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ABSTRACT

This study was conducted in 2006 and 2007 expetahsrasons to
throw some lights on possibility of minimizing thejuries resulted by
saline irrigation water through investigating tHteet of foliar spray with
some nutrient elements in order to alleviate suislorders observed on
growth and nutritional status of two banana cutwsuckers.

So, a factorial experiment was designed to stuaysgecific and
interaction effects of three factors (banana caftiCl:SQ ratio of saline
solutions used for irrigation and sprayed nutredetnents P, K, Zn).

Data obtained displayed that all evaluated growtmasurements
considerably responded to specific effects of satigated factors. Since,
saline stressed banana plants achieved some positects by P, K and Zn
sprays, where an increase in most measurementsitloér egrowth
(pseudostem height and circumference; leaves nu&beea and fresh &
dry weights of plant organs) or chemical compositfleaf photosynthetic
pigments, N, P, K, Mg, Fe, Mn and Zn contents) esded with a

noticeable reduction in both leaves senescent aatt some chemical



constituents content (leaf proline, Ca and Na) waztected. Moreover,
raising Cl:SQ of saline solution used for irrigation exhibited apposite
trend to that found with P, K, Zn sprays. Meanwhiltee specific effect of
cultivar pointed and that Grand Nain cv. had greatglues of most
vegetative growth and chemical constituents thadlialfis cv. except
(leaves senescent rate, leaf proline, Ca and NeeetnConsequently, the
saline stressed banana plants (especially tho&rasfd Nain cv. irrigated
with saline solution of lower Cl:SOratio) when sprayed with K or Zn
exhibited the greatest values of most measurenfentboth vegetative
growth and chemical constituents associated weHhdhst values of (leaves
senescent rate, leaf proline, Ca and Na conteAtgordingly, it cold be
concluded that saline solution of 3000 ppm, SAR® lawer CI:SQ could

be safely and when combined with K and/or Zn sprays

INTRODUCTION
Banana fusa spp.) is a tropical plant and considered as a one e@htbst
popular fruit in Egypt for its high nutritive valuend palatability for the
Egyptian consumer. Also from the economical poiftview, banana
growers get relatively higher and fast net retuwomt their orchard due to
the rapid life cycle of banana plant. The overalkrage of banana in
Egypt progressively developed through the formerade which reached
about 28750 and 58607 Fed. in 1986 and 1999, regplyc(Ministry of
Agriculture, A.R.E., 1999). This average mainly centrated in the delta
and the Nile valley 32841 Fed. as there is an ampler supply, which is
need to have good production. Nowadays, there gseat plantation of
banana in new reclaimed lands especially Noubarita acreage reached
20752 fed. in 1999.



The efficient use and preservation of water resesiin Egypt i.e.,
River Nile, underground (well water) reuse of agitiere drainage are the
critical challenge that certainly determine the ufet of agriculture
development. So, the shortage in available frestemsupply needed to
meet the extensions especially plantation of sucpschaving higher water
requirements like as banana leads to considerafioause other resources
like as waste water and well or sea water afteingiwith fresh water that
can be reutilized in irrigation purpose for the hewstablished banana
orchards in reclaimed lands which reached 2075Q.¢°89).

Guide lines of interpretation of water quality forigation water
indicated that there was no problem when the E@hefirrigation water
was < 0.75 mmhos/cm and severe problems took ptaea EC was > 3.0
mmhos/cm (Ayers, 1977; Gupta, 1979 and Russell2198any authors
were interested in exploring the mechanism of ggliry in different
plants. Bernstein (1975) and Milleral. (1990) they explained the adverse
effects of salinity on plants growth in the followji two topics:

1- The increase in the osmotic potential of the saiich certainly result
in reduction in the availability of water to theapt.

2- The specific toxic effect of some ions, such as K& and especially
in the certain sensitive crops, consequently caaseédturbance in the
normal metabolism of plants.

Several authors pointed out that most of salt ieguare due to the
three salinity aspects i.e. concentration and $ipeaations/anions
particularly N&/CI', respectively. Ivonova and Ivanova (1977) on peach
found that NaCl inhibited tree growth more thart $&,S0O,. Moreover,
most fruit crops are sensitive, chloride and sodiominjuries may be the

dominant factors in reducing fruit crops growth ¢be 1980). Hartz (1984)



found that salinity can prevent water uptake evéemthe soil is at field
capacity. Fenret al. (1968) showed that chlorides were more toxic than
sulphates in the mechanism of plant injury, in cadespecific ion
toxicities, may involve an injury to plant regulatcssystem accumulation
of CI" or N& ions in the plant causing excessive water lossleafdinjury
symptoms similar to those of drought. In additi@gmeset al. (2001);
Mohamed (2001), Abo EI-Ez (2003), Carrtaal. (2003) and Gomeet al.
(2004) on some banana cultivars demonstrated faet @if salinity on both
vegetative and chemical properties.

Thus the present study was devoted to study theifgpend
interaction effects of banana cv., salinity concadan, SAR, Cl:SQ@ratio
and their combinations on chemical constituentswaf banana cultivars
(Williams & Grand Nain).

MATERIAL AND METHODS

This study was conducted during two consecutive6280d 2007
experimental seasons in the greenhouse of the ddtittie Research
Station at El-Khanater, Kalubia Governorate on 3ithe old banana plants
of "Williams and Grand Nain cvs".

In mid-March during both seasons banana suckers tx@nsplanted
individually in plastic bags (30 cm. in diametagqch field with 10 kg clay
and sand mixture (2:1 by volume), then regularlgpdied with tap water
twice weekly (1 liter/each) until the investigatéetatments had been
started two weeks later (Aprif'l Taking into consideration that all banana
plants devoted for the present work were also stéxeto the same N, P or

K fertilization program adopted irf'baper.



The main objective was hopped to alleviate the harmsalinity
influence exhibited on both vegetative growth anttitional status of the
salinity stressed Williams and Grand Nain banarckexs (irrigated with
3000 ppm saline solution of SAR 6 and lower/higGeEQ, ratio) through
investigating their response to foliar spray with ® or Zn. Thus, a
factorial experiment was devoted to investigate tpecific effect of
banana cultivar (Williams & Grand Nain); Cl.$@atio of saline solution
(low & high) and foliar sprayed nutrient element KB Zn at 250, 250, 100
ppm, respectively; beside tap water spray as chntas well as the
interaction effect of their combinations. The coetpl randomized block
design with five replications (each representedway plants) was used for
arranging the investigated treatments i.e., sixta@nbinations (2 banana
cvs. x 2 Cl:SQratios x 4 spray treatments), whereas plants cf banana
cultivar were subjected to the following eight treants [(saline solutions
of 3000 ppm and SAR 6 with either low or high Cl.S@tios) and four
spray treatments (tap water, P, K and Zn)].

1- Saline stressed plantsf lower CI:SQ ratio + water spray.

2- Saline stressed plantsf higher Cl:SQratio + water spray.

3- Saline stressed plantsf lower CI:SQ ratio + P spray (250 ppm).
4- Saline stressed plantsf higher Cl:SQratio + P spray (250 ppm).
5- Saline stressed plantsf lower CI:SQ ratio + K spray (250 ppm).
6- Saline stressed plantsf higher Cl:SQratio + K spray (250 ppm).
7- Saline stressed plantsf lower Cl:SQ ratio + Zn spray (100 ppm).
8- Saline stressed plantsf higher Cl:SQratio + Zn spray (100 ppm).

" Irrigated with 3000 ppm saline solution of SAR 6.



Two saline solutions used for irrigation (3000 ppmd SAR 6 of
either lower or higher Cl:S(Oratio) were prepared as shown in Table (1)
for being applied at the rate of 1 litter/pot evérgee other days from April
1% till October . To prevent salts accumulation rewatering wittstfre
water was done fortnightly till October'1However, foliar spray with
either tap water; P, K or Zn solutions were appiigghthly from April 1%’
to mid September, where tween-20 at the rate o%Owias used as
surfactant agents.

1. Vegetative growth:

On October ¥ during both experimental seasons whereas the
experiment was terminated the following morpholagimeasurements
were recorded:

1. Pseudostem length and circumference (cm).

2. Leaves measurements [total number, Senescentfrigaves (yellowish
. total) and average area.

3. Fresh and dry weight of plant organs ( leavesudostem, corms and
roots)

In each season the aforesaid growth measuremedtspideaf area)
were determined for every individual plant, thenaaerage of two plants
represented the same replicate was estimated. Howéaf area was
determined in collected adequate samples from pkit. These samples
were washed several times with distilled watermtloeen dried at 70°C till
a constant weight for the dry matter estimation.aMehile, dried leaves
were finally ground with stainless steel knife naifid stored in small light

bags for N; P; K; Ca; Mg; Fe; Zn; and Mn determioiat






2. Chemical analysis:

In this regard leaf photosynthetic pigments ( abdryll A , B and
carotenoids) and leaf (proline) as well as leaf arah composition in
response to various investigated treatments wereerned.

2.1. Photosynthetic pigments (foliar pigments)

Leaf photosynthetic pigments (chlorophyll A & B androtenoids
compounds) were extracted by pure acetone and noietx
colorimetrically in each sampled levels, at theicgltdensities of (662,
644 and 440 mm for chlorophyll A, B and carorensid@mpounds,
respectively, according to Saetal. (1967)usingthe 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 k Bh= mg/L.

2.2. Estimation of proline content:

The proline was determined in fresh leaves accgrtbrthe methods
described by (Batekt al., 1973) and confirmed by Draz, (1986).

2.3. Leaf mineral determination:

From each dried leaf sample 0.2 g was digestetyyserchloric acid
and sulphoric acid mixture (1:1) (Piper, 1950) foe following mineral
analysis:

1. Total nitrogen by semi micro-Kiel Dahl methodag lined by (Pregl,
1945).

2. Phosphorus using spekol spectrophotometer &t 83/. according to
method described by (Murphy and Riely, 1962).

3. Potassium and Sodium were estimated photomiyriesing the

methods recommended by (Brown and Lilleland, 1964).



4. Calcium, magnesium, iron, zinc and manganese wetermined using
Atomic absorption spectrophotometer "Perkin EIme30@ after
(Chapman and Pratt, 1961).

3. Statistical analysis:

All data of the present investigation were sulgdcto analysis of
variance and significant difference among meansewdetermined
according to (Snedecor and Cochran, 1972). In madisignificant
difference among mean were distinguished accordinghe Duncans,
multiple test range (Duncan, 1955) whereas, capitdl small letters were
used for differentiating the values of specific anteraction effects of

investigated factors respectively.

RESULTSAND DISCUSSION
1. Vegetative growth:

Data obtained regarding the response of vegetagvewth
measurements to the specific and interaction effettthree investigated
factors, i.e. banana cultivar (Williams and Grandin); Cl:SQ ratio of
saline solution used for irrigation (low and higites of 3000 ppm and
SARG6) and spray treatments (tap water, P, K angays) during 2006

and 2007 seasons are presented in Tables (218l 8)a

1.1. Pseudostem length and circumfer ence:
A- Specific effect:

Regarding the specific effect of banana cultivaabl@ (2) shows
obviously that both pseudostem parameters followssl same trend,
where Grand Nain cv. had significantly taller ardnker pseudostem

during two seasons of study. As for the speciffeafof CIl:SQ ratio of



saline solution, it was quite clear that raisibhgesulted significantly in
reducing both pseudostem height and cirecumferdnoeg two seasons.
Nervertheless, Table (2) displays also that botfeudostem parameters
were increased significantly as a result of spryamy of P, K or Zn
nutrient elements in comparision with those of oon{water sprayed
saline stressed plants) during two seasons. Howguespray was the most
effective as compared to either P or K spray. Sapsrof Zn spray over P
and K was significant with pseudostem height ownlgile with pseudostem

circumferences did not each level of significance.

B- Interaction effect:

It was quite evident as shown from table (2) thmcsic effect of
each investigated factor reflected directly on d@&n combinations.
Anyhow, the tallest and thickest pseudostems wgmafgantly in closed
relationship to the saline stressed banana plagpe(ially at lower CI:SO
ratio) of Grand Nain cv., when sprayed with eitlzar or K solutions.
However, in most cases slaine stressed plants egbragth Zn solution
tended to have taller and thicker pseudostem thamahalogous ones K
sprayed plants. On the contrary, water sprayedheaditressed plants
(control) were statistically the most stunted onegardless of banana
cultivar. However, in most cases those irrigateth\8000 ppm and SAR6
of the higher CI:S® showed the greatest rate of reduction for both
pseudostem parameters. In addition, other combimaitwere in between

the aforesaid two extremes.
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1.2. Leaves measurements (total number/plant; senescent rate
yellowish : total" and average leaf area):
A- Specific effect:

With regard to the specific effect of banana caltjvit was quite
evident the each studied leaves measurement fadlodge own trend.
Herein, two banana cvs. had statistically the saommaber of total leaves
per plant. Meanwhile, two other leaves parametdisvied two conflicted
trends. Whereas Wilhams cv. showed significantfjhbr rate of senescent
leaves, but the reverse was true with averageateaf since Grand Nain cv.
was significantly the superior during both seasons.

Referring the specific effect of sprayed nutriel@ngents (Table 3)
displays that three leaves measurements respomgi@ticantly, however
two opposite trends were detected. Anyhow, botll teves number/plant
and average leaf area significantly increased iK Br Zn sprayed plants
from one hand and Zn spray was the superior froenathmer especially
with later measurement whereas variances werefisigmi. The trend took
the other way around with senescent rate, wheleas sprayed elements
decreased it significantly and resulted approxitgatethe same value.
B-Interaction effect:

Table (3) displays obviously that all combinatiafssaline stressed
plants sprayed with P, K and Zn solutions variggiicantly than those of
water sprayed ones during two seasons. Howeveay spith either K or
Zn solution for Grand Nain and Williams plants gated with 3000 ppm,
SARG6 saline solution of lower Cl:S@atio especially with former banana
cultivar were generally the most effective. Herritige highest values of
both total number of leaves per plant and averagkdrea associated with

the least senescent leaves rate were observedgdooth seasons. The
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reverse was true for the water spray saline stiegkats especially those
irrigated with saline solution of higher Cl.:g@here the least values of
both total number and average area coupled witlhitjieest senescent rate
were generally found, regardless of banana cultivar addition, other
combinations were in between, however significaffexences were less
pronounce with senescent rate especially as trmabinations of P, K and

Zn sprays were compared each other during two ssaso

1.3. Fresh and dry weights of aboveground (aerial) and underground
organs:
1.3.1. Aboveground organs (pseudostem and leaves):

In this regard fresh and dry weights of both psstein and leaves
were the two aboveground organs investigated.
A. Specific effect:

With regard to the specific effect of banana walti(Table 4) clears
that two organs followed the same trend, whereaan&main cv. had
significantly heavier organs than Williams. Howevérne variance was
more pronounced with leaves than pseudostem dbotigseasons. As for
the specific effect of Cl:S{Qratio of saline solution. Table (4) shows that
raising it decreased both organs weights. Howelketh aboveground
organs responded specially to the 3 sprayed elesmehereas 3 elements
solutions exhibited significant increase over cohtZn in most cases was
significantly the superior descendingly followedKynd P solutions.

B. Interaction effect:

Table (4) displays obviously that specific effe€each investigated

factor (cultivar, Cl:SQof saline solution and foliar spray of saline stiexb

farm plants with P, K and Zn solutions) was dikeateflected on
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interaction effect of their combinations. Heringtheaviest fresh and dry
weights of both pseudostem and leaves were signific in closed
relationship to the Zn and K sprayed Grand Naimneastressed plants
especially those irrigated with lower Cl.$8olution during both seasons.
On the contrary, the lightest weights of both ogavas markedly linked
to water spray saline stressed plants especiallyhigher CI:SQ

irrespective of cultivar. In addition, other coméifiitons were in between.

1.3.2. Underground organs (corms and roots):
A. Specific effect:

Referring the specific effect of cultivar (tab), reveals that fresh
and dry weights of both corms and roots (undergidopiant organs)
followed the same trend previously found with twwoeeground organs,
whereas Grand Nain was statistically the superiming two seasons.
Moreover, the response to specific effect of threient elements sprays
was significantly cleared. Hence, foliar spray wahy of P, K or Zn
solution resulted significantly in an obvious inase in fresh and dry
weights of true underground organs as comparedomdra (unsprayed
saline stressed banana plants). However, Zn spisalete stressed plants
was the most effective. Differences were signiftaaxcept as compared to
the K sprayed plants whereas the increase did eathr level of
significance during both seasons.

B- Interaction effect:

It was quit evident that the same trend of respgmisviously found
with two aboveground plant organs was also detecteth both
underground organs, whereas saline stressed Gran bdamana plants
irrigated with 2000 ppm of SAR6 and lower Cl.S@tio) sprayed with

13



rather Zn or K solution exhibited the highest weégylof two organs.
However, the increase was not significant eithemmared to the
combination of Grand Nain plants sprayed with Rigoh subjected to the
same saline solution (Cl.Q®atio) or to the Zn sprayed Williams plants
irrigated with 2000 ppm solution of SAR6 and low&rSO, ratio during
both seeds.

The present results regarding the depressivetadfaaising Cl:SQ
in saline solution on vegetative growth measurem@né in accordance
with the findings of Ivanov and Iranova (1977) abelon (1480) who
demonstrated that NaCl inhibited trees growth mdéhan NaSQO..
Moreover, the beneficial effect of P, K and Z spoay improving saline
stressed banana plants is in congeniality withifigsl of Sharafet al.
(1985) on (olive and guava seedlings) and Khaghial. (1985) on two
grape species (American and European grape roatédgs).

I1. Chemical compositions:
I1.1. Leaf photosynthetic pigments and proline contents:
A. Specific effect:

Table (6) reveals that both photosynthetic pigmé€nhlorophyll A
and B and carotenoids compounds) and proline iameateaves responded
significantly to specific effect of three investigd factors (banana cultivar,
Cl:SG, ratio of saline solution and nutrient elementsagprHowever, two
conflicted trends were detected for the responsthiae photosynthetic
pigments from one hand and proline from the otlespecific effect of
each investigated factor. Herein, Grand Nain wgaificantly richer than
Williams cv. in their leaves photosynthetic pignsenbut the reverse was
true with leaf proline content. Moreover, foliarrap with any of P, K or

Zn solution increased leaf chlorophyll A, B and atam, but decreased
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proline, whereas differences were more pronouncéth wn and K
especially former element. Rasing Cl.S@tio resulted in decreasing leaf
photosynthetic pigments but increased proline atdnte

B- Interaction:

It was quite evident as shown from Table (6) gycific effects of
three investigated factors reflected on their carabons. Anyhow, the
highest leaf chlorophyll A, B and carotein conteatsociated with the least
proline level were significantly coupled to theisalstressed Grand Nain
plants (irrigated with saline solution of lower 80y ratio) when sprayed
with Z and/or K solutions during two seasons. Hogrethe reverse was
true with unsprayed saline stressed banana plamggted with saline
solution of higher Cl:SQratio, regardless of cultivars, whereas the least
photosynthetic pigments and highest proline lewskre detected. In
addition, other combinations were in between.

This result is in partial agreement with the fimgliof

11.2. Leaf mineral composition:
I1.2.1. Macro-nutrient elements:

In this regard leaf N, P, K, Ca and Mg, besidesiiNeesponse to
three investigated factors (banana cultivar, Cl. 8o of saline solution
and sprayed nutrient elements) and their combingateere concerned.

A. Specific effect:

Referring the specific effect of cultivar Tables énd 8) that the
response varied from an element to another. Hef@iand Nain leaves
were generally richer in their N, P, K and Mg cartse but the opposite
was true with Ca and Na levels. Differences in nuastes were relatively

not so pronounced.
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Referring the specific of banana cultivar (Tabfeand 8) declear
that however each element followed its own trenttWwo conflicted trends
were detected. Hence, Grand Nain was richer thersevwas true with
both Ca and Na. Differences were significant duagh 2006 and 2007
experimental seasons except with both N and Cahmhére too little to be
significant. Moreover, leaf macronutrient elememisntent responded
specially to Cl:SQ@in saline solution, where leaf N, P, K and Mg leve
were significantly in negative relationship but thygposite was found with
Ca & Na contents during two seasons of study. bhitewh, specific effect
offoliar sprayed nutrient elements was quite cledagre all three elements
(P, K or Zn) affected significantly leaf content§ ® macro-elements
compared to the unsprayed saline stressed plarager(vgpray/control).
However, K and/or Zn was more effective except wehaf P content
whereas P foliar spray was observed in leaf N, Bn& Mg content, while
with Ca and Na content the reverse was found.

B- Interaction effect:

Data in Tables (7 and 8) show that the specifiectfof each
investigated factor was directly reflected on ignocombination. Herein,
the greatest leaf N, P, K and Mg values assocwai#ddthe least leaf Ca
and Na contents were in closed relationship tostilene stressed banana
plants sprayed with either K or Zn solution (esphlgithose of Grand Nain
cv. irrigated with saline solution of lower Cl:@tio, in most cases. Such
trend was true during both seasons, except witltP&g whereas the saline
stressed plants under saline solution of lower @j:Satio were
significantly the richest.

11.2.2. Leaf micronutrient elements:
A- Specific effect:
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In this regared leaf Fe, Mn and Zn content were three
microelements investigated, data obtained durinth #9006 and 2007
seasons are presented in Table (9). It was qude \thriances due to
specific effect of three investigated factors weignificant. Anyhow,
Grand Nain cv. had significantly richer leaf Fe, Mnd Zn contents as
compared to Williams cv. Meanwhile, specific effexft each of three
sprayed P, K or Zn solution was significant, howeva was statistically
the superior with both Mn and Zn level but withfléa content P solution
spray was significantly the most effective. In aabah, raising Cl:SQratio
of irrigation saline solution resulted significanth decreasing leaf Fe, Mn
and Zn contents.

B. Interaction effect:

Data obtained revealed obviously that the higlesdtFe content was
significantly in closed relationship with the P aped saline stressed
banana plants especially of Grand Nain cv. subjetdesaline solution of
lower CI:SQ ratio. However, Zn sprayed Grand Nain saline sedglants
(under lower Cl:SQratio) showed significantly the highest leaf Mrdatn
contents during two seasons of study. On the contitze least leaf Fe, Mn
and Zn contents were markedly coupled with the waprayed saline
stressed plants (especially Williams under highleb@, ratio) during two
seasons. In addition, other combinations were iwéen the aforesaid two

extremes.
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