor was
directly reflected on its own combination.
Herein, the greatest leaf N, P, K and Mg
values associated with the least leaf Ca and Na
contents were in closed relationship to the
saline stressed banana plants sprayed with
either K or Zn solution (especially those of
Grand Nain cv. irrigated with saline solution
of lower Cl:SO, ratio, in most cases). Such
trend was true during both seasons, except
with leaf P%, whereas the saline stressed
plants under saline solution of lower CL:SQ,
ratio were significantly the richest.

11.2.2. Leaf micronutrient elements:
A- Specific effect:

In this regard leaf Fe, Mn and Zn
contents were the three microelements
investigated, data obtained during both 2006
and 2007 seasons are presented in Table (9). It
was quite clear that variances due to specific
effect of three investigated factors were
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significant. Anyhow, Grand Nain cv. had
significantly richer leaf Fe, Mn and Zn
contents as compared  to Williams cv.
Meanwhile, specific effect of each of three
sprayed P, K or Zn solution was significant,
however, Zn was statistically the superior with
both Mn and Zn level but with leaf Fe content
P solution spray was significantly the most
effective. In addition, raising C1:SO, ratio of
irrigation saline solution resulted significantly
in decreasing leaf Fe, Mn and Zn contents.

B. Interaction effect:

Data obtained revealed obviously that
the highest leaf Fe content was significantly in
closed relationship with the P sprayed saline
stressed banana plants especially of Grand
Nain cv. subjected to saline solution of lower
Ci:SO4 ratio. However, Zn sprayed Grand
Nain saline stressed plants (under lower
C1:SO;, ratio) showed significantly the highest
leaf Mn and Zn contents during two seasons
of study. On the contrary, the least leaf Fe, Mn
and Zn contents were markedly coupled with
the water sprayed saline strgssed plants
(especially Williams under higher CLSO,
ratio) during two seasons. In addition, other
combinations were in between the aforesaid
two extremes.

The present results regarding the
response of leaf mineral composition of saline
stressed banana plants as influence by P, K
and Z spray are in general agreement with the
findings of Sharaf ef al. (1984) on olive and
guava scedlings, Behairy ef al (1985) on
guava and olive seedlings, Khamis et al
(1985) on two grapes species (American and
European grape rooted cullings) and Ali
(2005) on some apple transplants.



Tabie (4): Fresh snd dray weight (g) of acrisl/abevegronnd ergans (leaves & pseudostem) of saline stressed banana plants as influenced
by lpe& and m effiects of banana cultivar, C1:SO,, ratio of saline solution (3000 ppm & SAR 6) used for irrigation;

Pseudestem fresh weight (g)

" Pseudostem dry weight (g)

Williams

Grand
Nain

Mean*

Williams

Grand

Mean*

115.3¢

137.5d

109.9¢

112.3¢

118.8C

184.2bc

190.0ac

165.7¢

184.7bc

182.1B

195.2ab

190.5a-c

166.6¢c

188.6a-c

184.2B

210.3a

196.5ab

180.2bc

187.8ac

193.7A

166.2B

173.2A

177.0A

162.4B

111.2f

121.0f

108.9f

117.5f

168.3bc

153.7cd

155.5¢d

144.8de

168.6bc

175.5bc

155.4cd

137.1c

194.3a

178.6b

163.8¢

156.4cd

153.3B

148.1A

Mcams followod by the same ketier/s are not sipnificantly difficrent at 5% level, .
%, %% rcfer 1o specific effct of foiar spray treatment and banana cultivar, respectively.

157.7A

142.4B
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Table (5): Fresh and dray weight (g) of aerial/aboveground organs (corms & roots) of saline stressed banana plants as influenced by
specific and interaction effects of banana cultivar, Cl:SO,, ratio of saline solution (3000 ppm & SAR 6) used for lrrlgatwn,
foliar spra ed nutnent elemeuts and thelr combmatlons durm 2006 and 2007 seasons.

Treatment of saline

stressed plants Corms fresh weight (g) Corms dry weight (g) Roots fresh weight (g) Roots dry weight (g)
(3000 ppm x SAR6)

Foliar . . Grand
spray CL:SO, ratio | Williams Nain

Grand
Nain

Grand

*x
Nain Mean

Mean* | Williams . Mean* | Williams Mean* | Williams

Water Low 5a4ef | 6l3e 2.91ef : 78.9bc_ | 46.8d 31e | 6.32cd
spray High 49.0f | 554ef : 267f | 1. . 71.8¢ 45.0d : 3.01¢ 5.04d

(control)
P spray Low 88.9c-e 93.5a-c 5.80cd . 82.3b 111.9a 7.54a-c 8.76a
High 80.1d 90.5a- d ) 4.384 . ) 81.0b 109.4a ) 5.26d 8.23ab
Low 91.2ab 95.6ab 5.79cd . 88.0b 113.1a 7.82a-c
High 82.4cd 91.2a-d ’ 4.53d . ’ 82.1b 111.97a ’ 6.43cd
Low 91.6ab 98.4a 6.16¢c . 87.4b 114.5a 7.85a-c
High 83.4b-d | 91.4a-d ) 4.57cd . ) 85.1b 111.7a : 6.50b-d
Mean** 77.7B 84.6A 4.60A . 82.1B 95.5A 5.93B

Mean of low and high ]
CL:SO, ratio 85.1A 78.6B 5.60A . 90.4A 87.3B 6.40B

K spray

Zn spray

Water Low 49.8f 52.6f 1.88f . . . 70.0de 3.72ef
spray High 38.9¢ 41.0¢g : 1.76f . X 40 67.4¢ : 2.73F

| (control)
P spray Low 81.3¢c-e 93.5ab 6.39 88.8a-c 6.09cd
High 78.0e 83.7c-¢ ’ 4.4% 85.4bc ’ 5.39de
Low 86.8b-¢ 94.8ab 7.54a . ’ . 92.7ab 6.78¢cd
High 78.2¢ 85.8b-¢ } 4.58de . ) . 85.8bc ) 5.46de
Low 89.7a- ¢ 96.9a 6.99ab R 98.6a-c 7.05¢cd
High 79.6de 88.3a-d i 4.91de ) . 88.1bc ) 5.58¢c-¢
Mean** 72.8B 79.6A 4.82A X . 84.1A 5.36B

Mean of low and high _
CL:SO. ratio 80.7A 71.7B 543A . , . 78.4B 9.18A

K spray

Zn spray

eans followed by the same letter/s are not significantly different at 5% level.
*, ** refer to specific effect of foliar spray treatment and banana cultivar, respectively.
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Table (6): Leaf chlorophyll (A & B mg/g F.Wt), carotein (mg/g F.Wt.) and Proline (mg/100 g F.Wt.) content of saline stressed banana
plants as mﬂnmeed by specific and imfevaction effects of banana cultivar, CI:SO,, ratio of saline solution (3000 ppm & SAR 6)
palic fohar prayed —lﬁchlulls and thelr combmatlons durm 2006 and 2007 seasons.

' aOS JO) 2ouvI0 [ IDS UQ SpmS wordojoisdyd

Leaf chlorophyll B | Leaf carotein
(mg/g F.Wt.) (mg/g F.Wt.) (mg/100 g F.Wt.)
. - Grand e Grand
Williams Mean* | Williams Nain Williams Nain
0.827ef | 0.730fg 3.157b | 2.450c-f
0.503h {0.600d-f| 4.267a | 3.187b
1.160bc | 1.290ab 2.133d-f [2.143 d-f
0.870d-f | 0.880d-f| 2.927bc |2.553 b-f
1.230ab | 1.320ab 2.040ef | 1.997f
0.940de | 1.017cd | 2.900bc 12.733 bc
1.223ab 1.350a 1.2.093ef | 1.963 f
. 1.007cd | 1.220ab | | 2.813b-d | 2.267¢c-f
0.970B 1.051A |~ 2792 A | 2412 B
1.141A | 0.880B 22478 | 2957 A
0.520g1 28770 | 24
0.460hi i 3.950a
1.180bc | 2.103eg
0.710eg| 2.410c-f e
1.417ab 2.033e-g g8
0.940 i i 2.383d-f §
1.4%a 1887 fg D
1.053cd | 2.290d-f :
0.971A 2440A :
§
MmﬁﬂMWthsmﬂMMﬂS%lml e

* ** refer to specific effect of foliar spray trcatment and banana cultivar, respectively.



Table

(7): Leaf nitrogen, phosphorus and potassium content of saline stressed banana plants as influenced by specific and interaction
effects of banana cultivar, CL:SO,, ratio of saline solution (3000 ppm & SAR 6) used for irrigation; foliar sprayed nutrient

Treatment of saline
stressed plants
{3000 ppm x SAR6)

Leaf N%

elements and their combinations during 2006 and 2007 seasons.

Leaf P%

Leaf K%

Foliar spray

C1:SO,
ratio

Grand
Nain

Williams

Grand
Nain

Williams

Grand
Nain

2006 season

Water spray
(control)

Low

1.700cd

High_

1.600d

0.195g

0.300de

0.194¢

0.275a-c

1.133ef

1.100ef

0.900f

1.000f

P spray

Low

2.10ab

High

1.900a-c

0.342a

0.327a-c

1.600b-d

1.800a-c

0.315b-d

0.321bc

1.200d-f

1.250d-f

K spray

Low

2.100ab

Hi

2.00ab

0.317b-d

0.320bc

0.295¢

0.310c-¢

2.100a

2.200a

1.600b-d

1.600b-d

Zn spray

Low

2.233a

High_

2.100ab

0.332ab

0.325a-c

0.293¢

0.318b-d

1.867ab

1.900ab

1.300de

1.333de

Mean**

1.967A

Mean of low and high
Cl:SO, ratio

1.871B

0.285B

0.312A

0.307A

0.290B

1450B

1.592A

1.700A

1.242B

2007 season

Water spray
(control)

Low

1.700cd

High

1.600d

0.195g

0.300de

0.194g2

0.275a-c

1.600e

1.533ef

1.133f

1.300ef

P spray

Low

2.10ab

High

1.900a-c

0.342a

0.327a-c

0.315b-d

0.318b-d

2.900cd

3.380ab

2.610d

2.610d

K spray

Low

2.100ab

High

2.00ab

0.230a

0.227ab

0.220ab

0.219ab

3.480a

3.500a

2.700d

3.200a-c

Zn spray

Low

2.200a

High

2.100ab

0.317b-d

0.320bc

0.295¢

0.310¢c-¢

2.970b-d

3.200a-c

2.610d

2.790cd

Mean**

1.996A

Means followed by the same letter/s are not significantly t at 5% l -

Mean of low and high
Cl:SO, ratio

1.904B

0.259B

0.278A

0.222A

0.204B

*, ** refer to specific effect of foliar spray treatment and banana cultivar, respectively.

2.465B

2.724A

2.820A

2.369B

OH 0L
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Table (8): Leaf sodium, calciom and mapnesimm content of saline stressed banama plasts as influenced by specific and interaction effects
of banana cultivar, CE:SOy,, ratis of salime solution (3000 ppm & SAR 6) used for irrigation; foliar sprayed nutrient elements
and their combinations duwing 2006 sad 2007 seasons.

" Treatment of saline |

(control)
P spray

K spray

Zn spray

‘ Mean**
i Mean of low and high
CI:SO4 ratio

Water spray
| (control)

P spray

K spray

=+ -SIDARIN) DUDUDY WO J() 20UDIIIOL IV UQ SIS [pB0j01skyd

Zn spray

Mean**
Mean of low and high
C1:SO, ratio

Means followed by the same lesicw/'s ase not sigsificantly different at 5% lovel
© % ¥* refer to specific effect of fioliar spray treatment and banana cultivar, respectively.
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Table (9): Leaf iron, magnesium and zinc content of saline stressed banana plants as influenced by specific and interaction effects of
banana cultivar, Cl:SO,, ratio of saline solution (3000 ppm & SAR 6) used for irrigation; foliar sprayed nutrient elements and
their combinations during 2006 and 2007 seasons.

stressed plants
(3000 ppm x SAR6)

Leaf Fe ppm

Leaf Mn ppm

Leaf Zn ppm

j Foliar spray

Cl:SO4
ratio

Williams

Grand
Nain

Mean*

Williams

Grand
Nain

Williams

Grand
Nain

2006 season

‘ Water spray

Low

161.30f

208.00e

(control)

High

152.00f

206.00e

181.80C

20.58f

34.18d

17.27g

28.75¢

21.00fg

23. 73e-g |

18.83g

20.67g

Low

283.30ab

299.50a

P spray

High

213.50de

280.30ab

266.50A

36.13cd

37.25¢d

30.50e

35.00d

25.23bd

27.67ad

21.63e-g

23.33e-g

Low

211.00e

295.80a

K spray

High

234.00c

269.70b

255.50A

36.60d

41.25b

25.43bd

28.47ac

30.67¢

35.67d

22.63d-f

26.30c-f

Low

210.70e

238.30ab

Zn spray

High

206.00e

230.70cd

240.00B

37.67c

43.26a

30.75¢

36.07cd

28.43ab

30.90a

24.63¢c-e

26.73c-e

Mean**

203.30B

259.20A

| Mean of low and high
* C1:SO, ratio

2413 A

221.1B

29.69B

36.18A

35.54A

30.33B

23.48B

25.98A

26.36A

23.09B

2007 season

‘ Water spray

Low

165.0f

226.80¢

(control)

High

149.8f

173.20f

178.70D

17.15hi

43.35bc

20.67

23.73f;

15.651

40.60cd

13.971

17.40h

Low

293.70b

335.5a

P spray

High

258.2cd

281.7bc

282.90A

20.40g_

43.43bc

19.70gh

39.67d

27.10e

36.73a-c

24, 70gh

34.80bc

pr

300.2b

291.7b

K spray

High

216.2¢

258.4cd

275.90B

21.13g

43.48bc

20.80g

42.60bc

27 .44¢

37.10ab

25.97ef

35.10ac

Low

277.2bc

282 3bc

Zn spray

High

216.2¢

236.7de

253.10C

29.94¢

48.95a

24.57F

43.95b

30.77d

38.53a

27.43¢

35.53¢

Mean*

k &

239.8B

255.5A

Mean of low and high
CL:SO, ratio

Means followed by the same letter/s are not significantly different at 5% level.

271.50A

223.80B

i

21.17B

43.25A

33.69A

30.73B

* ** refer to specific effect of foliar spray treatment and banana cultivar, respectively.

24.76B

32.24A

30.26A

26.74B

OH TL
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